2 7 APR 2004 1 TITLE OF THE | NVENTI ON: SUBSTRATE ASSEMBLI NG METHOD AND
ASSEMBLI NG APPARATUS 5 BACKGROUND OF THE | NVENTI ON: The present ihVAPt iih
relates to a nethod and apparatus for assenbling a pair of substrates as
conponents of a liquid crystal display panel in a depressurized state.
More particularly, it relates to a nethod for assenbling 10 substrates

whi ch can be effectively used to prevent. jnanconformng liquid crysta

di spl ay panels to be produced. To manufacture a liquid crystal panel, two
glass substrates with a transparent electrode and thin film 15 transistor
array nmounted thereon are bonded together on the periphery of the substrate
using an adhesive (hereinafter referred to as "sealing agent") provided in
a square form for exanple, at a very close interval of 2 mcrons (the
substrate subse uent to bondln 0 hereinafter referred to as "cell"),
and the liquid é@gﬁgﬁ[ a space between each substrate and

adhesive. A substrat ystal is

di sclosed in the Ofi E%B%%(@gﬁ%%&qﬁéﬁf r‘@g@d %ﬁﬂh gtl on Patent Laid-Open
Publ i cati on No. 84295. 25 According to this nethod, liquid crysta
I's dripped on 5%5558%%K§R 2004

5 BACKGROUND OF THE INVENTION:
The present invention relates to a method and apparatus
for assembling a pair of substrates as components of a
liquid crystal display panel in a depressurized state.
More particularly, it relates to a method for assembling
10 substrates which can be effectively used to prevent
nonconforming liquid crystal display panels to be
produced.
To manufacture a liquid crystal panel, two glass
substrates with a transparent electrode and thin film
- 15 transistor array mounted thereon are bonded together on
the periphery of the substrate using an adhesive
(hereinafter referred to as “sealing agent”) provided in
a square form, for example, at a very close interval of
2 microns (the substrate subsequent to bonding is
20 hereinafter referred to as “cell”), and the liquid crystal
is sealed in a space between each substrate and adhesive.
A substrate bonding method for sealing the liquid
crystal is disclosed in the Official Gazette of Japanese
ApplicationPatentIaid—OpenPublicationIma.Hei12—284295.

25 According to this method, liquid crystal is dripped on one




-2 of the substrates witten on the pattern (in a square form W-T%EA
sealing agent closed therein so that the inlet is not provided. @iﬁ@#
substrate is |aid above the first substrate in a vacuum chanber. In the
vacuum state, the 5 space between these {wo substrates is reduced to
increase the pressure, whereby upper and | ower substrates are bonded
together. Another nethod is disclosed in the Japanese Application Patent
Lai d- Open Publication No. fei 10- 177178 wherein, to harden the adhesive
(sealing agent) 10 in bonding the substrates together, the sealing agent
coated on the substrates is hardened by irradiation energy on the
tenporary basis . Then liquid crystal is dripped on the substrates,

t her eby al | owoifigt 1 dyesmtist: rze dsond Uit ¢ nget hize patAfamy (Lhat squhsestatmhg -agent
is hardened by the 15 irradiation energy different fromthe last irradiated
one, In recemtitheseslingldgritdcdppetiathelsin &9 phadltasnisdeasqoWi ng in
size, and there has appeared a substrate having one side exceedi ng 1000
nm and a thi pkpeddedt OTHemethéncswesizatsy, 15 t1akd e prlvk ehipyt
experiment and conputer 20 analysis that, when both ends of such a | arge
substrate ar8ubgtzede def pevarowm gthaiRsi- 880t BREOVARHYRI $FabRcur® So the

cel | corrgri sing two | arge-sized substrates bonded gﬁt h each. other is also
def | ect edl undéP3FEsPBWHERBI HHrSe FH° RGP HE2tPavd I@ &e(?oﬁﬁrle%%lf\e/aes? orce,

for example. g .25 PDI1&d.42,L0E S5l Ptns 10\t ol LIS LOWRE sibebdat e
together. Another method is disclosed in the Japanese
Application Patent Laid-Open Publication No. Heli 10-
177178 wherein, to harden the adhesive (sealing agent)

10 in bonding the substrates together, the sealing agent
coated on the substrates is hardened by irradiation energy
on the temporary basis. Then liquid crystal is drippea.on
the substrates, thereby allowing them to be bonded together.
After that, the sealing agent is hardened by the

15 irradiation energy different from the last irradiated one,

In recent years, a liguid crystal display.panel has
been growing in size, and there has appeared a substrate
having one side exceeding 1000 mm, and a thickness of 0.7mm.
Incidentally, it has been proven by experiment and computer

20 analysis that, when both ends of such a large substrate
are raised, deflection of about 80 to 100 mm will occur.
So the cell comprising two large-sized substrates bonded
with each other is also deflected under its own weight

during the travel, and compressive force, for example, is

25 applied to the sealed surface of the lower substrate, while




3 tensile stress is applied to the seal ed surface of the upper substrate.
Accordingly, msalignnent occurs between the upper and | ower substirJakf&, 2004
with the result that sealed portion is damaged and the liquid crystal is
di scharged. 5 Such | arge-sized substrates are provided with continuous
seal patterns having no nultiple breaks thereon, and each patternis
filled with liquid crystal so that nultipje liquid crystal display panels
are formed. Such a multiple pattern nmethod is used in sonme cases. To bond
10 two substrates together in such a case, pressure is applied to two
substrates which are in the depressurized state, as disclosed in the
above- nenti oned Japanese Application Patent Laid-Open Publication No. He
12-284295. When atnospheric pressure is regained in a vacuum chanber, the
15 pressure applied to the substrates is used. In the case of the
above- nent i onedt¢as gbe sitxredssip appdiied thdhersaled surdepeR EHEHPRRY not
applied when the atnospheric pressure is to be regained. An adequate gap
cannot be obt af West Feteehoaardinglay. MEgad 1GNBENENPRSYTERRTVEERS D out
in the prior art. To solve this problem nanelwaCJ en urehuniforg1
pressure to be SPRET e3Ndjloyer p3abFbrateo WHER ShRefROULFoFPAF o FELeRnot her
dummy seal pattern,.in ,addition to {he seal ttern f r.fh%]i Liguid
crystal conprig?’ﬁ@l%’éa’rﬁ ﬁ%‘%ﬂ .anlci t?‘? g?‘gﬂggogg?'%F%ftbs 2T t he
ultraviolel curing gloge LQ,LNLs, A4 MY nSERLt B8 LEE prov]afBREEn
continuous seal patterns having nomultiple breaks thereon,
and each pattern is filled with liquid crystal so that
multiple 1iqﬁid crystal display panels are formed. Such
a multiple pattern method is used in some cases. To bond
10 two substrates together in such a case, pressure is applied
to two substrates which are in the depressurized state,
as disclosed in the above-mentioned Japanese Application
Patent Laid-Open Publication No. Hei 12-284295. When
atmospheric pressure is regained in a vacuum chamber, the
15 pressure applied to the substrates is used. 1In the case
of the above-mentionéd large-sized substrates, however,
uniform pressure is not applied when the atmospheric
pressure is to be regained. An adequate gap cannot be
obtained between substrates. This problem has been found
20 out in the prior art. To solve this problem, namely, to
ensure uniform pressure to be applied, it is possible to
use a method for provide another dummy seal pattern, in
addition to the seal pattern for filling liquid crystal
comprising sealing agent. It is also possible to dot-coat

25 the ultraviolet curing close to this dummy seal pattern,

S



4 and to apply ultraviolet rays fromoutside the vacuum chanber, therebﬁ
allowing the ultraviolet curing agent to be hardened so that tenﬂ&rﬁWyML
securing is provided. If these nmethods are used, however, pressure 5
di fference occurs between the inside and outside of the dummy seal, when
the pressure the cells bonded together wunder vacuumis put back to the
at nospheric pressure. Wthout the dot-coated ultraviolet curing agent
being collapsed, its height exceeds that of the sealing agent. 14 This
| eads to faulty gap between the substrates close to the ultraviolet curing
agent, with the result that uneven color subsequent to |ighting occurs,
according to the above-nentioned prior art. 15 SUMMARY OF THE | NVENTI ON:
The object of the present invention is to solve the above-nentioned
problems of the prior art_and to provide a substrate assenbling nethod and
appar at us whi chakfst eapplyiedl Eeaviapebveny it LEOPH RN S Bfe ctg evaguum
ultraviolet curing 20 agent, w thout any displacenent of the upper and
| ower subst r at @82HRRT ng’-llf%qefb}t PAASHEDE, LR SRRV FY EHEdngragent to
nonconf or m ng duct can_be avoi ded. To achi eve fhe abo%ﬁ%ﬂentioned

i

cel £r$
obj ect, the preRBntarieReht FOntAdbpt SNRECY &R oF STy 822 utF Ny ek sm

sherein, 25 after tyo pubstLalap! 3ped.8ha! RSSEVL! ChyakEupbt each 2 7

5 difference occurs between the inside and outside of the
dummy seal, when the pressure the cells bonded together
under vacuum is put back to the atmospheric pressure.
Without the dot-coated ultraviolet curing agent being
collapsed, its height exceeds that of the sealing agent.

10 This leads to faulty gap between the substrates close to
the ultraviolet curing agent, with the result that uneven
color subsequent to lighting occurs, according to the

above-mentioned prior art.

15 SUMMARY OF THE INVENTION:
The object of the present invention is to solve the
above-mentioned problems of the prior art and to provide
a substrate assembling method and apparatus which ensure
a desired gap even at a positionclose toultraviolet curing
20 agent, without any displacement of the upper and lower
substrates during cell transport, whereby cccurrence of
a nonconforming cell product can be avoided.
To achieve the above-mentioned object, the present
invention adopts a temporary securing mechanism wherein,

25 after two substrates placed at closer intervals with each



other are subjected to primary pressurization in the vacuum chanberzzqgﬁqm‘
a depressurized state, curing agent for tenporary securing provided”at
mul ti ple positions on one of the substrate is hardened by application of
ultraviolet 5 rays while pressure is applied in the vacuum chanber under a
depressuri zed state. For exanple, the aforenentioned tenporary securing
mechani smis conposed of bundles of wultraviolet fiber elenents arranged in
a hollow cylindrical pressure bar in a state vacuumisolated by 10 neans
of a material transmssive to ultraviolet rays, and is capable of noving
in the vertical direction in the vacuum chanber with the depressurized
state in the vacuum chanber kept unchanged. In the present invention, the
af orenenti oned step of 15 primary pressurization, the tenporary securing
is followed by the step of hardening the adhesive for tenporary securing
in each substr #t97a35¢ FRRIACHEGHL ¢ BE LFASYRECHFUL LFA PR 19 RS URFREM on by
application of both ultraviolet rays and pressure. In this step of
tenporary secuSRAFRSIH AP @ JFRE S5 W AER} SYRtFed GHERURISE ffl ied to
the tip of the aforenentioned hoIIongélindric | . pressure bar where the

adhesi ve for t &FFRCHAF Y EEMRGY RTPREISHLRT FUtE 1R AE R HERNS &RdOPRe
Final gap. At S BBECIRCTT 401 BTERCTE) S TP BOAMERT B0 PRE AINERETe 1 or
17 APR 209,4 6 rays while pressure is applied in the vacuum chamber under
a depressurized state. For example, the aforementioned
temporary securing mechanism is composed of bundles of
ultravioclet fiber elements arranged in a hollow
cylindrical pressure bar in a state vacuum-isolated by
10 means of a material transmissive to ultraviolet rays, and
is capable of moving in the vertical direction in the vacuum
chamber with the depressurized state in the vacuum chamber
kept unchanged.
In the present invention, the aforementioned step of
15 primary pressurization, the temporary securing is followed
by the step of hardening the adhesive for temporary
securing in each substrate passing through the process of
primary pressurization by application of both ultraviolet
rays and pressure. Inthis step of temporary securing, for
20 example, a predetermined pressure is applied tc the tip
of the aforementioned hollow cylindrical pressure bar
where the adhesive for temporary securing in the substrate
is provided, and the space between substrates at the

pressurized portion is determined as a final gap. After

25 that, ultraviolet rays are applied to the adhesive for



tenporary securing sandw ched between substrates to pronote hardeng?%ﬁszL
This allows the portion provided with tenporary securing adhesive a

i ndependent portion to be the final gap, with the result that tenporary
securing 5 can be achieved in such a position. The present invention

provi des the secondary pressurization step wherein atnospheric pressure is
regai ned in the vacuum chanber after thegprocess of tenporary securing,
whereby pressure is applied to bond the substrates together. 10 BRI EF
DESCRI PTION OF THE DRAWNGS: Fig. 1 is a schematic side view show ng the
configuration of a substrate bondi ng apparatus as a first enbodi nent of
the present invention; 15 Fig. 2 is a cross sectional view representing the
configuration of the tenporary securing nmechanism according to the present
enbodinment; Fig. 3 is a top viewillustrating the position of coating the
substrate with WSMPOFALY eecnring sagjeivwicheg een S stEatEsotf t he
tenporary securing nmechanism wth respect to the substrate, according to
the present em¥GMaRehhardeging.i sThigiadd opseheREstor iFFgVaiesk dpile of
the state of a pair of substnatesggubse uent ta the rin&r¥9

25
pressuri zat i on SERNETg SEGHHE Ip AEEERLVENDD AheMACRERHERIRPOF (R4 Op tO

be the final gap, with the result that temporary securing

5 can be achieved in such a position. The present invention
provides the secondary pressurization step wherein
atmospheric pressure is regained in the vacuum chamber
after the process of temporary securing, whereby pressure
is applied to bond the substrates together.

10
BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 is a schematic side view showing the
configuration of a substrate bonding apparatus as a first
embodiment of the present invention;

15 Fig. 2 is a cross sectional view representing the
configuration of the temporary securing mechanism
according to the present embodiment;

Fig. 3 is a top view illustrating the position of
coating the substrate with ultraviolet curing agent,

20 namely, the position of the temporary securing mechanism
with respect to the substrate, according to the present
embodiment;

Fig. 4 is a side view representing an example of the
state of a pair of substrates subsequent to the primary

25 pressurization according to the present embodiment;



Fig. 5is a side view representing an exanple of the state of a 2@?@&05
substrates at the tine of tenporary securing according to the pr R" 2004
enbodiment; Fig. 6 is a side view representing the secondary 5 enbodi nent
of the substrate bondi ng apparatus of the present invention, and
illustrating the |ayout position of the tenporary securing mechani sm
according to the present enbodinent; Fig.,7 is a drawing illustrating an
enbodi ment of the 10 configuration of an electrostatic chuck; Fig. 8 is a
drawing illustrating another enbodinment of the configuration of a

el ectrostatic chuck; and Fig. 9 is a drawing illustrating still another
enbodi nent of the configuration of an electrostatic chuck. 15 DESCRI PTI ON
OF THE I NVENTI ON: The foll owi ng descri bes the first enbodi nent of the
substrat e bondi ng apparatus according to the present invention with
reference to draw n§sg.2b {€onfiige artiieynrgprasgnbéngam eorp e abpdeat us]
When broadly classified as shown in Fig. 1, the aforenentioned is a
substrat e bondi fif2EPpaf ad uBatbHnPF i SERStEA%ES Yl fthe Giwg LS temporary
positioning two substrates 33 and 34 as objects of bonding (wherein the
substrate 33 25°HBLARGIAGRATRLNE bR thH| RIOSERL pRRAeHed |ater is

referred 7 7 APR 209%9? 6 is a side view representing the secondary

5 embodiment of the substrate bonding apparatus of the
present invention, and illustrating the layout position
of the-temporary securing mechanism according to the
present embodiment;

Fig. 7 is a drawing illustrating an embodiment of the
10 configuration of an electrostatic chuck;
Fig. 8 is a drawing illustrating another embodiment
of the configuration of a electrostatic chuck; and
Fig. 9 is a drawing illustrating still another

embodiment of the configuration of an electrostatic chuck.

15
DESCRIPTION OF THE INVENTION:

The following describes the first embodiment of the
substrate bonding apparatus according to the present
invention with reference to drawings:

20 [Configuration of a substrate bonding apparatus]

When broadly classified as shown in Fig. 1, the
aforementioned is a substrate bonding apparatus comprises;

a X, ¥ and 6 stage S1 for positioning two substrates
33 and 34 as objects of bonding (wherein the substrate 33

25 mounted and held on table 9 to bedescribed later is referred




to as "lower substrate 33, while the substrate 34 held on a pressuri Z@?iA(PRI 2004
plate 16 is called "upper substrate 34") ; a substrate bonding unit S2
bondi ng substrates 33 and 34; and 5 a Z-axis traveling stage 53 for
primary pressurization of substrates 33 and 34 to be described later.
These portions Si, S2 and 53 are arranged on the frame 1 sequentially.
The X, Y and 0 stage S1 is nounted and held on a frame 1, and the
substrate bonding unit S2 is supported 10 by a first frane 2 equi pped, for
exanple, with four colums installed on the frane 1. The Z-axis traveling
stage 53 is supported by a second frame 3 equi pped, for exanple, wth
four colums installed on the frame 1. The following describes the details
of the aforenentioned Si, S2 and S3: 15 [X, Y and O Stage) The X, Y and O
stage Si conprises an X-stage 4a arranged on the frame 1, a Y-stage 4b
arranged on thito asst'dgeetasubanaase03 st ol Ue the gnhedronet hdsheldiaye 4b.
The X stage 4a in the present enbodi nent is designed to nove the Y stage
20 4b and 0 st ay®recsyyimadieroplatarlit dsmeabied “UppegesrREEFaAre Hitect i on
(X axis direction in Fig. 1). The Y stage 4b is configured to npve the
0-stage in the in tASURHGIdRIPERAAING Pgéf:i%f@? BQPngEr%\&}P?BﬁaFﬁS Fdy. 1)

by nmeans of a dri%e nmotor 6. Further, the $-stage 4c is configured to
rotate 25 in t HRPS H
APR 20D6 %

tet®%on as shown in Fig. 1, with respect to the 2 7
a Z-axis traveling stage S3 for primary pressurization

of substrates 33 and 34 to be described later. These
portions S1, S2 and S3 are arranged on the frame 1
sequentially. The X, Y and 6 stage S1 is mounted and held
on a frame 1, and the substrate bonding unit S2 is supported
by a first frame 2 equipped, for example, with four columns
installed on the frame 1. The Z-axis traveling stage S3
is supported by a second frame 3 equipped, for example,
with four columns installed on the frame 1. The following
describes the details of the aforementioned 81, S2 and S83:

[X, ¥ and 0 Stage]

The X, Y and 8 stage S1 comprises an X-stage 4a arranged
on the frame 1, a Y-stage 4b arranged on this X stage 4a,
and a 9 stage 4c arranged on this Y-stage 4b. The X stage
4a in the present embodiment is designed to move the Y stage
4b and 6 stage 4c by means of a drive motor 5 in the lateral
direction (X axis direction in Fig. 1). The Y stage 4b is
configured to move the O-stage in the in the longitudinal
direction (Y axis direction in Fig. 1) by means of a drive
motor 6. Further, the $-stage 4c is configured to rotate

in the 6 direction as shown in Fig. 1, with respect to the




Y stage 4b by neans of a drive notor 8 through a rotary bearing 7. Ig Q@i 0
case, a table 9 carrying the |ower substrate 33 is fixed on the O sg ge 4

t hrough a support colum 10. 5 Further, an arm 11 enclosing the | ower side
of the support colum 10 is nmounted on the Y stage 4b through rotary
bearing 13 and vacuum seal 14 in such a way that the arm 11 is not turned
by the rotation of the support columm 10. gALso, a vacuum bellows 12 havi ng
its one end fixed on the arm 11 10 and thé other end on the | ower portion
of the vacuum bondi ng chanber 15 and consisting of a telescopic elastic
body covering the support colum 10 is |ocated between this arm 11 and a
vacuum bondi ng chanber 15 of the substrate bonding unit S2 to be descri bed
|l ater. This serves to naintain the 15 depressurized state in the vacuum
bondi ng chanber 15. In the present enbodi nent, one support colum 10 is
instal | ed appr dxistags yhatoyt meagentodr aofiriNe rabprE 8, tgﬁ?“‘?bréséﬁ?ar}’

i nvention is not restricted thereto. Nanely, any nunber of support col umms
10 can be inst &93%d b 1-ong as 20 it is possible to provide rotation

ff tt t f d I ned val t f
i spl acenent of L O FGingen PRLE of e B Eﬁr%??ga% PRattani e

9 resulting f h bl Suh b 25 Th
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5 Further, an arm 11 enclosing the lower side of the support
column 10 is mounted on the Y stage 4b through rotary bearing
13 and vacuum seal 14 in such a way that the arm 11 is not
turned by the rotation of the support column 10. Also, a
vacuum bellows 12 having its one end fixed on the arm 11
10 and the other end on the lower portion of the vacuum bonding
chamber 15 and consisting of a telescopic elastic body
covering the support column 10 is located between this arm
11 and a vacuum bonding chamber 15 of the substrate bonding
unit S$2 to be described later. This serves tomaintain the
15 depressurized state in the vacuum bonding chamber 15.
In the present embodiment, one support column 10 is
installed approximately at the center of the table 9, but
present invention is not restricted thereto. Namely, any
number of support columns 10 can be installed so long as
20 it is possible to provide rotation sufficient to compensate
for a predetermined value (the amount of displacement of
the positioning mark to be described later) of the table
9 resulting from the 6 table, for example.
[Substrate bonding unit]

25 The substrate bonding unit S2 comprises a vacuum



bondi ng chanber 15 (vacuum chanber 15) for bondi ng between two SUbszjﬁﬁﬁﬁmk
33 and 34 in a depressurized state, a table 9 arranged in the vacuu
bondi ng chanber 15; and a pressurization plate 16 arranged above the table
opposite 5 thereto in the vacuum bondi ng chanber 15, as shown in Fig. 1.
In this case, the table 9 is provided with the | ower substrate 33

contai ning dunmy seal 54 to be described ter, wultraviolet curing agent
53, adhesive 37 and liquid crystal 39. The pressurization plate 16 carries
t he upper 10 substrate 34 to be bonded to the |l ower substrate 33. A first
opening 15a for insertion and renoval of substrates 33 and 34 are forned
on the side of the aforenentioned vacuum bondi ng chanber 15. A gate val ve
17 for blocking this first opening 15a is al so provided 15 thereon. Here
the gate valve 17 is designed to be freel renovabl e by a cylindrical 17
in the verti calbatidigxg cbambez- h&i(sradﬁumebtrgémbeﬁ 15 }gfox)boring betveepst and
second exhaust pipes for vacuum exhausting inside the vacuum bondi ng
chanber 15 are D FHPEALREESoA3 AR BdwniR %gﬁPFSﬁSb‘Flﬁﬁé $hetemdEAbilRg

chanber 15. These exhaust pipes 20a and 20b_are connected to vacuum punp
through a swit chidtFardask ¥hdibe Yaqram fKapin RRGF f]i5r;starl§£r?aust pi pe

oi pes have an ABTORTRHAS JPIURIALEal ¢ (FRAPITH FRTYCCHRE Lo ABRERg0FS. 11
5 thereto in the vacuum bonding chamber 15, as shown in Fig.
1. In this case, the table 9 is provided with the lower
substrate 33 containing dummy seal 54 to be described later,
ultraviolet curing agent 53, adhesive 37 and liquid crystal
39. The pressurization plate 16 carries the upper
10 substrate 34 to be bonded to the lower substrate 33.

A first opening 15a for insertion and removal of
substrates 33 and 34 are formed on the side of the
aforementioned vacuum bonding chamber 15. A gate valve 17
for blocking this first opening 15a is also provided

15 thereon. Here the gate valve 17 is designed to be freely
removable by a cylindrical 17 in the vertical direction
(Z-axis direction in Fig. 1).

Further, first and second exhaust pipes for vacuum

exhausting inside the vacuum bonding chamber 15 are

20 installed on the lower portion of the vacuum bonding
chamber 15. These exhaust pipes 20a and 20b are connected
to a vacuum pump through a switching valve (not
illustrated). Here the first exhaust pipe 20a is smaller
than the second one 20b. For example, assume that both

25 pipes have an approximately circular form. In this case,




if the diameter of the first one 20a is 1 that of the second one ﬁpf&ﬂf |
about 10 to 100 tines. Here the dianeter of the first exhaust pip ?@
determ ned to set the speed in such a way that runaway of substrates 33
and 34 resulting 5 fromgas flow, scattering of liquid crystal on the | ower
substrate 33 or freezing of water content due to depressurization do not
occur when the vacuum bonding chanber 15.is evacuated fromthe first
exhaust pipe 20a as will be described Tatér™ For exanpl e, when the
dianeter 10 is set, the first exhaust pipe installed has the dianeter
determ ned according to the result of experinments conducted by using pipes
of different dianeters. Here the pressure in the vacuum bondi ng chanber 15
for the step of bonding in the present enbodi nent is about 0.67 Pa {5x10-3
15 Torr}. In the present enbodi nent, the first and second, exhaust pipes
20a and 20b ar eifwihecfizambyen cfvkhehiinstvahee20a dscharigd: ofietex ls@oeondr out e,
wher eby exhaust speed is controlled. However, the present invention is not
20 restricted tong R0d pdtakent Rortexddfrémept Beppddiepldangtesrefinye only
one exhaust pipe wthout two exhaust pipes 20a and 20b provi ded, as shown
in the present THHHiFERUSt e 3 0@onfelteRmiNed HeRistehitde tSPeedsd8uum
punp, which is controlled to regulate the exhaust speed, In this case, 25

the exhaust pi pSE HraretPEE THIMWRE AhEURFLFELES of AWML 3F FERBRTIHG4 - 12

5 from gas flow, scattering of liquid crystal on the lower
substrate 33 or freezing of water content due to
depressurization do not occur when the vacuum bonding
chamber 15 is evacuated from the first exhaust pipe 20a
as will be described later. For example, when the diameter

10 is set, the first exhaust pipe installed has the diameter
determined according to the result of experiments
conducted by using pipes of different diameters. Here the
pressure in the vacuum bonding chamber 15 for the step of
bonding in the present embodiment is about 0.67 Pa (5><'10‘3

15 Torr).

In the present embodiment, the first and second,
exhaust pipes 20a and 20b are switched by a switching valve
to change the exhaust route, whereby exhaust speed is
controlled. However, the present invention is not

20 restricted to this method. For example, it is possible to
arrange only one exhaust pipe without two exhaust pipes
20a and 20b provided, as shown in the present embodiment,
and to connect this exhaust pipe to a vacuum pump, which
is controlled to regulate the exhaust speed. Inthis case,

25 the exhaust pipe is preferred to have the diameter of the




greater pipe (that of the second exhaust pipe 20b in the present

embodi ment). The table 9 in the vacuum bondi ng chanber 15 is provi dddAPRvilith
mul tiple elevation pins 35 which are used to receive 5 the |ower substrate
33 fromthe transfer unit (not illustrated) or to renove the cell. A
cylinder 36 is installed on one end (the bottomin Fig. 1) of these

el evation pins 35 to all ow novenent in thﬁ vertical direction through the
hole fornmed in the table 9. 10 Further, "t é fop of the vacuum bondi ng
chanmber 15 is provided with a pipe 21 for regai ning the atnospheric
pressure in the vacuum bondi ng chanber 15 from depressurized state and a
val ve 22 which is located on the md-position of the pipe 21 for

i ntroducing gas (air) into 15 the vacuum bondi ng chanber 15 or shutting it
off. Here the pipe 21 is connected to a pressure source such as a punp
(not il ustrat egheadx ghipontticts dfhéhepeedoofl ehbagas pepee?fingin Hdhevacuum
bondi ng chanber 15. It should be noted that the pressure source need not

al ways be a prdwierent 2entpeimente) of t he vacuum bondi ng chanber 15
(opposite to where the aforenmentioned gate valve 17 is installed) is
provided with an atFp8Hadrliec? Ad vt vasrud bendRHFRSTRGT kp pF AT isladkd

body for bl ocking the approximtely circular second opening 15b forned in
t he vacuum bondfhig W8 TRk &l eFRTIgRIPLNE 33 rYHEfChZErﬁoPsﬁgl‘bWﬁ?é’ecWes

atnDspher%g 2 Ztﬁg) gggg'éuéé%rate 33 from the transfer unit (not

illustrated) or to remove the cell. A cylinder 36 is
installed on one end (the bottom in Fig. 1) of these
elevation pins 35 to allow movement in the vertical
direction through the hole formed in the table 9.

10 Further, the top of the vacuum bonding chamber 15 is
provided with a pipe 21 for regaining the atmospheric
pressure in the vacuum bonding chamber 15 from
depressurized state and a valve 22 which is located on the
mid-position of the pipe 21 for introducing gas (air) into

15 the vacuum bonding chamber 15 or shutting it off. Here the
pipe 21 is connected to a pressure source such as a pump
(not illustrated), which controls the speed of the gas
entering the vacuum bonding chamber 15. It should be noted
that the pressure source need not always be a provided.

20 The side of the vacuum bonding chamber 15 (opposite
to where the aforementioned gate valve 17 is installed)
is provided with an atmospheric relief valve 23 comprising
a plate-formed body for blocking the approximately
circular second opening 15b formed in the vacuum bonding

25 chamber 15, and & cylinder 24 for allowing this atmospheric




relief valve 23 to be separated froma second opening 15b. As descri bed
above, the pressure in the vacuum bonding chanber 15 can be broughF7q?E@wL
to the atnospheric pressure quickly by allowi ng the atnospheric relie
valve 23 to be 5 separated fromthe second opening 15b. If the
af orenenti oned pi pe 21 has a cross section of approximately circular
shape, the dianeter of the second openigg1§59 iIs preferred to be 5 or nore
when that of the pipe 21 is assunmed as 1.7 10 Further, the vacuum bondi ng
chanber 15 is equipped with nultiple windows 25 for observing the mark for
positioning the upper and | ower substrates 33 and 34 through the mark
I dentification hole (not illustrated) formed on the pressurization plate
16. An identification canera 26 15 shown in Fig. 1 is used to observe the
aforementioned mark. This canera 26 neasures the msalignnent of the mark
for positioni ks vedves?3Tahe saparabed Jram acgRFppePRERNGASD.
el ectrostatic chucking  electrode (not illustrated) for sucking the | ower
20 substrate 33Hyeggriked|ahavs cithe RTERYGOAT Fh vag Randinge

| e el ectrostatic chucks

G Vi ded i nto ndyiesad st Sah H bEonght Ak Sock b A ARGkt REFESRE6m
post t1ve 200 EAALLP oS SY3HRNS, Bl YRR OTRIAEE SRYFEAS fpubed, 20

5 separated from the second opening 15b. If the
aforementioned pipe 21 has a cross section of approximately
circular shape, the diameter of the second opening 15b is
preferred to be 5 or more when that of the pipe 21 is assumed
as 1.

10 Further, the vacuum bonding chamber 15 is equipped with
multiple windows 25 for observing the mark for positioning
the upper and lower substrates 33 and 34 through the mark
identification hole (not illustrated) formed on the
pressurization plate 16. An identification camera 26

15 shown in Fig. 1 is used to observe the aforementioned mark.
This camera 26 measures the misalignment of the mark for
positioning substrates 33 and 34.

Table 9 is equipped with an electrostatic chucking
electrode (not illustrated) for sucking the lower

20 substrate 33 by static electricity or suction force.

Further, the pressurization plate 16 is provided with
multiple electrostatic chucks divided into many areas for
electrostatic suction. The lead wire from positive and
negative elevations of this electrostatic chuck is routed

25 outside the vacuum bonding chamber 15 to permit control




for each electrostatic chuck. The electrostatic chucking nmechanismis a

bi pol ar el ectrostatic chuck conprising two or nore pairs of el edtir Afflei{i
whi ch ensure the substrates, to be held under 5 vacuumeven if there is a
change in the size of the substrates to be bonded or in the nunber of
patterns to be produced. The follow ng describes the electrostatic
chucki ng nmechani sm nounted on the pressyriﬁaiion plate. The sane
description applies to the electrostatic chucking 10 nechani sm nmounted on
the table. Figs. 7 and 8 show the general |ayout of the bipolar

el ectrostatic chuck. For the sake of description, assune that the
electrode in white-out lettering in the drawing is a positive el ectrode
and the hatched one a negative 15 electrode. The bipolar electrostatic
chuck in Fig. 7 (a) conprises flat bipolar electrodes 23A and 24A of
approxi mat el y facteajul ereatingrt atriiseddatki.n t wo recesses of approxi nately
rectangul ar shape, respectively. The 20 surface of these bipolar el ectrodes
23A and 24A (surfacEhe Rledlerpotalf Fhcking meghadsiin | i3 IRkl 16A)
is covered with a dielectric where the magin surface is flush with the

bot t om sur f ace VFETHETFAFSSUGTIRS PRSI "EBAYC (9F MIAEE RS (He bi pol ar
electrostatic ohiuck ARl coi20PORLLLYGAOLL IR ARk 08! SE P 738 AN

5 vacuum even if there is a change in the size of the
substrates to be bonded or in the number of patterns to
be produced. The following describes the electrostatic
chucking mechanism mounted on the pressurization plate.
The same description applies to the electrostatic chucking
mechanism mounted on the table.

Figs. 7 and 8 show the general layout of the bipolar
electrostatic chuck. For the sake of description, assume
that the electrode in white-out lettering in the drawing
is a positive electrode and the hatched one a negative
electrode.

The bipolar electrostatic chuck in Fig. 7 (a} comprises
flat bipolar electrodes 232 and 24A of approximately
rectangular shape embedded in two recesses of
approximately rectangular shape, respectively. The
surface of these bipolar electrodes 23A and 24A (surface
on the bottom side of the pressurization plate 16A) is
covered with a dielectric where the main surface is flush
with the bottom surface of the pressurization plate 16A.
In this case, the bipolar electrostatic chuck applies

positive voltage to the electrode 23A and negative voltage




to the el ectrode 24A, thereby allowi ng the substrate 34A to be

el ectrostatically chucked onto the pressurization plate 16A by caul R0k
force or Johnson Rahbek force. The bipolar electrostatic chuck shown in
Fig. (b) has 5 a pair of conb-toothed bipolar electrostatic el ectrodes

23B and 24B that are enbedded in the pressurization plate 16B and has a

di el ectric enbedded therein. Even in thisygcase, this bipolar electrostatic
chuck applies positive voltage to the el ectrode 23B and negative voltage
to the 10 el ectrode 23B, thereby allowi ng the substrate 34A to be

el ectrostatically chucked onto the pressurization plate 16B by Coul onb
force. Here the entire dinensions of a pair of bipolar electrostatic

el ectrodes 23A and 24A shown in Fig. 7 (a) 15 and bi pol ar electrostatic

el ectrodes 23B and 24B_shown in Fig % are designed slightly snaller
than those of t%th%l%tercétré’dﬂﬁﬁpﬁyt@%ﬁ? ¥stlloyipg dhe subsd rats) 34A ow the

case where the dinensi ons of th strat e snaller t han t hos

ot i+ g HR AR aRE AR AR o R KA T E S e PERBSPEALETIRA sig
PﬁlrF?gsenBIEg) e%ﬁq%r st tlcal qukedﬂq g%k ressurlzZtPSﬂ
plates 16A and eeqﬁpp&’e‘ﬁ b ]%fp%ira?e sctisttat %1 K54 shown in
Figs. 7 ( a) and (qgg%?%}mlg%ee%geeﬁlefcﬂ@}stsrh%%é1%%g. 38, 744 and

24B are | ocated 2?
5 a pair of comb-toothed bipolar electrostatic electrodes

23B and 24B that are embedded in the pressurization plate
16B and has a dielectric embedded therein. Even in this
case, this bipolar electrostatic chuck applies positive
voltage to the electrode 23B and negative voltage to the
10 electrode 23B, thereby allowing the substrate 34A to be
electrostatically chucked onto the pressurization plate
16B by Coulomb force.
Here the entire dimensions of a pair of bipolar
electrostatic electrodes 23A and 24A shown in Fig. 7 (a)
15 and bipolar electrostatic electrodes 23B and 24B shown in
Fig. 7 (b) are designed slightly smaller than those of the
substrate 34A.
By contrast, Fig. 8 (a) and 8(b) show the case where
the dimensions of the substrate are smaller than those of
20 a pair of entire electrodes.
In other words, when a small substrate 34B shown in
Figs. 8 (a) and (b) is electrostatically chucked by the
pressurization plates 16A and 16B equipped with bipolar
electrostatic chucks as shown in Figs. 7 (a) and (b), some

25 portions of electrodes 23A, 23B, 24A and 24B are located




of f the substrate 34B. This is because the pressurization plates zﬁﬁg gﬂk
16B are designed so that a big substrate can be pressurized. If veolt 8

100 to 5000 volts or thereabout) is applied to the el ectrodes
(dielectric) 23A, 5 23B, 24A and 24B partly exposed to the vacuum state (a
predet er mi ned depressurized at nosphere), electric discharge occurs from

t he exposed portion, with the result thafﬁsybstrate 34B and el ectrostatic
chuck nmay be damaged. As described above,” Tt is possible to handle smaller
10 substrates by reducing the area of the electrode and dielectric to
ensure that the dielectric will not be exposed to the vacuum state.
However, even when a smaller electrode is used to hold a smaller

substrate, it is not possible to produce electrostatic chucking force
required 15 to hold a large substrate, so holding is not disabled as a
result. Thus, effutheewhsentie diBauckhhy isndebatisendie ptesRurdabsirat e
requires the entire el ectrode dinensions to be slightly smaller than those
of the substratdatas ricfermnd ddbs arehdes igasdappeshad a pigdsvbséRaket hod
20 of formng nultiple liquid crystal substrates_on a |large board (nother
board), and obtc@mibgyPrEsERpieeti qulH ¥aiaag (2ub8Prapes 0% Vgddisr Y si ze

by, SULE LN, SUDSSAUE S RO f (SHIRE ERLER oLlg! LS LOGUEL| g0t oo
same pr Od"éCt | Or}BIBj,nebliAn asnoc{mzll%aspeasftllyn etx%%sseedzjtoAﬁ):%eZQ;OaAéu_umlétate (a
predetermined depressurized atmosphere), electric
discharge occurs from the exposed portion, with the result
that substrate 34B and electrostatic chuck may be damaged.
As described above, it is possible to handle smaller
10 substrates by reducing the area cf the electrode and
dielectric to ensure that the dielectric will not be
exposed to the vacuum state. However, even when a smaller
electrode is used to hold a smaller substrate, it is not
possible to produce electrostatic chucking force required
15 to hold a large substrate, so holding is not disabled as
a result. Thus, ensuring effective chucking and holding
of the substrate requires the entire electrode dimensions
to be slightly smaller than those of the substrate.
In recent years, there has appeared a production method
20 of forming multiple liquid crystal substrates on a large
board (mother board), and obtaining multiple liquid
crystal substrates of a desired size by cutting subsequent
to bonding of substrates. In this production method,
multiple types of substrates cut out of the mother board

25 are fed to the same production line in some cases. 1In these




cases, it is necessary to divide the electrode in conformty to the size
of the substrate and to ensure that the voltage-applied electrode%7Aquwg
(dielectric) is not exposed to the vacuumstate and electric discharge
does not occur. 5 As described above, the electrostatic chucking mechanism
in the present enbodi nent uses two or nore pairs of electrodes. To put it
nore specifically, the electrostatic chucking nmechanismis designed in
such a way that nultiple el ectrode paiTsléath conprising two 10 el ectrodes
formed to permt chuck and hold a substrate having the smallest area are
provi ded on the pressurization plate. It is a bipolar electrostatic chuck
capabl e of handling both |arge and snmall substrates by switching in
conformty to the size of the substrate the el ectrode where 15 the positive
and negative voltages are applied. The bipolar electrostatic chuck is

equi pped with widexge itap imsddesmampans dioridpphe ’) ecalrdoage i a desired
el ectrode pair. For exanple, the aforenentioned voltage application neans
may be desi gnedrantucttya twayhehaitzd bd 2he qpérstrat esantiche exisherectbatr ode
for voltage application in conformty to the substrates to be bonded

toget her as rddig vedtaderaeppatiedetlecitodmy dielechiriigyr &8 rat suphsad way
that a desired electrode is selected for each | oaded substrate by
prelimnarily &ft EPErvRGART Giisitts pRe ofed i HIFRRELER e MOIPRENRS ons of

t he substrates to be 2.7 APR 2004 - 18 . .
5 As described above, the electrostatic chucking

mechanism in the present embodiment uses two or more pairs
of electrodes. To put it more specifically, the
electrostatic chucking mechanism is designed in such a way
that multiple electrode pairs each comprising two

10 electrodes formed to permit chuck and hold a substrate
having the smallest area are provided on the pressurization
plate. It is a bipolar electrostatic chuck capable of
handling both large and small substrates by switching in
conformity to the size of the substrate the electrode where

15 the positive and negative voltages are applied. The
bipolar electrostatic chuck is equipped with voltage
application means for applying voltage to a desired
electrode pair. For example, the aforementioned voltage
application means may be designed in such a way that the

20 operator switches the electrode for voltage application
in conformity to the substrates to be bonded together as
required. Alternatively, it may be configured in such a
way that a desired electrode is selected for each loaded
substrate by preliminarily éntering various types of

25 information on the dimensions of the substrates to be




| oaded into the system Fig. 9 shows the pressurization plate 16 equi pped
wth two el ectrode pairs each conprising two electrodes. For the sakp7aPr 2004
description, assunme that the electrode in white-out lettering in the
drawing is a 5 positive electrode and the hatched one a negative

el ectrode. As shown in Fig. 9 (a) and (b), the bipolar electrostatic
chuck according to the present enbodinent, _is configured so that fl at

el ectrodes of approxi mately 10 rectanguTa}aéﬁape 23D1, 24D1, 23D2 and 24D2
are enbedded in four recesses of approximtely rectangul ar shape forned

on the | ower surface of the pressurization plate 16D, and the surfaces of
the el ectrodes of approximately rectangul ar shape 23D1, 24Dl1, 23D2 and 24D2
(surface on 15 the bottom surface of the pressurization plate 16D) are
covered with a dielectric where the main surface is flush wth the bottom
surface of the Jp=ekslidintat the pyateml6XigJ P ishicwsc &be, prhssubipaekapn

el ectrostatic chuck applies positive voltage to the electrodes 23D1 and
23D2 to nake 2@laten posquipped widhnvgaslestrodeapeire aanh epmprisdag 24D1
and 24D2 to make them negative, whereby the substrate is electrostatically
chucked by the tweesdgetzradesn pFar &his sakgdof derginthigibsiasseme Fhathe

case of a large upper substrate 34D, a bi 25 chuckinqlforce,is pr oduced
by applicati on tdfe wdecigodeo 1p vhiapr-opbsletygring in the drawing 1s a
5 positive electrode and the hatched one a negative
electrode.

As shown in Fig. 9 (a) and (b), the bipolar
electrostatic chuck according to the present embodiment
is configured so that flat electrodes of approximately

10 rectangular shape 23D1, 24D1, 23D2 and 24D2 are embedded
in four recesses of approximately rectangular shape formed
on the lower surface of the pressurization plate 16D, and
the surfaces of the electrodes of approximately
rectangular shape 23D1, 24D1, 23D2 and 24D2 (surface on

15 the bottom surface of the pressurization plate 16D) are
covered with a dielectric where the main surface is flush
with the bottom surface of the pressurization plate 16D.
In this case, this bipolar electrostatic chuck applies
positive voltage to the electrodes 23Dl and 23D2 to make

20 them positive, and negative voltage to the electrodes 24Dl
and 24D2 to make them negative, whereby the substrate is
electrostatically chucked by the pressurization plate 16
and is held in position.

In the case of a large upper substrate 34D, a big

25 chucking force is produced by application of voltage to




all electrodes 23D1, 24D1, 23D2 and 24D2, and the upper substrate 34D is
chucked and held in position, as shown in Fig. 9 (a). Further, im71Rhe ¢gRse
of a small upper substrate 34E, necessary and sufficient chucking force is
5 obtained by application of voltage to only the adjacent positive and
negative poles (a pair of electrodes 23D2 and 24Dl arranged in the
vicinity of the center of the pressurization plate 16D according to the
present enbodi nment), as shown in Fig. 9 %B)T and the upper substrate 10
34D i s chucked and held in position. In this case, no voltage is applied
to the remaining el ectrodes 23D1 and 24D2, and this prevents electric

di scharge fromoccurring, as in the prior art nethods. As described above,
when the size of the substrate has 15 changed, the substrates of several
types of substrates can be firmy chucked under vacuum and held in
position by ingXkasleagtiddesiundmer, df4m edIDan@@i2in 2,0 ahd £heé upperhe
like in conformty to the size of the substrate. In other words, since

mul tipl e pairs sibdtmwatd e34AD adescHwrka&d aalde dterlaks tian ipeoscihtuicdn | rasc @ifoomm ty
to the shape of the substrate having the snmallest area are installed on
the pressurizath onigl a e(d} ablFantdheyes dasdhiebedseaodr B, smad 1l PRI at e can
be chucked and held in position by great _chucking force, independently of
t he sizes of trﬁﬁhﬁﬁﬁﬁﬁ%uiiErZBeFﬁS§ﬁ§Yﬁﬂ§%éﬁﬁféﬁB@@ﬁnﬁhﬂFkanﬂo&PEﬁe 18

el ectrodes provided, 2 7 APR 2004 - 20 ,
5 obtained by application of voltage to only the adjacent

positive and negative poles (a pair of electrodes 23D2 and
24D1 arranged in the vicinity of the center of the
pressurization plate 16D according to the present
embodiment), as shown in Fig. 9 (b), and the upper substrate

10 34D is chucked and held in position. In this case, no
voltage is applied to the remaining electrodes 23D1 and
24D2, and this prevents electric discharge from occurring,
as in the prior art methods.

As described above, when the size of the substrate has

15 changed, the substrates of several types of substrates can
be firmly chucked under vacuum and held in position by
increasing the number of electrode pairs to 3, 4, 5 or the
like in conformity to the size of the substrate. 1In other
words, since multiple pairs of the electrodes for

20 electrostatic chuck in conformity to the shape of the
substrate having the smallest area are installed on the
pressurization plate (table to be described later), the
substrate can be chucked and held in position by great
chucking force, independently of the sizes of the substrate.

25 In the present embodiment, a row of electrodes provided



in the lateral direction are showmn as an exanple. However, the present

I nvention is not restricted thereto. For exanple, nultiple rows ngPRZWL

el ectrodes can be provided in the longitudinal direction, and also

mul tiple bipolar conb 5 type el ectrodes can be provided. As described
above, the electrode for electrostatic chucking electrode is a flat one of
approxi mately rectangul ar shape in the_pggsgnt enbodi nent. El ectrodes are
each nounted in nmultiple recesses of approximately 10 rectangul ar shape.
Further, the surfaces of electrostatic chucking electrodes (the top
surface of the table) are covered wth dielectric, and the main surface

of the dielectric is flush with the top surface of the table 9. The

el ectrostatic chucking el ectrode nounted on the 15 table is connected to a
positive/ negative D.C. power source through an appropriate

posi ti ve/ negat i ire thei XateralAddoeditnghyare thpwsias ap eammEgat | Howevkrage i s
applied to each electrostatic chucking electrode, the | ower substrate 33
i s el ectrost at i g |preferkethisntimn tish|InetD rexf Hated HdarsitageFapplied to
each el ectrostatic chucking . el ectrode may be honopol ar or bipolar with

di fferent pol #*¥ameke, WEk: imke HaNSs Sifeflectrosias: £3ns ben PERY 1dgcudih
bondi ng chanber 15, it is preferred to use the aforenentione 25 cgucking
met hod by nmeanstRf lgng&gpfi&%aﬂoq%r%t_mﬂﬂ ardalsoymppRlpafPipPhar com

5 type electrodes can be provided.

As described above, the electrode for electrostatic
chucking electrode is a flat one of approximately
rectangular shape in the present embodiment. Electrodes
are each mounted in multiple recesses of approximately

10 rectangular shape. Further, the surfaces of
electrostatic chucking electrodes (the top surface of the
table) are covered with dielectric, and the main surface
of the dielectric is flush with the top surface of the table
9. The electrostatic chucking electrode mounted on the

15 table is connected to a positive/negative D.C. power source
through an appropriate positive/negative switch.
Accordingly, if positive or negative voltage is applied
to each electrostatic chucking electrode, the lower
substrate 33 is electrostatically chucked by the table 9.

20 Here the voltage applied to each electrostatic chucking
electrode may be homopolar or bipolar with different
polarities.

When the atmospheric pressure is in the vacuum bonding
chamber 15, it is preferred to use the aforementioned

25 chucking method by means of a suction hole 9a. This is



because, when el ectrostatic chucking is used, electric discharge wll

occur due to electrostatic discharge if there is a layer of air bP??ﬁﬁ?%ﬁ
the |l ower substrate 33 and table 9. This may result in the damage of the

| ower 5 substrate 33 or table 9. For exanple, when the |ower substrate 33
is first brought in contact with the table 9 and is held in position,
vacuum suction is perfornmed to reduce prgfsure I n the vacuum chanber since
it is surrounded with atnospheric pressur®e. Tt is preferred to 10 start

el ectrostatic chucking after pressure has been reduced to the point where
el ectric discharge does not occur. Each suction hole 9a is connected to
the suction valve (not illustrated) provided outside the vacuum bondi ng

15 chanber 15 and is connected to the vacuum punp (not illustrated) through
this suction valve. In this case, a bypass valve is provided at sone

m dpoi nt i n t heegapsel8 wenr eledcasistatic checktimgs alse us edhr @lgicta icacuum
suction releasing valve or introducing pressure gas. The state of 20
vacuum suct i on dischergebi Irlelcsased dne tel edsictgasdatlie ddsedepiasr 6 & hr ough
this vacuum suction rel easing valve or introducing pressure gas. The table
9 configured i fhexgiesispmimarel 9ff axpdafvagie theslayer kst At d3handupport
colum 10, as described above. 25 Sinilarl¥ to the table 9, the
pressuri zati ontgbdee 9+6 FhisppRy2oRsult »p the damage of the lower

5 substrate 33 or table 9. For example, when the lower
substrate 33 is first brought in contact with the table
9 and is held in position, vacuum suction is performed to
reduce pressure in the vacuum chamber since it is
surrounded with atmospheric pressure. It is preferred to
10 start electrostatic chucking after pressure has been
reduced to the point where electric discharge does not
occur.
Each suction hole 9a is connected to the suction valve
(not illustrated) provided outside the vacuum bonding
15 chamber 15 and is connected to the vacuum pump (not
illustrated) through this suction valve. 1In this case, a
bypass valve is provided at some midpoint in the pipe 18
for releasing to the atmosphere through a vacuum suction
releasing valve or introducing pressure gas. The state of
20 vacuum suction is forcibly released by releasing to the
atmosphere through this vacuum suction releasing valve or
introducing pressure gas. The table 9 configured in this
manner is fixed on the 6 stage 4c through the support column
10, as described above.

25 Similarly to the table 9, the pressurization plate 16



I's equi pped with an electrostatic chucking el ectrode for chucking the
upper substrate 34 and nmultiple suction holes 16a. As wll be descrzi-]bm 2004
| ater, if the pressure in the vacuum bonding chanmber 15 is reduced with

t he upper 5 substrate 34 chucked by the pressurization plate 16, the
chucking force will be reduced and the upper substrate 34 nmay be dropped.
To avoid this, a substrate hol di ng paw énot illustrated) for receiving

t he upper substrate 34 at the position™s ?gﬁtly bel ow t he pressurization
plate 16 10 is provided in the vacuum bondi ng chanber 15. This substrate
hol ding pawl is arranged, for exanple, to conform to the two angles at the
di agonal position of the upper substrate 34. It is lifted and held by a
shaft extending downward fromthe top of the vacuum bondi ng chanmber 15. 15
To put it nore specifically, a shaft is inserted through a penetration

hol e formed on ihequipffedeithoanoél edfiroseetimdmiuking elarheodkd forot

illustrated). This shaft is designed to rotate around its axis and to nove
in the verticalchidgleinig ahe uppéhissbeazetet e anldaht 1t $pP6 samteircadheileb t he
vacuum seal so that the vacuum | eakage does not occur in the vacuum
bondi ng chanberlékb. Rlsewidflobendascoieed rbaer o bfthehereissfure dngtben by
the rotary actuator (not illustrated) connected to the end of the shaft,
and the novenmertaduun fondimg cilamdigedtS oif iredyiogsh WA ok hen WEiR@rat i on
act uat or gnot illustrated) connected to 2 7 APR 200 - 23 -

substrate 34 chucked by the pressurization plate 16, the

chucking force will be reduced and the upper substrate 34

may be dropped. To avoid this, a substrate holding pawl

(not illustrated) for receiving the upper substrate 34 at

the position slightly below the pressurization plate 16

10 is provided in the vacuum bonding chamber 15. This
substrate holding pawl is arranged, for example, to conform
to the two angles at the diagonal position of the upper
substrate 34. It is lifted and held by a shaft extending
downward from the top of the vacuum bonding chamber 15.

15 To put it more specifically, a shaft is inserted
through a penetration hole formed on the upper portion of
the vacuum bonding chamber 15 {not illustrated). This
shaft is designed to rotate around its axis and to move
in the vertical direction. 1In this case, the shaft is

20 covered with the vacuum seal so that the vacuum leakage
does not occur in the vacuum bonding chamber 15. The
aforementioned rotation of the shaft is given by the rotary
actuator (not illustrated) connected to the end of the

shaft, and the movement in the vertical direction is given

25 by an elevation actuator (not illustrated) connected to



the end of the shaft. As described above, substrates 33 and 34 ar???ﬂ?%@?
together by rotation or vertical novenent of the shaft. The substrate
hol di ng pawl can be retracted so that there is no in reference when the
liquid crystal 5 agent dripped on the |ower substrate 33 is spread in the
extending direction of the main surface of each of substrates 33 and 34.
The aforenentioned suction hole 16a is cogﬁscted to the suction valve (not
illustrated) nounted outside the 10 vacu bondi ng chanber 15 through the
pi pe 19, and is connected to a vacuum punp (not illustrated) through this
suction valve. In this case, a bypass pipe for releasing to atnosphere

t hrough the suction releasing valve is provided at a m dpoint of this pipe
19, simlarly to the 15 table 9. The state of vacuum suction is forcibly
rel eased by releasing to the atnosphere through this vacuum suction

rel easi ng val vetlr émd refdudienghpfessure descrilied gbessursutstiratgd 3B8e 16
configured in this manner is suspended fromthe traveling base 29 (to be
described 20 | airet B4odre bendedxisgetlhee byngots jen §3 vér vlghl meviemeing
support colums 27, and is held in position. A vacuum bellows 28 havi ng one
end fixed on tf heushafbondihr) subsietelBob@ing mawdt pan kaaetinasdedn t he
traveling base 29 and consisting of a tel escopic elastic body. 25 covering
the support colifinfFhEt thers dFefChéhnEefeY BRCO Whetprtlpp Jiquigh crystal

5 agent dripped on the lower substrate 33 is spread in the
extending direction of the main surface of each of
substrates 33 and 34.

The aforementioned suction hole l6a is connected to
the suction valve (not illustrated) mounted outside the
10 vacuum bonding chamber 15 through the pipe 19, and is
connected to a vacuum pump (not illustrated) through this
suction valve. In this case, a bypass pipe for releasing
to atmosphere through the suction releasing valve is
provided at a midpoint of this pipe 19, similarly to the
15 table 9. The state of vacuum suction is forcibly released
by releasing to the atmosphere through this vacuum suction
releasing valve or introducing pressure gas. The
pressurization plate 16 configured in this manner is
suspended from the traveling base 29 (to be described
20 later) of the 2Z-axis traveling stage S3 through multiple
support coclumns 27, and is held in position.
A vacuum bellows 28 having one end fixed on the vacuum
bonding chamber 15 and the other end fixed on the traveling
base 29 and consisting of a telescopic elastic body 

25 covering the support column 27 is located between the



vacuum bondi ng chanber 15 and traveling base 29. This serves to naintain
the depressurized state in the vacuum bondi ng chanber 15. Furt her,
shown in Fig. 1, the top of this vacuum 5 bonding chanber 15 is ﬁrdWﬂd@H
with the tenporary securing nechanism S4 for hardening the ultraviol et
curing agent 53 for tenporary securing placed in advance on the | ower
substrate 33 by application of both press re and ultraviolet rays, with the
pressurization plate 16 in the 10 raised oSition, subsequent to prinmary
pressurization to be described |ater (subsequent to bondi ng substrates 33
and 34 together by pressure in a depressurized state). The follow ng
descri bes the tenporary securing nechanismS4 wth reference to Fig. 2. 15
The tenporary securing nmechani sm S4 conprises; a glass holder 42 consisting
of a cylinder for holding glass 44 inside fromthe tip portion (located in
t he vacuum bondamgurnt Hesrind S)hambdol 1 ovared/ |tiredre ialg aess @ %®. bahig9 fi xed
with this 20 glass holder 42 by a screw, a ultraviolet fiber 45 for
ul traviol et irrseiws dio madadizd thei depréssuhbiedvetytée nth itdel vacessur e
bar 60 and in the vicinity of glass 44; a flange 50 fixed on the top
surface of the kerding Qhamhﬁﬁhlﬁrchanber 15 t hrough vacuum cut - of f C)rlng

46 and 2 7 APR 2004 - 25 -
Further, as shown in Fig. 1, the top of this wvacuum

5 bonding chamber 15 is provided with the temporary securing
mechanism S4 for hardening the ultraviolet curing agent
53 for temporary securing placed in advance on the lower
substrate 33 by application of both pressure and
ultraviolet rays, with the pressurization plate 16 in the

10 raised position, subsequent to primary pressurization to
be described later (subsequent to bonding substrates 33
and 34 together by pressure in a depressurized state). The
following describes the temporary securing mechanism S4
with reference to Fig. 2.

15 The temporary securing mechanism S$4 comprises;

a glass holder 42 consisting of a cylinder for holding
glass 44 inside from the tip portion (located in the vacuum
bonding chamber 15);

a hollow cylindrical pressure bar 69 fixed with this

20 glass holder 42 by a screw;

a ultraviolet fiber 45 for ultraviclet irradiation
located inside this hollow cylindrical pressure bar 60 and
in the vicinity of glass 44;

a.flange 50 fixed on the top surface of the vacuum

25 bonding chamber 15 through vacuum cut-off O-ring 46 and




conprising a cylinder through which the hollow cylindrical pressure bar 60
Is inserted; and means for traveling the hollow cylindrical presﬁgi@ﬁ%@ﬂ@
60 in the vertical direction. 5 Traveling neans of the present e
conprises; a cylinder 49 for driving the vertical traveling of the holl ow
cylindrical pressure bar 60; a cylinder fixture 52 for fixing the cylinder
49 arranged on the outer periphery of the flange 50; and 10 a connecting
fitting 48 arranged on one end (top end‘i%SFTg. 2) of the holl ow
cylindrical pressure bar 60 and fixed on the operating section (traveling
shaft) of the «cylinder 49. A bearing 51 is nmounted in the flange 50 to
ensure that the hollow cylindrical pressure bar 60 noves 15 snoothly in the
vertical direction. Here if the hollow cylindrical pressure bar 60 noves
in the vertical direction, the ultraviolet fiber 45 also noves in the
vertical direcidnpridimgsadss] imieavehgdodghagaiof the hdlTawicollehdricher 45
extending fromone end of the hollow cylindrical 20 pressure bar 60, the
extended porti @grassunexdan ¢ e ioerrgetd;ngnfd tting 48 by nmeans of the
fixture 55. Fixing in this manner reduced the stress applied to the
ultraviolet fiber 4fans thor ttingyedfingthiec doldpay eyiligdriwatlhpreesnseul t
t hat possible rupture can be avoided, for 25 exanple. 2 7 APR 2004 - 26
bar 60 in the vertical direction.
5 Traveling means of the present embodiment comprises;
a cylinder 49 for driving the vertical traveling of
the hollow cylindrical pressure bar 60;
a cylinder fixture 52 for fixing the cylinder 49
arranged on the outer periphery of the flange 50; and
10 a connecting fitting 48 arranged on one end (top end
in Fig. 2) of the hollow cylindrical pressure bar 60 and
fixed on the operating section (traveling shaft) of the
cylinder 49. A bearing 51 is mounted in the flange 50 to
ensure that the hollow cylindrical pressure bar 60 moves
15 smoothly in the vertical direction. Here if the hollow
cylindrical pressure bar 60 moves in the vertical direction,
the ultraviolet fiber 45 also moves in the vertical
direction. In order to avoid damage of an ultraviolet
fiber 45 extending from one end of the hollow cylindrical
20 pressure bar 60, the extended portion is fixed to the
connecting fitting 48 by means of the fixture 55. Fixing
in this manner reduced the stress applied to the
ultraviolet fiber 45 at the time of vertical traveling,
with the result that possible rupture can be avoided, for

25 example.



The tip of the glass holder 42 is provided with a cylindrical constricted
area in contact with the lower surface of glass 44. So as will beq app 2004
described later, even if the constricted area is pressed against the
substrate, 5 no pressure is applied to the adjacent ultraviolet curing
agents 53 sinul taneously, because the pressed surface is small. Further,
the constricted area serves as a port for_ _irradiation of ultraviolet rays,
so the ultraviolet rays through the gra§§54n is not directly applied to
the 10 substrate. An Oring 41 for vacuum shut-off is arranged on the
joint end between the glass holder 42 and hollow cylindrical pressure bar
60, and an O-ring 43 for vacuum shut-off is nounted between the gl ass

hol der 42 and glass 15 44. An O-ring 46 for vacuum shut-off is nounted
between the top surface of the vacuum bondi ng chanmber 15 and bottom
surface of the flamie Hip afd tdre @Glrassg bl dear d2adisuprostidedoffitils a

I nstall ed between the inner periphery of the flange 50 and the outer

peri phery of tkylhiodrdwadylcongitirdaite?0 apeessor eob&nc80withi $her Aawgenent
mai ntains the depressurized state in the vacuum bondi ng chanber 15. In

ot her words, psugdace Pl ghashold owSeyhEriilldie gleseqibed Bateso evaRhes

t he atnospheric pressure. This portion is wutilized to place the

ul traviol et fiB&rthe eonsersicied @iexisprrssed A INak thg FyPFEbRrtexanpl e,

in the vicinit% of 2 7 APR 2e - 27 . ) )
5 o pressure 1s applied to the adjacent ultraviclet curing

agents 53 simultaneously, because the pressed surface is
small. Further, the constricted area serves as a port for
irradiation of ultraviolet rays, so the ultraviolet rays
through the glass 44 is not directly applied to the

10 substrate.

An O-ring 41 for vacuum shut-off is arranged on the
joint end between the glass holder 42 and hollow
cylindrical pressure bar 60, and an O-ring 43 for vacuum
shut-off is mounted between the glass holder 42 and glass

15 44. An O-ring 46 for vacuum shut-off is mounted between
the top surface of the vacuum bonding chamber 15 and bottom
surface of the flange 50, and an O-ring 47 for vacuum
shut-off is installed between the inner periphery of the
flange 50 and the outer periphery of the hollow cylindrical

20 pressure bar 60. This arrangement maintains the
depressurized state in the vacuum bonding chamber 15. 1In
other words, pressure in the hollow cylindrical pressure
bar 60 reaches the atmospheric pressure. This portion is
utilized to placé the ultraviolet fiber 45 closest to the

25 substrate structurally (for example, in the vicinity of



glass 44). Since the ultraviolet fiber 45 is nounted in this position,
there is a very little attenuation in the wultraviolet rays appli?pApP mpe
substrate. There is no need of installing a | arge-di aneter condenser Fens.
For 5 this reason, the material characterized by the best ultraviolet ray
transmttance, for exanple, quartz glass, 1is best suited as glass 44.

Mul tiple tenporary securing nmechanisns S4 configured in this manner can be
mount ed by studying the effective 10 bordlimg position, if practicable from
t he vi ewpoi nt of designing. As shown in Fig. 3, it is preferred to arrange
them at two or nore positions on each side of the substrate (above the
ultraviolet rays curing agent 53 in Fig. 3). Further, if depressurized
state in the vacuum bondi ng 15 chanber 15 can be nmi ntai ned, the tenporary
securing nechanism S4 can be provided with a traveling nechani sm that

al 'ows hori zontalasls” @avgl.i ngifBet PRe KPSt P&l eBNEL 0¥ 49 ERPALANYE eFEGHI | NG
mechani sm S4 can be provided on each side of the substrate. 20 [Z-axis

travel i ng stagehiBh@oédidiion,! taeek g §twvgey ddyleattehuatde iingthase 29
for suspending the pressurization plate 16 and holding it; |inear guides
arranged on botilteadsidllesdr aclys 2prd ieer tticc alher &iubs3a até-.axTheder ast non
showmn in Fig. 1) 7 7 APR 2004 - 2s
need of installing a large-diameter condenser lens. For
5 this reason, the material characterized by the best
ultraviolet ray transmittance, for example, quartz glass,
is best suited as glass 44.
Multiple temporary securing mechanisms S4 configured
in this manner can be mounted by studying the effective
10 bonding position, if practicable from the viewpoint of
designing. As shown in Fig. 3, it is preferred to arrange
them at two or more positions on each side of the substrate
(above the ultraviclet rays curing agent 53 in Fig. 3).
Further, if depressurized state in the vacuum bonding
15 chamber 15 can be maintained, the temporary securing
mechanism S4 can be provided with a traveling mechanism
that allows horizontal traveling on the substrate, and one
temporary securing mechanism S4 can be provided on each
side of the substrate.
20 [Z-axis traveling stage]
The Z-axis traveling stage comprises;
a traveling base 29 for suspending the pressurization
plate 16 and holding it;

linear guides arranged on both ends thereof;

25 a vertical rail 3a {(Z-axis direction shown in Fig. 1)



engaged with this linear guide 30 and provided on the frame 3; an electric
not or 34 equi pped with an output shaft in the Z-axis direction; ZQWREZH[E
ball screw 31 with the one end engaged with the side of the traveling base
29 and the other end engaged with the output shaft side of the electric
notor 32. The Z- axis traveling stage S3 configured in this manner all ows
the notor base 29 to be fed along the rai‘Jg by the electric 10 notor 32 in
the vertical direction, and permits the p Bssuri zation plate 16 to be fed
in the vertical direction. [Operation of the substrate bondi ng appar at us]
The foll ow ng describes the operation of the substrate 15 bonding
apparatus according to the present enbodinent. Here reference wll be made
of the case where a substrate for liquid crystal panel is used as a
substrate to be bonded. As shown in Fig. 3, a continuous frame is provided
in advance on emmadd whdht tois dhisteaat gside 3ifeahd noedr itdegboherhe f28mesi ng

| iquid crystal sealing conpound (adhesive) 37 in order to confine and seal
liquid crystal 3m a predeternmined frane when the substrates are bonded
together. Simlarly, a continuous frame 54 (hereinafter referred to as
"dummy seal") is pROBIRGEBEHECAPE| 4 feOHMRRARYILER 87 QBtRYt (shal dRc| ose

the aforenentioned frane. Utraviolet curing 2 7 APR 7004 - 29
the Z-axis direction; and

5 a ball screw 31 with the one end engaged with the side
of the traveling base 29 and the other end engaged with
the output shaft side of the electric motor 32. The Z-
axis traveling stage S3 configured in this manner allows
the motor base 2% to be fed along the rail by the electric
10 motor 32 in the vertical direction, and permits the
pressurization plate 16 to be fed in the vertical
direction.
[Operation of the substrate bonding apparatus]
The following describes the operation of the substrate
15 bonding apparatus according to the present embodiment.
Here reference will be made of the case where a substrate
for liquid crystal panel is used as a substrate to be bonded.
As shown in Fig. 3, a continuous frame is provided in
advance on one of the two substrates to be bonded together,
20 using liquid crystal sealing compound (adhesive) 37 in
order to confine and seal liguid crystal in a predetermined
frame when the substrates are bonded together. Similarly,
a continuous frame 54 (hereinafter referred to as “dummy
seal”) is provided sepafately from adhesive 37 so as to

25 enclose the aforementioned frame. Ultraviolet curing



agent 53 is provided in a punctual or linear form (having sone |length) in
the vicinity of the substrate end of the dummy seal 54. A predetzrn%ﬂgﬁm
anount of liquid crystal 39 is dripped into the liquid crystal s dl

frame 5 conprising adhesive 37. In the present enbodi ment, the substrate
with this liquid crystal 39 dripped thereon is wused as a |ower substrate
33. In sone cases, dummy seal 54 is not provided. In such cases, the
ultraviolet curing agent 53 is provided 1 approxi mtely the equival ent

10 position. The peripheral portion of the upper substrate 34 with the
filmsurface facing downward is sucked fromthe bottom using the hand of
the transfer unit (not illustrated) installed outside the vacuum bondi ng
chanber 15. Then the 15 gate valve 17 at the first opening 15a of the
vacuum bondi ng chanber 15 is opened, and the hand of the transfer unit is
inserted into tR@emnmaclulsbensy ided hiaimaepudbtaadnot Neinddr Torapehangngsa.
The pressurization plate 16 | owered by the operation of the electric notor
32 is pressed agmiendten@hi)hénupher viobsitutef 3he Afubart ndtad enslioffi theof the
hand is released and the vacuum punp is operated to allow the upper
substrate 34 t durmysseladdSBy thepprdstam ized angpirdt ©f 18guidoaghsthd
suction hole 16a. Upon conpletion of suction of the upper substrate 34,
the hand is ret3adsedrZPrag igrta Hdeyda@indsadisiglc serdangiframe; APR 2004

- 30 5 comprising adhesive 37. In the present embodiment, the
substrate with this liquid crystal 39 dripped thereon is
used as a lower substrate 33. In some cases, dummy seal
54 is not provided. In such cases, the ultraviolet curing
agent 53 is provided at approximately the equivalent

10 position.

The peripheral portion of the upper substrate 34 with
the £ilm surface facing downward is sucked from the bottom,
using the hand of the transfer unit (not illustrated)
installed outside the vacuum bonding chamber 15. Then the

15 gate valve 17 at the first opening 15a of the vacuum bonding
chamber 15 is opened, and the hand of the transfer unit
is inserted into the vacuum bonding chamber 15 from the
first opening 15a. The pressurization plate 16 lowered by
the operation of the electric motor 32 is pressed against

20 the upper substrate 34. After that, suction of the hand
is released and the vacuum pump is operated to allow the
upper substrate 34 to be sucked by the pressurization plate
16 through the suction hole l6a. Upon completion of
suction of the upper substrate 34, the hand is retracted

25 out of the vacuum bonding chamber 15.



Then each elevation pin 35 is raised by the operation of the cyli igf%m
in such a way that the tip thereof will project fromthe top surf

the table 9. The peripheral portion of the |ower substrate 33 with the
liquid 5 crystal -dri pped surface facing upward is sucked by the hand of
the transfer unit frombelow, and the hand is inserted into the vacuum
bondi ng chanber 15 so that the | ower subﬁirate 33 is transferred onto each
el evation pin 35. Upon conpletion of the’transfer of the |ower substrate
33, 10 the hand is retracted out of the vacuum bondi ng chanber 15, and the
gate valve 17 is closed. After that, each elevation pin 35 is |owered and
the I ower substrate 33 is placed on the table 9. The vacuum punp is
operated to allow the |ower substrate 33 to be sucked by the table 9

t hrough 15 suction hole 9a. Upon term nation of the substrates 33 and 34
bei ng sucked by tirhdmelaehdebadapiessin A4t isnrpised W6 thehepeabtéonon t he
side of the first exhaust pipe 20a is opened to discharge gas gradually
from the vacuumfbbhdi eyl thderbei6 @ $8ch To wayt thatnohe e dibeiresl yilln t he
present enbodinent, the initial state of the apparatus is preset in_such a
way that the brogecintrersbed-exsaggacgipfeshedabdl® 200 ke perpphpralosed
by the switching valve. Upon term nation of the substrates 33 and 34 being

sucked, the swPRPEhiieG f Fde23 ower: fabsddass Shatithe thedd iR ithe first

exhaust pipe 20a 2 7 _APR.21104 -- _31
p5p crystal-dripped surfg’ce facing upward is sucked by the hand

of the transfer unit from below, and the hand is inserted
into the vacuum bonding chamber 15 so that the lower
substrate 33 is transferred onto each elevation pin 35.
Upon completion of the transfer of the lower substrate 33,
10 the hand is retracted out of the vacuum bonding chamber
15, and the gate valve 17 is closed. After that, each
elevation pin 35 is lowered and the lower substrate 33 is
placed on the table 9. The vacuum pump is operated to allow
the lower substrate 33 to be sucked by the table 9 through
15 suction hole 9a.

Upon termination of the substrates 33 and 34 being
sucked by the table 9 and pressurization plate 16, the valve
on the side of the first exhaust pipe 20a is opened to
discharge gas gradually from the vacuum bonding chamber

20 15. To put it more specifically, inthe present embodiment,
the initial state of the apparatus is preset in such a way
that the first and second exhaust pipes 20a and 20b are
both closed by the switching valve. Upon termination of
the substrates 33 and 34 being suckéd, the switching valve

25 is changed so that the side of the first exhaust pipe 20a



I s opened and the side of the second exhaust pipe 20b is closed %PF ag@
I's gradual |y di scharged fromthe vacuum bondi ng chanber I n th A 04
gas is discharged at a |ow speed using the first exhaust plpe 20a with its
dianmeter 5 set to the aforenentioned value in such a way that runaway of
substrates 33 and 34 resulting fromgas flow, scattering of liquid crystal
on the | ower substrate 33 or freezing of water content due to

depressuri zation do not occur. The val ve Y% the first exhaust pi pe 20a is
cl osed when 10 the pressure in the vacuum bondi ng chanber 15 has reached

a predeterm ned | evel due to discharge of gas through the exhaust pipe
20a, - to put it nore specifically, when the pressure in the vacuum
bondi ng chanber 15 neasured by a pressure gauge (not illustrated) has
reached the | evel 15 where runaway of the substrate, scattering of liquid
crystal and fréezopgnetl rodsthees toatehttido seatorgc exhaesénpipe 2Rk exhaust
speed is raised (for exanple, when the pressure has been reduced to the
extent that uppdosesubsndages34ssgerédabyysdésrbargedcérps hbe vapawated).
20 Then the val ve of the second exhaust pipe 20b is opened and the
pressure in thh&®opsddtgnrbembenglehafiethis £asqui ¢k§ \is ddGedadaest thed| evel
required to bond substrates 33 and 34 (about 0.67 Pa in the present

embodi nent) . HACY¥ $heed ysddg ke ifﬁrﬁﬁee%ﬁﬁTPbBﬁ&%wéﬁaﬁﬁér d3gmeter gper

E hgg 25 1 he suct Itogofgﬁecgfgrém%%tlﬁl.%%ed \ngfgé rlal} %u%?l gr{\gae; ttha runa\ﬁ\gR 2001

of substrates 33 and 34 resulting from gas flow, scattering
of liquid crystal on the lower substrate 33 or freezing
of water content due to depressurization do not occur.
The valve of the first exhaust pipe 20a is closed when
10 the pressure in the vacuum bonding chamber 15 has reached
a predetermined level due to discharge of gas through the
exhaust pipe 20a, - to put it more specifically, when the
pressure in the vacuum bonding chamber 15 measured by a
pressure gauge (not illustrated) has reached the level
15 where runaway of the substrate, scattering of liquid
crystal and freezing of moisture content do not occur even
if the exhaust speed is raised (for example, when the
pressure has been reduced to the extent that upper
substrate 34 sucked by suction force is not separated).
20 Then the valve of the second exhaust pipe 20b is opened
and the pressure in the vacuum bonding chamber 15 is quickly
reduced to the level required to bond substrates 33 and
34 (about 0.67 Pa in the present embodiment). Here the
pressure in the vacuum bonding chamber 15 is lower than

25 the suction force of the upper substrate 34 under the



current pressure level, so the upper substrate 34 is separated fromthe
pressurization plate 16. However, the |ower surface of the pressudilzdRi 2t
plate 16 is equipped wth the aforenentioned substrate hol ding paw, and
the 5 substrate holding pawl is driven by the aforenentioned rotating
actuator and el evator actuator so that the upper substrate 34 in position
Is held in position. This keeps the uppe%%substrate 34 in the specified
position without being separated. 10 AS stri bed above, upon term nation
of depressurization in the vacuum bondi ng chanber 15, voltage is applied
to the electrostatic chucking electrode to ensure that substrates 33 and
34 can be sucked by the table 9 and pressurization plate 16 even in
vacuum thus, the 15 substrates 33 and 34 are chucked el ectrostatically.
After that, the electric notor 32 is driven to lower the traveling base
29 so that the cappemtsgbhstssatme Aeva bsaudiie dppser substidacd Gwerissubstrate
33. An identification canera 26 is wused to observe the position adjustnent
mar k | ocat ed atserp@nated fyonm tbhe P33 sard 234 iamdplletrebsur dowes ati,sphacenent
bet ween substrates 33 and 34. Based on this nmeasurenent, the operations of
the X stage 4aloven s§& escand dhetprrssukizatieomladie df, isngquappedbl e 9
is nmoved in the horizontal direction, thereby ensuring high precision

posi tioni ng 25"&nWdde Afenanmat ionss sybstyatendodgieg pavwdrr and she 27
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5 substrate holding pawl is driven by the aforementioned

rotating actuatcr and elevator actuator so that the upper
substrate 34 in position is held in position. This keeps
the upper substrate 34 in the specified position without
being separated.

10 As described above, upon termination of
depressurization in the vacuum bonding chamber 15, voltage
is applied to the electrostatic chucking electrode to
ensure that substrates 33 and 34 can be sucked by the table
9 and pressurization plate 16 even in vacuum; thus, the

15 substrates 33 and 34 are chucked electrostatically. After
that, the electric motor 32 is driven to lower the traveling
base 29 so that the upper substrate 34 is brought closer
to the lower substrate 33. An identification camera 26 is
used to observe the position adjustment mark located at

20 the substrates 33 and 34 and to measure the displacement
between substrates 33 and 34. Based on this measurement,
the operations of the X stage 4a, Y stage 4b and 6 stage
4c are controlled, and the table 9 is moved in the horizontal
direction, thereby ensuring high precisioﬁ positioning

25 between the lower substrate 33 and upper substrate 34.




Upon term nation of the aforementioned positioning, the traveling base 29
is further lowered and ultraviolet curing agent 53, dummy seal} 755PRajith
adhesive 37 are crushed by the upper substrate 34. The frame forned by the
adhesive 5 37 is filled with the liquid crystal. Then the primry
pressurization term nates. Subsequent to the primary pressurization, the
vol tage applied to the electrostatic chgg I ng el ectrode of the
pressurization plate 16 is cut of f, he electric notor 32 is driven
to raise the 10 pressurization plate 16. Fig. 4 shows the state of the
substrates 33 and 34 subsequent to primary pressurization. The interval
bet ween the substrates 33 and 34 in this case is about 15 mcrons, wthout
reaching the desired interval. So the 15 crushed anount of adhesive 37 is
insufficient, and the contact area of the adhesive 37 wth substrates 33
and 34 is also indigdn dieamindteingt wfofthithafomemaat ipaeti pasisioning,
insufficient). 1s aresult, the state of bonding is not conplete. Further,
liquid crystal t3@ itnratﬂzhzdifmgabesefmo:'tacﬂuasiw Ipvexields and sprradtinileh t he
result that a big vacuum ace 40 is created in liquid crystal 39. If the
pressure in th@u\rammgscﬁ b hg dmayhepalss4 andchdhgedverbmatsecrushed

depressurized state to atnospheric pressure, a high external pressure is

appr oxi nmat el y 25 e MBPSTySehHEr ake 84 -t h@%@ﬁ@%%@“%bﬁrﬁh%ﬂd§ﬁﬁé§et he 2
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5 %7 is filled with the liguid crystal. Then the primary

pressurization terminates. Subsequent to the primary

pressurization, the voltage applied to the electrostatic

chucking electrecde of the pressurization plate 16 is cut

off, and the electric motor 32 is driven to raise the
10 pressurization plate 16.

Fig. 4 shows the state of the substrates 33 and 34
subsequent to primary pressurization. The interval
between the substrates 33 and 34 in this case is about 15
microns, without reaching the desired interval. So the

15 crushed amount of adhesive 37 is insufficient, and the
contact area of the adhesive 37 with substrates 33 and 34
is also insufficient (length of the contact portion is
insufficient). As a result, the state of bonding is not
complete. Further, liquid crystal 39 in the frame of

20 adhesive 37 fails to spread with the result that a big vacuum
space 40 is created in liquid crystal 39.

If the pressure in the vacuum bonding chamber 15 is
changed from the depressurized state to atmospheric
pressure, a high external pressure is approximately

25 uniformly applied to the substrates 33 and 34 since the




space between substrates 33 and 34 (the aforenentioned vacuun13ﬁﬁ3§hﬁﬁé S
In a depressurized state. For exanple, when the substrates 33 Meve
di rensions of 1,200 mm x 1,000 nmm atnospheric pressure is applied if the
space 5 between substrates 33 and 34 is in a depressurized state. Then a
force of 121.5 kN can be applied. So in the present enbodinent, secondary
pressurization is performed as will be cribed later, and an adequate
substrate space of 5 mcrons or less, - preferably, 4 mcrons or less - is
10 obtained. As described above, if the depressurized state in the vacuum
bondi ng chanber 15 is changed to atnospheric pressure subsequent to
primary pressurization, approximtely uniform pressure can be applied to
each of 15 substrates 33 and 34. However, if the pressure is reset to the
at nospheri c pressure suddenly, the adhesive 37_is not sufficiently
crushed, as deSPRFBe®eibERa. SShsGastesnBiodnled i htBet BECFLRERNMIEERI ng
chanber 15 breaks the dummy seal, 54 and adhesive 37 to enter the vacuum
space 20 40, nHRFHY™ FRAFE J0)die ifs? EPEESSITASRAHAGE i fPr example,
Alternatively, in the middle of feedin t. subsequent, to return to
at nospheri c pr?b?&rﬁgec% EE%?%%%ﬁ%Feg 3§ hayg Q%}?Wﬁfﬁi Fé@osﬁ?face
of one of the subs tes an tensile s i |5 t:0 e ed
surface of the™2 'épﬁerfméu%srf‘?%?e%?r%é %éﬁe%g}%e{‘ssza tlﬁgldé#o}:}e]%eﬁﬁ;g%ed
prior 27 PR 2004 o cPsubstrates 33 and 34 is in a depressurized state.

Then a force of 121.6 kN can be applied. So in the present

embodiment, secondary pressurization is performed as will

be described later, and an adeguate substrate space of 5

microns or less, - preferably, 4 microns or less - is

10 obtained.

As described above, if the depressurized state in the
vacuum bonding chamber 15 is changed to atmospheric
pressure subsequent to primary pressurization,
approximately uniform pressure can be applied to each of

15 substrates 33 and 34. However, if the pressure is reset
to the atmospheric pressure suddenly, the adhesive 37 is
not sufficiently crushed, as described above. So gas
introduced into the vacuum bonding chamber 15 breaks the
dummy seal 54 and adhesive 37 to enter the vacuum space

20 40, making the liquid crystal board non-conforming.
Alternatively, in the middle of feeding out subsequent to
return to atmospheric pressure, compressive force is
applied to the sealed surface of one of the substrates and
tensile strength is applied to the sealed surface of the

25 other substrate, as in the case of the aforementioned prior



art exanple, with the result that m salignnment is produced betwe gﬂ??ﬂﬂ‘n

upper and | ower substrates 33 and 34. This will result in the seate
portion (adhesive 37 and dunmy seal 54) being collapsed and the liquid
crystal 39 spilling out. 5 Thus, a non-conforming liquid crystal board

will be created. To solve this problemin the present enbodi nent, the
ultraviolet curing agent 53 provided apar{.fromthe adhesive 37 and dummy
seal 54 is locally pressurized until 10 the final gap (adequate, nanely,
desired substrate spacing) is reached, subsequent to primary
pressurization and prior to secondary pressurization. After that, the
ultraviolet curing agent 53 is subjected to ultraviolet irradiation,

t hereby ensuring tenporary securing. The 15 foll owi ng describes the
tenporary securing with reference to Fig. 5: In the first step, a cylinder
49 given in Fi grt2eksmpilei weith sheoregulthahasl mbsakignment & ppedesede bar
60 from above the ultraviolet curing agent 53 in substrates 33 and 20 34.
The tip of thebeswsEen ehedppertavh loverfaukataatafobdand 3. | SShisedlid apply
a predeterm ned to_each of the substrates 33 _and 34 _so that the space

bet ween subst r FEE8 Lk AN thgchealrd PPHatoYyRdRRRIse B @ndofdmmyoftal

ays 25 are apiionetes HR AARASH FBR AR b ERLE Aga gt { MR ATHESDT APR
2W4 - 365 Thus, a non-conforming liguid crystal board will be
created.
To solve this problem in the present embodiment, the
ultraviolet curing agent 53 provided apart from the
adhesive 37 and dummy seal 54 is locally pressurized until
10 the final gap (adequate, namely, desired substrate
spacing) is reached, subsequent to primary pressurization
and prior to secondary pressurization. After that, the
ultraviolet curing agent 53 is subjected to ultraviclet
irradiation, thereby ensuring temporary securing. The

15 following describes the temporary securing with reference
to Fig. 5:

In the first step, a cylinder 49 given in Fig. 2 is
driven to lower the hollow cylindrical pressure bar 60 from
above the ultraviolet curing agent 53 in substrates 33 and

20 34. The tip of the constricted portion of the glass holder
42 is used to apply a predetermined to each of the substrates
33 and 34 so that the space between substrates will reach
the final gap. Under this condition, ultraviolet rays are

appiied from the ultraviolet fiber. The ultraviolet rays

25 are applied to the ultraviolet curing agent 53 through the



vacuum bl ocked gl ass 44, so the ultraviolet curing agent 53 is hardened to
provi de tenporary securing. When the glass holder 42 is pressed against
the substrate, the pressure is preferred to be 0.1 to 0.5 MPa, alftThAiRRgHli t
5 varies with the ultraviolet curing agent 53. After tenporary securing has
been nade as descri bed above, the cylinder 24 is operated and at nosphere
rel ease valve 23 is opened to regain atqﬁiphere I n the vacuum bondi ng
chanber 15 suddenly, and pressure is applied to 10 substrates 33 and 34
(secondary pressurization). As described above, this step allows pressure
to be applied to substrates 33 and 34, whereby substrates 33 and 34 are
subj ected to post bonding. As described above, subsequent to prinmary 15
pressurization in a depressurized state, pressure is applied to the
ultraviolet curing agent 53 for tenporary securing provided at other than
t he seal ed por vacnumt-ddbekiede gRdssdidpyssadie Bk raw i@ ledsceedngesgéntint i
the ~curing agent is hardened. Then the atnospheric pressure 20 in the
vacuum bondi ng58hasbdar@énies tegerovddendemporasybsecardndar eWpent thended
wi th each other, according to the configuration of the present enbodi nent.
So even if th&lpeesygddern d2hd sy paegsebondiragsthibgesubstirateudddnl y
returned to the atnospheric pressure, it is possible to 25_prevent |eakage
of liquid crysPEES3ureeds PrRs e s 2o7bgpp- 280 037 MPa, although it

5 varies with the ultraviolet curing agent 53.

After temporary securing has been made as described
above, the cylinder 24 is operated and atmosphere release
valve 23 is opened to regain atmosphere in the vacuum
bonding chamber 15 suddenly, and pressure 1is applied to

10 substrates 33 and 34 (secondary pressurization}. As
described above, this step allows pressure to be applied
to substrates 33 and 34, whereby substrates 33 and 34 are
subjected to post bonding.

As described above, subsequent to primary

15 pressurization in a depressurized state, pressure is
applied to the ultraviolet curing agent 53 for temporary
securing provided at other than the sealed portion
(adhesive 37, dummy seal 54) to a desired level until the
curing agent is hardened. Then the atmospheric pressure-

20 in the vacuum bending chamber 15 is regained and the
substrates are post-bonded with each other, according to
the configuration of the present embodiment. So even if
the pressure in the vacuum bonding chamber 15 is suddenly
returned to the atmospheric pressure, it is possible to

25 prevent leakage of liquid crystal 39 resulting from




col | apse of the sealed portion in the half-bonded state or m salignnment
bet ween substrates. As described above, when the step of bondi ng HBgsAPReH
conpl eted and pressure in the vacuum bondi ng chanber 15 5 has reached the
at nospheric pressure, the gate valve 17 opens. Then the hollow cylindrical
pressure bar 60 is raised to cut off the voltage applied to the

el ectrostatic chucking electrode of table 9 and to rel ease the suction

t hrough the suction hole 9a. After thaty &ach elevation 10 pin 35 is raised
to push up the cell fromthe top of the table 9. Thereafter, the hand of
the transfer unit is inserted under the bottomof the cell (between the
cell and table 9 ) . The cell is transferred onto the hand, and fed out
of the vacuum bondi ng chanber 15. 15 After tenporary securing, the
following step may be taken w thout regaining the atnospheric pressure

suddenly in the Magin HondidG LA Yortionl Ant Reel hadl-BoReRd thareval ve
22 of a slender pipe 21 is opened subsequent to tenporary securing, and

pressurized gasy il i gHmertheedQsa@t WilpdRandiesd chamber 15 fromthe
pressure source connected to the pipe 21, whereby atnospheric pressure is

gradual 'y regai ned.ad fdeidmispie abeverl, e8het e Hes s@epddal bynd iegaiaxcdean
descri bed above, pressure is applied to the substrates 33 and 34
gradual |y, and ddweplssadedpbineaysie (iadhds vaclimabondimyy chambeF4)5i s
gradual |y collapsed 2 7 APR 20D4 - 38
has reached the atmospheric pressure, the gate valve 17
opens. Then the hollow cylindrical pressure bar 60 is
raised to cut off the voltage applied to the electrostatic
chucking electrode of table 9 and to release the suction
through the suction hole 9a. After that, each elevation

10 pin 35 is raised to push up the cell from the top of the
table 9. Thereafter, the hand of the transfer unit is
inserted under the bottom of the cell (between the cell
and table 9). The cell is transferred onto the hand, and
fed out of the vacuum bonding chamber 15.

15 After temporary securing, the following step may be
taken without regaining the atmospheric pressure suddenly
in the vacuum bonding chamber 15: In the first place, the
valve 22 of a slender pipe 21 is opened subsequent to
temporary securing, and pressurized gas is led into the

20 vacuum bonding chamber 15 from the pressure source
connected to the pipe 21, whereby atmospheric pressure is
gradually regained. If atmospheric pressure is gradually
regained as described above, pressure is applied to the

substrates - 33 and 34 gradually, and the sealed portion

25 (adhesive 37 and dummy seal 54) is gradually collapsed,




with the result that contact area between the sealed portion a&& ﬁ@fﬂmff
substrates 33 and 34 is gradually increased. This nmethod provi

gradual increase in pressure difference between the internal pressure of
the 5 vacuum space 40 and the pressure of the vacuum bonding chanber 15,

t hereby ensuring effective prevention of the introduced gas fromentering
t he vacuum space 40. For exanple, the space between the substrates 33 and
34 is about 10 microns. As described abevé8 f gas is 10 introduced into
t he vacuum bondi ng chanber 15, adhesive 37 is crushed, whereby fl ow ng
occurs and viscosity reduces due to thixotropicity. Wien the viscosity is
| onered, the atnosphere releasing valve 23 is suddenly opened to regain

t he atnospheric pressure in the vacuum bondi ng chanber 15. 15 pressure is
further added to substrates 33 and 34. To put it nore specifically, a

pressure gauge ek athe&drbBgl fethi Pecyfeauin beagli HgrFdaRbeke 19ehsqbeen
detected to have exceeded a predetermned |level, the valve 22 is cl osed

and the cylindgsrefohSangt daégdot Os P Hies a3 Jospdes £ 29 {;ﬁé@@él;{lﬂ val ve
23, whereby pressure is applied to each of substrates 33 and 34 en the

bondi ng step isinereasedpl efieis byt @R 1ded delgatina tie @yadetiar m ned
pressure, an experinent is conducted in advance to neasure the pressure
wher e t he i ntr opvessugasd tEbsesnde Heteamdernt hbe2bnadheail vpr 8Fstneenf erha he
vacuum space 40. This pressure 27 APR 2004 - 39
5 vacuum space 40 and the pressure of the vacuum bonding
chamber 15, thereby ensuring effective prevention of the
introduced gas from entering the vacuum space 40.
For example, the space between the substrates 33 and
34 is about 10 microns. As described above, if gas is

10 introduced into the vacuum bonding chamber 15, adhesive
37 is crushed, whereby flowing occurs and viscosity reduces
due to thixotropicity. When the viscosity is lowered, the
atmosphere releasing valve 23 is suddenly opened to regain
the atmospheric pressure in the vacuum bonding chamber 15.

15 Pressure is further added to substrates 33 and 34. To put
it more specifically, a pressure gauge installed inside
the vacuum bonding chamber 15 has been detected to have
exceeded a predetermined level, the valve 22 is closed and
the cylinder 24 is actuated to open the atmosphere

20 releasing valve 23, whereby pressure is applied to each
of substrates 33 and 34. Then the bonding step is now
complete. For example, to determine the predetermined
pressure, an experiment is conducted in advance to measure

the pressure where the introduced gas ceases to break the

25 adhesive 37 to enter the vacuum space 40. This pressure




value is set. Sudden regai ning of atnospheric pressure in the vacuum
bondi ng chanber 15 through the aforenentioned step allows the cgqtﬂthWJea
of the adhesive 37 to be expanded with 5 respect to substrates 33 and 34,
and inproves the sealing property. This ensures effective prevention of
the entry of gas between the substrates 33 and 34. Further, the adhesive
37 is quickly crushed since its viscosity is reduced, and the liquid
crystal 39 is also crushed and 10 spreac By pressure, with the result that
bondi ng of the substrates 33 and 34 can be achieved in a shorter tine. It
I's al so possible to introduce gas through the aforenentioned pipe 21 and
val ve 22, subsequent to primary pressurization, and to performthe

af orenenti oned 15 tenporary securing subsequent to the above-nentioned
predet ermi ned pressure having been reached. In this case, atnospheric
pressure in theyypgsuiz bogei ng chanber 15 is suddenly regai ned after
tenporary securing, and post- bonding is carried out. 20 [ Second

Enbodi ment] The fol fondes deranhrfol Ssawypheanitograbstrefind Bhe vaain at e
bondi ng apparatus according to the present invention with reference to
Fig. 6: This subshdite.cHamkéimgSappeoaglites adbkemeantionednst@b dliadwsf t he
above-nentioned first enmbodinment in the 2 7 APR 2004 - 40
the contact area of the adhesive 37 to be expanded with
5 respect to substrates 33 and 34, and improves the sealing
property. This ensures effective prevention of the entry
of gas between the substrates 33 and 34. Further, the
adhesive 37 is quickly crushed since its viscosity is
reduced, and the ligquid crystal 39 is also crushed and
10 spread by pressure, with the result that bonding of the
substrates 33 and 34 can be achieved in a shorter time.
It is also possible to introduce gas through the
aforementioned pipe 21 and valve 22, subsequent to primary
pressurization, and to perform the aforementioned
15 temporary securing subsequent to the above-mentioned
predeterminedpressurehavingbeenreachedF In this case,
atmospheric pressure in the vacuum bonding chamber 15 is
suddenly regained after temporary securing, and post-
bonding is carried out.
20 [Second Embodiment]
The following describes a second embodiment of the
substrate bonding apparatus according to the present
invention with reference to Fig. 6:

This substrate. bonding apparatus is different from

25 that of the above-mentioned first embodiment in the



follow ng points. G herwi se, they are designed in the same configuration.
To put it nore specifically, the tenporary securing nechanisn184g7 APR 2004
characterized by the sane configuration as that of the first enbodinent Is
arranged 5 on the |lower portion of the vacuum bondi ng chanber 15. This
tenporary securing nechani sm 54 has the sane functions as those of the

el evation pin 35 of the first enbodi nent. fﬁ_ a result, the present

enbodi ment permits raising of the subsfr% e and tenporary securing by
ultraviolet rays -- the 10 sanme function as that in the first enbodi ment -
Wi thout using any elevation pin 35. This neans reduction in the working
time. As described above, this tenporary securing nechanism S4 configured
in the present enbodi ment prevents | eakage 15 of liquid crystal due to
col | apse of the sealed portion and msalignnment of the substrates when

at nospheri ¢ pr dsslirawing paénvacuihtzondisyy theywisee dss hgred dnbehe egaened
suddenly. Nanmely, this configuration provides the sane advantage as that
of the first esodiimpmatign. ofPyputhat mexe sRpSifsapldlr dthoheppevarys a
substantial increase in the nunber of conponents constituting the
apparatus. AcE&FHTG T PP tHatcd B RTHETS 20t BYd tfd sARfar at us of the

present | nventl o e S skagee, ReL e, SyboLialas, ol Lhe OLion er e
desired 9ap iné%%héﬁ%&é%%%f f&nofthevacumubondingchamber15. This
temporary securing mechanism S4 has the same functions as
those of the elevation pin 35 of the first embodiment. As
a result, the present embodiment permits raising of the
substrate and temporary securing by ultraviolet rays - the
same function as that in the first embodiment - without
using any elevation pin 35. This means reduction in the
working time.

As described above, this temporary securing mechanism
S4 configured in the present embodiment prevents leakage
of liquid crystal due to collapse of the sealed portion
and misalignment of the substrates when atmospheric
pressure in the vacuum bonding chamber 15 has to be regained
suddenly. Namely, this configuration provides the same
advantage as that of the first embodiment. Not only that,
this configuration prevents a substantial increase in the
number of components constituting the apparatus.

According to the substrate bonding method and
apparatus of the present invention, the distance between

substrates on the portion where adhesive for temporary

securing is provided can be adjusted to a desired gap in




a depressurized state. At the sane tine, tenporary securing is possible in
such a position, with the result that a desired di stance between
substrates can be maintained in the final stage. Further, even &hMhdlcase
5 of the cell conposed of two | arge-sized substrates as in the prior art
exanple, a desired distance between substrates can be maintained in the
final stage. Accordingly, it is possible to avoid displacenent of upper
and | ower substrates during transport. Theke~ features 10 pr event

non- conform ng products from being produced. 2 7 APR 2004 - 42 WHAT IS
CLAIMED I S: 1. A substrate bonding nmethod conprising; a primry

pressuri zation step of reducing the distance between two substrates
arranged opposite to each other after having been positioned in a vacuum
bondi ng chanber 15 in a depressurized state wherein at |east one of the
two is coated w tdepadieunizedntatesecandahy pamestlimeat tempsirapyof
pressuring and bonding said substrates by regaining atnospheric pressure

i n a vacuum bomsdiouy ickaiise ppssabd esihssunah ea i tnigpme tidd ¢har aeselditzed in
that at | east one of said substrates is provided with a liquid crystal

seal i ng adhesitbatard desulngdad igltetnas) hatyesge subsand test eigo® y securi ng
step is arranged between said primary and secondary pressurization steps
wherein sai d uMmaiakadingd dar the & Steaee Further, even in the case

5 of the cell composed of two large-sized substrates as in
the prior art example, a desired distance between
substrates can be maintained in the final stage.
Accordingly, it is possible to avoid displacement of upper
and lower substrates during transport. These features

10 prevent non-conforming products from being produced.




respective substrate having conpleted said primary pressurization step is
har dened by sinultaneously application of pressure and ultraviol et rﬁés EG
sai d vacuum chanber in a depressurized state 2. A substrate bondiﬂﬁ ¢ §
conpri sing; a vacuum chanber wherein two substrates to be bonded are
pressuri zed and bonded together, 2 7 APR 2004 - 43 a table arranged in
sai d vacuum chanber and used for holding one of said substrates on which
liquid crystal is dripped, and a pressUr?%aTion pl ate arranged in said
vacuum chanber and used for holding the other substrate placed opposite
to said one; said substrate bonding nmethod characterized in that said
vacuum chanber incorporates a tenporary securing step wherein; a liquid
crystal sealing adhesive and a ultraviolet curing agent are provi ded at
multiple positions of at |east one of said substrates is hardened by

si mul t aneous! y vt i £at¢ AT GED pressure and ultraviolet rays in said vacuum
chanber in a depressurized state, after said substrates have been subjected
to primary pressurization by reducing the distance between said table and
a pressurization plate in said vacuum chamnber.

1. A substrate bonding method comprising;

a primary pressurization step of reducing the distance
between two substrates arranged opposite to each other
after having been positioned in a vacuum bonding chamber
15 in a depressurized state wherein at least one of the
two is coated with adhesive, and

a secondary pressurization step of pressuring and
bonding said substrates by regaining atmospheric pressure
in a vacuum bonding chamber;

said substrate bonding method characterized in that

at least one of said substrates is provided with a lig uid crystal sealing
adhesive and a ultraviolet curing agent, and
a temporary securing step is arranged between said primary and
secondary pressurization steps wherein said ultraviolet curing agent in the
respective substrate having completed said primary pressurization step is
hardened by simultaneously application of pressure and ultraviolet rays in said

vacuum chamber in a depressurized state

2. A substrate bonding method comprising;
a vacuum chamber wherein two substrates to be bonded

are pressurized and bonded together,
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a table arranged in said vacuum chamber and used for
holding one of said substrates on which liguid crystal is
dripped, and

a pressurization plate arranged in said vacuum chamber
and used for holding the other substrate placed opposite
to said one;

said substrate bonding method characterized in that

said vacuum chamber incorporates a temporary securing step
wherein;

a liquid crystal sealing adhesive and a ultraviolet curing agent are
provided at multiple positions of at least one of said substrates is hardened by
simultaneously application of pressure and uitraviolet rays in said vacuum
chamber in a depressurized state, after said substrates have been subjected to
primary pressurization by reducing the distance between said table and a

pressurization plate in said vacuum chamber.




