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SPECIFICATION 

TITLE OF THE INVENTION 

Method and Apparatus for Filling 

Liquid Crystal Material 

BACKGROUND OF THE INVENTION 
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The present invention relates to a method and an 

apparatus for filling a liquid crystal material to liquid 

crystal panels (pa.~el cells) . 

A dipping method has been employed to inject and 

fill a liquid crystal material to liquid crystal panels 

heretofore. 

A conventional liq'tiid crystal filling apparatus 

is shown in Fig. 4. A plurality of liquid crystal panels l 

are accommodated in a filling jig cassette 18 of the 

apparatus with injection ports la thereof faced down. A 

constant amount of a liquid crystal material ll is.stored 

in a liquid crystal pot 20. Both the f-illing jig cassetee 

18 and the liquid ~rystal pot 20 are placed in a vacuum 

chamber 19 in a manner to hold the liquid crystal panels l 

out of touch with the liquid crystal material 11. 

The vacuum chamber 19 is first reduced to at 

least about io-3 to about io- 4 Torr, whereby air dissolved 

in the liquid crystal material 11 stored in the liquid 

c~stal pot 20 is degassed. After the air in the liquid 
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crystal material ll is degassed sufficiently, the pot 20 is 

raised by an elevation device 17 and stopped at a position 

where lower parts of the liquid crystal panels l fully sink 

in the pot. 

Thereafter, N2 gas is introduced into the vacuum 

chamber 19, thereby to raise the chamber to an atmospheric 

pressure. In consequence, the liquid crystal material ll 

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 the vacuum state 

inside. When the liquid crystal material 11 is filled to 

all of the liquid crystal panels l, 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 before hand in the pot so as to 

prevent the mixture of bubbles into the liquid 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. 
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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 liquid crystal 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 

proces·s 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 medium 

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 liquid crystal 

material to the liquid crystal panels. 

According to a second aspect of the present 

invention, there is provided a liquid crystal material 

filling method according to the first aspect, wherein in 

the bring~ng 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 
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intersecting the injection ports of the liquid crystal 

panels. 

According to a third aspecc 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. 

_Ac_cording to a fourth -~a~?ect ,~-BE~:-·-""t,· -.-0 ~ · -.;. • A& 
- -rloili~-;...;:;,-).~7·:~11!' -~ ·:a ci-~.1f'il';'--:~;~.-~< '. 
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according to the third aspect , wherein in · -,_ --

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 

invention, there is provided an apparatus for filling a 

liquid crystal material, which comprises, in a vacuum 

chamber, a liquid crystal pot having a liquid crystal 

reservoir for storing a liquid crystal material and a 

groove part communicated with the liquid crystal reservoir 

at a certain angle 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, an elevation device for moving 

the liquid crystal pot up and down, and a posture control 
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mechanism which switches a posture of the liquid crystal 

pot in accordance with up-and-down movement of the liquid 

crystal pot thereby to flow the liquid crystal material 

from the liquid crystal reservoir to the groove part at a 

raised position and bring the holdins medium in touch with 

downward-directed faces of the injection ports of the 

liquid crystal panels. 

According to a sixth aspect of the present 

invention, there is provided a liquid crystal material 

filling apparatus ~ccording to the fifth 

crystal material therebetween. 

According to a seventh aspect of the present 

invention, there is provided a liquid crystal material 

filling apparatus according to the fifth aspect, which 

includes a stirring device for stirring and degassing the 

liquid crystal material stored in the liquid crystal 

reservoir. 

According to an eighth aspect of the present 

invention, there is provided a liquid 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. 
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According to a ninth aspect of the present 

invention, there is provided an apparatus for filling a 

liquid crystal material, which comprises, in a vacuum 

chamber, a liquid crystal pot having a liquid crystal 

reservoir for storing a liquid crystal material and a 

groove part communicated with the liquid crystal reservoir 

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 

accommoda~ing a plurality of liquid crystal panels with 

injection ports faced down, a moving device for relatively 

moving up and down the liquid crystal pot and the liquid 

crystal panels, and a plunger which can move in and output 

of the liquid 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 also as a stirring device for sti::ring 

and degassing the liquid crystal material stored in the 

liquid crystal reservoir. 

According to an llt.h aspect of the present 

invention, there is provided a liquid crystal material 

filling apparatus according to the ninth aspect, wherein 
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the bottom face of the groove part is inclined to a 

horizontaJ. plane, so that the liquid crystal material in 

the groove part returns to the liquid crystal reservoir by 

its own weight when the plunger is removed from the liquid 

crystal reservoir. 

According to a 12th aspect of the present 

·invention, there is 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 raturns to the liquid crystal reservoir by 

its own weight when the plunger is removed from the liquid 

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 14th aspect of the present 

invention, there is provided a liquid 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.· 
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According to a 15th 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 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 

filling apparatus according to the ninth aspect, wherein 

the holding medium is constituted of a plurality of coils 

having axial centers in a direction intersecting the 

injection ports of the liquid crystal panels. 

According to a 17th aspect of the present 

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 the 

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 f ift.h aspect, wherein 

the holding medium is constituted of a plurality' of coil-

like members having top faces in touch with the inj ec':: ion 

ports of the liquid crystal panels. 
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According to a 19th aspect of the present 

invention, there is provided a liquid crystal material 

filling apparatus according to the ninth aspect, 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. 

According to a 20th aspect of the present 

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 coil-like 

members having top faces in touch with the injection ports 

of the liquid crystal panels. 

According to a 21st aspect of the present 

invention, there is provided a liquid 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 appa~atus according to the 20th aspect, wherein 

each of the coil-like members is a coil spring. 
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According to a 24th aspect of the present 

invention, there is provided a liquid 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 present 

invention, there is provided a liquid crystal material 

filling apparatus according to the fifth aspect, wherein a 

top of the medium is higher than upper faces of side walls 

of the groove part. 

According to a 26th aspect of the present 

invention, there is provided a liquid crystal material 

filling apparatus according to the ninth aspect, wherein a 

top of the medium is higher than upper faces of side walls 

of the groove part. 

According to a 27th aspect of the present 

invention, there is provided a liquid crystal material 

filling apparatus according to the fifth 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 inject.ion 

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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than a width of a downward-directed face of the injection 

port of the liquid crystal panel. 

The medium holding the liquid crystal material 

may be o~ 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 a:e 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. Moreover, 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 is 

eliminated and a swabbing and a cleaning processes -for the 

liquid crystal panels can be simplified. 
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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. lA and lB are perspective views of a liquid 

crystal pot in a first embodiment of the present invencion 

and its gate; 

Figs. 2A, 2B, and 2C are longitudinal sectional 

views and a lateral sectional view showing a schematic 

constitution of the liquid 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. S 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. S; 
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Fig. 7 is a sectional view of a medium of the pot 

for holding a liquid crystal material; 

Figs. SA, SB, and SC are a sectional view of a 

liquid crystal filling apparat:us in the second embodiment: 

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

sectional view of a plunger thereof; 

Fig. 9 is a sectional view of a liquid cryst:al 

filling apparatus in a third embodiment of the present 

invention; 

Fig. 10 is a longitudinal sectional view showing 

a schematic constitution of a liquid crystal pot in a 

fourth embodiment of the present invention; 

Fig. 11 is a lateral sectional view of the liquid 

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 EMBODIMENTS 

Before the description of the present: invention 

proceeds, it is to be noted that like parts are designated 

by like reference numerals throughout the accompanying 

drawings. 

A first embodiment of the present invention will 

be described with reference to Figs. lA-3. 
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A liquid crystal pot 2 shown in Figs. lA, lB, and 

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

where a l°iquid crystal mat.erial 11 of a necessary amount 

for filling is scored, a slim groove part 6 integrally 

formed with the reservoir 3 at a certain angle, and a gate 

S for regulating the circulation of the liquid cryst.al 

material be·tween the reservoir 3 and groove pa::-t 6. 

A bottom face 3a of the reservoir 3 and a bottom 

face 6a of the groove part 6 are bent and connected 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 2B. The gate S is disposed at a circulation path 

between the reservoir 3 and groove part 6. The gate S has 

a cutaway Sa and a hole Sb for passing the liquid crystal 

ma.terial 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 liquid crystal material 11 is 

allowed to flow through a space defined by the cutaway Sa 

of the gate 5 and the bottom face 6a of the groove port 6. 

A resistance of the path can be adjusted by adjusting an 

opening degree of the gate S. That is, when the gate S 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 Sa of the gate S and the bottom face 6a of the 
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groove part 6 t:o regulate the flow amount of the liquid 

crystal material passing through the space. A required 

filling amount of the liquid crystal material 11 is stored 

in the reservoir 3. The liquid crystal material 11 is 

supplemented in accordance wit:h t:he consumption when filled 

into liqu~d crystal panels 1. A.~ automatic liquid crystal 

material supply device (not shown) is preferably used to 

supplement the material. It is convenient in order to 

correctly set the supplementation amount if the liquid 

crystal reservoir 3 is formed to be narrow and deep with a 

small sectional a:::-ea. That is, the level of the liquid 

crystal material in the reservoir 3 is detected by a 

sensor, and then the consumed amount of the liquid crystal 

material is detected. The automatic liquid crystal 

material supply device supplies the material ll in 

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 liquid 

crystal material) each naving 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 is preferable to form the above 

liquid crystal pot 2, gate S, supporting wires 9a, and 

coils 9 by SUS304 in the Japanese Industrial Standard, any 

material or any surf ace treatment may be used so long as 

the quality of the liquid crystal panels l and the liquid 

crystal material ll is ensured. 

A 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 groove part 6, and the like are suitably determined 

from the viewpoint of whether the liquid crystal mate::::-ial 

ll is held sufficiently, whether the coils 9 fit the shape 

of injection ports la of the liquid crystal panels l, e~c. 

Fig. 3 is a liquid crystal material filling 

apparatus. The above-described liquid crystal pot 2 

containing the liquid crystal material ll and a filling jig 

cassette 18 holding a plurality of liquid crystal panels 1 

with the ~njection ports la faced down are set in a vacuum 

chamber 19 of the apparatus. Before a filling operation is 

started, as designated by A in Fig. 3, the liquid crystal 

pot 2 is placed on a stage 22 fixed inside the vacuum 

chamber 19 so as co keep the bottom face 3a of the 
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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 shaf~ 25 which can slide up and 

down penetrating a bottom wall of the vacuum chamber 19 

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 l 7a 

for rotating a screw shaft 17b in both directions so as to 

move up and down a nut member l 7c engaged with the screw 

shaft 17b together with a plate 17d fixed to the nut member 

l 7c 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 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 
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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 

reservoir 3 where a pai.::- of roller reception recesses 7 

allowing the rotation of the rollers 14 in a predete~ined 

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 vacuum 

chamber 19 to sti::: the liquid crystal material ll 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 12c 

engaged with the screw shaft 12b together wit~ a plate l2d 

fixed to the nut member 12c and projecting 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 moved up and down in the :::ese:::-voir 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 
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SUS304 is preferably used to constitute the stirring plate, 

any material or any surf ace 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 liquid crystal pot 2 is set in the 

vacuum ch~mber 19 in a state as shown in Fig. 2A and by A 

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

reservoir 3 kept horizontally and the bottom face 6a of the 

groove part 6 inclined approximately 15° upward. The 

liquid crystal material 11 is kept in the reservoir 3. In 

addition, the liquid crystal pot 2 is separated from the 

liquid crystal panels l. 

The vacuum chamber 19 is vacuumized 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 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 is 

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. 
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One example of the floating scructure is shown in 

Figs. SB and ac. This floating structure includes a piston 

43a supported by the stirring shaft 12e, a plurality of 

support shafts 143d penetrated the piston 43a so as t:o 

freely move up and down and having stoppers 143e at their 

upper ends for preventing the support shaft 143d from 

dropping from the piston 43a, and a floating plate 143b 

fixed to lower ends of the support shafts 143d and having 

holes l43c, so that the liquid crystal material ll can be 

moved through the holes l43c of the floating plate l43b 

while the stirring shaft l2e moves up and down together 

with the piston 43a. At this time, since the floating 

plate l43b is simply supported by the stoppers l43e of the 

support shafts l43d at the upper surface of the piston 43a 

via the. support shafts l43d, the floating plate l43b can 

freely move up and down in the liquid crystal material ll. 

Even when the floating plate 143b contacts the bottom of 

the reservoir 3, the floating plate 143b moves up to 

prevent the reservoir 3 from having any damage. 

When the liquid crystal material 11 is fully 

degassed and the vacuum chamber 19 is decreased to at least: 

approximately 10- 3 or io- 4 Torr, t.he stirring plate 13 is 

raised and the liquid crystal pot 2 is started to be moved 

up by the elevation device 17. 

· .... -..... " 
. ' ;,;··,·;'\i 
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When the main shaft 25 of the elevation device li 

moves upwa=d, the two shafts 16 with the rollers 14 among 

the four driving shafts 16 on the elevation table 26 

contact the roller reception recesses 7 of the liquid 

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 directior. in the drawing, and consequently 

is raised at the side of the liquid crystal reservoir 3, 

whereby the bottom face 6a of 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 Sa of the gate 5, a flow rate of 

the liquid crystal material 11 is suitably regulated by the 

gate s. The liquid crystal material ll 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 liquid crystal 
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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 from 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 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, N2 is supplied into 

the vacuum 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 ll 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 

limited, the liquid crystal material 11 corresponding to 

the reduced amount is 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 
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lower end parts of the liquid crystal panels 1 are not 

entirely soaked in the liquid 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 remained not wet. Accordingly, the liquid 

crystal panels l can be swabbed and cleaned simply after 

the filling operation. 

Upon completion of the fill~ng operation, the 

elevation device 17 is 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. 2A 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 hole Sb 

and cutaway Sa of the gate 5. Accordingly, a change of the 

liquid 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 liquid crystal 
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material ·ll 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 reference to Figs. 5-8 below. 

A liquid crystal pot 32 in Figs. 5-7 has a liquid 

crystal reservoir 33 for storing the liquid cryscal 

material 11, and a groove part 36 having a bottom face 36a 

higher than a bottom face 33a of the reservoir 33 and 

communicacing with the reservoir 33. A holding medium for 

holding the liquid crystal material ll 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 3 6 . The groove part 36 is moderately inclined 

to allow the liquid crystal material 11 therein to return 

to the liquid crystal reservoir 33 by its own weight. 

The holding medium 39 is constituted of many coil 

springs 39a having top faces thereof in touch with the 

injection ports la of the liquid crystal panels 1. The 

coil springs 39a 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 

,· 

. ··-· ..... ·····-··--.! 



--

25 

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, laid 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 36. 

In the vacuum chamber 19 cf a liquid crystal 

material filling 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 l with the 

injection ports la faced down, an elevation device 37 for 

moving the liquid crystal pot 32 up and down, and a plu..~ger 

43 which can move in and out of the reservoir 33 and flows 

the liquid crystal material 11 to the groove part 3 6 from 

the reservoir 33 when entering the reservoir 33. 

Both side parts of a bottom face of the liquid 

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 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 vacuum chamber 

19 hermetically. Four driving shafts 57 of an equal length 

are fixed to the elevation table 56 at positions 
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corresponding to vertices of a rectangle t:he=eof. Upper 

ends of these driving shafts 57 are shaped to be conical 

projections 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 with the main 

shaft 45. The four driving shafts 57 are moved up and down 

by the rotation 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 nut member 

64, and a main shaft 65 which air-tightly penetrates 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 constructed 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 incorporated i:i. the 

plunger ma~n body 43a. The stirring propeller 43b projects 

downward from a lower end of the main body 43a and is 

supported by the main body 43a in a floating 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 
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36. The plunger 43 may be constituted by the floating 

structure shown in Figs. BA and SB 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 plunger 43 up 

away from the pot 32 stands by (shown by A in Fig. 8) The 

vacuum chamber 19 is started to be vacuumized in this 

state. Since only a front face of the liquid crystal 

material ll stored in the reservoir 33 is degassed in the 

above state, 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 a.bout io- 3 to io- 4 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 moved up and, the 

conical projections 58 at the front ends of the shafts 57 

are fitted in the conical recesses 45 in the bottom face of 

the liquid crystal pot 32. The liquid crystal pot 3 2 is 

consequently moved up, thereby bringing top faces of many 

coil springs 39a in the groove part 36 in pressed touch 
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with the injection ports la of the liquid crystal panels 1. 

The liquici crystal pot 32 is stopped to move upward at this 

time point. 

Meanwhile, the plunger 43 is controlled to move 

up before the upward movement of the liquid crystal pot 32. 

After the upward movement of the pot 32, the plunger 43 

gradually descends relatively to the liquid crystal pot 32, 

so that the main body 43a enters the liquid crystal 

material ll in the reservoir 33 to send the liquid crystal 

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

8} . 

While the top faces of the coil springs 39a are 

in touch with the injection ports la of the liquid crystal 

panels 1, the liquid crystal material 11 is fed to the coil 

springs 3 9a through the gap 42 and screw holes 3 5 of the 

supporting plate 39b. The liquid crystal material 11 is 

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

surface thereof. The liquid 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 l in touch 

with the material 11. 

After the filling operation of a fixed time by 

the capillary phenomenon, N2 is fed into the vacuum chamber 

19 to return the vacuum chamber 19 ~o the atmospheric 

' ... ···~·-. -·-··J 
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pressure. The atmospheric pressure presses a liquid level 

of the liquid crystal pot 32 and accordingly, the liquid 

crystal material 11 is filled into the liquid crystal 

panels l gradually. The whole of the lower end pa:::ts of 

the liquid crystal panels l is not: soaked in the liquid 

crystal material ll and only the injection ports la of the 

liquid crystal panels l are brought in touch with the 

liquid crystal material ll. Since other surface portions 

of ehe liquid cryseal panels l are not turned wet, the 

liquid crystal panels l can be swabbed and cleaned in a 

simple process after the filling operation. 

After the filling operation is completed, the 

liquid crystal pot 32 is lowered and returned to the 

original position, and the plunger 43 is raised 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 w2 of an opened 

groove face of the groove pa:::-t 6 r 3 6 is wider than the 

width w1 of the downward-directed face of the injection 

port la of the liquid 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 la of 

the liquid crystal panel 1. That is, if any gap is defined 
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between them, a gas might be mixed into the --liquid crystal 

panel l through the gap to deteriorate the liquid crystal 

panel l. Preferably, when the liquid crystal material ll 

is filled into the liquid crystal panel 1, the lower side 

of the liquid crystal panel l is not concacted to the 

liquid crystal material ll 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 crystal panels ll, may 

be constituted by a moving device 13 7 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 

are fixed to the elevation table 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 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 liquid 

crystal panels 1 between position shown by solid lines H 
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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 la 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 liquid crystal 

panels l. For example, as shown in Figs. 10 and 11 as a 

liquid crystal pot in a fourth embodiment o:f the present 

invention, the medium may be formed by frames 90 of 

trapezoid shape and each of which is not connected to each 

other as a coil-like member. Each of the frames 90 is 

independently stood on t.he 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 la 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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fixed to the bottom face 6a of the groove part 6 and having 

top parts thereof 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 la of the liquid crystal panels l. 

As is described hereinabove, according to the 

present invention, liquid crystal panels can be swabbed and 

cleaned in a simple process aft:er the filling operation. 

Moreover, a required minimum amount of the liquid crystal 

material suffices the invention with a waste eliminated. 

Although the present invention has been fully 

described in connection with the pref erred embodiments 

thereof with reference to the accompanying drawings, it is 

to be noted that various changes and modifications are 

apparent to 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. 
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WHAT IS CLAIMED !S: 

1. A method for filling a liquid crystal material to 

liquid crystal panels, comprising bringing a medium 

( 9, 3 9, 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 filling the liquid crystal material to the liquid 

crystal panels. 

2. A liquid crystal material filling method 

according to claim 1, wherein i:i the bringing the medium 

into touch with the injection ports, the medium ( 9) is 

constituted of a plurality of coil-like members having 

axial centers in a direction intersecting the inject.ion 

ports of the liquid crystal panels. 

3. A liquid crystal material filling method 

according to claim l, wherein in the bringing the medium 

into touch with the injection ports, the medium (39) 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 t.he bringing the medium 

into touch with the injection ports, each of the coil-like 

members is a coil spring. 

11111111 \1\1111111111111111111 
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5. An apparatus for filling a liquid crystal 

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

liquid crystal pot (2) having a liquid crystal reservoir 

(3) for storing a liquid 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) for holding 

t.he liquid cryst.al material is arranged, a filling jig 

cassette (18) accommodating a plurality of liquid crystal 

panels (l) with inject.ion 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 of the liquid 

crystal pot in accordance wit.h up-and-down movement of t.he 

liquid crystal pot thereby to flow the liquid crystal 

material from 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 liquid crystal material filling apparatus 

according to claim 5, wherein a gate (5) is provided 

between the liquid crystal reservoir and the groove part to 

regulate circulation of the liquid crystal material 

therebetween. 

7. A liquid crystal material filling apparat:us 

according to claim 5, which includes a stirring device 

I lllllll llllll lllll lllll II llll 
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{13,12) for stirring and degassing the li<;uid crystal 

material stored in the liquid c:::ystal :reservoir. 

8. A liquid crystal material 

according to claim ,.. 
0 I which includes 

filling apparatus 

a sti:r:ring device 

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

material stored in the liquid c:::ystal reservoir. 

9. A.'"l appa::-at:us for filling a liquid crystal 

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

liquid crystal pot (32) having a liquid crystal reservoir 

(33) for storing a liquid crystal material (ll) and a 

groove part (36) communicated with the liquid crystal 

reservoir and having a bottom face (36a) higher t.han a 

bottom face (33a) of the liqi..:.id crystal reservoir in which 

a medium ( 3 9) for holding the liquid crystal material is 

arranged, a filling jig cassette (18) accommodating a 

plurality of liquid crystal panels (l) with injection ports 

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

up and down the liquid crystal pot: and the liquid crystal 

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

the liquid crystal :reservoir and flows the liquid crystal 

material from the liquid cryst.al reservoir to the groove 

part when entering the reservoir. 

10. A liquid crystal material filling apparatus 

according .to claim 9, wherein r:.he plunger (43) works also 
' 

111111111111111111111111111111 
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as a sti:ring device for stirring and degassing the liquid 

crystal material s~ored in the liquid crystal reservoir. 

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 part ret.u..-ns to 

the liquid crystal reservoir by its own weight when the 

plunger is removed from the liquid crystal 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 ret:urns to 

the liquid crystal reservoir by its own weight when the 

plunger is removed from the liquid crystal reservoir. 

13 .. A liquid crystal material filling apparatus 

according to , . 
c~aim 9, wherein a gap ( 42) is provided 

between the bot:tom face of the groove part and a lower face 

of the medium so as to facilitate circulation of the liquid 

crystal material. 

14. A liquid 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 

crystal material. 

. .... 
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15. A liquid crystal material filling apparatus 

according to claim 5, wherein the holding medium is 

constituted of a plurality of coils having axial centers in 

a direction intersecting the injection ports of the liquid 

crystal panels. 

16. A liquid crystal material filling apparatus 

according to claim 9, wherein the holding medium is 

constituted of a plurality of coils having axial centers in 

a direction intersecting the injection ports of the liquid 

crystal panels. 

17. A liquid crystal material filling apparatus 

according to claim 13, wherein the holding ·medium is 

constituted of a plurality of coils having axial centers in 

a direction intersecting the injection ports of the liquid 

crystal .panels. 

18. A liquid crystal material filling apparatus 

according to 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. 

19. A liquid crystal macerial filling apparatus 

according to claim 9, 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. 

111111111111111111111111111111 
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20. A liquid 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 liquid crystal material filling apparatus 

according to claim 18, wherein each of the coil-like 

members is a coil spring. 

22. A liquid crystal material 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 filling 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 liquid crystal material filling apparatus 

according to claim 9, wherein a top of the medium is higher 

than upper faces of side walls of the groove part. 

111111111111111111111111111111 
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27. A liquid crystal material filling apparatus 

according' to claim 5, wherein a width (W2 l of an opened 

groove face of the groove part (6) is wider than a width 

(W1 ) of a downward-directed face of the injection port of 

the liquid crystal panel. 

28. A liquid crystal material filling apparatus 

according to claim 9, wherein a width cw2 ) of an opened 

groove face of the groove part (36) is wider than a width 

<w1 ) of a downward-directed face of the injection port of 

the liquid crystal panel. 
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