17 February 2006 - 1 [NAME OF DOCUMENT] SPECI FI CATION [TI TLE OF THE

| NVENTI ON] METHOD AND APPARATUS FOR ASSEMBLI NG SUBSTRATE [BACK ND_ OF EEE
INVENTION] 5 The present invention relates to nmethod and an HQQG%9
assenbl i ng substrates and nore specifically to nmethod and an apparatus for
af fi xing substrates in a vacuum chanber to fabricate a |iquid crystal ,
di splay panel and so forth. 10 Conventionally, an apparatus for assenbling
a liquid crystal display panel has been disclosed in Japanese Application
Pat ent Lai d- Open Publication No. 2000-284295. An apparatus for affixing
substrates, disclosed in Japanese Application Patent Laid-Open Publication
No. 15 2000- 284295, applies an adhesive (thereafter also referred to as
"sealant") to a substrate according to its shape along the peripheral

Cont i ned wi t hi AVEHE BBuRASNENT]r SPREIRTRATAAY ' Tren TN a vacuum chanber .-

the 20 substr i i rYSt T%g@ i pl aced on a
table and a coﬁ&?gggsgg ?Pgt%ﬂygﬁggc %ﬁ ?b a pressurlzﬂﬁglplate faC|ng
to the substra ﬁ§sﬁﬁh2%ﬁcaggss§§ﬁﬁﬂqUe”t'y the gap between the substrates is
narrowed so that the substrates are pressurized and affixed together. 25

Further, the abgxexBrROUNSNEE dapaRRFENAIRNCati on Patent
5 The present invention relates to method and an
apparatus for aasembling substrates and more specifically
to method and an apparatus for affixing substrates in a
vacuum chamber to fabricate a liquid crystal display panel
and so fo;th.

10 Conventionally, an apparatus for assembling a liquid
crystal display panel haa been disclosed in Japanese
Application Patent Laid-Open Publication No. 2000-284295.
An apparatus for affixing substrates, disclosed in
Japanese Application Patent Laid-Open Publication No.

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

20 substrate on which liquid crystal has been dispensed is
placed on a table and a counter substfate is vacuum held
to a pressurizing plate facing to the substrate below, and
subsequently the gap between the substrates is narrowed
so that the substrates are pressurized and affixed together.

25 Further, the above-mentioned Japanese Application Patent



17 February 2006 - 2 Laid-Open Publication has disclosed a nethod for

hol ding and pressurizing the upper substrate in a vacuun1cham%? | a
way that, at first the substrate is held in place by a vacuum (E%WQﬂ§%6&S

mechani sm and after pressure has been 5 reduced to a specified |evel, the
substrate is held in place by an electrostatic hol ding nechani sm and t hen
pressurized. In this procedure, if presspre continues to decrease while
the substrate is being held by a vacuum hol di ng nechani sm the vacuum

hol ding force is reduced causing the substrate 10 to separate fromthe
pressurizing plate and drop on the substrate below Therefore, to prevent
the upper substrate fromfalling, an apparatus which has novabl e hol ding
claws that hold the peripheral portions of a substrate in the vicinity of

h i zi ng. pl 15_al so .been. dj scl osed in the above-mentioned
Japanese Appl FEHIT GRS Bk {3 1 RIHE BT RTOR MERCRCAER] [ LOAREn the
apane: poraio ; oy !
per i pher i port1brer SAf AFL R Y ol SRR S 3ol & WG EnaBer o 20
conventional exanpl g, a_t‘lg?ﬁ Ctg#éttf,Laleof £90 Qe tsn%s%luifa ) i‘&e}meiéd‘] te{ahﬁ%ed

domnmarq QUe to the_mel e substrate itse As a res when t he
pressuri zi ng ph@teevhsuuhoNeI &t §ibdi A58, Qld0a Fher pRsdd @& ha¥been

el ectrostatic "attraction force does not act on the center portion of the 25
substrate whitddieeses @ speeldlfamd havel hababsatateanéld in place
by an electrostatic holding mechanism and then pressurized.
In this procedure, if pressure continues to decrease while
the substrate is being held by a vacuum holding mechanism,
the vacuum holding force is reduced causing the substrate
10 to separate from the pressurizing plate and drop on the
substrate below. Therefore, to prevent the upper
substrate from falling, an apparatus which has movable
holding claws that hold the peripheral portions of a
substrate in the vicinity of the pressurizing plate, has
15 also been disclosed in the above-mentioned Japanese
Application Patent Laid-Open Publication.

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

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

attraction force does not act on the center portion of the

25 substrate, which causes a problem that the substrate cannot



17 February 2006 - 3 be electrostatically held accurately to the
pressurizing plate. Furthernore, even when only the peripheral j f
a substrate are electrostatically held and deflection remains T?Pgﬁéé@gﬁpgr
portion of the substrate, 5 in sone cases, the substrate is progressively
attracted to the pressurizing plate fromthe peripheral portions toward
the center portion. In this case, howeverg there is a problemthat strain
remai ns on a glass substrate that has been held to the pressurizing plate.
If strain remains 10 on a substrate, a cell will be easily danaged by slight
stress or inpact, or the cell's display function as a liquid crystal

di spl ay panel deteriorates due to a repetitive stress |load. [OBJECT AND
SUMVARY OF THE | NVENTI ON] 15 The mai n purpose of the present invention is to
provi de an apparatus. and nethog for assenbling substrates which,6 can
elimnate the 3FoFLREREPBRRELGR %Ye%%lgﬁﬂuﬁﬁ%% NP tASSBREFEULIELNat es

W t hout putting s%raingon substrates eveg though %Fe si ze gf a,substrate is
i ncreased and Ph8t€20 THFERAELQIFs FEGUCEACT| ROEY 5PSt BERLPAPRthe above

pur pose, the p n i nygenti I S S trate.tq. ffixed, a tabl e
| ocat ed on theggggéggfdg%o Sggsgﬁﬁﬁﬁbﬁgﬁbéaaa% 4%%5%4%%?1? %g%%ﬁﬁygr

substrate to baedfLLXedndlLREIAY APOKE ddiftdB pBRILALE iR QMbGAGLRY, 1O it

by a pressurizing plate
5 in some cases, the substrate is progressively attracted

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

10 on a substrate, a cell will be easily damaged by slight
stress or impact, or thecell's display function as a 1liquid
crystal display panel deteriorates due to a repetitive
stress load.

[OBJECT AND SUMMARY OF THE INVENTION]

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

20 thickness is reduced.

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

25 substrate below facing to it by a pressurizing plate which



17 February 2006 - 4 has a vacuum hol di ng nmechani sm and an el ectrostatic
hol ding nechanism Further, in order to prevent the counter s

whi ch has been vacuum held to the pressurizing plate under atﬁ@géﬁgg%§2006
pressure, fromdropping due to a 5 decreasing vacuum holding force in the
process of pressure reduction in a chanber, the present invention provides
substrate hol di ng nechani sns that nechani gal_ly hold the peripheral portions
of the counter substrate. A substrate holding nechanismthat holds a pair
of opposite sides of 10 the counter substrate has a plurality of hol ding
claws, and anong the holding claws, holding claws that hold the mddle
portions of the substrate edges are set to be higher than other hol ding
claws. This configuration enables the control so that the pressure of the
vacuum chanber has been 15 redyuced and the substrate is held, by hol ding
claws and t henPafrfevagBamhg +%gBF%&?%@§FV%@@EWkﬁ%F??EﬁﬁF?Elﬁéﬁ%Qﬁl%%wtion
to the peripheral gontions b¥ glecttostatic gttractiog tgeans. BRI EF

DESCRI PTI ON OF™$ERBRAMRr NG L 5BEr L1117 9eh SRhBR&VFEtditaGr SRUSSF substrat e
assenbling ap ich.i irent o e, pr.esent__i_nventj.

FIG2 is a topggpg&géfég @g%ﬁﬁ&ﬁg 3%%%?wg%PhFhéeg§b§§ﬁéEaégﬁiéﬁy¥%£y§

apparatus Showp) hReFhffabr Stfiodph8rad SPLALARD, VLU dRlpbIAgSIEaIES 4 he
portions of a hol ding aw nechanismin the vacuum Chanber

5 decreasing vacuum holding force in the process of pressure
reduction in a chamber, the present invention provides
substrate holding mechanisms that mechanically hold the
peripheral portions of the counter substrate. A substrate
holding mechanism that holds a pair of opposite‘sides of

10 the counter substrate has a plurality of holding claws,
and among the holding claws, holding claws that hold the
middle portions of the substrate edges are set to be higher
than other holding claws. This configuration enables the
control so that the pressure of the vacuum chamber has been

15 reduced and the substrate is held by holding claws and then
the substrate is progressively held from its center portion
to the peripheral portions by electrostatic attraction
means.
[BRIEF DESCRIPTION OF THE DRAWINGS]

20 FIG.l is a schematic diagram of a substrate assembling
apparatus which is an embodiment of the present invention.

FIG.2 is a top view of a vacuum chamber for the

substrate assembling apparatus shown in FIG.1.

FIG.3 is an enlarged view that illustrates the main

25 portions of a holding claw mechanism in the vacuum chamber



17 February 2006 - 5 shown in FIG2. FIG4 is a configuration diagramthat

illustrates a table, pressurizing plate and auxiliary claw ”E%b?ﬂ%rg'éooe
t he vacuum chanber shown in FIG 2. 5 FIG is a plan view of a substrat

hol di ng mechani sm for another enbodinment. FIG 6 is a cross-sectional view
of another substrate holding nechanismfor the enbodi nent shown in FIG 5.

[ DESCRI PTI ON OF THE EMBCODI MENTS] 10 A substrate assenbling apparatus which
is a first enbodinent of the present invention will be described in detail
below referring to FIG 1 through FIG4. FIG1l is a schematic diagramthat
illustrates a substrate assenbling apparatus according to the present
invention, 15 and FIG 2 is a top view of a vacuum chanber for the substrate
assenbl i ng apparatus shown in FIG1l. FIG 3 is an enlarged view that
illustrates th in.pact of, a substrate holding claw nmechanismlocated in
t he vacuum cha%‘gggnsﬁg‘mk&ﬁﬁ 2p) G 2, and FIG4 is a diagramthat illustrates

a table, 20 pressuiirgl.no il at ecand Substial & debdyngngrehanismlecal ed  in

t he vacuum chanber shown in F own I'n a substrate assenbling

apparatus  100(hB18¢COFASRARIYihG blecPERPRLETYERY Ol GRS S G ind Stage
Si, a substrate assenbling section S2, and a Z-axis”25 direction noving
stage S3. A frafe “abliufhcharpR™ SHAR in FIG.2.
5 FIG.5 is a plan view of a substrate holding mechanism
for another embodiment.
FIG.6 is a cross-sectional view of another substrate
holding mechanism for the embodiment shown in FIG.5.
[DESCRIPTION OF THE EMBODIMENTS]
10r A substrate assembling apparatus which is a first
embodiment of the present invention will be described in
detail below referring to FIG.l1 through FIG.4. FIG.l is
a schematic diagram that illustrates a substrate
assembling apparatus according to the present invention,
15 and FIG.2 is a top view of a vacuum chamber for the substrate
assembling apparatus shown in FIG.1. FIG.3 is an enlarged
view that illustrates the main part of a substrate holding
clawmechanism located in the vacuum chamber shown in FIG.2,
and FIG.4 is a diagram that illustrates a table,
20 pressurizing plate and substrate holding mechanism located
in the vacuum chamber shown in FIG.2.
As shown in FIG.1l, a substrate assembling apparatus
100 in accordance with the present invention consists of

a stage S1, a substrate assembling section S2, and a Z-axis

25 direction moving stage S3. A frame 2 which supports the



17 February 2006 - 6 substrate assenbling section S2 and a franme 3 which
supports the Z-axis direction noving stage S3 are |ocated on a se 1

the stage Si is |located on the top surface of the base 1. 5 Thgpg?gagvé%egs
equi pped with an X stage 4a having a drive notor 5 which allows a Y stage
4b | ocated on the X stage 4a to nove in the X-axis direction as shown in
FIG 1. Further, the Y stage 4b has a drigve notor 6 which allows a O stage
4c | ocated on the Y stage 4b to nove in the Y-axis 10 direction

perpendi cular to the X-axis and the Z-axis, as shown in FIG 1. Furthernore,
a support 9a which supports a shaft 9 is |located on the 0 stage 4c having a
drive notor 8, and the drive notor 8 allows the support 9a to rotate wth
respect to the Y stage 4b via rotating bearings 7. 15 A table 10 on which a
| ower substrate js placed is | ocated on the upger end of the shaft 9.

Further, one eRdPSbFakf aPRPRPLARINSEATEA™ 62t RAY asdZgiess FtSthe ot her
end is nounted to an, airtight hol dj.n ady 13. .The airtight hol ding body 13
0 ovi ded costmmsTrE b iatie Hiztatdnh 35vaersleit il myadarmied and
vacuum seal . The | ower end vacuu ellows 12 is nt.ed to_th
LTt oht Chol di B hEFe 758 rift ¥REULMPEL R ated SpR IR B Lt e

to the externglt ﬁﬁglb§%ealyacuun1chanber 14. Such a configuration of the
ai rtight hol ding body ensures 25 snooth rotation of the shaft 9 as well

as excel I ent The stage S1 is equipped with an X stage 4a having a
drive motor 5 which allows a Y stage 4b located on the X
stage 4a to move in the X-axis direction as shown in FIG.1.
Further, the Y stage 4b has a drive motor 6 which allows
a 8 stage 4c located on the Y stage 4b to mo;re in the Y-axis

10 direction perpendicular to the X-axis and the Z-axis, as
shown in FIG.1l. Furthermore, a support 9a which supports
a shaft 9 is located on the 6 stage 4c having a drive motor
8, and the drive motor 8 allows the support 9a to rotate
with respect to the Y stage 4b via rotating bearings 7.

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

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

25 smooth rotation of the shaft 9 as well as excellent



17 February 2006 - 7 airtightness and prevents the arm 11 and the vacuum
bellows 12 fromrotating together with the shaft 9 when the srgygebéﬁ 20 6
rotates. The substrate assenbling section S2 consists of a 5 vdculum chanber
14; a table 10 and a pressurizing plate 15 |ocated in the vacuum chanber
14; a first substrate holding nechanism 40 and a second substrate hol di ng
mechani sm 60 both of which hold, lift,_apd_lower a substrate as will be
described later; and a gate valve 16 located at an 10 inlet/outlet port of
t he vacuum chanber 14. As shown in FIG 1, the pressurizing plate 15 is
nmounted to a Z-axis direction noving base 27 via shafts 25. A shaft 25 is
encl osed by a vacuum bell ows 26. One end of the vacuum bellows 26 is
nmounted to the external wall of the vacuum 15 chanber 14 and the other end

is nounted to the Z-axis direction noving base 27. The vacuum bel | ows 26

mai ntains a v%kﬁﬁh9§¥%?§sﬁﬁ“%BEeVSEﬁﬁﬁﬂﬁhéﬁﬁé¥lf@ 'ﬁ%%‘ﬁﬁﬂémbpﬂélewsthe

vacuum chanber_ 14 has a duct 20 for |OM/£ ure exhauﬁ%lfro ﬁ vacuum
=

chanber 14. Thi? BPHFALONE togRTEGETl L 9a§%%ﬁ#ﬁb Y via a

swi t chi ng valvg %not shomn) . Further, a duct 21 and a vent sw tching valve
22 are |ocat ed’ or° thE® ﬁp5|de of the vacuum chanber 14 to convert the

chamber from a pre§ﬁ8r8u5§@¥§k'Oﬂss%hﬁﬁﬁn s%%t%% Eh%Ud% %ﬁ%?%HHQaState

Furt hernore, the 25 upsi he “vacuum chanber has an servati1on
wi ndow g vacuum chamber 14; a table 10 and a pressurizing plate 15

located in the vacuum chamber 14; a first substrate holding
mechanism 40 and a second substrate holding mechanism 60
both of which hold, l1lift, and lower a substrate as will
be described later; and a gate valve 16 located at an
10 inlet/outlet port of the vacuum chamber 14. As shown in
FIG.1l, the pressurizing plate 15 is mounted to a Z-axis
direction moving base 27 via shafts 25. A shaft 25 is
enclosed by a vacuum bellows 26. One end of the vacuum
bellows 26 is mounted to the external wall of the vacuum
15 chamber 14 and the other end is mounted to the Z-axis
direction moving base 27. The vacuum bellows 26 maintains
a vacuum state in the vacuum chamber 14.
The underside of the vacuum chamber 14 has a duct 20
for low pressure exhaust from the vacuum chamber 14. The
20 duct 20 is connected to a vacuum pump (not shown) via a
switching valve (not shown). Further, a duct 21 and a vent
switching valve 22 are located on the upside of the vacuum
chamber 14 to convert the chamber from a pressure reduction
state to an atmospheric pressure state. Furthermore, the

25 upside of the vacuum chamber 14 has an observation window



17 February 2006 - 8 23 to |look at alignment marks (not shown) so that two
substrates can be affixed w thout dislocation. Through the ohgetualdPPoos
wi ndow 23 and a mark recognition hole (not shown) l|ocated in the
pressurizing plate 15, a recognition 5 canera 24 neasures the dislocation of
al i gnment marks for both upper and | ower substrates, and based on the

obtai ned neasurenents, alignments are-Jmde to correct the dislocation of
both substrates' positions. Now, the configuration of the vacuum chanber 14
will 10 be described in detail with reference to FIG 4. Atable 10 has
vacuum hol di ng ports to vacuum hold a | ower substrate B2, and each
vacuum hol di ng port is connected to a vacuunthol ding val ve (not shown)

| ocat ed outside the vacuum chanber 14 via a duct 17. Furthernore, the table

15 10 has el ooty 95 A G RO 105 ofn Sl SSHEAN Ud pdl Legetion. and

| eads for positive e SCt rodes ectrodes’ are awn out from
t he vacuum ch f ) , . rdz| gﬁgg i Al SO Mg MpEUUM
hol di ng portsg%?%,tr%éﬁé%gp}ﬁe{j ucltg{seedig&ﬂ@ég? p,&aa}l%l%b vacuuurfflol di ng
val ves (not SQ%@P%bé@ivﬁ%EBnd#fﬁd@&%3p5HMHQ%QIQPEE&QSnﬁhgoHa&&PST&ﬂﬁﬂber 14.

The vacuum hol di ng range of vacuumholding ports 18a to 18c is, as shown
in FIG 4, divishetn)nlechbegei @r@aSpLssesPoAG R 41 183Ch feRidgnirt HH .

center, left; as seen on the drawing. 25 This configuration allows each
vacuum hel di ngawelrae2tomeasures the dislocation of alignment marks for
both upper and lower substrates, and based on the obtained
measurements, alignments are made to correct the
dislocation of both substrates' positions.
Now, the configuration of tﬁe vacuum chamber 14 will
10 be described in detail with reference to FIG.4. A table
10 has vacuum-holding ports to vacuum hold a lower
substrate B2, and each vacuum-holding port is connected
to a vacuum-holding valve (not shown) located outside the
vacuum chamber 14 via a duct 17. Furthermore, the table
15 10 has electrostatic chucks 10a to 10c for electrostatic
attraction, and leads for positive electrodes and negative
electrodes are drawn out from the vacuum chamber 14.
Moreover, a pressurizing plate 15 also has vacuum-
holding ports 18a, 18b, 18c and ducts 19a, 19b, 19c, and
20 vacuum-holding valves (not shown) for each duct are
provided outside the vacuum chamber 14. The vacuum-
holding range of vacuum-holding ports 18a to 18c is, as
shown in FIG.4, divided into three areas corresponding to

each port: right, center, left; as seen on the drawing.

25 This configuration allows each vacuum-holding valve to



17 February 2006 - 9 swtch the vacuum hol ding area that corresponds to
each vacuum holding port 18a to 18c. Furthernore, ducts 19a tqy FJe%ﬁJﬂQOOG
connected to vacuum vent valves, and opening the valves will restrict” or
rel ease vacuum hol ding areas that 5 hold a substrate. Moreover, the
pressurizing plate 15 has a plurality of electrostatic chucks 15a to 15c
which divide the electrostatic holding_renge into plural areas. Leads for
positive el ectrodes and negative el ectrodes of the 10 el ectrostatic chucks
are drawn out fromthe vacuum chanber 14 so that each el ectrostatic chuck
can individually control the electrostatic holding area. The Z-axis
direction noving stage S3 consists of a Z-axis direction noving base 27,

| i near guides 28, a ball 15 screw 29 and an el ectrical notor 30, and the
Z-axis direction, novin | ower s the Pressur|2|ng ﬁELate 15.

d
E e o o LS EK PR R Sutsha b Sad FEPS CAFFoigT CErPO R okise
i | ud d t h 62 d 62b, t hat
orovi ded i n  rEREBETEhRRAERERH b Baefen B nEEF EneFasEE AT rY’ daa Fon <2
and Z-axis di{sgtdon SARG:Sh 298 Sy N XlonS 9&%@ el fo8 e B, o

for a substrate ~asse apparatus 1 n accor ance

invention will,be,desei 1b‘?:%s‘Mrtﬂ&tr sterencssd Qra'@u%n?-ﬁ&lrﬂ{%areas that
5 hold a substrate.

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

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

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

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

Furthermore, a control apparatus 80 controls various

drive means which include a drive motor 5 through air

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

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

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



17 February 2006 - 10 FIG 4. As shown in FIG 2, a first substrate hol ding
mechani sm 40 is located on the right and | eft of a substrate i S6aImM
chanber 14, seen froma gate valve 16. Also, a 5 second substré?ggﬁngr
mechanism 60 is |ocated at the front and back of a substrate in the vacuum
chanber 14, seen froma gate valve 16. Now, the configuration of the first
substrate holding mnechanism40 will be descri bed. Hol di ng cl aws (hol di ng
10 bodi es) 41a, which are disposed in higher |ocations than holding claws
(hol di ng bodi es) 41b by the anmount of deflection (shown as "d" in FIG 3)
applicable to the upper substrate Bl, are nounted to coupling plates 42
respectively. This is, as illustrated by broken lines in 15 FIG 4, for the
upper substrate Bl to be held in a convex shape by claws 4l1la and 41b, as
will be descrigfg | ater. In this enbodi nent, the height of the hol ding
claws 4la is Htfférent fromthat of the hol di ng cl aws 41b. However, by

setting both holdi | aws .41 nd 41h.to, be at, al t .20 the me .hei ght
and changi ng vacuu%gﬁ%?%v%djhgﬁgf?V&%?}rsfts?%s% %ggﬁrglg%mbBFéﬁﬁnﬁﬁg same

result as the E@S%"Yﬂ%aﬁ‘tecl N Ucl%%erri?g_‘ﬁtﬁs%ét fo Bl 512 1Y .ﬁaacecq.r}'lv@ﬁgfhape'

A coupling plate I's mounted to a I'inear gurde 43 which'is nounted to an

el evating p'at@aé&uﬁocBHﬁBeEt1Q§nse%§ QQB%ZQ”%%EEYv%QW% h@_thglgbgegtion of
the arrow R1L shown

5 second substrate holding mechanism 60 is located at the
front and back of a substrate in the vacuum chamber 14,
seen from a gate valve 16.
Now, the configuration of the first substrate holding
mechanism 40 will be deécribed. Holding claws (holding
10 bodies) 4la, which are disposed in higher locations than
holding claws (holding bodies) 41b by the amount of
deflection (shown as "d" in FIG.3) applicable to the upper
substrate Bl, are mounted to coupling plates 42
respectively. This is, as illustrated by broken lines in
15 FIG.4, for the upper substrate Bl to be held in a convex
shape by claws 4la and 41b, as will be described later.
In this embodiment, the height of the holding claws 4la
is different from that of the holding claws 41b. However,
by setting both holding claws 4la and 41b to be at almost
20 the same height and changing vacuum-holding conditions,
it is possible to obtain the same result as the case where
the upper substrate Bl is held in a convex shape.
A coupling plate 42 is mounted to a linear guide 43
which is mounted to an elevating plate 44 so that it can

25 horizontally move in the direction of the arrow Rl shown



17 February 2006 - 11 in the drawing. Further, the coupling plate 42 is
nmounted to a linear guide 46 via a netal flxture 45, and the

46 is configured to nove up and down along a guide plate 47 |Av?ﬁﬁhﬁﬂp§@&?
direction of the arrow R2 shown in FIG 3. 5 The above-nenti oned
configuration will now be described in detail. The guide plate 47 is
penetrated by a ball screw 48a which is screw threaded to nuts 48b. The
gui de plate 47 can nove horizontally in the direction of the arrow Rl by
rotating the ball screw 48a by a notor 49. 10 Further, a linear guide 52 is -
provi ded at the |lower end of the guide plate 47 so that the | ower end of
the guide plate 47 does not shake when the notor 49 rotates and also the
gui de plate 47 can snoothly nove in the direction of the arrow R1. 15 This

i rection of AR “?éﬁ"&%f'ﬂégﬂﬁﬁfﬁu?ﬁhgﬁe“t ' ”"é RS bAR a7

noves hori zont al | drlv tqr JEsykt coypli plate
42 which is m%un ed |n£2é'jlr‘ﬂg—ﬂU|8 %?51 moves eo'filgion%‘deﬁri/e :iﬁ %t he

di t ft
et on o il 5 s e s T o Sold MY Rks
mount ed to_ thep16oupky ngh R @bt Ber LRANSALLY ) dilRutlifiPGties of  the

arrow RL. 25 FurthernDre the el evating plate 44 can nove up and
5 The above-mentioned configuration will now be

described in detail. The guide plate 47 is penetrated by
a ball screw 48a which is screw threaded to nuts 48b. The
guide plate 47 can move horizontally in the direction of
the arrow R1 by rotating the ball screw 48a by a motor 49.

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

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

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

25 Furthermore, the elevating plate 44 can move up and



17 February 2006 - 12 down along a support plate 51, which is vertically
nmounted to the bottom surface of the vacuum chanber 14, via a1IHQ§9r ?@gge
50. Both ends of the elevating plate 44 have rack gears 54. A gri b !
provided by a notor 55, is 5 transmtted to the rack gears 54 via a screw
gear 56, a shaft 57 and a pinion gear 58 to |lift and | ower the el evating
plates 44. Thus, the coupling plate 42 I qp[pd to the elevating plate 44
noves up and down. That is, holding claws 4la and 41b nounted to the
coupling plate 42 nove 10 up and down in the direction of the arrow R2.
Next, the configuration of the second substrate hol ding nmechanism 60 wil |
be described. Holding claws 61a and 61b, which are nounted to air cylinders
62a and 62b respectively, can nove up and down (i.e. novenent in the 15
direction of the arrow R3 shown in FIG 4) and can rotate 90 degrees (i.e.
movenent in thdodnralnaona stpphetplave SR4 whoeh is verGizallyumphatedit is
preferable that the wupper surface of the holding claws 4la, 41b and 61a,
61b is roundelodda hattafaiifacaofdig) vacans ebamben ldonvaata 20ngRrh t he

| ower surface of  an u&per substrate Bl they do not damage the substrate

surface. Now, PBIGFrPRg Rflith aWIFIAd £hea Sdsrtdindapgartar ¢¢ HovesEngl
cperatl on, ST GraLe L 0c ol 0use L ue, IEans, bl ef ol Rl g R e gt or ¢
above_nenéiOneQrQEQH%t?%d to the rack gears 54 via a screw gear 56, a
shaft 57 and a pinion gear 58 to 1lift and lower the elevating
plates 44. Thus, the coupling plate 42 mounted to the
elevating plate 44 moves up and down. That is, holding
claws 4la and 4ib mounted to the coupling plate 42 move
10 up and down in the direction of the arrow R2.

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

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

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

Now, referring again to FIG.1l, a control apparatus 80
sends operation signals to various drive means which

include a drive motor 5 through air cylinders 62a and 62b

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



17 February 2006 - 13 substrate assenbling section S2 and Z-axi s noving
stage S3. An operator of the assenbling apparatus 100 deterning: wgﬁ%?gés
to send operation signals based on the output of detection sensors

shown) which are annexed to various 5 drive neans or neasured results of

al i gnment marks for both substrates neasured by a recognition canera 24.
For some portions, a sequence program(i}$£..an appropriate portion of the
assenbly process, as will be described |later, has been programed) which
has been incorporated into the 10 control apparatus 80 is executed. Next,
the substrate assenbly process executed by the above-nentioned substrate
assenbl i ng apparatus will be described in detail. First, after a gate val ve
16 has been opened, a substrate transfer hand of a transfer machine 15 (not

shown) installed outside the vaguum chanber 14 inserts, K an upper substrate
Bl with its fiPHPShFRLEe2FSEBRLABANSPAEION AE FREuANPEREBOY IS S8R he

t | 16 de Sub t th Irate t f th
Cpper ur face 3P iR B it Fhee ooty neeroacroo SO ARB SRR S ne

pressuri zi ng plgggh ; @ |nult qg@liég.%%ﬁ%i%yg4g%¢1 tiE% f)n;%%f;?te

Bl by means of vacuunw%o?dlng 0 e pressur

15. After the yoper.SURSILALS: BY fiAScREEN) WARUATLS dnolREq SbSLrak

transfer hand I's retracte t he ou S|de vacuum cha
5 drive means or measured results of alignment marks for both

substrates measured by a recognition camera 24. For some
i portions, a sequence program (i.e. an appropriate portion
of the assembly process, as will be described later, has
been programmed) which has been incorporated into the
10 control apparatus 80 is executed.

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

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

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

25 vacuum chamber 14.



17 February 2006 - 14 Subsequently, a nmotor 55 which is included in the
first substrate hol ding nmechani sm 40 noves holding claws 4la a t

t he hei ght between the pressurizing plate 15 and the table 10,?gﬁ8§égW%¥QP
49 nmoves holding claws 4l1a and 5 41b to the position where the upper
substrate Bl can be accepted, and then, the substrate transfer hand | ocated
out si de the vacuum chanber 14 transfers ower substrate B2 onto the
hol di ng cl aws 4l1a and 41b. After the |ower substrate B2 has been set in

pl ace, the holding claws 41la 10 and 41b which carry the | ower substrate B2
are lowered by a notor 55 to an anti claw interruption groove (not shown)
which is provided on the table 10. By doing so, the lower substrate B2 is
set in place on the table 10. A sealant has been applied to the peripheral
portion of the upper 15 surface of the | ower substrate B2 so that it forns a
frame, and a desi PBESEAVERT 1oT & M@gFCod ¢P y¥righ hasinsdared spdfedirahd
contained within the boundarjes of the frame fornmed. hy the sealant. After
the above proc®eRShhatsdunlding Swedans sfot bmarkes b9 lAdpeohd%s 141 HB80es t he

hol di ng cl aws 4la and 41b, away from the fable 10 and.then_the ¢l aws becone
o G Pand- by ibhetS “EiFe herohenbeEuper, thE PraRSrEL AP e  PelPatPdd {0

L0 o obt 1 habeatEEU CURFOE okt PG LIS/ HEGALS ELVG 438 bhac! 0520
5 41b to the position where the upper substrate Bl can be
accepted, and then, the substrate transfer hand located
outside the vacuum chamber 14 transfers a lower substrate
B2 onto the holding claws 4la and 41b. After the lower
substfate_BZ has been set in place, the holding claws 4la
10 and 41b which carry the lower substrate B2 are lowered by
a motor 55 to an anti claw interruption groove (not shown)
which is provided on the table 10. By doing so, the lower
substrate B2 is set in place on the table 10. A sealant
has been applied to the peripheral portion of the upper
15 surface of the lower substrate B2 so that it forms a frame,
and a desired amount of liquid crystal has been dispensed
and contained within the boundaries of the frame formed

by the sealant.

After the above process has been finished, a motor 49
20 horizontally moves the holding claws 41la and 41b away from
the table 10 and then the claws become in a stand-by mode.
Further, the substrate transfer hand is retracted to the
outside of the vacuum chamber 14 and then the gate valve

16 is closed.

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



17 February 2006 - 15 cylinders 62a and 62b and after being rotated 90
degrees at the ascending end, the holding claws are | owered.
mechani sm al l ows the | ower substrate B2 to be supported sandwﬁ?ﬁ%ﬁnﬁwyg?&§
hol ding cl aws 6la, 61b and the table 10. 5 In such a position, the | ower
substrate B2 is vacuumheld to the table 10 by using vacuum hol di ng ducts
17 provided on the table 10. The reasanjshat the | ower substrate B2 is
supported sandw ched by the holding claws 6la, 61b and the table 10 is to
prevent the |lower substrate B2 fromnoving 10 off the table 10 when a trace
of air which remains between the table 10 and the | ower substrate B2 is
di scharged in the process of reducing pressure in the vacuum chanber 14.
After the | ower substrate B2 has been vacuumheld to the table 10, hol ding
claws 4l1la and 41p. whi ch ve bee 15 jn the stand-by npde he hei ght
LiRdsag o Am &2 Shn

h
between the pre¥stPIgrhg® vt A% ARG RE YT PE LTS ZPEAREF P §Choved
dlifted til_.the hol di. | 1 i tact .wth th
g 11Tted gy L0 BRLATR LY e SooRRe B, SALEEL AL 1 by
i Zi F , 1
e 10 o ORI BB oSBT B LR

ab oo b Ui IBLAAS el B by et
with the 4 onerrsydare pbstitadmPehe2bosiPsdiderle B2 is vacuum held )
to the table 10 by using vacuum-holding ducts 17 provided
on the table 10. The reason that the lower substrate B2
is supported sandwiched by the holding claws 6la, 61b and
the table 10 is to prevent the lower substrate B2 from moviﬁg
10 off the table 10 when a trace of air which remains between
the table 10 and the lower substrate B2 is discharged in
the process of reducing pressure in the vacuum chamber 14.
After the lower substrate B2 has been vacuum held to
the table 10, holding claws 41la and 41b which have been
15 in the stand-by mode at the height between the pressurizing
plate 15 and the table 10 are horizontally moved and 1ifted
until the holding claw 41la comes in contact with the lower
surface of the upper substrate Bl which has been vacuum
held to the pressurizing plate 15. Further, the upper
20 substrate Bl has been horizontally wvacuum held to the
pressurizing plate 15 and the holding claw 41b is located
lower than the holding claw 4la by the amount of "d";
therefore, at this point, the holding claw 41b does not

come in contact with the lower surface of the upper

25 substrate Bl.



17 February 2006 - 16 After the upper substrate Bl and the hol ding claw 41la
conme in contact with each other, vacuum hol ding ports 18a and F mhichgbe
| ocat ed on both ends of three vacuum areas on the pressurizing}g SP@aT e
vacuumvented (i.e. to 5 return to an atnospheric pressure state), and only
a vacuum holding port 1Bb |located in the mddle is providing a
vacuum hol ding force. By doing so, the uppger_substrate Bl is deflected
downward due to the weight of the substrate itself and both ends of the
upper substrate Bl sag, i.e., 10 the substrate becones convex with a md
point on the line between holding claws 41la as a center. As a result, as
illustrated by broken lines in FIG 4, the gate valve 16 side peripheral
portion of the upper substrate Bl can be placed on a holding claw 41b.

Subsequently, the 15 vacuum hol ding port 18b located in the mddle on the
pressurizing pl at e AMfESEtRGCHRRP Y LT Ak &L BRE LBBVIC I 2SS Ahé IBeen

finished, th hanb 14 beqi h ti b

(L1 ghed, ihe. yagum, SRDL LLUSSLRS B0 e Bl 0, B aF RS S 2
hanb 14. Af ti t th

chaber 14, A48k AEEER {SRUEH R Bl iR 10 MG eSD

e or L Y AR PR LABEAG Dokl 15 e IRk Enl B Tg e oo
l'ower 25 substi-atgrB2tar ane%eakpherdt FRIUSARTALE ALON QR JdME a
vacuum-holding port 18b located in the middle is providing
a vacuum-holding force. By doing so, the upper substrate
Bl is deflected downward due to the weight of the substrate
itself and both ends of the upper substrate Bl sag, i.e.,
10 the substrate becomes convex with a mid point on the line
between holding claws 4la as a center. As a result, as
illustrated by broken lines in FIG.4, the gate valve 16
side peripheral portion of the upper substrate Bl can be
placed on a holding claw 41b. Subsequently, the
15 vacuum-holding port 18b located in the middle on the
pressurizing plate 15 is vacuum-vented.

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

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

electrostatic attraction between the table 10 and the lower

25 substrate B2 are executed. An appropriate degree of the



17 February 2006 - 17 pressure reduction is the pressure at which discharge
between el ectrostatic el ectrodes and substrates hardly occursyRep LR 006
el ectrostatic force is acted on (i.e. discharge state which does not ‘damage
substrates). 5 Because the |ower substrate B2 is placed directly on the
table 10, it remains on the table 10 when vacuum holding is swtched to

el ectrostatic holding. Mdreover, if substyates are electrostatically held
fromthe beginning under an atnospheric pressure wthout activating the 10
el ectrostatic force when the pressure has been reduced to sone extent as
shown in this enbodi nent, a problemoccurs that applying voltage to

el ectrostatic chucks to make them approach substrates nmay cause di scharge
between the substrates and the electrostatic chucks, causing danages 15 to
the substrates. Therefore, in.this engpdinent, substrates are _not held by
el ectrostati c BRGERYIGnEPAUERONAEs HiFe PrESSEFGc T 818N e PT evel . On
t he ot her hand ecause.the upper .substrate Bl is . convex hei ng _hel.d by
Cl'awe 415 and BERICBNn Bl 5 EEPRY R Ry SLo CERaes aiet SUBRREA RS QR he
pressurizing p 5 will t rl l; l.d t [ bstrate Bl to

t he pressuriz%gggﬁ aYee&SFﬂ$h§?§ %?ggk?k%ﬁt&%é%e e%Eggﬁbéﬁgﬁﬁélﬁﬁ%ck 15b

[ocat ed i 1t heqykdfibqls sPREEAAI o1 QoBkCGLIONA AL gl he. center

portion of the 25 subsStrate. Subsequently, a gate valve 16 side hol ding claw
5 Because the lower substrate B2 is placed directly on the

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

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

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

On the other hand, because the upper substrate Bl is

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

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

25 substrate. Subsequently, agatevalve 16 side holdingclaw



17 February 2006 - 18 6la is lifted so that the sagging gate valve 16 side
edge of the upper substrate Bl which has been supported by th

claw 41b can be lifted. Thus, the holding claw 6la lifts the ggggﬁ%%*ggS%ﬁ
of the upper substrate Bl close to 5 the pressurizing plate 15 until the

el ectrostatic force acts on it. After that, by applying voltage to an

el ectrostatic chuck 15a, the gate val ve. lig si de edge of the upper substrate
Bl can be electrostatically held to the pressurizing plate 15. Next, in the
same manner as the 10 above, the other saggi ng edge of the upper substrate
Bl1, which is located on the opposite side of the gate valve 16, is lifted
close to the pressurizing plate 15 by lifting a holding claw 61b until the
el ectrostatic force acts on it. Then, voltage is applied to an

el ectrostatic chuck 15¢c 15 so that the other saggi ng edge of the upper
substrate Bl &iA H® &3 59 hAkarr§ fRIALRG IR b sﬁjrlisz?ﬁ&epfagﬂﬁ 15.

Thus, th bstrate Bl I rostaticall hel d  hoyi 1y t

Lréifigsggffg?éﬁsﬁ %ﬂéﬁfgfsfﬁ%&&@'%gg&gghéﬁﬁi@%%gg _éPfgﬁﬁgffggépghg tie °
S i S [ ; w | :

si de on which %égg%gtcglazjeﬁlﬂe)c%%%% %E%B%déupporgt’egﬂgf}b%iéh%?é:lalnagpg?gw, IS

b o0, o BB Sl e ghete Wbliedumreidsgage Lo ond
25 substrite BlphbSpsebshpiPenhebtaby 0ol dho91 Ctp¥sefdarrbdfatic force
acts on it. After that, by applying voltage to an
electrostatic chuck 15a, the gate valve 16 side edge of
the upper substrate Bl can be electrostatically held to
the pressurizing plate 15. Next, in the same manner as the
10 above, the other sagging edge of the upper substrate Bl,
which is located on the opposite side of the gate valve
16, is 1lifted close to the pressurizing plate 15 by lifting
a holding claw 61b until the electrostatic force acts on
it. Then, voltage is applied to an electrostatic chuck 15c
15 so that the other sagging edge of the upper substrate Bl
can be electrostatically held to the pressurizing plate
15. Thus, the upper substrate Bl can be electrostatically
held horizontally to the pressurizing plate 15.
In the above-mentioned upper substrate electrostatic
20 process, if a holding claw 61b, which is located on the
side on which substrate deflection is not supported by a
holding claw, is lifted before a holding claw 6la has been
lifted, or holding claws 6la and 61lb are simultaneously

lifted toward the pressurizing plate 15, the upper

25 substrate Bl is set to be held by holding claws 4la, 6la



17 February 2006 - 19 and 61b, however, at this point, a convex shape of
the substrate is inverted to a recessed shape. As a result, i Eaﬂﬁﬁ
bet ween the recessed portion and the pressurizing plate 15 incﬁzgg@?? I ch
makes it inpossible 5 for the upper substrate Bl to be electrostatically
held horizontally to the pressurizing plate 15. Therefore, to avoid such
inverted deflection, a holding claw 6lawych is |located on the sane side
as a holding claw 41b, is first lifted. Once an electrostatic chuck 15a has
10 electrostatically held the gate valve 16 side edge of the upper
substrate Bl, when the other edge of the substrate is |ifted by a hol ding
claw 61b, the upper substrate Bl is not deforned into such a shape as
descri bed above, and the upper substrate Bl can be held horizontally to the

15 pressurizin | ate 15. Moreover, in the . above-nentioned el ectrostatic
process, voltagﬁgigagquQWFVSFPyaﬁpﬁbFédpP&ngacﬁ CONYERr FRG 6”%H§5% 15a to

15c. Ho , LEd L bl I I [ hycks 15

and 150 at 20 PHBSEERES: i Ro WERCER! thgh TS AT oS n 38 Bl PO c
huck 15b b : Bl i [ di I

ala 41b and ot3s PReceREE, PREPRERT RerteoRa Rl Bhrtdol s % CyoPng coges

but only on th§r§§§E§&z198g%hﬁgzqg LRErSHPSL T ArfcrPmakss %S ¢hbBEd igHQve.

after the uppe strate
5 for the upper substrate Bl to be electrostatically held

horizontally to the pressurizing plate 15. Therefore, to
avoid such inverted deflection, a holding claw 6la which
is located on the same side as a holding claw 41b, is first
lifted. Once an electrostatic chuck 1§a has

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

15 pressurizing plate 15.

Moreover, in the above-mentioned eléctrostatic
process, voltage is sequentially applied to each
electrostatic chuck 15a to 15c. However, it is possible
to apply voltage to electrostatic chucks 15a and 15c at

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

25 As described above, after the upper substrate 81 has



17 February 2006 - 20 been electrostatically held to the pressurizing plate
15 and the | ower substrate B2 has been electrostatically held 1PEe6@§ E&Bbe
10, holding claws 6la and 61b are rotated and retracted fromthe Su gYrat e
surface, and also holding 5 claws 41a and 41h are horizontally noved away
fromthe substrate surface, and then the claws enter into a stand-by node.
Under the above condition, an electrical yptor 30 lowers a Z-axis direction
novi ng base 27 to nake the upper 10 substrate Bl approach the | ower
substrate B2. At this point, a recognition canera 24 detects alignnment marks
whi ch are provided on the upper and the | ower substrates Bl and B2 and
neasures the dislocation of the substrates' positions. Based on the
obt ai ned nmeasurenents, the stage 15 Si is controlled. The upper substrate Bl

and |l ower substrate B2 are panel Iigne% Q{ noving the | ower _substrate B2
by a desired aﬁﬁﬁﬂteyécf;ﬁ%tgﬁécaﬂag@r elBst? dthe PEPSSYT 139 Bt&tSdBstrat e

G2 are accurat oLk etk ALheL-S08 HPNSh, SLLUEI 29 fee MRiGne
pubstrace BL 1 apShAE e ey boNSeRRRL W B B e RaR AL 1o
rerebelveen VeiPasc s PO Shlelit, LTl IR A hRAAT 25
5 claws 41la and 41b are horizontally moved away from the
substrate surface, and then the claws enter into a stand-by
mode.
Under the above condition, an electrical motor 30
lowers a Z-axis direction moving base 27 to make the upper
10 substrate Bl approach the lower substrate B2. At this
point, a recognition camera 24 detects alignment marks
which are provided on the upper and the lower substrates
Bl and B2 and measures the dislocation of the substrates'
positions. Based on the obtained measurements, the stage
15 S1 is controlled. The upper substrate Bl and lower
substrate B2 are panel aligned by moving the lower
substrate B2 by a desired amount so that the upper substrate
Bl and the lower substrate B2 are accurately affixed.
After the panel alignment has been made, the Z-axis
20 direction moving base 27 is further lowered so that the
upper substrate Bl is stacked on the lower substrate B2
to which a sealant has been applied. Subsequently, the
substrates which contain liquid crystal therebetween

within the boundaries of the frame formed by the sealant

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



17 February 2006 - 21 upper substrate Bl and the | ower substrate B2 after
they have been affixed, it is reconmmended that a photosetting J
applied spottedly to the filmsurface of the substrate. 5 Afte?ﬁE%gﬁb&%mgg
above- nenti oned assenbly process has been conpleted, voltage application to
the electrostatic chucks 15a to 15c of the pressurizing plate 15 is
stopped, the Z-axis direction noving baéﬁ 27 is lifted, and then vol tage
application to the electrostatic chucks the table 10 10 i s stopped, and
finally a vent switching valve 22 is opened to vent the vacuum chanber 14
so that it returns to atnospheric pressure. After the pressure of the
vacuum chanber 14 has reached atnospheric pressure, the gate valve 16 is
opened and 15 vacuum holding ports 17 of the table 10 are opened. Then,

hol ding claws 4l1a and 41b |ift the cell, and then the substrate transfer
hand of the trappéersusgstrakee (Bibtarshdy loweri sebstadtender atherctheyt o
transfer the cell ontoit, and finally the substrate transfer hand is
retracted so Davesheen i biated heltcdlsl recommendedatham ehphpepsetingen t he
state of the vacuum chanber 14 returns to atnospheric pressure froma
vacuum an ai rdfkes ke R ArPlied 13RO HERAMMthdMsef 118 AHFERCRPLrEBBIt in
the cell being noved on the table 10. If the cell has been noved on the 25
table 10, everr¥dtEhtEhe hol ding cl aws 41a and 41b are

5 After the above-mentioned assembly process has been
completed, voltage application to the electrostatic chucks
15a to 15c of the pressurizing plate 15 is stopped, the
Z-axis direction moving base 27 is lifted, and then voltage
application to the electrosfatic chucks of the table 10

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

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

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

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

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

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



17 February 2006 22 attenpted to lift the cell to transfer it onto the
substrate transfer hand, it is inpossible for the cell to be H% 2006
because it has noved away fromthe holding claws 4la and 41b. herePB?
when the vacuum chanber 14 is vented and 5 returns to atnospheric pressure,
it is recomended that the cell be lightly supported sandw ched by hol di ng
claws 61a, 61b and the table 10, which hBave been retracted, so as to
prevent the cell from noving. As described above, a substrate assenbling
met hod and 10 a substrate assenbling apparatus in accordance with the
present invention can nmake it possible to accurately assenble |ong-Ilived
substrates without putting a strain on the substrates even when the size of
a substrate is increased or the thickness is reduced 15 FIG5 illustrates
anot her enbodi nent of the fresent i hvention. i S a _cross-sectional

view (i.e. a d?EwWFRRtedddn %?Bﬁ*%h%e%9§eb?¥%m§f%FJé?%%E%GﬁF%%%HﬁEFaEﬁomn in
FIG5. The diff t th nbodi t d.th t d
ebod ment |5 PRBISERE SUMbodi et LTBGSRABIE AT e iR SPeDRoLAERE O
mechani sm 70 iy @gﬁée' 00 s f\}erdSt @gp%g%[ %h@ohgip 8'113 STléOa

second substra? ng nec ani sm her Bstraté ﬁoldlng

mechani sm 40 adc&xl{%mr@ow Jthel ﬁedu%e Ceha TF%JHFJ qssggﬁttr ?thpgol di ng

nmechani sm 70 |s 5 con |gured as escrl I ng cl aws I ng
5 returns to atmospheric pressure, it is recommended that

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

As described above, a substrate assembling method and

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

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

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

20 has a third substrate holding mechanism 70 in addition to
a first substrate holding mechanism 40 and a second
substrate holding mechanism 60. Further, a first
substrate holding mechanism 40 has additional holding
claws 41lc. The third substrate holding mechanism 70 is

25 confiqured as described below. Holding claws (holding



17 February 2006 - 23 bodies) 71 are nmounted to the edges of the table 10
at four locations (it is preferable that the third substrate i

mechani sm 70 is provided at four |ocations or nore) . A holdi ngpt&arngr'y Olog
nmounted to a shaft 76 via a notor 74, 5 which is nounted to a nmetal fixture
73 of an elevating cylinder 72 nounted to the | ower surface of the vacuum
chanber 14, and a coupling 75. The hol di r}%t claw 71 noves up and down in
response to the R5 direction novenent of he cylinder 72. Furthernore, the
hol ding claw 71 can nove 10 in an arbitrary angle in the direction of R7
driven by the notor 74, and the rotation angle can be set so that the tip
of the holding claw 71 does not cone in contact wwth a sealant provided on
a substrate. For exanple, when a sealant has been applied to a substrate so
that nine panels 15 can be produced fromthe substrate, the rotation angle
can be set atbadpes)tiloarkatreerheddocathensdgbercef tthe seblant0 atsfappl i ed.
Furthernore, this enbodinent has a third substrate hol di ng nechani sm 70
each at four cboeoetison$ {he uppeprefiadab20 tbaker thebkbsrdasdbisyrade ng a
plurality of it, the flatness of a substrate can be highly naintained

t her eby i ncr eat®hging mecdlagdsmos? asirrdokded amfraagvbecapionp Gimgorae-t hird
substrate hol di ng mechanism 70 allows the center portion of the substrate
to be easily hellPlding &vreX lshageounted tosanghasdt| 16 bk emPéeE Va to

activate Ran electrostatic for
5 which 1s mounte

8eto a metal fixture 73 of an elevating
cylinder 72 mounted to the lower surface of the vacuum
chamber 14, and a coupling 75. The holding claw 71 moves
up and down in response to the R5 direction movement of
the cylinder 72. Fuftheq:more, the holding claw 71 can move
10 in an arbitrary angle in the direction of R7 driven by the
motor 74, and the rotation angle can be set so that the
tip of the holding claw 71 does not come in contact with
a sealant provided on a substrate. For example, when a
sealant has been applied to a substrate so that nine panels
15 can be produced from the substrate, the rotation angle can
be set at a position between locations where the sealant

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

of the substrate to be easily held in a convex shape. This

25 makes it more effective to activate an electrostatic force



17 February 2006 - 24 on the center portion of the substrate to hold it
wthout it being strained. In other words, by noving the thir i n
mechani sm 70 to hold the substrate so that the center porti onqgfﬁ%t%h‘fe%ry9006
substrate becomes convex and 5 sinultaneously holding it by neans of the
first and second substrate hol ding mechani snms 40 and 60 at a position | ower
than the third substrate holding nmechani syy the sanme result as in the first
enbodi ment can be obtained. At this point, the holding claw 40b |ocated in
the m ddl e can be higher 10 than holding claws 40a and 40c provided in the
first substrate hol ding mechanism 40 or they can also be at the sane

hei ght. 17 February 2006 -25 [WHAT IS CLAIMED |I'S] [ ains 1] An apparatus
for assenbling substrates conprising a 5 vacuum chanber, a table on which a
substrate to be affixed 1is placed in the vacuum chanber, and a pressuri zing
pl ate which VRRUUHE KRNI POSEACSr O SubRe rsiRs et tar foddy Lty ‘dé?ﬁ@“ﬁ'—o sai d

substrate and fresses it ont o(agai d substrate gel ow, wherein

0 said
pressurizing p Et]%eéﬁﬂp?FE@§n_ mecharf? St Rk T ?/acl@(u_rﬁ“?l%lr'ﬁi% Eé?dtgéﬁﬂter
substrate Untlyo i BELRTESSHIS1 LA 7bNeoVASY L RRANREL chRcbodd L e

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

substrate holding mechanism 40 or they can also be at the

same height.



at nospheric pressure before both substrates are affixed, and a mechani sm
that electrostatically holds said counter 15 substrate in a | ow ssur%
state where the gap between the substrates is narrowed and finngngﬂ@ 006
substrates are affixed; a first substrate hol di ng mechani smthat holds two
opposed edges of the counter substrate and a second 20 substrate hol di ng
mechani sm that hol ds remai ni ng two opposed edges of the counter substrate
are provided to nechanically hold thpéfpripheral portions of said counter
substrate in order to prevent said coufiter substrate from falling onto said
substrate bel ow as the vacuum holding 25 force decreases; and the height of
hol ding claws | ocated in central portions anong a plural holding claws

| ocated in said 17 February 2006 -26 5 first substrate hol di ng nmechani snms is
set to be higher than_an ther holding claws |ocated in said first
Substrate holﬁvﬁﬂ'ﬁécﬁ&ﬁ?éﬁg.IF&lains 2] An apparatus for assenbling
substrat es accordi Lo %Iain11, further conprising a third substrate

hol di ng nechanisél iCh &Ids the vicinity of the center portion of said

counter substrate apn BAditd QM t osaldsbnbstndndurseeand ss ubsidatsa fapl di ng
mechani sms whi ch hol d the

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

10 said pressurizing plate comprises a mechanism that
vacuum holds said counter substrate until the pressure in
the vacuum chamber is reduced to a specified pressure from
atmospheric pressure before both substrates are affixed,
and a mechanism that electrostatically holds said counter

15 substrate in a low pressure state where the gap between
the substrates is narrowed and finally the substrates are
affixed;

a first substrate holding mechanism that holds two

opposed edges of the counter substrate and a second

20 substrate holding mechanism that holds remaining two
opposed edges of the counter substrate are provided to
mechanically hold the peripheral portions of said counter
substrate in order to prevent said counter substrate from
falling onto said substrate below as the wvacuum holding

25 force decreases; and

the height of holding claws located in central

portions among a plural holding claws 1located in said



10 peripheral portions of said counter substrate. [Clains 3] An apparatus
for assenbling substrates conprising a 15 vacuum chanber, a ta Z n I

a substrate to be affixed is placed in the vacuum chanber, andq Febilary S003
pressurizing plate which vacuum holds a counter substrate to be affixed
facing to said substrate and presses it onto said substrate bel ow, wherein
20 said pressurizing plate conprises a nmechanismthat vacuum hol ds said
counter substrate until the pressure i t he vacuum chanber is reduced to a
specified pressure from atnospheric ptessure before both substrates are
affixed, and a nechanismthat electrostatically holds said counter 25
substrate in a | ow pressure state where the gap between 17 February 2006 -27
the substrates is narrowed anﬁg@lnally the substrates are affixed; a first

substrate holTditfd nBURENT 3T t Rt SHBEdMI I 1 Fostl EfdestBf Aheliast r at e
and a secondtﬁﬂbstr e 5%ﬂyy<mh dggghaghg th§5 Pgé%0|%gnaggigg %Eﬁ Qpposed

edges of the st fate are pr ovi o] nec ani ca t he ~per1pheral

portions of §gkgtggggtgglgggét&@ggahgsﬁgder to prevent said counter
substrate fromfalling onto Said substrate below as the vacuum hol di ng

force decreases; and 10 the height of holding claws |ocated in central

portions anong a plural holding claws |located in said
[Claims 2]

5 An apparatus for assembling substrates according to
Claim 1, further comprising a third substrate holding
mechanism which holds the vicinity of the center portion
of said counter substrate in addition to said first and
second substrate holding mechanisms which hold the

10 peripheral portions of said counter substrate.

[Claims 3]
An apparatus for assembling substrates comprising a
15 vacuum chamber, a table on which a substrate to be affixed
is placed in the vacuum chamber, and a pressurizing plate
which wvacuum holds a counter substrate to be affixed
facing to said substrate and presses 1t onto said
substrate below, wherein
20 sald pressurizing plate comprises a mechanism that
vacuum holds said counter substrate until the pressure in
the vacuum chamber is reduced to a specified pressure from
atmospheric pressure before both substrates are affixed,
and a mechanism that electrostatically holds said counter

25 substrate in a low pressure state where the gap between



first substrate hol ding nechanismis set to be the sanme as any ot her

hol ding claws |l ocated in said first substrate hol ding nechanisE}Flé éC%gbgs
4] A method of assenbling substrates which places a substrate on gortan

| ocated on the underside of a vacuum chanber, electrostatically holds a
counter substrate to be 20 affixed wth said substrate to a pressuri zing
plate facing said substrate placed on said table in a vacuum chanber, and
narrows the gap between said substrates,in a vacuumto affix said
substrates together by nmeans of an adhésive provided on either substrate,
whereby the entire surface 25 of said counter substrate is initially vacuum
held to said 17 February 2006 -28 pressurizing plate under atnospheric

pressure, th nlddl rtlons of r i des, of said counter
substrate are msc abnsitc hesl c1n 1‘f%"“;)(e\(’j/lilacuumﬁﬂfpﬁr?’g ok?é %bsgrd%?e po‘?tr ons

of said pair ofs;oppasite srdes is released 5 after the vacuum hol di ng of
ot her opposite sides has been released to make the sides becone free, and

when the pressurg ipitde “apdurnebamRading resucad 40 andesiHAds pERssure,
voltage is applied to said pressurizing plate to electrostatically hold the

m ddl e porti apoafedsabdgpai rofof the oppasitasi dad 0 Saidbrebustbst sathst r at e,
and sequentially other free edges are electrostatically held, thereby the
5 holding mechanism that holds remaining two opposed edges
of the substrate are provided to mechanically hold the
peripheral portions of said counter substrate in order to
prevent said counter substrate from falling onto said
substrate below as the vacuum holding force decreases; and
10 the height of holding claws located 1in central
portions among a plural holding claws 1located in said
first substrate holding mechanism is set to be the same as

any other holding claws located in said first substrate

holding mechanism.

15
[Claims 4]

A method of assembling substrates which places a
substrate on a table located on the underside of a vacuum
chamber, electrostatically holds a counter substrate to be

20 affixed with said substrate to a pressurizing plate facing
said substrate placed on said table in a vacuum chamber,
and narrows the gap between said substrates in a wvacuum to
affix said substrates together by means of an adhesive
provided on either substrate, whereby the entire surface

25 of said counter substrate is initially vacuum held to said



entire surface of said counter substrate being electrostatically held to

said pressurizing plate facing said substrate below 15 [ ai A g d
of assenbling substrates according to Claim 4, whereby after gﬁ@é4¢g@g§® g

of a pair of opposite sides of said counter substrate has been mechanically
held at a 20 |ocation |ower than the position where the mddle portion is
bei ng held, the vacuum hol ding of the mddle portions of said pair of
opposite sides of said counter substrq%g is released. 25 [Clainms 6] 17
February 2006 -29 A nethod of assenblifig substrates according to Claim 4,
whereby each free edge of said counter substrate is lifted to a | ocation
where an electrostatic attraction force provided by said pressurizing plate
becones active 5 so.that each free edge can be electrostatic legﬂ%id to

sai d pressur PFERGUPLALRY PePATnERC AR BhIFRFEEdS R Sas &l | 15 at es
whi ch pl aces&%rt%g ?ubgfragegggra 59b|o(ra$tplogg%t6ed o8 éheofunggriai de, dtgr vacuum
ro

ngs.
chanber, ele statically hol"ds a couniter substrate to be "affixed Wth
sai d substratgp@ 2cBr §38URkehAHiRL2I ¢ h8LANTthe vacuum holding of the

middle portions of said pair of opposite sides is released
5 after the vacuum holding of other opposite sides has been
released to make the sides become free, and when the
pressure in the vacuum chamber is reduced to a desired
pressure, voltage is applied to said pressurizing plate to
electrostatically hold the middle portions of said pair of
10 opposite sides of said counter substrate, and sequentially
other free edges are electrostatically held, thereby the
entire surface of said counter substrate being
electrostatically held to said pressurizing plate facing
said substrate below.
15
[Claims 5]
A method of assembling substrates according to Claim
4, whereby after one free edge of a pair of opposite sides
of said counter substrate has been mechanically held at a
20 location lower than the position where the middle portion
is being held, the wvacuum holding of the middle portions
of said pair of opposite sides of said counter substrate

is released.

25

[Claims 6]



said substrate placed on said table in a vacuum chanber, and narrows the
gap between said substrates in a vacuumto 15 affix said subst rﬁt %ét%gg_b@?r
by neans of an adhesive provided on either substrate, conpri si g'g

vacuum hol ding the entire surface of said counter substrate to said
pressurizing plate under atnospheric pressure, 20 neans for mechanically
hol ding the m ddle portions of a pair of opposite sides of said counter
substrate, means for releasing the vacyum holding of the mddle portions of
said pair of opposite sides after the vacuum holding of other opposite
sides of said counter substrate 25 has been released to nmake the edges
free, nmeans for applying voltage to said pressurizing plate 17 February 2006

-30 for electrostatic,att.raction when_the uumstate o .%e v ul
chanber becones agdggitrﬁgg \?gcuausrﬁ mé)\aelfl? f#é’%(%g%gsf or- € Iréicl’t;n osttoa?(?ié%ﬁy

hol ding the eqtirgc.Sf aceenf 3810 LOUISY sWbST LALALLY SAlsbaSSd 21 ng

5 plate by el eétrostfat y holding the mddle portions of said pair of
opposite sidegigtegaith CQUNIRIatSWRSINRéLet @n SAll LY RASHIZ | 88t P&t Borand
then el ectrostatically holding other free edges of said counter substrate
sequential ly. ftRckeClpaiovd d8R Ay apial abikss furi zdsserdild iy Iseeteat &st aecor di ng
to

5 so that each free edge can be electrostatically held to

said pressurizing plate.

[Claims 7]
An apparatus for assembling substrates which places a
10 substrate on a table located on the underside of a vacuum
chamber, electrostatically holds a counter substrate to be
affixed with said substrate to a pressurizing plate facing
said substrate placed on said table in a vacuum chamber,
and narrows the gap between said substrates in a vacuum to
15 affix said substrates together by means of an adhesive
provided on either substrate, comprising
means for vacuum holding the entire surface of said
counter substrate to said ©pressurizing plate under
atmospheric pressure,
20 means for mechanically holding the middle portions of
a pair of opposite sides of said counter substrate,
means for releasing the vacuum holding of the middle
portions of said pair of opposite sides after the vacuum
holding of other opposite sides of said counter substrate
25 has been released to make the edges free,

means for applying voltage to said pressurizing plate



Claim 7, wherein said pressurizing plate conprises neans for individually
vacuum hol ding the mddle portions of said pair of opposite si f saj
counter substrate and means 15 for individually vacuum hol di ng 3?ﬂ:§$ruary bébe
opposite sides of said counter substrate.

-30-

for electrostatic attraction when the vacuum state of the
vacuum chamber becomes a desired vacuum level, and

means for electrostatically holding the entire

surface of said counter substrate to said pressurizing

5 plate by electrostatically holding the middle portions of

said pair of opposite sides of said counter substrate to

sald pressurizing plate and then electrostatically holding

other free edges of said counter substrate sequentially.

10 [Claims 8]
An apparatus for assembling substrates according to
Claim 7, wherein said pressurizing plate comprises means
for individually vacuum holding the middle portions of said
pair of opposite sides of said counter substrate and means
15 for individually vacuum holding other opposite sides of

said counter substrate.



