Liquid Crystal Material Applying Device and Method for Applying Liquid
Crystal Material Technical Field 5 [0001] The present invention is
related to a liquid crystal material applying device to apply a liquid
crystal material on a substrate and a nethod for applying the liquid
crystal material on the substrate. 10Background An [0002] Previ ously
a mcro-syringe has been used as a neans to put drops of a liquid crystal
material down on a glass plate (substrate). In this mcro-syringe nethod an
anount of a single drop that is discharged is 15 controlled to be
constantly sevweral, milligrans. and a pitch at which drops of the liquid
crystal mater ;ﬁglflmélr ‘g]fyﬁ‘éﬁlqﬁ%Wﬂ? SPRRE Petice anddethodtiana pylysey Bloalid
mllimeters. Regarding this mcro-gyringe technique, for exanple, Japanese
Pat ent Gazette No. 3073493 descri be nﬁﬁgﬁwéﬁﬂﬁﬂion mat eri al whose viscosity
is controlled to be from5 to 13 cp and whose surface tension is controlled
to be in 20 a range from 30 to 37 dyne/ cm |In addition Japanese Patent
Gazette No. 3,073,493 describes a nq% od fq@_&grning an orientation filmfor
a liquid crystal display elenment in % lﬁﬁi Sfeaerati on solvent remaining in
an ink-jet sheagdijis replaced with an orientation filmmaterial after air
bubbles in the inkjet head are renoved with the deaeration solvent which is

capabl e of 25 diThs@kdHend idvntids i0Fd18R4AL 08l erial .and, deaerating
the inside of the inkjet head, PR e i R R P e e ISE | o

suppl i ed to delvieeitalapply HBadid cdvsthPhatdigal dd §tsufaétg%€ba%éisﬁm Fn%?lecga{] %E‘e Is a

di scharge failure on the inkjet head due to air t he i nkj et
head. applying the liquid erystal material on the substrate.
10 Background Art
lonoe]

Previously a micro-syringe has been used as a means to put drops of
liquid erystal material down on a glass plate (substrate). In this
micro-syringe method an amount of a single drop that is discharged is

15 controlled to be constantly several milligrams and a ?itch at which drops of
the liquid crystal material are put down is adjusted to be constantly several
millimeters. Regarding this micro-syringe technique, for example, Japanese
Patent Gazette No.3073493 describes a orientation material whose viscosity is
controlled to be from 5 to 13 cp and whose surface tension is controlled to be in

20 a range from 30 to 37 dyne/ em. In addition Japanese Patent Gazette
No.3,073,493 describes & method for forming an orientation film for a Lguid
crystal display element in which s deaeration solvent remaining in an inkjet
head is replaced with an orientation film material after air bubbles in the
inkjet head are removed with the deaeration solvent which is capable of

25 dissolving in the orientation film material and deaerating the inside of the

inkjet head, when the orientation film materiel is supplied to the inkjet head



[ 0003] However, the technique disclosed in Japanese Patent Gazette

No. 3073493 5 is to be used for formation of the orientation film and cannot
be used to applying a smaller anmount of a liquid crystal material at a

smal ler interval than before. [0004] The present invention has been made in
consi deration of the above 10 nentioneé issues. An objective of the present
I nvention is to provide a liquid crystal material applying device and a
liquid crystal material applying nethod, both of which enable applying the
smal l er amount of the liquid crystal material at the smaller interval and

ki g o 1. QUL0 Covetal L ater o Rl QU ol YRl sR3pebel sl pard rore
det'ai | od herpBpeGIEH FOBUERLm BB esent | nvent i on provi des a Iiquid
crystal rrat[%(r}agll appl yi ng device
However, the technique disclosed in Japanese Patent (Giazette No.B073493
5 is to be used for formation of the orientation film and cannot be used to
applying a smaller amount of & liquid erystal material at a smaller interval
than before.

[0004]

The present invention has been made in consideration of the above
10 mentioned issues. An objective of the present invention ie to provide a liquid
crystal material applying device and 2 liquid crystal material applying method,
both of which enable applying the smaller amount of the liquid crystal
material at the smaller interval and making a liquid erystal layer in a liquid
crystal panel thinner and more uniform.
15
Summary of Invention
{00051
The objective of the present invention is to provide a Houid crystal
applying device and & method for applying liquid crystal material to be
20 capable of putting down droplets of a small amount of a liquid crystal material
at g small interval and making a liguid crystal material layer thinner. How
this objective is achieved is detailed hereinafter
[0006]
The present invention provides a liquid crystal material applymg device
95 for applying a liquid crystal material on a substrate comprising a ligquid

crystal storage unit storing the liquid erystal material, an inner pressure



25 for applying a liquid crystal material on a substrate conprising a
liquid crystal storage -unit storing the liquid crystal material, an inner
pressure control unit which is connected with the liquid crystal nmateri al
storage unit and controls an inner pregsure of the liquid crystal materi al
storage unit to keep the inner pressurg within a predeterm ned pressure
range and an application unit which is connected with the liquid crystal
material storage 5 unit and applies the liquid crystal naterial on the
substrate through an ink jet type head. This liquid crystal materi al
appl yi ng devi ce. ha f.eat ur . j 18 I Nt dr@loe WA

conpri ses émﬁﬁ?1§WS§ﬁ§d%5% .o%&$§%§§g§F§ neé?¥ﬁﬁfﬂgﬁ$ﬂgther%3as to the

iauid crystal maler |2l 50948060} hAlfhia cRAGA NRrlesRdgeusippl y secti on

to supply & ressdre to the liquid crystal 10 material storage

unit. [0007%%$§ﬁg§%kggw£gn&ggﬁﬂﬁh@gﬁ@g@@nﬂMMﬁbﬂ%@hﬁpﬁﬁgsuﬁéa@f the liquid
or

crystal mat ge vnit 1s kept wwthin the predeterm ned range by the

gas (or a“ya@&% IS UG RicBSs Adhrl PRI wBBShe Signpl trgets mortotinbstgeages uppl y
section and the negative pressure supplied fromthe negative pressure

supply secf hﬁ#-an/asapgliéﬁﬁw fiquill brystapoasrbll enttbe pubstdatertherughl a wkaet t he
liquid crystal naterial at a snmall interval and to nake the vari ation of

the |iquid gresheall. Miherlialid kewsesl markisd ppplymadeitics bas 2 featize o880l e to
put down an ‘equal anount of the liquid crystal material every tinme the
liquid cr ysQﬂer@ém@boﬂts‘ﬂdi:ﬁpmméﬁeslﬁem&i@mSQQ’é@nItP&HPHW&W &
material is ejected out on a constant pressure. [00Q08

any other gas to the liquid crystal material storage unit 3111& a negative

pressure supply section to supply a negative pressure to the liquid crystal
10 material storage unit.

[0007]

According to this structure, the inner pressure of the liquid crystal
material storage unit is kept within the predetermined range by the gas (or
any kind gas such as an inert gas) supphied from the gas supply section and

15 the negative pressure supplied from the negative pressure supply section. As
a result, it is possible to put down droplets of the liquid crystal material at a
siaall interval and to make the variation of the liquid crystal material layer
smaller, In addition, it is possible to put down an equal amount of the liqwd
crystal material every time the liquid crystal material is dispensed, because

20 the Mqud crystal material is ejected out on a constant pressure.

[0008]

This Hquid crystal material applying device may have another feature
that the liquid crystal storage unit is connected with a first pipe and a second
pipe, the first pipe being a pari of the gas supply section and the second pipe

25 being a part of the negative pregsure supply section, and that the inner

pressure control unit is adapted to keep the inner pressure constant by having



This liquid crystal material applying device may have another feature that
the liquid crystal storage unit is connected with a first pipe and a second
pi pe, the first pipe being a part of the gas supply section aw the second
pi pe 25 being a part of the negative pressure supply section, and that the
I nner pressure control unit is adapted4to keep the inner pressure constant
by having 4 the air or the any other gas flow ng through the first pipe,
an inner space of the liquid crystal storage unit and the second pipe in
this order. [0009) According to this liquid crystal material applying
device, the inner 5 pressure of the liquid crystal materi al stor% ge tank is
easi | y kepttheaisirahe anytobher gas| Savips Itkkr%ﬁghﬁh@ ﬁé—'ﬁ"r PiPELARINTEE GPRE ©

Mor eover, the application imt of this liqguyid cryst.al terial applying
devi ce of tthe Lignebemstal steeags ALt the sagp nﬁlﬂ%?%fn%é&rgao [ 00111 According
to this structure, the production cost for the liquid crystal materi al

appl yi ng delped of the pr esent |nvent|on I s reduced. [00121 Furthernore, a
heating and CO%LJ;J} mlér]glott V{{‘qm czrys “Rerlaf appfylng ﬁavme the inner

5 pressure of the liquid erystal material storage tank is easily kept constant
with a relatively simple structure.
[0010]
Moreover, the application unit of this liguid crystal material applying
device of the present invention may be an inkjet head.
o foo11]
According to this structure, the production cost for the liguid crystal
material applying device of the present invention is reduced.
[o012]
Furthermore, a heating and cooling unit, which heats and coola the
15 application unit, may be attached to the application unit of the liquid crystal
material applying device of the present invention. |
fo018]

According to this structure, physical property parameters such as

viscosity of the liquid crystal material in @ nozzle section of a head portion of
20 the application unit are adjusted to any predetermined values.
[0014]

The present invention provides a method for applying liguid erystal
material on a substrate comprising a step of applying the liquid crystal
material on the substrate with an applying unit of an inkjet type while an

9% inner pressure of a lquid crystal material storage unit in which the liquid

crystel material is stored is kept within a predetermined pressure range with



15 application unit, may be attached to the application unit of the |liquid
crystal material applying device of the present invention. [0013] According
to this structure, physical property paraneters such as viscosity of the
liquid crystal material in a nozzle section of a head portion of 20 the
application unit axe adjusted to any psedeterm ned val ues. [0014] The
present invention provides a nethod for applying liquid crystal material on
a substrate conprising a step of applying the liquid crystal mat eri al on
the substrate with an applying unit of an inkjet type while an 25 inner
pressure of a liquid crystal material storage unit in which the |iquid
crystal matgghabuipdy séavioedo isspigptn alr thiany aglp:rmétte ithe hesiderasiadr e range
with 5 a gas supply section to supply an i r or any other %as to the
liquid crystaterimtserrhad usttomagenegsitive prgssare eyppiyrec e tstRPTE 8ppl y secti on
to supply a negative pressure to thelliquid'cr¥stal material storage unit.

[ 0015] T tivequesues Yethel Laid exmgealuppierivd plaese BAlected with a first
pi pe and a second pipe, the first pipe being a part of the gas supply
section and!00i8l second pi pe being a part of the negative pressure supply

o essur & donst die B REUEH THEESRIGRRY HE RSB gh e AT K% fhr ough
e ot e a2, Bt Bk a b T R R L8680t ARt N

pipe being a part of the negative pressure supply gection, and the inner

pressure control unit is adapted to keep the inner pressure constant by having

the air or the any other gas flowing through the first pipe, an inner space of

10 the liquid crystal storage unit and the second pipe in this order.
foo16]
Moreover, the application unit of this liquid crystal material applying

device of the present invention may be an inkjet head.

fo017]

15 Furthermore, a heating and cooling unit attached to the application unit
may heat and cool the application unit in the method of applying the liguid
crystal material of the present invention.

[0018}
According to the present invention are provided the liguid crystal

20 material applying device and the method for applying the liquid crystal
material both of which enable putting down droplets of a small amount at a

small interval and making the Hquid crystal layer thinner and wore uniform.

Brief Description of Drawings

25 [0019]

FIC.1 ie a cross-sectional view of a liquid crystal image display device.



[ 0016] Mor eover, the application unit of this liquid crystal materi al
appl yi ng device of the present invention may be an inkjet head. [0017]
15Furthernore, a heating and cooling unit attached to the application unit
may heat and cool the application unit in the nethod of applying the liquid
crystal material of the present inventgon. [0018] According to the
present invention are provided the liquid crystal 20 material applying
device and the nmethod for applying the liquid crystal nmaterial both of

whi ch enabl e putting down droplets of a small anobunt at a small interval
and nmaking the liquid crystal |ayer thinner_and nore uniform Brief

Descri ption of FD&vkngsherbatic repEp@ration of 8 dgswhenyetalapries@h fEPYHE of a
liquid crystal material applying systemto which a liquid. crystal material
appl yi ng dewisten aewbidi nawid cwtmmpp&mgﬁ@"ﬁ?&w %‘%’e‘grﬁi onis
appl i ed. FIG3 is a perspective view.,of a liquid crystal materia

di spensi ng etevodimest phthgtresers InyGH® ©APRLSE: naterial appl yi ng devi ce

Schermt | o T epr GBErt A BRCOHe 4 PLAT AU B St anr] GPRRtEg g ke ¢ 1o
5 to which a liquid crystal material applying device according to an embodiment
of the present invention is applied.
FIG .4 iz a schematic representation of a critical portion of a liquid crystal
material applying device according to an smbodiment of the present invention.
Fig.5 is a schematic representation of a critical portion of a liquid crystal
10 material applying device according to & comparison sample.

Fig.6 shows comparison drawings to explain differences between the
comparison eample and the embodiment of the present invention.

Fig.7A indicates a couple of glass substrates before stuck together which
are prepared with a method of the present invention to £il a clearance

15 between the couple of glass substrates with a liquid erystal.

Fig.7B indicates a couple of glass substrates after stuck together which
are prepared with a method of the present invention to fill a clearance
between the couple of glase substrates with a Liquid crystal.

Fig.8A indicates a couple of glass substrates before stuck together which

20 are prepared with a method of the comparison sample to fill & clearance
between the couple of glass substrates with a liguid crystal.
Fig.8B indicates a couple of glass substrates after stuck together which
are prepared with a method of the comparison sample to fill a clearance
between the couple of glass substrates with a liquid erysial

25

Embodiment for Practicing the Invention



mat eri al appl ying device according to an enbodi nent of the present

i nventi on. Fig.5 is a schematic representation of a critical portion
of aliquid crystal 10 nmaterial applying device according to a conparison
sanple. Fig.6 shows conparison drawi ngs to explain differences between the
conpari son sanpl e and the enbodi nent of7 the present invention. Fig.7A

i ndi cates a couple of glass substrates before stuck together which are
prepared with a nethod of the present invention to fill a clearance 15

bet ween the couple of glass substrates with a liquid crystal. Fig. 7B

i ndi cates a couple of glass substrates after stuck together which are
prepared wi fjozal net hod of the present invention to fill a clearance between

the couple of glass substrates with a liquid crystal. . Fi g@% i ndi cat es
a coupl e of gl Aaremalier eathedimetisros ths nEacerbWEREPD BE EXPIBHS TN epar ed

with a method of the conparison sanple to fUl a clearance between the
coupl e of ghﬁ'ssawabfsf‘raié%fﬂw-ﬁﬁr aliquid crystal. Fig.8B indicates a couple

of glass substrates after stuck together which are prepared with a nethod
of the corrpiﬁﬂ%’&n sanple to fill a clearance between the couple of glass

Thvent | on 5 [ 002EeE A SPRETERRE SisBAT SRS, By JEAE vl 7 e
expl al ned Wpa'gduced with a liguid erystal material applying device of the present
invention, is to be explained in brief. Fig.lisa crogs-sectional view showing
o ipmer structure of 2 Hquid crystal image display device 10. In principle the
liquid crystal display image display device 10 ie constituted by a couple of

10 polarization filters 5, a couple of glass substrates 4, transparent electrodes 3, 2
couple of orientation films 2, a Hguid erystal materiall and color filters 6. A
detailed explanation of each of these materials ie skipped, because any known
material may be used for each of these materials.

[0023]

15 When a voltage is applied ﬁe!;wwn the transparent electrodes 3, the
molecules of the liguid crystal material disposed between the couple of
orientation films 2 turns to become oriented in a direction closer to the applied
electrical field. As result, external light comes through the ligud crystal
image display device 10 and the colored image can be seen on the liqmd erystal

90 image display device 10. The transparent electrodes 3 are disposed vertical
to each other at every pixel and a voltage can be applied to any selected pixel
Accordingly displaying an image is enabled by having light come through any
selected pixels.

o024}

25 FIG.2 is a schematic representation of a liquid crystal maaterial applying

gystem to which a liquid crystal material applying device according to an



reference to Fig.1 to Fig.8B. [0022] 5Firstly a structure of a liquid
crystal image display device, which is produced with a |iquid crystal

mat eri al applying device of the present invention, is to be explained in
brief. Fig.1 is a cross-sectional view showng a inner structure of a
liquid crystal image display device 108 In principle the liquid crystal
di splay i mage display device 10 is constituted by a couple of 10

pol ari zation filters 5, a couple of glass substrates 4, transparent

el ectrodes 3, a couple of orientation filns 2, a liquid crystal materi al

and color filters 6. A detailed explanation of ch of, thes 4als is
sl dpped, begabsEmray vkiiowresstianietiony a@@llage d%ﬁ% Eqb‘%@cﬁy%tﬁfﬂ?gérzﬁ
materials. [0023] 15Wen a voltage i % agpl i ed, bet ween i?e.éer pag gnt

el ectrodes @pplyhe systee Bk @s indicathe i FigP GORPYELa P SRS FAT°0F Sposed bet ween
the couple of orientation filns 2 turns_tg becaone ori J: irection
closer to tHeudppiitelmatedslanpirng deyige zﬂtg’ WZ’%‘% e “é’??g‘?tﬁ‘gf"lﬁ g cf[ﬂ comes
through the liquid crystal i mage display device 10 and the col ored inmage
can be seenoBerigh ﬁi%ﬁ%c@r“% ‘al 20 i mage display device 10. The

t ranspar ent el?(%itrodes 3 are disposed vertical to each other at every pixel
and a vol tﬁaé@ n be applied to any sel ected pixel. Accordingly displaying

an inmage is enabled b vi ng li-ght 18 ®lregd Gebridnee! S.
[00241 25FI G 2 fge ?@gﬂgﬁﬁcﬁ%%é%?%sg{ aﬁ%% 0 aép?/ad%?d crystral mat eri al
appl yi ng systemto . whic | j.qui r HRke alm@BPkorthd sdevdicBs,
according t Wu%r)eﬁﬁ%‘%?ﬁﬁ%%t@egtaﬁégg%% Rt I vention i appl i ed. The
liquid crystal. mater] ' '}Q%,%‘ 1180012k Bo i Catteshdl infiigneréamapr i ses
a control d%@gﬁfﬂﬁﬁgh]é&gﬂf’i}égw %/?ystal mat er i al appl yi ng devi ce 24B,
whi ch are conngct ¢d WM &3kl control section 40 and a 8SR (Solid State relay) 41.

10 [0026]
| The Jiquid crystal material applying device 24B is configured to include
an inkjet type head 11, a heater 12, a vegulator 20, a pressure meter 21, a
liquid erystal material tank 22 and & thermocouple 42. An electric balance
139 & used to weigh and adjust a dispensed amount of the liquid ¢rystal
15 material.

(0027}

Counections are made through a wire section 48 between the inkjst
controller 34 and the head 11, between the SSR 4land the heater 12 and
between the temperature controller 40 and the thermocouple 42. Each of the

90 components 1n the Liquid crystal material applying system 24 may be any type
of the known ones and is not detailed. In Fig4, aline through which the
fiquid crystal material is replenizhed is skipped just to simplify the structure.
{0028}

The liquid crystal material applying device 24B, which is included in the
95 liquid crystal material applying system 24 as shown in Fig.2, is housed in such

a housing as shown in Fig.3 and has a function to put down a droplet of the



other with a electrical wre. 5 [0025] The control device 24A is configured
to include a main PC 30 (Personal Conputer), a notor controller 31, an
anplifier 32, a notor control section 33, an inkjet controller 34, an
inkjet printer use PC 36, an external input interface section 37, a
tenperature control section 40 and a SR (Solid State relay) 41. 10 [0026]
The liquid crystal material applying device 24B is configured to include an
i nkj et type head 11, a heater 12, a regulator 20, a pressure neter 21, a
liquid crystal material tank 22 and a thernocouple 42. An electric bal ance
139 s used to weigh and adjust a dispensed anount of the liquid crystal 15
mat eri al . [ B@2d trcoanmatdron L4ambo tedglasshautgphradte vi r & 15pdd cgmtad8 bet ween t he
i nkjet controller 34 and the head 11, between the SSR 4land the heater 12
and bet weenmiherizl digremaing devineriitras shownsio Bigd sradtached motluipdwd42. Each of
the 20 conmponents in the liquid crystal material applying system 24 nmay be
any type of cyhiel kpseriebrenyimgdevice 74 and mcludes 5 R grystalamptesialt hr ough
which the liquid crystal material is replenished is skipped, just to

simplify thenk$ddingremotens i1 S mOVIERRRrtgly dhe hawarertabBstsialy device
24B, whic h5 4:&'15111; Er‘lzc%olxj'%ggd Ialr'_r]d tbgg}kward in a direction indicated by an arrow in Fig.3

and a glass substrate 4 onto which the lywid erystal material 1 is dispensed.
Instead of the linear motors 58, 54, such motor devices as capable of driving an
object linearly through ball screws or a rack and a pinjon may be used. The
head 11 of the liquid erystal material dispensing device 50 is attached below
10 the liquid erystal material tank 22 (that is, there is a height difference
between them). In Fig.3 there are four heads 11 dispused on a line. Each
pair of the liguid crystal material tank 22 and the head 11 is made to move
horizontally on a predetermined line in parallel with the glass substrate 4.
While moving, the head 11 puts down a predstermined amount of the liquid
15 crystal material 1 on t]ie class substrate 4. In Fig.8 some members are not
showrL.
[oo29]
AYiguid crystal image display panel used for the liquid crystal image
display device is produced with this apparatus above mentioned. This
20 eystem is configured to put down droplets of the liquid crystal materal 1 on
the glass substrate 4 {(on which the orientation film 2 and transparent
electrodes 3 are formed). In a conventional system a micro-syringe filled with
the liquid crystal material 1 is used to put down & predetermined amount of
the liquid erystal material 1 on a predetermined position of the glass substrate
25 4. Figd is a schematic representation of a critical portion of a liquid crystal

material applying device 24B according to an epabodiment of the present



25 liquid crystal material applying system 24 as shown in Fig.2, is housed
in such a housing as shown in Fig.3 and has a function to put down a
droplet of the 9 liquid crystal material 24 onto the glass substrate 4. A
liquid crystal material dispensing device 50 as shown in Fig.3 is attached
inthe liquid crystal material applyindg device 241B and includes a liquid
crystal material tank 22, linear notors 53, 54 noving horizontally the
liquid crystal material 5 tank 22 forward and backward in a direction
indicated by an arrow in Fig.3 and a gl ass substrate 4 onto which the
liquid crystal material 1 is dispensed. Instead of the |inear notors 53,
54, such nonwenigayvi ces as capabl e of driving an object linearly through
ball screws_or a rack and a pinion nmay be used. The head 11 of the liquid
crystal nat@PB@l di spensing device 5() is attached bel ow 10 the i quid

crystal nmaterial tank 22 hat i.s, there js.a | ght, di fference between
t hgrr) . In Fig. 3bedgmd ﬁ‘ﬁ’ééaftlé’%ﬁ'teﬁéjaﬁ%pq{]fg eﬂ%’s%@ %%E%OW% H"eﬁlégach pair of

he |iquid I i al k. 22-and th 111 -
hor i zont &l | oA g GHBE SPRHAS oF i orepanalt Gl kS B G B PR i
4. Wil I .the head 1 ] l'i quid
T5 orystal® so B Pian ph e SRRy R RpBRE AL AR, TR 0T are

not shown. {00830 e v Gl duclaistith AR 30kaY. Pang) ised Tor  Lhe

liquid crys y device iIs pro ugé with this apparatus above

ment i oned.  This$uR%8%S} s oSARLIAURH hoLigiild Houl Grpligl sodfgelitar | i qui d

crystal matéerial” 1 on the glass substrate 4 (on which the orientation film

2 and transpag &k 8186 LEALE S n3nAkepLesuFRd) thd Ny dceMAlkisenak] Sysieem a
m cro-syringe fi ?ed with the liquid crystal material 1 is used to put down

a predet er mpac3aepRt wafhib Berbidturdikdyahat. NMBheapplicatioanuat fir edet er mi ned
position of the glass substrate 25 4. Fig.4 is a schematic representation

of a critigabnketdd Wihahe Aghidutyekat pystab] statere alit appbhiangddevipoly 24B
according to an enbodi nent of the present 10
the Liquid crystal material on the glass substrate through an inkjet head.
[0031]
To be specific, the liquid crystal material applying deviee 24B compriees
an inljet type head 11 (application unit), a heater 12, a heater connected wire
15 23, valves 15, 18, 17, 18, a pipe 16a (first pipe), a pipe 17a (second pipe), a pipe -
188, a liquid crystal material tank 22 (liquid crystal material storage unit), 2
leak valve 19, a regulator 20, s pressure meter 21 and é cooling device 13 from
which cooling wind 14 blows, as is shown in Fig.4. In this structure, the
valves 16, 17, the pipes 16a, 17a and the regulator 20 constitute the inner
20 pressure control unit. In the present embodiment the valves 16, 17 are

solenoid valves to be electrically switched on and off, and may be manual

valves to be manually switched on and off or manual or elsctrical needle

valves.

{0032l
25 The valve 16 and the pipe 16a (first pipe) constitute a gas supply section,

The valve 17, the pipe 17a (second pipe) and the regulator 20 constitute a



invention. [0030] The liquid crystal material applying device 24B as shown
in Fig.4 conprises a liquid crystal material storage unit (liquid crystal
material tank 5 22), an inner pressure control unit and an application
unit, which are needed to apply the liquid crystal nmaterial on the glass
substrate. The inner pressure control Ynit is connected with the liquid
crystal material storage unit and adapted to adjust an inner pressure of
the liquid crystal nmaterial storage unit to be kept within a predeterm ned
range. The application unit is to connected with the liquid crystal
material storage unit and dgﬁted to apply the liquid crystal material on
the gl ass swEsByuRPEsSTHESUPRY, cW‘l’%jet head. [0031] | b be specific, the

liquid crystal material applying device 24B conprises an inkjet type head
11 (appli cdfPeH uni t), a heater 12, a heater connected wire 15 23, val ves

Lo 10 17 108,05, 108 (f Loy denigeatetamanntios; 2o e

18a, a liquid al iquid crystal material storage

unit), a leak valve 1 [ 120110@ oPtiesEytid oresiad nPtemaldl &0 cool i ng
dovi ce 13 fPBATSITEEN K, .’aﬁ%ﬁ‘g 14 bl ows, as is shown in Fig,4. In this

structure, the yal : Aehe ispes, ibahichAimednatehBl agtdchedris 20
constituté ﬁ?el eﬁ\érggcaéﬁprr%%eshr%;%control unit. In the present enbodi nent

Lhe val ves 0, fo B Enidlialpiedowabiio tamiresckect [t odiitoms e ched on and

of f, and may "bé manual” val ves to be manually swi tched on and off or nanual
or electri C%m}?&@%@ oY BBt 100321 iR Bihered dlyveakisianal VRS BIPF&S6a (first
pi pe) constitute a gas supply section. The valve 17, the p];&%ge 17 ésecond
pi pe) and t hg o eguHoaheF dAcc DB bldw tiverd the inljephead, sl gheys %ﬁ?ﬁb‘ y

section.

device 18 is not shown in Fig.2. Making use of both the heater 12 and the

10 cooling device 18, the temperature of the inkjet head 11 is kept constant at the
predetermined temperature. The predetermined temperature, which ig
optimum for ejecting the liquid erystal material 1, is determined according to
such physical property values of the liquid crystal material 1 as the
temperature and the viscosity. The heater 12 and the cooling device 13

16 (heating and cooling means) may be formed integrally into a single device or

may be separate devices.

[0034]
In the structure shown in Fig.4, there are three pipes 16a, 178, 18a that

gre connected to the single liguid cryetal material tank 22, An inner space of
20 the liquid crystal material tank 29 is kept at 8 negative pressure relative to
the atmospheric pressure by the regulator connected through the pipe 17a and
the valve 17. Since the inner space of the liguid erystal material tank 22 is
kept at the negative pressure, the liguid crystal material 1is prevented from
being drawn down by the gravity force and dropping from the head 11 when

925 the liquid crystal material 1 should not drop.

{0035]



W331 The inkjet head 11 is connected with the liquid crystal materi al
tank 22 through the valve 15, which control a flow of the liquid crystal
material 1 to 5 the inkjet head 11. The inkjet head 11, to which the heater
12 is attached, is heated to be kept at a predeterm ned tenperature. In
addition, the tenperature of the inkjédg head 11 is |owered by naking cool
wi nd blowing fromthe cooling device 13 blow toward the inkjet head 11,

t hough the cooling device 13 is not shown in Fig.2. Mking use of both the
heater 12 and the 10 cooling device 13, the tenperature of the inkjet head
11 is kept constant at the predeternned. tenperatyre. Leaatqr m ned

t enperature, \iFhechguid C@iﬁﬁﬂrﬁ?@iﬁ%m&?@@f}?%htﬂ Fﬁ%ﬁéﬁld& gctagl material 1,
is determ ned according to su hysi cal 0 Hesuif edvybBgl! i qui d
crystal matlghireughitbgpiph sy @ gbgf’%ﬁrg(\lghdp‘%h%ﬁé%tcégghgﬁ Thcelt'vheat er 12 and
the cooling device 13 15 (heati and '[&92 as Mt@_@ﬁi Al

i nt egral | y mefesiehl spRgian é‘?r?l%eeﬂg‘ﬁl%&%%e{sepa?gt & devi des. [ 00341 I'n
the structure shown in Fi.g.4, there.ar g I43E61. 16he ihder pre8anehat are
connect ed t?éﬂfﬁ%ogit%ﬁ‘éuﬁdlgcﬁﬁ%tﬁlﬁaﬁ %Ifjrirr%t e?%a tank 22. An inner space of
20 the |iquid, cryst,al rial 1 082 | SwdtBD by &hisAlcdfgat iwthepuressur e
relative ooftth‘é{lﬁwg%%gi%cat%ﬁaels%%e b?/ t he regul at or connected t hrough the

pi pe 17a an sﬂg%@' r%’%%%%%‘aglt t,ﬁg&ﬂ%ehw thefiepsd efvarkietank @2i thagriy st al

material ta e negative pressure, the liquid crystal

material 1 is_prevant ; beiRe), drawacamnuistabledcliprmapinpresiee and
dr oppi ng fr’(f’r?‘ir%ﬁgsﬁ%a%éﬁmvm@én 25 the liquid crystal material 1 should not

drop. [0035%11 1he 1i J{ggeggwé}eﬁégstal tank 22 is replenished with the
liquid crysta rrelljterqla 1 through the pipe 18a and the valve 18. An anonnt
of the quui[(gb%qystal material 1 remaining in the liquid crystal tank 22

decreases by the dispensed anoint of the liquid crystal materi aI,a}hJ1 fromthe
head 11. The i nperdey RSEkpdhse an accurate amount of the liguid erystal material 1,
it is necessary to accurately control and adjust the inner pressure of the liquid
crystal material tank 22. For this purpose, the pipe 16a1s connected with the
liquid crystal material tank 22 through the valve 16, Air in the atmosphere
or such inert gas as nitrogen gas is supplied into the liquid crystal material
15 tank 22 through the pipe 16a. That is, since the inner pressure control unit
makes gas flow through the pipe 16a, the inside of the liquid erystal materal
tank 22 and the pipe 17a in this order, the inner pressure of the liquid egystal
material tank 22 is kept within a predetermined range and the Liquid head
difference is compensated as mentioned shove. Since a small difference 1n
50 the dispensed amount of the liquid crystal material tank 22 is adjusted, it is
possible to accurately dispense a small amount of the hiquid crystal material 1.
Utilizing this dispensing control enables appropriately using the inkjet type
head (such as an inkjet head), which has been difficult before. As a result, it

is possible to put down (apply) & very small droplet of the ligud crystal

95 material 1.

0037



5 of the liquid crystal material tank 22 is |owered by this decrease in the
anount of the remaining liquid crystal material in the liquid crystal tank
22 (that is increases the negative pressure), and becones -unstable (change
in pressure due to the liquid head difference). [0036] 10ln order to

di spense an accurate amount of the liglid crystal material 1, it is
necessary to accurately control and adjust the inner pressure of the liquid
crystal material tank 22. For this purpose, the pipe 16a is connected with
the liquid crystal material tank 22 through the valve 16. Air in the

he 11 mt er 22 . e 6. he

cryetal rmt or | BIE S Sh R IR BRI oA pralid HERE PRl | TS
tral unit makes. flow t the.pi.pe. 162, insi de of

Phe Tt aui d woeydng ke BRERogdR e SP¥ar o R RS RS L rof B! O7 0

. al e STl _ . nt det
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ment i oned ARAKE hosh AERBndTaly AIGEERENGR & Auidia dhensasedammant of the

S €§?ﬂ ma 1" T ank % i | it i

liquid cry eria adjusted, it is possible to accurately

di Spense § $yTBlln,ATRURKY Ho hiRalck AL D1 B Hakesd Bhridge Wlcbbiatiay ¢ hi s

di spensi ng contro nabl es appropriately using the inkjet type head (such
as an inkj egieadiquidishtdagnibegmdidd.l dul thidedsorthe idserproesut bf thet i s
possi ble to put down (apply) a very small droplet of the liquid crystal 25
material 1.1§@Q@%Fstalnk 22 Fisditstad only sctienegikadd 30.a Wrarefocathepor ti on of
a liquid crystal material applying device according to a conparison sanpl e,
whi ch i's usgpkedingubritrolgs donperfivendd st whenyseded and delaabdvindio fias
perform ng conpensation for the liquid head difference. To be_specific,
there i s nejiffieult & pimpgerkéte frothalifeddhddidifferancect Bdved mpasndlg foqui d
crystal tank 22 and a mcro-syringe is connected with the Ijquid crystal
tank 22 i 1eseeartatdinpitiiosvroese stiedl dugptats Sf@%@déﬁﬁﬁﬂemﬁ?ﬁlﬁgﬁ'crystal t ank
22 is adjusted only by the regulator 20. Therefore the dispensing control
is not perfd&B& just when needed and del ayed, and it was difficult to

conpensate for the liquid head difference. It was ..apossihle to
i Fig.6 sho%ars drawings to make a comparison on dlﬁ@rencea%e%ween

droplets of the Liquid crystal material 1 put down on the micro-syringe method
of the comparison sample and droplets of the hquid crystal material 1 put
15 down with the inlget type head 11 of the embodiment of the present invention.
The dispense nozzle of the micro-syringe has a diameter approximately
between 0.1 and 1.0 mm and the droplets put down through this micro-gyringe
are larger and the interval between the adjacent droplets is larger as well.
foos9l
20 On the other hand, the inkjet type head has a diameter approximately
between 0.01 and 0.08 mm. Therefore it is possible to adjust the size of the
droplets put down as accurately as desired. When the glass substrates are
being stuck together after the liquid crystal material 1 is put down, such
defecte as a thin portion 57 in which the liquid erystal material layer is
o5 thinner than in the adjacent portion, collision taint 58 and dispense taint 39

are generated in a liquid crystal panel. Asa result, it was difficult to produce



10 accurately pit down very small droplets of the liquid crystal materi al
1. [0038] Fig.6 shows drawi ngs to nake a conparison on differences
bet ween droplets of the liquid crystal material 1 put down on the

m cro-syringe nethod of the conparison sanple and droplets of the |liquid
crystal material 1 put 15 down with th¥inkjet type head 11 of the

enbodi nent of the present invention. The di spense nozzle of the

m cro-syringe has a dianmeter approximately between 0.1 and 1.0 mm and t he
droplets put down through this mcro-syringe are |arger and the interval

bet the adj, t I is | .l {00391 .2 th
nand, the. (mBpeE Eptie MO e BoRRLRrE AR bR ATy CBReA e 01 and

0. 08 T f it il e.t dj he. sjze . of l:et t
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t th ft he |i.quj.d I | al ' t
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than in the agjlfaagawcr ')[/ dsrﬁ@]emg&lth%’ ﬁ"lﬁsm %I%%{e)dg ﬁeﬁmﬁl ggagtpogﬂ?@dtc@gﬂm 59 are

generated ™ ane it was difficult to

pr oduce 354{?3@'? t!sﬁ @%}%@éé&p&bd {&ﬁ@?%hé"@&%@ shbdibiids GFy/Stuak thR¥BErisS uniformin

t hi ckness "o anel area. On the other hand, by utilizing the

i nkj et typeugﬁgf%wtﬁgggésggogpth\g¢ﬁblg nBl &sant embodi nent, it becones
possi bl e to put down so small and uniformdroplets of the liquid crystal

material 1 t{dfgja liquid crystal 5 layer 60 that is produced after the
gl ass substrates are stuck together is uniformthickness over the whole

panel area. [OO0#Q]7 ki 1B ZepheschiB stlenhesenily foehetinn iof alligyid oveealilarerof a
liquid crystal layer with an inkjet type head according to_the present
enbodi ment . Wit af AnisBOWDe head according to the present embodiment. Fig.7A shows
10 the liguid crystal material 1 put down on one of the class substrates 4 which
are to be stuck together. After these glass substrates 4 are stuck together,

variation of the cell gap is very small and the surface of the glass substrate 4 i

very flat.
foo41]

16 Fig.8A, 8P represent schematically formation of a hiquid crystal layer
with a micro-syringe type head according to the comparison sample. In this
case each droplet of the liquid crystal material 1 1s so large that the varation
of the cell gap over the liquid crystal panel becomes large after the liquid
eryatal material 1 comes between & couple of the orientation filme 2 and that it

20 is difficult for the droplet of the liquid crystal material 1 put down to spread,

which results in a surface of the orientation film 2 being unable to be made

flat.

{0042l
As has been explained, the guid crystal material dispensing apparatus

95 50 (liguid crystal materzal applying device 241) of the present embodiment

enables putting down at a small pitch very small droplets of the liquid erystal



10 the liquid crystal material 1 put down on one of the glass substrates 4
which are to be stuck together. After these gl ass substrates 4 are stuck
together, variation of the cell gap is very small and the surface of the

gl ass substrate 4 is very flat. [0041] 15Fi g, 8A, 818 represent
schematically formation of a liquid criystal layer with a mcro-syringe type
head according to the conparison sanple. In this case each droplet of the
liquid crystal material 1 is so large that the variation of the cell gap
over the liquid crystal panel becones large after the |iquid crystal

material 1 cones. between a co e of the prigntation fi.lns 2 d.that it 20
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b bo ade T G3p0det it eié @bl Bind  hERE W el 2 DRI 00, et

mat eri al di,spensi.-ng appar at 5 I ) I i in

devi cla 24BI)§SE’PC’FH§ ?—’gpsge%ﬁ% ﬂéﬁ‘%@d‘i@%ﬁ&‘j&%&q&g{%@% iaﬁ%ﬁ%ﬁg&?ﬁlg pi t ch
Ll I ¢ i _ X ) ¢

U0t 1 or m oveh R ERGul ekiipd hO S hiER) Bhe A BalBE IR BARRAD | 200 % aver

in the I'igquld GLysial oPanglia thipchaRRh] UiHrhSE Means), the pipe 17a (second

pipe) in this order, the inner pressure of the liguid crystal material tank 22

(iquid head pressure difference) is appropriately adjusted. That is, when the
liguid crystal material 1 is dispensed from the nazzlé 11, the amount of the gas
remaining in the lquid erystal tank 22 (guid surface) changes and the

10 negative pressure (corresponding to nner pressuve) in 2 head space of the
lquid crystal tank changes (increases) as well, This increase in the negative
pressure has an effect on an amount of the liquid erystal material to be
dispensed. This change in the negative pressure is compensated for by the
gas being supplied from through the pipe 16a to the head space directly

15 connected with the pipe 16a. As a result, it is possible to realize a liquid
crystal material dispensing device 50 (liquid crystal material applying device
24B with which the dispensing amount of the liquid crystal material is kept
constant while the remaining amount of the liguid crystal material 1 is
changing in the liquid crystal tank 22,

20



Especially having gas flow to the regulator functioning as a negative
pressure source through the pipe 16a (first pipe), the inside of the liquid
crystal 5 material tank 22 (liquid crystal material storage neans), the
pi pe 17a (second pipe) in this order, .the inner pressure of the liquid
crystal material tank 22 (liquid head pressure difference) is appropriately
adjusted. That is, when the liquid crystal material 1 is dispensed fromthe
nozzle 11, the amount of the gas remaining in the liquid crystal tank 22
(l'iquid surface) changes and the 10 negative pressure (corresponding to

i nner pressyr Mg n a head space of the liquid crystal tank changes

(i ncreases) well. This increase in the negative pressure has an effect
on an amount of the liquid crystal material to be dispensed. This change in
the negative pressure is conpensated for by the gas being supplied from
through the pipe AGa.i®chhelheakrspassiyitiy @otiby ot appbinge tieidityhtalhe pi pe
l6a. As a result, 1t 1s possible torealize a liquid crystal materi al

di spensi ngcfggt\égigpoég stibki@bictcopdpritind; materi al appl ying device 24B with

whi ch the dispensing amount of the liquid crgstkal ~material is kept constant
whi | e thegremai ni RYiaID dAtstafstbdage intuitariog y eéﬂquléa‘tré'ﬁﬁsélrﬂ@f%ﬂ@rchangi ng in
the liquid crystal tank 22. 20 16 CLAIMS 1. A liquid crystal material

appl yi ng devi ce f e iappt presgum dontpol dnidrwhichlis pernectod) WHA tﬁe Yapdt rate
conprising; 5a liquid crystal storage unit storing the ligqujd crystal
material, crystal materidlnneragp nodisandecansinly 8 Iynet PRARFER ”If§h‘?:iiﬁ cted with
the liquid crystal material storage unjt and controls .an inner pressure of
the |iquid evysiaatemalerpeage st Rfeenihe MPTRIEFPRIFHAA pressure within
a predeterm ned pressure range, and ,10an application unit which is

connect ed wptddetemminedpregseieFengr bk eri al storage unit and applies the

auid er :)L/DSt al mt ::[ ii}?;lalic%rgiogxhuenif yvglsasnriggzgmected with the Hquid erystal
material storage unit and applies the liguid crystal material on the substrate
through an inkjet type head,
wherein the inner pressure control unit comprises a gas supply
section to supply an air or any other gas to the liquid crystal material storage

15 unit and & negative pressure supply section to supply a negafcive pressure t0

the liquid erystal material storage unit,

2. The lquid crystal material applying device as described in claim 1,
wherein the Hquid crystal storage unit 18 conmected with 2 first pipe and &

20 second pipe, the first pipe being a part of the gas supply section and the second
pipe being & part of the negative pressure supply section, and the inner
pressure control unit is adapted to keep the inner pressure constant by having
the nir or the any other gas flowing through the first pipe, an inner space of
the liquid crystal storage unit and the second pipe in this order.

248
3. The liquid crystal material applying device as described in claim 1 or



through an inkjet type head, wherein the inner pressure control
conprises a gas supply section to supply an air or any other gas to the
liquid crystal material storage 15 unit and a negative pressure supply
section to supply a negative pressure to the liquid crystal materi al
storage unit. 2.The liquid crystal mat'éri al appl ying device as described in
claim1, wherein the liquid crystal storage unit is connected with a first
pi pe and a 20 second pipe, the first pipe being a part of the gas supply
section and the second pipe being a part of the negative pressure supply
section, and the.inner pt re. rabk . uUnit . dapted to keep the inner
pressure con¥LEHER W@@Fﬁ%igﬁgngggﬁEgﬁ?%gkgﬁgégﬁher gas flow ng through
the first pipe, an inner space of the liquid crystal storage unit and the
second pipe in this order. 25 17 2, wherein the application uni} is an
i nkj et type head. : QL LYt ahpl dédbe aphbasripgd dewnyef as

descri bed ﬂh any o0 eé%@ﬁ%%ﬁ%ﬂ?gn%%%%u??%g?h%onprising a heating and cooling
unit for heﬁ%}ihﬁgl ansl rR 8RR kdmerikiRe Aptigad dpodlinigtunib forherngeadf or
applying a Trquid crystal material on a substrate conprising a step of;

app! yi ng %h%otﬁga&gqﬁﬂﬁéﬁﬁhtﬁﬁ&eria| on the substrate with an

unit

b. A method for applying a liquid crystal material on a substrate
‘comprising a step ofs
applying the liquid crystal material on the substrate with an
10 applying unit of an inkjet type while an inner pressure of a liguid crystal
material storage unit in which the liquid ervetal material is stored is kept
within a predetermined pressure range with a gas supply section to supply an
air or any other gas to the liquid crystal material storage unit and a negative
pressure supply section to supply a negative pressure to the liquid crystal

15 material storage unit.

6. The method as described in claim &, wherein the lquid crystal
storage unit is connected with a first pipe and a second pipe, the first pipe
being a part of the gas supply section and the second pipe being a part of the
20 negative pressure supply section, and the inner pressure control unit 18
adapted to keep the inner pressure constant by having the sir or the any other
gas flowing through the first pipe, an inner space of the liguid crystal storage

anit and the second pipe in this order.

26 7 The method as described in claim 5 or 6, wherein the application unit

is an inkjet type head.



10 applying unit of an inkjet type while an inner pressure of a liquid
crystal material storage unit in which the liquid crystal material is
stored is kept within a predeterm ned pressure range with a gas supply
section to supply an air or any other gas to the liquid crystal nmateri al
storage unit and a negative pressure sipply section to supply a negative
pressure to the liquid crystal 15 naterial storage unit. 6. The nethod as
described in claim5, wherein the liquid crystal storage unit is connected
with a first pipe and a second pipe, the first pipe being a part of the gas
supply section and the second pipe being a part of the 20 negative pressure
supply section, and the inner pressure control unit is adapted to keep the

i nner pressure constant e air fl ow ng

t hr ough théiflrstqé} fﬁéﬁﬁﬁ é@ Oéﬁﬁﬂ% ﬁ?%’%@ys?%ﬁiitorage uni t
and the secon IS r 4 bed in any of
clains 5 tdﬂﬁ’mahg?gpﬂlfﬁgﬁﬁg‘IggﬁPkﬁﬁmﬁ%Fnﬁﬁﬁﬁﬁ%ategﬁhng s led with a

heating and cooling unit.
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