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Liquid;CIystaI Mat eri al

SPECIFICATION
TITLE OF THE INVENTION
Method and Apparatus for Filling

Ligquid Crystal Material

BACKGROUND OF THE INVENTION

The present invention relates to a method and an
apparatus for filling a liquid crystal material to liquid
crystal panels (panel cells).

A dipping method has been employsd to inject and
£ill a 1liquid crystal material to ligquid crystal panels
heretofore.

| A conventional liquid crystal filling apparatus
is shown in Fig. 4. A plurality of liquid crystal panels 1
are accommodated in a filling jig cassette 18 of the
apparatus with injection ports 1la thereof £faced down. A
constant ;mount of 2 liquid crystal material 11 is stored
in a liquid crystal pot 20. Both the £filling jig cassette

18 and the liquid ;fystal pot 20 are placed in a vacuum

chamber 19 in a manner to hold the liquid c¢rystal panels 1

out of touch with the liquid crystal material 11.

The vacuum chamber 19 is first reduced to at
least about 10°3 to about 104 Torr, whereby air dissolved
in the 1liguid crystal material 11 stored in the liquid

crystal pot 20 is degassed. After the air in the liquid
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BACKGROUND OF THE | NVENTI ON

The present invention relates to a

_method and an apparatus for filling a liquid crystal material to liquid
crystal panels (panel cells). A di ppi ng net hod has been enpl oyed
toinject and fill a liquid crystal mgterial to liquid crystal panels

her et of or e.

A conventional liquid crystal filling apparatus

i's

showmn in Fig. 4. Aplurality of liquid crystal panels 1 are acconmodated

inafilling jig cassette 18 of the apparatus with injection ports |a
t hereof faced dowmn. - A constant amount of a liquid crystal material
stored in a liquid crystal pot 20. Both the filling jig cassette

crystal matgrial 11 is degassed sufficiently; ;he pot 20.is
raised by an elevation device 17 and stopped at a position
where lower parts of the liquid crystal panels 1 fully sink
in the pot.

Thereafter, N, gas is introduced into the vacuum
chamber 19, thereby to raise the chamber to aﬁhatmoébheric
pressure. In consequence, the liquid crystal material 11
in the pet 20 is pressed out by the pressure and
injected/filled through the injection ports 1la to the
liquid_ crystal panels kept still in the wvacuum state
inside. When the liquid crystal material 11 is filled.to
all of the ligquid crystal panels 1, the liquid crystal pot
20 is lowered and the filling jig cassette 18 is taken out
of the vacuum chamber 19. The filling is completed in this
manner. -

According to the above method and apparatus for
filling the liquid crystal material to liquid crystal
panels, a larger amount of the liquid crystal material than
required should be stored beforehand in the pot so as to
prevent the mixture of bubbles' into the 1liquid crystal
panels in the middle of the filling operation which would
result from the lack of the liquid crystal material.

The liquid crystal material is contaminated and
turned unusable after repeated filling operations. This is

a waste of the expensive liquid crystal material.

11 is



18 and the liquid crystal pot 20 are placed in a vacuum chanber 19 in a
manner to hold the liquid crystal panels 1 out of touch with the |liquid

crystal material 11. The vacuum chanber 19 is firgtyy
| east about 10[err] to about 10[err] Tgrr, whereby air diss Ivéﬁq#EgﬁPE@ §EH“

liquid crystal material 11 stored in the liquid crystal po# '5

degassed. After the air inthe liquid 2
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Since the lower ends of the liquid crystal panels
after the filling operation are totally wet with the liquid
crystal- material, the 1liquid c¢rystal panels should be
swabbed and cleaned afterwards, which requires not a small
amount of time and cost.

SUMMARY OF THE INVENTION

An object of the present invention is therefore
to provide a method and an apparatus whereby a swabbing
process and a cleaning process for liquid crystal panels
are simplified and an unnecessary or extra liquid crystal
material is reduced.

.In accomplishing these and other ©objects,
according to a first aspect of the present invention, there
is provided a method for filling a liquid crystal material
to liquid crystal panels, comprising bringing a uedium
holding a liquid crystal material into touch with downward-
directed faces of injection ports of liquid crystal panels
in a vacuum chamber and then £filling the ligquid crystal
material to the liquid crystal panels.

According to a séco_nd aspect of the present
invention, there is provided a liquid crystal ﬁaterial
filling method according to the first aspect, wherein in
the bringing the medium into touch with the injection
ports, the medium is constituted of a plurality of coil-

like members having axial centers in a direction



crystal material 11 is degassed sufficiently, the pot 20 is raised by an

€l evation device 17 and stopped at a position where |ower parts..of the--——-—
liquid crystal panels 1 fully sink in the pot. Thetaaf§hat) b BLE
gas is introduced into the vacuum chanper 19, thereby to rd se tIpgEPcAGhDber

to an atnospheric pressure. |In consequence, the |iquid crystat—materiat

11 in the pot 20 is pressed out by the pressure and injected/filled

through the injection ports la to the |liquid crystal panels kept still in

t he vacuum state
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intersecting the injection ports of the 1liquid crystal

panels.

According to a third aspect of the present
invention, there is provided a liquid crystal material
filling method according to the first aspect, wherein in
the bringing the medium into touch with the injection
ports, the medium is constituted of a plurality of coil-

like members having top faces in touch with the injection

ports of the liquid crystal panels.

the bringing the medium into touch with the injection

ports, each of the coil-like members is a coil spring.
According to a fifth aspect of the present
inventicn, there is provided an apparatus for filling a
liquid crystal material, which comprises, in a wvacuum
chamber, a liquid crystal pot having a ligquid crystal
resexrvoir for storing a liquid crystal material and a
groove part communicated with the liguid crystal reservoir
at a certain angle in which a medium for holding the liquid
crystal material 1is arranged, a filling 3jig cassette
accommodating a plurality of 1liquid crystal panels with
injection ports faced down, an elevation device for moving

the liquid crystal pot up and down, and a posture control



inside. Wien the liquid crystal material 11 is filled to all of the

I"iquid crystal panels 1, the liquid crystal pot 20 is Iomeregnand the
filling jig cassette 18 is taken out of the vacuum chanber THEhgﬁgg H}QQEEQW
is conpleted in this manner. 5 According to the abov | AtY ’
apparatus for filling the liquid crystal material to liquid ¥ \'cfa.

panels, a larger amount of the liquid crystal material than reqU|red

shoul d be stored beforehand in the pot so as to . prevent the m xture of
bubbles into the liquid crystal panels in the mddle of the filling
operation whighe gT“Ia@ee,m@ukea fromthe lack of the liquid crystal material.

The 11 quid cf \““ m\m“\l s contani nated and

mechanism which switches a posture of the liquid crystal
pot in accordance with up-and-down movement of the liquid
crystal pot thersby to flow the ligquid crystal material
from the liquid crystal resexrvoir to the groove part at a
raised position and bring the holding medium in touch with
downward-directed faces of the injection pérts éf the
liquid crystal panels.

According to a sixth aspect of the present

invention, there is provided a liguid crystal material

£illing apparatus according to the fifth aspect, wherei

crystal material therebetween.

According to a seventh aspect of the present
invention, there is provided a liguid crystal material
filling apparatus according to the £fifth aspect, which
includes a stirring device for stirring and degassing the
ligquid crystal material stored in the liquid crystal
reservoir:

According to an eighth aspect of the present
invention, there 1is provided a 1liquid crystal material
filling apparatus according to the sixth aspect, which
includes a stirring device for stirring and degassing the
liquid crystal material stored in the liquid crystal

reservoir.



turned unusable after repeated filling operations. This is a waste of the
expensive liquid crystal material.
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According to a ninth aspect of the present

invention, there is provided an apparatus for f£filling a
ligquid crystal material, which comprises, in a wvacuum
chamber, a 1liquid crystal pot having a 1liquid crystal
reserveir for storing a liquid crystal material and a
groove part communicated with the ligquid crys;al reéervoir
and having a bottom face higher than a bottom face of the
liquid crystal reservoir in which a medium for holding the
liquid crystal material is arranged, a filling jig cassette
accommodating a plurality of liquid crystal panels with
injection ports faced down, a moving device for relatively
moving up and down the ligquid crystal pot and the liguid
crystal panels, and a plunger which can move in and output
of the 1liquid crystal reservoir and £flows the liquid
crystal material from the liquid crystal reservoir to the
groove part when entering the reservoir.

According to a tenth aspect of the present
invention, there is provided a liquid crystal material
filling apparatus according to the ninth aspect, wherein
the plunger works alsc as a stirring device for stixring
and degassing the liquid crystal material stored in the
liquid crystal reservoir.

According to an 1lth aspect of the present
invention, there is provided a liquid crystal material

filling apparatus according to the ninth aspect, wherein



material, the nethod conprising: 10 placing a liquid crystal materi al

Kol der and at | east one liquid crystal panel in a vacuum chanber,f .V\/nerel r} o
said liquid crystal material holder includes a reservoir apd a gf. 9\_/'@ -
part counmuni cating with and extending fromsaid reservoirtat-ad-- ~Angle; . _i
15 moving said liquid crystal material holder relative to said l'iquid
crystal panel such that said groove part noves from an upwardly inclined
position into a horizontal position so as to cause liquid crystal

material to flow fromsaid reservoir to said groove part and 20

raising said liquid crystal material hol der so t hat an, raj ection port of
said liquid crystal panel contacts a medi uf¥ e posed in said
groove part and holds liquid crystal mat er m ir ﬂlin anot her aspect,
there is provided a nethod of filling 25I| nels with a '

liquid crystal material, the nethod conpri si ng: placing a liquid
crystal material holder and a cassette holding a plurality of liquid
crystal panels in a vacuum chanber, wherein said liquid crystal materi al
hol der i ncl ude® a@@trasefaod r cdndthegroovarparersxt endiinglinedh sadd 2

reservoir; novi said |i qU| d cr %st al mat eri al hoI der upwar dI%/
toward  saiRPTHzRRdLc ‘g’sﬁﬁ pShefRat the liquigh g‘?ﬂ’@ e Wot1de of sai d

aroove part relative o said .. 5356k €85 158da LOYLE. e yetal, omt oy
its own weight when the plunger is removed from the liquid
crystal reservoir.

According to a 12th aspect of uﬁhe éresenc
invention, there 1is provided a liquid crystal material
filling apparatus ‘according to the tenth aspect, wherein
the bottom face of the groove part is inclined to a
horizontal plane, so that the liquid crystal material in
the groove part rsturns to the liquid crystal reserveoir by
its own weight when the plunger is removed from the liguid
crystal reservoir.

‘According to a 13th aspect of the present
invention, there is provided a liquid crystal material
filling apparatus according to the ninth aspect, wherein a
gap is provided between the bottom face of the groove part
and a lower <face of the medium so as to facilitate
circulation of the liquid crystal material.

According to a 1l4th aspect of the present
invention, there is provided a 1ligquid crystal material
filling apparatus according to the tenth aspect, wherein a
gap is provided between the bottom face of the groove part
and a lower face of the medium so as to facilitate

circulation of the liquid crystal material. -



35 said liquid crystal panels so as to cause |liquid crystal mat eri al

Tlow fromsaid reservoir into said groove part; and
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wi th a nedium di sposed in said groove gart, wherein said

contacting said injection ports of said liquid crystal

to

banefé

dlun1ho}ds the

liquid crystal material which initially flows into said |i G e
panels via said injection ports by 5 capillary action. I n another
aspect, there is provided an apparatus for filling a liquid crystal

material, said apparatus conprising: a vacuum chanber; a

l'iquid crystal pot having ar erﬁgh&m%g&gggaﬁdng a 10 liquid crystal

mat eri al and a groove part exteF
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According to a 15th aspect of the present

invention, thers is provided a ligquid crystal material
filling apparatus according to the £ifth aspect, wherein
the holding medium is constituted cf a plurality of coils
having axial centers in a direction intersecting the
injection.ports of the liquid crystal panels.

According to a 16th aspect of the present
invention, there is provided a liquid crystal material
£illing apparatus according to the ninth aspect, whe ein
the holding medium is constituted of a plurality of coils
having axial centers in a direction intersecting the
injection ports of the ligquid c¢crystal panels.

According to a 17th aspect o0f the resent
invention, there is provided a liquid crystal material
filling apparatus according to the 13th aspect, wherein the
holding medium is constituted of a plurality of coils
having axial centers in a direction intersecting cthe
injection ports of the liquid crystal panels.

According to an 18th aspect of the present
invention, there is provided a liquid crystal material
filling apparatus according to the £fifth aspect, wherein
the holding medium is constituted of a pluralitj of coil-
like members having top faces in touch with the injection

ports of the liquid crystal panels.



reservoir at an angle, wherein said groove part is in comuni cation with

said reservoir for receiving liquid crystal mat eri al therefrom a
liquid crystal holding nedi um di sposed in said groove 15 part THIS SHEF@RLS BLEK
filling jig cassette for accommodatingga plurality of liquig crys ACE |
panel s having injection ports; an el evation device for .mvi- _é‘ai‘%P_.-w
liquid crystal pot upward and downward; and 20 a posture control

mechani sm for switching a posture of said liquid crystal pot in

accordance with upward and downward novenent of said liquid crystal pot

in order t ggﬁ@tq{a_lsi;gukeblaced crystal material to flowfromsaid liquid

crystal rese § said groove part, at a raised position thereof,
‘mﬁ%‘“{%{ﬂ‘ rystal holding mediuminto contact with
ces of the liquid crystal panel injection ports.

and bring sa

downwar dl y-

I n anot her aspect, there is provided a filling apparatus for a liquid

crystal material, said apparatus conpri sing: a vacuum chanber; 30

a liquid crystal pot having a reservoir for storing a liquid crystal

material and a grooveRpae¥rding cotdrun catfom wisgect g d theserpovésensaid

groove part havin groove forned in an upfer surface thereof, wherein
d

a . .
sai d groove llﬁ'%i’se“zigﬁﬁtto‘?ﬁ%ﬁ'ﬁf&ée Proyfieth As s EpicteFTAETRLhi G IRvel

than an inter.i.ar. ottom3§ surface of said servaolr; igujd
cr yst al hol %lgklé-l%rrea&?puarﬁa Iusspoascecc?—iér)]—ngal L(:P g?o Véllnk'._ﬁ aspect, Vaihéa. .9].1'{

the holding medium is constituted of a plurality of coil-

like members having top faces in touch with the injection
ports of the ligquid crystal panels. |

According to a 20th aspect of the present
invention, there is provided a 1liquid crystal material
filling apparatus according to the 13th aspect, wherein the
holding medium is constituted of a plurality of coil-like
membexrs having top faces in touch with the injection ports
cf the liquid crystal panels.

According to a 21st aspect of the present
invention, there 1is provided a 1liquid crystal material
filling apparatus according to the 18th aspect, wherein
each of the coil-like members is a coil spring.

According to a 22nd aspect of the present
invention, there is provided a liquid crystal material
filling apparatus according to the 19th aspect, wherein
each of the coil-like members is a coil spring.

According to” a 23rd aspect of the present
invention, there is provided a liquid crystal material
filling apparatus according to the 20th aspect, wherein

each of the coil-like members is a coil spring.



- 5- part; afilling jig cassette for accommodating a plurality

of liquid crystal panels having injection ports which are directed
downwardly, 5 a noving device for nmoving said |iquid crystal -pot .- up -
and down relative to said filling jigp and a plungeﬁ ‘i-spesed:-

relative to said liquid crystal pot such t hat said plunger{ can mmvaHLnio

and out of said reservoir so as to cause the liquid crystal nateriat-to -

flow fromsaid reservoir 10 and into said groove forned in said groove part
as sai d plunger enters said reservoir.
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According to a 24th aspect of the present

invention, there is provided a 1liquid crystal material
filling apparatus according to the 23rd aspect, wherein the
coil spring is screwed in a supporting plate which is in
turn held in the groove part.

According to a 25th aspect of -the ﬁresenc

invention, there is provided a 1liquid crystal material
filling apparatus according to the £f£ifch

aspect, wherein a
top ¢f the medium is higher than upper faces of side walls
of the groove part.

According to a 26th aspect of the present
inventionﬁ there is provided a 1liquid crystal material
filling apparatus according to the ninth aspect, wherein a
top of the medium is higher than upper faces of side walls
cf the groove part

According to a 27th aspect of the present
invention, there is provided a liquid crystal material
filling apparatus according to the f£ifth aspect, wherein a
width of an opened groove face of the groove part is wider
than a width of a downward-directed face of the injection
port of the liquid crystal panel.

According to a 28th aspect of the_ present
invention, there is provided a liquid crystal material
filling apparatus according to the ninth aspect, wherein a

width of an opened groove face of the groove part is wider
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h5lding the liquid crystal material nay be of any kind and in any form so
long as it supplies the holding liquid crystal material into the_lLigquid ——
crystal panels fromthe |ower faces ofifhe injection ports

therew t h.

In a direction intersecting the inj ection ports is prefera

il oWBeRET HAS BEEN

However, a plurality of coil-like means with axﬁgl ceptermg et \

coil-li ke neans having top faces
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than a width of a downward-directed face of the injection

port of the liquid crystal panel.

The medium holding the ligquid crystal material
may be of any kind and in any form so long as it supplies
the holding liquid crystal material into the liquid crystal
panels from the lower faces of the injection ports in touch
therewith. However, a plurality of coil-like means with
axial centers set in a direction intersecting the injection
ports is preferable. Many coil-like means having top faces
thereof held in touch with the injection ports of the
liquid crystal panels are preferably used as the above
medium. One that is substantially the same as a coil and
obtained by arranging many rings in a longitudinal
direction in parallel to each other and coupling by a
coupling wire, or the like is included in the above coil-
like object, other than a coil. Moreovexr, a porous
material object, e.g., sponge or the like may be used as
the medium.

According to the liquid crystal material filling
method and apparatus of the present invention, since the

liquid crystal material can be brought in touch with only

the injection ports of the liquid crystal panels in the

vacuum chamber, a waste of the liquid crystal material 1is
eliminated and a swabbing and a cleaning processes for the

liquid crystal panels can be simplified.

Le-—Mafry——""""



thereof held in touch wth the inject ion ports of tine Iliquid
crystal panels are preferably used as the above nedium one that is

substantially the same as a coil and obtained by arranging:. . many. Tings, JJM

in a longitudinal direction in pajallel to each other: an'd“ cbupl |'ng
by a coupling wire, or the like is included in the above c0|LI-_ Ii‘ke G
object, other than a coil. Mreover, a porous material object,
e.g., sponge or the Iike nay be used as the nedium Accor di ng to
the liquid crystal material filli ng rret hod and apparatus of the present

I nvention, since the |liquid crystal e brought in touch with
only the injection ports of the | if ﬁai els in the

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the
present invention will become clear from the £following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which: |

Figs. 1A and 1B are perspective views of a liguid
crystal pét in a first embodiment of thé present invencion
and its gate;

Figs. 2A, 2B, and 2C are longitudinal sectiomal
views and a lateral sectional view showing a schematic
constitution of the 1ligquid crystal pot and a positional
relationship with a .liquid crystal panel at the £filling
time in the first embodiment of the present invention;

Fig. 3 is a sectional view of a liquid crystal
filling apparatus in the first embodiment of the present
invention;

Fig. 4 is a sectional view of a conventional
liquid crystal filling apparatus;

Fig. 5 is a partially-removed perspective view of
a liquid crystal pot in a second embodiment of the present
invention;

Fig. 6 is a sectional view of the liquid crystal

pot of Fig. §5;



vacuum chanber, a waste of the liquid crystal material is

elimnated and a

swabbi ng and a cl eaning processes for the Iliquid crystal panels can be
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Fig. 7 is a sectional view of a medium
for helding a liquid crystal material;
Figs. 8A, 8B, and 8C are a secticnal

ligquid crystal £filling apparatus in the second

of the pot

view of a

embodiment

of the present invention, a perspective view and a cross-

sectional view of a plungexr thereof;

Fig. 9 is a sectional view of a liguid crystal

£illing apparatus in a third embodiment of the present

invention;

Fig. 10 is a longitudinal sectional view showing

a schematic constitution of a 1ligquid crystal
fourth embodiment cf the present invention;

Fig. 11 is a lateral sectional view of

pot in a

crystal pot in the fourth embodiment of the present

invention; and

Fig. 12 is a lateral sectional view of a liquid

crystal pot in a fifth embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBQODIMENTS
Before the description of the present

proceeds, it is to be noted that like parts are

invention

designated

by 1like reference numerals throughout the accompanying

drawings.

A first embodiment of the present invention will

be described with reference to Figs. 1A-3.



BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her aspects and
features of the present invention will becone clear fromthe. foll.ow ng _
description taken in conjunction with the preferred enmbadinents;
thereof with reference to the acqgpanying drawi ngs, |n whigh: - '”"f
Figs. 1A and 1B are perspective views of a liquid crystal pOtlIT%fleSL---“
enbodi nent of the present invention and its gate; Figs. 2A 2B,
and 2C are longitudinal sectional views and a |ateral sectional view
showi ng a schematic constitution of the liquid crystal pot and a

ositional relationship with a liquid crystal panel at the Fill
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A liquid crystal pot 2 shown in Figs. 1A, 1B, and

2A, 2B, 2C is constituted of a liquid crystal reservoir 3
where a liquid crystal material 11 of a necessary amount
for filling is stored, a slim groove part 6 integrally
formed with the reservoir 3 at a certain angle, and a gate
5 for regulating the circulation of the licﬁuid c.ryscal
material between the reservoir 3 and groove part 6.

A bottom face 3a of the resexvoir 3 and a bottom
face 6a of the groove part & are bent and connected with
each other at a bending angle of approximately 165° (at any
angle in the range of 175°-155°) as incdicated in Figs. 2A
and 2B. The gate S5 1is disposed at a circulation path
between the reservoir 3 and groove part 6. .The gate 5 has
a cutaway Sa and a hole Sb for passing the ligquid crystal
material through the hele 5bh and the cutaway S5a between the
groove part 6 and the reservoir 3 without overflowing
outside of the pot 2. The ligquid crystal material 11 is
allowed to flow through a space defined by the cutaway 5a
of the gate 5 and the bottom face 6a of the groove port 6.
A resistance of the path can be adjuéted by adjusting an
opening degree of the gate 5. That is, when the gate S5 is
inserted into the base part of the groove part 6 close to
the reservoir 3, the inserting amount of the gate 5 is
changed to change the size of the space defined by the

cutaway S5a of the gate 5 and the bottom face 6a of the



time in the first enbodi nent of the present invention; Fig.

a sectional

3 iS.

view of a liquid crystal filling apparatus in; ’f#ﬂ% § LSt 1Aa HEL.\'

enbodi ment of the present invention; Fig. 4 is a secti af Mp~ew i
of a conventional Iiquid crystal filljighg apparatus; -.ELgY-MS P
partially-renmoved perspective view of a liquid crystal pot i n a second
enbodi nent of the present invent ion; Fig. 6 is a. sectional

view of the liquid crystal pot of Fig.b5;

Sheet Has Been Replaced

T

groove part 6 to regulate the £flow amount of the 1ligquid

crystal material passing through the space. A reqguired
filling amount of the liquid crystal material 11 is stored
in the reservoir 3. The liquid crystal material 11 1is
supplemented in accordance with the consumption when f£illed
into liquid crystal panels 1. An automatic liquid crystal
material supply device (not shownl) 1is preferably used tc
supplement the material. It is convenient in order to
correctly set the supplementation amount if <the ligquid
crystal reservoir 3 is formed to be narrow and deep with a
small sectional area. That is, the lesvel of the ligquid
crystal material in the reservolir 3 is detected by a
sensor, and then the consumed amount of the ligquid crystal
material i1is detected. The automatic liquid crystal
material supply device supplies the material 11 1in
accordance with the detected and consumed amount of the
material 11 to the reservoir 3.

The groove part 6 is relatively shallow and thin
in a U-shaped cross section.

Three ccils 9 (medium for holding the liguid
crystal material) each having an axial center directed in
the same direction as a longitudinal direction of the
groove part 6 are arranged in parallel to each other in the
groove part 6. A supporting wire 9a is inserted inside

each coil 9, with both end parts bent downward and fixedly
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inserted in the bottom face 6a of the groove part 6,
thereby to hold the coil 9. A top of each coil 9 projects
slightly above upper faces of side walls of the groove part
6 as shown in Fig. 2C.

Although it 4is preferable to form the above
liquid crystal pot 2, gate 5, supporting wires 9a, and
coils 9 by 8SUS304 in the Japanese Industrial Standaxrd, any
material or any surface treatment may be used so long as
the quality of the liquid crystal panels 1 and the liquid
crystal méterial 11 is ensured.

-3 diameter, a pitch, and an outer diameter of the
coil 9, and a count of the coils 9, a width and a depth of
the grocve part 6, and the like are suitably determined
from the viewpoint of whether the ligquid crystal material
11 is held sufficiently, whether the coils 9 fit the shape
of injection ports 1a of the liquid crystal panels 1, etc.

Fig. 3 1is a 1liquid crystal material £illing
apparatus. The above-described liquid crystal pot 2
containing the ligquid crystal material 11 and a filling jig
cassette 18 holding a plurality of liquid crystal panels 1
with the injection ports la faced down are set in a vacuum
chamber 19 of the apparatus. Before a filling operatién is
started, as designated by A in Fig. 3, the liquid crystal
pot 2 is placed on a stage 22 fixed inside the wvacuum

chamber 19 so as to keep the bottom face 3a of the



of the present invention, a perspective view and a cross- sectional

of a plunger thereof;

crystal

i nvention;

t he present

liquid
Fig
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Fig. 9 is a sectional view of a liquid
filling apparatus in a third enbodinent of the present -

Fig. 10 is a longytudi nal sectional vi m/shdmnng a
schematic constitution of a liquid crystal pot in a fourth pnbodimwens of

I nventi on; Fig. 11 is a lateral sectional Viewof-the-...!
crystal pot in the fourth enbodi nent of the present invention; and

is a lateral sectional view of a liquid crystal pot ina fi
enbodi ment of the present invention. This Sheet Has Been Re
reservoir 3 horizontally. On the other hand, the groove

part 6 is'supported by a roll 30 set at an upper end of a
base 24 in a manner to be rotatable about the axis of the
roll 30. The base is fixed onto the stage 22.

In an elevation device 17, a horizontal elevation
table 26 is fixed to a main shaft 25 which can slide ﬁp and
down penetrating a bottom wall of the vacuum chamber 18
air-tightly. Four elevation driving shafts 16 of an equal
length are fixed to the elevation table 26 at positions
corresponding to vertices of a rectangle of the table 26.
Right two of the four driving shafts 16 in Fig. 3 have

rollers 14 at respective front ends, while left two are

formed to project at respective front ends as conical

projections 31. The elevation device 17 has a motor 1l7a
for rotating a screw shaft 17b in both directions so as to
move up and down a nut member 17¢ engaged with the screw
shaft 17b together with a plate 17d fixed to the nut member
17¢ and projecting the main shaft 25 having the elevation
table 26 at its upper end.

A through hole 23 is opened in the stage 22 on an
extension line of aﬁ axial center of each driving shaft 16
to allow the shaft 16 to pass freely. A groove 10 having a
semicircular cross section is formed in a lower face of the
liquid crystal pot 2, more specifically. in the vicinity of

an end part of the liquid crystal pot 2 at the side of the

fth



DETAI LED DESCRI PTI ON OF THE PREFERRED EMODI MENTS Before the
description of the present invention proceeds, it is to be noted that Ilke N

parts are designated by |like reference numerals throughou;t-_...l..'t.;h@-‘-
acconpanyi ng draw ngs. A first errbod! ment of the py&si&ngHtit i
I nvention wll be described with reference to Figs. 1A-3. | REPLACED
This Sheet Has Been Rep
grocve part 6. The roll 30 is detachably fitted in the
groove 10. Moreover, the above xrollers 14 contact the

lower face of the liquid crystal pot 2 at the side of the
reservoir 3 where a pair of roller reception recesses 7
allowing the roctation of the rollers 14 in a predetermined
range are formed. Also a pair of conical recesses 15 to be
engaged with the above-described conical projections 31 are
formed in the lower face of the liquid crystal pot 2 at the
side of the groove part 6 at a halfway point between the
groove 10 and roller reception recesses 7.

A stirring plate 13 is arranged in the wvacuum
chamber 19 to stir the liquid crystal material 11 inside
the reservoir 3. The stirring plate 13 can be moved up and
down by an elevation device 12. The elevation device 12
has a motor 12a for rotating a screw shaft 12b in both
directions so as to move up and down a nut member 12¢
engaged with the screw shaft 12b together with a plate 124
fixed to the nut member 12c and projecting a stirring shafzc
12e having the stirring plate 13 at its lower end. This
stirring plate 13 stirs the liquid crystal material 11
while repeatedly moved up and down in the reservoir 3 in
accordance with the rotations of the screw shaft 12b in the
directions. Alternatively, the stirring plate may be
designed to turn about the axis of the stirring shaft 12e

thereby to stir the liquid crystal material 11. Although



A liquid crystal pot 2 shown in Figs. 1A 1B, and 2A, 2B, 2Cis
constituted of a liquid crystal reservoir 3 where a liquid crystal

material 11 of a necessary amobunt for filling is stored, a sI|n1groove

part 6 integrally formed with the regervoir 3 at a certain angl € and a" -LE
gate 5 for regulating the circulation of the liquid crygtal nateLLaI ]
bet ween the reservoir 3 and groove part 6. A bottom face 3a of T

the reservoir 3 and a bottom face 6a of the groove part 6 are bent and
connected with
This Sheet Has Been Repl
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SUS304 is preferably used to constitute the stirring plate,
any material or any surface treatment is employable so long
as it secures the quality of the liquid crystal panels 1
and the liquid crystal material 11.

Hereinbelow the operation of the apparatus in the
above constitution will be discussed. |

Initially, the liguid crystal pot 2 is set in the
vacuum chamber 19 in a state as shown in Fig. 2A and by A
in PFig. 3, that is, with the bott;ﬁ face 3a of the
resexvoir 3 kept horizontally and the bottom face 6a of the
groové part 6 inclined approximately 15° upward. The
liquid crystal material 11 is kept in the reservoixr 3. In
addition, the liguid crystal pot 2 is separated from the
liquid crystal panels 1.

The wvacuum chamber 19 is vacuumized from the
above state. Since only a front face of the liquid crystal
material 11 in the reserveoir 3 is degassed in the above
state, the stirring plate 13 is let down by the elevation
device 12 to be inserted into the reservoir 3. The liquid
crystal material 11 is £fully degassed by repeatedly moving
the stirring plate 13 up and down. The degassing 1is
promoted further if the stirring plate 13 is in touch with

the bottom face 3a of the reservoir 3, and therefore a

floating structure is preferably adopted.



each other at a bending angle of approxinmately 165[err] (at any angle in

f he range of 175[err] -155 [err]) as indicated in Figs. 2A and 2B.
gate 5 is disposed at a circulation path between the reservoir 3 and

groove part 6. The gate 5 has a cutawgy 5a and a hole 5b for.. passing the
liquid crystal material through the hole 5b and the cutamay Sa bet.ween thé
part 6 and the reservoir 3 without overflow ng outsi-de of ‘the
The liquid crystal material 11 is allowed to flow through a space

groove
pot 2.

defined by the cutaway 5a of the gate 5 and the bottom face 6a of the
groove port 6. A resistance of the path caﬁ“wémaﬂ HitHe8k DY djustlng

openi ng degree of the gate 5. That is, Wnen ﬁm }m nserted i

t he base part of the groove part 6 close to

amount of the gate 5 is

One example of the floating structure is shown in
Figs. 8B and 8C. This floating structure includes a piston
43a supported by the stirring shaft 12e, a plurality of
suppert shafts 1434 penetrated the piston 43a s0 as to
freely move up and down and having stoppers 143e at theirx
upper ends for preventing the support shafé 143& from
dropping from the piston 43a, and a floating plate 143b
fixed to lower ends of the support shafts 143d and having
heoles 143¢, so that the ligquid crystal material 11 can be
moved through the holes 143¢c of the floating plate 143b
while the stirring shaft 12e moves up and down together
with the .piston 43a. At this time, since the floating
plate 143b is simply supported by the stoppers 143e of the
support shafts 143d at the upper surface of the piston 43a
via the. support shafts 1434, the £floating plate 143b can
freely move up and down in the liquid crystal material 11.
Even when the floating plate 143b contacts the bottom of
the reservoir 3, the floating plate 143b moves up toO
prevent the reservoir 3 from having any damage.

When the liquid crystal material 11 is fully
degassed and the vacuum chamber 19 is decrsased to at least
apprcximately 10°3 or 107% Torr, the stirring plate 13 1is
raised and‘che liquid crystal pot 2 is started to be moved

up by the elevation device 17.

The

an
nto

the inserting

i



changed to change the size of the space defined by the cut avvay Sa of the
gate 5 and the bottom face 6a of the S Runs w—10-
groove part 6 to regulate the flow anount of the liquid § o

This Sheet Has Been Replac
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When the main shaft 25 of the elevation device 17

moves upward, the two shafts 16 with the rollers 14 among
the four_ driving shafts 16 on the elevation table 26
contact the zxroller reception recesses 7 of the 1liguid
crystal pot 2 earlier than the other two shafts 16. In
accordance with the further upward motion of the main shaft
25, the liquid crystal pot 2 is subject to rotation in the
counterclockwise directiorn in the drawing, and consegquently
is raised at the side of the liquid crystal reserveoir 3,
whereby the bottom face é6a 0f the groove part 6 becomes
horizontal. Simultaneously with <this, the conical
projections 31 at the front ends of the remaining driving
shafts 16 are engaged with the conical recesses 15 in the
lower face of the liquid crystal pot 2.

.The above state is represented in Fig. 2B and by
B in Fig. 3. Before and after this state, while the liquid
crystal material 11 in the reservoir 3 flows to the groove
part 6 through the cutaway 5a of the gate 5, a flow rate of
the liquid crystal material 11 is suitably regulated by the
gate S. The liquid crystal material 11 is filled into the
three coils 9 arranged in the groove part 6. In this case,
the top of each coil 9 is exposed a constant height from
the both upper faces of the side walls of the groove part
6. Therefore, even when the liquid crystal material 11 has

a relatively small surface tension, the ligquid crystal



crystal material passing through the space. A recuired filling anmount of
the liquid crystal material 11 is stored in the reservoir 370 HeshTguig
crystal material 11 is supplenmented in accordance with the ion U jﬁ'hbh’ﬂf’@hé'ﬁi\'f
filled intoliquid crystal panels 1. p#n automatic |iquid cérystafiEPLAlit
mat eri al supply device (not shown) is preferably used to supplenent the -
material. It is convenient in order to correctly set the supplenentation
anount if the liquid crystal reservoir 3 is formed to be narrow and deep
with a small sectional area. That is, the level of the liquid crystal
material in the reservoir 3 is detected by a sensor,rhig&ld en the consuned

amount of the liquid crystal material 1is detected

. eet een tﬁiat ic
liquid crystal material supply device supplies tMHIl nl' Tﬁifll in

material 11 swells over an upper end of the groove part 6§
as shown in Fig. 2C. The coil 9 thus works as a medium for
holding the liquid crystal material 11.

When the four driving shafts 16 move up £further,
the groove 10 is separated f£rom the roll 30 and the liquid
crystal pot 2 moves up while maintaining its posture“shown
in Fig. 2B. Finally, as indicated by C in Fig. 3, the
coils 9 come in touch with the injection ports 1la of the
ligquid crystal panels 1, when the elevation device 17 is
stopped.

The 1liquid crystal material is started to be
f£illed. After the £illing of the material 11 for a fixed
time through the capillary phenomenon, N, is supplied into
the wvacuum chamber 19, so that the vacuum chamber 19 is
returned to the atmospheric pressure. A liquid level of
the liquid crystal pot 2 is pressed by the atmospheric
pressure and hence the liquid crystal material 11 1is
gradually filled into the liquid crystal panels 1.

At this time, although the amount of the liquid
crystal material 11 present in the groove part 6 1is
limited, the 1liquid crystal material 11 corresponding to
the reduced amount 1is naturally supplemented from the
reservoir 3 by the automatic liquid crystal material supply
device until the liquid crystal panels 1 are completely

filled with the liquid crystal material 11. Since the



accordance with the deteeted and consuned anount of the material 11 to the

reservoir 3.

the liquid
sane direct
arranged in
wre 9ais

and fixedly

The groove part 6 is relatively shallow and thin
a U-shaped cross section. Three coils 9 (nedium .for- holdlng
crystal material) each haygng an axial center di rected. in..
lon as a |longitudinal directron of the groove part-6 arel o

parallel to each other in the groove part 6. A supporting

in

inserted inside each coil 9, with both end parts bent downward

This Sheet Has Been Replace
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lower end parts of the llquld crystal panels 1 are not

entirely scaked in the liquid crystal material 11, and only
the injection ports la of the ligquid crystal panels 1 are
in touch with the liquid crystal material 11, other surface
portions of the liquid crystal panels 1 than the injecticen
ports la are remained not wet. Accordingly, the .iiquid
crystal panels 1 can be swabbed and cleaned simply after
the filling operation.

Upon completion of the £illing operation, the
elevation. device 17 1is moved in an opposite direction
thereby to lower and rotate the liquid crystal pot 2 to
return to the original state as shown in Fig. 232 and by A
in Fig. 3. As a result, the groove part 6 is inclined
again right downward and the liquid crystal material 11
remaining in the coils 9 and groove part 6 is nearly
completely returned to the reservoir 3 through the heole 5b
and cutaway S5a of the gate 5. Accordingly, a change of the
ligquid level of the liquid crystal pot 2 reflects correctly
the amount of the liquid crystal material 11 filled into
the liquid crystal panels 1.. A required minimum amount of
the liquid crystal material 11 can be supplemented highly
accurately in this manner.

A servo motor or the like is preferably used for
the elevation device 17 to control a speed and a position

of the table 26 so as to prevent the 1liquid crystal

tHe"

13
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inserted in the bottomface 6a of the groove part 6, thereby to hold the
coil 9. A top of each coil 9 projects slightly above upper . faces:of sirdg
wal I's of the groove part 6 as shown ijy Fig. 2C Al'though 'it® "i's":
preferable to form the above Iliquid crystal pot 2, gate 5, supporting.__j
wires 9a, and T

This Sheet Has Been Replaced
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material ‘11 from leaking out of the groove part 6 of the

ligquid crystal pot 2.

A seccnd embodiment of the present invention will
be depicted with reference to Figs. 5-8 below.

A liquid crystal pot 32 in Figs. 5-7 has a liquid
crystal ©reservoir 33 for storing the liéuid erYStal
material 11, and a groove part 36 having a bottom face 36a
higher than a bottom €face 33a of the reservoir 33 and
communicating with the reservoir 33. A hcolding medium for
holding the liquid crystal material 11 is arranged in the
groove part 36.

The liquid crystal reservoir 33 is circular in
cross section and communicates at a part thereof with the
groove part 36. The groove part 36 is moderately inclined
to allow the liquid crystal material 11 therein to return
to the liguid crystal reservoir 33 by its own weight.

The holding medium 39 is constituted of many coil
springs 39a having top faces therxesof in touch with the
injection ports la of the ligquid crystal panels 1. The
coil springs 3%a are screwed into screw ‘holes 35 in a
supporting plate 39b. Owing to the arrangement that the
supporting plate 39b is held by stepped supporting parts 41
provided at both side faces of the groove part 36, a gap 42

is secured between the supporting plate 39b and the bottom



coils 9 by SUS304 in.the Japanese Industrial Standard, any materi al

surface treatnent may be used so | ong as
panels 1 and the liquid crystal material 11 is ensured. t RS A

or

any
the quality of the IquLd cLystaI

-,

...ff. h RN
di aneter, a pitch, and an outer dianet of the coil 9, and % counﬁ qanﬁEUCJ“
coils 9, a width and a depth of the groove part 6, and the |ike -are . .10Y
suitably determned fromthe viewoint of whether the |iquid crystal
material 11 is held sufficiently, whether the coils 9 fit the shape of
i nj ection orts 1a oLﬂ& chiquid crystal panels 1, etc. Fig. 3is
aliquidc . f|II|ng appar at us. The above-descri bed
I|qU|d cry “ ontalnlng the liquid crystal material 11 and a
filling jig

face 36a of the groove part 36 to facilitate the
circulation of the liquid crystal material 11

The liquid crystal pot 32 is, as shown in Figs. 6
and 8, laéd horizontally at all times, and the coil springs
39a keep in the natural state the top faces thereof
slightly projecting upward from upper faces of both side
walls of the groove part 35.

In the vacuum chamber 19 c¢f a liquid crvystal
material £illing apparatus of Fig. 8 are set the above-
described liquid crystal pot 32, the filling jig cassette
18 holding a plurality of liquid crystal panels 1 with the
injection ports la faced down, an elevation device 37 for
moviang the liquid crystal pot 32 up and down, and a plunger
43 which can move in and out of the reservoir 33 and £lows
the ligquid crystal material 11 to the groove part 36 from
the reservoir 33 when entering the reservoir 33.

Both side parts of a bottom face of the 1liquid
crystal pot 32 are supported horizontally by a pair of
supporting plates 44. Conical recesses 45 are formed at
four points of the bottom face of the ligquid crystal pot
32. In the elevation device 37, a horizontal elevation
table 56 is fixed to a main shaft 45 which is slidable up
and down to penetrate a bottom wall of the vacuum chamber
19 hermetically. Four driving shafts 57 of an equal length

are fixed to the elevation table S6 at positions



cassette 18 holding a plurality of liquid crystal panels 1 wth the
injection ports |a faced down are set in a vacuum chanber 19 of -the:

apparatus. Before a filling operation is started, as de5|gnated'by A-{h-:gﬁp
Fig. 3, the liquid crystal pot 2 is pgaced on a stage 22 ftéggwgggidé % he

vacuum chanber 19 so as to keep the bottom face 3a of the Trm——

This Sheet Has Been Replaced
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corresponding to vertices of a rectangle chexeof. Upper
ends of these driving shafts 57 are shaped to be ccnical
prcjections 58 to be ficted in the above conical recesses
45. Other reference numerals 68, 59 and 60 represent
respectively a motor, a driving screw and, a nut member
meshed with the driving screw 59 and coupled Qith the main
shaft 45. The four driving shafts 57 arxe moved up and down
by the roéation of the motor 68.

The plunger 43 is moved up and down by a plunger
elevation device 61. The plunger elevation device 61 is
provided with a motor 62, a driving screw 63, a znut member
64, and a main shaft 65 which air-tightly penetrates a top
wall of the wvacuum chamber 19 and is slidable up and down.
The plunger 43 is mounted at a lower end of the main shaft
6S.. The plunger 43 is constructed of a main boedy 43a, and
a stirring propeller 43b supported by the main body 43a to
be movable up and down. A water-tight motor 43¢ for
driving the stirring propeller 43b is incorporated in the
plunger main body 43a. The stirring propeller 43b projects
downward from a lower end of the main body 43a and 1is
supported by the main body 43a in a flecating manner. The
plunger main body 43a is formed circular in cross section
to be fitted with the reservoir 33. When the plunger 43
enters the reservoir 33, the liquid crystal material 11 in

the reservoir 33 overflows to be sent to the groove part



reservoir 3 horizontally. On the other hand, the groove pagrt 6.is.__.__._.
supported by a roll 30 set at an upper end of a base 24 in AHRMBET L PaEEy
rotatable about the axis of the roll 30. The base is fixedfonto khg ;stage '
22. In an el evation devices%7, a horizontal el evJ&-—Ferf—----lfabIfféiz.ﬁ-m._f
Is fixed to a main shaft 25 which can slide up and down penetrating a
bottomwall of the vacuum chanber 19 air-tightly. Four elevation driving
shafts 16 of an equal length are fixed to the elevation table 26 at

positions correspondi ngT‘E‘m’ iTl‘iii’Q?erqupface@l rectangl e of the table 26.

I

36. The plunger 43 may be constituted by the £loating
structure shown in Figs. 8A and 8B described above.

The operation of the above-constituted apparatus
will be described now.

At first, the liquid crystal pot 32 is set on the
pair of the supporting plates 44, while the piunger-43 up
away from the pot 32 stands by (shown by A in Fig. 8). The
vacuum chamber 19 1is started to be wvacuumized 'in this
state. Since only a <front face of the ligquid crystal
material 11 stored in the reservoir 33 is degassed in the
above sta;:e, the plunger 43 is descended by the plunger
elevation device 61 to insert the stirring propeller 43b
into the reservoir 33. The stirring propeller 43b is then
rotated to accelerate the degassing (shown by B in Fig. 8).

When  the liquid - crystal material 11 is
sufficiently degassed and the vacuum chamber 19 is reduced
to at least about 1073 to 10°% Torr, the elevation device
37 starts to move the liquid crystal pot 32 upward.

Because of the upward driving of the elevation
device 37, the four driving shafts 57 are meved up and, the
conical projections 58 at the front encds of the shafts 57
are fitted in the conical recesses 45 in the bottom face of
the liguid crystal pot 32. The liquid crystal pot 32 is
consequently moved up, thereby bringing top faces of many

coil springs 3%a in the groove part 36 in pressed touch



Right- two of the four driving shafts 16 in Fig. 3 have

fespective front ends, while left two are formed to project:. -at.. u-"lﬁh

rollers 14 at

respective front ends as conical proj ections 31. The eIevatlon deV|ce
17 has a motor 17a for rotating a scre shaft 17b in both directians: so.as.

to nove up and down a nut nenber 17c engaged with the
together with a plate 17d fixed to the nut nenber 17c

screw shaft 17b
and projecting the

mai n shaft 25 having the elevation table 26 at its upper end. A
through hole 23 is opened in the stage 22 on an extension |ine of an axial
center of each driving shaft 16 to allow the shaft 1@14@1&9%@3&,{1@

groove 10 having a semcircular cross section is fornTﬂ
i

1.

with the injection ports la of the liquid crystal panels 1.

The liquid crystal pet 32 is stopped to move

time point.

upward at this

Meanwhile, the plunger 43 1is controlled to move

up before the upward movement of the liquid
After the upward movement of the pot 32,
gradually descends relatively to the liquid
so that the main body 43a enters the

material 11 in the reservoir 33 to send the

crystal pot 32.
the plun“er 43
crystal pot 32,
liquid c¢rystal
liquid crystal

material 11 to the groove part 36 (indicated by C in Fig.

8).

While the top faces of the coil springs 3%a are

in touch with the injection ports la of the

panels 1, the liquid crystal material 11 is

liquid crystal

fed to the coil

springs 39%a through the gap 42 and screw holes 35 of the

supporting plate 39b. The liquid crystal

macerial 11 is

filled in the coil springs 39a and moreover swells at the

surface thereof. The ligquid crystal material 11 adhering

to the periphery of the coil springs 39a due

to the surface

tension is filled by the capillary phenomenon =to the

injection ports la of the liquid crystal panel 1 in touch

with the material 11.
After the filling operation of a

the capillary phenomenon, N, is fed into the

fixed time by

vacuum chamber

19 to return the wvacuum chamber 19 to the atmospheric

fl

S |



|l iquid cryscal pot 2, nore specifically, in the vicinity of, an end part. of _

the liquid crystal pot 2 at the side of the R Lgrroove:
part 6 The roll 30 is detachably fitted in the ! R -
29 o e e e e Lt
This Sheet Has Been Replaced
pressure. The atmospheric pressure presses a liquid level

of the liquid crystal pot 32 and accordingly, the liquid
crystal material 211 is £filled into the 1ligquid crystal
panels 1 gradually. The whole of the lower end paxts of
the liquid crystal panels 1 1s not soaked in the liguid
crystal material 11 and only the injection porﬁs la of the
liquid crystal panels 1 are brought in touch with the
liquid crystal material 11. Since other surface portions
of the liquid crystal panels 1 are not turned wet, the
ligquid crystal panels 1 can be swabbed and cleaned in a
simple process after the £illing operation. .

After the £filling operation 1is completed, the
liquid crystal pot 32 1is lowersd and returned to the
original position, and the plunger 43 is raised and
returned to the original position. Since the plunger 43 1is
removed from the reservoir 33, the liquid crystal material
11 in the groove part 36 traces the inclined face and
returns to the reservoir 33 by its own weight.

As shown in Fig. 2C, the width W, of an opened
groove face of the groove part 6, 36 is wider than the
width W; of the downward-directed face of the injecticn
port la of the liqgid crystal.panel 1 so as not to define a
gap beﬁween the opened groove face of the groove part 6, 36
and the downward-directed face of the injection port la of

the liquid crystal panel 1. That is, if any gap is defined

[
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groove 10. Moreover, the above rollers 14 contact the |ower face of the
Fiquid crystal pot 2 at the side of the reservoir 3 where a:pair:- of Fﬁl+e+~~
reception recesses 7 allowing the rotation of the rollers 14 incas ey TER
predeternm ned range are formed. Also ggpair of conical recesses 15 :t.0: be
engaged with the above-described conical projections 31 are formed in the
| ower face of the liquid crystal pot 2 at the side of the groove part 6 at
a hal fway point between the groove 10 and roller reception recesses 7.

A stirring plate 13 is arranggdsy.q gl NRCHUM chanber 19 to stir the
liquid crystal material 11 in Hm“ IHﬁ e\90|r 3. The stirring plate 13

can be noved up and down by vice 12. The el evati on devi ce
12

between them, a gas might be mixed into the "liquid cxrystal
panel 1 through the gap to deteriorate the liquid crystal
panel 1. Preferably, when the ligquid crystal material 11
is filled into the liguid crystal panel 1, the lower side
of the 1liquid crystal panel 1 is not contacted to the
liquid crystal material 11 and the upper faces of the side
walls of the groove part 6, 36.

The elevation device 37 serving as one example of
the moving device for‘ relatively moving up and down the
liquid crystal pot 32 and the liquid ¢rystal panels 11, may
be constituted by a moving device 137 as shown in Fig. 9.
In the moving device 137, a horizontal elevation table: 156
is fixed to a main shaft 145 which is slidable up and down
to penetrate a bottom wall of the vacuum chamber 19
hermetically. Four driving shafts 157 of an equal length

56 at ©positions

-4

are fixed to the elevation table

corresponding to vertices of a rectangle.

h

Front ends of these driving shafts 157 are fixed
to a plate 100 for supporting the jig cassette 18. Other
reference numerals 158, 159 and 160 represent respectively
a motor, a driving screw and, a nut member meshed with the
riving screw 159 and coupled with the main shaft 145. The
four -‘driving shafts 157 are moved up and down by the

rotation of the motor 158 to move up and down the ligquid

crystal panels 1 between position shown by solid lines H



has a notor 12a for rotating a screw shaft 12b in both Q|rect|0ns so as’ to
nmove up and down a nut nenber 12c¢ engaged with the scremyshaftvlzb;m, o
together with a plate 12d fixed to the nut nmenber 12c and proj ecting a
stirring shaft 12e having the stirring plate 13 at its lower end. This
stirring plate 13 stirs the liquid crystal material 11 while repeatedly
noved up and down in the reservoir 3 in accordance with the rotations of
the screw shaft 12b in the directions. AIternatlver, the s irrin

g
plate nmay be designed to turn about the axis ofTl dft 12e
thereby to stir the liquid crystal material 11. ' |

and dotted lines L with respect to the pot 32 fixed on a
plate 144 to bring the springs 39 in touch with the
downward-directed faces of the injection ports 1la of the
liquid crystal panels 1.

The medium may be formed in any shape or
construction as long as the medium 9 for holding the.liquid
crystal material 11 into touch with the downward-directed
faces of the injection ports la of the ligquid crystal
panels 1. For example, as shown in Figs. 10 and 11 as a

liquid crystal pot in a £fourth embodiment of the present

h

invention, the medium may be formed by £frames 950 o
trapezoid shape and each of which is not connected to each

the frames 90 is

h

other as a coil-like member. BEach o
independently stood on the bottom face 6a of the groove
part 6 .and a supporting wire 90a is inserted inside the
frames 90 to fix the frames 90 to the bottom face 6a of the
groove part 6. The top part of each frame 90 is slightly
higher than the upper faces of side walls of the groove
part 6 to bring the frames 90 in touch with the downward-
directed faces of the injection ports 1a of the liquid
crystal panels 1.

The shape of the medium 9 is not limited to a
ring or frame shape. That is, -as shown in- Fig. 12 as a
liquid crystal pot in a fifth embodiment of the present

invention, the medium may be formed by T-shaped members 190
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REPLACEMENT SHEET SUS3X4 is preferably used to constitute the
stirring plate, any material or any surface treatnent is enployable so

long as it secures the quality of thgsiquid crystal panels 1 __and the
liquid crystal nmaterial 11. THIS SHEET HAS BEEN
REPLACED

eet Has Been Replaced

IO

fixed to the bottom face 6a of the groove part & and having

top parts thereof slightly higher than the upper faces of
side walls of the groove part 6 to bring the frames 9C in
touch with the downwaxd-directed faces of the injection
ports la of the liquid cryscal panels 1.

As 1s described hereinabove, according to the
present invention, liquid crystal panels can be swabbed and
cleaned in a simple process after the £illing operation.
Moreover, a required minimum amount of the ligquid cxrystal
material suffices the invention with a waste eliminated.

Although the present invention has been £fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
apparent éo those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.



Her ei nbel ow t he operation of the apparatus in the above const}|,rt,pl ion i+ |-

be di scussed. Initially, the liquid crystal pot 2 l('s'"s“’el*"rn' the BEEN
vacuum chanber 19 in a state as shown in Fi g. 2A and by A inl_Fi Q“L@;«C:[ '
that is, wth the- bottom face ? the reservoir 3 kept T
hori zont aI ly and the bottom face 6a of th groove part 6 inclined
approximately 15[ err] upward. The i qU| d crystal material 11 is kept in

the reservoir 3. In addition, the liquid crystal pot 2 is separated from

the liquid crystal panels 1. The vacuum chanber 19 s

vacuum zed from the above state. Since only a front face of the liquid
crystal material 11 in the reservoir 3 is degassed in the above state,
the stirring plate 13 is |l et down by the el evati Orhis Shee ct Has Been Replaced

AR

WHAT IS CLAIMED IS:

1. A method for £illing a liquid crystal material to
liquid crystal panels, comprising bringin a medium
(9,39,90,190) holding a liquid crystal material (11) into
touch with downward-directed faces of injection ports (la)
of liquid- crystal panels (1) in a vacuum chamber (19) and
then £illing the 1liquid crystal material to the liquid
crystal panels.

2. A liquid crystal material £illing method
according to claim 1, wherein in the bringing the medium
intec touch with the injection ports, the medium (%) 1is
constituted of a plurality of coil-like members having
axial centers in a direction intersecting the injection
ports of the liquid crystal panels.

3. A liquid crystal material filling method
according to claim 1, wherein in the bringing the medium
into touch with the injection ports, the medium (38) is
constituted of a plurality of coil-like members having top
faces in touch with the injection ports of the liquid
crystal panels.

4. a liquid crystal material filling method
according to claim 3, wherein in the bringing the medium
into touch with the injection ports, each of the coil-like

mempers 1s a coil spring.

D



device 12 to be inserted into the reservoir 3. The liquid _crystal_

Taterial 11
13 up and
plate 13 is
therefore a

is fully degassed by repeatedly nmoving the $tgnrr~
down. The degassing is pronoted further Qf theﬂsgl

in touch with the bottomghace 3a of the reservoir. 3, ARG e e

floating structure is preferably adopted.
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5. An apparatus for filling a ligquid <crystal
material, which comprises, in a wvacuum chamber (19}, a
liquid crystal pot (2) having a liquid crystal reservoir
(3) for storing a liguid crystal material (11) and a groove
part (6) communicated with the liquid crystal reservoir at
a certain angle in which a medium (9,90,190)hfor holding
the liquid crystal material is arxanged, a £illing 3Jjig
cassette (18) accommodating a plurality of liquid crystal
panels (1) with injection ports (la) faced down, an
elevation device (17) for moving the liquid crystal pot up
and down, and a posture control mechanism
(30,10,31,15,14,7) which switches a posture cf the ligquid
crystal pot in accordance with up-and-down movement of the
ligquid crystal pot thereby to flow the liquid crystal
material f£rom the liquid crystal reservoir_ to the groove
part at a raised position and bring the holding medium in
touch with downward-directed faces of the injection ports
of the liquid crystal panels.

6. A ligquid crystal material filling apparatus
according to c¢laim S, wherein a gate (5) is provided
between the liquid crystal reservoir and the groove part to
regulate <circulation of the 1ligquid crystal material
therebetween.

7. A liquid <c¢rystal material filling apparatus

according to claim 5, which includes a stirring device

) 0 R AR




Cne

43a,
143d

exanple of the floating structure is shown in Figs. 8B and 8C. This

ng structure includes a piston

PO IR ———

freely nove up and down and having stoppers 143e at Tt
preventing the support shaft 143d from dropping fHes -

3 43a supported by the stirring shaft
a plurality of support shafts 943d penetrated the piston 43a so as
pEF=ends-

hé FiSSRiEY

and a floating plate 143b fixed to |lower ends of the sugifdtitAfihfts

and having holes 143c, so that the liquid crystal material

Iz

1T ¢can be

(13,12) for stirring anéd degassing the liguid crystal

material stored in the liquid crystal resexvoir.

8. A liquid «crystal material £filling apparatus

according to claim 6, which includes a stirring device

(13,12) for stirring and degassing the liguid crystal

material stored in the liquid crystal resexvoir.

9. An apparatus for £filling a 1ligquid crystal

material, which comprises, in a wvacuum chamber (19), a

liquid crystal pot (32) having a liquid crystal reservoir

(33) for storing a liquid crystal material (11)

and a

groove part (36) communicatad with <the liquid crystal

eservoir and having a bottom face (36a) higher ¢

bottom face (33a) of the liquid crystal reserveoir in whi

adunwaa

a medium (39) for holding the liquid crystal material

han a

is

arranged, a filling 3jig cassette (18) accommodating a

pluralicy of ligquid crystal panels (1) with injection ports

(la) faced down, a moving device (37) for relatively moving

up and down the ligquid crystal pot and the liquid crystal

panels, and a plunger (43) which can move in and ouctput of

the liquid crystal reservcoir and flows the ligquid crystal

material from the liquid crystcal resexvoir to the groove

part when entering the resexrvoir.

10. A liquid crystal material £illing apparatus

according to claim 9, wherein the plunger (43) works also

(T



Lhrough the holes 143c of the floating plate 143b while the stiring
12e noves up and down together wth the piston 43a. At this tine,

_ the floating plate 143b is simBPy supported by the stoppers 143e of

t he® support shafts 143d at the upper surface of the piston 43a via the.
support shafts 143d, the floating plate 143b can freely move _up and down

in the liquid crystal material 11. Even when the floatin ﬂh@t& 4’3b T =
contacts the bottomof the reservoir 3, the floating| pla }thllfé‘th’“N |

noves up to prevent the resgENeiHas BechROMAAVI Ng any da -;=:~Fpgilff ”

When the liquid crystal mat fully degassed and the vacoum="
chanber 19 is decreased to at I #II’ uHml mately 10[err] or 10[err] Torr,

the stirring plate 13 is

as a stirring device for stirring and degassing the liquid
crystal material stored in the liquid crystal reservcixr.

11. A liquid crystal material filling apparatus
according-to claim 9, wherein the bottom face (36a) of the
groove part (36) is inclined to a horizontal plane, so that
the liquid crystal material in the groove parﬁ returns to
the liquid crystal reservoir by its own weight when the
plunger is removed from the liquid cxystal reservoir.

12. A liquid crystal material filling apparatus
according to claim 10, wherein the bottom face (36a) of the
groove part (36) is inclined to a horizontal plane, so that
the liquid crystal material in the groove part retuxns to
the liquid crystal reservoir by its own weight when the
plunger is removed from the ligquid crystal reservoir.

13.. A liquid crystal material filling apparatus
according ‘to claim 9, wherein a gap (42) 1is provided
between the bottom face of the groove part and a lower face
of the medium so as to facilitate circulation of the liquid
crystal material.

14. A ligquid crystal material filling apparatus
according to claim 10, wherein a gap (42) is provided
between the bottom face of the groove part and a lower face
of the medium so as to facilitate circulation of the liquid
cryécal materiai.

»¥
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raised and the liquid crystal pot 2 is started to be noved
el evation device 17. -16-
When the main shaft 25 of the el evation device
shafts 16 with the rollers 14 anong 37

up by the

REPLACED l
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liquid crystal

15. A material £filling

according to c¢laim 5, wheresin the helding

constituted of a plurality of coils having axial
a direction intersecting the injection ports of
crystal panels.

16. A liquid crystal material £illing

according to claim 9, wherein the holding

constituted of a plurality of coils having axial
a direction intersecting the injection ports of
crystal panels.

17. A ligquid c¢xrystal material €£illing

according to «c¢laim 13, wherein the holding

constituted of a plurality of coils having axial

i‘THﬁ;SHEErHAsaEEN h

apparatus
medium is
centers in

the ligquid

apparatus
medium is
centers in

the liquid

apparatus
medium is

centers in

a direction intersecting the injection ports of the liquid
crystal panels.

18. A liquid crystal material £illing apparatus
according toc claim 5, wherein the holding medium is

constituted of a plurality of coil-like members

having top.

faces in .touch with the injection ports of the liquid
crystal panels.

15. A liquid crystal material f£filling apparatus
according to <c¢laim 9, wherein the holding medium is

constituted of a plurality of coil-like members

faces in touch with the injection ports of

R o

crystal panels.

having top

the liquid



the four driving shafts 16 on the el evation table 26 contact the roller

reception recesses 7 of the liquid crystal pot 2 earlier than the

ot her two shafts 16. In accordance with the further upward notion of t he
mai n shaft 25, the liquid crystal potzg is subject_,p_linjﬁj:m¢:r’:t
countercl ockwi se direction in the draw ng, and conS qgtyr 8 BEENS d at
the side of the liquid crystal reservoir 3, mherégy t%q +ratt0&M f acel6a of
t he groove part 6 beconmes horizontal. Si mul t an oasiy*-vwfﬁ““fﬁ*s t he

conical projections 31 at the front ends of the remaining driving shafts
16 are engaged wWThi Shdaetiac Béth Radlackecesses 15 in the |ower face of the

liquid crystal pot I"l”"ll””lu IIThe above state is represented in Fig. 2B

and by

20. A ligquid crystal material filling apparatus
according to <claim 13, wherein the holding medium is
constituted of a plurality of coil-like members having top
faces in touch with the injection ports of the liquid
crystal panels.

21. A liguid «crystal material filliné apéaratus
according toc claim 18, wherein each of the c¢oil-like
members is a coil spring.

22. A liquid crystal material f£filling apparatus
according to <claim 19, wherein each of the coil-like
members is a coil spring.

23. A liquid crystal material filling apparatus
according to claim 20, wherein each of the coil-like
members is a coil spring.

24. A liquid crystal material £filling apparatus
according to claim 23, wherein the coil spring is screwed
in a supporting plate (39b) which is in turn held in the
groove part.

25. A liquid crystal material £illing apparatus
according to claim 5, wherein a top of the medium is higher
than upper faces of side walls of the groove part.

26. A ligquid crystal material f£filling apparatus
according to claim 9, wherein a top of the medium is higher

than upper faces of side walls of the groove part.

I



Bin Fig. 3. Before and after this state, while the liquid crystal
material 11 in the reservoir 3 flows to the groove part 6throughthe

cutaway 5a of the gate 5, a flowrate of the liquid cry} material 11 is
suitably regulated by the gate 5. Thegdiquid crystal érr \11 is filled
into the three coils 9 arranged in the groove part 6. ?i%:@ xgase, the
top of each coil 9 is exposed a constant height from bot faces
of the side walls of the groove part 6. Therefore, even 'hg Hqu'\q\
crystal material 11 has a relatively small surface tensi on%gK\t‘Na\F~‘£;]Lﬁ"-‘ﬂ_!r;ﬂ./~ .
crystal g 7

i
i
e,

27. A liquid crystal material £filling apparatus
according’ to claim S, wherein a width (W,;) of an opened
groove face of the groove part (6) is wider than a width
(W) of a downward-directed face of the injection port of
the liquid crystal panel.

28. A liquid crystal material filliné appératus
according to claim 9, wherein a width (W,) of an opened
groove face of the groove part (36) is wider than a width
(W,) of a downward-directed face of the injection port of

the liquid crystal panel.

This Sheet Has Been Rep

e
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-17- material 11 swells over an upper end of the groove part 6
as shown in Fig. 2C. The coil 9 thus works as a nmediumfor holding the
liquid crystal material 11. When the four driving shafts 16 nove
up further, the groove 10 is separated fromthe roll 30 and the liquid
crystal pot 2 noves up while maintaining its posture shown

Frg 14




in Fig. 2B. Finally, ~as indicated by Cin Fig. 3, the coils 9 cone in

touch with the |nJect|on ports la of the 1liquid crystal panels 1, when the
el evation device 17 is stopped. The liquid crystal material is
started to be filled. After the filling of the material 11 for a fixed

time through the capillary phenonenon, Ngerr] I's supplied into the vacuum
chanber 19, so that the vacuum chanber 19 is returned to the atnospheric

pressure. Aliquid level of the liquid crystal pot 2 is pressed by the
at nospheric pressure and hence the liquid crystal material 11 is

gradual |y fjllﬁ§c+nto th2@4quid crystal panels 1. At this tine,
liquid

al t hough the a

3
5 - 3
Sa 9
/ / GI 3
& 5 a 14 3a
Fig éC‘ "
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7 7
/000 7AN
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crystal material 11 present in the groove part 6 is |imted, the liquid
cryst-al: material 11 corresponding to the reduced anount is naturally

suppl emented fromthe reservoir 3 by the automatic liquid crystal nmaterial
supply device until the liquid crystal panels i are conpletely filled
with " the liquid crystal material 11. Since the

-18- .
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| ower end parts of the liquid crystal panels 1 are not entirely soaked in
the Jiquid crystal material 11, and only the injection ports la of the
liquid crystal panels 1 are in touch with the liquid crystal material 11,
‘other surface portions of the liquid crystal panels 1 than the injection

ports.. la are renai ned not wet. Accogdingly, the liquid crystal panels
1 can be swabbed and cl eaned sinply after the filling operation.
Upon conpl etion of the filling operation, the elevation device 17 is

noved in an opposite direction thereby to |ower and rotate the liquid
crystal pot 2 to '

Firg 4
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return to the original state as shown in Fig. 2A and by A in Fig. 3. As a
resul4,; the groove part 6 is inclined again right dowward and the |iquid
crystal material 11 remaining in the coils 9 and groove part 6 is nearly
conpletely returned to the reservoir 3 through the hole 5b and cutaway Sa
of the gate 5. Accordingly, a change of the |liquid |level of the liquid
crystal pot 2 reflects correctly the anbunt of the liquid crystal nateri al
11 filled into the liquid crystal panels 1. A required m ni nrum anount of
the liquid cr*_s-tal matgrial. 11 can be supplenented highly accurately in
this manner. /g A servo notor or the like is preferablfy used for
the el evation device 17 to3g|arol a speed and a position

39 / 1

41 33
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Fig 6 33a 7 11

39a ,39 35 39a 41

—33

////?///%///Z///\S// 3 Aﬁj

3% 36a ‘32 3642 11 z3q

Fig 7




of the cable 26 so as to prevent the liquid crystal

-19-_ Substitute sheet - 23 June 1999 material 11 fromleaking
out of the groove part 6 of the liquid crystal pot 2. A second
enbodi ment of the present invention wll
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be. depicted with reference to Figs 5-8 bel ow. A liquid crysta
pot 32-in Figs. 5-7 has a liquid crystal reservoir 33 for storing the
liquid crystal material 11, and a groove part 36 having a bottom face 36a
hi gher than a bottom face 33a of the reservoir 33 and comumicating with
the reservoir 33. A holding nediumfor 5holding the liquid crystal

material 11 is arranged in the groove part 36. The liquid
crystal reservoir 33 is circular in cross section and communi cates at a
part thereof with the . groove part 36. The groove part 36 is noderately .
inclined to allowthe liquid crystal material 11 therein to return. to the

liquid crysta;rr;sgyvgpr 33 by its own weight.
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The hol ding medium 39 is constituted of many coil springs 39a having top-
f-aces t-hereof in touch with the injection ports la of the liquid crystal
panel s 1. The coil springs 39a are screwed into screw holes 3Sin a
supporting plate 39b. OmsMng to the arrangenent that the supporting plate
39b is held by stepped supporting parts g1 provi ded at both side faces of

the groove part 36, a gap 42 is secured between the supporting plate 39b
and the bottom

Firg 10
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face 36a of the groove part 36 to facilitate the circulation of
the ligquid crystal material 11. The liquid crystal pot 32 is, as
shown in Figs. 6 and 8, laid horizontally at all times, and the coi
springs 39a keep in the natural state the top faces thereof slightly
projecting upward from upper faces of both side walls of the groove part
36. In the vacuum chanber 19 of a liquid crystal nmateria
filling apparatus of Fig. 8 are set the above- 1._.___.__--—-—-——~-~"""“"““"""°

THIS SHEET HAS BEEN
EPE F\CtD

ABSTRACT OF THE DISCLOSURE

Method and Apparatus for Filling

Liquid Crystal Material

The 1liquid crystal material £filling apparatus'
includes, in a vacuum chamber, a liquid crystal pot having
a liquid crystal reservoir for storing a liquid crystal
material and a groove part coupled with the liquid crystal
reservoir at a certain aﬁgle in which a medium for holdiné
the liquid crystal material is arranged, a filling jig
cassette accommodating a plurality of liquid crystal panels
having injection ports faced down, an elevation device for
moving the liquid crystal pot up and_down, and a posture
controi.mechanimn which switcheé a posture of the liquid
crystal pot in accordance with the'up/down movement of the
liquid crystal pot thereby to flow the liquid crystal
material from the ligquid crystal reservoir to the groove
part atlﬁ raised position and bring the medium in touch
with lower faces of the injection ports of thé ligquid

crystal panels.

(Fig. 1A)
This Sheet Has Been Replaced -




described liquid crystal pot 32, the fill %EG(’Q 76&5’5%tte 18 hol dl(r{g()ag

plurality of liquid crystal panels 1 with
down, an elevation device 37 for noving the liquid cryst
down, and a plunger 43 which can nove in and out of the
flows the liquid crystal material 11 to the ¢PulstEutmshe

reservoir

bottom face of the liquid crystal pot 32 are supported |
supporting plates 44. Conicgl, recesses 45 are fjornmed at

pair of
poi nts of
devi ce 37,

|nJect|on peris.l12a faced

IREPOACEMEND SMERT

] g?gm;?,,égsg

33 when entering the reservoir 33. Bat h s of

" four

the bottom face of the liquid crystal pot 32.
a horizontal elevation table 56 is fixed to a main shaft 45

which is slidable,p crand odeEnehds RN eHeA 881 B0k arBalapanel st A8t encthan

chanber

10

15

20

25

30

35

£11ling operation are totally wet with the liquid crystal
material, the 1liquid crystal panels should be swabbed and
cleaned afterwards, which requires not a small amount of time
and cost. '
SUMMARY OF THE INVENTION

In accordance with the present invention, there is prcv1ded
a method of filling liquid crystal panels with a liquid crystal
material, the method comprising: :

placing a liquid crystal material holder and at least one
liquid crystal panel in a vacuum chamber, wherein said liquid
crystal material holder includes a reservoir and a groove part
communicating with and extending from said reservoir at an
angle; _

moving said liquid crystal material holder relative to said
liquid crystal panel such that said groove part moves from an
upwardly inclined position into a horizontal position so as to
cause liguid crystal material to flow from said reservoir to
said grxoove part; and

raising said liquid crystal materlal holder so that an
lnjectlon port of said liquid crystal panel contacts a medium
which is disposed in said groove part and holds liquid crystal
naterial. ]

In another aspect, there is provided a method of f£illing
liquid crystal panels with a liquid crystal material, the method
comprising:

placing a liquid crystal material holder and a cassette
holding a plurality of liquid crystal panels in a wvacuum
chamber, wherein said liquid crystal material holder includes a
reservoir and a groove part extending from said reservoir;

moving said liquid crystal material holder upwardly toward
said liquid crystal panels;

changing the posture of said groove part relative to said
cassette as said liquid crystal material holder is moved toward
said liquid crystal panels so as to cause liguid crystal
material to £low from said reservoir into said groove part; and

qFcT) F A, 3

2 AL



19 hernetical ly. Four driving shafts 57 of an equal |ength RERLACEMENI(SHER
the elevation table S6 at positions

-21- corresponding to vertices of a rectangle fhdreof. ji;{opas
ends of these driving shafts S7 are shaped to be coni cal ' :

Substitute sheef - 23-dune-1+999
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contacting said injection ports of said liquid crystal
panels with a medium disposed in said groove part, wherein said
medium holds the liquid crystal material which initially flows
into said liquid crystal panels via said injection ports by

5 capillaxy action.

In another aspect, there is provided an apparatus for
£illing a liquid crystal material, said apparatus comprising:

a vacuum chamber;

a liquid crystal pot having a reservoir for storing a

10 liguid crystal material and a groove part extending from said
reservoir at an angle, wherein said groove part is in
communication with said reservoir for receiving liquid crystal
material therefrom;

! a liquid c¢rystal holding wedium dlSPOSEd in said groove

15 part; '

a filling jig cassette for accommodating a plurality of
liquid crystal panels having injection ports;
an elevation device for moving said liquid crystal pot
upward and downward; and

20 a posture control mechanism for switching a posture of - said
liquid crystal pot in accordance with upward and downward
movement of said liquid crystal pot in order to cause liquid
erystal waterial to flow from said liquid crystal reservoir into
said groove part, at a raised position thereof, and bring said

25 liquid crystal holding medium into contact with downwardly-
directed faces of the liquid crystal panel injection ports.

In another aspect, there is provided a filling apparatus
for a liquid crystal material, said apparatus comprising:
a vacuum chamber;

30 a liquid crystal pot having a reservoir for storing a
liquid crystal material and a groove part in communication with
said reservoir, said groove part having a groove formed in an
upper surface thereof, wherein said groove has a bottom surface
which is disposed at a higher level than an interior bottom

35 gurface of said reservoir; '

a liquid crystal holding a medium disposed in said groove



projections 58 to be fitted in the above conical recesses ‘ﬁEPLACQMENT SHEET
reference nunerals 68, 59 and 60 represent respectivelyla3ot-or -

driving screw and, a nut nmenber neshed with the driving $c eg 9;andmm
coupled with the main shaft 45. The four driving shafts 5 up’
and down by the rotation of the notor 68. Substituteaghesgl u
noved up and down by a plunger elevation device 61. The plunger eJevatlon

device 61 is provided with a notor 62, ‘a driving screw 63 —a—Rut—Herber
64, and a main shaft 65 which air- tlggtly penetrates a top wall of the
vacuum chanber 19 and is slidable up and down. The plunger 43 is nounted
at a lower end of the main shaft 65. The plunger 43 is constructed of a

mai n body P%-%; and
. a £illing jig cassette for accommodating a plurality of
liquid erystal panels having injection ports which are directed
downwardly; :
5 a moving device for moving said 11qu1d crystal pot up and
down relative to said £illing jig; and
a plunger disposed relative to said liquid crystal pot such
that said plunger can move into and out of said reservoir so as
to cause the liquid crystal material to flow from said reservoir
10 and into said groove formed in said groove part as sald plunger
enters said reservoir.



a stirring propeller 43b supported by the main body 43a to b_BEﬁ'hABEMENTuSHEET

and down. A water-tight notor 43c for driving the stinri
43b is incorporated in the plunger main body 43a. The stirni
43b projects downward froma | ower end of the ir]c. b?dﬁ 434
supported by the main body 43a in a floating rra%‘l?lté? itutergh

; Opighi| nq

eetF lT

body 43a is formed circular in cross section to be fitted With the -
reservoir 33. Wen the plunger 43 enters the reservoir 33, the rquid

crystal materi al
part

11 in the reservoir 33§everflows to be sent to the groove

The medium holding the liquid crystal material

may be of any kind and in any form so long as it supplies

-

the holding liquid erystal material into the l.iquid cxystal
panels from the lower faces of the injection pc;rts ir; touch
therewith. However, a pluralicty of coil-like means with
axial centers set in a direction intersecting the injection
ports is preferable. Many coil-like means having top'gf faces
thereof held in touch with the injection ports of the
liquid crystal panels are preferably used as the above
x:nedium. 'One that is substantially the same as a coil apd
obtained by arranging many rings in a longitudihal
direction in parallél te each other and coupling by a.
coupling wire, or the like is included in the above coil:

like object, other than a coil. Moreover, a ﬁc:ous

material object, e.g., sponge or the like may be used as.

the medium.

Accorxding to the liquid crystal material filling
method and apparatus of the present invention, since the
liquid crystal wmaterial caﬁ be brought in touch wit:h: only
the injection ports of the liquid crystal panels in the
vacuum chamber, a waste of the liquid crystal material is
eliminated and a swabbing and a cleaning processes for the

licguid crystal panels can be simplified.



-22- 36. The plunger 43 may be constituted by the floating
structure shown in Figs. 8A and 8B described above. The operation
of the above-constituted apparatus w | be described now. At f

irst, the liquid crystal pot 3 2 is set on th i.r.o e t{ 599
E)| ates 44, while the plunger 43 up %ub%%ltute ghéel% Z3'DRk!H

-7 -
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of che
present inventieon will become clear from the foll_?wing'
description taken in conj.unction with Ehe prefarred

. embodiments thereof with reference to the I'acccmpanying
drawings, in which: - |

Figs. 1A and 1B are perspective views of a ligquid
crystal pc':t: in a first embodiment of thé prasent invention
and its gate;

Figs. 2A, 2B, and 2¢ are longitudinal sectional
views and a lateral sectional view showing a schematic
constitutg.on' of cthe liéuid crystal pot and a positional
relationship with a ligquid crystal panel at the filling

. time in the first embodiment of the present invention; )

( L. ., Pig. 3 is a sectio__ﬁal view of a liquid crgl?st'al_
Efilling apparatus in the first embodiment of the present
invention;

Fig. 4 is a sectional view of a conventional
liquid crystal filling apparatus;

Fig. 5 is a partially-removed perspective view of
a liquid crystal pot in a second embodiment of the present
invention;

Fig. 6 is a sectional view of the liquid crystal

pot of Fig. §;



away fromthe pot 32 stands by (shown by Ain Fig. 8). The vacuum
chanber 19 is started to be vacuum zed in this state. Since only a front
face of the liquid crystal nmaterial 11 stored in the reservoir 33 is
degassed in the above state, the plunger 43 is descended by the plunger

el evation device 61 to insert the stirring prdpeistsute;sheet n2g June 1999
reservoir 33. The stirring propeller 43b is then rotated to acce 2

t he degassing (shown by Bin Fig. 8). -8~ Wien the )
material 11 is sufficiently degassed and the vacuum cha

starts to nove the liquid crystal pot 32 upward.
upward driving of the elevation device 37, the four drivind
noved up and, the

Fig. 7 is a sectional view of a medium of éhe pot
for holding a liquid cxystal material;

Figs. 8A, 83, and 8C are a sectional view of a
ligquid crystal filling appavatus in the second embodiment
of the present invention, a perspective view ;;d a cross-
sectional view of a plunger thereof; ' |

Fig. 9 is a sectional view of a iiquid crystal
filling appazatus in a third embodiment of the present
inventien; i

Fig. 10 is a longitudinal sactional wview showing
2 schematic constitution of a ligquid crystal pot in a

| fourth embodiment of the present invention; i
Fig. 11 is a lateral secticnal view of the liquid
crystal pot in the fourth embodiment of the present
| " invention; and

Fig. 12 is a lateral sectionmal view of a ligquid
crystal pot in a fifth embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMB_ODIMEN‘I‘é

Before the description of the present invencion
proceeds, it is to be noted that like parts are desigmnated
by 1like reference numerals throughout the accompanying
drawings.

A first embodiment of the present invention will

be described with reference to Figs. 1A-3.



conical projections 58 at the front ends of the shafts 57 are fitted I n
the conical recesses 45 in the bottomface of the liquid crystal pot 32.
The |4 quid crystal pot 32 is consequently noved up, thereby bringing top
faces Qf many coil springs 39a in the groove part 36 in pressed to
Substitute sheet - 23 June 1999 -9~ S%bstxtute sheet2»3§§ June %1589
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A liquid crystal pot 2 shown in Figs. 1A, 18, and

2A, 2B, 2C is constituted of a liquid erystal reservoir 3

where a liquid crystal macerial 11 of a necessary amount

for filling is stored, a slim groove part 6 integrally

: formed with the reservoir 3 at a cextain angléj and a gate

§ £for regulating the circulation of the li;ﬁid cgyscal
material between the reservoir 3 and groove pazrt §.

A bottom face 3a of the resexrvoir 3 and a boctom

| face 6a of the groove paxffs are bent and connectjg with

each other at a bending angle of approximately 165° (at any

. angle in the range of 175°-155°) as indicated in Figs. 2a

and 28B. The gate 5 is disposed at a circulation path

between the reservoir 3 and groove part 6. The gate 5 ﬁas

a cutaway 5a and a hole 5b for paésing the liquid crysctal

P

material through the hole Sb and the cutaway Sa between the
groove part 6 and the reservoir 3 without overflowing
outside of the pot 2. The ligquid cxrystal material 11 is
allowed to flow through a. space defined by the cutaway 5a
of the gate 5 and the bottom face 6a of the groove por: 6.
A resistance of the path can be adjusted by adjusting an
opening degree of the gate 5. That is, when the gate 5 is
inserted into the base part of the groove part 6 close to
the reservoir 3, the inserting amount of cthe gate S is
changed to change the size of the spacIe defined by the

cutaway 52 of the gate S5 and the bottom face 6a of the



with the injection ports la of the liquid crystal panels 1. The liquid
crystal pot 32 is stopped to nove upward at this tinme point.
Meanwhi | e, the plunger 43 is controlled to nove up before the upward
novenent of the liquid crystal pot 32. After the upward an%ﬁfnt of, %@F
a st al

pot 32, the plunger 43 gradually descends 4l ﬁ%‘b‘if‘é‘l‘-‘}etsbe%?
)

e 18

pot 32, so that the main "body 43a enters the liquif¢l- crystal'
material 11 in the reservoir 33 to send the liquid crystal terial 11 to_
the groove part 36 (indicated by Cin Fig. VWi | e} t eﬂgop,faggg
of the coil springs 39a are € h bl 100

groove part 6§ to regulate the flow amount of the liguid
crystal material passing through the space. A requized
filling amount of the liguid crystal material 11 is stoxred
in the reservoir 3. The liquid crystal material 11 is
supplemented in accoxdance with the ccnsumptiogwwhen £illed
into ligquid crystal panels 1. An automatic liéuid éﬁystal
material supply de#ice (not shown) is preferably used to
supplement the matexial. it is convenient in orxrder to
cozxrectly set the supplementation amount if c¢the liquid
crystal resexvoir 3 is formed to be narrow and deep with a
small sactional area. That is, .the level of the liquid
crxystal material in the reservoir 3 is detected by a
sensor, and then the consumed amount of the liquid cfysﬁal
material is detected. The automatic liquid crystal
material supply device supplies the mgterial 11 im
accordance with the detected and consumed amount of the
material 11 to the reservoir 3.

The groove part 6 is relatively shallow and thin
in a U-shaped cross section.

Three coils 9 (medium for holding the liguid
crystal material) each having an axial c¢enter directed in
the same direction as a longitudinal direction of the
groove part 6 are arranged in parallel te each other in the

groove part 6. A supporting wire 9%a is inserted inside

" each coil 9, with both end parts bent downward and fixedly



in touch with the injection ports la of the liquid crystal panels 1, the

liquid crystal

material 11 is fed to the coil springs 39a through the gap

42 and screw holes 35 of the supporting plate 39b. The liquid crystal

material 11 is
surface thereof.

filled in the coil springs 39a and noreover IIs @é
p ?%hery

The liquid crystal naterlaISPPséﬁﬁﬁﬁhﬁ?tt vige

of the coil springs 39a due to the surface**tension is filled by the:

capil lary phenonmenon to the injection ports la of the liqu
1 intouch -with the material 11. After the filli
a fixed tine by
chanmber 19 to return the vacuum chanber 19 to the atnosphetid

Jr\hf\

Ohémet %Emwam&g

-~

the capillary phenonenon, Nerr] is fed in o thp V?ﬁqukq

inserted in the bottom face 6a of the groove part §,
thereby to hold the coil 9. A top of each coil 9 projects
slightly above upper faces of side walls of the groove part
6 as §hown in Fig. 2C.

Although it is preferable to fcr; the above
liquid crystal pot 2, gate 5, supporting wires Sa, and
coils 9 by SUS304 in the Japanese Industrial Standafd; aﬁy
material or any suxface treatment may be used so long as
the quality of the liquid crystal panels L and the liquid
crystal-mé:erial 1l is ensured.

A diameter, a pitch, and an cuter diameter of the
coil 9, and a count of the coils 9, a width and a depth of
the Qroove part §, and the like azre suitably deteémiﬁed
£rom the viewpoint of whether the liquid crystal material
11 is held sufficiently, whether the coils 9 fit the shape
of injectiomn ports la of the liquid crystal panels 1, etc.

Fig. 3 is a 1liquid crystal material £illing
apparatus. The above-described liquid crystal pot 2
containing the ligquid crystal materizal 11 and a £illing §ig
cassette 18 holding a plurality of liguid crystal panels 1
with the injection ports 1la faced down are set in a vacuum
chamber 12 of the apparatus. Before 2 filling operation is
started, as designated by A in Fig. 3, the liquid crystal
pot 2 is placed on a stage 22 fixed Iinside the wvacuum

chamber 19 so as to keep the bottom face 3a of the



-24- Substitute sheet - 23 June 1999 pressure. The atnospheric
pressure presses a liquid level of the liquid crystal pot 32 and
accordingly, the liquid crystal nmaterial 11 is filled into the
liquid- crystal
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reservoir 3 horizontally. On the other hand, the groove
parc 6 is’ supported by a roll 30 set at an upper end of a
base 24 in a manmer to be rotatable about the axis of the
roll 30. The base is fixed onte the stage 22.

In an elevation device 17, a horizont;l elevation
table 26 is fixed to a wmain shaft 25 which can .slide ‘up and
down penetrating a bottom wall of the vacuum chamber L9

; | air-tightly. Foux elevation driving shafts 16 of an! egual
| length are fixed to the elevation table 26 at positions
correspouding to vertices of a ractangle of the table 26.
Right two of the four driving shafts 16 in Fig. 3 bhave
rollers 14 at respective front ends, while left two are
formed :o. project at xespective froat ends as con.ic;'al
projections 31. The elevation device 17 has a motor 17a
[ for rotating a screw shaft 17b in both directioms so as to
move up apd down a nut member 17c engaged with .the screw
shaft 17b together with a plate 17d fixed to the nut member
17¢ and projecting the main shaft 25 having the elevation
table 26 at its upper end.

A through hole 23 is opened in the stage 22 on an
extension line of an axial center of each driving shaft 16
to allow the shaft 16 to pass freely. A groove 10 having a
semicircular cross section is formed in a lowexr face of the
ligquid eryscal pot 2, more specifically,'in the vicinity of

an end part of the liquid crystal pot 2 at the side of the



panels 1 gradually. The whole of the | ower end parts of the liquid
crystal panels 1 is not soaked in the liquid crystal material 11 and only
the injection ports La.of the liquid crystal panels 1 are brought in

touclh with the |liquid crystal material 11. Since, other surf.ac ortJi- Qs
of the liquid crystal panels 1 are not tldmed mﬁ?bs?%@esbpﬁﬂ' %‘ﬁyg i@gg‘

panel s 1 can be swabbed and cleaned in a 'sinple process after the'fillingv
oper ati on. After the filling operation is conpletdgd e
crystal pot 32 is lowered and returned to the orlglndIR§§Q§E$&%ﬁusq%Fr

the plunger 43 is raised and returned to the original positign ngﬁ the
plunger 43 is renoved fromthe reservoir 33, the liquid cr)stal2 firats

groove part 6. The roll 30 is detachably fitted in the
groove 10.  Moreover, the above rollers 14 contact the
lower face of the liquid crystal pot 2 at the side of the
réservoir 3 where a pair of roller reception recesses 7

\ allowing the rocation of the rollers 14 inm a nrnde: —mined
;range are formed. Also a pa;* of conical recesses 15 to be
Eengaged with the above-described conical projections 31 axe
fcrmed in the lower face of the liquid cryscal pot 2 at the
s:.de of the groove part 6§ at a halfway point be:ween the
groove 10 and xoller reception recesses 7.

A stirring plate' 13 is arranged ina the vacuum
chamber 13 to stir the liquid crystal material 11 inside
the reservoir 3. The stirring plate 13 can be moved up and
down by an elevation device 1z. The elevation device 12

: has a motor 1l2a for rotating a screw shaft 12b jin both_
directions so as to move up and down a aut member 12c
engaged with the screw shaft 12b together with a plate 124
f:.xed to the nut member 1l2c and projecting a stirring shafc
1l2e having the stirring plate 13 at its lower end. This
stirring plate 13 stixs the liquid eczystal material 11
while repeatedly moved up and down in the reservoir 3 in
accordance with the rotations of_the screw shaft 12b in the
.directions. Alternatively, the stirring plate may be

designed to turn about the axis of the stirring shaft 12e

'chereby to stir the ligquid crystal material 1l1l. Although



11 in the groove part 36 traces the inclined face and returns to
the reservoir 33 by its own wei ght. As shown in Fig. 2C, the
width Werr] an opened groove face of the groove part 6, 36 is w der than
the width Werr] of the downward-directed face of the injection t la
of the liquid crystal panel 1 so as not to deﬁqbétlémeg%l'}?eéet%\%e’hmﬁhkgg%ened
groove face of the groove part 6, 36 and the dowward-directed face of the
injection port la of the liquid crystal4-panel 1. That is, i

defi ned 'REPLACEMENT SHEET
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SUS304 is preferably used to comstitute the stirxing plate,
any material oxr any surface treatment is employable s?_long
as 1t secures the quality of the ligquid crystal paﬁéls 1
and the liquid crystal material 11. g

Hereinbelow the operation of the apparatus in the
above constitution will be discussed. -

Initially, the ligquid crystal pot 2 is set in the
vacuum chawber 19 in a state as shown in Fig. 2A and by A

fow

in Fig. 3, that is, with the bottom face 3a of the

‘reservoir 3 kept horizomtally and the bottom face 6a of the

groove part 6 inclined approximately 15°¢ upward. The
- liquid crystal material 11 is kept in the resexvoir 3. In

addition, the ligquid crystal pot 2 is separated f£xom ﬁhe
| liquid crystal panels 1. ' :
( | - The wvacuum chamber 19 is vacuumized £rom the
' above state. sSince only a front face of the liquid crystal
material 11 in the resexvoir 3 is degassed in the above
state, the stirring plate 13 is let down by the elevation
‘device 12 to be inserted inte the reservoir 3. The ligquid
crystal material 11 is fully degassed by repeatedly moving
the stirring plate 13 up and down. - The degassing 1is
promoted further if the stirring plate 13 is in touch with
.the bottom face 3a of the reservoir ;, and therefore a

floating structure is preferably adopced.'




- 25- between them a gas mght be mxed into the liquid crystal
panel 1 through the gap to deteriorate the liquid crystal panel 1.
Preferably, when the liquid crystal marerial 11 is filled into the liquid
crystal panel 1, the lower side of the liquid crystal panel 1 is not
contacted to the liquid crystal material 11 Swbstiétegirat 23 Jungr1992

side walls of the groove part 6, 36. 1s- REPLAGEMENT SHEET
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One example‘'of the floating structure is shown in
Figs. 88 and 8C. This floating structure includes a piston
43a supported by the stirring shaft 12e, a plurality of
suppor® shafts 14§d penetrated the piston 433. sO .as to

. freely move up and down and having stoppers 1l1l43e at:;g- theix
upper ends for preventing the suppext sha.f; 1436.. from
dropping fxom the piston 43a, and a floating plate 143b
fixed to lower ends of the éupport shafts 143d and having
holes 1l43¢c, so that the liguid crystal waterial 11 cam be
moved through the holes 143¢ of the. floating plate 143b
while the stirring shaft l2e moves up and down togethex
with the 'pis:on 43a. At this time, since the floating
plate 143b is simply suppozted by the stoppers 1l43e of i:h.e
support shafts 143d at the upper surface of the piston 43a

I | via the. support shafts 1434, the floating plate 143b can

| freely move up and down im the liquid crystal material 1l.
Even when the Iloating plate 143b contacts the botzom of
the reservoir 3, the £floating plate 143b moves up to
prevent the xeservoir 3 from having any damage.

When the liquid crystal material 11 is £ully
degassed and the vacuum chamber 18 :.s decreased to at least
approximately 1073 or 10°% Torr, the stirring plate 123 is
raised and the liquid crystal pot 2 is started cto be moved

up by the eievation davice 17.



The el evation device 37 serving as one exanple of the noving device for
relatively noving up and down the [liquid crystal pot 32 and the liquid
ctiystal panels 11, may be constituted by a noving device 137 as shown in
Fig . 9. In the noving device 137, a horizontal e]evation table 156 |s
fixed to a main shaft 145 which is slidagle uPUtditasheats 23elvner 1929 5
bottom wall of the vacuum chanber 19 hernetically. Fo driving

shafts 157 of an equal length are fixed to the elevation tab QRE?EﬁCEWIENT SHEET |
positions corresponding to vertices of a rectangle. =Eront—ends
of these driving shaf ts 157 are fixed to a plate 100 for suppop 2|ng€}pgmq
jig cassette 18. O her reference nunerals 158, 1S9 and 160 fep Iﬁ

respectively

When the main shaft 25 of the elevation device 17
moves upwaxd, the two shafts 16 with the rollers 14 among
the four. driving shafts 16 on cthe elevation table 26
| contact the roller reception xecesses 7 of the quuid
, crystal pot 2 earlier than the other two shafts 16. In
accordance with the further upward motion of'tge maiﬁ shatt
25, the'liquid crystal pot 2 is subject to rotatiom in the
counterclockwise direc:i&n in the drawing, and comsequently
is raised at the side of the liquid crystal reserveir 3,
whereby the bottom face 6a of the groove part 6 becomes
horizental. . Simultaneously with this, the «conical
Projections 31 at the front ends of the remaining driving
-shafts 16 are engaged with the conical recesses 15 inlfhe

lower face of the ligquid crystal pot 2.
; P . -The above state is represented in Fig. 2B and by
B in Fig. 3. Before and af:;r this state, while the liquid
crystal material il in the reservoir 3 flows to the groove
Part 6 through the cutaway 5a of the gate 5, a flow rate of
the liquid crystal material 11 is suitably regulated by the
gate 5. The liquid crystal macerial 11 is filled into the
three coils 9 arranged in the groove part 6. In this case,
the top of each coil 3 is exposed a constant height from
the both upper faces of the side walls of the groove paxc
6. Therefore, even when the liquid crystél material 11 has

a relatively small surface tension, the liquid crystal



a notor, a driving screw and, a nut nenber neshed with the driving screw
159 and coupled with the main shaft 145. The four driving shafts 157 are
moved up and down by the rotation of the notor 158 to nove up and down the

ligquid crystal panels 1 between position shown by solid lines H
- Zg- Y P b -17- Subs%/itute sheet - 25 June 1999
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material 11 swells over an upper end of the groove part §
as shown in Fig. 2C. The coil 9 thus works as a medium for
holding the liguid crystal material 1l1. .

When the four driving shafts 16 move up fur:?zer,
the gxoove 10 is separated f£xom the roll 20 an; the liquid
crystal pqt: 2 moves up while maintaining its pos:ure. shown
in Fig. 2B. Finally, as indicated by C in Fig. 3, the
coils S come in touch with the injection ports la of the
liquid crystal panels 1, when the elevation device 17 is
stopped.

The liquid crystal material is started to be
filled. After the filling of the material 11 for a fixed
time through the capillary phenomenon, N, is supplied into
the wvacuum chamber 19, so that the vacuum chamber 19 is

‘ ;e-curned to the atmosphexic, pressure. A liguid 1leveli of
lthe liquid cxystal pot 2 is. pressed by the atmospheric
pressure and hence the liquid erystal material 11 is
gradually filled into the liquid crystal panels 1.

At this time, although the amount of the liquid
crystal material 11 present in the groove part 6 is
limiced, the liquid crystal material 11 corresponding to
the reduced amount is natuxally supplemented from the
reserveoir 3 by the automatic liquid ecrystal material supply

device until the liquid crystal panels 1 are completely

filled with the liquid cryscal material 11, Since the



and dotted lines L with respect to the pot 32 fixed on a plate 144 to
bring the springs 39 in touch wwth the downward-directed faces of the
infection ports la of the liquid crystal panel s 1. The medi um
may - be fornmed in any shape or ris ruction as long as the nmedium 9
for holding the liquid crystal materlaT 1 |ntSUb$t1I@lIﬁe\ﬁgﬁﬁttﬁ§JU"e1999
downwar d-directed faces of the injection ports 1a of the |iquid crystal

panels 1. For exanple, as shown in Figs. 10 and 11 as a i

pot in a fourth enbodi nent of the present invention, the rr(ﬁﬁpbg&l'ﬁg@ t?ytET
formed by frames 90 of trapezoid shape and each of which S not
connected to each 2 4 JUl 09

Wit

lower end parts of the liquid crystal panels 1 are not
- entirely soaked in the l.i.quid__. erystal matexial 11, and:;only
the injection ports la of the ligquid crystal panels 1 are
in touch with the ligquid crystal macerial 11, other suriace
portions of the liquid crystal panels 1 than t:"'ze injection
ports.. la arxe remained not wet. Accoxdingly, | the liquid
crystal pazels 1 can be swabbed and cleaned simply after
ﬁhe £illing operation.

Upon completion of the £illing operatiom, the
elevation‘ device 17 is moved in an opposite direction
thereby to léwer and rotate the liquid crystal pot 2 €O
return to the original state as shown in Fig. 2A and by A
:in Fig. 3. As a result, the gxoove part 6 is :.ncl,:.ned
éa.g'a:'.n right downward and the liquid ecxystal macerial 11
remaining in the coils 9 and groove part 6 is nearly
completely returned to the resexrveir 3 through the hole b
and cutaway 5a of the gate 5._ Accordingly, a change of the
liquid level of the liquid erystal pot 2 reflects correctly
the amount of the liquid crystal matexrial 11 filled into
the ligquid crystal panels 1.. A required minimum amount of
the liquid crystal material 11 can be supplemented highly
accurately in this manner.

A servo motor or the like is preferably used for
the elevation device 17 to control a speé'd and a position

of the ctable 26 so as to prevent the liquid crystal



other as a coil-like nmenmber. Each of the franmes 90 is independently stood
on the bottomface 6a of the groove part 6 and a supporting wire 90a is

inserted inside the franmes 90 to fix the franes 90 to the bottom face 6a of
the ,groove part 6. The top part of each frane 90 is s]ightl i gher, _than
the upper faces of side walls of the groovkd- pﬁlr'bs'fﬁuf%sb?g% 2%?13'"?@ iﬁg 90

i'n touch with the downward- directed faces of the injectionHperts—ta—of ”,
the .liquid crystal panels 1. The shape of the nedij URERLACEMENT SHEET
limted to a ring or frame shape. That is, as shown in Figl| k2—as—=a

liquid crystal pot in a fifth enbodi ment of the present inve ntioz‘n,; 1y 1908
medi um may be formed hy T-shaped nenbers 190 ’ )

material -11 from leaking out of the groove part 6 of the
liquid crystal pot 2.
A second embodiment of the present invention will
; be depicted with zeference to Figs., 5-8 below. -

A ligquid erystal pot 32 in Figs. 5-7fhas a liquid
erystal reservoir 33 foxr storing the liq-v-.zid c;ryst:a.l
material 11, and a2 gxroove part 36 having a bottom face 36a
highexr . than a botktom face 33a 'of the reserwvoix 33 and
communicating with the reserwvoir 33. A holding medium for
holaing the liquid exystal material 11 is arranged in the
groove part 36.

The liquid crystal reservoir 33 is circular in

cross section and communicates at a part thereof with the

groove part 36. The greoove part 36 is moderately inclined
! to allow the liquid crystal ‘material 11 therein to re;'turz_x_

te the ligquid crystal resexrveoir 33 by its own weight.

The hc?lding medium 39 is ccns:itutéd of many coil
springs 39a having top faces thersof in touch with the
injection ports la of the liquid crystal panels 1. The
coil springs 39%9a are screwed into screw holes 35S in a
supporting plate 39b. Owing to the arrangement that the
supporting plate 39b is held by stepped supporting parts 41l
’provided at both side faces of the groove part 36, a gap 42

is secured between the supporting plate 3%b and the boccom
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fixed to the bottomface 6a of the groove part 6 and having top parts

t-hereof slightly higher than the upper faces of side walls of the groove

part 6 to bring the frames 90 in touch with the down rd-diégcted {gggs of
eet - June

the injection ports la of the liquid cryspgl Subsaitute;s
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face 36a of the groove part 36 to facilitare Cthe
circulation of the liquid crystal material 11. #

The liquid; erystal pot 32 is, as shown inm Figs. 6
and 8, la@d horizontally at all times, and the . foil springs

; 3%9a keep in the mnatural state the top £faces thereof
slightly projecting upward from upper faces olf both side
~walls of the groove part 36..

In the vacuum chamber 19 of a liquid crystal
material filling apparatus of Fig. & axe set the above-
described liquid crystal pot 32, the £filling jig cassette
18 holding a plurality of liguid cxystal panels 1 with the
injection ports la faéed down, an elevation devic_e 37 for
moving the li'quid crystal pot 32 up and down, and a pl_;;mg-'er

- 43 which can move in and out of the reservoir 33 and Afiows
(. the ligquid crystal material 11 to the groove part 36 from
the reservoir 33 when entexring the reservoir 33,

-Boch side parts of a bottom face of the liquid
cxrystal pot 32 are supported horizontally by a pair of
supporting plates 44. Conical ‘recesses 45 axe formed at
four points of the bottom face of the liquid crystal pot
32, In the elevation device 37, a horizontal elevation
table 56 is fixed to a main shaft 45 which is slidable up
and down to penetrate a bottom wall of the wvacuum chamber
19 hermectically. Four driving shafts 57 c':f an equal length

are fixed co. the elevation table 58 at positions



As is described hereinabove, according to the present invention,
liquid crystal panels can be swabbed and cleaned in a sinple process after
t-he Yilling operation. Moreover, a required mnimum anmount of the liquid

crystal material suffices the |nvent|on with _a waste
Al t hough the present invention has been fiﬂﬂ-@“béé'gléﬁelﬁbe&q‘ nﬁé%b'gﬁ e%?l on
with the preferred enbodinents thereof with reference tg-the

acconpanying drawings, it is to be noted that various chanceBEpuACEMENT SHEET
nodi fications are apparent to those skilled in the art. $uch—changes—and.
nmodi fications are to be understood as included within the dcdp gf %@Q@mx
present invention as defined by the appended clains unless the?a eé t-
t her ef rom

corresponding to vertices of .a. rectangle thereof. Upper
ends of these driving shafts 57 are shaped to be conical
projections 58 to be fitted in the above conical recesses
45. Other reference numerals 68, 59 and &0 represent
respectively a wmotor, a driving screw and, ; nut membe"
meshed with the driving screw S9 and coupled w::h t:he main
shaft 45. The four driving shafts 57 are moved up and down
by the :'ot.at:ion of the motoxr 68.

The plunger 43 is moved up and down by a plunger
elevation device 61. The plunger elevation devi ce 61 is
provided with a motor 62, a driving screw €3, a mut ‘member
64, and a main shaft 6% which air-tightly penetratas a top
wall of the vacuum chamber 19 and is slidable up and down.
The plunger 43 is mounted at a lower end of the main shaft

( 65. The plunger 43 is comstructed of a main body 43a, and
a stirring propeller 43b supported by the main body 43a to
be movable up and down. A water-tight motor 43c for
driving the stirring propeller 43b is iancorporated in the
plunger main body 43a. The stirring propeller 43b projects
downwaxd from a lower end of the main body 43a and is
supported by the main body 43a in a floating mamnner. The
plunger main body 43a is formed circular in cross section
to be fitted with the reservoir 33, When the plungexr 43

enters the reservoir 33, the liquid crys'tal macerial 11 in

the reservoir 33 overflows to be sent to the groove part



Substitute sheet - 23 June 1999 VE CLAI M 1. A nethod of
filling liquid crystal panels with a liquid crystal material, the nmethod
cogprising: 5 placing a liquid crystal material holder and at |east one
liquid crystal panel in a vacuum chanber, wherein said |iquid crystal

mat eti al hol der includes a reservoir and a.grodvstjisie shegbmddn/énf i1§§%i th
and extending fromsaid reservoir at an angl e; 10 MOV |GSaLsbtmeH =1
crystal material holder relative to said liquid crystal phrEEPLOOEMENNABHEET
said groove part noves from an upwardly inclined positionji p-e—a

IgreriomeeX

hori zontal position so as to cause liquid crystal materia 102“1 o%éﬁ O

said reservoir to

36. The plunger 43 may be constituted by the floating
structure shown in Figs. 8A and 8B described above.
The operation of the above-constizuted apparatus
will be described now. .
At first, the liquid crystal pot 32 :':5 set on the
pair of the supporting plates 44, while the p.iunger. 43 up
~away from the pot 32 stands by (shown by A in F:lg'. 8). The

vacuum chamber 19 is' started to be vacuumized ingj this

state. Sipce only a frcné. face of the lli.quid erystal
material 11 stored in the reservoir 33 is degassed in The
above sta'te, the plunger 43 is descended by the plunger
elevation gievic_e 61 to insert the stirring propeller 43b
into the reservoir 33. The stirring propeller 43b is .x:ﬁen
rotated to accelerate the degassing (shown by B in Fig. 8).

' . When the liquid - cxrystal wmaterial 11 is
.‘ sufficiently degassed and the wvacuum chambexr 19 is reduced
to at least about 10~> to 10°% Torr, the elevation device
37 starts to move the liquid crystal pot 32 upwazd.

Because of the upward driving of the elevation
device 37, the four driving shafts S7 are moved up and?';, the
conical projections 58 at the front ends of the shafrs 57
are fitted in the conical recesses 45 in the bottom face of
the li:c.;uid crystal pot 32. The liquid cryscal pot 32 is
consequently moved up, thereby bringing top faces of many

coil springs 3% in the groove part 36 in pressed touch



said groove part; and 15 raising said liquid crystal material hol der so
t hat an I njection port of said liquid crystal panel contacts a nedium

whi ch i's di sposed in said groove part and holds |iquid crystal mat eri al .
20°2. The nethod of filling liquid crystal panels with a liquid crystal
material as clainmed in claim1, further conpriSsibstjtuteistjeett-i2id)Jangakd9%t o

t he vacuum chanber. 3. The neth062§F filling liquid crystal panels

with a liquid 25 crystal material as claimed in claiml, furgttel
regulating the flow of liquid crystal material between said g@&ﬂ@é‘ﬁéﬁ@CT

sai d groove part. 4. The method of filling liquid crysta panel s Wih |
aliquid 30 crystal material as clainmed in claiml1, further COTp?HﬁU@@ 1098
stirring and degassing liquid crystal naterial stored in said reservoir.

5. A nmethod of filling liquid crystal panels with a Iiquidj35 crystal
material, the nethod conpri sing:

with the injection ports la of the liquid crystal panels 1.
The liquid crystal pot 32 is stopped to move upward at this
time point. |
Meanwhile, the plunger 43 is contreclled to move
| up before the upward movement of the liguid c:;;tal pot 32.
ter the upward movement of the pot 32, the plu.ge* 43
. gradually descends relaciveiy to the liquid crystal pot 32,
so that the main body 43a enters the liquid crystal
material 1l in the reservoir 33 to send the liquid crystal
ﬁaterial 11 to the groove part 36 (indicated by C ir Fig.
8. | . | %
| While the top faces of the coil springs 39a are
in touch with the injection pozts la of the ligquid cryéﬁal
panels 1, the liquid crystal materizl 11 is fed to the coil
[ springs 3%a through the gap 42 and screw holes 35 of the
supporting plate 39b. The liquid crystal material 11 is
filled in the coil springs 3%a and woreover swells at the
surface thereof. The liquid crystal material 11 adhering
to the periphery of the coil"sbrings 39a'due to the surface
tension ié filled by =the capillary phenomenon to the
injection pozrts la of the liguid crystal ﬁanel 1 in touch
with the material 11. |
After the filling“operacion of a fixed ci;é by
_che capillary phenomenon, N, is fed inco'Ehe vacuum chamber

19 to return the vacuum chamber 19 co cthe atmospheric



placing a liquid crystal material holder and a cassette
holding a plurality of liquid crystal panels in a vacuum chanber, wherein
saird liquid crystal material hol der includes a reservoir and a groove
part -extending fromsaid reservoir; noving said liquid crystal
material hol der upwardly toward 5 said |iRé-d Substitate sheet s23 June 1999
changi ng the posture of said groove part relative to said cassette. as
said-liquid crystal material holder is noved toward said |i gpH

panels so as to cause liquid crystal material to flow from SaREPLAGEMEMNT BHEET
into said groove part; and 10 contacting said injection pdrt S ey
liquid crystal panels with a nmedi um di sposed in said groove |p t? ,:m@gg,.,ei._a.n,-}
sai d A SRR

pressure. The atmospheric pressure presses a liquid level
of the ligquid crystal pot 32 and accordingly, the liquid
crystal material 11 is £illed into the liquid cgxrystal
panels 1 gradually. <The whole of the lower end parts of
. the ligquid crystal panels 1 is not soaked in" the liquid
cryst'al material 11 and only the injection por;s a ::f the
'liquid crystal panels 1 arxe brought in touch with the
liquid cxystal material 11. Since other surface portions
of the liquid crystal panels 1 axre not turned wet, cthe
liquid crystal panels 1 can be swabbad and cleaned (in 2
simple process after the filling operaticn. *

After the £illing operation is completed, the
liquid crystal pot 32 is lowered and returned to "the
original position, and the plunger 43 is vraised and

( returned to the original position. Since the plunger 43 is
removed from the reservoir 33, the liquid crystal: material
11 in the groove part 36 traces the inclined face and
returns to the reservoir 33 by its own weight.

As shown in Fig. 2C, the width W, of an opened
groove face of the groaove part 6, 36 is wider than the
width W, of the downward-directed face of the injection
port la of the liqui& crystal panel 1 so as not to define a
gap between the opened groove face of the groove part 6, 36

and the downward-directed face of the injection port 1a of

the liquid crystal panel 1. That is, if any gap is defined



medi um hol ds the liquid crystal material which initially flows into said
liquid crystal panels via said injection ports by capillary action. 15

“ The nethod of filling liquid crystal panels with a liquid crystal
material as clainmed in claim5, wherein the nedium holding the liquid
crystal material conprises a plurality o0f25- coBubktiderahelet 23 dude IO of
said coil-like nenbers has a 20 central |ongitudinal axis |n_gLL%%H§ﬂL_MLLh___
said'injection ports of said liquid crystal panels. 7]
of filling liquid crystal panels with a liquid crystal mat =rﬁF?fI QEWW%EH
claimed in claim5, further conprising 25 injecting a gas infolthe v Gl p1
chanber. 8. The method of filling liquid crystal panel siwiltiZ & ‘r‘ql}'
crystal material as clainmed in claimb5, further conprising rdgul ating-the
flow of liquid crystal material between said 30 reservoir and said groove
part. 9. The nmethod of filling liquid crystal panels w tih a. ligu-d
crystal material as clainmed in claim5, further conprising stirring and

degassing the liquid crystal material which is 35 contained in said
reservoir.

between them, a gas might be mixed into the “liquid crystal
panel 1 through the gap to deteriorate the liquid crystal
panel 1. Preferably, when the liquid crystal macerial 11

.
5

filled into the liquid crystal panel 1, the lowexr side

h

t of the liquid crystal panel 1 is mnot contacted to the
liquid cxystal matexrial 11 and the upper faces of the side
yalls of the groove part &, 36.

The elevation device 37 serving as one exampmle of
the moving device for . relatively moving up and down the
liquid crystal pot 32 and the liquid erystal panels 11, may

! be constituted by a moving dévice 137 as shown in_?iéils.

In the moﬁing device 137, a horizontal elevation table' 156
is fixed to a main shaft 145 which is slidable up and déwn
to penetratse a bottom wall of the vacuum chamber 19

. hermetically. Four driving shafts 157 of an equal length
are fixed to the elevation ctable 156 at positions
corresponding to vertices of a rectangle.

Front ends of these driving shafts 157 are £fixed
to a plate 100 for supporting the jig cassette 18. Other
reference numerals 158, 159 and 160 - represent respectively
a motor, a driving screw and, a nut member meshed with the

! driving screw 159 and coupled with the main shafc 145.° The

four driving shafts 157 a.re. mmoved up ‘and down by the

rotation of the motor 158 to move up and down the liquid

'crystal panels 1 between position shown by solid lines H



10. An apparatus for filling a liquid crystal material, said appar at us
conpri si ng a vacuum chanber; a liquid crystal pot having a
reservoir for storing a 5 liquid crystal material and a groove part
extending fromsaid reservoir at an angle, wherein said grgove % LS in
communi cation with said reservoir for recei2é-Sybstititecshae)st. J““E’Z{_ 7

al
therefrom a liquid crystal holding nmedi um di sposed i N [Saad—gH-O0VEmmmmmcm—
10 part; afilling jig cassette for accommodati ng a pl yr REPEACEMENT SHEET
liquid crystal panels having injection ports; an el evat]i gi—eev-ee—

for noving said liquid crystal pot 24 Ui wen

and dotted lines L with respect to the pot 12 fixed on a
plate 144 to bring the springs 39 in touch wich the
downward-directed faces of the injection ports la of the
liquid crystal panels 1. -
i The medium may be . formed in aay sha_pe or
construction as long as the medium 9 for holdin.g the liquid
crystal material 11 into touch with the downward-directed
faces of the injectien ports la of the ligquid crystal
panels 1. For example, as shown in Figs. 10 and 11 as a
| liquid crystal pot in a fourth embodiment of the present

invention, the medium may be formed by =frames 390 o

+*

t

trapezoid shape and sach of which is not connected to each
other as a coil-like member. Each of the frames 90 ' is
independently stood on the bottom face 6a of the groove
part 6 .and a supporting wire 90a is inserted inside the
frames 90 to f£ix the frames 90 to the bottom face 6a of the
groove paxt 6. The top part of each frame 50 is slightly
higher than the upper faces of side walls of the groove
parc 6 to bring the frames 90 in touch with the downward-
directed faces of the injection ports 1la of the liquid
crystal panels 1. ' y

The shape of the medium 9 is not limited to a
ring or frame shape. That 1is, as shown in Fig. 12 as a
liquid crystal pot in a £fifth embodimelnc of the present

invention, the medium may be formed by T-shaped members’ 130



upward and downward; and 15 a posture control mechanismfor switching a
posture of said liquid crystal pot in accordance with upward and downward
novenent of said liquid crystal pot in order to cause liquid crystal
material to flow fromsaid liquid crystal reservoir into sai d groove
part, at a raised position thereof, and bringSehsttuae shegtir &3 dyre 4999

hol ding mediuminto contact with domnmardty directed faces of the Ilquid

crystal panel injection ports. 11. The liquid crystal matgrist n)
apparatus as clained in claim 10, further conprising a flowr &ﬁ&EMEBiQQHEET
gate, provided 25 between said liquid crystal reservoir and sai Cgroove
part, for regulating the flow of liquid crystal material belwgern sajifli 09
reservoir and said groove part. 12. The liquid crystal nhtgrial

filling apparatus as clainmed in 30 claim 11, further conprisipg a stirring
device for stirring and degassing liquid crystal material céntained in

said liquid crystal reservoir. 13. The liquid crystal materi al
filling apparatus as clainmed in 35 claim 10, further conprising a stirring
device for stirring and degassing liquid crystal nmaterial conta¥ned in
said reservoir.

fixed to the bottom face 6a of the groove part 6 and having

top parts thereof slightly highexr than the upper faces of

side walls of the groove paxc 6 to bring the frames S0 in

touch with the downward-dixected faces of :'E.e injection
i ports la of the ligquid crystal panels 1.

As is d&escribed hereinabave, according to . the
present inventiom, liguid crystal panels can be swabbed and
cleaned in a simple prcc°ss afrer the filling operation.
Moreover, a required minimum amount of the liquid c<rystal

' material suffices the invention with a waste eliminated.

Alchough the present inventicn has bequ_fully

described in connectien Qi:h the preferred emboéiments
thereof with reference to the accompanying drawings, it is
to be noted that warious changes and wmodifications are
i apparent to those skilled in the art. Such changes and
medifications are to be understooed as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.



- 31- 14. The liquid crystal material filling apparatus as clained in
claim 10, wherein said liquid crystal hol ding nedi um conprises a
pturality of coils, and each of said coils has a central axis which is
oriented in a direction so as to intersect said liquid 5 crystal panel
injection portsy ~ 15. The liquid crystal natSuykissitute sheety &%p&lﬂ@t 1898s

clainmed in n said liquid crystal holding megrmrcomptises

a plurali t;”“mm“"“m "“l"mﬁbers and each of said coil-Ilike (ﬁﬁ%ﬁﬁ%ﬁﬁi‘dﬁa@-ﬁEET
a top portidn Whith *s engagable withgajd liquid crystal ppngr—tmjection
portS. _ '3 & ji.vi‘; .:ena

WE CLAIM:

1. A method of £illing liquid crystal panels with a liquid
crystal material, the method comprising: #

5 placing a liquid crystal matexrial holder and at least one
liquid crystal panel in a vacuum chamber, wherein said ligquid
crystal material holder includes a reservoir and a groove part
communicating with and extending £rom said reservoir at an
angle;

10 moving said liquid crystal material holder relative to sald
ligquid crystal pamnel such that said groove part moves from an
upwardly inclined position into a horizontal position so as to
cause liquid crystal material to flow from said reservoir to
said groove part; and

15 raising said liquid crystal material holder so that an
injection port of said liquid crystal panel contacts a medium

which is disposed in sald groove part and holds liquid crystal
material. | |

| . &
b A o

20 2. The method of filling liquid crystal panels with a Liquid
crystal material as claimed in claim 1, further comprising
injecting a gas into the vacuum chamber.

3. The method of £illing liquid crystal panels with a liquid
25 crystal wmaterial as claimed in claim 1, further comprising
regulating the flow of liquid crystal material between said
reservoir and said groove part. | '

4, The method of £illing liquid crystal panels with a liquid
30 crystal wmaterial as claimed in claim 1, further comprising

stirring and degassing liquid crystal material stored in said
reservoir.

5. A method of £illing ligquid crystal panels with a 11qu1d
35 crystal material, the method comprising:

placing a liquid crystal material holder and a cassette



16. The liquid crystal material filling apparatus as clainmed in claimb,
wherein each of said coil - E [ Ny gqr@r oi | 15 spring. 17. The
liquid crystal material filjl % \bo“' tuq as claimed in claim 10, wherein
a top portion of said liquild i % hol d medi umis higher than

adj acent upper surfaces of Isi d fakbs Gf‘dz sﬁubsgtldsvshq@ar-t% Junel®I9The

DRI b [ e s e

of said groove is w der
than a Wi dt-h 8f & downwar d- said liquid crystal' pane

I nj ection ports. 19. Afilling apparatus for a liquid crystal
material, said appar at us conpri si ng: a vacuum chanber; 30 a

I d t gh q ry.
00 P B ER U oglfs St ek § ikl

reservoi r
groove par® 4%9H1hgWE£§F6%V%ﬁ¥%W¥ﬁ§?%41CEHStaluBé§ﬁréalfb@bdﬁneleoludﬁheaeln

sai d gr oowes hasvei Haiddm ?trd‘o%epartwekeéna&ng' Eeeﬁega% Pebbghsir| evel
than an interi %ovbi%[gt %@1 li&&l Cc?r;?st matreg‘iaeliv E.der upwardly toward
5 said liquid crystal panels;

- changing the posture of said groove part relative to said
cassette as said liquid crystal material holder is moved towazd
said 1liquid crystal panels so as to cause liquid crystal
materlal to flow from said reservoir into saild groove part- and

10 contacting said injection ports of said liquid crystal
panels with a medium disposed in said groove part, wherein said
medium holds the liquid crystal material which initially flows
into said liquid crystal panels via said injection ports by
capillary actiom.

15
6. The method of filling liquid crystal panels with a ligquid
crystal material as claimed in claim 5, wherein the wedium
holding the liquid crystal material comprises a plurality of -
coil-like members, and each of said coil-like members has a

20 central longitudinal axis in alignment with said injection ports .
of said liquid crystal panels.

z. The method of £illing llquld crystal panels with a liquid
crystal material as claimed ‘in claim 5, further comprising
25 injecting a gas 1ntq the vacuum chamber.

8. The method of filling liquid crystal panels with a liquid

crystal material as claimed in claim 5, further comprising

regulating the flow of liquid crystal material between said
30 reservoir and said groove part.

9. The method of filling liquid crystal panels with a liquid
crystal wmaterial as claimed in claim 5, further comprising

stirring and degassing the liquid crystal material Whlch is
35 contained in said reservoir. '



a liquid crystal holding a nmediu al d groove

part ; afilling jig Ca”sﬁEFﬁACENENQOQQQHU“at'ng a plurality of

Iiquid crystal panels having ifjection parts i¢h are directed

downwardly; 5 a movi ng deV|cé f.0 ugg s@id liquid crystal pot up and
d; [dﬁDY Rsitiidter shpefpodddung 3999e

to said | suc u4¢ga_4;u4k$# nger can nove into and out

of said rumwmm“mmmmto cquse the I|qU| d crystal material to flow from

said resertoif 10 &hd°®info said re3f-ored-radsai d groove part as said

pl unger enters said reservoir

10. An apparatus for £illing a liquid crystal material, said
apparatus comprising: -
! a vacuum chamberx; £
a liquid crystal pot having a reservoir for storing a
5 liquid erystal material and a groove part extending from said
reservolir at an angle, wherein said groove part is in
communication with said reservoir for receiving liquid crystal
material therefrom; :
a liquid crystal holding medium disposed in said groove
10 part;
' a f£illing jig cassette for accommodating a plurality of
liquid crystal panels having injection ports;
an elevation device for moving said liquid crystal pot
upward and downward; and
15 a posture control mechanism for switching a posture of said
l:.qu:.d crystal pot in accordance with upward and downward
movement of said liquid crystal pot in order to causemlxquld
crystal material to flow from said liquid crystal reservoir into
said groove part, at a raised position thereof, and bring said
20 liguid crystal holding medium into contact with dowvnwardly-
directed faces of the liquid crystal panel injection ports.

11. The liquid crystal material filling apparatus as claimed in
claim 10, further comprising a flow regulating gate, provided
25 between said liquid crystal reservoir and said groove part, for

regulating the flow of liquid crystal material between sa:.d
reservoir and said groove part.

12. The liquid crystal material £illing apparatus as claimed in
30 claim 11, further comprising a stirring device for stirring and

degass:mg liquid crystal waterial contained in said liquid
crystal reservoir. . *

13. The liquid crystal waterial f£illing apparatus as claimed in
35 claim 10, further comprising a stirring device for stirring and
- degassing liquid crystal material contained in said reservoir.



9, wherein said pl unger

20. The filling apparatus as§c
al so functions as a stirring dggﬁ@@ﬁ%@ﬁﬁcgﬁﬁ i ng and 15 degassing the
crystal material . 21.

IFiquid crystal nmaterial stor&dilin sald diquid
The filling apparatus as cl ai dTih dlﬁﬁ?o erein said bottom surface
droove part 2Qubstitute sheet e 23 Jure 1999

of said groove forned in sai

hor i zonlmumllmmul@umat the liquid cryst al material in said groove wll
return me 1o its o Lafit when said plunger-ijs
renoved*frbdm'sai'd reserv0|r 25 2231%he filling apparatus as clained in
claim 20, wherein a | ower face of said liquid crystal holding nediumis

spaced from said bottomsurface of said groove so as to forma gap there
bet ween andi4acithé aliqoid ctyatahmmatethsl 8idlidgcappavatus e erliadined3fn

23. The fil 'g“gm PR hiPedl £174 "EElnlik Cézyé*eaafhow&@ Bheda L co{ﬁg?:'igl b

surface of %af ve Torne gr oove I ncl'i ned
to a horlzoatplu;aluty ofo aaidds, t and| ¢agh L ﬂﬁ%ﬁﬂﬂﬂll@ahéﬁlalCﬁnt§§ldagi§ove

will returngfhomzald SE861NEH Gn a direction so as to intersect said liquid
5 crystal panel injection ports.

15. The liquid crystal material £illing apparatus as claimed in
clalm 10, wherein said liquid crystal holding medium comprlses
a plurality of coil- like members, and each of said coil-like

10 members has a top portion which is engagable with said liquid
crystal panel injection pofts.

16. The ligquid crystal material filling apparatus as claimed in
claim 5, wherein each of said coil-like members is a coil
15 spring.

17. The liquid crystal material £illing apparatus as claimed in

claim 10, wherein a top portion of said liquid crystal holding

medium is higher than adjacent upper surfaces of side walls of
20 said groove pait.

18. The liquid crystal material £illing apparatus as claimed in

claim 10, wherein said groove part defines a groove, and a width

of said groove is wider than a “width of a downward-directed face
25 of said liquid crystal panel injection ports.

19. A £illing apparatus for a liquid crystal material, said-
apparatus comprising:
a vacuum chamber;

30 a liquid crystal pot having a reservoir for storing a
liquid crystal material and a groove part in communication with
sald reservoir, sald groove part having a groove formed in an
upper surface thereof, wherein said groove has a bottom surface
which iz disposed at a higher level than an interior bottom

35 surface of said reservoir;

a liquid crystal holding a medium disposed in said groove



35 due to its own weight when |sBEBLABEMEN: SHEET droved from said
reservoir. - -33 - 24. The filling
apparatus as claimed in claimpo] paeddin’ng | r face of said liquid
crystal -holding nmediumis spaced from said bDoty¥omsurface of said groove
so as t ﬂnm el weerand Taci 1iewpstitite sheel 1 43 Bina 4299
quuidﬂlmm‘ﬂmﬁm | . 5. The filling apparatus as clained in claim
24, whereincsaid" 5 glid crystal holdi ng nmedi um conprises a pluraljty of
coil s, and each of said coils has a3entral axis which extends in a 10
direction which intersects one of the liquid crystal panel I nj ection
ports. ,

part; _ Eo

a filling jig cassette for accommodating a plura]i.'sity of
liquid crystal panels having injection ports which are directed
downwardly;
5 a moving device for moving said liquid crystal pot up and
down relative to said £illing jig; and
a2 plunger disposed relative to said liquid crystal pot such
that said plunger can move into and out of said reserveir so as
to cause the liquid crystal material to flow from said reservoir
10 and into said groove formed in said groove part as said plunger
enters said reservoir.

20. The filling apparatus as claimed in c¢laim 19, wherein said

plunger also functioms as a stirring device for stirring and
15 dega551ng ‘the liquid crystal material stored in said 11quid

crystal materlal. ' '

21. The £illing aspparatus as claimed in claim 20, wherein said
bottom surface of said groove formed in sald groove part is
20 inclined, relative to a horizontal plane, so that the liquid
crystal material in said groove will return to said reservoir

due to its own weight when said plunger is removed from said
reservoir.

25 22. The £illing apparatus as claimed in c¢laim 20, wherein =z
lower face of said liquid crystal holding medium is spaced from
said bottom surface of said groove so as to form a gap there -
between and facilitate circulation of the liquid crystal
material.

30
23. The filling apparatus as claimed in claim 19, wherein said
bottom surface of said groove formed in said groove part is
inclined, relative to a horizontal plane, so that the liquid
crystal material in said groove will return to said reservoir

35 due to its own weight when said plunger is removed from said
reservoir.



26. The filling apparatus as cIaEmHUTNENHIQHEEQ , wherein said liquid
crystal hol di ng nedi um conpri §eg—e—pt coil-like 15 nmenbers, and
each of said coil-like nenberg Ha ? i ch i s adapted to engage
one of the liquid crystal panel %;gc |oﬁv p ris. 27. The fillin
ubstigie shiegt c 43 Jupgd ers

appar at us as cl ai ned (i 267
Is a c0|I “““J‘ U“ U he f|||i ng apparatus 4s clainmed in claim?27,
further por t4 d on said groove part,

wherein sald coﬂ] springs are screwegdgynto said support plate. 25° 29. The
filling apparatus as clainmed in cIa|n119 wherein said l'iquid crystal
hol di ng medi um conprises a plurality of coils, and each of said coils has

a central i s U op: gx1ggd ag#aratusd?aee%%g ghisgh ey K SuBFeD 4he

liquid crys al ‘pane ling a garaéus as
cl ai med i nlanest fere oﬁhéaednlmﬂeﬂ crystadi §od }§9ame%mu A8 ﬁﬁg rom

comprises &y %éé%&ﬁ( Qﬁrﬁ&éé bfkgald &EBBGéSsoafa% QRe [Ecrim sl thSOthei—éke
menbers has a top is a ag f to qu?g%'one of t,
cryst al gpﬁtpwe;ﬁzecqq n ac e circulation 11qu:.

5 material.

25. The filling apparatus as claimed in claim 24, wherein said
liquid crystal holding medium comprises a plurality of coils,
and each of sald coils has a central axis which extends in.a

10 direction which intersects one of the liquid crystaﬁ panel
injection ports. '

26. The filling apparatus as claimed in claim 24, wherein said
liquid crystal holding medium comprises a plurality of coil-like

15 members, and each of said coil-like members has a top face which
is adapted to engage one of the liguid c¢rystal panel injection
ports.

27. The filling apparatus as claimed in claim 26, whereln each
20 of sald coil like members is a coil spring.

28. The £filling apparatus as claimed in claim 27, further
qomprising a supporting plate supported on said groove part,
wherein said coil springs are screwed into said support:plate.
25 | . : ke =
29. The filling apparatus as claimed in claim 19, wherein said
liquid crystal holding medium comprises a plurality of coils, -
and each of said coils has a central axis which extends in a
direction which intersects one of the liquid crystal panel
30 injection ports.

30. The £illing apparatus as claimed in claim 19, wherein said
liquid crystal holding medium comprises a plurality of coil-like
members, and each of said coil-like members has a top face which

35 is adapted to engage one of the liquid crystal panel injection
ports.
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filling apparatus as clained in|cla

- -34 - 31. The
EPiUri‘qC%%Em S"*hé"fn each of said coil-like

nenbers is a coil spring. 32
19, wherein a-top 5 of said liq

2oy il et

pajatus as clainmed in claim
mediumis positioned at

i1t oo T =c

f||||ng din
groavespar '

domnmardly directed face of the injectjgon ports of

panel s.

31.

claim19, mhereln a

surface of Sdbsfituge sheet p23 June 1389 The
w dt h of said gr oove
h of a

the liquid crystal

The filling apparatus as claimed in claim 30, wherein each

of said coil-like members is a coil spring.

32.
_ level than an uppermost

33.

The filling apparatus as claimed in claim 19, wherein a top
of sald liquid crystal holding medium is positioned at afh1gher

surface of said groove part.

The filling apparatus as claimed in claim 19, wherein a

width of said groove formed in said groove part is wider than a

10

width of a downwardly- dmrected face of the 1n3ectlon ports of

the liquid crystal panels.




