METHOD OF MANUFACTURI NG FERRCELECTRI C LI QUI D CRYSTAL D SRER3IE@S -
The present invention relates to a nethod of man- ufacturing a. liquid
crystal display elenment and, nore par-'t}cUIarIy, to aliquid crystal
injection nmethod for a ferroelectric liquid crystal display element. It is
"expected that ferroelectric liquid crystal 10 di splay el enents are put
Lnto practical applications such as a |arge-capacity display or a

hi gh-speed liquid crystal shutter for a printer since it has a nenory :
property and a hi gh-speed response property on the order of mcro-second.§

When ferroelectric liquid crystaMETHOD| OF MANUPACTURINGPUt 15 into
practical applications, they pose a technical problemof an alignnent
property of ‘a liquid ECTREC Cc AlUSDISBLAY EREMEaITectric

liquid crystal which are presently used can be largely classified into a
met hod of rubbing an organic thin film and a nmethod 20 of obliquely
vapor -depgsi ting-an inorganic material such as a netal oxide. In_.the

al i gni ng ﬁet hod utilizTRE RTPEEPtndnvantirmirelates Kol ar gethedeefoman-
i near alignment_ defects caysed . hy a difference in |ayer structure appear

in a rub- bi ngd®:BFEUEIRECR SATAS SrEStEh iBFRAFD R 1NeHe e ul BPTEO PAT~

' ' ' | . 0.of -black and, white, -2-
the axis di recéig@laialg?ntégStar t:.'q?uf crystai :Lr\zA'Pect:.on. method for a

ferroelectric liquid crYstal display element.

It is.expected that ferroelectric 1liquid cfystal

10 display elements are put into practical applications such
as- a large-capacity display or a high-speed liquid cfystal
shutter for a printer since it has.a memory property and a
high-speed response proée:ty on the.order of micro-second.
When ferroelectric liquid crystal display elements are put

15 into practical applications, they pose a technical problem
of an alignment property of a liquid crystal.

The aligning ﬁethods for a ferroelectric liqui&
crystal which are presently used can be largely classified
into a method of rubbing an organic thin fiim, and a method ('

20 of obliquely vapor-depositing an inorganic material such as
a metal oxide. In the aligning method utilizing a rubbing
treatment, since a large number of linear alignment defects
caused by a difference in layer structure appear in a rub-
bing axis direction and a direction almost'perpendicular to

25 the axis direction, a contrast ratio of black and white



| evel s ‘i s considerably decreased, and it is hard to inpart a menory
property as the major characteristic feature of the ferroelectric liquid
crystal to an aligned liquid crys- tal= % = In contrast to this,
with the nmethod utilizing oblique vapor “deposition, an aligning filmwhich
includes little alignnment defects can be obtained. When an opposite
gradient alignment structure is enployed wherein Si O oblique vapor
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opposi te gradi ggy . alignment suffers fromlocal nisalignnent when a liquid
crystal display elenent becones large in size (e.g., a 10 x 10 (cnm) display

element, & 25 20 (cith Xcdntegbtel @noaad | i gkl CENSt HMetHBY t StialioRit |
and the like). As a result, uniformalignnent cannot be at- tained. It is
therefore an obpgdguel vdpomrdepssitiveNt afinadigning £ilm which includes
little alignmenﬁ defects can be obtained. When an opposite
gradient alignment structure is employed wherein SiO
oblique vapor deposition films having opposite inclination

10 directions are formed on opposing surfaces of a pair of
substrates, as described in a method disclosed in Japanese
Patent Laid-Open Nb. 62-192742, a liquid crystal display
element having a memory property and a high contrast ratio
can be obtained.

15 However, a ferroelectric 1liquid crystal display
element using SiO oblique vapor deposition alignment films
formed by opposite gradient alignment suffers from local
misalignment when a liquid crystal display element becomes
large in size (e.g., a 10 x 10 (cm) display element, a 25

20 {cm) x 1 (cm) eiongated liquid crystal shutter element, and
the like). As a result, uniform alignment cannot be at-

tained.

It is therefore an object of the present invention



-3- to inprove a uniforn1a|ignnen% propeFty of:a‘riquid crystal display:

el emrent and to provide a practical nethod of manufacturing a | arge
ferroelectric liquid crystal display elenent. According to the present

i nvention a nethod of manufacturing a ferroelectric liquid crystal display
el ement conprising the steps of: (i) =3= providing a pair of spaced
substrates having transparent el ectrodes thereon and having on their
opposing inwardly directed surfaces inclined alignnment |ayers, and (ii}"
injecting ferroelectric liquid crystal into the space between the two,
substrates i nt® 4MPESVEOA SP3EORTe ald InAent PrORSLtYn ofi Aeddddidof t hawdno

alignnment |ayers. The alignnent, |ayers be conprised by assenblies of -
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ends of the cfluiBa &3 AbiyiacANALIN G-y el S AGURNAT Very

good al i gnnen a sectional “viewsshowng t a I p between
small Si O coIEg9§tqudquag&g@ﬂgmegknection of liquid crystal nolecules;

According to the present invention a method of
manufacturihg é ferroeiectric liquid'crystal display
element combrising the éteps of: | |
(i) | providing a pair of.spacéd substrates having s
trahsparent electrodes thereoﬁ and having on
their opposing inwardly directed surfaces
inclined alignment.layers; and | |
(ii) injecting fefroelectric liquid crystal into the
spacé between the two substrates in a direction
oppdsite to the inclinatioh.direétion of the two

alignment layers;

.The alignment léyefé may be comprised by .\)
assemblies of inclined columns. Iﬁ this wéy the liquid
crystal molecules can reach bottom ends of the columns
to define an aligniné direction, thus achieving very

good alignment.

Fig. 1 is a sectional view showing the
relationship between small SiO columns and an aligning

direction of liquid crystal moiecules;



Fi'g. 2A irs a-'sectional view showing a liquid crys- tal display elenment to
whi ch small Si O col ums becone at- tached and which represents a liquid
crystal injection di- rection accordiqg‘{o the present invention, and Fig.
2Bis 5 a plan view of the liquid crystal-display element; Fig. 3 is a
plan view of a liquid crystal display elenment showi ng a m salignnent
region; and Fig. 4 is a plan viewof a liquid crystal cell for a printer
head. .10 An effect of fhe present invention wl | be de-, scribged ip_detai
bel ow wkth reference t% ?heﬁgcéﬁnﬁaﬁﬁQﬁjQ$§%MWﬁi¥ shewing ﬂqféﬂ“é?iSHYﬁg
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the 25 smal |l Si O colums 22 attached to the glass substrate 21, as
element showing a misalignment region; and

Fig. 4 is a plan view of a liquid crystal cell for
a printer head.
10
An effect of the present invention will be de-~
scribed in detail below with reference to the accompanying
drawings. In Fig. 1, an aligning direction 24 of liquid
crystal molecules is determined by small SiO columns 22
15 formed on a glass substrate 21 with a transparent electrode
27. It is considered that the aligning direction is ap-
proximate to an average of directions of all liquid crystal
molecules 23 attached to the small SiO columns 22 (Japan
Display, '86, p. 316). Therefore, when the degree of at-
20 tachment of the ligquid crystal molecules to the small SiO
columns 22 changes, an aligning property and a pretilt an-
gle of liquid crystal molecules with respect to a glass
interface also vary. When a 1liquid crystal is injected
from a direction 26 along an inclination direction of the

Bl 25 small SiO columns 22 attached to the glass substrate 21, as



-5- shown in Fig. 2, it is difficult for the liquid crystal nolecules to -
reach bottom ends of the small Si O columms 22. Thus, the aligning direction
of the liquid crystal nole- cules canpot be sufficiently defined, thus
easily causing 5 m salignment. |h Contrast to this, it is estimted that
when a liquid crystal is injected in a direction 25 oppo- site to the

i nclination direction of the SiO colums, the liquid crystal nnlecules can

reach the bottomends of the small SiQ cqu and st apl e, ni n
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liquid crystal molecules can reach the bottom ends of the
small SiO columns, and a stable aligning direction can be
10 defined.
An embodiment of the present invention will be de-
scribed below with reference to Figs. 2A and 2B. |
Fig. 2A is a sectional view of a 1liquid crystal
.display element according to an embodiment of the present
15 invention. A liquid crystal display element is constituted
by two, i.e., upper and lower glass substrates 11 and 12
which have 1,000-5 thick transparent electrodes 13 and to
which 800-A thick small SiO columns 14 are attached, and an
epoxy resin seal 15. A gap of 2.5 y is defined between the
20 two substrates. A ferroelectric 1liquid crystal CS-1014
(available from Chisso Corp.) is injected in a direction 16
as a direction'opposite to the inclination direction of the

small SiO columns 14, thereby forming a liquid crystal dis-

Lt
.

play element. Fig. 2B is a plan view of the liquid crystal



25 . display elenment. An effective display area in the epoxy resin seal 15
Is 100 [err]. One hundred liquid crystal display elenments were prepared by
t he above-nentioned injection nethod ang their 5 al i gnnent yield was

exam ned. As a result, a high good product -alignnment yield of 95% whi ch
coul d not be obtained by other injection nethods could be obtained. The
good product alignnment yield of liquid crystal display elenents which were

prepared such that_only_the 10 directiop of the_epoxy resin seal of the
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through/[err],_and a ligujd cry | was injected in a di- rection along the
izncl i nati on diTet}o e%ﬁ 1ﬂel%ﬁ€§€dPﬁnns was about 60% As shown in Fig. 3,

sal | . ; I Ui aui L i ni :
g?fgt 3|%”‘°“'”t ciﬁﬁi ﬁgsaﬁf%%fg%%poﬁ%;&“ B, dag ré%l%fﬂ%{é%’?%g _
se%t inventioﬁgfif%fga-éﬁoﬁgsagﬁ?%%?gg%&gg%gpag%bgﬁﬁgggg ﬂﬂ%%”§$ge?ﬁﬁ£éd,

13 SN A11e Y 3ukad W 3T, VIO Mot
gap of 2.5 [erplodectehl 1gAmeREWYEB1ENS £0/933S wHIRH A ERd @ NB@a6BLAined
by other injection methods could be obtained.
The good product alignment yield of liquid crystal
display elements which were prepared such that only the
10 direction of the epoxy resin seal of the liquid crystal
display element used in the above embodiment was reversed
through 180°, and a liquid crystal was injected in a di-
rection along the inclination direction of the SiO columns
was about 60%. As shown in Fig. 3, misalignment regions 33
15 were formed along a liquid crystal injection path 32 in-
cluding an injection port.
Fig. 4 is a plan view of a liguid crystal cell for
a printer head according to another embodiment of the pre-
sent invention. Fig. 4 shows a liquid crystal cell for a
20 printer head, which is constituted by a 16 (mm) x 239 (mm)
upper glass substrate 41, a 6 (mm) x 249 (mm) lower glass
substrate 42, and an epoxy resin seal 43, and a gap of
2.5 uy is defined between the glass subétrates. Transparent
conductive films and small SiO columns are attached to the

¥ 25 substrates.



* conductive filnms and small Si O colums are attached to the 25 .
substrates. -7- Aferroelectric liquid crystal CS-1014 (available from
Chisso Corp.) was injected in a direction opposite to the inclination
direction of the SiO colums into 20017g- uid crystal” cells and their good
product alignment yield 5° was examned. As a result, a yield of 80% was
obt ai ned. Note that the good product alignnment yield of liquid crys- tal
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As a result, the g i gnnent yield can be remarka Iy'inproveg as-coggéred to
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liquid crystal display elenents can be 20 provi ded. 25
Note that the good product alignment yield of liquid crys-
tal cells to which a liquid crystal was injected in other
injection directions was 60% or less.

In the embodiments as above described, small col-

10 umns consist of Si0. However, other materials such as
Al,0; and Mng'may be used for the small columns.

As described above, according to. the p:eéent in-
vention, when a ferroelectric liquid crystal is injected
in a direction opposite to the inclination direction of

15 small columns, a liquid crystal alignment state can be free
from misalignment over a wide region. As a result, the
alignment yield can be remarkably improved as compared to
liguid crystal injection in other directions, and practical
ferroelectric 1liquid crystal display elements can be J

20 provided.

25



CLAI M5 1. . A nmethod of manufacturing a ferroefectricolidufd crystal

di splay el enent conprising the steps of: (i) providing a pair of spaced
substrates having transparent el ectrodes thereon and having on their
opposing inwardly directed surfaces inclined alignnment |ayers, and (ii
injecting ferroelectric liquid crystal isgo the sp Hr I
substrates in a direction opposite to the inclinat Emmmmmnu W lt he two
alignnent |ayers. 2. A met hod according to clai'm i wher®if said

alignnent | ayers are conprised by assenblies of inclined colums. 3. A
net hod ;according to claim2 wherein s@IAMSUMs consist of [err] or [err].

-

1. A method of manufacturing a ferroelectric liquid

crystal display element comprising the steps of:

(1) providing a pair of spaced substrates having
transparent electrodes thereon and having on
their opﬁosing inwardly directed surfaces_

inclined alignment layers, and

(ii) injecting ferroelectric liquid crystal into the
space between the two substrates in a direction
opposite to the inclination direction of the two
alignment layers.

2. ‘A method according to claim 1 wherein said

alignment layers are comprised by assemblies of inclined

columns.
U 3. A method according to claim 2 wherein said

columns consist of SiO, Al,0, or MgF,.
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