METHCOD FOR HOLDI NG SUBSTRATE I N VACUUM  METHOD FOR MANUFACTURI NG LI QUI D
CRYSTAL DI SPLAY DEVI CE, AND DEVI CE FOR HOLDI NG SUBSTRATE TECHNI CAL FI ELD
The present invention relates to (i) a nethod for holding a substrate in a
vacuum when two substrates are assenbled together in a vacuum (ii) a

met hod for manufacturing a liquid crystal display device, and (iii) a
substrate hol di ng devi ce. BACKGROUND ART In manufacturing a liquid crystal
di splay panel, two glass substrates with a transparent el ectrode, a thin
film-2- transistor array, and the |ikd need to be assenbled together wth
a sealing material by leaving a very narrow space in the order of severa

pm bet ween each other, and by filling the space with liquid crystal and
sealing it. Here, conventionally, for exanple, a nethod described belowis
used for filling and sealing the liquid crystal. Firstly, under ordinary
pressure, a sealing material having an opening for injecting the liquid
crystal is fornmed around the periphery of a cell in one of two

substrates, and then the two substrates are assenbl ed,

METHOD FOR HOLDING SUBSTRATE IN VACUUM,
METHOD FOR MANUFACTURING LIQUID CRYSTAL
DISPLAY DEVICE, AND DEVICE FOR HOLDING
SUBSTRATE

TECHNICAL FIELD

The present invention relates to (i} a method for
holding a substrate in a vacuum when two substrates are
assembled together in a vacuum, {(ii) a method for
manufacturing a liquid crystal display device, and (iii) a

substrate holding device.

BACKGROUND ART
In manufacturing a liquid crystal display panel, two

glass substrates with a transparent electrode, a thin film




pressed, and hardened. Next, the assenbled substrates are cut into a
predeterm ned cell size or the like, so that the injection opening is on
the glass edge. After that, the <cells of a predeterm ned cell size are
sealed after injecting the liquid crystal through the injection opening by
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described below is used for filling and sealing the liguid
crystal.

Firstly, under ordinary pressure, a sealing material
having an opening for injecting the liquid crystal is
formed around the periphery of a cell in one of two
substrates, and then the two substrates are assembled,
pressed, and hardened. Next, the assembled substrates
are cut into a predetermined cell size or the like, so that
the injection opening is on the glass edge. After that, the
cells‘of a predetermined cell size are sealed after injecting
the liquid crystal through the injection opening by a
conventional liquid crystal injection method.

In the method for injecting the liquid crystal the
step of assembling the two substrates and the step of
injecting the liquid crystal needs to be separately
performed. However, in recent years, the step of
assembling the two substrates together and the step of
injecting the liquid crystal have been performed
simultaneously. This is enabled by assembling the two

substrates in a vacuum after dropping the liquid crystal



S
foll owi ng problens are caused. First, a vacuum suction nethod cannot be

used for holding an upper substrate, because the injection step is

performed in the vacuum device. Al so, in cases where an electrostatic

chuck is used to hold the substrate, characteristics of TFTs (Thin Film

Transi stors) formed on the substrate are changed due to a high voltage

applied when holding the substrates. To solve these problens, for exanple,
Japanese Lai d- Open Patent Applicatioq:gpkukai 2001- 133745 (published on

May 18, 2001) proposes an adhesive material such as an adhesive sheet for
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be easily assenbled together in vacuumw th high accuracy even -4 for

| arge and tappleedpstrates. However, in the conventional nethod disclosed in
this publication, a type of adhesive sheet used for holding the substrate
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by applying the sealing material to one of the substrates
that is to be assembled, and by dropping the liquid
crystal onto one of the substrates,.

Incidentally, when the liquid crystal is dropped and
the substrates are assembled in a vacuum as above, the
following problems are caused.

First, a vacuum suction method cannot be used for
holding an upper substrate, because the injection step is
performed in the vacuum device. Also, in cases where an
elect;ostatic chuck is used to hold the substrate,
characteristics of TFTs (Thin Film Transistors) formed on
the substrate are changed due to a high voltage applied
when holding the substrates.

To solve these problems, for example, Japanese
Laid-Open Patent Application Tokukai 2001-133745
(published on May 18, 2001} proposes an adhesive
material such as an adhesive sheet for holding the
substrates in a vacuum.

This method ensures the substrates to be easily

assembled together in vacuum with high accuracy even




too strong, the adhesive sheet cannot be detached from the substrate. This
may cause danmage on the substrate when the adhesive sheet is detached from
the substrate. Further, the upper and |l ower liquid crystal glass

substrates are assenbled together with a space as narrow as 2 pmto 9 pm
bet ween the substrates. This affects the performance and quality of the
liquid crystal display panel. For exanple, the brightness of the liquid
crystal display may be affected by th% di stance of the space. Therefore,
it is inportant to assenble the liquid'crystal glass substrates so that

the substrafgs |haye sRdeMeth dubskipes. and that pressure is exerted evenly
over the entire Substrates. However, because the adhesive tape or the
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remai ni ng on the substrate, . .and f.he adhesi ve sheet.is detached omt he
substrate after tﬁéerhesrsaeli%,' }he AdhEs A S e& may be a %ape or H;.e

like to which an adhesive agent has been applied.
However, in cases where the substrate is held by such a
tape, there is a problem that the adhesive agent remains
on the substrate. Further, in cases where the adhesion is
too strong, the adhesive sheet cannot be detached from
the substrate. This may cause damage on the substrate
when the adhesive sheet is detached from the substrate.
Further, the upper and lower liquid crystal glass
substrates are assembled together with a space as narrow
as 2 Hm to 9 pm between the substrates. This affects the
performance and quality of the liquid crystal display
panel. For example, the brightness of the liquid crystal
display may be affected by the distance of the space.
Therefore, it is important to assemble the liquid crystal
glass substrates so that the substrates have an even
thickness, and that pressure is exerted evenly over the
entire substrates. However, because the adhesive tape or
the like does not have even thickness, it is impossible to
substantially evenly exert pressure over the entire

substrates.



Anot her obj ect of the present invention is to provide a nethod for hol ding
a substrate in a vacuum a nethod for manufacturing a liquid crystal

di spl ay device, and a substrate hol ding device, whereby pressure is evenly
exerted over the entire substrate, and the substrate is assenbled with the
ot her substrate with an even space between each other. D SCLOSURE OF

| NVENTI ON To sol ve the problem a nethod of the present invention for

hol ding a substrate in a vacuumincludes the step of: holding a substrate
wi th an adhesive pad or adhesive sheét® ade froma materi al cont ai ni ng
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display device, and a substrate holding device, whereby
the adhesive agent is prevented from remaining on the
substrate, and the adhesive sheet is detached from the
substrate after the assembly.
Another object of the present invention is to provide
a method for holding a sﬁbstrate in a vacuum, a method
for manufacturing a liquid crystal display device, and a
substrate holding device, Whefeby pressure is evenly
exerted over the entire substrate, and the substrate is

assembled with the other substrate with an even space

betwe;en each other.

DISCLOSURE OF INVENTION

To solve the problem, a method of the present
invention for holding a substrate in a vacuum includes
the step of: holding a substrate with an adhesive pad or
adhesive sheet made from a material containing
diene-based resin.

To solve the problem, a method of the present
invention for manufacturing a -liquid crystal display

device, comprising the steps of: applying a sealing



To solve the problem a substrate hol ding device of the present invention
that holds a substrate in a vacuum conprising: an adhesive pad or
adhesi ve sheet, nade from a material containing a diene-based resin, for
hol ding the substrate. According to the present invention, the adhesive
pad and the adhesive sheet, both of which are made from a materi al

contai ning di ene-based resin, is used for holding the substrate. Because
t he di ene-based resin has CH2- at the pboth ends, suitable adhesion and
detachability are obtai ned when hol di ng’ The substrate in a vacuum Nanely,
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sheet made from a material containing a diene-based
resin. |

To solve the problem, a substrate holding device of
the present invention that holds a substrate in a vacuum,
comprising: an adhesive pad or adhesive sheet, made from
a material containing a diene-based resin, for holding the
substrate.

According to the present invention, the adhesive
pad and the adhesive sheet, both of which are made from
a material containing diene-based resin, is used for
holding the substrate. Because the diene-based resin has
CH2- at the both ends, suitable adhesion and
detachability are obtained when holding the substrate in
a vacuum.

Namely, unlike a double-face adhesive tape to
which an adhesive agent is applied, no adhesive agent
remains on the substrate, and adhesion is weak enough
to allow the adhesive pad and the adhesive sheet to

detach from the substrate.



Further, in manufacturing a liquid crystal display device in particular,

an electrostatic chuck is not used to hold the substrate, thereby
preventing a change in characteristic of the TFT (Thin Film Transi stor)

el ement ‘caused by application of a high voltage while holding the
substrate. Furthernore, because the adhesive pad and the adhesive sheet,
both of which are made froma naterial containing diene-based resin, are
used for holding the substrate, the s%pstrate assenbly device in a vacuum
can be realized by a sinple structure” ‘The nethod for holding a substrate
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adhesive pad and the adhesive sheet can be detached with
ease from the substrate after assembling the substrates.

Further, in manufacturing a liquid crystal display
device in particular, an electrostatic chuck is not used to
hold the substrate, thereby preventing a change in
characteristic of the TFT (Thin Film Transistor) element
caused by application of a high voltage while holding the
substrate. Furthermore, because the adhesive pad and
the adhesive sheet, both of which are made from a
material containing diene-based resin, are used for
holding the substrate, the substrate assembly device in a
vacuum can be realized by a simple structure.

The method for holding a substrate in a vacuum is
arranged so that the diene-based resin is made of
unsaturated polybutadiene.

The method for ma-nufacturing a liquid crystal
display device is arranged so that the diene-based resin is
made of unsaturated polybutadiene.

The substrate holding device of the present

invention is arranged so that the diene-based resin is




The unsaturated pol ybutadiene is stable in a vacuum because it maintains
I ts adhesi on and does not generate any gas. Further, even when dust is
attached, the adhesion can be restored when washed with water and dri ed.
The substrate hol di ng device of the present invention further includes: a
stage with a through hole which allows a pad of the adhesive pad to nove
freely therein, and with a flat face that faces the substrate. According
to the present invention the stage includes the through hole allows the
pad of the adhesive pad to nove freerﬁ5Up and down therein. On this

%

account, th | I : d the area of an adhesive face
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of the pad inserted t “on the adhesive pad can be
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in a vacuum Wen the pa fromthe "stage, it
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polybutadiene provides suitable adhesion and
detachability in holding the glass substrate in a vacuum.
The unsaturated polybutadiene is stable in a vacuum
because it maintains its adhesion and does not generate
any gas. Further, even when dust is attached, the
adhesion can be restored when washed with water and
dried.

The substrate holding device of the present
invention further includes: a stage with a through hole
which allows a pad of the adhesive pad to move freely
therein, and with a flat face that faces the substrate.

According to the present invention, the stage
includes the through hole allows the pad of the adhesive
pad to move freely up and down therein.

On this account, the diameter of the through hole
and the area of an adhesive face of the pad inserted
through the through hole on the adhesive pad can be
determined in accordance with the time necessary for
holding the substrate in a vacuum.

When the pad of the adhesive pad protrude from the

stage, it is impossible to evenly exert pressure over the



t he stage when the adhesive pad holds the substrate. On this account, the
substrate can be held by the adhesive pad in such manner that the
substrate is entirely in contact with the flat face of the stage. This
prevents the problem of unevenness in areas of the substrate brought into
contact with the pad when pressure is applied on the substrate to be
assenbl ed. The substrate hol ding device is arranged so that the through
hole allows gas to jet therethrough toward a substrate held by the pad of
t he adhesive pad. According to the prestnat invention, the through hole can
ej ect gas O@Kﬁo%he substrate held by the pad of the adhesive pad. Wth the
gas so ejecte F{ %@h the through hole onto the substrate, the substrate

can be detached om t he adhesj,ve pad. Thi s, enabl es thg substratg to be
detached with eas&OWENFTpr dPectlEC t RICSERLY r AR RS hePRGARSRgER When it

Substrat o PAPREREIPLS af S sttt Ao dhe ead1 0T sbhesaoBesiEcor t he
adhesi ve sheet, has _.an adhesive face wth surface irregularities. A nethod
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applying a %?%lvierrll gﬁgegia?il of the adhesive pad from projecting out of

the stage when the adhesive pad holds the substrate.

On this account, the substrate can be held by the
adhesive pad in such manner that the substrate is
entirely in contact with the flat face of the stage. This
prevents the problem of unevenness in areas of the
substrate brought into contact with the pad when
pressure is applied on the substrate to be assembled.

The substrate holding device is arranged so that the
through hole allows gas to jet therethrough toward a
substrate held by the pad of the adhesive pad.

According to the present invention, the through
hole can eject gas onto the substrate held by the pad of
the adhesive pad. With the gas so ejected through the
through hole onto the substrate, the substrate can be
detached from the adhesive pad.

- This enables the substrate to be detached with ease,
and protects the substrate from being damaged when it is
detached.

The method for holding a substrate in vacuum and

the substrate holding device are arranged so that the



for substrate anchorage to one of two substrates that are to be assenbl ed
together; dropping a liquid crystal to one of the two substrates; and
assenbling the two substrates in a vacuum wherein: the two substrates are
assenbled together in a vacuum by hol ding one of or both of the

substrates wth an adhesive pad or adhesive sheet made froma materi al
cont ai ni ng di ene-based resin and having an adhesive face with surface
irregularities. According to the arrangenent, the raised portions of the
surface irregularities on the adhesivel®pad or adhesive sheet are in

contact wth,the.substrate( a t.he raised,portions . can.suitably deform
when assenb??h&gwﬁepgﬁlbgfr ﬁ"ssa e isﬁbeegtr é"gas%r%nf?giﬁetsﬁgeb %€ si des of
t he substrat eé_l hel d. by t he ad{;ﬁ_rs*i ve pad or adhesive sheet. This enables

pressure to”be! & HOSB At FSver the substrates as conpared with
usi ng an adhesi ve, pad glr dhesi ve ?heet whose adhesgive face.is qu;t

wi thout irregul ftipedhoddor manpfactygingadiquid crystadsdigp

t oget her V\n'stag an everi Zf?ace bet ween each other. Further, the adhesion that
hol ds the sd®¥tGeatasivgdes ghaditenerhyarmdyingpa sealinggmatariabs. As a
result, the - 11 _ adhesion that holds the substrate does not becone too
strong, andar sghstrade aredwraggdosomeolohwonsubsisates: thagearaiet achi ng

t he adhesi ve pad or adhesive
to be assembled together; dropping a liquid crystal to one

of the two substrates; and assembling the two substrates
in a vacuum, wherein: the two substrates are assembled
together in a vacuum by holding one of or both of the
substrates with an adhesive pad or adhesive sheet made
from a material containing diene-based resin and having
an adhesive face with surface irregularities.

According to the arrangement, the raised portions
of the surface irregularities on the adhesive pad or
adhesive sheet are in contact with the substrate(s}, and
the raised portions can suitably deform when assembling
the substrates by exerting pressure from the both sides of
the substrates held by the adhesive pad or adhesive sheet.
This enables pressure to be exerted more evenly over the
substrates as compared with using an adhesive pad or
adhesive sheet whose adhesive face is flat without
irregularities. As a result, the substrates are assembled
together with an even space between each other.

Further, the adhesion that holds the substrates can

be adjusted by the shape of irregularities. As a result, the



sheet fromthe substrates. The nmethod for holding a substrate in vacuum
the nmethod for manufacturing a liquid crystal display device, and the
device for holding the substrate may be arranged so that the surface
irregularities of the adhesive pad or the adhesive sheet have raised
porti ons whose adhesive faces have fine raised portions finer than the
rai sed portions. According to the arrangenent, the fine raised portions
formed on the adhesive faces of the raised portion can be used to adjust
the area of contact the substrate(s)-{il.®., the adhesion of the raised

portion). BydRgkhshi PathhoidEethe Qibbieafdi s cofnld® rihesi ve
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method for manufacturing a liquid crystal display device,
and the device for holding the substrate may be arranged
so that the surface irregularities of the adhesive pad or
the adhesive sheet have raised portions whose adhesive
faces have fine raised portions finer than the raised
portions.

According to the arrangement, the fine raised
portions formed on the adhesive faces of the raised
portion can be used to adjust the area of contact the
substrate(s) (i.e., the adhesion of the raised portion). By
adjusting the adhesion of the raised portions, the
adhesive face of the convex section does not become too
small, and accordingly the pressure the raised portions
exert on the substrate does not become too strong locally.
Further, with the adhesion of the raised portions adjusted,
the rigidity of the raised portions does not become too
weak.

The method for holding a substrate, the method for
manufacturing a liquid crystal display device, and the

device for holding the substrate are arranged so that the
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si des of the hexagons. The nethod for holding a substrate in vacuum may be
arranged so that the raised portions are arranged to constitute the
respective sides of the hexagons in a honeyconb pattern. The nethod for
hol di ng a substrate in vacuum may be arranged so that the raised portions
enconpass apexes of the hexagons. The nethod for holding a substrate in
vacuum may be arranged so that the raised portions each extend in three
directions froman apex of the hexagons in the honeyconb pattern, so as to
constitute at |east part of the si desléf three hexagons adj acent to one
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constitute the respective sides of the hexagons in a
honeycomb pattern.

The method for holding a substrate in vacuum may
be arranged so that the raised portions encompass apexes
of the hexagons.

The method for holding a substrate in vacuum may
be arranged so that the raised portions each extend in
three directions from an apex of the hexagons in the
honeycomb pattern, so as to constitute at least part of the
.sides‘ofthrcc hexagons adjacent to one another.

According to the arrangement, the raised portions
can more easily be densely provided in the adhesive pad
or adhesive sheet so as not to cause uneven cell thickness
(unevenness in the thickness between the substrates)
when the adhesive pad or adhesive sheet holds the
substrate(s), and, for example, when the substrates thus
held are assembled together by applying pressure from
the both sides of the substrates. Also, as described above,
in the position registration of the substrates during the

assembly, the raised portions do not collapse easily and




conpared with a layout in which the raised portions are sinply disposed in
one direction. The substrate hol ding device nmay be adapted to hold a
substrate -in a vacuum The substrate holding device that holds the
substrate by the adhesion of the adhesive pad or adhesive sheet can
suitably hold the substrate(s) even in a vacuum Therefore, unlike an
el ectrostatic chuck, the device is suitable for use in a vacuum w thout
causing el ectrical damage to the substrate such as a liquid crysta
substrate. A substrate hol di ng device b3 -t he present invention includes:
an adhesive : h | - SUbSTer h [ vin
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device that holds the substrate by the adhesion of the
adhesive pad or adhesive sheet can suitably hold the
substrate(s) even in a vacuum. Therefore, unlike an
electrostatic chuck, the device is suitable for use in a
vacuum without causing electrical damage to the
substrate such as a liquid crystal substrate.

A substrate holding device of the present invention
includes: an adhesive member for holding a substrate, the
adhesive member having flexibility and adhesion, and
being able to maintain its shape after a release of applied
external pressure.

According to the arrangement, unlike the adhesive
tape to which an adhesive agent is applied, the adhesive
agent does not remain on the substrates, and adhesion is
adequate to hold and release the substrate. Therefore, the
device is suitable for holding the substrate.

Additional objects, features, and strengths of the
present invention will be made clear by the description
below. Further, the advantages of the present invention

will be evident from the following explanation in reference




to the drawi ngs. BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a front view
illustrating a nethod for holding a substrate in a vacuumin one

enbodi ment of the present invention. Fig. 2 is a cross sectional view
illustrating an arrangenent of a liquid crystal display device which is
manuf actured in accordance with a nethod for holding a substrate in a
vacuum and a nethod for manufacturing a liquid crystal display device.
Fig. 3 is a perspective viewillustrating a step of injecting a liquid
crystal material into a liquid crystal 16a‘ne| of the liquid crystal display
device. Figyo4He ddaGhassssectional viewillustrating the step of
injecting the lTiquid crystal material into the liquid crystal panel of the
liquid crystal display device. Fig. 5(a) is a front viewillustrating
adhesi ve pads provided on an upper stage, and Fig. 5(b) is a bottomview

illustrati ng%ﬁ@ﬁmm NPHY IPBA Winld\§ upper stage. Fig. 6(a) is a

Cross sectio \ strating another type of adhesive pads, and Fig.
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holding a substrate in a vacuum in one embodiment of the
present invention.

Fig. 2 is a cross sectional view illustrating an
arrangement of a liquid crystal display device which is
manufactured in accordance with a method for holding a
substrate in a vacuum, and a method for manufacturing a
liquid crystal display device.

Fig. 3 is a perspective view illustrating a step of
injecting a liquid crystal material into a liquid crystal
panel of the liquid crystal display device.

Fig. 4 is a cross sectional view illustrating the step
of injecting the liquid crystal material into the liquid
crystal panel of the liquid crystal display device.

Fig. 5(a) is a front view illustrating adhesive pads
provided on an upper stage, and Fig. 5(b) is a bottom view
illustrating the adhesive pads provided on the upper
stage.

Fig. 6(a) is a cross sectional view illustrating
another type of adhesive pads, and Fig. 6(b) is a bottom

view of the adhesive pads.

Fig. 7(a) is a front view of an adhesive sheet, and




Fig. 7(b) is a bottomview of the adhesive sheet. Fig. 8 is a cross
sectional view illustrating still another type of adhesive pads. Fig. 9(a)
through Fig. 9(c) are cross sectional views illustrating steps of adhering
to and holding the substrate. Fig. 10(a) is a cross sectional view
illustrating a state before the placenent of substrates in a step of
assenbling the substrates together. Fig. 10(b) is a cross sectional view
illustrating a state in which the upper, . substrate has been placed in a
substrate assenbly device. Fig. 10(c)1ﬁ%'a cross sectional view
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substrate.

Fig. 10(a} is a cross sectional view illustrating a
state before the placement of substrates in a step of
assembling the substrates together. Fig. 10(b) is a cross
sectional view illustrating a state in which the upper
substrate has been placed in a substrate assembly device.
Fig. 10(c) is a cross sectional view illustrating a state in
which the lower substrate has been placed in the
substrate assembly device. Fig. 10(d) is a cross sectional
view illustrating a state in which the substrates are being
assembled together.

Fig. 11l(a) is a cross sectional view illustrating a
state at the completion of pressing the substrates in the
substrate assembly step. Fig. 11(b}) is a cross sectional
view illustrating a state in which the upper stage is
moved upward after detaching the adhesive pads. Fig.
11{c) is a cross sectional view illustrating a state in which
the assembled substrates have been brought out of the

substrate assembly device.

Fig. 12 is a perspective view illustrating an




-16 arrangenent of silicon balls. Fig. 13 is a longitudinal sectional view
illustrating a substrate assenbly device of another enbodi nent of the
present invention. Fig. 14(a) is a plan view illustrating an adhesive
sheet provided in an upper substrate holding device of the substrate
assenbly device shown in Fig. 13. Fig. 14(b) is an enlarged view of Fig.
l4(a). Fig. 14(c) is a cross sectional view taken along the line X-X in
Fig. 14(b). Fig. 15 (a) is an enlarged view illustrating an adhesive face
of a convex section shown in Fig. 14(b}6'Fig 15(b) is a cross sectional

vi ew t aken alr‘i’H?l&[Aegﬁthn fglﬁcor}hqlﬂc}gs 15(a). Fig. 16(a) is a plan view

illustrating a st rate I ng device of the substrate assenbly
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substrate assembl %13?"53&) Fljsg a pi C)l view illustrating an adhesive

sheet provided in an upper substrate holding device of the
substrate assembly device shown in Fig. 13. Fig. 14(b) is
an enlarged view of Fig. 14(a). Fig. 14(c) is a cross
sectional view taken along the line X-X in Fig. 14(b).

Fig. 15 (a) is an enlarged view illustrating an
adhesive face of a convex section shown in Fig. 14(b). Fig.
15(b) is a cross sectional view taken along the line Y-Y in
Fig. 15(a).

Fig. 16{(a) is a plan view illustrating a lower
substrate holding device of the substrate assembly device
shown in Fig. 13. Fig. 16(b) is a longitudinal sectional
view of the lower substrate holding device shown in Fig.
16(a).

Fig. 17(a) is a cross sectional view illustrating a
state before the placement of the substrate in a substrate
assembly step in which the substrate assembly device
shown in Fig. 13 is used. Fig. 17(b) is a cross sectional
view illustrating a state in which the upper substrate has
been placed in the substrate assembly device. Fig. 17(c) is

a cross sectional view illustrating a state in which the




a cross sectional viewillustrating a state in which the -17 | ower
substrate has been placed in the substrate assenbly device. Fig. 18(a) is
a cross sectional view showing a state after the state shown in Fig.
17(c), in which a door of a vacuum chanber is closed to evacuate the

vacuum chanber. Fig. 18(b) is a cross sectional viewillustrating a state
at the conpletion of pressing the substrates. Fig. 18(c) is a cross
sectional viewillustrating a state in which the adhesive pads of the

| oner substrate hol ding device are detldched fromthe |ower substrate. Fig.
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Fig. 19(b) i nQsS ional viewillustrating a state in which the
substrat es tésvseégg)elﬁ %Fgﬁ%‘%‘t out of the vacuum chanber. Fig. 20(a) is a
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anot her conparative e a%ﬁ_’le of .the adhesive sheet shown in Fig. 14. Fig.
21(b) is an V@rﬁlél'lgéd laﬁr 18 close to evacuate the vacuum

chamber. Fig. 18(b) is a cross sectional view illustrating a
state at the completion of pressing the substrates. Fig.
18(c} is a cross sectional view illustrating a state in which
the adhesive pads of the lower substrate holding device
are detached from the lower substrate.

Fig. 19(a) is a cross sectional view showing a state
after the state shown in Fig. 18(c), in which the upper
substrate holding device has been moved up. Fig. 19(b) is
a cross sectional view illustrating a state in which the
substrates have been brought out of the vacuum chamber.

Fig. 20(a) is a plan view illustrating an adhesive
sheet as a comparative example of the adhesive sheet
shown in Fig. 14. Fig. 20(b) is an enlarged view of Fig.
20(a). Fig. 20(c) is a cross sectional view taken along the
line Z-Z in Fig. 20(b).

Fig. 21(a) is a plan view illustrating an adhesive
sheet as another comparative example of the adhesive
sheet shown in Fig. 14. Fig. 21(b) is an enlarged view of

Fig. 21(a). Fig. 21(c) is a cross sectional view taken along

the line ZZ-ZZ in Fig. 21(b).




Fig. 21(a). Fig. 21(c) is a cross sectional view taken along the Iine
ZZ-7Z in Fig. .21(b). - 18- Fig. 22(a) is a plan view illustrating another
exanpl e of the adhesive sheet provided in the upper substrate hol ding
device of the substrate assenbly device shown in Fig. 13. Fig. 22(b) is an
enlarged view of Fig. 22(a). Fig. 22(c) is a cross sectional view taken
along the Iline XX-XX in Fig. 22(b). BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON  Hereinafter, detailed description of the present invention is
made based on exanpl es and corrparativ‘e1 exanples. It should be noted,
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> 22(a). Fig. 22(c) is a cross sectional view taken along the

line XX-XX in Fig. 22(b).

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, detailed description of the present
invention is made based on examples and comparative
examples. It should be noted, however, that the present
invention is not limited to the following description in any
ways.

[First Embodiment]

The following description deals with First
Embodiment of the present invention with reference to Fig.
1 through Fig. 12.

As shown in Fig. 2, a liquid crystal display device of
the present embodiment has a liquid crystal display panel
10 in which, for example, a glass substrate 3, provided
with pixel electrodes 2 for individually driving a liquid
crystal material 1 in a pixel area in response to applied
electric field, is disposed opposite a glass substrate 5

having counter electrodes 4. The glass substrate 3 and

the glass substrate 5 are assembled with each other with




havi ng counter electrodes 4. The-'glass substrate 3 and the glass
substrate 5 are assenbled with each other with - 19 a sealing nmaterial 6
sealing the periphery of the glass substrates 3 and 5, with the liquid
crystal material 1 of a <certain thickness sandw ched therebetween. The
liquid crystal display panel 10 further includes polarizing plates 7 and
8, and reflecting plates 9 made of alum num and/or the |ike. Furthernore,
the liquid crystal display panel 10 includes a retardation plate, a |ight
diffusing plate, a color filter IayerPBand the like, all of which are not
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the like. Furthermore, the liquid crystal display panel 10

includes a retardation plate, a light diffusing plate, a

color filter layer, and the like, all of which are not shown

in the figure. Also, a driving element (not shown), such as

a TFT (thin film transistor] element or the like, is

provided on the glass substrate 3. The liquid crystal

display panel 10 is connected to a driving circuit (not

shown} or the like, thereby constructing a liquid crystal

display device.

Note that the present invention is not just limited

to the liquid crystal display device described herein, and

an additional member may be added or an already

existing member may be omitted as required by, for

example, replacing the reflecting plate 9 in the liquid

crystal display panel 10 with a back light unit and/or the

like.

As shown in Fig. 3, in order to form the liquid

crystal panel 10, the sealing material 6 is applied on the

periphery of the glass substrate 3, and the liquid crystal

material 1 is dropped in areas surrounded by the seal




crystal panel 10, the sealing material 6 is applied on the periphery of
the glass substrate 3, and the liquid crystal nmaterial 1 is dropped in
areas surrounded by the seal -20- nenber 6. Then, as shown in Fig. 4,
pressure is applied on the glass substrate 3 from above, so as to assenbl e
the gl ass substrates 3 and 5 wth the liquid crystal material 1 filled and
seal ed between themas shown in Fig. 2. Note that the application of the
sealing material 6, and dropping of the crystal material 1 nmay be carried
out to either the glass substrate 3 oR0the gl ass substrate 5. Here, in the

step of fil lrh@ﬁ'ldlggfi &° hed tQ?. é#lgwtgfhng;ﬁelg)?lé’ ﬁcggéﬁlé%]iissgyglﬁgﬁm d not

enter the liqurd crysSta nmateria S med in a

vacuun, eVt P, QRS SE R s S 7 )
IR S R e R R T X
SN R ST R R R W e
Doneg a0 e BB A i RS P e i ot ), k@

dropping of the crystal material 1 may be carried out to
either the glass substrate 3 or the glass substrate 5.

Here, in the step of filling and sealing the liquid
crystal material 1, air should not enter the liquid crystal
material 1. Therefore, the step is performed in a vacuum
device. However, in this case, how to hold the glass
substrate 5 is brought into question. In the present
embodiment, as shown in Fig. 1, a plurality of adhesive
pads 20 are used to hold, for example, the glass substrate
5, which is an upper substrate.

That is, as shown in Figs. 5(a} and S5(b), the
adhesive pads 20 are cylindrical in shape with a
thickness of a few millimeter, and are rubbery and elastic.
The adhesive pads 20 are bonded and fixed in portions of
an upper stage 32. Note that the total area of the
adhesive pads 20 stuck to the upper stage 32 is so
determined as to hold the glass substrate 5 longer than a
time necessary for bonding in a vacuum.

Here, the adhesive pads 20 are not limited to the

form described in this embodiment. For example, as




determ ned as to hold the glass substrate 5 |l onger than a tinme necessary
for bonding in a vacuum Here, the adhesive pads 20 are not limted to the
formdescribed in this enbodi nent. For exanple, as -21- shown in Figs. 6(a)
and 6(b), an adhesive pad 21 may be formed that includes a flat plate
portion 21b and a plurality of pads 2l1a in one piece, with the pads 2la
cylindrically protruding fromportions on a surface of the flat plate
portion 21b. Note that, the adhesive pad 21 nay be nmade of soft materi al
In this case, the thickness of the fi18d plate portion 21b is increased, or
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be made of soft material. In this case, the thickness of the

flat plate portion 21b is increased, or the adhesive pad 21

is bonded and fixed on the upper stage 32 or a hard flat

plate, for example.

Note also that, other than the cylindrical pads like

the adhesive pads 20 or 21, an adhesive sheet 22 may be

provided for example (shown in Figs. 7(a) and 7(b)}. The

adhesive sheet 22 may also be made of soft material. In

this case, the thickness of the adhesive sheet 22 is

increased, or the adhesive sheet 22 is bonded and fixed

on the upper stage 32 or a hard flat plate, for example.

Further, as shown in Fig. 8, an adhesive pad 23

may be provided in which cylindrical pads 23a thicker

than the upper stage 32 are fixed on a hard substrate 23b,

in such a manner that the cylindrical pads 23a can freely

move in and out of through holes 32a provided in the

upper stage 32. This ensures that the glass substrate 5

can be detached with ease from the adhesive pad 23 when

the glass substrate 5 is held by the adhesive pad 23 as

shown in Figs. 9(a), 9{b) and 9(c).




nove in and out of through holes 32a provided in the upper stage 32. This
ensures that the glass substrate 5 can be detached with ease fromthe
adhesi ve pad 23 when the glass substrate 5 is held by the adhesive pad 23
as shown in Figs. 9(a), 9(b) and 9(c). -22 Nanely, as shown in Fig. 9(a),
In a vacuum chanber, the | ower end face of the pads 23a of the adhesive
pad 23 is initially above a flat | ower face 32b of the upper stage 32. In
this state, the glass substrate 5 is disposed beneath the upper stage 32
and a vacuum suction is carried out t@Xraw the gl ass substrate 5 onto

the |ower face 32ly, lyéomgsi nsfggvc},ég(ili)l). F‘Ii'ggrte%lf er,i fs 4 sr‘l%vc\:v\g}tiln Fi g.
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suction is carried out to draw the glass substrate 5 onto

the lower face 32b, as shown in Fig. 9(b}. Thereafter, as

shown in Fig. 9(c), the adhesive pad 23 is moved down so

as to bring the lower end face of the pads 23a into contact

with the glass substrate 5, thereby hcolding the glass

substrate 5 with the adhesive pad 23. Note that it is

preferable that the adhesive pad 23 is moved down to

such an extent that the glass substrate 5 remains in

contact with the lower face 32b of the upper stage 32.

This is for keeping the glass substrate 5 at a horizontal

level.

The adhesive pad 23 keeps holding the glass
substrate 5 even after the vacuum chamber is brought
back to atmospheric pressure, so that the glass substrate
5 does not fall from the adh'esive pad 20.

The glass substrate 5 can be detached from the
adhesive pad 23 with ease by lifting up the adhesive pad
23 with the upper stage 32 remains fixed.

The following description deals with a material of

the adhesive pads 20, 21, 23, and of the adhesive sheet



5 does not fall fromthe adhesive pad 20. The gl ass substrate 5 can be
detached fromthe adhesive pad 23 with ease by lifting up the adhesive pad
23 with the upper stage 32 renmains fixed. The follow ng description deals
with a material of the adhesive pads 20, 21, 23, and of the adhesive sheet
-23 22 according to the present enbodi nent. The adhesive pads 20, 2 1, and
23 and the adhesive sheet 22 are nade froma material including diene
based resin. Specifically, they are made of unsaturated pol ybutadi ene,
which is a diene-based resin. Before hdPdened, the unsaturated
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polybutadiene, which is a diene-based resin.

Before hardened, the unsaturated polybutadiene,
which is a diene-based resin having two unsaturated
double bonds, has the chemical formula:

CH2-CH-CH=CH3>
When hardened, the chemical formula changes to:

-CH2-CH=CH-CH2-

The CH2- at the both ends of the chemical formula are
assumed to render adhesion to the adhesive pads 20, 21,
23, and the adhesive sheet 22. The adhesion is intact in a
vacuum, but it is lost when moisture or dust is attached
to the surface of the adhesive pads 20, 21, 23, or the
adhesive sheet 22. However, even when the dust is
attached, the adhesion can be restored by water-washing
and drying the adhesive pads 20, 21, 23, and the adhesive
sheet 22. Note that the adhesion is, for example,
100g/cm? or greater.

When the adhesive pads 20, 21, 23, and the
adhesive sheet 22, all of which are made of unsaturated
polybutadiene, are A3 size or sma"ller, they may have a

thickness of, for example, about 0.3 mm to 5 mm. When



and drying the adhesive pads 20, 21, 23, and the adhesive sheet 22. Note
that the adhesion is, for exanple, JOOg/CM2 or greater. \Wen the adhesive
pads 20, 21, 23, and the adhesive sheet 22, all of which are nade of

unsat urated pol ybutadi ene, are A3 size or smaller, they may have a

t hi ckness of, for exanple, about 0.3 mMmto 5 nm Wen -24 the adhesive pads
20, 21, 23, and the adhesive sheet 22 are bigger than A3 size and are not
bi gger than 730 nmx 920 mm they may_ have a thickness of, for exanple,
about 1 mmto 5 mm The follow ng de§%?rption deals with a nmethod for

manuf act uri t | gul.d. cryst el, 210 _of ; tb,the |} auid.  di Vi ce
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upper stagel3?MpiR M he substrate assembly device 30, a |ower stage 33

's provided for The following description deals with a method for

manufacturing the liquid crystal panel 10 of the liquid
display device with a substrate assembly device using the
adhesive pad 23.

As shown in Fig. 10(a), in a vacuum chamber 31, a
substrate assembly device 30 serving as a substrate
holding device includes the upper stage 32 and the
adhesive pad 23 made of unsaturated polybutadiene. The
upper stage 32 presses the glass substrate 5 disposed
above the glass substrate 3. The adhesive pad 23 is
provided so as to be movable in and out of the through
holes 32a of the upper stage 32. Beneath the substrate
assembly device 30, a lower stage 33 is provided for
mounting the glass substrate 3. The upper stage 32 can
move up and down, and the adhesive pad 23 also can
move up and down separately from the upper stage 32.

Note that a vacuum pipe and the like for vacuuming
the vacuum chamber 31 are omitted in the figure.

Note also that, next to the substrate assembly
device 30 in the vacuum chamber 31, the glass substrate

3 including the pixel electrodes 2 (not shown) and the



nmounting the glass substrate 3. The upper stage 32 can nove up and down,
and the adhesive pad 23 also can nove up and down separately fromthe
upper stage 32. Note that a vacuum pipe and the like for vacuum ng the
vacuum chanber 31 are omitted in the figure. Note also that, next to the
substrate assenbly device 30 in the vacuum chanber 31, the glass substrate
3 including the pixel electrodes 2 (not shown) and the -25 gl ass substrate
5 including the counter electrodes 4 (not shown) are set in position.
Around the periphery of the glass subéﬁiate 3, the sealing material 6 has

been applie d.c ferial has been pped on t he
center of t éaasaggt%ﬁﬁé&g %-’ l%cglﬁﬁaf%g 8 B9 sgé‘Fﬁﬁf t‘g N9t 6. Note
that, the seali material 6 is not. necessarily.require obeaplledto
the gl ass sﬁ%“ﬁ gﬂ e8¢ 8§ |Wtﬂ83f‘i‘(j‘t§’reAraﬂ1‘élnfih hsee tHEMer9althe nay be
applledtot? | ass substr te5as Inthlssate the gl ass
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contact wth e_l Efgﬁl cftage 32, as shown |n Fi g. é carryi ng out
a vacuum su@fithither e yatRdsmateraal 2k has b@)@ed a@meﬁooas thg make

contact with the glass substrate 5, thereby hol ding the ghass substrate 5
with the aBBBdevechiherglass substrate 3 surrounded by the sealing

material 6. Note that, the sealing material 6 is not
necessarily required to be applied to the glass substrate 3
as in the figure, and the sealing material 6 may be
applied to the glass substrate 5 as well.

In this state, the glass substrate 5 is placed
beneath the upper stage 32, and is brought into contact
with the upper stage 32, as shown in Fig. 10(b), by
carrying out a vacuum suction. Then, the adhesive pad 23
is moved down so as to make contact with the glass
substrate 5, thereby holding the glass substrate 5 with
the adhesive pad 23.

Here, the adhesive pad 23 made of unsaturated
polybutadiene has adhesion, and the adhesion is
maintained even in a vacuum. Further, the adhesive pad
23 is stable in a vacuum without generating any gas.
Therefore, no problem is posed even when the adhesive
pad 23 is exposed in the vacuum when the glass
substrates 5 and 3 are assembled together. Furthermore,
because the adhesive pad 23 holds the glass substrate 5,

the glass substrate 5 does not fall even after the vacuum



Here, the adhesive pad 23 nmade of unsaturated pol ybutadi ene has adhesi on,
and the adhesion is nmaintained even in a vacuum Further, the adhesive pad
23 is stable in a vacuum wi t hout generating any gas. Therefore, no problem
i s posed even when the adhesive pad 23 is exposed in the vacuum when the

gl ass substrates 5 and 3 are assenbled together. Furthernore, because the
adhesi ve pad 23 holds the glass substrate 5, the glass substrate 5 does

not fall even after the vacuum -26 suction is released. In the case where

t he pads 23a of the adhesive pad 23 p?@rrude fromthe upper stage 32, it

I s 1 npossi bl t pressure on the glass substrate 5 durlng
assenbl y. |nﬁ%§]ﬁ81€§§?dg§§§§b| i ng the glass substrates 3 and 5 causes an

uneven cell thi ckqgs§hbncggga‘§:hogret ?ﬁe gla%sss stfr gltlg ggb cgn:ﬁ%’? \é\ll?);h

the pads 23a. In order "to vent any “pr tTus
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into the substrate, asseqbly device 30 atter the ugper gl 4ss substrate's.
and 5 causes an uneven cell thickness in areas of the
glass substrate 5 in contact with the pads 23a. In order to
prevent this, any protrusion of the pads 23a from the
upper stage 32 should be minimized.

Next, as shown in Fig. 10(c), the glass substrate 3
is moved and placed on the lower stage 33. Then, the
vacuum chamber 31 is further evacuated to a
predetermined degree of vacuum. Note that, in the figure,
the lower glass substrate 3 is brought into the substrate
assembly device 30 after the upper glass substrate 5, but
the order of bringing in the glass substrates 3 and 5 is
not necessarily limited to this, and the glass substrate 3
may be brought into the substrate assembly device 30
before the glass substrate 5.

Thereafter, as shown in Fig. 10(d}, the adhesive pad
23 and the upper stage 32 are moved down together so as
to assembly the glass substrate 5 and the glass substrate
3 together with position registration. Because the
adhesive pad 23 holds the 'glass substrate 5,

misregistration does not occur. Note that the adhesive



the order of bringing in the glass substrates 3 and 5 is not necessarily
limted to this, and the glass substrate 3 may be brought into the
substrate assenbly device 30 before the glass substrate 5. Thereafter, as
shown in Fig. 10(d), the adhesive pad 23 and the upper stage 32 are noved
down together so as to assenbly the glass substrate 5 and the gl ass
substrate 3 together Wi th position registration. Because the adhesive pad
23 holds the * 'glass substrate 5, n1sreg|strat|on does not occur. Note
that the adhesive -27- pad 23 may al soZfe-used for holding the glass
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until a certain space is obtained therebetween.

After that, as shown in Fig. 11(b), the adhesive pad
23 is firstly moved up with the upper stage 32 fixed,
thereby releasing the adhesion between the adhesive pad
23 and the glass substrate 5. Then, the upper stage 32 is
moved up. Note that it is also possible to detach the
adhesive pad 23 from the glass substrate 5 or 3, for
example, by a back blow, by flowing nitrogen gas or dry
air into an opening for vacuum suction, i.e., an opening
between the upper stage 32 and the pad 23a in the
through hole 32a, after the applied pressure has been
released. In this case, in the vacuum chamber 31, the
adhesive pad 23 can be detached more easily in a vacuum
than under atmospheric pressure.

Next, after inside of the vacuum chamber 31 is
returned to atmospheric pressure, the glass substrates 3
and 5 which are assembled together are brought out from
the vacuum chamber 31, as shown in Fig. 11(c). Then,
irradiation of ultraviolet light and heat sinter are carried

out to the glass substrates 3 and 5 so as to completely



bet ween the upper stage 32 and the pad 23a in the through hole 32a, after
the applied pressure has been released. In this case, in the vacuum
chanber 31, the adhesive pad 23 can be detached nore easily i-n a vacuum

t han under atnospheric pressure. Next, after inside of the vacuum chanber
3l is returned to atnospheric pressure, the glass substrates 3 and 5

whi ch are assenbl ed toget her are brought out from the vacuun1chanber 31,

as shown in Fig. 11(c). Then, irradiation of ultraviolet |ight and-'heat
sinter are carried out to the glass s@Bstrates 3 and 5 so as to conpletely

- 28 harden I eafter, the polarizing plates 7 and
8, and the thraﬁ-f |Hr%sp eégrkl JQ I’6al um num and/or the like are
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manuf act ur | FRPE4 G tBey S epreipl display panel 187 Fhen, the

liquid crystal display panel 10 is connected to a driving

circuit (not shown) and the like, thereby obtaining the

product liquid crystal display device.

As described above, in the present embodiment, the
adhesive pads 20, 21, 23, and the adhesive sheet 22, all
of which are made from a material including diene-based
resin, are used for: the method for holding a substrate;
the method for manufacturing a liquid crystal display
device; and the substrate assembly device 30. Because
the diene-based resin has CHz- at the both ends, suitable
adhesion and detachability are obtained when holding the
glass substrate S in a vacuum.

Namely, unlike a double-face adhesive tape to
which an adhesive agent is applied, no adhesive agent
remains on the glass substrate 5, and adhesion is weak

~enough to allow the adhesive pads 20, 21, 23, and the
adhesive sheet 22 to detach from the glass substrate 5.
The present invention therefore provides a method

for holding a substrate in a vacuum, a method for

manufacturing a liquid crystal display device, and the



device; and the substrate assenbly device 30. Because the diene-based
resin has CH2- at the both ends, suitable adhesion and detachability are
obt ai ned when holding the glass substrate 5 in a vacuum Nanely, unlike a
doubl e-face adhesive tape to which an adhesive agent is applied, no
adhesive agent remains on the glass substrate 5, and adhesion is weak
enough to all ow the adhesive pads 20, 21, 23, and the adhesive sheet 22 to
detach fromthe glass substrate 5. The present invention therefore provides
a method for holding a substrate in a2®acuum a method for nmanufacturing

liquid | splay dey d the -2 trat mbl y devi ce 30,
her aby an SHOLHAREABACHRAT Taeflis I, e FERY, A GBROTRE ekl °°

bstrate 5, and _the adhesi ds .20, 21,.23,.and the adhesi t 22
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gl ass substrate 5,.and. 3. Futther, | uf acturing liquid grystal display
device in pé%tci Adhesive, o §s§ﬁt %ﬁbggnﬁﬁéd%g %ahetfgge ﬁf}eélteggr ostatic
chuck to hold t and therefore prevents a

e ass .substrates 5 and 3
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by application of a high vqgltage while hol di n&; the gl ass substrate 3.
Furt her nor e 2A3ssdRid Engih e @lassveupsdsabe S and B, and :

Further, in manufacturing a liquid crystal display
device in particular, the present embodiment does not use
an electrostatic chuck to hold the glass substrates 5 and
3, and therefore prevents a change in characteristic of the
TFT (Thin Film Transistor) element caused by application
of a high voltage while holding the glass substrate 3.
Furthermore, because the adhesive pads 20, 21, 23, and
the adhesive sheet 22, all of which are made from a
material including diene-based resin, are used for holding
the glass substrate 5, the substrate assembly device 30 in
a vacuum can be realized by a simple structure.

In the present embodiment, in the method for
holding a substrate in a wvacuum, the method for
manufacturing a liquid crystal display device, and the
substrate assembly device 30, the diene-based resin is
made of unsaturated polybutadiene.

Among diene-based resins, the unsaturated
polybutadiene provides suitable adhesion and
detachability in holding the glass substrate 5 in a vacuum.

The unsaturated polybutadiene is stable in a vacuum



t he adhesive sheet 22, all of which are made froma material including

di ene-based resin, are used for holding the glass substrate 5, the
substrate assenbly device 30 in a vacuumcan be realized by a sinple
structure. In the present enbodinent, in the nethod for holding a
substrate in a vacuum the nethod for manufacturing a liquid crystal

di spl ay device, and the substrate assembly device 30, the diene-based
resin is made of unsaturated pol ybutadi ene. Anong di ene-based resins, the
unsaturated pol ybutadi ene provi des suB®abl e adhesi on and detachablllty in
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In the substrate assembly device 30, the upper
stage 32 has the through holes 32a, which allow the pads
23a of the adhesive pad 23 to freely move up and down
therein.
On this account, the diameter of the through holes
32a and the area of an adhesive face of the pads 23a
inserted through the through holes 32a on the adhesive
pad 23 can be determined in accordance with the time
necessary for holding the glass substrate 5 in a vacuum.
When the pads 23a of the adhesive pad 23 protrude
from the upper stage 32, it is impossible to evenly exert
pressure over the glass substrate 5.
However, in the present embodiment, because the
through holes 32a of the upper stage 32 allow the pads
23a of the adhesive pad 23 to freely move up and down
therein, it is possible to prevent the pads 23a of the
~adhesive pad 23 from projecting out of the upper stage 32
when the adhesive pad 23 holds the glass substrate 5.

On this account, the glass substrate 5 can be heild

by the adhesive pad 23 in such manner that the glass



I nserted through the through holes 32a on the adhesive pad 23 can be
determ ned in accordance with the tinme necessary for holding the gl ass
substrate 5 in a vacuum Wen the pads 23a of the adhesive pad 23 protrude
fromthe upper stage 32, it is inpossible to evenly exert pressure over
the gl ass substrate 5. However, in the present enbodi nent, because the

t hrough hol es 32a of the upper stage 32 allow the pads 23a of the adhesive
pad 23 to freely nove up and down therein, it is possible to prevent the
pads 23a of the adhesive pad 23 fronTﬁHojecting out of the upper stage 32

when the adhgsh¥erpad ?zsh *gﬁ'etbg txge@&g SUOL el 3@3@: EQ& GEGRENt, the
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In the substrate holding device 30 of the present
embodiment, the through holes 32a can eject gas onto the
glass substrate 5 held by the pads 23a of the adhesive
pad 23. With the gas so ejected through the through holes
32a onto the substrate 5, the glass substrate 5 can be
detached from the adhesive pad 23.

This enables the glass substrate 5 to be detached
with ease, and protects the glass substrate 5 from being
damaged when it is detached.

Note that, the glass substrates 5 and 3 as described
in the present embodiment are used for manufacturing
the liquid crystal panel 10; however, they are not
necessarily limited to this and may be used as plasma
display panel {PDP) substrates, EL (Electro Luminescence)
substrates, plasma address (PALC) substrates, FED (Field
Emission Display) substrates, silicon balls, or the like.
The silicon balls are structured to include balls of silicon
attached on a print substrate as shown in Fig. 12,
wherein the balls of silicon are connected to one another

or to the print substrate via electrodes provided on the



detached fromthe adhesive pad 23. This enables the glass substrate 5 to be
detached wth ease, and protects the glass substrate 5 frombeing damaged
when it is detached. Note that, the glass substrates 5 and 3 as descri bed
in the present enbodi nent are used for manufacturing the liquid crystal
panel 10; however, they are not necessarily limted to this and may be
used as plasma display panel (PDP) substrates, EL (Electro Lum nescence)
substrates, plasnma address (PALC) substrates FED (Field Em ssion Display)
substrates, silicon balls, or the Iike32 -The silicon balls are structured

to include Balkscefo F'e 'c‘}f”baﬂt&la%hﬁ@o‘i‘f‘ 8ificlo 3* BANS GatE %Svém‘w in Fig.

12, wherein the ba s of silicon are connected to one anot to the
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[Example 1]

An experiment was carried out to examine the
effectiveness of adhesion of the adhesive pad 21 made of
unsaturated polybutadiene described in the First
Embodiment.

Firstly, an unsaturated polybutadiene resin (trade
name “APR K-117") of the Asahi Kasei Corporation was
used as a material of the adhesive pad 21. Note that the
APR is a registered trademark. Generally, this
unsaturated polybutadiene is used as a material for a
relief in relief printing.

Then, a negative film, a cover film, the unsaturated
pelybutadiene resin, and a base film were set in this order
on a glass plate of an exposure device, and an upper glass
plate was used to apply pressure thereon.

Next, after forming a back separation layer by back
exposure, a relief exposure was carried out to form a
sharp relief section (pad section). Then, a portion of the
resin which had not been hardened was washed by a
washer liquid.

After that, the unsaturated polybutadiene resin was
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Firstly, an unsaturated pol ybutadiene resin (trade nane "APR K-11") of the
Asahi Kasei Corporation was used as a material of the adhesive pad 2 1.
Note that the APR is a registered trademark. Generally, this unsaturated
pol ybut adi ene is used as a material for a relief inrelief printing. Then,
a negative film a cover film the unsaturated polybutadiene resin, and a
base filmwere set in this order on a glass plate of an exposure device,
and an upper glass plate was used to a%ply pressure thereon. Next, after
form ng a back separation | ayer by batR exposure, a relief exposure was

carried out 4gelOTY anoBhR[P HEldE! é&c%aﬁif@ﬁgﬁggbggngxp&gﬁr& jgportion

of the resin whichh had not ‘been hardened was I qui d.
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Then, as required, a post exposure 1S out” s 0 Secu y harden
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substrate 5a%eépvuend tp% ® 20 showed a satisfactory holding
performance when it was used to hold the glass substrate
S in a vacuum device. Also, detachability of the adhesive
pad 20 after holding the glass substrate 5 was found to be
satisfactory.

It was also found that the adhesion of the adhesive
pad 20 did not drop in a vacuum, and that the adhesive
pad 20 was stable without generating any gas or the like.
Furthermore, it was confirmed that even when dust is
attached to the adhesive pad 20, the adhesion of the
adhesive pad 20 was restored when the adhesive pad 20
was washed with water and dried. Also, the glass
substrate 5 did not fall even after a vacuum suction was
released.

Note that, as a comparative example, a
double-sided adhesive tape and an adhesive label, both of
which used an ‘acrylic resin based adhesive agent, were
examined. It was found as a result that the problem of
detachability was caused after holding the glass substrate

5, and that the adhesive agent possibly remained on the

glass substrate 5. Evaluation was also made for




satisfactory. It was also found that the adhesion of the adhesive pad 20
did not drop in a vacuum and that the adhesive pad 20 was stabl e wthout
generating any gas or the like. - Furthernore, it was confirmed that even
when dust is attached to the adhesive pad 20, the adhesion of the
adhesive pad 20 was restored when the adhesive pad 20 was washed with

wat er and dried. Also, the glass substrate 5 did not fall even after a
vacuum suction was released. Note that, as a conparative exanple, a
doubl e- si ded adhesi ve tape and an adhé%*ve | abel , both of which used an

acrylic resj Stgﬁgﬂ.c% dheshyée 0601, re 1,8 o ¢! ly,g%f n a
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and a m xt uirfsafﬁgp%%gster and urethane, which showed that their adhesion
was insufficieéent. econd Enbodi nent] The follow ng description deals with

anot her enbodi ne o) h esgnt _ipvention with reference to Fig. 13
through Fig. 20. [rgecc;nﬁ ERbsdiMen ]V

The following description deals with another
embodiment of the present invention with reference to Fig.
13 through Fig. 20.

In the present embodiment, as shown in Fig. 3, in
order to manufacture a liquid crystal display panel 10
(see Fig. 2), a sealing material 6 is applied to the
periphery of a glass substrate 3, and a liquid crystal
material 1 is dropped in areas surrounded by the sealing
material 6 on the glass substrate 3. After that, pressure
is applied to at least one of the glass substrates 3 and 5
thereby assembling the glass substrates 3 and 5 with the
liguid material 1 filled and sealed between them as shown
in Fig. 2. Note that the application of the sealing material
6 and dropping of the liquid crystal material 1 may be
carried out to either the glass substrate 3 or the glass
substrate S.

Here, as described above, in the step of filling and
sealing the liquid crystal material 1, air should not enter
the liquid crystal material 1. Therefore, the step of filling
and sealing the liquid crystal material 1 is performed in a

vacuum device. In this case, how to hold the glass




In the present enbodinent, as shown in Fig. 3, in order to nmanufacture a
liquid crystal display panel 10 (see Fig. 2), a sealing nmaterial 6 is
applied to the periphery of a glass substrate 3, and a |iquid crystal
material 1 is dropped in areas surrounded by the sealing material 6 on the
gl ass substrate 3. After that, pressure is applied to at |east one of the
gl ass substrates 3 and 5 thereby assenbling the glass substrates 3 and 5
with the liquid nmaterial 1 filled and seal ed between them as shown in
Fig. 2. Note that the application of the-sealing material 6 and dropping
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a lower substrate. Note that Fig. 13 is a longitudinal

sectional view illustrating a substrate assembly device of
the present embodiment.

The adhesive sheet 51 is provided on a lower face of
a holding base section 54 of an upper substrate holding
device 53. Inside the holding substrate section 54 is a
space 54a. The holding base section 54 also includes a
plurality of through holes 54b which connect the space
S54a and the lower face of the holding base section 54. The
holding substrate section 54 further includes an
evacuation hole 54c which connects the space 54a and a
side face of the holding substrate section 54.

The adhesive pad 52 is provided on an upper face of
a cylindrical raised section 57provided in a holding base
section 56 of a lower substrate holding device 57. Inside
the holding substrate section 56 is a space 56a. The
holding base section 56 also includes a plurality of
through holes 56b which connect the space S6a and the

upper face of the holding base section 56. The holding

substrate section 56 further includes an evacuation hole




sectional view illustrating a substrate assenbly device of the present
enbodi nent. The adhesive sheet 51 is provided on a |lower face of "a holding
base section 54 of an upper substrate holding device 53. Inside the
hol di ng substrate section 54 is a space 54a. The hol di ng base section 54
also includes a plurality of through holes 54b which connect the space

54a and the | ower face of the hol ding base section 54. The hol di ng
substrate section 54 further includes an evacuati on hol e 54c which
connects the space 54a and a side f ac80of the hol di ng substrate section

54. The adhg@@/%ﬁ?@@@oh&eﬂ&%ﬂﬂﬁdsﬁﬁ%’; w&eénaaaesg%eog&v ldgngpLcal

rai sed section 57provided in a hold secti on a | ower
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which is a plane flat plate. With the vertical movement of

the holding substrate section 56, the raised section 57

and the adhesive pad 52 move in and out of the opening

S8a.

As shown in Fig. 14(a), which is a plan view
illustrating the adhesive sheet 51, a multiplicity of convex
sections 61 are formed over the entire lower face
(adhesive face) of the adhesive sheet 51. Among the
cluster of the convex sections 61, suctioning pad sections
62 are formed that are interspersed at substantially
regular intervals

As shown in Fig. 14(b), which is an enlarged view of
Fig. 14(a), the raised sections 61 are provided in a
honeycomb pattern. Specifically, each of the raised
sections 61 is disposed so as to form a side of a hexagon.

The walls of each hexagon made by the raised sections 61
does not form a closed ring, but the rings are open with
spaces between the raised portions 61.

Each of the suctioning pad sections 62 has, for

example, a circular ring shape, and has a protruding wall




which is a plane flat plate. Wth the vertical novenent of the hol ding
substrate section 56, the raised section 57 and the adhesive pad 52 nove
in and out of the opening 58a. As shown in Fig. 14(a), which is a plan
view illustrating the adhesive sheet 51, a multiplicity of convex

sections 61 are fornmed over the entire |ower face (adhesive face) of the
adhesi ve sheet 51. Anobng the cluster of the convex sections 61, suctioning
pad sections 62 are formed that are interspersed at substantially regular
intervals As shown in Fig. 14(b), whitR7is an enlarged view of Fig. 14(a),
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The adhesive sheet 51 has a longitudinal section as
shown in Fig. 14(c), which is a cross sectional view taken
along the line X-X in Fig. 14(b). As shown in the figure,
the adhesive sheet 51 has a total thickness H of a few
millimeters. Each of the convex sections 61 has a height
in a range of about 100 ym to about 1 mm, or more
preferably about 300 um to 500 pym. The adhesive sheet
51 is rubbery and elastic.

Further, as shown in Figs. 15(a) and 15(b), on an
adhesive face of the convex section 61 of the adhesive
sheet 51, fine raised portions 64 are formed. Note that Fig.
15(a) is an enlarged view illustrating the adhesive face of
the convex section 61, and Fig. 15(b) is a cross sectional
view taken along the line Y-Y in Fig. 15(a). The fine raised
portions 64 has a depth d preferably in a range of from 10
pm to 100 pym, or more preferably from 20 uym to 40 um.
Note that, in the case where the fine convex sections 64
are not formed, the adhesive face of the convex section 61
naturally has irregularities havihg a height of a few

micrometers.




t hrough hol e 54b of the hol ding substrate section 54. The adhesive sheet 51
has a | ongitudinal section as shown in Fig. 14(c), which is a cross
sectional view taken along the line X~-Xin Fig. 14(b). As shown in the
figure, the adhesive sheet 51 has a total thickness H of a few
mllinmeters. Each of the convex sections 61 has a height in a range of
about 100 ;Amto about 1 mm or nore preferably about 300 pmto 500 pm
The adhesive sheet 51 is rubbery and elastic. Further, as shown in Figs.
15(a) and 15(b), on an adhesive face- 88 the convex section 61 of the

adhesive sheet S5ippdi iréglwé?%?5g(t1$gbgtgnf%lgéagﬁﬁ&%ge%f l\l@%g thaked 9
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substrates 5 and 3 when they are assembled together, and
(iii} desirable detachability from the glass substrate 5
after the assembly.

The convex sections 61 are arranged in a hexagonal
pattern for the following reasons. The first reason is to
densely dispose the convex sections 61 so as to avoid
uneven cell thickness caused by the irregular pattern of
the adhesive sheet 51 when the upper glass substrate 5
and the lower glass substrate 3 are assembled together.
The second reason is to allow for easy alignment (position
registration) of the glass substrates 5 and 3 when the
glass substrates 5 and 3 are assembled together.

Namely, when the upper glass substrate 5 and the
lower substrate 3 are assembled together, they are
horizontally aligned with the liquid crystal material 1 and
the sealing material 11 interposed therebetween. On this
occasion, a force is exerted in a horizontal direction
between the glass substrate 5 and the adhesive sheet 51.

Here, in cases where the convex sections 61 are

distributed unevenly, the convex sections 61 may collapse




such as the glass substrate 5, in a vacuum (ii) a pitch which does not
cause uneven cell thickness in the glass substrates 5 and 3 when they are
assenbl ed together, and (iii) desirable detachability fromthe gl ass
substrate 5 after the assenbly. The convex sections 61 are arranged in a
hexagonal pattern for the follow ng reasons. The first reason is to
densel y di spose the convex sections 61 so as to avoid uneven cel

t hi ckness caused by the irregul ar pattgag t he adhesi ve sheet 51 when

t he upper glass substrate 5 and the 1 r glass substrate 3 are assenbl ed
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horizontal force over a range of 360°, thereby achieving
the alignment with ease. Note that the layout of the raised
sections 61 is not limited to the hexagonal pattern as long
as a good balance is maintained for the rigidity of the
convex section 61 against horizontal force. For example,
the raised portions 61 may be disposed in the form of a
circle, a rectangle, a polygon (other than hexagon), a line,
a wave, or combinations of these.

In the adhesive sheet 51, the ends of the convex
sections 61 constituting the respective sides of a hexagon
do not meet to form a closed ring. Rather, the convex
portions 61 are independently provided. This provides a
passageway for the air inside each hexagon formed by the
raised portions 61, even when a vacuum atmosphere is
created in the surrounding of the glass substrate 5 held
by the adhesive sheet 51. On this account, the air inside
each hexagon formed by the raised sections 61 does not
expand, thereby stably and securely holding the glass

substrate 5.

Note that the layout of the convex sections 61 is not
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arranged in a hexagonal pattern, a good balance is maintained for the
rigidity of the raised portions 61, enabling the raised portions 61 to
oppose input of horizontal force over a range of 360, thereby achieving
the alignment with ease. Note that the |ayout of the raised sections 61 is
not limted to the hexagonal pattern as long as a good bal ance is

mai ntai ned for the rigidity of the convex section 61 against horizontal
force. For exanple, the raised portions 61 may be di sposed in the form of
a circle, a rectangle, a polygon (othéa'than hexagon), a line, a wave, or
conbi nat i ons;Qf; ege. [ &5et d vex
sections 61qg§ﬁg%?tﬁ?ﬂﬁggghgﬁ?gggggt %g sidégéﬁPrgyﬁgigbih %ﬁéﬁ?ﬁ% neet to
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The convex sections 61 and the fine convex sections
64 can be fabricated in accordance with a conventionally
well-known photolithography technique. Alternatively,
they may be fabricated by a mechanical method.

In order to hold the glass substrate 5 by the upper
substrate holding device 53, the glass substrate 5 is
placed directly below the adhesive sheet 51 with the use
of substrate carrying means, such as a robot arm (not
shown). Then, the space section 34a is evacuated through
the evacuation holes 54c of the holding substrate section
54 by using, for example, a vacuum pump. As a result,
the air is drawn out through the through holes 63 of the
adhesive sheet 51, and the glass substrate 5 is sucked to
the suction pad sections 62. Once sucked, the glass
substrate 5 is held onto the adhesive sheet 51 by the
adhesion on the adhesive faces (lower faces) of the convex
sections 61 of the adhesive sheet 51. Note that, this may
be carried out using assisting means For example, local

suction means, such as a suction pin (not shown), may be

lifted down onto the glass substrate 5 from the upper




limted to the hexagonal pattern as long as a passageway 1is provided for
air. Note also that the suctioning pad sections 62 used for vacuum suction
in communication wth the through holes 54b of the hol ding substrate
section 54 has a closed structure. The convex sections 61 and the fine
convex sections 64 can be fabricated in accordance with a conventionally
wel | - known phot ol i t hography techni que. Alternatively, they nay be
fabricated by a mechanical nmethod. In 9" rder to hold the glass substrate 5
by the upper substrate hol di ng device é the glass substrate 5 is placed

directly beb%dﬁ}atedm@mgt@@hc%l 58t hatnt&3 H5e gPissuUBBiHArateary yi ng

nmeans, such as a robot arm (not shown). Then, the space section 54a is
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section 54 by using, for npl e, a vacuum punp. a resu
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t he gl ass tg & is held onto t he adhesi ve sheet 51 by the adhesion

on the adheS| ve fraces (1 ower faces) of the convex sections 61 of the

schesive sheet STrfbite X pSILaLEY nlf S 10R0 B AT S8 Tour)
may be l'fE?({thWpSQ}OSﬁB%tgage %gi"éllsr}é %eewSceer 1§h§ef'£8ﬁed from
the adhesive sheet 51 by placing substrate carrying
means, such as a robot arm (not shown), directly below
the glass substrate 5, and then by carrying out an air
purge through the through holes 63. This may be carried
out by using assisting means. For example, detaching
means such as a detaching pin (not shown) may be lifted
down to the glass substrate 5 from the upper substrate
holding device 53 so as to detach the glass substrate 5
from the adhesive sheet 51.
The adhesive pad 52 has a thin cylindrical shape as
shown in Fig. 16(a), which is a plan view illustrating the
lower substrate holding device 55, and in Fig. 16(b},
which is a longitudinal section of the lower substrate
holding device 55. The adhesive pads 52 in the lower
substrate holding device 55 are provided in a discrete
manner. As in the adhesive sheet 51, each adhesive pad
52 has a plurality of convex sections 61 over its entire
upper face (adhesive face). In the central portion on the

upper face of the adhesive pad 52 is the suction pad




-41 substrate hol ding device 53, and the glass substrate 5 nmay be lifted
up to the adhesive sheet 51 with the |ocal suction neans adhering to or
vacuum sucki ng the glass substrate 5. The gl ass substrate 5 held by the
adhesi ve sheet 51 of the upper substrate hol ding device 53 is detached
from the adhesive sheet 51 by placing substrate carrying neans, such as a
robot arm (not shown), directly below the glass substrate 5, and then by
carrying out an air purge through the through holes 63. This may be
carried out by using assisting means’ *Bot exanpl e, detaching means such

as a detachidurtibh 620tafBO¥RE tHBoRgh! hble®3 q@%ﬂrﬁeﬁi“?h%ﬁ%% ftpl&strate 5
fromthe upper substrate holding device 53 so as to detach the gl ass

substrate 5 cdygmrt ?%r%fﬁl@%f’%h%hgﬁtc{g%g) phe adRepdespadrié Banvex hin

cylindrical shape a shown 1 n Fi which 1s a plan view

illustrati n%ém?gggg éf@%f@éﬁgégl ﬁhnshgeghgﬁe%?&ﬁ%ﬁg dﬁﬁ- &ﬁ%( b),

which is a |l ongl section o0 he”| ower substrate g device 55.
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As in the adhesive sheet 51, the adhesive pad 52
has a total thickness H of a few millimeters as shown in
Fig. 14(c), and each of the raised portion 61 has a height
h that falls within a range of from 100 uym to 1 mm, or
more preferably from 300 ym to 500 um. The adhesive pad
52 is rubbery and elastic.

Further, as in the adhesive sheet 51, fine raised
portions 64 are formed on the adhesive face of each raised
portion 61 of the adhesive pad 52, as shown in Figs. 15(a)
and 15(b). The fine raised portions 64 has a depth h that
preferably falls within a range of from 10 pm to 100um, or
more preferably from 20 pm to 40 um.

In order to hold the glass substrate 3 by the lower
substrate holding device 55, the glass substrate 3 is
placed directly above the lower stage 58 with the use of
substrate carrying means, such as a robot arm (not
shown). Then, a lift pin (not shown) is lifted up from the
lower substrate holding device 55 to the glass substrate 3.

After the substrate carrying means has released the glass




upper face of the adhesive pad 52 is the suction pad -42 section 62, and
the through hole 63 is forned through the central portion of the suction
pad section 62. The convex sections 61 are arranged in the sane manner as
in the adhesive sheet 51. Also, the suction pad section 62 is structured
in the sanme manner as in the adhesive sheet 51. As in the adhesive sheet
51, the adhesive pad 52 has a total thickness Hof a fewmllineters as
shown in Fig. 14(c), and each of the i sed portion 61 has a height h
that falls within a range of from 100 fiYto 1 nm or nore preferably from

300 pmto 58Qb@tratbesadprpi v@rRated2ths w@bgm fdpebagHC ddwht her, as
in the adhesive sheet 51, fine raised portions 64 are formed on the
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in Figs. 15(a) and 15 I ne ral se h that
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substrate section 56 by using, for example, a vacuum
pump. As a result, the air is drawn out through the
through holes 63 of the adhesive pad 52, and the glass
substrate 5 is sucked to the suction pad sections 62.
Once sucked, the glass substrate 3 is held onto the
adhesive pad 52 by the adhesion on the adhesive faces
(upper faces) of the raised portions 61 of the adhesive pad
52.

The glass substrate 3 held by the adhesive pad 52
of the lower substrate holding device 55 is detached from
the adhesive pad 52 by lifting down the adhesive pad 52
with the lower stage 58 fixed on the adhesive pad 52. On
this account, the glass substrate 3 can be detached from
the adhesive pad 52 with ease. This can be carried out
more easily when an air purge is simultaneously carried
out through the through holes 63.

As with the foregoing adhesive pads 20, 21, 23 and
the adhesive sheet 22, the adhesive sheet 51 or the
adhesive pad 52 of the present emibodiment is made of a

self-adhesive material. That is, no adhesive agent or the



| ower substrate hol ding device 55 to the glass substrate 3. After the
substrate carrying neans has rel eased the glass -43 substrate 3 and
retreated, the Iift pin is brought down. On this occasion, the adhesive
pad 52 is lifted up in advance so that its upper face levels with the
upper face of the |lower stage 58. Then, the space section 56a is

evacuat ed t hrough the evacuation hol e 56¢c of the hol ding

substrate section

56 by using, for exanmple, a vacuum pupp. As a result, the air is drawn out
t hrough the through holes 63 of the adhésive pad 52, and the gl ass
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63. As with

polybutadiene are described above.

When the adhesive sheet 51 and the adhesive pad
52, both of which are made of unsaturated polybutadiene,
are A3 size or smaller, they may have a thickness of, for
example, about 0.3 mm to about 5 mm. When the
adhesive sheet 51 and the adhesive pad 52 are bigger
than A3 size, and are not bigger than 730 mm x 920 mm,
they may have a thickness of, for example, about 1 mm to
about 5 mm.

Here, Tabl‘e 1 below shows the result of
measurement on the adhesion of unsaturated
polybutadiene with respect to (i) a glass substrate for a
liquid crystal panel, (ii) a PES (polyethersulfone)
substrate for a liquid crystal panel, called a plastic liquid
crystal, and (iil) an epoxy substrate for a liquid crystal
panel. For the measurement, an adhesive member made of
unsaturated polybutadiene was prepared first. The
adhesive member was flat without irregularities, and had
a diameter of 20 mm. Then, a pressure of 1.96 N was

applied to each target substrate for 10 seconds, and the



t he adhesive sheet 22, the adhesive sheet 51 or the adhesive pad 52 of the
present enbodi nent is nade of a self-adhesive material. That is, no
adhesive agent or the -44 like is applied thereon. Specifically, the
adhesi ve sheet 51 and the adhesive pad 52 are nade froma materi al
i ncl udi ng di ene-based resin, and nore specifically, made of unsaturated
pol ybut adi ene, which is a diene-based resin. Properties and the |ike of
t he unsaturated pol ybutadi ene are described above. Wen the adhesive sheet
51 and the adhesive pad 52, both of wfxh are made of unsat urated

pol ybut adi erfgfce @g uired! €8 gégﬁl {%en :Pﬁ’sx ﬁﬁt%& t‘phggls?s of , for

exanpl e, about O. to a out esive sheet and th
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substrate for a liquid crystal panel . For the measurenent, an adhesive
menber made of
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unsat ur at ed pol ybut adi ene was prepared first. The adhesive nenber was fl at
without irregularities, and had a dianmeter of 20 mm Then, a pressure of
1.96 Nwas applied to each target substrate for 10 seconds, and the -45-
force required to detach the adhesive nenber when it is pulled vertically
was neasured with the use of a push-pull gauge. The nunbers in Table 1 are
converted values, representing adhesion per square neter. -46 (Table 1)
Adhesi on of pol ybutadi ene (unit: g/cnﬂ% Measur enent Tar get substrates G ass
PES substrat eEpoxy substratesubstrate 850178166 2382153134 3414178188
4322160175 p#3B10160 6398188134 7414191143 8414204146 9398207178

Adhesion of polybutadiene (unit: g/cm?2)

Measurement Target substrates
Glass PES substrate Epoxy
substrate substrate

1 350 178 166
2 382 153 134
3 414 178 188
4 322 160 175
5 430 191 160
6 398 188 134
7 414 191 143
8 414 204 146
9 398 207 178
10 430 182 156

Average value| - 395 183 158




10430182156 Average val ue395183158 -47 The follow ng description deals with
(i) the adhesion actually required for the adhesive sheet 51 and'the
adhesive pad 52, and (ii) a nmethod for adjusting the adhesion. Wen a work
to be adhered is the glass substrate 5 having a specific gravity of
approximately 2.8 g/ cnB and a thickness of 0.7 mmfor use in liquid
crystal, the work has a weight per square centineter of approximately 0.2
g. The adhesive sheet 51 has an adhesi gn of 395 g/cn®. Ther ef ore, when
the entire face of the glass substrate?s is adhered to the adhesive sheet

51, the adhesion ird g811dWg¢ d&sc i[ﬂﬁi&haééawt\ﬂgﬁ@cﬁhegé‘& ddp i onal

stress is exerted onthe g s substrate whi | e I ng. heréfore, in
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portions 64_ane _fqorned so that they occupy 10% of a | ower face of each
rai sed portl‘r"‘glr%'l%sf.o% this account, only 0.5% of the entire area of the

adhesive sheet 51%[&%“&1' %on&k 2 be adhered is the glass substrate 5
having a specific gravity of approximately 2.8 g/cm3 and a
thickness of 0.7 mm for use in liquid crystal, the work
has a weight per square centimeter of approximately 0.2 g.
The adhesive sheet 51 has an adhesion of 395 g/cm?2.
Therefore, when the entire face of the glass substrate S is
adhered to the adhesive sheet 51, the adhesion is too
large for the glass substrate 5, and additional stress is
exerted on the glass substrate 5 while detaching.
Therefore, in the adhesive sheet 51 of the present
embodiment, the raised portions 61 form the hexagonal
pattern with a pitch P of 8.66 mm (See Fig. 15), a length L
of 2.2 mm, and a width of 0.5 mm, occupying
approximately 5% of an entire area (lower face) of the
adhesive sheet 51. Further, fine raised portions 64 are
formed so that they occupy 10% of a lower face of each
raised portion 61. On this account, only 0.5% of the
entire area of the adhesive sheet 51 directly makes
contact with the glass substrate 5. Because the raised
portions 61 are thus formed in the adhesive sheet 51, the

adhesive sheet 51 had an average adhesion of




contact with the glass substrate 5. Because the raised portions 61 are
thus forned in the- adhesive sheet 51, the adhesive sheet 51 had an

aver age adhesi on of -48- approximately 2 g/CM2. That is, the adhesive sheet
51 of the present enbodi nent realized an adhesion strong enough to adhere
to the glass substrate 5 having a weight of about 0.2 g per square
centineter, but weak enough to allow the glass substrate 5 to be detached
wi t hout exerting additional stress thgéeon. Meanwhi | e, when the work is an
epoxy substrate having a specific gravPty of approximately 1.9 g/CMB and a

thi ckness ofa i Ao ¥ihbeEIHSE d eii2dUTHAG! VSl fhe Bl eWIVe stase@ypignt of

approximately 0.08 g per square centineter. The adhesive sheet 51 has an
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exerting additional stress thereon.

Meanwhile, when the work is an epoxy substrate
having a specific gravity of approximately 1.9 g/cm?3 and a
thickness of 0.4 mm for use in liquid crystal, the work
has a weight of approximately 0.08 g per square
centimeter. The adhesive sheet 51 has an adhesion of 183
g/cm?2. Therefore, when the entire face of the glass
substrate S5 adheres to the adhesive sheet 51, the
adhesion becomes too strong for the epoxy substrate as in
the foregoing case, and additional stress is exerted on the
epoxy substrate while detaching. Therefore, in this case,
the raised portions 61 form the hexagonal pattern with a
pitch P of 8.66 mm (See Fig. 15), a length L of 2.2 mm,
and a width of 0.4 mm, occupying approximately 4% of
the total area (lower face) of the adhesive sheet 51.
Further, fine raised portions 64 are formed so that they
occupy approximately 10% of a lower face of each raised
portion 61. On this account, only 0.4% of the whole area
of the adhesive sheet 51 directly makes contact with the

epoxy substrate. Because the raised portions 61 are thus




occupy approximately 10% of a |l ower face of each raised portion 61. On
this account, only 0.4% of the whole area of the adhesive sheet 51
directly makes contact with the epoxy substrate. Because the raised
portions 61 are thus -49- forned in the adhesive sheet 51, the adhesive
sheet 51 had an average adhesion of approximately 0.8 g/CM2. That 1is, the
adhesi ve sheet 51 realized an adhesion strong enough to adhere to the
epoxy substrate having a weight of 0.08 g per square centinmeter, but weak
enough to allow the epoxy substrate t 8%e det ached wi t hout exerting
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the epoxy substrate to be detached without exerting
additional stress thereon.

It should be.appreciated that the method by which
a proportion of occupied area of the raised portions 61 or
fine raised portions 64, and the size of the adhesive sheet
51 or the adhesive pad 52 relative to the work size are
adjusted can be applied not only to the glass substrate 5
and the epoxy substrate but also to a variety of works
with various specific gravities or shapes such as the PES
substrate shown in Table 1

The following description deals with a method for
manufacturing the liquid crystal display panel 10 of the
liquid crystal display device with a substrate assembly
device (substrate holding device) using the adhesive sheet
51 and the adhesive pad 52. As shown in Fig. 17{a), a
substrate assembly device 70 used herein includes (i) the
upper substrate holding device 53 having the adhesive
sheet 51, (ii} the lower substrate holding device 55 having
the adhesive pad 52, (iii) the lower stage 58, and (iv) a

vacuum chamber 71 which contains these substrates and




substrate assenbly device 70 used herein includes (i) the wupper substrate
hol di ng devi ce 53 having the adhesive sheet 51, (ii) the |ower substrate
hol di ng devi ce 55 having the adhesive pad 52, (iii) the | ower stage 58,
and (iv) a vacuum chanber 71 which contains these substrates and -50-

devi ces. The upper substrate hol ding device 53 and the |ower substrate
devi ce 55 can nove up and down. Note that a vacuum pipe and the |ike for
evacuating the vacuum chanber 31 are gmitted in the figure. Firstly, as
shown in Fig. 17(a), in the substrate 5stenbly device 70, a door 72 of the

vacuum Chaw. bés, PhQP P‘b@ﬁt &%EUH'HI E*; evt%- g{iﬁg 2HB°the

substrate ing device and ovver su evice 55 are
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assembly device 70, a door 72 of the vacuum chamber 71
is opened. In the vacuum chamber 71, the wupper
substrate holding device 53 and the lower substrate
holding device 55 are placed with a predetermined space
between each other. Beside a port 73 of the vacuum
chamber 71, the glass substrate 3 including the pixel
electrodes 2, and the glass substrate 5 including the
counter electrodes 4 are prepared for entry into the
vacuum chamber 71. |

Here, the sealing material 6 has been applied on
the periphery of the glass substrate 3, and the liquid
crystal material 1 has been dropped on a central portion
of each area surrounded by the sealing material 6. Note
that, in the figure, the sealing material 6 is applied to the
glass substrate 3; however, the application of the sealing
material 6 is not necessarily limited to this, and the
sealing material 6 may be applied to the glass substrate 5
as well.

Next, the glass substrate 5 is placed directly below

the adhesive sheet 51 with the use of substrate carrying




gl ass substrate 3; however, the application of the sealing material 6 is
not necessarily limted to this, and the sealing material 6 may be applied

to the glass substrate 5 as well. Next, the glass substrate 5 is placed
directly below the adhesive sheet 51 with the usé of substrate carrying
-51 neans, such as a robot arm (not shown) or the like. Then, inside air

I s drawn out through the through holes 63 of the adhesive sheet 51,
t hereby hol ding the glass substrate 5 on the adhesive sheet 51 as shown in
Fig. 17(b). This nmay be carried out b9lusi ng assisting means For exanple,
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local suction means, such as a suction pin (not shown),
may be lifted down to the glass substrate 5 from the
upper substrate holding device 53, and the glass
substrate 5 may be lifted up to the adhesive sheet 51 with
the local suction means adhering to or vacuum-sucking
the glass substrate 5.

Then, the glass substrate 3 is placed directly above
the lower stage 58 with the use of substrate carrying
means, such as a robot arm {not shown) or the like. Then,
a lift pin (not shown]. is lifted up to the glass substrate 3
from the lower substrate holding device 55. After the
substrate carrying means has released the glass substrate
3 and retreated, the lift pin is brought down. On this
occasion, the adhesive pad 52 has been lifted up such
that its upper surface levels with the upper face of the
lower stage 58. Then, the air is drawn out through the
through holes 63, causing the glass substrate 5 to adhere
to and to be held by the adhesive pad 52 as shown in Fig.
17(c).

Then, as shown in Fig. 18(a), the door 72 of the




occasi on, the adhesive pad 52 has been lifted up such that its upper
surface levels with the upper face of the |ower stage 58. Then, the air is
drawn out through the through holes 63, causing the glass substrate 5 to
adhere to and to be held by the adhesive pad 52 as shown in Fig. 17(c).
Then, as shown in Fig. 18(a), the door 72 of the -52 vacuum chanber 71 is
cl osed and the vacuum chanber 71 is evacuated. Here, the adhesive sheet 51
and the adhesive pad 52 nade of unsaturated pol ybutadiene nmintain their
adhesi on even in a vacuun1 Further, th22-adhesive sheet 51 and adhesive pad

52 are stabjggly ’H‘Ot#] :ﬂ%%%rc?‘tdﬂg Ene_ %%%I{%QF; hrbeP©
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vacuum without generating any gas. Therefore, no
problem is posed even when the adhesive sheet 51 and
the adhesive pad 52 are exposed in a vacuum when the
glass substrates 5 and 3 are assembled together.
Furthermore, because the adhesive sheet 51 holds the
glass substrate 5, the glass substrate 5 does not fall even
after the vacuum suction is released. Further, because
the adhesive pad 52 holds the glass substrate 3,
misregistration does not occur.

Next, the upper substrate holding device 53
including the adhesive sheet 51 is moved down, and the
upper glass substrate 5 and the lower glass substrate 3
are assembled together with position registration. Here,
because the glass substrate 5 and the glass substrate 3
are held by the adhesive sheet 51 and the adhesive pad
52, respectively, misregistration does not occur.

Then, as shown in Fig. 18(b), the glass substrate 5
and the glass substrate 3 are pressed against each other
until a certain distance is achieved therebetween.

Thereafter, as shown in Fig. 18(c), the adhesive pad
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are assenbl ed together with position registration. Here, because the gl ass
substrate 5 and the glass substrate 3 are held by the adhesive sheet 51
and the adhesive pad 52, respectively, msregistration does not occur.
Then, as shown in Fig. 18(b), the glass substrate 5 and the gl ass
substrate 3 are pressed agai nst each other wuntil a certain distance is
achi eved therebetmeen Thereafter, as shown in Fig. 18(c), the adhesive pad
-53 52 (i.e., the | ower substrate hol ding device 55) is noved down with
the | ower stage 58 flxed to the adhesi 98 pad, thereby detaching the glass

substrate Ssorqie heypdeyue (apdiPZee enlayde Q0ONC 85F Q. dAdeal (he

upper subst rat evi ce ecause
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as shown in_Fi 19(a) and after the appl i cation of pressure shown in Fig.
Perh S

18(b). W t hP S pressure, the upper glass substrate 5 and the | ower

gl ass substrate 3Nare pggssé%%vggaligstﬁ‘iggctfg(gf’hetﬁ_l-e upper substrate

holding device 53 is moved up. Because the glass
substrate 5 adheres to the adhesive sheet 51, the upper
substrate holding device 53 lifts up the glass substrates 5
and 3 _together as an assembly.

Note that, a purge gas such as atmospheric or N>
gas is introduced into the vacuum chamber 71 before the
substrate holding device 53 is lifted up as shown in Fig.
19{(a) and after the application of pressure shown in Fig,.
18(b). With the gas pressure, the upper glass substrate 5
and the lower glass substrate 3 are pressed against each
other.

Under this condition, the door 72 of the vacuum
chamber 71 is opened, and substrate carrying means,
such as a robot arm {not shown), is placed directly below
the glass substrates 3 and 5 assembled together. Then,
air purge is carried out through the through holes 63 of
the adhesive sheet 51, thereby separating the glass
substrates 5 and 3 from the substrate carrying means.
This places the glass substrates 5 and 3 on the substrate

carrying means, and the glass substrates 5 and 3 are




Under this condition, the door 72 of the vacuum chanber 71 is opened, and
substrate carrying neans, such as a robot arm (not shown), is placed
directly below the glass substrates 3 and 5 assenbl ed together. Then, air
purge is carried out through the through holes 63 of the adhesive sheet
51, thereby separating the glass substrates 5 and 3 fromthe substrate
carrying neans. This places the glass substrates 5-and 3 on the substrate
carrying nmeans, and the glass substrates 5 and 3 are -54 taken out of the
vacuum chamber 71 with the substrate- ®hrrying neans, as shown in Fig.
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holding device 53 to the glass substrate 5 so as to detach
the glass substrate 5 from the adhesive sheet 51.

Then, irradiation of ultraviolet rays and heat sinter
are carried out on the assembly of the glass substrates 3
and S5, so as to completely harden the sealing material 6.

Thereafter, the polarizing plates 7 and 8, and
reflecting plates 9 made of aluminum and/or the like are
attached to the glass substrates 3 and 5, thereby
constructing the liquid crystal display panel 10. Then, the
liquid crystal display panel is connected to a driving
circuit (not shown) and the like, thereby manufacturing a
liquid crystal display device.

As described above, the adhesive sheet 51 and the
adhesive pad 52, both of which are made from a material
including diene-based resin are used in the method for
holding a substrate in a vacuum, the method for
manufacturing a liquid crystal display device, and the
substrate assembly device. . The diene-based resin has
CH.- at the both ends, thereby obtaining suitable

adhesion and detachability when the glass substrates 5




circuit (not shown) and the like, thereby manufacturing a liquid crystal

di spl ay device. As described above, the adhesive sheet 51 and the adhesive
pad 52, both of which are made froma material including diene-based resin
are used in the nethod for holding a substrate in a vacuum the nethod for
manufacturing a liquid crystal display device, and the substrate assenbly

device. The diene-based resin has CH2- at the both ends, thereby

obtai ning suitable adhesion and detachability when the gl ass substrates 5

-55 and 3 are held in a vacuum Nanely99unlike a doubl e-faced adhesive tape

to which agrﬁgliag\réeg?g(gﬁgl ézﬂggﬁldrgq, no adhesive agent remains on the

gl ass substra esiron of the adhesive sheet 51 and the

adhesive pad 52 a ugh to fer th I syhstrates 5 and

3. Therefore, an@%’ﬁ%s Veﬁg@éﬁF i% gg’é\f?@rﬁﬁa%? on??g ?ﬁan: Rfh %?Ie gl ass

substrates 5 .and 3, and the.adhesivg sheet ,51.and the,,adhesi ve %ﬁg 52 can
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pg\é\egzg asstﬁubstrate. 3; owegeir ,aI{CIPe ad e&hve.s eet 5% and the aalgl esive

e adhesive sheet the adhesive pad 52 are we
enough to detach from the glass substrates 5 and 3.
Therefore, an adhesive agent is prevented from remaining
on the glass substrates 5 and 3, and the adhesive sheet
S1 and the adhesive pad 52 can be detached with ease
from the glass substrates 5 and 3 after the assembly.

Note that, in the present embodiment, the adhesive
sheet 51 holds the upper glass substrate 5, and the
adhesive sheet 52 holds the lower glass substrate 3;
however, the adhesive sheet 51 and the adhesive pad 52
may be used for either of the glass substrates 5 and 3.
Alternatively, a fixed adhesive sheet and a movable
adhesive pad may be used in combination for, for example,
the lower substrate holding device 35.

Further, as with the foregoing First Embodiment,
the arrangement of the present embodiment has various
advantages, including (a) preventing a change in a
characteristic of the TFT element caused by an
application of high voltage, because it does not use an

electrostatic chuck, (b) simplifying the structure of the

substrate assembly device used in a vacuum because the




may be used for either of the glass substrates 5 and 3. Alternatively, a
fi xed adhesi ve sheet and a novabl e adhesive pad may be used in conbination
for, for exanple, the |ower substrate hol ding device 55. Further, as with
the foregoing First Enbodinent, the arrangement of the present enbodi nment
has various advantages, including (a) preventing a change in a
characteristic of the TFT el enent caused by an application of high
vol t age, because it does not use an electrostatic chuck, (b) sinplifying"
the structure of the substrate assenmbP§ -device used in a vacuum because
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2 silicon LAMPStEALes 1PE§aHﬁFé“21]n’ and (d) generating no gas

and restoring the adhesion by washing with water and
drying, even when dust is attached. Further, the present
embodiment is applicable not only to a substrate for
liquid crystal displays but also to various types of
substrates, such as a plasma display substrate, an EL
substrate, a plasma address substrate, a field emission
display substrate, a silicon ball, and the like.

[Example 2]

A comparative experiment was carried out to
examine whether or not the adhesive sheet 51 and the
adhesive pad 52 with their raised portions 61 arranged in
a hexagonal pattern as described above in this
embodiment can evenly apply pressure on the glass
substrates.

In the experiment, an adhesive sheet 81 (shown in
Fig. 20(a) through Fig. 20(c)) was formed as a comparative
example to the adhesive sheet 51 (shown in Fig. 14(a)
through Fig. 14(c}). As shown in Fig. 20(a), which is a
plan view of the adhesive sheet 81, on a lower face

(adhesive face) of the adhesive sheet 81, a multiplicity of
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A conparative experinent was carried out to exam ne whether or not the
adhesive sheet 51 and the adhesive pad 52 with their raised portions 61
arranged in a hexagonal pattern as described above in this enbodi nent can
evenly apply pressure on the glass substrates. In the experinent, an

adhesi ve sheet 81 (shown in Fig. 20(a) through Fig. 20(c)) was forned as a
conparative exanple to the adhesive sheet 51 (shown in Fig. 14(a) through

Fig. 14(c)). As shown in Fig. 20(a), which is a plan view of the adhesive
sheet 81, on a lower face (adhesive TﬁZe) of the adhesive sheet 81, a
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the raised portions 82 has a protruding wall which forms

a closed ring. That is, in the adhesive sheet 81, each

raised portion is structured to form an elliptical ring. As

shown in a cross sectional view taken along the line z-z in

Fig. 20(b), a through hole 82 for vacuum suction is

provided in a central portion of the ellipsoid formed by

each raised portion 82, penetrating through the adhesive

sheet 81 in a thickness direction.

The raised portions 82 have a length L1 of the

ellipsoid 75 mm, a width L2 of the ellipsoid 15 mm, a

width W1 of the protrusion 0.6 mm, a pitch PX of 25 mm

in an X direction (width direction of the ellipsoid), and a

pitch PY of 100 mm in a Y direction (direction along the

long side of the ellipsoid). In this way, the raised portions

82 occupy approximately 4% of the entire area (lower face)

of the adhesive sheet 81. Further, fine raised portions 64

were formed on the raised portions 82, occupying

approximately 12.5 % of the area of the lower face of each

raised portion 82. On this account, only 0.5% of the

whole area of the adhesive sheet 81 is directly in contact




sheet 81 in a thickness direction. The raised portions 82 have a length L1
of the ellipsoid 75 mMmm a width L2 of the ellipsoid 15 mm a wdth W of
the protrusion 0.6 nm a pitch PX of 25 m in an X direction (wdth
direction of the ellipsoid), and a pitch PY of 100 nmin a Y direction
(direction along the long side of the ellipsoid). In this way, the raised
portions 82 occupy approximately 4% of the entire area (lower face) of

t he adhesive sheet 81. Further, fine raised portions 64 were fornmed on the
rai sed portions 82, occupying approxiﬁﬁrely 12.5 % of the area of the

| ower face witﬁamec]%@s%eguocﬂ%géjaqglgz. On this account, only 0.5% of the

whol e area of the adhesive I's directly in contact -58 with the
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Example 1. Note also that the glass substrates 5 and 3
were assembled together by the method shown in Fig. 17
through Fig. 19.
Note also that, as in the foregoing example, the
work (the glass substrates 5 and 3) had a specific gravity
of approximately 2.8 g/cm3, a thickness of 0.7 mm, and a
weight of approximately 0.2 g per square centimeter.
The result of comparative experiment showed that,
as in the foregoing example, the adhesive sheet 51 in
which the raised portions 61 were disposed in a
hexagonal pattern had an average adhesion of
approximately 2 g/cm?2, and adhered to and securely held
the glass substrate 5 having a weight of 0.2 g per square
centimeter, thereby enabling the glass substrates 5 and 3
to be desirably assembled together without creating areas
of uneven pressure, i.e., uneven cell thickness, caused by
the raised portions 61.
On the other hand, the adhesive sheet 81 including

the raised portions 82 had an average adhesion of

approximately 2 g/cm2, and adhered to and securely held




wei ght of approximately 0.2 g per square centineter. The result of
conpar ati ve experinent showed that, as in the foregoing exanple, the
adhesive sheet 51 in which the raised portions 61 were disposed in a
hexagonal pattern had an average adhesion of approximtely 2 g/CVM, and
adhered to and securely held the glass substrate 5 having a weight of 0.2
g per square centineter, thereby enabling the glass substrates 5 and 3 to
be desirably assenbl ed toget her mﬁthoug creating areas of uneven pressure,
i.e., uneven cell thickness, caused by %he rai sed portions 61. On the
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shape. This prevented a sufficient pressure from being
exerted inside the raised portions 82 when the glass
substrates 5 and 3 were assembled together, with the
result that uneven cell thickness was caused that causes
display defect in the glass substrates 5 and 3

[Example 3]
Further, an adhesive sheet 91 (shown in Fig. 21(a)

through Fig. 21{c)) was formed as another comparative
example of the adhesive sheet 51 (shown in Fig. 14(a)
through Fig. 14(c)). As shbwn in Fig. 21(a), which is a
plan view of the adhesive sheet 91, a multiplicity of raised
portions 92 were provided on a lower face (adhesive face)
of the adhesive sheet 91. The raised portions 92 are
equivalent to the raised portions 61 of the adhesive sheet
51. As shown in Fig. 21(b), which is an enlarged view of
Fig. 21(a), each of the raised portions 82 has a circular
ring shape. As shown in a cross sectional view taken
along zz-zz in Fig. 21(b), a through hole 93 for vacuum

suction was provided in a central portion of each of the

raised portions 92, penetrating through the adhesive
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[ Exanpl e 3) Further, an adhesive sheet 91 (shown in Fig. 21(a) through
Fig. 21(c)) was fornmed as anot her conparative exanple of the adhesive
sheet 51 (shown in Fig. 14(a) through Fig. 14(c)). As shown in Fig. 21(a),
which is a plan view of the adhesive sheet 91, a nultiplicity of raised
portions 92 were provided on a | ower face (adhesive face) of the adhesive
sheet 91. The raised portions 92 are equivalent to the raised portions 61
of the adhesive sheet 51. As shown indf'g. 21(b), which is an enlarged
view of Fig. 21(a), each of the raisé [%brtions 82 has a circular ring

shape. As sheMBet™ P igf 856h R EQ8airkickbhaken along zz-zz in Fig. 21(b),
a through hole 93 for vacuum suction was provided in a central’ portion of
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occupied approximately 0.5% of the entire area (lower
face) of the adhesive sheet 91. In the raised portions 92,
fine raised portions 64 were not formed. Therefore, 0.5%
of the whole area of the adhesive sheet 91 was directly in
contact with the glass substrate 5.

Note that, as in the Example 1, the unsaturated
polybutadiene resin (trade name “APR K-11") of the Asahi
Kasei Corporation was used to make the adhesive sheets
and adhesive pads by the method described in the
Example 1. Note also that the glass substrates 5 and 3
were assembled together by the method shown in Fig. 17
through Fig. 19.

Note also that, as in the foregoing example, the
work (glass substrates 5 and 3) had a specific gravity of
approximately 2.8 g/cm?, a thickness of 0.7 mm, and a
weight of approximately 0.2 g per square centimeter.

The result of comparative experiment showed that,

as in the foregoing example, the adhesive sheet 51 in

which the raised portions 61 were disposed in a

hexagonal pattern had an average adhesion of




contact w

th the glass substrate 5. Note that, as in the Exanple 1,

t he

unsaturated pol ybutadiene resin (trade nane "APR K-11") of the Asahi

Kasei Corporation was used to nmake the adhesive sheets

by the nethod described in the Exanple 1. Note also that the glass
substrates 5 and 3 were assenbl ed together by the method shown in Fig. 17
g. 19. Note also that, as in the foregoing exanple, the work

t hrough Fi

(gl ass substrates 5 and 3) had a spec\il\éic gravity of approximtely

g/cnB, a thickness of 0.7 mm and a
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cell thickness, by the raised portions 61,

On the other hand, the adhesive sheet 91 including
the raised portions 92 had an average adhesion of
approximately 2 g/cm?, and adhered to and securely held
the glass substrate S having a weight of approximately 0.2
g per square centimeter. However, unlike the adhesive
sheet 81 with the raised portions 82 having an elliptical
shape, the glass substrate 5 did not change its shape
inward at each raised portion 92 even when the adhesive
sheet 91 adhered to the substrate by the vacuum suction
through the through holes 93. However, the pressure of
assembly concentrated on the raised portions 92 that

occupied 5% of the whole area of the adhesive sheet 91,

- causing these areas to deform by the strong pressure

while the pressure was insufficiently applied to the other
areas. As a result, uneven cell thickness is caused that
causes display defect in the glass substrates 5 and 3.

It was found as a result that the adhesive sheet 51
and the adhesive pad 52 with their raised portions 61

disposed in a hexagonal pattern were suitable for




approximately 2 g/ CM2, and adhered to and securely held the gl ass
substrate 5 having a wei ght of approximately 0.2 g per square centineter.
However, unlike the adhesive sheet 81 with the raised portions 82 having
an elliptical shape, the glass substrate 5 did not change its shape

i nward at each raised portion 92 even when the adhesive sheet 91 adhered
to the substrate by the vacuum suction through the through hol es 93.
However, the pressure of assenbly concentrated on the raised portions 92
that occupied 5% of the whole area of O¥hve adhesi ve sheet 91, causi ng
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61 is not limited to this, and the raised portions 61 may
constitute at least part of the sides making up the
hexagons of the honeycomb pattern. A concrete example
thereof is explained below.

As shown in Fig. 22(a), which is a plan view
illustrating, for example, an adhesive sheet 101 that
replaces the adhesive sheet 51. A multiplicity of raised
portions 111 are formed over the entire lower face
(adhesive face) of the adhesive sheet 101. Among the
cluster of thé raised portions 111, suctioning pad sections
112 are formed that are interspersed at substantially
regular intervals.

As shown in Fig. 22(b), which is an enlarged view of
Fig. 22(a), the raised portions 111 are provided adjacent
to one another in a honeycomb pattern. In particular,
each raised portion extends in three directions from an
apex of a hexagon in the honeycomb pattern so that the
raised portion constitutes at least part of the respective
sides of adjacent three hexagons. Further, the raised

portions 111 encompass the apexes of the hexagons in the



hexagons of the honeyconb pattern. A concrete exanple thereof is explained

below. As shown in Fig. 22(a), which is a plan view illustrating, for
exanpl e, an adhesive sheet 101 that replaces the adhesive sheet 51. A
multiplicity of raised portions Ill are formed over the entire | ower face

(adhesi ve face) of the adhesive sheet 101. Anong the cluster of the raised
portions 111, suctioning pad sections 112 are fornmed that are interspersed
at substantially regular intervals. As shown in Fig. 22(b), which is an

enl arged view of Fig. 22(a), the rai‘s@%l‘portions 111 are provided adjacent
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hexagons by constituting at least part of the sides of the
hexagons.

The suctioning pad sections 112 are provided in the
form of a circular ring for example, and have protruding
walls that form closed rings. In a central portion of the
suctioning pad section 112, a through hole 113 is formed
through the adhesive sheet 101 in a thickness direction.
The through hole 113 is in communication with the
through hole 54b (shown in Fig. 13) of the holding
substrate section S54.

The adhesive sheet 101 has a longitudinal section
as shown in Fig. 22(c), which is a cross sectional view
taken along the line XX-XX in Fig. 22(b). As shown in the
figure, the adhesive sheet 101 has a total thickness H of a
few millimeters. Each of the raised portions 61 has a
height of 100 pm to 1 mm, or more preferably 300 uym to
500 uym. The adhesive sheet 51 is rubbery and elastic.

Further, the adhesive face of each raised portion
111 of the adhesive sheet 101 has fine raised portions,

similar to the fine raised portions 64 of the adhesive



hexagons. The suctioning pad sections 112 are provided in the formof a
circular ring for exanple, and have protruding walls that formclosed
rings. In a central portion of the suctioning pad section 112, a through
hole 113 is formed through the adhesive sheet 101 in a thickness '
direction. The through hole 113 is in conmunication with the through hole
54b (shown in Fig. 13) of the holding substrate section 54. The adhesive
sheet 101 has a | ongitudinal section as shown in Fig. 22(c), which is a
cross sectional view taken along the ®ne XX-XX in Fig. 22(b). As shown in
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necessary to hold the substrate, such as the glass

substrate 5, in a vacuum, (ii} a pitch which does not

cause uneven cell thickness in the glass substrates 5 and

3 when they are assembled together, and (iii) sufficient

detachability from the glass substrate 5 after the

assembly.

As in the adhesive sheet 51, the raised portions 111

are arranged in a hexagonal pattern for the following

reasons. The first reason is to densely dispose the raised

portions 111 so as to avoid uneven cell thickness caused

by the irregular pattern of the adhesive sheet 101 when

the upper glass substrate S and the lower glass substrate

3 are assembled together. The second reason is to allow

for easy alignment (position registration) of the glass

substrates 5 and 3 when they are assembled together.

Namely, when the upper glass substrate 5 and the
lower substrate 3 are assembled together, they are
aligned in a horizontal direction with the liquid crystal

material 1 and the sealing material 11 interposed

therebetween. On this occasion, a force is exerted in a



necessary to hold the substrate, such as the glass substrate 5 in a
vacuum (ii) a pitch which does not cause uneven cell thickness in the
gl ass substrates 5 and 3 when they are assenbl ed together, and (iii)
sufficient detachability fromthe glass substrate 5 after the assenbly.
As in the adhesive sheet 5 1, the raised portions 111 are arranged in a
hexagonal pattern for the following reasons. The first reason is to
densely di spose the raised portions 111 so as to avoid uneven cel

t hi ckness caused by the irregul ar pat®&rm of the adhesive sheet 101 when
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are arranged in a hexagonal pattern, a good balance is
maintained for the rigidity of the concave sections 61,
enabling the raised portions 111 to oppose input of
horizontal force over a range of 360°, thereby achieving
the alignment with ease.

In the adhesive sheet 101, the ends of the raised
portions 111 constituting the respective sides of a
hexagon do not meet to form a closed ring. Rather, the
raised portions 111 are independently provided. This
provides a passageway for the air inside each hexagon
formed by the raised portions 111, even when a vacuum
atmosphere is created in the surrounding of the glass
substrate 5 held by the adhesive sheet 101. On this
account, the air inside each hexagon formed by the raised
portions 61 does not expand, thereby stably and securely
holding the glass substrate 5.

As described above, A method for manufacturing a
liquid crystal display device includes the steps of: (i)
applying a sealing material for substrate anchorage to one

of two substrates that are to be assembled together; (ii)




be achieved. On the contrary, when the raised portions 61 are arranged in
a hexagonal pattern, a good balance is namintained for the rigidity of the
concave sections 61, enabling the raised portions 111 to oppose input of
hori zontal force over a range of 360, thereby achieving the alignnent with
ease. In the adhesive sheet 101, the ends of the raised portions 111
constituting the respective sides of a hexagon do not neet to forma
closed ring. Rather, the raised portions 111 are independently provided.
This provides a passageway for the ai #6imside each hexagon fornmed by the
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substrate 5. Astdescri betd %bovef A neth g f0£ mapuf acturing a |iguid
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substrates; and (iii), assenbling the t substrates jn a vacyum wherein:
the two sub&dht@s %tiléeﬁg‘g%r?&f% tBgeendrom, a matgialpgontaining a

diene-based resin,

The embodiments and concrete examples of
implementation discussed in the foregoing detailed
explanation serve solely to illustrate the technical details
of the present invention, which should not be narrowly
interpreted within the limits of such embodiments and
concrete examples, but rather may be applied in many
variations within the spirit of the present invention,
provided such variations do not exceed the scope of the

patent claims set forth below.

INDUSTRIAL APPLICABILITY

A method of the present invention for holding a
substrate in a vacuum includes the step of: holding a
substrate with an adhesive pad or adhesive sheet made
from a material containing diene-based resin.

Further, a method of the present invention for
manufacturing a liquid crystal display device, comprising
the steps of: applying a sealing material for substrate

anchorage to one of two substrates that are to be




hol di ng an upper one of the substrates with an adhesive pad or adhesive
sheet made froma material containing a diene-based resin. The enbodi nents
and concrete exanples of inplenmentation discussed in the foregoing
detailed explanation serve solely to illustrate the technical details of
t he present invention, which should not be narrowmly interpreted within the
limts of such enbodi nents and concrete exanples, but rather may be
applied in many variations within the ipirit of the present invention,
provi ded such variations do not exceed®f te scope of the patent clains set

forth bel owaooNelBFEl Alo A CABb bhYc/) BPHRRCEr BeaPaseRk HEYRRLI O fO!
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manuf act uri gg g Ul GHd 3! H’lép odegbg%’tr%?ggr'f}%@g@hstshe?}pﬁlﬁgs of:

I
appl ying a sealing terial for Substfate  "anchorage

substrates (ghgi, 1 06 ol isal BiAeg O L
a vacuum @’ﬁ%rs 'ra;tetsh\em‘;ﬂDaSUb cilq.gts?ée alggdasosrea heswe sheet made
from a material containing a diene-based resin.

Furthermore, to solve the problems, a substrate
holding device of the present invention that holds a
substrate in a vacuum includes: an adhesive pad or
adhesive sheet, made from a material containing a
diene-based resin, for holding the substrate.

Therefore, because the adhesive pad and the
adhesive sheet have CHz- at the both ends, suitable
adhesion and detachability are obtained when holding the
substrate in a vacuum

Accordingly, it is possible to provide a method for
holding a substrate in a vacuum, a method for
manufacturing a liquid crystal display device, and a
substrate holding device, whereby the adhesive agent is
prevented from remaining on the substrate, and the
adhesive sheet is detached from the substrate after the
assembly.

Further, a method of the present invention for
manufacturing a liquid crystal display device, comprising

the steps of: applying a sealing material for substrate




together in a vacuum by hol di ng an upper one of the substrates with an
adhesi ve pad or adhesive sheet nmade froma material containing a’

di ene-based resin. Furthernore, to solve the problens, a substrate holding
device of the present invention that holds a substrate in a vacuum

i ncl udes: an adhesive pad or adhesive sheet, nade froma materi al
containing a diene-based resin, for holding the substrate. Therefore,
because the adhesive pad and the adhesive sheet have CH2- at the both
ends, suitable adhesion and detachabi Bty are obtai ned when hol ding the

substrate | g NREUUD AGCOLUIOLY. ! SIOSPIING  ppiovi e gqepRod for

holding a s . vacuum “a e - manufacturing a-l
adhes; ve. aganeert BEcdlths 3spuiBin i R R e 4PEE Fshere
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Gl oplay device, somrising  Lhe sons. of. gpalying, a el Lng amierial for
together; drtgggitﬂgraihi gUiv%c%%{% a{)yt %ocig?n%f otnhee of or both of the
substrates with an adhesive pad or adhesive sheet made
from a material containing diene-based resin and having
an adhesive face with surface irregularities.

On this account, the raised portions in the adhesive
face with surface irregularities can suitably deform. This
ensures that pressure is more evenly exerted over the
entire substrate, and the substrate is assembled with the
other substrate with a more even space between each
other, as compared with an adhesive pad of adhesive
sheet which does not have the adhesive face with surface
irregularities.

Further, the adhesion that holds the substrates can
be adjusted by the shape of irregularities. As a result, the
adhesion that holds the substrate does not become too
strong, and it does not cause large stress on the
substrate when detaching the adhesive pad or adhesive
sheet from the substrates.

A substrate holding device of the present invention
includes: an adhesive member for holding a substrate, the

adhesive member having flexibility and adhesion, and
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two substrates; and assenbling the two substrates in a vacuum wherein:
the two substrates are assenbled together in a vacuum by hol di ng one of or
both of the substrates with an adhesive pad or adhesive sheet made from a
mat eri al containing di ene-based resin and having an adhesive face with
surface irregularities. On this account, the raised portions in the
adhesive face with surface irregularities can suitably deform This
ensures that pressure is nore evenly eésrted over the entire substrate,

and the substrate is assenbled with the” other substrate with a nore even

space betwegRiRaChbletfiPmadits %eghygté;atﬂe dah'i‘-% Y8 sPagr of Qas've

sheet whi ch doesS not have the adhesive sur ace |rr arities.

Further, thegxad ggﬁ rdol ds the substrates can be adjusted by the
shape of irrggu?grltle a result, the adhesion that hol ds t he

substrate does nog dﬁ ahggtugtr% dﬂggS{Je 3@; dﬁgyﬁg O%tﬁggstress

on the substrate tachln srve esive t from
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dctachmg from the substrate can be obtained. Therefore,

the device is suitable for holding a substrate.




- e

external pressure. On this account, no adhesive agent remains on the
substrate unlike a tape or the like to which an adhesive agent is applied,
and a suitabl e adhesion for holding and detaching fromthe substrate can
be obtained. Therefore, the device is suitable for holding a substrate.
-70 CLAIM5 1. A nethod for holding a substrate in a vacuum conpri sing
the step of: holding a substrate with an adhesive pad or adhesive sheet
made froma material containing diene-based resin. 2. The nethod for

hol ding a substrate in a vacuum as se¥Oforth in Claim1, wherein: the

di ene- basedc{)ldeﬁm[és made of unsaturated polybutadiene. 3. The nmethod for
hol ding a subStrate in a vacuum as set forth in daim1l1, wherein: the

adhesive pad or the adhesiye ;sheet, has.an _adhgsiyve face with surface
irregularities. 4q'l‘ﬁen§r§hﬁ§g 1?8F HS?@?% a 331‘3%??&% iR & VA HWas set
forth in d ai mBT.Mer«%h%\:/ Ehe sg_rface irregularities of the adhesive pad
or the adh&SMIBTLHAR 8'fRi%kd portions whose adhesive faces

holding a substrate with an adhesive pad or
adhesive sheet made from a material containing

diene-based resin.

2. The method for holding a substrate in a vacuum
as set forth in Claim 1, wherein:
the diene-based resin is made of unsaturated

polybutadiene.

3. The method for holding a substrate in a vacuum
as set forth in Claim 1, wherein:
the adhesive pad or the adhesive sheet has an

adhesive face with surface irregularities.

4. The method for holding a substrate in a vacuum
as set forth in Claim 3, wherein:

the surface irregularities of the adhesive pad or the
adhesive sheet have raised portions whose adhesive faces

have fine raised portions finer than the raised portions.

5. The method for holding a substrate as set forth

in Claim 3, wherein:




have fine raised portions finer than the raised portions. 5. The nethod for
hol ding a substrate as set forth in Caim3, wherein: -71 the raised
portions are arranged in the formof hexagons in a honeyconb pattern, so
as to constitute at |least part of sides of the hexagons. 6. The nethod for
hol ding a substrate as set forth in Caim5, wherein: the raised portions
are arranged to constitute the respective sides of the hexagons in a
honeyconb pattern. 7. The nethod for hzkding a substrate as set forth in
Claim5, wherein: the raised portions ehconpass apexes of the hexagons. 8.

The method for hotHengadsedbspértionss aeé¢ berhhgdd @ atHe7 fowher eifn: the
rai sed portions each extend in three directions froman apex of the

hexagons i nhlehk@ RSy Hahkgrc@mbsgﬁ&e}ﬁ,cw%étw ecristieate Rart of
the sides of three hexagons adjacent to one another. 9. A nethod for

manuf act uri (e gt Idrt Of Finekabs thieSRleaglysce, conprising the steps of:
applying a sealing material for substrate anchorage to one of two

substrates that are to be assenbl ed

6. The method for holding a substrate as set forth
in Claim 5, wherein:
the raised portions are arranged to constitute the

respective sides of the hexagons in a honeycomb pattern.

7. The method for holding a substrate as set forth
in Claim S, wherein:
the raised portions encompass apexes of the

hexagons.

8. The method for holding a substrate as set forth
in Claim 7, wherein:

the raised portions each extend in three directions
from an apex of the hexagons in the honeycomb pattern,
so as to constitute at least part of the sides of three

hexagons adjacent to one another.

9. A method for manufacturing a liquid crystal
display device, comprising the steps of:
applying a sealing material for substrate anchorage

to one of two substrates that are toc be assembled




-72 together; dropping a liquid crystal to one of the two substrates; and
assenbling the two substrates in a vacuum wherein: the two substrates are
assenbl ed together in a vacuum by hol ding an upper one of the substrates
with an adhesive pad or adhesive sheet nade froma material containing a
di ene-based resin. 10. The nmethod for manufacturing a |iquid crystal

di splay device as set forth in Claim9, wherein: the diene-based resin is
made of unsaturated pol ybutadi ene. L% A nmet hod for manufacturing a
liquid crystal display device, conpri ?ﬁg the steps of: applying a scaling
material fogogdpgefate anchorage to one of two substrates that are to be
assenbl ed together; dropping a liquid crystal to one of the two

OB AL 1 PATEERND LRGN 1D SOl (TR e
substrates; and
assembling the two substrates in a vacuum,
wherein:
the two substrates are assembled together in a
vacuum by holding an upper one of the substrates with

an adhesive pad or adhesive sheet made from a material

containing a diene-based resin.

10. The method for manufacturing a liquid crystal
display device as set forth in Claim 9, wherein:
the diene-based resin is made of unsaturated

polybutadiene.

11. A method for manufacturing a liquid crystal
display device, comprising the steps of:

applying a sealing material for substrate anchorage
to one of two substrates that are to be assembled
together;

dropping a liquid crystal to one of the two
substrates; and

assembling the two substrates in a vacuum,

wherein:

the two substrates are assembled together in a




vacuum by hol di ng one of or both of the substrates wth an adhesive pad or
adhesi ve sheet made froma material containing diene-based resin and
havi ng an adhesive face wth surface irregularities. 12. The nethod for
manufacturing a liquid crystal display device as set forth in Caim1l,
wherein: the surface irregularities of the adhesive pad or the adhesive
sheet have raised portions whose adhesive faces have fine raised portions
finer than the raised portions. 13. Thﬁqgfthod for manufacturing a liquid
crystal display device as set forth i aim1l, wherein: the diene-based

resinis md&@ﬁumsbyuh@ﬂd@nﬁp@hﬁébbﬁaﬁf eheth 14f thhe st §ath e with
manufacturing a liquid crysta di splay device as set forth in Caiml1l,

wher ei n: t heari 3h8B@ 196! A & A dHESIEG Hebt hRatie! Mron denadersal N a
honeyconb pattern, so as to constitute at |east part of sides of the

hexagons. 1%qd#ginieigd e en@- vuH a%din a&&ﬂéa%@&yﬂﬁksi%%@d devi ce

as set forth in Claiml1l4, wherein: the raised portTons are arranged to

constitute thpk éﬁﬁfﬁ%@eﬁr"eﬁﬁr‘i‘ﬁ%s‘?f the hexagons in a honeyconb pattern.
16. The method for manufacturing a liquid crystal display device, as set

forth in Caim1l4, wherein:

12. The method for manufacturing a liquid crystal
display device as set forth in Claim 11, wherein:

the surface irregularities of the adhesive pad or the
adhesive sheet have raised portions whose adhesive faces

have fine raised portions finer than the raised portions.

13. The method for manufacturing a liquid crystal
display device as set forth in Claim 11, wherein:
the diene-based resin is made of unsaturated

polybutadiene.

14. The method for manufacturing a liquid crystal
display device as set forth in Claim 11, wherein:

the raised portions are arranged in the form of
hexagons in a honeycomb pattern, so as to constitute at

least part of sides of the hexagons.

15. The method for manufacturing a liquid crystal

display device as set forth in Claim 14, wherein:

the raised portions are arranged to constitute the




the rai sed portions enconpass apexes of the hexagons. 17. The nethod for
manufacturing a liquid crystal display device as set forth in Caiml1l6,
wherein: the raised portions each extend in three directions froman apex
of the hexagons in the honeyconb pattern, so as to constitute at |east
part of the sides of three hexagons adjacent to one another. 18. A
substrate hol ding device that holds a substrate in a vacuum conprising:
an adhesi ve pad or adhesive sheet, naqg froma nmaterial containing a

di ene-based resin, for holding the su ttrate. 19. The substrate hol di ng

devi ce as splsh@bi{ve Qidéh &  HeReLYHs ihhg HbAR 'c%fiﬁ%d LRgefn! S made of
unsat ur at ed % I 'ybut agl1 e%.adﬂégzla&Tﬁ? sutl)strate hgl I ng evi%:lfahés set
forth in Claim18 or Claim19, further conprising: a stage with a through

hol e which allows a pad of the adhesive pad to nove freely therein, and
with a flat faceqkhatfa S N u : l.dihng
device as set for E.?’%‘heéﬁ?%ﬂigg, ?%eﬁaﬁ]ﬁfag&lnﬁg d Bﬂl{ﬁf %%tgll
display device, as set forth in Claim 14, wherein:
the raised portions encompass apexes of the

hexagons.

17. The method for manufacturing a liquid crystal
display device as set forth in Claim 16, wherein:

the raised portions each extend in three directions
from an apex of the hexagons in the honeycomb pattern,
so as to constitute at least part of the sides of three

hexagons adjacent to one another.

18. A substrate holding device that holds a
substrate in a vacuum, comprising:

an adhesive pad or adhesive sheet, made from a
material containing a diene-based resin, for holding the

substrate.

19. The substrate holding device as set forth in
Claim 18, wherein:

the diene-based resin is made of unsaturated

polybutadiene.




the through hole allows gas to jet therethrough toward a substrate held by
the pad of the adhesive pad. 22. The substrate hol ding device as set forth
in Claim18, wherein: the adhesive pad or the adhesive sheet has an
adhesive face with surface irregularities. 23. The substrate hol ding
device, as set forth in Caim?22, wherein: the surface irregularities of

t he adhesive pad or the adhesive sheet have rai sed portions whose adhesive
faces have fine raised portions finer7%han the raised portions. 24. The
substrate hol ding device, as set forth‘™n d aim 22, wherein: the raised

portions are arranged THet B oiratef hdfifitxadensceénaz he¥eYforth Agf tern,
So as to constitute at |east part of sides of the hexagons. 25. The

substrate h@iding KBYCEladtn 99, fQFtRet %orﬁ'ﬁiﬂlﬁéz wherein: the raised
portions are arranged to constitute the respective sides of the hexagons

' h nmb t 2&ithh j ' fofFth i
in a honeyconb pall @itAge?withhs THROU N Chbos %Tﬁcﬁe‘é!lfﬁvgfsat%h?’é%e{)j(’f; 'n

Claim 24, wherein: the raised portions enconpass apexes gons.
the adhesive pad to move freely therein, and with a flat

face that faces the substrate.

21. The substrate holding device as set forth in
Claim 20, wherein:
the through hole allows gas to jet therethrough

toward a substrate held by the pad of the adhesive pad.

22. The substrate holding device as set forth in
Claim 18, wherein:
the adhesive pad or the adhesive sheet has an

adhesive face with surface irregularities.

23. The substrate holding device, as set forth in
Claim 22, wherein:

the surface irregularities of the adhesive pad or the
adhesive sheet have raised portions whose adhesive faces

have fine raised portions finer than the raised portions.

24. The substrate holding device, as set forth in

Claim 22, wherein:

the raised portions are arranged in the form of




27. The substrate hol ding device, as set forth in Caim26, wherein: the
rai sed portions each extend in three directions froman apex of the
hexagons in the honeyconb pattern, so as to constitute at |east part of
‘the sides of three hexagons adjacent to one another. 28. The substrate
hol di ng device as set forth in daim?22, wherein: the substrate is held in
a vacuum 29. A substrate hol ding device, conprising: -77 an adhesive
menber for holding a substrate, the aﬂ?esive menber having flexibility and
adhesion, and being able to maintain 9tS shape after a rel ease of applied

external pPreggHdns in a honeycomb pattern, so as to constitute at

least part of sides of the hexagons.

25. The substrate holding device, as set forth in
Claim 24, wherein:
the raised portions are arranged to constitute the

respective sides of the hexagons in a honeycomb pattern.

26. The substrate holding device, as set forth in
Claim 24, wherein:
the raised portions encompass apexes of the

hexagons.

27. The substrate holding device, as set forth in
Claim 26, wherein:

the raised portions each extend in three directions
from an apex of the hexagons in the honeycomb pattern,
so as to constitute at least part of the sides of three

hexagons adjacent to one another.

28. The substrate holding device as set forth in
Claim 22, wherein:

the substrate is held in a vacuum.

29. A substrate holding device, comprising:
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an adhesive member for holding a substrate, the
adhesive member having flexibility and adhesion, and

being able to maintain its shape after a release of applied

external pressure.




