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SUBSTRATE ASSEMBLI NG METHOD AND_ ASSEMBLI NG APPARATUS 5 BACKGROUND OF THE
| NVENTI ON:  The present invention relates to a nethod and mmmmwmmmw WML
assenbling a pair of substrates as conponents of a liquid | ay
panel in a depressurized state. Mire particularly, it rel ates~assa nmethod
for assenbling 10 substrates which can he jeffectively use
nonconform ng liquid crystal display panels to be produceBMmBMﬁME“E@B ture
a liquid crystal panel, two glass substrates with a trans ode
and thin film 15 transistor array nounted thereon are bonded 1G0¥&t her 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 rons. {t S subsequent to bonding is 20
her ei naft er ;&giég;?é)ig?"t§§ﬁ&f%5#'and the liquid crystal is sealed in a

space betvveen each s%q‘ﬁ% 3&% M_Etli,h t ﬁ%q‘l nmet hod for
sealing the liquid crys §1I3;{_z{3ppfi I'SC oszfd‘ite H%bbCﬁI{DgiAg zeﬂ\%e of Japanese
Application Patgsg d&@w@gcpen Publ i cati on No. Hei |l 2-284295. 25 According to
this method, liquid crystal is dripped on one - 2 of the substrates
witten on the pattern ( in a square form with sealing agent cl osed
therein so that the inlet is not provided. The other substrate is laid
above the 5irStBACHEROWNE 0F PHE aINMENTIGN®er. In the vacuum state, the 5
space between these two substrates is reduced to increase

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 liguid 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
Application Patent Laid-Open Publication No. Hei 12-284295.

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



the pressure, whereby upper and | ower substrates are bonded together.

Anot her nethod is disclosed in the , 7apanese Application Patent Laid-Open
Publ i cation No. Hei 101777178 wher ei n, to harden the adhesive (sealing
agent) 10 in bonding the substrates together, the sealing agent coated on
the substrates is hardened by irradiati on energy on the tenporary basis .
Then liquid crystal is dripped on the subsfrates, thereby allow ng themto
be bonded together. After that, the sealing agent is hardened by the 15
irradiation energy different fromthe last irradiated one, In recent years,
a liquid crystal display panel has been growing in size, and there has
appeared a substrate having one side exceeding 1000 nm and a thickness of
0. 7mm Incidentally, it has been proven by experinment and conputer 20
anal ysi s that, when bot h ends of such a | arge substrate are rai sed

defl ection of aBduth %ﬁupétféﬁeﬁﬁ’(%werbe&ﬁhe BétFHEHC(e’rIP aRAMATR ERG™ o

| ar ge-si zed subst{:st es_ponded wi th each qther, flected under its

own wei ght duri HgTPHESIT IR RIS LBRGT R?énf 8? Cexd JFe1 fotos
applied to the gggbeg urfﬂg eﬁI é:hesdb%‘@fatt%hlﬁt rl%tl% \p)/g)l | e, 3 Een5| | e

stress is appli e sea ur face o e upper su Y& &

Accordingly, m sabLeREEA! 1 AU Rl WaRREEDE UPRNE L ANPTs Lt%st EAke:

with the result at sealed portion i s damaged an the 11 qui cr)fs

di schargeds 5 Sggacé%eenééﬁ%e%@behbaém@f&ég Q¥ Qeéu&éaft&eﬂblr@ueussea'
patternshaving no nultiple breaksthereon, and each pattern is filled with

liquid crystal Eﬁetﬂ]:&isgﬂi:lélﬁh@rélbﬂupg e@rard abwél St fadRe Srébenbeqed.
Such a nultiple pattern method is used in sonme cases . To bond 10 two
substrat es t ogethgetharsudinatioas ametpiroes Sisr eliiselapeld dt thet Wapankser at es
which are in the depressurized state, as disclosed in the above-nentioned
Japanese Appl i cappbac®aient Patent Goaid FRpen cub bircaNolorHg¥o 1 HeliB4295. When
atmospheric pressure_is regained in a vacuum chanber, the 15 pressure
applied to the $GBei78teBereinscie harden theadiesive diseadimsnegensd
| ar ge- si Zf& substrst eg however, unifor mtgoressure |s not applied when the
gngeLn FF‘?%]FH&

at nosphertt pres8u gothe § 'F%Be A%e3bt ai ned

bet ween substrat eSte hi S . RL robl.e s bee ‘%B out the rior art. To

sol ve this probP8fCRdtb] 5 TP ees Elﬁ ¥u’rrer? QJBﬁF‘FEEY it is
ossible to usey r a e t

gddl tion to the geﬁfé %%?'Pérg ?oér)é/éfijﬁe'l i %teﬁ j(:qﬁ d cryst ;tlalgg%rpaﬁl p ng 88al | ng

agent au'rntw' geg: %ggtegxg%'r?@a%efso ARl r 4RAL1 2owi NG theh @Y ha nded { JktGldise 1o

After that, the sealing agent is hardened by the

15 irradiation energy different from the last irradiated one,

In recent years, a liquid 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



and to apply ultraviolet rays fromoutside the vacuum chanber, thereby
allowing the ultraviolet curing agent to be hardened so that tenporary
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 under vacuumis put back to the
at nospheric pressure. Wthout the dat-coatged ultraviolet curing agent being
col | apsed, 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 col or subsequent to lighting occurs, according
to the above-nentioned prior art. 15 SUVWWARY OF THE | NVENTI ON: The obj ect
of the present invention is to solve the above-nentioned problens of the ]
rior art and td provide a substrate assenbling nethod and apparatus whic
gnsur e a desir eHegﬁblﬁ\Fé:ﬁ eSS 1S FEPLlient e FhsS %t ad FPE@P%F&EOEG‘F URReZ0

t, wthout i spl t of th .and | bst rat during
coll transport, SHNEFEREe oo dtRdH q;fﬁa%ﬁgﬁéaﬁ?wh HGCERFF REHRRR TBan be

ided. T hj t - ] i .t he present. inventio
Rdopts a t erpor MPUCECEER | PO EECRORY ERF bRerkt F S SrEBITY WAl Ats
placed al cl0sepolfish VAl UddbPAT the PigRLBX - AG PUN ALl g Al ! Mary
pressurization Tn the vacuum chanber under q epressuri zed state, “curing

agent for genporarysgerul hrgeps ¥bdesdubbt Pt és PhLe NOSOLIiQES Wirwne of the
substrate is hardened by application of ultraviolet™ 5 rays while pressure

is applied in tbénvafuod: sanelt tedad hav degneseilti sk BrahRs thelre®panpl e,
t he af orementi oned

and each pattern is filled with liquid crystal so that
multiple liquid 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-mentioned 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,



tenporary securing nechanismis conposed of bundles of ultraviolet fiber

el ements arranged in a hollow cylindrical pressure bar in a state
vacuumi sol ated by 10 neans of a material transm ssive to ultraviolet rays,
and is capable of noving in the vertical direction in the vacuum chamnber
with the depressurized state in the vacuum chanber kept unchanged. In the
present invention, the aforenentioned stjxﬂcﬁ 15 primary pressurization,the
t enporarysecuring i sfollowed by the step of hardeni ng the adhesive for
tenporary securing in each substrate passing through the process of primary
pressurization by application of both ultraviolet rays and pressure. In
this step of tenporary securing, for 20 exanple, a predeterm ned pressure
is applied to the tip of the aforementioned hollow cylindrical pressure bar

where the adheS|ve for tenporary securing in the substrate is provided, and
the space bet weBRdsEBsTPRLESURIITEC PPN APHALIDHS SRer@HHRed as a

f I Af t 25 t hat | t | et, I to_the adh f
e tgﬁﬁorawegmmg ShARRRYE ROGoREP Ao SUBEVAEdEY: SEpH B it Honi ng
. Thi | t hesj

i nde:oanen? W|§or {r:%é‘g%d gv#ﬁi% n%\%lﬁ%%%?%oé%q/%ﬁeieﬁs ;fro?ﬁacfsq \ererpg?a?;
Securing 5 can be_ a&@l eNEde! HoPHERe2aPOSRELED ndbEva PoRadipent | OF

provi des the secondary pressurizaiion step wherein at eric pressure is

regai ned i# thedYﬁfHP@hE@a@@@ﬁréfﬁé%wééﬁ3ﬁHé“Eﬁﬁidg ARt a1 ¥eS 8¢UEhBT,
whereby pressure is applied to bond the substrates together. 10 BRI EF

DESCRI PTI ON OF diifemPREWE NCSyhéh Othd press i adid ice1disd@ovided £bgeihert he
configuration of a substrate bonding apparatus as a first enbodinent of the

present inventiande#Svatgum?2is Spwt chaxsls iseCthe retmosd pheriep passesduneg t he
configuration of the tenporary securing mechani smaccording to the present
enbodi ment ; FigWiBhbstathepdwtevpateﬂsmIEIav¢p1¢naqxniHQ(ageﬁt(hﬁmngm;the
substrate with ultraviol et curing agent, 20 nanely, the position of the
t emporary secur Fﬂélﬁﬁéﬁém %8 \Alqlkgbfe%@@@dﬁotbﬁ‘é etigdhe sealingcegenty to

t he present enbodi nent; Fig i.S a side view representing an exanpl e of
the statelBf a BBH"‘ Jo?a‘éilﬂ's‘t rfét‘-‘éé'—ysﬂﬁgeﬁﬁéﬂ?ei‘o fSRStRANES slose to

pressuri zation gg ékﬁo the resent e a side view

Peprosenting an 158 8rettb i o the sefufl s ufgkefiy v of
t empor ary Securegg?ﬁcg%géggeﬁe welﬁsﬁeﬁ% STRad Mo g Gd Tt Si de

Vi ew representi ng e seco
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 position close toultraviolet curing
20 agent, without any displacement of the upper and lower
substrates during cell transport, whereby occurrence 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



5 enbodi ment of the substrate bonding apparatus of the present invention,
and illustrating the layout position of the tenporary securing mechani sm
according to the present embodinent; Fig. 7 is a drawing illustrating an
enbodi ment of the 10 configuration of an electrostatic chuck; Fig. 8 is a
drawing illustrating another enmbodi ment of the configuration of a

el ectrostatic chuck; and Fig. 9 is a drawmdqig illustrating still another
enbodi ment of the configuration of an electrostatic chuck. 15 DESCRI PTI ON
OF THE | NVENTI ON: The fol | owing describes the first enbodi ment of the
substrate bondi ng apparatus according to the present invention with
reference to draw ngs: 20 [Configuration of a substrate bonding apparat us]
When broadly classified as shown in Fig. 1, the aforenentioned isasubstrate
bondi ng apparatus conprises; a X, Y and 8 stage S1 for positioning two

substrates 33 aRHNSY 3XE W ILTEEDLORINATY PRRSS T k22 hEOR dbsthevacesmos

nmounted and hel d on table.9 to be described later is referred - g to as
"] ower subst ratccéjh%’&fe%l??%e]f e ERETSHE 28 RHaF on Wik §gantatfiodn pl ate

ron et PR R S AU oy DR RE LIS Rl ey
pressurization of the substrate is hardened by application of ultraviolet
5 rays while pressure is applied in the vacuum chamber under
a depressurized state. For example, the afcrementioned
temporary securing mechanism is composed of bundles of
ultraviolet 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 to 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



of substrates 33 and 34 to be described later. These portions S1, S2 and S3
are arranged on the frane 1 sequentially. The X, Y and 8 stage Sl is
nounted and held on a frame 1, and the substrate bonding unit S2 is
supported 10 by a first franme 2 equi pped, for exanple, with four columms
installed on the frane 1. The Z-axis traveling stage S3 is supported by a
second franme 3 equi pped, for exanple, wth four colums installed on the
frame 1 . The follow ng describes the details of the aforenentioned S1, S2
and S3: 15 [X, Y and 8 Stage] The X, Y and 8 stage S1 conprises an X-stage
4a arranged on the frame 1, a Y-stage 4b arranged on this X stage 4a, and a
8 stage 4c arranged on this Y-stage 4b. The X stage 4a in the present

enbodi ment is designed to nove the Y stage 20 4b and 8 stage 4c by neans of
a drive notor 5 in the Iateral,direcg%qn ( X.axis direction in Fig .

1) .
The Y stage 4b TERUFATY TSI I PHFRANIHERES Refveeh SdStTates ¢@hgitud?nal
di ti Y axis. di L i.n Fi 1 f_a. dri t 6,
Furcher  the o Sralet §3Rdtagha- rnte o EBR o7 i oh S e e BN as
h in Fig. j : . Y st 4b. b f d
Do L b9, e bt A by Bifeavefie o SPARAR N BRERIGRT 18, 01 v
| ower substrat %@%Héf&h&@d?ﬁg, :@}?tﬁeaggs ftt%ﬁg;@gg’gg%r OLL.gok yom 10.

5 Further, an arm 11 encl os ower srde o 2or unm 30 is
mount ed o t he dastr08chHbetBH GUDBuER! ApbsieabhNg NRGU 4 in
such a way that the arm 11 is not turngg by the r%?%??%ﬁ of ?ﬂgégg%%%rt

col um 10. Al sprevidesiwhdaldammvdad dsi@ritbation erepf iiheedign the arm
11 10 and the other end on the | ower portion of the vacuum bondi ng chanber
15 and consi st iatmagphentist gaoegsur el izstiegaiodd dov ehiengachemns ¢haabercol um
10 is located between this arm 11 and a vacuum bondi ng chanber 15 of the
substrat e bondi¥temithespreeess afesenpbrdrysesur iy s whereby poessunéai n
the 15 depressurized state in the vacuum bondi ng chanber 15. In the present
enbodi ment, one'SARRYeE tURPD the iswbstinad@saeoethestel y at the center
of the tg&!e 9, but present invention is not restricted thereto. Nanely,
any nunb of support colums 10 can be installed so long as 20 it is

possi ble to praoy r i fici ensate for a predeterm ned

val ue (the ann%lsfﬂ‘gﬁ‘ %@pd%e%{]td%fﬁﬁ@%&gdm ng mark to be descri bed

jater) of the tablepfyfepuld NG UARLNe &dAYiy EHoifY Rl [Substrate
%ubstr ondi n I't'S E

bondi ng unit] 25 The ate g un conprisés‘a vacuum - 10

bondi ng charrbercowfj(mwarpB%ﬂ?eguﬂsiaaééboheﬂﬂfpg%ﬂﬁm ds'g ppbsirates

33 and 34 in a depressurized state, a table 9 ar I'n the vacuum

bondi ng chanmberenird iaehta 9 asslpraalen@n iphahe 146;arranged above the table
opposite 5 thereto in the vacuum bondi ng chanber 15, as shown in Fig. 1. In

this casd5the tablBid. i3 jF avicdsbssrgdrititnalowdews tepireseat3dgc @Akai ni ng
dummy seal 54 to be described later, ultraviolet curing agent 53, adhesive
37 and |iquid consftigurddiomhe fprtdes bemparaosy peetzin§ mechaeismhe upper 10
substrate 34 to be bonded to the |ower substrate 33. A first opening 15a
for insertion AFFIEHRGItoheypresgnss epbodimeBs;are forned on the side of
t he af orenmenti oned vacuum bondi ng chanber. 15. A gate valve 17 for bl ocking
this first opening Eikg. i1 1§ & Wiigsy 11lustrating 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;



15 thereon. Here the gate valve 17 is designed to be freely renovable 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 bondi ng chanber 15 are 20 installed on the |ower portion of the
vacuum bondi ng chanber 15. These exhaust pipes 20a and 20b are connected to
a vacuum punp through a switching valve (not_illustrated) . Here the first
exhaust pipe 20a is snaller than the second one 20b. For exanple, assune
that both 25 pipes have an approxinmately circular form In this case, -
11 if the dianeter of the first one 20a is 1 that of the second one 20b is
about 10 to 100 tinmes . Here the dianeter of the first exhaust pipe 10a is
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 freB@ngd ofS iatSddec YALWNT CRTRS €t tRPp s S¥ATPAE 64 BBenot
occur when the vacuunlfondin chanber 15 is evacyated fromthe first
exhaust pipe 2028582 pRaHese i%‘g?)str%ﬂteers. Frort A& difi%e ° POF&Xd| anet er
10 is set, the first.exhaust pipe installed has the di.aneter determ ned
according to t BT o5ty %‘fc%&‘gje% r}é%t%heccﬁﬁﬁfc%%d eﬁm eﬁ‘&’pi pes of

di f f t di anet . Hege.th ' ' 15
for the step of bonBiig Tnifnd BSgeltodrbem ey TGl
5x10" 3 15 §orr>emwdm@n@r@§eme ek AR b d B dd lapad At uze 6N neexhaust

pi pes 20a and 20b are swtched by a swtching valve to change the exhaust

route, whereby gxbgést sReStkidn £utd olilvbtAdrimerichet hayBuesSgpEitM¥RNt i ON
is not 20 restricted to this nethod. For exanple, it is possible to arrange

only one exhausédfptpe wémbotidry weexiionts tmgupan st acand Ay poowhded, as
shown in the present enbodi nent, and to connect this exhaust pipe to a
vacuum punp, whprésest cemboadimenitio regul ate the exhaust speed. In this
case, 25 the exhaust pipe is preferred to have the dianeter of the - 12
greater pipe (that Bigsht isegoditiaeknausilusityratiog an emkoginentof the
enbodi rrent%. The table 9 in the vacuum bondi ng chanber 15 is provided with
nul ti pl e &Y evat FORE BIREABECHRE ARrRL/EEPIA T ShIEXS the | ower substrate
33 fromthe transfer.unig i$‘|not |l lustrated) .or  to remye t he

0

. ell.. A
Sylinder 36 is i nstE-Ped® ol he ARG HAIBEAHAY FRGEhey BREPAELENt
el evation pins a+| A ement in the vertical .djir tiqntt&:}oughthe
hole formed in ?ﬁe{:}?%b %Rg;gﬁ%aﬁ? h%frj,at%eectq—’o%so ttl(l:'cui:le cvglgl}dmatr)lo di ng
chanber 15 is provi ggﬁ] Wgtté] A, PhPSwdaf SO gmlatéyg&gh&ri c
pressure in the vacuu ' bon |sn3 c}ga_n%e? i{::{{h?romﬁc"i&e[{r}\gess_ur| zed state and a
val ve 22 which bfbbd@eméRe 0¥t hdeonfdoReaitl b Ohntdiedt R8s ke fOEhuck. _
introducing gas (air) into 15 the vacuum bondi ng chanber 15 or shutting it
off . Hergesthe pipe 21 is connected to a pressure source such as a punp
(not illustrated), which controls the speed of the gas entering the vacuum
bondi ng chanberDESCRIPTIGK QN drie MENITIANt t he pressure source need not
al ways be a provided.

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, Y and 8 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 be described later is referred



20 The side of the vacuum bondi ng chanber 15 (opposite to where the

af orenenti oned gate valve 17 is installed) is provided with an atnospheric
relief valve 23 conprising a plate-fornmed body for bl ocking the
approximately circul ar second opening 15b forned in the vacuum bondi ng 25
chanmber 15, and a cylinder 24 for allow ng this atnospheric - 13 relief
valve 23 to be separated froma second openi ng 15b. As described above, the
pressure in the vacuum bondi ng chanber 15 can be brought back to the

at nospheric pressure quickly by allow ng the atnospheric relief valve 23 to
be 5 separated fromthe second opening 15b. If the aforenentioned pipe 21
has a cross section of approxinmately circul ar shape, the dianeter of the
second opening 15b is preferred to be 5 or nore when that of the pipe 21 is
assuned as 1. 10 Further, the vacuum bondi ng chanber 15 is equi pped with
nul ti pl e wi ndowk® 285 f'Gowss ERPERGatRed dmO ¥t thessubshraget e hedsepnand

| oner substrates 33 and 34 through the nmark identificatign hole éngt
1 ustrated) foR PRSI S THOBBURFS A of THLASH 1 BPPRR SURRRT TR 241 o

canera 26 15 shown in_Fig. i S used to opserve_the aforenentioned rk.
This camera 26 rreasﬁrsé%b%lrealﬁ S’éﬁ Hfugfﬁ ﬁé’rng?ﬁg?'ﬁg %ﬁﬁfﬁ sngg
substrates 33 agﬂq 34 ,T‘?r?%e 9 is equipped with an electrostatic chucking

el ectrode (not | ?us‘%fa ed) for sucking the | ower 20 substrate 33 by static

el ectricity or SUC_tA%Jﬂsceral%eiiﬁ@rstaygﬁg@rIVi ejatﬂ?fn)%g?}e@sﬁtrﬁz%@ibﬁor

provided wwth nultiple electrostatiC ch many areas

el ectrostatic syeté@Pstdfecsd easl avd €34 resn Oddd e i gt venpgkevati ons
of this electrostatic chuck is routed 25 outside the vacuum bondi ng chanber

15 to pernmit copdrolons-SiA siandash atecdroaiddd oK. friwe 1

el ectrostati c chucking nechanismis a bipolar electrostatic chuck
conprising two sequeneiphlys dThecKecY ragak$§, stdge!slensumeuntbed s heatlies, to
be held under 5 vacuumeven if there is a change in the size of the
substrates to benlgohtamedr apdthe subderaté bpadisgninibSBeipsugpoctiedThe
follow ng describes the el ectrostatic chucking nmechani sm nounted on the
pressuri za®i on BY & EirshL emee2 REBIRRG nRCHpHIaNRL & oWiRE FIWCEPSYMASI ¢

chucki ng 10 nechanj s unted on the table. Figs . 7 and 8 show the _general
| ayout of the bf'b%?%ﬂ‘g%)e%r B huckTRER- e Sy Sdrinde SERTR an,

oSS ANt LSS Ttk il R S B Bk, o o
Lo L RN SR Guonde (i da SO Ch e, el pol Susabigds 234
approxi mately rg&é@rmpearnehdpeail §eeheVetdrend¥ ioned S1, S2 and S3:
15 [X, ¥ and 6 Stage]
The X, Y and 0 stage S1 comprises an X-stage 4a arranged
on the frame 1, a Y-stage 4b arranged on this X stage 4a,
and a 6 stage 4c arranged on this Y-stage 4b. The X stage
4a in the present embodiment is designed to move the Y stage
20 4b and 0 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 6-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

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



20 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 25
positive voltage to the el ectrode 23A and negative vol tage - 15 to the
el ectrode 24A, thereby allow ng the subgtgate 34A to be electrostatically
chucked onto the pressurization plate 16A by Coul onb force or Johnson
Rahbek force. The bipolar electrostatic chuck shown in Fig . ( b ) has 5 a
pai r of conb-toothed bipolar electrostatic electrodes 23B and 24B that are
enbedded in the pressurization plate 16B and has a dielectric enbedded
therein. Even in this case, this bipolar electrostatic chuck applies
positive voltage to the el ectrode 23B and negative voltage to the 10

el ectrode 23B, %f 4R MEEEh O s BhETLEEeMIUAL t B BRTRNER 3 ERtAT Al | y
chucked onto t ressuylzatlon pl ate 16B by Coul onb force. Here the entire
dinensions of bf blpolar el ectrostatic el ectrodes 23A and 24A shown

in Fig. 7 a) 150§ éa%l %r el eﬁggﬁétfu&a‘}rﬁh q__ggeio‘%g?he Su%r%’trghown

in Fig. 7 (b) are |gh |y er 't hose 0 ate

34A. B t t
di mans%/o(r:lgno; at e su sf{ §tén a(’@jlcrh)ee g%ﬁé 4*&%1?{9%@ Ep% %%%eréc\l\%glirﬁmgpfoentl re
el ectrodes; In ﬁfﬁ{ex\weﬂsarmelneaciaghh?wtlb%% éﬂ@e%pwael Supp&se 8 (a)

and (b) is electrostatlcally chucked by fhe pressurization plates 16A and
16B equi pped WddLuam0bals fbestE@ohHHLY huges4REhebayYh rotdriydsearindg a )

and ( b ) , sone
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 S2 to be described later. This serves to maintain 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



25 portions of electrodes 23A, 23B, 24A and 24B are | ocated - 16 off the
substrate 34B. This is because the pressurization plates 16A and 16H are
designed so that a big substrate can be pressurized. If voltage ( 100 to
5000 volts or thereabout) is applied to the electrodes (dielectric) 23A 5
23B, 24A and 24B partly exposed to the vacuum state (a predeterm ned
depressuri zed at nosphere), electric diqugygp occurs fromthe exposed
portion, with the result that substrate B and el ectrostatic chuck nay be
damaged. As described above, it 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 el ectrostatic chucking force required 15 to hold a | arge
substrate, so BOPdiRg ¢%a%?rd45sgbﬁﬁﬂuﬁ§ha“lk@§uil§) ERuBOrEABERGIYRST ect i ve
chucki ng and hol ding of the substra# requires the entire electro

di mensi ons to B&° F\%ﬁ?F?tgﬁaﬁ énd; gr?'"c AP FH 28 SR 2 1T S ent

S
, th h d, d i 2 f.f ] ltiple liquid

Lystal substr 9t E0TAR3ES Ao Ehgo YR iR, PREATEeS ashoeRa TR D AR, Bo i ¢ ol

crystal subst| ' . | . !

bondi ng of - subELFaEes Lo i B1AES FEHriaheaidle it SHERE AN

substrates cut «Quredb LheHBLABLURCBSfu 2Ry AifanfiRe 19, e sHoR PhGdupt i on

line in some cases . In these - 17 cases, It is necessary to divide the
el ectrode in canfoffl tyis cdde, e tibilh® sebptbrigeanditn € Wdwdhat the
vol t age- applied el ectrode (dielectric) is not exposed to the vacuum state
and el ectric disadsaraeedi®Eaonehininygidurmy’sedles¢ idiesl dabavepetilimter,

el ectrostati c chucking nechanismin the present enbodi nent uses two or nore
pai rs of el ect nddeavibdeputuringregenspgeli ddbasive t7Thandldguidsimtstal
chucki ng nechanismis designed in such a way that nultiple electrode pairs
each conprisi ng%wThe pressupieation ptate bereairigficiheambery d a
substrate having the snallest area are provided_on the pressurization
plate. 110 s asShbssrateeBdctrobeabradedutr ERpabrEesf SREREFARY $dth | arge

d |l bstrat i tchi,ng i formty to the si f.th
lbstrate tho el octh G SinGRERISY a4 dar (pEFhaoReaRe) FERGRPLafEs are

applied. The bipgl.ar elechnoshalhg aluck iReg04LPoad wikD yel tage
application nmeans 5 applyi ng vol'tage o a deSired electrode pair. For
exanpl e, the afqr i V. ;6L | SR SEARS Yo% 9554 in
such a way thata‘fp?éﬁ%xft%%@%&%é@%ﬂb?ﬁgsl heﬁeleéc?r oden?ogr vo?%aggri
appl i cation in fenhabiklingt @htiBe r3ast bakBsnh0168 Bendedot pgevhgeqas
required. Alternatively, it may be configured in such a way that a desired
el ectrodesi s sehegieot .l OHegacCthéd eadedvalbet I atis esdgelddrtbabe | fredliyer i ng
various types of 25 information on the di nensions of the substrates to be
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. 1In this case,



- 18 loaded into the system Fig. 9 shows the pressurization plate 16
equi pped with two el ectrode pairs each conprising two el ectrodes . For the
sake of description, assune that the electrode in white-out lettering in
the drawing is a 5 positive el ectrode 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 gggiigured so that flat el ectrodes
of approximately 10 rectangul ar shape 23D1, 24Dl1, 23D2 and 24D2 are
enbedded i nfour recesses of approximately rectangul ar shapefornmed on the

| ower surface of the pressurization plate 16D, and the surfaces of the

el ectrodes of approxi mately 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 with the bottom
surface of the pfddwudiametrer qff 4he figrst PRetI9& igakdhathpf Higspaend

el ectrostatic chuck applies positive voltage to the el ectrodes 23D1 and

23D2 to make 20°RfRhASi Pt 18nke NPt iBESy ol Hekf the ¢hameteEatolBe 24D1
and 24D2 to nake.them negati ve, reb he substrate is electrostatically
Chucked by the EHESEFHBRT b IR 002: 65 AREFEMFEFS Y4, Sk Ao RPERH the cave
of a |l arge upper,.. substrat D i I force 1s,p by

appl i cation of %/%?#aagév o%hgfCl E@ga‘gég oésgc?rg%ggggfs%ia%%f, Eggﬁg%gﬁa 24D2,
and the upper s r i a ! i f4 Q) in
Fig. 9 (a)? Fur? 2&,?%% t he b%g%Qggggﬂgngﬁlfﬁéggéqéﬁbsf?éggl§§E,§§g§£ssary
and sufficient ghyskiagdef 95Cor | fraeLPidedrdbeRIYNtEHt Gheditovol tage to
only the adjacent positive and negative poles (a pair of electrodes 23D2
and 24Dl arranggéptrésiheiXa€idn tdo Hott g tvierpft He &7 duuras Wonédinigon pl ate
16D according to the present enbodinent ) , as showmnin Fig. 9 ( b) , and
t he upper substchaémbdp B30is sevadwmiraddast dimbrhelhet ifiirsasiekhanst! pipbi 80aase,
no voltage is applied to the remaining el ectrodes 23D1 and 24D2, and this
prevents el ect r&s wiildchadgscinidedobater i nForagxampleewpendtheadiametaods. As
descri bed above, when the size of the substrate has 15 changed, the
substrat es0of seFevel, OPHFeEirt AR PiPannpbaliedijag Hhekddanater
vacuum and held._.in Eosition by increasing the nunber of electrode pairs to
3, 4, 5 or theeFPRBIRGd REFIFMAY & ik 1§58 Lk RXRSHIAS™Se. I n ot her

2@2?2& i é vt o”“L%aéﬁ&'a%b%gh#YSv%iné%ﬁ#ﬁ%ﬁrﬁiﬁ#ﬁmé?gﬁ%ﬁ%&? % eérLeCsﬁE“Ek ;
con t Ly . t
Substrate can bERiERed Bl nara R BUAEHE ke F5CIE The Bifhler

i ndependent |y ofohfen§i AP hef ptBSeRE RSV herdd ikNabb8t ¥ &L B gEROGH:MENt,
a row of el ectrodes provided

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 requlate the exhaust speed. 1In this case,

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



- 20 in the lateral direction are shown as an exanpl e. However, the
present invention is not restricted thereto. For exanple, nultiple rows of
el ectrodes can be provided in the |ongitudinal direction, and also nultiple
bi pol ar conb 5 type el ectrodes can be provided. As described above, the

el ectrode for electrostatic chucking electrode is a flat one of

approxi mately rectangul ar shape in the prgzent enbodi nent. El ectrodes are
each mounted in nmultiple recesses of appro&inately 10 rectangul ar 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
chucki ng el ectrode nounted on the 15 table is connected to a

positive/ negative D.C. power source through an appropriate

posi tive/ negat i greaber chipéccvati iofl Lhei sepordtéxkawst rmigee 200 ol thee is
applied to each electrostatic chucking electrode, the |ower substrate 33 is
el ectrost at i cal pyegentkembeginert i able 9. 20 Here the voltage applied to
each el ectrostatic chucking electrode nmay be honopol ar or bjpolar wth
different polaritieShewiHs ?léna?%gﬁﬁBP%cpoﬁ‘rdég’sﬂJ&éa‘F‘geFﬁst PyeuidRa
bondi ng chanber 15, it ..is preferred to_use e.af orenent i oned 25 chucking
met hod by meancvfh PR Starategn RiTe 11 wnleR SPENASNI0 FRpEtve

el ectrostatic c ki LS ectrj [ | .Qur eto

el ectrostatic d?fél% hja(rgkg%ki ?bﬁﬁéei%aeé s%t #lg%/"gr o%]qgrgaﬁl%%eétllv\eugﬁﬁt h(enq#ower
substrate 33 an yhi y. mb&t i da eakoywer 5
substrate 33 org%ggggfgeeiép6€kgﬁpf%, gﬁh?ﬁ%gﬁ%hegpgg%§%9%?e3§3$?s first
brought in contagéeaibathe sablend AEKk isot@ i QP 1O Wafayam sucti on
is perforned to reduce pressure in the vacuum chanber” since it is
surrounded W t he B&VREPOLT bENH! BS St €alldw infovintdret riad die Merdiasal

el ectrostatic chucking after pressure has been reduced to the point where
el ectri c di schadieecisn nohroeghirthdaul e uiirmeed hiol el8a tableomnected to the
suction valve (not illustrated) provided outside the vacuum bondi ng 15
chanber 150and i s cBantberd thettrp wictbs paepupneending sthambat) 15hisugh
this suction valve. In this case, a bypass valve is provided at sone

m dpoi nt in t hePHPHEdesd wath | RERE ndl t&P% Hee T Hpdpphdhe ahmasphes ifacuum

suction rel easing valve or introducin ressur S. The state of 20 vacuum
suction is forcP ??/SVE?eh’éeHh%yv?‘é‘F‘é‘?ag‘?cg‘b‘%tW t%%s‘%‘ue&é’m{ hrough this
vacuum suction rel easing. valv r introducing,pressyre gas. The table 9
conf L gured it AFRERERREHBY Fhalle, B § NE TRl Rt S e DRt TR E B bfor ¢
colum 10, as ri Vi y m ,ar t; I .
pressurizationdgigfggggtfgg(gatﬁgéﬁg%%ﬁgp%%rﬁ??%Qgﬁ&g$%§?$%s¢£§Pclgﬁacking

el ect rodel% Fr chRe G dBoHARRE HxHETAE § 03sABEL THG titPbersuaidanthel es

16a. As w be described later; if the pressure in fhe vacuum bondi ng

chanber 15 is rpdpeesh W4 edriedtfE o 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 a cylinder 24 for allowing this atmospheric



5 substrate 34 chucked by the pressurization plate 16, the chucking force
w Il be reduced and the upper substrate 34 i nmay be dropped. To avoid this,
a substrate holding paw (not illustrated) for receiving the upper
substrate 34 at the position slightly bel ow the pressurization plate 16 10
is provided in the vacuum bondi ng chanber 15. This substrate hol di ng paw
is arranged, for exanple, to conforn1to_tp% fwo angl es at the diagonal
position of the upper substrate 34. It is [ifted and held by a shaft
extendi ng downward fromthe top of the vacuum bondi ng chanber 15. 15 To put
it nore specifically, a shaft is inserted through a penetration hole forned
on the upper portion of the vacuum bondi ng chanber 15 (not illustrated).
This shaft is designed to rotate around its axis and to nove in the

vertical direction, In this_case, the shaft _is 20 covered with the_vacuum
vonl oo that s e liet RIS RIS Bec o rRta bed dr ot a; SRS SRAAIST Y.

hamb 15. Th f ti d t at.i f th haft i i by t.h t
chanber 15 ThISEEIAEE 10 oL NS Sheltnd S B b Le rotary
t o th i | i i i i 5 [ N {

rovernt |1 (N aLed LS LOBubR AR LAY SR AL BOLCDBENRCT
b , bst t&8$; : td ti |
shove, SubslT GRS 3 S boRebatlan DYl BN D SLIER!

there is M in deiaranee mED tie dddod og;em | 13pagenE ghkpped on the
| ower substrate 33 is spread in the extending direction of the main surface

of each of subsifatemerdliarst Bdpe Vichas areresd sesedoaust Apprbiraisayi s

connected to the suction valve (not illustrated) nounted outside the 10
vacuum bondi ng cirgblear Bhapler,otgh dimngliere o¥9thansed¢end apearired 16b As vacuum
punmp ( not illustrated through this suction valve. In this case, a bypass

pi pe for rel eaRiRfaxred fodpbérar maregdten hhat vdft the pigleedtiisgassimedi s
provided at a mdpoint of this pipe 19, simlarly to the 15 table 9. The
state of vacuur@Suction is forcibly released | by releasing to the

at nospherg, through this vacuum suction re|easing valve or introducing
pressure ]g)as. The pr'es Fzggﬁd’ﬁ%"é&@& LRDA Pg’ﬁf‘édlq hS A BREEL R s |

suspended f romr&ﬁecj'gprlaevglihggwgazs; f%% é]})soexb\?irﬂf%%rei ntljaefjk 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



20 later) of the Z-axis traveling stage S3 through nultiple support colums
27, and is held in position. A vacuum bellows 2 8 having one end f fixed on
t he vacuum bondi ng chanber 15 and the other end f fixed on the traveling
base 29 and consisting of a telescopic elastic body 25 covering the support
colum 27 is |ocated between the - 24 wvacuum bondi ng chanber 15 and
traveling base 29. This serves to maintain,the depressurized state in the
vacuum bondi ng chanber 15. Further, as shown in Fig. 1, the top of this
vacuum 5 bondi ng chanber 15 is provided with the tenporary securing
mechani sm S4 for hardening the ultraviolet curing agent 53 for tenporary
securing placed in advance on the | ower substrate 33 by application of both
pressure and i ultraviolet rays, with the pressurization plate 16 in the 10
rai sed position, subsequent to prinmary pressurization to | be descri bed

| ater (subsequefPIt8apbnalAgtEepEatHE @WK and 34 together by pressure in a
depressurized state The foll owi ng describes the tenporary securing

mechani sm S4 with répérGHEEtFBSﬁPB? ochyek g ReGRARIFY S ArkiRPIEChani sm
S4 conprises; a Ig ) Q | der 4% consistin 'Oft? cylinder for, holdi ng glass
44 instde i1 om ERECERRCBBFEF ooy BCSTRAE 11T b AR G o fber 10)
electrodes, which ensure the substrates, to be held under
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
10 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

15 electrode.

The bipolar electrostatic chuck in Fig. 7 (a) comprises
flat bipolar electrodes 23A and 24A of approximately
rectangular shape embedded in two recesses of
approximately rectangular shape, respectively. The

20 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

25 positive voltage to the electrode 23A and negative voltage



a hollow cylindrical pressure bar 69 fixed with this 20 gl ass hol der 42 by
a screw, a ultraviolet fiber 45 for ultraviolet irradiation | ocated 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 bondi ng chanber 15
t hrough vacuum cut-off O ring 46 and - 25 conprising a cylinder through

whi ch the hollow cylindrical pressure bar;60_is inserted; and neans for
traveling the hollow cylindrical pressure bar 60 in the vertical direction.
5 Traveling neans of the present enbodi ment conprises; | 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 I 10 a connecting f fitting 4 8 arranged on
one end ( top end in Fig

h | | | i nd bar d
L i xed on the ope? a*il?%&]seé'&’ﬁo)@r‘? @ﬁtf’a\e/EFgﬁﬁgév 9",;'36;9 t’ﬁ@ g;‘r‘ﬁ)nss?huﬁrég 4S4A60 -
51 d t he fl th he ho
eyt it cal ' pr oBERE Shiooduart L 36 RS ek e VEerPeatéarin.i on
He t |
ere I the hol | ou ovi g} c g&@g%{&@% RS dahaidie 21etd o2

direction, the SO noves I n vert
The bipolar electrostatic chuck shown in Fig. (b) has

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



direction. In order to avoid damage of an ultraviolet fiber 45 extending
fromone end of the hollow cylindrical i 20 pressure bar 60, the extended
portion is fixed to the connecting fitting 48 by neans of the fixture 55.
Fixing in this manner reduced the stress applied to the | ultraviolet fiber
45 at the time of vertical traveling, mﬁth the result that possible rupture
can be avoided, for I 25 exanple. The tip of the glass holder 42 is
provided with a | cylindrical constrlctedl%rea in contact with the | ower
surface of glass 44. So as will be described |ater, even if the constricted
area i s pressed against the substrate, 5 no pressure is applied to the

adj acent ultraviolet 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 gl ass
44 is not direcifthppuksatrare BéB10 Bubstisdvecavse Ohe pyesdur bzavienum
shut-off is arranged on the joint end between the glass holder 42 and

hol | ow cyl i ndriRlAtes ésﬁs‘hraél&)éﬁ%@reaﬁesaﬁngdr Fﬁgtgstférb%fgtc%@m%ﬁ%f@e off is
nmount ed between the gl ass hol der 42 and glass 15 44. An O-ring 46 for
vacuum shut - of f<8% %Eﬁ?é&ub’é?ﬁéen thealdiasudEateo ofo t%éo\g’QcHBHBo‘Pﬁl ng

hanb 15 and t rf f the fl 50

P anutof f 16 IR AR Dot RAEP IR FATDE BLETRORSS riae e o tnd
th t th I I r hi

ar ?ag;erenren e;r:a dl ns}}ha‘é‘eddre}qllH %s&r irle% ?t %d |%§ Qﬁ§5%§8§&%asgggl n I(:?larrber
15. 1I'n other etIaSHYE d %u'}&'z'e‘awa‘&)ﬁb'spﬂ%k‘é‘i' 8&%8%5.‘&8 bar 60
reaches the at spheric pressure. Thi's portion uti i | ace t he

ultraviolet fi @fs&ﬁﬁ&%@éhr&off&@tgé é&ﬂlﬁé@b@rﬁ.bﬁc"ﬂ@ﬂ lt‘!‘le(f@éuPE(a”m e,

in the vicinity of
that substrate 34B and electrostatic chuck may be damaged.

As described above, it 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, 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. In these



_ 27 _glass 44). Since the ultraviolet fiber 45 is nmounted in this
position, there is a very little attenuation in the ultraviolet rays
applied to the substrate. There is no need of installing a |arge-dianeter
condenser lens. For 5 this reason, the material characterized by the best
ultraviolet ray transmttance, for exanple, quartz glass, is best suited as
glass 44. Multiple tenporary securing nechanisns S4 configured in this
manner can be nmounted by studying the eff&ltTve 10 bondi ng position, if
practicable fromthe viewpoint of designing. As shown in Fig. 3, it is
preferred to arrange themat two or nore positions on each side of the
substrate (above the ultraviolet rays curing agent 53 in Fig. 3). Further,
i f depressurized state in the vacuum bondi ng 15 chanber 15 can be

mai nt ai ned, the tenporary securing nechanism S4 can be provided with a
travel i ng nechatases | hat bs | wesederry ard alivirdes elhenglectiroeiesumst rat e, and
one tenporary securing nechanism S4 can be provided on each side of the
substrate. 20 [Zemnkosmitavel thg sizgelf The stbmtiratte andl tmensuagethat
conprises; a traveling base 29 for suspending the pressurization plate 16
and hol di ng it ;the veditaga-depldedantedtvodeddiedegd rilker 2dMmot2expogedt i ca
rail 3a ( Z-axis direction shown in Fig. 1) . 28 engaged with this

| i near gui de 30t@arfd$VacrEBSAFS Hé‘df?g%t%’:c disepagge oHmAt 89CBEui pped

LD an oupul Shal ! dekeiBedasol! Pl i p A AR bRl 31 LD
or on9aged, vt el cuh A c RO bRt SHEeH Btih bRl B T 5.
(20 ouond, L2185 oDt Bouel ety ol 0Bk Tepts eSS Egp o) ectl
direction. [QpegpbtPro@tat e cHblKindt Red il 410 i8PP8E Bdned 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 entering various types of

25 information on the dimensions of the substrates to be



The foll ow ng describes the operation of the substrate 15 bondi ng appar at us
according to the present enbodinent. Here reference will be nmade 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
seal i ng conpound (adhesive) 37 in order tg confine and seal liquid crystal
in a predeternined frane when thesubstrat § are bonded together. Sinilarly,
a continuous frane 54 (hereinafter referred to as "dummy seal") is provided
separately from adhesive 37 so as to 25 encl ose the aforenentioned frane.
Utraviolet curing 29 agent 53 is provided in a punctual or linear form
(having sonme length) in the vicinity of the substrate end of the dummy seal
54. A predeterm ned anount of liquid crystal 39 is dripped into the liquid
crystal sealingléaded Bntomhe sivsdeadheEige BEhaws e pressnrigabéannent,
the substrate with this liquid crystal 39 dripped thereon is used as a

| ower subst rat epkate |4 sgpdppadssithtmelkecirode PaLiRsteaFh FPARELSERAIsuch

cases, the ultraviolet curing agent 53 is pravided at approxi mately the
equi val ent 10 pb¥? 1§ BCtraiesyer FpReERE Pgnd%?c’c'h%th%‘gera% FéPE 34

ith the fil f faci d d i d.f t bptt o i th
il e 1 syl sce, Lachgo oerd s SUEKEL IGOm s MG, Vsl he
bondi hanb 15,.Th 1 t fi i 15 f

Pon 0 Sharbery g FhETel Do aa 0% i el S I g 10 152 O

is inserted intg;the.ygcuum bonding chamber 15 fromthe first opening 15a.
The pressurization pfate 16 |l owered by the operation of the electric notor

32 is pressed agai ngt 2fol/ReiHPPEg. SYbsh| ahkd 3dp) Aftee Bigdrasuction of the
hand is rel eased and the vacuum punp is operated to all ow the upper

substrate 34 toebectbskestby ¢heclprassordiasd iten thlealpeek@nttheabglinbat
suction hole 16a. Upon conpletion of suction of the upper substrate 34, the
hand is retractes @onbigunédtbe viatufi dorelient e erf Hpproximately
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 23D1 and 23D2 to make
20 them positive, and negative voltage to the electrodes 24D1
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



- 30 Then each elevation pin 35 is raised by the operation of the cylinder
36 in such a way that the tip thereof will project fromthe top surface of
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 substrate 33,}s_transferred onto each

el evation pin 35. Upon conpletion of the } ansfer 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 byatheeledtro@esmmBRi sl ,z23D3n apidat?4 D26, ankde thgl WPPEH t he
side of the first exhaust pipe 20a is opened to di scharge gas gradual |y
fromthe vacuun$%bﬁ€¥ﬁeec%§%bh$ Shnaked apgl hald ﬂnnﬁpélgﬂé@hfﬁéaFPQWnin t he

present enbodi nent, the initial_state of the apparatus is set in such a
way that the fi+BtFifd Lebdhd é‘ﬁ?ﬁ»ﬁr 'pilﬁe§%?05a3ﬁd°§08 aF‘g&goPRPEFosed by

h i hi I U i i f th b 33. 34 bei
L1 SuLoh ng VELNECRBON LT IR 0n, o U bsLroleh, 20, A3 DL

h t pi 20 T j i f. & d i
Sanaust plBe 208caindh vl 00E0EH AU 41 HIARL BeuTEORC SURURL PP

chanmber 15. In 1 L$s 'é&hﬁg ; i first
exhaust pi pe 20%8\%\?1'[:%@?% sncglﬁgﬂ%t%é?é setéj? g ﬁleéglffg}réaeﬁgﬁtf?gﬁidi%ba% Egdi n
such a way thatiynayeyaRgedUbst €3¢ 6idth ARf oF drs Wt fgoraas flow,

scattering of liquid crystal on the | ower substrate 33 or freezing of water
content due to gepseaBuUzatadh Opl&oe NDED cerrd e tlvire gSrdsemt i r st
exhaust pipe 20a is closed when 10 the pressure in the vacuum bondi ng
chanber 15 has embotiwent py aded mown nadrieve|(bdyeand tiiesuppegeubktgase

t hrough the exhaust pipe 20a, - to put it nore specifically, when the
pressure 16 the3¢Bcisnchepkedgarnthandkd U5 pasisiiary bynatpisssase,gaage (not
illustrated) has reached the level 15 where runaway of the substrate,
scattering of |VeLFager8taPPhIRA (e dheF IR IMding: Glectdragst 2d81nardoccur
even if the exhausi speed i|s raised (for examl.e, when [he pressure has
been reduced toggﬂé'éﬁdeﬁlﬂl? Wé’tevﬁﬁ’ﬁéreﬁﬁ‘hHJr‘gBé‘s Ha§8€k%5°rﬂ)§c§85ﬁ18ﬂ'force
i s not separateg% . 20 Tgen t he val ve q%‘§§§ second exhaust pipe 20b is

opened and the p é%guF% i REt9e '%dﬁﬁ?‘%ndlng chanber 15 is quickly reduced

to the fevel requi rﬁgé&@{]@eéﬁ%b@tﬁeﬁs%ﬁ%@ig’é o(faPHHgs&sﬁgxhd;%thst he

present enbodi nent). re the pressure 1n the vacuum bonding c er 15 is

l'ower thaps25 tBRafyed| ¥hd 8BSt PALESR fUBBOEravVhSid 8 3uneitddiBan - 32
current pressure level, so the upper substrate 34 is separated fromthe

pressurizati on pkaterdby thuexed,uhder |vaeium Whidarelaf ihedqyiasison ibgation
plate 16 is equipped with the aforenentioned substrate hol ding paw, and
t he 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



5 substrate holding paw is driven by the aforenentioned rotating actuator
and el evator actuator so that the upper substrate 34 in positionis held in
position. This keeps the upper substrate 34 in the specified position

wi t hout being separated. 10 As descri bed above, upon term nation of
depressurization in the vacuum bondi ng chanber 15, voltage is applied to
the el ectrostatic chucking electrode to_epgsure that substrates 33 and 34
can be sucked by the table 9 and pressurization plate 16 even in vacuum

t hus, the 15 substrates 33 and 34 are chucked electrostatically. After
that, the electric notor 32 is driven to |ower the traveling base 29 so
that the upper substrate 34 is brought closer to the | ower substrate 33. An
identification canmera 26 is used t'o observe the position adjustnment mark

| ocated at 20 the substrates 33 and 34 and to neasure the displacenent

bet ween subst r ate&hg3l arr 8l dipgsEd4oBRuHFROWR ASURR BEP lehe BPER¥RF ons of

the X stage 4a, Y stage 4b and 8 stage 4c are controlled, and the table 9
is moved in the“l‘fi)rli”-i%?'ﬁ%ﬁL Nyt ioh, 1§ Qtefpsdidqtiety thegRterech ¥ on

itioni 25 b he |. b 3 d b 34. -
poSTL)1 10, 20 BELEED, B B AP R Al g Rl by
29 is f h I I j . I d
29,05 40T, LS ARt A AL G LA SOGTI 23 RS el an,

adhesi ve 5 37 i?zéé!éfghgiééﬁﬁjgéaiggné}dnggdql. Then the primry

pressuri zation m nat es. sequent ‘to the primary pressurization, the
vol tage applied to pfeycseeivastaidve Chekiengcehreger ede eietbfostatic
pressurization plate 16 is cut off, and the electric notor 32 is driven to
rai se the 10 pregsekigqtéacipiaie iH.a Hiat 4o appeoxtinaeedl, the
substrates 33 and 34 subsequent to primary pressurization. The interval

bet ween t he subséctadmeuBE8r arichp®! innthéi preseset iembamdldment5 nEteotsodest hout
reaching the desired interval. So the 15 crushed anount of adhesive 37 is

i nsufficient, aavetérckomeunrtedirion Wiltip eadiesssses3pivapproyinatelys 33
and 34 is also insufficient (length of the contact portion is

insuf ficikht). rectan@zlay shape st FuEtberpohBPn§uria@es ebnplete. Furt her
liquid crystal 39 in the frame of 20 afhesiv 37 fails to spread with the
result that a b?be%%%?ﬁ%gzmﬂmng BFEATENITH (ShGUFEPFYate 88 TR the
pressure in the_vacuum bondin hanber .15 i s, changed. fromthe depressurized
state to at rmsp%%l?f%) p’a‘reess?l?rv ) € qu'gﬁ %&%%?%% . ,rga&q”tgel g‘aéﬁp'?%%gﬁ%? ely 25
uni formy appli g i -

bet ween substr a?ggh 352%]6&%%5% %%eg]f%%e%g%‘%hnezgaégscﬁ}%cg p%gg}\f()é?g%
depressurized s§at enp Q1 RXFEREAL IWN@RuERENGUBSEEREEGe 3RodREeddo NV e
di mensi ons of 1,200 nm x 1,000 nm atnospheric pressure is applied if the
space 15 table is connected to a positive/negative D.C. power source

in a

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



5 between substrates 33 and 34 is in a depressurized state. Then a force of
121.6 kN can be applied. So in the present enbodi nent, secondary
pressurization is performed as will be described | ater, 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 atnnsppef'c_pressure subsequent to primary
pressuri zation, approximtely uniform pressure can be applied to each of 15
substrates 33 and 34. However, if the pressure is reset to the atnospheric
pressure suddenly, the adhesive 37 is not sufficiently crushed, as

descri bed above. So gas introduced into the vacuum bondi ng chanber 15
breaks the dummy seal 54 and adhesive 37 to enter the vacuum space 20 40,
making the liquid crystal board non-conform ng. Alternatively, in the

m ddl e of feedibrpaige sy eac R Station ahwckimgs gise tis@dpr edegtsic
conpressive force is applied to the seal ed surface of one of the substrates
and tensile str&HAMMIIE bt QFIY e Soaed@cdrosied i6r disehasas: Bér

substrate, as in the case of the atorenention?g Erior - 35 aré exanpl e,
n

with the resul t*R9ER 1 e} 3ot AL REOIRRE GGt ABRh SR TS 34ndnf over
bstrat 33 34 Thi AN I, d i dhesi 37

ona-dummy seal BRI 1 ndis! PassEESHRG tRetRE ARAREE, SELhESIERRTTT g out

5 Thus, - ] | O tal 1 b . |

This probibm PP RS 4 U L0 R BAS il e PufiEAOLAL 1006201 12

provi ded apart éxft‘}gﬂxté\?e adhes v§ rit udREY nSeBhtadt! RitACehtYtable

pressurized until 10 the final gap (adequate, nanely, desired substrate
spacing) is reachgl isURSEUENHdsA tAONTBY Y cRURSSHE E Zad 11N peR@oRmel té O
secondary pressurization. After that, the ultraviolet curing agent 53 is
subj ected to ultedude|piedgurdiial ithie vdvanmbyhamberi 8dncendaer dsy securing.
The 15 follow ng describes the tenporary securing with reference to Fig. 5:
In the first stsapraumsgd mdeh d8mgspherio Fepsutd.s Ttileprederowdrte he

hol I ow cylindrical pressure bar 60 from above the ultraviolet curing agent
53 in subltrat estBF ST TLatife ahiyrking REtegn pressuge past Peenof t he

gl ass hol der , . .
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



42 is used to apply a predetermined to each of the substrates 33 and 34 so
that the space between substrates wll reach the final gap. Under this
condition, ultraviolet rays are applied fromthe ultraviolet fiber. The
ultraviolet rays 25 are applied to the ultraviolet curing agent 53 through
t he - 36 vacuum bl ocked glass 44, so the ultraviolet curing agent 53 is
har dened to provide tenporary securing. Wwen the glass holder 42 is pressed
agai nst the substrate, the pressure is Er%feTred to be 0.1 to 0.5 Mra,
although it 5 varies with the ultraviolet curing agent 53. After tenporary
securing has been made as descri bed above, the cylinder 24 is operated and
at nosphere rel ease valve 23 is opened to regain atnosphere in 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 dpmEqeipped suildt nat ese@BrasitaBic athrrlkeing sllestratiesf88 and
34 are subjected to post bonding. As described above, subsequent to prinmary
15 pressuri zat i euTkirg ddyer eBREY iSyds taadee3 4 mnskoul bipte apyitiieh holebe
ultraviolet curing agent 53 for tenporary securing provided at other than

t he seal ed portl%%-(gﬁh@%ﬂ@eb87§eﬁﬁﬁﬁ?e§e%@t%ﬁh)l dhe pressige dpethanti

th i t i har d d. Th th t) i . 20 i th

et b e e R BRI I s et Miths thee GRRSE. bonded |
ith h oth i to th fi ti f t.h t .enbodi th

S aventl 1 ne' snBEEELEl I RBEAC Y LA N A AP afanphe ™
t dtoth i pond i i k

of 11quid oryst o gRBRY I LETT B rddudst BERPLES T B uBLRLRT, 487000

in the half- bor}ﬁ'@f B A edll SBbI SHFEAL DAL Wee R BidRshial ﬁsidéﬁgdﬁé‘ts%l bed

above, when the step of bonding has been conpleted and pressure’i e

vacuum bondi ng cherian ukr fateas £eachesk thmptResSEPSE: uBassEE 1t be gate
val ve 17 opens. Then the hollow cylindrical pressure bar 60 is raised to
cut off the volthgepappticad 10 ghtd yelbaQiowoshat peesbuchkizagiehepl atdel of
table 9 and to rel ease the suction through the suction hole 9a. After that,
each el evel i on 19 prov3¥ed sin dilsedacnymsiondginghehamblerf 16m thkisop of the
table 9. Thereafter, the hand of the transfer unit is inserted under the
bottom of the cEbsiratqbehding nasl issgreaged, £9r examplee|to ¢gnform

transferred onto the hand, and fed out of the vacuum bondi ng chanber 15.
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



15 After tenporary securing, the follow ng step nmay be taken w thout
regai ning the atnospheric pressure suddenly in the vacuum bondi ng chanber
15: In the first place, the valve 22 of a slender pipe 21 is opened
subsequent to tenporary securing, and pressurized gas is led into the 20
vacuum bondi ng chanber 15 fromthe pressure source connected to the pipe
21, whereby atnobspheric pressure is graduglly regained. If atnospheric
pressure is gradually . regained as destrfbed above, pressure is applied to
the substrates 33 and 34 gradually, and the seal ed portion 25 (adhesive 37
and dumry seal 54) is gradually collapsed, - 38 wth the result that
contact area between the seal ed portion and each of substrates 33 and 34 |is
gradual ly increased. This nmethod provides a gradual increase in pressure
di fference between the internal pressure of the 5 vacuum space 40 and the
pressure of thethacendndbridienghaf&nbehs ldgsatidreshaboveyr smypssirasesi 98
prevention of the introduced gas fromentering the vacuum space 40. For
exanpl e, the spaed Meavedonded copether by B IHPBAT CeHbAl ROVANERDNS. As
descri bed above, if gas is 10 introduced into_the vacuum bondi ng chanber

15, adhesive 37°f&he 6BRER: TR SHPSEEakeNRPHALRS Pa¥idCIN ROEPEFarEEbces

d to thixot t \\h t.h | t, h

ol easi ng val vebogthdt sfdbegfgwlfe&é'eaﬁgg’?%g?%@%? Wﬁ%ﬂé}%ﬂiﬁﬁéﬁos?}sgégéure n
th bondi ﬁb 5, dded t b t

5 and 34 5 To ptbenf Worebeddn e, npper, Spblettie "Hh, £ St rslgld%f'égi de
e et bondégg?ﬁgﬁggeél%écp &f y?&t%ﬁ}r?}l{]#a%V%fe % i s actuat ed

predeterm ned | éve |s cl osed "an e cylln

to open the at npspberecLd i#! £asi 44, val ve 23, whereby pressure is applied
to each of substrates 33 and 34. Then the bonding step is now conpl ete. For

exanpl e, to determ nRet B€oBERERE EoNRAEEhct FUEHVIE,1 63N igXpBhnEBAEAI o
conducted in advance to nmeasure the pressure where the introduced gas
ceases to breakthées2ot hoinesa e 3(hdto idnat MatedjamounmtedacatéideTohe
pressure - 39 value is set. Sudden regaining of atnospheric pressure in
t he vacuuh® bondvaguahapbrdind ¢hambkemh e haforgndiite grige didep anld dws t he

contact area of the adhesive 37 to be expanded with
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 Z-axis traveling stage S3 through multiple
support columns 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



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 ijs
reduced, and the liquid 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 tine. It is also pozgible to introduce gas through
t he af orenentioned pipe 21 and val ve 227 bSequent to prinmary
pressurization, and to performthe aforenenti oned 15 tenporary securing
subsequent to the above-nentioned predeterm ned pressure having been
reached. In this case, atnospheric pressure in the vacuum bondi ng chanber
15 is suddenly regai ned after tenmporary securing, and postbonding is
carried out. 20 [ Second Enbodi nent] The foll ow ng descri bes a second |
enbodi nent of twecwumbshordngoritimben ddarandis reordridindpase t29%e prhisnt
invention with reference to Fig. 6. This substrate bonding apparatus is
di fferent fromSSr{efttomaiptaiifotiendepressdr izedst@twdimthe vacohe -
40 followng points. G herw se, they are designed in the same
configuration. BYPHLRT i FhFRRLF slecifical |y, the tenporary securing

mechani sm S4 characterjzed by the sane conf iguration as _that of the f
first enbodi nent isﬁ%f#§%5EdX% {hPYWK}W:§&§~ ﬁdrﬁﬁﬁhtBP PﬁetsééuﬁﬁFBBﬂding
chanmber 15 . Thy ecur.in c [ S4. hgs the sanme functions as
those of the e%%%ﬁgi%%%h%§§ %" h rW%sélgﬁng%%ﬁie.mp@a&y} 8&EFE Y he
present enbodi npoty ) ey read,Si : b . t r uring
by ul traviol et raygﬂ?ﬁﬁkéﬁagﬂggﬁgﬁ¥§%€%£€ﬁﬁgsEFES%%%ﬁﬁgﬁeggF?ég éﬂ%ﬁginent
- Wi thout usings Ak ehRHdraFyPkBcd?ind b Bad®a Nt RAMGIdL B 'Ehtehfo‘)fﬁ\@f ki ng
time. As described above, this tenporary securing nechanism $S4 confi gured
in the present sydta®nts Prgy Pl ieakiage ok bofth pHéisdusieyahal due to
col | apse of the sealed portion and m salignnent of the substrates when

at nospheri c pr essturaviol étheayacuuithoritd pgesbariieatibnhpbate e iheghe ned
suddenly. Namely, this configuration provides the sane advantage as that |of
the firstl®nbodiasred pustitdeny shhseqrent e pouimfamyupaessnrprzateénnsta :
substantial increase in the nunber of conponents constituting the \
appar at us. Accd®liRFIoLRak lalest (srbssaNenkgtrebRBElnAdSBDPEFALEs D3 t he
present invention, .the distance between substrates on,the portion where
adhesive for t HfbPArSPIRLNGIBY iRFFISULS tR PePESHS beized 53086 ) o Bh®esir ed
gap in - 41 epressurized.state. At the_sane tine, tenmporary securing
i s possible ir1€§é§§%§?ﬁm;%ﬁQﬁﬁbgﬁ %ﬁetﬁ8m98§ﬁF¥ FﬁSPréhae@gggﬁnﬂg@t%.ce

bet ween substr | [ i-n the final stage. Further, even in
£h Cﬁaz%\:éieer{?é ”ctgag;l%? 2

the case 5 of the ce conpose wo ‘| arge-si zed substrates as in |
15 The temporary securing mechanism S4 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 ultraviolet 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



the prior art exanple, a desired distance between substrates can be
mai ntained in the final stage. Accordingly, it is possible to avoid
di spl acenent of upper and | ower substrates during transport. These featurles
10 prevent non-conform ng products from bei ng produced. - 42 WHAT IS
CLAIMED I S: 1. A substrate bonding nmethod conprising; a primry

pressuri zation step of reducing the dist e 5 between two substrates
arranged opposite to each other after hHavimg been positioned in a vacuum
bondi ng chanber 15 in a depressurized state wherein at | east one of the two
is coated with adhesive, and a secondary pressurization step of pressuring
and 10 bondi ng said substrates by regai ni ng at nospheric pressure in a
vacuum bondi ng chanber; said substrate bondi ng nmethod characterized in that
at | east one of said substrates is provided with tenporary securing

adhesi ve bef or &ERT igdaa a faydrindes through wWivichi tiz¢ hoddowi eyl induical
tenporary securing step_ is arranged between said primary and secondary
pressuri zat i on PRESFILHEAE 1§ 0s disd 1negséedryaddcuri ng adhesive in the
substrates having conpl eted said pninarx pressurization step i s hardened by
20 sinul t aneous appt9alst ifQF SFayeedagr EngnROLLPY o8y bIRAr k385 RELSSHER vacuum

chanber in a dzpre uri z statgu 2 .sub%trate bondi ng net hod conpri si ng;
a vacuum chanbéf® r éin VEGHdCRA 84TEGTE8Rnonded

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.



25 are pressurized and bonded toget her, - 43 a table arranged in said
vacuum chanber and used for hol ding one of said substrates on which liquid
crystal is dripped, and a pressurization plate arranged in said vacuum
chanber 5 and used for holding the other substrate placed opposite to said
one; said substrate bondi ng nethod characterized in that said vacuum
chanber incorporates a tenporary securingséep wherein; 10 tenporary .
securing adhesive provided at nmultiple bo% tTons of at |east one of said
substrates is hardened by simultaneous application of pressure and
ultraviolet rays in said vacuum chanber in a depressurized state, after
sai d substrates have been subjected to primary 15 pressurization by
reduci ng the di stance between said table and pressurization plate in said
vacuum chanber. 3. A substrate bonding nethod characterized in that; two
substrates to be bdiedtipgef heie ayladmrinedied0 420dgast iparoviideapplithati on of
pressure after having been positioned in a chanber in a depressurized state
wherein at | eastyloidwiicashigpnatssiotad ares gnocoasdchi whithdhbei Yewand said

substrates are placed opposite to each other; said substrate bondi ng nethod
further charact®HEase ggpg}'aﬁﬁa‘@a}. So as will be described later, even

if the constricted area is pressed against the substrate,

5 no pressure is applied to the adjacent ultraviolet 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 place the ultraviolet fiber 45 closest to the

25 substrate structurally (for example, in the vicinity of
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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)
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10 motor 32 1n 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 liquid crystal in a predetermined
frame when the substrates are bonded together. Similarly,
a continuous frame 54 (hereinafter referred to as “dummy
seal”) is provided separately from adhesive 37 so as to

25 enclose the aforementioned frame. Ultraviolet curing
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agent 53 is provided in a punctual or linear form (having
some length) in the vicinity of the substrate end of the
dummy seal 54. A predetermined amount of liquid crystal
39 is dripped into the liquid crystal sealing frame
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 film 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 16a. Upon completion of

suction of the upper substrate 34, the hand is retracted

25 out of the vacuum bonding chamber 15.
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Then each elevation pin 35 is raised by the operation
of the cylinder 36 in such a way that the tip thereof will
project from the top surface of the table 9. The peripheral
portion of the lower substrate 33 with the liquid

5 crystal-dripped surface 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. Toput it more specifically, in the 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 sucked, the switching valve

25 is changed so that the side of the first exhaust pipe 20a
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10! : 109%@& () - closed, and gas is gradually dlscharged from the vacuum
bonding chamber 15. 1In this case, gas is discharged at a
low speed using the first exhaust pipe 20a with its diameter
5 set to the aforementioned value in such a way that runaway
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
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lower surface of the pressurization plate 16 is equipped
with the aforementioned substrate holding pawl, and the
5 substrate holding pawl is driven by the aforementioned
rotating actuator 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 precision positioning

25 between the lower substrate 33 and upper substrate 34.
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Upon termination of the aforementioned positioning,
the traveling base 29 is further lowered and ultraviolet
curing agent 53, dummy seal 54 and adhesive 37 are crushed
by the upper substrate 34. The frame formed by the adhesive

5 37 is filled with the liquid crystal. Then the primary
pressurization terminates. Subsequent to the primary
pressurization, the voltage applied to the electrostatic
chucking electrode 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 ponding 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
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vacuum space 40) is in a depressurized state. For example,
when the substrates 33 and 34 have dimensions of 1,200 mm
x 1,000 mm, atmospheric pressure is applied if the space
5 between substrates 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 adequate 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
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art example, with the result that misalignment is produced
between the upper and lower substrates 33 and 34. This will
result in the sealed portion (adhesive 37 and dummy 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 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 ultraviolet
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

applied from the ultraviolet fiber. The ultraviolet rays

25 are applied to the ultraviolet curing agent 53 through the
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vacuum-blocked glass 44, so the ultraviolet curing agent

53 is hardened to provide temporary securing. When the

glass holder 42 is pressed against the substrate, the

pressure is preferred to be 0.1 to 0.5 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 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
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 bonding 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
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As described above, when the step of bonding has been
completed and pressure in the vacuum bonding chamber 15
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
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.

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
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

(adhesive 37 and dummy seal 54) is gradually collapsed,
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with the result that contact area between the sealed

portion and each of substrates 33 and 34 is gradually
increased. This method provides a gradual increase in
pressure difference between the internal pressure of the
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
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Sudden regaining of atmospheric pressure in the vacuum
bonding chamber 15 through the aforementioned step allows
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 liquid 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
predetermined pressure having been reached. 1In 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
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following points. Otherwise, they aredesigned in the same
configuration. To put it more specifically, the temporary
securing mechanism S4 characterized by the same
configuration as that of the first embodiment is arranged
5 on the lower portion of the vacuum bonding chamber 15. 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
10 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
15 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,
20 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

25 securing is provided can be adjusted to a desired gap in
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a depressurized state. At the same time, temporary
securing is possible in such a position, with the result
that a desired distance between substrates can be
maintained in the final stage. Further, even in the case
3 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.
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WHAT IS CLAIMED IS:

1. A substrate bonding method comprising;
a primary pressurization step of reducing the distance
5 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
10 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
temporary securing adhesive beforehand apart from the one
15 for final securing, and
a temporary securing step is arranged between said
primary and secondary pressurization steps wherein said
temporary securing adhesive in the substrates having
completed said primary pressurization step is hardened by
20 simultaneous 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

25 are pressurized and bonded together,
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Ent ryVér dDocunent K a pressurization plate arranged in said vacuum chamber
5 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;

10 temporary securing adhesive provided at multiple
positions of at least one of said substrates is hardened
by simultaneous application of pressure and ultraviolet
rays in said vacuum chamber in a depressurized state, after
said substrates have been subjected to primary

15 pressurization by reducing the distance between said table

and pressurization plate in said vacuum chamber.

3. A substrate bonding method characterized in that;
two substrates to be bonded together are bonded
20 together by application of pressure after having been
positioned in a chamber in a depressurized state wherein
at least one of said substrates is provided with adhesive
and said substrates are placed opposite to each other;
said substrate bonding method further characterized

25 in that;
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said substrates are held in position by application
of suction force until pressure in said chamber reaches
a predetermined depressurized state; and when the
predetermined depressurized state has been reached, said
substrates are held by application of voltage to a desired
pair of electrons in conformity to the size of said
substrates in electrodes of a bipolar electrostatic chuck,
which is provided in said chamber and has multiple pairs

of electrodes.

4. A substrate bonding apparatus comprising;

a chamber wherein two substrates to be bonded together
are pressurized under vacuum and are bonded together,

a table arranged in said chamber, holding one of said
substrates, and freely movable in the horizontal direction
with respect to the surface of one of said substrates; and

a pressurization plate arranged in said chamber,
holding the other of said substrates arranged opposite to
each other, and freely movable toward the said one;

said substrate bonding apparatus further comprising
voltage application means for applying voltage to a desired
pair of electrodes out of said multiple pairs of electrodes
in conformity to the profile of a conducting film formed

on said substrate to be held.
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