v

[

METHOD OF ORI ENTATI ON TREATMENT OF ORI ENTATI ON FI LM AND NPFARAZEIBEEN
OF. ORI ENTATI ON TREATMENT OF ORI ENTATI ON FI LM RECLACED
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The present invention relates to a nethod of orientation treatnent

of an orientation film which is, for exanpl e, used in

manuf acturing a liquid-crystal display, or the i ke, and which is
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: BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a method of
orientation treatment of an orientation film, which is, for
example, used in manufacturing a liquid-crystal display, or the
like, and which is to carry out orientation treatment on an

orientation film for orientating liquid-crystal molecules in a

” predetermined direction, and an apparatus therefor.

2, Descriptioﬁ of the Related Art

A surface of a substrate is, conventionally, coated
with an orientation film consisting of a high-molecular organic
material such as polyimide in order to orientate liquid-crystal
molecules in a predetermined direction on the surface of the
substrate.

In this case, even if the surface of the substrate is
simply coated with the orientation film, the_liquid—crystal
nolecules cannot be disposed in a predetermined direction but
they are arranged merely in parallel with the surface of the
substrate.

Therefore, conventionally, the surface of the
orientation film is rubbed mechanically in a predetermined
direcfion.with a rubbing cloth formed from nylon, rayon, or the

like, so that orientation treatment is given thereto to thereby
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predeterm ned direction, and an apparat us t her ef or . [;?ﬂSSHZETHASBEEN

Description of the Related Art A surface of ajlsubstREfiAGED
cdnventional ly, coated with an orientation filmconsisting of a

hi gh- nol ecul ar organic 15 material such as polyimde in order to
orientate |iquid-crystal nol ecul es in a predeterm ned direction on
the surface of the substrate. In this case, even if
the surface of,Lh coa orj.ent tlon
film the I i’&ﬁFé @Péuf’a‘%‘gf‘ibcqs"%l%%{ﬁ‘g‘éf%%rﬁm%t rtfga‘lg‘\g’s‘% LR A
predeternineg Bﬁi?ﬂp but they are arranged nerely in paralle
with the surface o e substrate. Ther ef or e,

conventional l'y, theurhefacqn YrddPCto widen the angle of the visual

~ field of a 1liquid-crystal display, the surface of one

5 orientation film is rubbed twice in different directions by

using such a rubbing cloth as mentioned above so as to carry

out orientation treatment which enables so-called multi-domain

orientation, The multi-domain orientation means that

liquid~crystal molecules are orientated in two directions.

10 With such multi-domain orientation, the angle of the visual
field can be widened while the contrast decreases.

In such a method in which rubbing is carried out twice
to thereby widen the angle of the visual field, however,
particles‘(dusts) are generated every time when the rubbing is

15 carried out. ?hus, a large number of particles are generated
to cause a problem that such particles deteriorate the
characteristic of a liquid-crystal display to thereby reduce
the yield. For example, if particles are generated and adhere
to an orientation film, unevenness of display arises to

20 deteriorate the guantity of display, or an electrically

shortcircuiting place is generated.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
25 method and an apparatus of orientation treatment of an

orientation film in which the angle of the visual field of a
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orientation filmis rubbed nmechanically in a predeterm ned REFLACER
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direction with a rubbing cloth fornmed fromnylon, rayon, or the- .-

li'ke, so that orientation treatnent is given thereto to thereby

2 make the |iquid-crystal nolecules be arranged in the direction
of rubbi ng. Further, in order to widen the angle of the
vi sual field of a liquid-crystal display, the surface of one

liquid-crystal display can be widened, and the generation of
particles can be reduced.

A method of orientation treatment of an orientation

film formed on a substrate for orientating liquid-crystal

5 molecules according to the present invention is comprised of

the steps of: rubbing a surface of the orientation film; and

radiating ion beams onto the orientation film in a wvacuum.

Alternatively, in the method according to the present

invention, the rubbing step and radiating step can be reversed.

10 According to the method and apparatus according to the

present invention, orientation treatment can be given to the

orientation film without contact in the ion beam radiation.

Accordingly, only a very small number of particles are

generated. That is, the generation of particles can be reduced

15 in comparison with a conventional method where rubbing

treatment is carried out twice. As a result, for example, the

factors to deteriorate the characteristic of the liquid-crystal

display is reduced, so that it is possible to improve the yield

of the liquid-crystal display.

20
BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings;
Fig. 1 is a schematic view illustrating an ‘exaiple of
an apparatus for giving rubbing treatment to an orientation
25 film;
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Y&fationship between the rubbing direction and the ion beam

radiation direction;

Fig. 4 is an enlarged view typically illustrating an
example of the state where ion beams are radiated onto an
orientation film after the rubbing treatment; and

Fig. 5 is a diagram illustrating an example of the
results of measuring the relationships between the radiation
angle of ion beams and the degree of orientation order of an

orientation film.

DETAILED DESCRIPTION OF THE INVENTION

Detailed description of the present invention will be
described referring to the accompanying drawings.

In a method of orientation treatment of an orientation
film according to the present invention, a surface of an
orientation film, which 1is formed on a substrate for
orientating liquid-crystal molecules, is rubbed in a
predetermined direction by using a rubbing material, and
thereafter ion beams are radiated onto the orientation film in
a vacuum from a direction different from the direction of
rubbing by the rubbing material and from obliquely above the

surface of the orientation film.
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orientation film unevenness of display arises to 20 dd} er i oPEPEACERe
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is case, thlgb83e§mentioned order of rubbing and
ion beam radiation may be reversed.

Further, in a method of orientation treatment of an
orientation film according to the present invention, ion beams
are radiated onto an orientation film, which is formed on a
substrate for orientating liquid-crystal rolecules, in a
vacuum from a direction substantially perpendicular to a
surface of said orientation film, and thereafter the surface of
said orientation film is rubbed by using a rubbing material.

Also, in this case, the above-mentioned order of
rubbing an ion beam radiation may be reversed.

By radiation of ion beams onto an orientation film, it
is possible to give orientation treatment to the orientation
film. The reason why the orientation treatment can be given in
this manner is that the surface of the orient;tion film is
improved by the ion beam radiation so that macromolecules
forming the orientation film are arranged in a predetermined
direction and ligquid-crystal molecules are orientated along
the macromolecules. Alternatively, a plurality of very small
channels are formed in the surface of the orientation film by
the sputtering due to the ion beam radiation so that ligquid-
crystal molecules are orientated along those small channels.

In this case, it was confirmed by experiments that if
the ion beams are radiated onto the surface of the orientation
film from obliquely above the surface, the degree ¢

orientation order becomes so large that the orientat.'n
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particles can be reduced. _ A met hod of orientlati onpEpeslifent

of an orientation film formed on a substrate for oHertaEH

| i qui d-crystal 5 nmol ecul es according to the present invention is

conpri sed of the steps of: rubbing a surface of the orientation

film and radi ati ng ion beans onto the orientation filmin a
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radiated onto the surface of the orientation film from the

~direction substantially perpendicular to the surface (that is,

from substantially just above the surface), the degree of
orientation order becomes so small that the orientation
directions of the liquid-crystal molecules become at random.

Therefore, if the ion beams are radiated onto the
cuvface of the orientation film from obliquely above the
surface as mentioned above, and the direction of rubbing is
made different from that of the ion beam radiation, the
orientation film can have two different orientation directions
so that mu}ti-domain orientation can be realized. As a result,
it is possible to widen the angle of the visual field of a
liquid-crystal display.

On the other hand, if the ion beams are radiated onto

the surface of the orientation film from the direction

substantially perpendicular to the surface, the orientation

film can be made to have random orientation directions, so that
the liquid-crystal molecules show random orientation.
Accordingly, the degree of 1light diffusion 1light becomes
strong. Consequently, it is possible to widen the angle of the
visual field of a liquid-crystal display. Although the pretilt
angle of the liquid-crystal molecules is small only by such

random orientation treatment with the ion beams radiation, the
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Accordingly, only a very small nunber of particles are : geneREPCACED
That is, the generation of particles can be reduced 15 | eotpartson———
with a conventional nethod where rubbing treatnment is carried

out twice. As aresult, for exanple, the factors to deteriorate the
characteristic of the |iquid-crystal display is reduced so t hat it

i s possible ﬁ?&?e e“%% of t e i Lal dIS

BRI EF DESCRIPIE‘%IténgOZX Dﬁ:é\ﬁ increased Oﬁ‘q h& &BHpan %. ent”

dr awi ngs; together. Fig. 1is a schenatlc view illustrating an

exanpl e of
In any method mentioned above, the rubbing treatment is

required to be carried out only once, and the orientation

5 treatment can be given to an orientation film without contact
at the time of ion beam radiation. Accordingly, a very small
number of particles are generated so that the production of
particles can be reduced in comparison with a conventional
method where rubbing treatment is carried out twice.

10 First, an embodiment in which multi-domain orientation
is realized by carrying-out rubbing treatment and ion beam
radiation upon an orientation film will be described.

Rubbing treatment upon an orientation film is carried
out, for example, by use of such an apparatus as shown in Fig.

15 1. This apparatus has a moving table 20 which moves in a
predetermined direction, for example, in the direction of arrow
A. A substrate 2 with-an orientation film to which orientation
treatment is to be given is placed on the table 20.

The substrate 2 with an orientation film is formed in

20 a manner so that a surface of a glass substrate 4 is covered
with an orientation film 6 formed from a high-molecule organic
'material such as polyimide in this embodiment. 1In addition to
polyimide, as the high-molecule organic meterial, polyamide,
polycarbonate, polyester, polysulfone and the like may be used.

25 In the case of constituting liquid-crystal display, a

transparent electrode of ITO (indium oxide doped with tin), or

Wi



an apparatus for giving rubbing treatnment to an orientati of

ah apparatus for radiating ion beamonto an orientation fi

— T .
Fig. 2 is a schematic viewillustratin éﬁﬁg Eéi néEEN
g | gl at" e T e

Fig. 3is a plan viewillustrating an exanple of the !relationship
bet ween the rubbing direction and the ion beam 5 radi ati on direction;
Fig. 4 is an enlarged view typically illustrating an
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the like, is formed between the glass substrate 4 and the
orientation film 6.

A rubbing material 22 is provided above the moving
table 20. When the moving table 20 is moved, for example, in
the direction of arrow A, the surface of the orientation film
6 of the substrate 2 with a orientation film is rubbed by this
rubbing material 22,

Although, the rubbing material 22 is wound on the outer
periphery of a roller 24 in the drawing which is constituted,
for example, by a rubbing cloth formed from nylon, rayon, or
the like, the rubbing material 22 may be a brush-like member,
or the like, formed of the same or similar material. The
rubbing material 22 in this embodiment is rotated in the
direction opposite to the moving direction of the moving table
20 as shown by the arrow B.

If the surface of the orientation film 6 is rubbed in
such a manner as mentioned above, a number of very small
channels 6a are formed in the surface of the orientation film
6 along the rubbing direction as shown as an enlarged view in
Fig. 4, that is, along the moving direction A of the substrates
with an orientation film shown in Fig. 1.

This itself is the same as the rubbing treatment
carried out conventionally, and in a liquid-crystal display
constituted by using such a substrate 2 with an orientation
film, liquid-crystal molecules are orientated along the

longitudinal direction of the channels 6a.
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exanpl e of the state where ion beans are radiated onto an 'ﬂ“SSHngﬁASBEEN
orientation filmafter the rubbing treatnent; and REFEACE D, o

a diagramillustrating an exanple of the 10 results of neasuring the
rel ati onshi ps between the radiation angl e of ion beans and the
degree of orientation order of an orientation film
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 Det ai | ed description
of the present invention will b descrjbed referri .
acconpanyi ng draw ngen beam radiation |gpto n’é*‘ﬁoc?%‘fe‘b‘??fe’rf?'ét &dﬁ"‘tr@at’ﬁent
gLr?gcgrgfné%%kggd out, for egaﬁgiordbgguggn%hgughegﬁn%ppg%% EEOQS %hown
in Fig. 2. This apparatus is provided in a not-shown vacuum
vessel, and has a holder 8 for holding the substrate 2 with an
5 orientation film to which orientation treatment is to be given.
In this embodiment, this holder 8 is made to be rotatable
centering a rotation shaft 10 as shown by the arrow C so that
a radiation angle ¢ of ion beams 14 onto the surface of the
orientation film 6 can be changed. An ion source 12 for
10 radiating the ion beams 14 toward the orientation film 6 of the
substrate 2 with an orientation film on the holder 8 and a
filament 16 for supplying electrons 18 to the orientation film
6 are proYided above the holder 8.
Preferably, ion beams of inert gas, for example, such
15 as helium, neon, argon, or the like, are used for the ion beams
14 so that the ions do not react with the orientation film 6 to
change the characteristic of the orientation film 6.

The acceleration energy of the ion beams 14 is not

limited specifically, and may be, for example, in a range of
20 about 100 eV to 500 eVv.

When the ion beams are radiated onto the orientation
film 6, preferably, the electrons 18 extracted f£from the
filament 16 are supplied tc the orientation film 6 to thereby
neutralize positive charges given by the ion beams 14. If the

25 positive charges given by the ion beams 14 are collected in the

surface of the orientation film 6, those positive charges
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orientation film which is fornmed on a substrate for 20 r THEBSRBER dHAS BEEN

| i qui d-crystal ol ecul es, is rubbed in a pr edet gr mi_ nd@EPLACED
direction by using a rubbing material, and t hereafter Ton beamns
are radiated onto the orientation filmin a vacuum from a direction
different fromthe direction of rubbi ng by the rubbing material and
fromobliquely above the 25 surface of the orientation film

In this Caseprévheentabt%ee 1610 tl'aeoanu?éj P4 dF{'omOfcéﬁlJPI% nglgfgg so as to make the

treatment of the orientation film 6 difficult or uneven, and,

further, those positive charges disturb the orientation of

- liquid-crystal molecules when liquid-crystal cells are formed

5 after the orientation treatment. Such troubles can be
prevented by the supply of electrons.

In the orientation treatment, first, the surface of the
orientation film 6 is rubbed in a predetermined direction with
the rubbing material 22 by using such an apparatus as shown in

10 Fig. 1, and thereafter by using such an apparatus as shown in
Fig. 2, the ion beams 14 are radiated onto the orientation film
6 to which the rubbing treatment has been carried out.
At this time, the radiation of the ion beams 14 is
carried out at a predetermined azimuth angle B relative to the
15 rubbing direction D of the rubbing material 22 (this is equal
to the moving direction A in Fig. 1) in the plane view, for
example, as shown in Fig. 3, so that the ion beam radiation is
carried out in the direction different from the rubbing
direction D. The reference letter E represents the radiation
20 direction of the ion beams 14. 1In addition, the radiation of
the ion beams 14 is carried out at a predetermined radiation
angle ¢ relative to the surface of the orientation film 6 in
the up/down view, for example, as shown in Fig. 4, that is, the
ion beams are radiated in the direction obliquely above the

25 orientation film surface.
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orientation treatnent of an orientation filmaccordin

present invention, ion beans 5 are radiated onto an orientation film
which is fornmed on a substrate for orientating |iquid-crystal

nol ecules, in a vacuum from a direction substantially

perpendi cular to a surface of said orientation film and thereafter
t he surface of saig orientation filmis rubbed by using a, rubbing
material . 10 The orjpatatipp | freatment mag vegi'ﬁéﬁgi ofk8d er

O o at obDohEE o, BRICATLAS 3L O AT B LA 5P % e son, begpesii ¢
to give origm_‘gt {:RQ 8&%35@29305%395 risgghatai f4nner as mentioned above.
The reason therefor is considered as follows. That is, the
5 surface of the orieﬁtation film 6 is improved by the radiation
of the ion beams so thaﬁ macromolecules forming the orientation
film 6 are arranged in a direction having a predetermined
relationship with the ion beam radiation direction E, for
example, arranged along the ion beam radiation direction E, and
10 liquid-crystal molecules are orientated along the
macromolecules. Alternatively, a plurality of very small
channels are formed in the surface of the orientation film 6
along the ’ion beam radiation direction E by sputtering due to
the ion beams radiated so that ]_.iquid-crystal molecules are
15 orientated along those small channels.

Therefore, by making the ion beam radiation direction
E and the rubbing direction D different from each other as
___degcribed above as shown by the azimuth angle 8 in Fig. 3, the
orientation film 6 has two orientation directions different
20 from each other. Accordingly, multi-domain orientation can be
realized. In that case, preferably, the radiation angle ¢ of

the ion beams 14 onto the orientation film surface is small.
One of the reasons therefore is as follows. As seen
from Fig. 4, the channels 6a, that is, irregularities are
25 formed in the surface of the orientation film 6 by the rubbing

treatment, and when the ion beams 14 is radiated in the

- 11 =~ . This Sheet Has Been Reilaced
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film The reason why the orientation treatnent can be given nnﬂé%HEETﬁA§§éEN‘

manner is that the surface of the orientation filmis | prgwed. by

the ion beamradiation so that macronol ecul es form ng=the—= ooz
orientation filmare arranged in a predeterm ned direction and

l'i quid-crystal nolecules are orientated al ong t he macr onol ecul es.
Alternatively, a plurality of very small 2 channels are forned in the

0
ourace ot E B EO bRty Bove e, ebiEatByLp. BOsE 5y, §iiasgha
21009 {105 GBI GRI I eams 14,md, e, n ek R RERphe SR tBARLMAERS
oo e o0 b B s M S BB PN B 2 R pe)
radiation is given only to the portion irradiated with the ion
5 beams 14. The orientation treatment has been given to the
channels 6a by the preceding rubbing treatment. Accordingly,
in order not to weaken the effect of the orientation treatment,
the ion beams 14 are made not to be incident on the bottom
portions of the channels 6a, as much as possible. It is
10 therefore preferable to make the radiation angle ¢ of the ion
beams 14 small.

The other reason is that the smaller the radiation
angle ¢ of the ion beams 14 is, the larger degree of
6rientation order can be obtained by the ion beam radiation.

15 Fig. 5 shows an example of the results of measurement of the
relationship between the radiation angle ¢ of the ion beams 14
and the degree of orientation order of liquid crystal. Herein,
the degree of orientation order means the percentage of the
liquid-crystal molecules orientated in the same direction, and

20 the value 1 in Fig. 5 designates 100 %. 1In addition, TN or STN
in the drawing shows that an orientation film for TN (twist
'nematic) mode or an orientation film for STN (super twist
nematic) mode was used as the orientation film 6. The
numerical values following TN and STN indicate energy of the

25 radiated ion beams 14. The results by the rubbing are also

shown in the drawing for the sake of comparison.
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arranged in the sane direction, and if the ion beans are raich At el
onto the surface of the orientation filmfromthe drfectron
substantially perpendicular to the surface (that is, 5 from
substantially just above the surface), the degree of orientation
order becones so small that the orientation directions of the

| i qui d-crystal nol ecul es becone at random
It is understood from this drawing that the smaller the

radiation angle ¢ of the ion beams 14 is, the larger the degree
of orientation order becomes. It is wunderstood that
particularly if the radiation angle ¢ is made to be smaller
5 than 30 degrees, it is possible to obtain a degree of
orientation order as large as that obtained by rubbing,
regardless of the kind of the orientation film 6 and the
intensity of the energy of the ion beams 14. The reason for
this can be considered that as the radiation angle ¢ of the ion
-10 beams 14 is made smaller, stronger orientation can be given to
the arrangement of high molecules forming the orientation film
6. Alternatively, the very small channels formed in the surface
of the orientation film 6 by the sputtering due to the ion beam
radiation become longer and narrower in the direction of the

15 ion beam radiation. .

As described above, if the radiation angle ¢ is made
smaller, the larger degree of orientation order can be obtained
by the ion beam orientation, and the effect of the orientation
treatment by rubbing is not reduced, so that it is possible to

20 realize more clear multi-domain orientation. Accordingly, the
allowable range of the radiation angle ¢ is in a range of 0° to
40°, and preferably is in a range of 20° to 30°.

According to this embodiment, multi-domain orientation
can be realized as mentioned above. As a result, the angle of

25 the visual field of a liquid-crystal display can be widened.
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without contact in the process of ion beam radiation.
Accordingly, the generation of particles is less, and hence it
can be reduced in comparison with a cdnventional method where
the rubbing treatment is carried out twice. As a result, for
example, the factors to deteriorate the characteristic of a
liquid-~crystal display are reduced, so that it is possible to
improve the yield of the liquid-crystal. display.

The order of the rubbing treatment and the ion beam
treatment in the above embodiment may be reversed. That is,
first, thg ion beams 14 are radiated onto the orientation film
6 at the radiation angle ¢ relative to the surface of the
orientation film 6, that is, in the direction obliquely above
the orientation £film 6. Thereafter, the surface of the
orientation film 6 irradiated with the ion beams is rubbed with
the rubbing material 22 at the predetermined azimuth angle 6
relative to the ion beam radiation angle E, that is, in the
direction D different from the ion beam radiation angle E (see
Fig. 3).

In the case of this method, the orientation treatment
in a predetermined direction is given to the whole surface of
the orientation film 6 by the above-mentioned action by the
preceding ion beam radiation, and thereafter a number of

channels 6a as mentioned above are formed in the surface of the
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Accordingly, the degree of light diffusion |ight becones TﬁﬁsyﬂgﬁmHAsgch i

Consequently, it is possible to widen the angle of the VISHQPLA@Eﬁ

of a liquid-crystal display. Al though the pretilt angEe=ot—th J
i quid-crystal nmolecules is small only by such 25 randon1or|entat|on
treatnment with the ion beans radiation, the

7 pretilt angle can be increased by using rubbing treatnment

t oget her.

orientation film 6 by the rubbing treatment. The formation of
the channels by the rubbing treatment is stronger than the
reformation of the orientation film surface or the formation of
very small channels by the ion beam radiation, so that liquid-
5 crystal molecules at the channels 6a are orientated along the
channels 6a while liquid-crystal molecules in the other
portions are orientated along the ion beam radiation direction
E.
- Therefore, also according to this method, multi-domain
10 orientation can be realized, so that the angle of the visual
field of a liquid-crystal display can be widened. In addition,
in the same manner as in the above-mentioned embodiment, the
production of particles can be reduced in comparison with a
conventional method where rubbing treatment is carried out
15 twice. ‘

It cannot be said that there is no fear that the
rubbing treatment following the ion beam radiation weakens the
effect of the orientation treatment by the ion beam radiation.
Therefore, it can be said that it is preferable to carry out

20 the rubbing treatment previously as in the previous embodiment.
Next; an embodiment which can realize- random

orientation by carrying-out ion beam radiation and rubbing

treatment upon an orientation film will be described.

The' ion beam radiation upon the orientation film 6 :s

25 carried out, for example, by using such an apparatus as shown
in Fig. 2. The radiation angle ¢ of the ion beams 14 1=,
- 15 -
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In any nethod nentioned above, the rubbing treatnent is 'ﬂﬂ%iggfggN%?EEN
be carried out only once, and the orientation 5 treat neni..ca -ACE

given to an orientation filmw thout contact at the time of 1on
beam radi ati on. Accordingly, a very snall nunber of particles are
generated so that the production of particles can be reduced in
conparison with a conventional nmet hod where rubbing treatment is
carried out_tw ce.
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~above). In such a manner, the degree of orientation order
5 obtained by the ion beam radiation becomes small as described
with reference to Fig. 5. That is, the orientation film 6 has
random orientation directions, so that liquid-crystal molecules
show random orientation to thereby increase the degree of light
" diffusion. Also by this, it is possible to widen the angle of

10 the visual field of a-iiquid-crystal display.

Only with such orientation treatment by the ion beam
radiation as mentioned above, the pretilt angle of the liquid-
crystal mglecules is small. It can be considered the reason
therefore is that such clear channels as formed by the rubbing

15 method in the surface of the orientation film 6 cannot be
formed by the ion beam radiation.

Therefore, in order to compensate for this, the surface
of the orientation film 6 irradiated with the ion beams is
rubbed by using a rubbing material. This is carried out, for

20 example, by using such an apparatus as shown in Fig. 1. In
this case, because the ion beams are radiated onto the
orientation film 6 substantially from Jjust above in the
preceding ion beam radiation with no directional property, the
direction of rubbing may be arbitrary.

25 A number of very small channels 6a, for example as

shown in Fig. 4, are formed in the surface of the orientation

- 16 - ' This Sheet Has Been R
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predet erm ned direction,

for exanple, in the direction of arfjoWiS SHEET HAS BEEN

A substrate 2 with an orientation filmto which orientation REPLACED
treatnment is to be given is placed on the table 20. The
substrate 2 with an orientation filmis forned in 20 a manner so that
a surface of a glass substrate 4 is covered with an orientation
filme6 formed froma hi gh-nol ecul e organic naterial such as
pol yi m de in . thi .addition to d as

hi gh- nol ecu&étla} g@mgg' %&f’esfl E}li’gbﬁgyé?ﬁqi’éfment‘ 156{) ‘g?g]o nels “6a,
pol yester,

constitutin

| TO (i ndium

10

15

20

25

diqid e e&@%?ag%‘& 3t 6 x10¢ iy the EnebBRLe Foacr
t%ékg%hQP%%lﬁgfgjéﬂdIE bécomes large. When the pretilt angle
is large, the direction in which the liquid-crystal molecules
rise upon appliéation of a voltage can be defined so accurately
that the characteristic of a liquid-crystal display becomes
superior.

Even if the rubbing treatment is carried out after the
random orientation treatment by the ion beam radiation as
mentioned above, it is possible to give orientation at random
on 1liquid-crystal molecules in the portion other than the
channels 6a. When the orientation film is subjected to only
the rubbipg treatment, orientation treatment is, though
weakly, given to the portion other than the channels
substantially in the same direction as in the channels. On the
other hand, in the case of the above embodiment, liquid-crystal
molecules in the porticn other than the channels 6a can be
orientated at random if random orientation treatment is given
in advance strongly but to an extent that the effect of the

random orientation treatment cannot be eliminate by the

succeeding rubbing treatment.

According to the method of this embodiment, random
orientation can be realized in such a manner as described
above. As a reéult, it is possible to widen the angle of the
visual field of a liquid-crystal display. In addition, in the

same manner as in any of the above embodiments, the generation

- 17 - ' This Sheet Has Been Rerlaced
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i
8 the like, is formed between the glass substrate 4 AndiSIEEET HAS BEEN

orientation film 6. A rubbing material 22 isjproviftRd-Aldve
the novi ng tabl e 20. When the noving table 20 is noved, for

exanple, in 5 the direction of arrow A, the surface of the
orientation film 6 of the substrate 2 with a orientation filmis
rubbed by this rubbing material 22. Al t hough, the

{ﬁbPngdPg&ﬁﬁgSéﬁﬁgﬁiﬁgmggﬁng?ﬁ% g;%&tﬁﬁ comparisg%raggir% %%ﬁ%éﬂ%ﬂ&%él?4
method where rubbing treatment is carried out twice.

The order of the rubbing treatment and the ion beam
radiation in the above embodiment may be reversed. That is,

5 first, the surface of the orientation film 6 is rubbed with the
rubbing material 22, and thereafter, the ion beams 14 are
radiated onto the surface of the orientation film 6
substantially in the direction perpendicular thereto.

In the case of this method, a number of very small

10 channels 6a as mentioned above are formed in the surface of the
orientation film 6 by the preceding rubbing treatment, and
thereafter random orientation treatment as mentioned above is
given by ion beam radiation. Also in this case, the pretilt
angle of liquid-crystal molecules becomes large in the channels

15 6a. Since the orientation treatment given by the preceding
rubbing treatment is weak in the portion other than the
channels 6a, if the random orientation treatment by the ion
beam radiation is carried out strongly enough to cancel the
effect of the orientation treatment by the rubbing treatment,

20 the liquid-crystal molecules in the portion other than the
channels 6a can be orientated at random.

Therefore, also in this method, it is possible to
realize random orientation, so that it is possible to widen the
angle of the visual field of a liquid-crystal display. In

25 addition, in the same manner as in any of the above

empbodiments, the generation of particles can be reduced in

- 18 -
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10 for exanple, by a rubbing cloth fornmed from nyl on, raJEE%%%fﬁEETHASBEEN

the like, the rubbing material 22 may be a brush-1ike nenber REPLACED ‘_J
the like, formed of the same or sinilar material. The rubbing
material 22 in this enbodinment is rotated in the direction opposite

to the noving direction of the noving table 15 20 as shown by the

arrow B. If the surface of the orientation film®6 is rubbed

in such a .manner, .gs nmentioned abqve, n er of ry snall

channel s 6a CHMPAEHAEN AEh b CimveRid ) methath iase) Fultidad Creatngnt

al ong the rubbing direction as shown as an enlarged viewin 20 Fig. 4,

that is, al d‘t?g ct%en?ﬁ) ioﬁlgt &"Pé:cﬁ‘i on A of- the substrates with an
orientation filmshowm in Fig. 1. This itself is the sanme

as the rubbing treatnent

This Sheet Has Been Replaced
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carri ed out

conventionally, and in a liquid-crystal display | THISSHEET HAS BEEN

constituted by using such a substrate 2 with an orientation [|25 RERUAGRD
liquid-crystal molecules are orientated along the rrongi tudi nat
direction of the channels 6a.

9

lon beamradiation onto the orientation film®6 is

carried out,

Fro. 2. Thi apparatus 16 provi dog ?ﬁcgﬁ&gﬁi&ﬁt324?@,},1}%,!””,,””min

WHAT IS CLAIMED 1IS:

1. ‘A method of orientation treatment of an orientation
film formed on a substrate for orientating liquid-crystal
molecules comprising the steps of:

rubbing a surface of said orientation film; and

radiating ion beams onto said orientation film in a

vacuum.

2. A method according to claim 1, wherein the surface
of said orientation film is rubbed in a predetermined
direction, and said ion beams are radiated from a direction
different from the direction of said rubbing and from obliquely

above the surface of said orientation film at a predetermined

irradiation angle.

3. A method according to claim 2, wherein said

predetermined irradiation angle is in a range of 0° to 40°.

4. A. method according to claim 3, wherein said

predetermined irradiation angle is in a range of 20° to 30°.

5. A method according to claim 1, wherein said ion
beams are radiated onto said orientation film in a vacuum from
a direction substantially perpendicular to the surface of sa:d

orientation film.

cet Has Been Replaced
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vessel ,

orientation filmto which orlentatlon treatrrent is to be given.
this enbodi ment, this hol der ” l tﬂﬁlﬂ“ tMat abl e centering a
rotation shaft 10 as shown by t

i on beans 14 onto the surface of the orientation film®é
can be changed. An ion source 12 for 10 radi ati ng the ion beans 14
toward the orientation film

orientdion filmon® theAhH'Ie&g‘PdBa&ﬁ&’rglng to ¢ 4 e £ RS %‘G’i!ﬁﬂ’ﬁlr@
electrgns 1 e o entati n f| | m are, prQV| ded above the
hol der the’stdp OF: uply; &9 E@éw%s gsgse P r GUBBLHHNS

[err] of

such 335
beans

4

g

and has a holder 8 for holding thé substrate 2 with nTHISSSHEET HAS BEEN
RECIACER

bstrate wi th an

el%%tlil%lnlsun%on%%riu J.Qntg{:lgrqe flfm or engggra.{féet pos.1 Nve

charges given by said radiating step.

7. A method of orientation treatment of an orientation
film formed on a substrate for orientating liquid-crystal
molecules comprising the steps of:

radiating ion beams onto said orientation film in a
vacuum; and

rubbing a surface of said orientation film.

8.__ A method according to claim 7, wherein the surface
of said orientation film is xrubbed in a predetermined
direction, and said ion beams are radiated from a direction
different from the direction of said rubbing and from obliquely

above the surface of said orientation film at a predetermined

irradiation angle.

—

9. A method according to claim 8, wherein said

predetermined irradiation angle is in a range of 0° to 40°.

10. A method according to claim 9, wherein said

predetermined irradiation angle is in a range of 20° to 30°.

This Sheet Has Been Rer

AR

- 21 -

a radiation angle



-

. . . . . THIS SHEET HAS BEEN
14 so that the ions do not react with the orientation film®6 Ho REﬁgﬁgED

change the characteristic of the orientation film 6.

to 500 eV. When t radi ated onto the
orientation film®o6, preferably, the electrons 18 extracted fromthe
filament 16 are supplied to the orientation film6. .to.thereby . <3 s
neutr al 26 posi t 1 velditar by B5C0RALAGN tReRHALE) 71 MHFRPIDsaid fon

205 0% oY, S BB AR FRER. BB b eE AR B acuum £con

accel eration energy of the ion b i limted
specifically, and may be, for exqmnﬁ, “!m:‘miﬂgi of 20 about 100 eV
C L S

surface” of e oriéntatlon rges
3 a direction substantially perpendicular to the surface of said
4 orientation film.
1 12. A method according to claim 7, further comprising

2 the step of: simultaneously to said radiating step, supplying

3 electrons to said orientation film to neutralize positive
4 charges given by said radiating step.

1 13. An apparatus of orientation treatment of an
2 orientation film formed on a substrate for orientating liquid-
3 crystal molecules comprising:

4 rubbing means for rubbing a surface of said orientation
5 film; and

6 radiating means for radiating ion beams onto said
7 orientation film in a-vacuum.

1 1l4. An apparatus according to claim 13, wherein said
2 rubbing means rubs the surface of said orientation film in a
3 predetermined direction, and said radiating mears radiates said
4 ion beams from a direction different from the direction of the
5 rubbing direction of said rubbing means and from obliquely
6 above the surface of said orientation film at a predetermined
7 irradiation angle.

This Sheet Has Been Replaced
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10 prevent the ion beams 14 fromcoming flying so a ﬂdsﬁwﬁﬁTTﬁssEEN
treatment of the orientation filmé6 difficult or uneven, and, REPLAT En______

further, those positive charges atlon of T
|'i qui d-crystal nol ecul es when Ii ﬂﬂﬂ“4 3 |ﬂ“ are forned 5 after
. . |

the orientation treatnent. es «<an prevent ed

by the supply of electrons. In the orlentation treat nent,
first, the surface of the orientation filme6 is rubbed in a

predet &rni ned direciPen #nt Apparatus @ﬁ§°rdéagn§0rr&tlénml422meg‘»%h
an apparatus as showp in ,10 Fig. 1, _and thereafter by u5|n% s an

appar aus aBrefghfrmined irradiation angle is in a range of 0°

1 16. An apparatus according to claim 16, wherein said

2 predetermined irradiation angle is in a range of 20° to 30°.
1 17. An apparatus according to claim 13, wherein said
2 ion beams are radiated onto said orientation film in a vacuum
3 from a direction substantially perpendicular to the surface of
4 said orientation film.
1 - 18. An apparatus according to claim 13, further
2 comprising electron supplying means for supplying electrons to
3 said orientation film to neutralize positive charges given by
4 said radiating means.
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Fig. .2, the ion beans 14 are radiated onto theZorientation fij THiS SHEET HAg BEEN
to which the rubbing treatment has been car @out. REPLACED
this tinme, the radiation of the ion beans 14 is carrred oot at a
predeterm ned azinmuth angle [err] relative to the 15 rubbi ng direction
D of the rubbing material 22 (this is equal to the noving direction
Ain Fig. 1) in the plane view, for exanpl e, as showmn in Fig. 3, so
that the ion beamradiation is carried out in the direction
different fromthe rubbing direction D. The reference letter E
represents the radiation 20 direction of the ion beans 14. In
addition, the radpati on gf the ion beans 14 is carried out at a

i angle [err] relative to the surface of the

predeterm ned ra ;i n
orientation fil m' |:'

22 8
6 @24
2{ ™
=14

—

I ]

T
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. . . (| THiS SHEET MAS BEEN
the up/down view, for exanple, as shown in . 4, that is, Hhe o ?&EPLACE!ES'-’” !
beans are radiated in the direction oblique bove the 25 —or+-entatd

filmsurface. 11

The orientation treatnment may be given to the orientation
film®6 even by the radiation of the ion beans 14 onto the
orientation film®6 such a manner as nenti oned above. The reason
therefor is considered as follows. That is, the 5 surface of the

orientation film ii.sai ngoved by the radiation
. .

\} A \l\Al\ A

-F?@Jf
| 'A 7 K///
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This Sheet Has Been Repl

Ml

1

|

I

I



GiS SHEET HAS BEEN

of the ion beans so that nmacronol ecul es foRnyhg the orientat' PLACED H
filme6 are arranged in a direction having &edetern‘i ned , RE 2
|

relationship with the ion beamradiation tion E, for exanpl e,
arranged along the ion beamradiation direction E, and 10

| i qui d-crystal nmol ecul es are orientated along the

macr onol ecul’es. Alternatively, a plurality of very small channel s
are formed in the surface of the orientation filmé®6 al ong the ion
beam radi ation direction E by sputtering due to the ion beans

radi ated so that liquid-crystal nolecules are 15 orientated al ong
those small channel s. Therefore, by nmaking the ion beam

radi ati on direction E and the rubbing direction D different from

each ot her as
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‘ | TH:S SHEET MAS BEEN.
descri bed above as shown by the azimuth angle [err] in Fig. 3', t he RepLACED

=4

orientation film®6 has two orientation directions different |

each other. Accordi ngly, multi-domain orientation can be realized.
In that.case, preferably, the radiation angle [err] of the ion
beans 14 onto the METROD 8F i GRIENTATION UTREATMENTS O ORIENTATION FILM One of

the reasons therANDOARPARATUSS OF GURIIENFATION TREATMENT OF ORIENTATION §ILM, the

channels 6a, that is, HWg&MMd in the.surface of
the orientation film 6 by th , and when the ion

beams 14 is radi ateICIil AL tqﬁlod and an apparatus of orientation treatment

of an orientation film according to the present invention, the

- surface of a orientation film formed on a substrate for

5 orientating 1liquid-crystal molecules is rubbed in a

predetermined direction. Thereafter ion beams are radiated

onto the orientation film in a vacuum in a direction different

from the rubbing direction, that is, in the direction ob]_.iquely

above the orientation film surface. In the method, these steps

10 can be reversed.

This Sheet Has B
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12 . direction obliquely above the surface, the porti REPLAaﬂlate¢r o
Mﬁth the ion beans 14 and the portion not irradiated therew|t
produced so that the orientation treatment by the ion beam Dau- 3(}APR E@ﬁ

radrfation is given only to the portion irradiated with the iten

beams 14. The orientation treatnment hads been given to the channel s
6a by the preceding rubbing treatment. ‘Accordingly, I n order not to
weaken the effec%‘h N GaABHNT OF ORIENTRrION PRaM® 1

are made not AXEA ‘oP iz RPTOR m?mmﬁobi" enimfm&@uchtmpl s
6a, as nuch as posg?ble WD 1 tﬁ%re ore preferable to make the

radi ation angle [err] of theHH@kGRQUND O AHE INVENTION
5 1. Field of the Invention
The present invention relates to a method of
orientation treatment of an orientation film, which is, for
example, used in manufacturing a liquid-crystal display, or the
like, and which is to carry out orientation treatment on an
10 orientation film for orientating liquid-crystal molecules in a
predetermined direction, and an apparatus therefor.
2. Description of the Related Art
A surface of a substrate is; conventionally, coated
with an orientation film consisting of a high-molecular organic
15 material such as polyimide in order to orientate liquid-crystal
molecules in a predetermined direction on the surface of the
substrate.
In this case, even if the surface of the substrate is
simply coated with the orientation film, the liquid-crystal
20 molecules cannot be disposed iﬁ a predetermined direction but
they are arranged merely in parallel with the surface of the
substrate.
Therefoie, conventionally, the surface of the
orientation film is rubbed mechanically in a predetermined
25 direction with a rubbing cloth formed from nylon, rayon, or the

like, so that orientation treatment is given thereto to thereby



The-other reason is that the snmaller the radiation rﬁﬁRL{jHrJ Cﬁ ;;f

d
the ion beans 14 is, the |I|arger degree of _ orienthtion gégggR 5 “
bé obtained by the ion beamradiation. 15 Fig. 5 shows dm&ex QIvsv . !
the*results of neasurenent of the rel ati onshi p bet weerthe ”
radi ation angle [err] of the ion beaa§.14 and the degree of
orientation order of liquid crystal Her ein, t he degree of
orientation e L gui,d3
nmol ecul es oFﬁ%%fa @Fi&ﬁuéﬁﬁcQgr |§%§F§%&g§ b afaanghdggg 5§Fyéifecﬁiﬁp
S designat eg, £1Q0pBingn addition, TN or STN . in the drawi ng shows
that an orientation filmfor TN (twi st nemati c) node or an

orientation film fO'FuSE'He(rSUpﬁ{ bplsk to wideRCWRd CangPde ofastiisedidaalhe
orientation film6.
- field of a liquid-crystal display, the surface of one
5 orientation film is rubbed twice in different directions by
using such a rubbing cloth as mentioned above so as to carry
out orientation treatment which enables so-célled multi-domain
orientation. The multi-domain orientation means that
liquid-crystal molecules are orientated in two directions.
10 With such multi-domain orientation, the angle of the visual
field can be widened while the contrast decreases.

In such a method in which rubbing is carried out twice
to thereby widen the angle of the visual field, however,
particles.(dusts) are generated every time when the rubbing is

15 carried out. Thus, a large hﬁmber of particles are generated
to cause a problem that such particles deteriorate the
characteristic of a liquid-crystal display to thereby reduce
the yield. For example, if particles are generated and adhere
to an orientation film, unevenness of display arises to

20 deteriorate the quantity of display, or an electrically

shortcircuiting place is generated.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
25 method and an apparatus of orientation treatment of an

orientation film in which the anglé of the visual field of a



nunerical values fol lowing TN and STN indi cate energy of thd REP_ACEML T GHEE
radi ated i on beans 14. The results by the rubbing are al so
ih the drawing for the sake of conpari son.

13 *
t he
degree

10

15

20

25

T
1

wiae s

shown !

It is understood fromthis draw ng that—the-srater———-—-

radi ation angle [err] ofgihe ion beans 14 is, the larger the

of orientation order becones. It 1s wunderstood that

parti cul arl y i, ddie Al A | QB8 Cchi’ bb WidBia ! bt ' béheration of

particles can be reduced.

A method of orientation treatment of an orientation
film formed on a substrate for orientating liquid-crystal
molecules according to the present invention is comprised of
the steps of: rubbing a surface of the orientation film; and
radiating ion beams onto the orientation film in a wvacuum.
Alternatively, in the method according to the present
invention, the rubbing step and radiating step can be reversed.

According to the method and apparatus according to the
present invention, orientation treatment can be gi#en to the
orientation film without contact in the ion beam radiation.
Accordingly, only a very émall. number of particles are
generated. That is, the generation of particles can be reduced
in comparison with a conventional method where rubbing

treatment is carried out twice. As a result, for example, the

factors to deteriorate the characteristic of the liquid-crystal

display is reduced, so that it is possible to improve the yield

of the liquid-crystal display.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings;
Fig. 1 is a schematic view illustrating an example of
an apparatus for giving rubbing treatment to an orientation

film;
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5 - than 30 degrees, it is possible to obtain a degree

orientation order as large as that obtained by rubbing, r eg@idhBR sig36
of the kind of the orientation film#6é and the i nt ensjtRA S fHa T
energy of the ion beanms 14. The reason,for this can be conS|dered
that as the radiation angle [err] of th@-lon 10 beans 14 is made

smal | er, stronger orientation can be given to t he arrangenent of

090 olesul o (o8 1% 0L RUARAARL Ve 11ugpSppEpe R RARRE K ¢
2 10 SPULFIAREEHE el S1aERYT Lon, pen!SHLEL 4T oRERER B1O% )

As described above,p -| tfle gagl g&aﬁnv%qm ﬁ{gdb]i it ,{%dgn examplesg?.l |t‘f1r

the | arger degree of rlen at1ron order can ne
- relationship between the rubbing direction apd the ion beam

5 radiation direction;

Fig. 4 is an enlarged view typically illustrating an
example of the state where ion beams are radiated onto an
orientation film after the rubbing treatment; and

Fig. 5 is a diagram illustrating an example of the

10 results of measuring the relationships between the radiation
angle of ion beams and the degree of orientation order of an

orientation film.

DETAILED DESCRIPTION OF THE INVENTION
15 Detailed description of the present invention will be
described referring to the accompanying drawings.

In a method of orientation treatment of an orientation
£ilm according to the present invention, a surface of an
orientation £ilm, which is formed on a substrate for

20 orientating liquid-crystal molecules, is xubbed in a
predetermined direction by using a rubbing material, and
thereafter ion beams are radiated onto the orientation film in
a vacuum from a direction different from the direction of
rubbing by the rubbing material and from obliquely above the

25 surface of the orientation film..



by the ion beamorientation, and the effect of the orlentatl@n~£37mw'.“m
treatnent by rubbing is not reduced, so that it is possibl to 2
real i ze more clear multi-domain orientation. Accordi ngly, j

u ..............................

n l—rJ

al | owabl e range of the radiation angle [®rr] is in a range
40[err], and preferably is in a range of~20 to 30[err].
According to this enbodi nent, nulti-donmain orientation can be

realized as mentiongg eﬂﬁgecas £né Db ve-hdRt fOREE SfdeR%f rubBenyi snal

field of a liquid-crystal display can be w dened.
14 ion beam radiation may be reversed.

Further, in a method of orientation treatment of an

orientation film according to the present invention, ion beams

5 are radiated onto an orientation film, which is formed on a
substrate for orientating liquid-crystal molecules, in a
vacuum from a direction substantially perpendicular to a
surface of said orientation £ilm, and thereafter the surface of
said orientation film is rubbed by using a rubbing material.

10 Also, in this case, the above-mentioned order of
rubbing an ion beam radiation may be reversed.

By radiation of ion beams onto an orientation film, it
is possible to give orientation treatment to the orientation
film. The reason why the orientation treatment can be given in

15 this manner is that the surface'of the orientation film is
improved by the ion beam radiation so that macromolecules
forming the orientation film are arranged in a predetermined
‘direction and liquid-crystal molecules are orientated along
the macromolecules. Alternatively, a plurality of very small
20 channels are formed in the surface of the orientation film by
the sputtering due to the ion beam xadiation so that liquid-
crystal molecules are orientaﬁed'along those small channels.

In this case, it was cbnfirméd by experiments that if

the ion beams are radiated onto the surface of the orientation
25 film from obliquely above the surface, the degree of

orientation order becomes so large that the orientation



REF reat ment -

I n addi tion, according to the above nethod, the rubbing

is required to be carried out only once, and the ori nt atlcg\Q APR 1995 _
treatnment can be given to an orientation film wi t houtl_Sontaet ra
t hee process of ion beamradiation. 5 Accordingly, the generation of
particles is |less, and hence it : be reduced in conparison with a
convent i onal nethod where the rubbing treatnent is carried out

tw ce. fo I d ri t

char act erl f"ir%%ofl siops' °bf thef q'cIaIr) y;%?ﬁt&a' 2{38/%31} Iiea%r e%%%ecf&; g %tc’ ha?e
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the above eghedi@@Ntiof®y PRe’ RWEfaE dJPakhkS.orientation film from the
~direction subéténtially perpendicular to the surface (that is,

5 from substantially just above the surface), the degree of

orientation order becomes so small that the orientation
directions of the liquid-crystal moléc‘ules become at random.

Therefore, if the ion beamé are radiated onto the
surface of the orientation film- from obliquely above the

10 surface as mentioned above, and the direction of rubbing is
made different from that of the ion beam radiation, the
orientation film can have two different orientation directions
so that mu}ti-domain orientation can be realized. As a result,
it is possible to widen the angle of the visual field of a

15 liquid-crystal display.

On the other hand, if the io.n'-beams are radiated onto
the surface of the "orientation film from the direction
substantially perpendicular to the. surface, the orientation
film can be made to have random orientation directions, so that

20 the liquid-crysta; molecules show random orientation.
Accordingly, the degree of 1light diffusion light becomes
strong. Consequéntly, it is possible to widen the angle of the
visual field of a liquid-crystal display. Although the pretilt
angle of the liquid-crystal molecules is small only by such

25 random orientation treatment with the ion beams radiation, the
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first, the ion beans 14 are radi ated onto the orientation fflh1'm~5”' 6 at- -

the radiation angle [err] relative to the surface of the 5 1996,
orientation film®6, that is, in the direction obliquely abo FDaN: ........... Eﬁe 4J
orientation film 6. Thereafter the surface of the —orrentati on
filmo6 irradiated with the ion beans is r@bbed with t he rubbing
material 22 at the predeterm ned azi nuth angle O. relative to the
ion beamradiation angle E, that is, in the 20 direction D different
fromthe i opre&aatr aan@)eeoﬁaangbe En@;@@sed by usipg3yubbing treatment
In the case of this nethod, the orientation treatnent in a
predeternin&&géﬁPSGPion Is given to the whole surface of t he
orientation film®6 by the above-nentioned actlon b recedip

i on beam radi ati on, Xa%HYEWﬁﬁQQH mentionadab the' 2 rubblng trehtment 18

required to be carried out only once, and the orientation

5 treatment can be given to an orientation film without contact
at the time of ion beam radiation. Accordingly, a very small
number of particles are generated so that the production of
particles can be reduced in bomparison with a conventional
method where rubbing treatment is carried out twice.

10 First, an embodiment in which multi-domain orientation
is realized by carrying-out rubbing treatment and ion beam
radiation upon an orientation film will be described.

qubing treatment upon an orientation film is carried
out, for exemple,_by use of such an apparatus as shown in Fig.

15 1. This apparatﬁs has a moving table 20 which moves in a
predetermined direction, for example, in the direction of arrow
A. A substrate 2 with an orientation film to which orientation
treatment is to be given is placed on the table 20.

The substrate 2 with an orientation film is formed in

20 a manner so that a surface of a glass substrate 4 is covered
with an orientation film 6 formed from a high-molecule organic
material such as polyimide in this embodiment. In addition to
polyimide, as the high-molecule organic material, polyamide,
polycarbonate, polyester, polysulfone and the like may be used.

25 In the case of constituting liquid-crystal display, a

transparent electrode of ITO (indium oxide doped with tin), or
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channel s 6a as nentioned above are fornmed in the surface of‘the - PN b_k
15 orientation filmé6 by the rubbing treatnent. The‘fornatlon ﬁ&
the channels by the rubbing treatnment is stronger than the || Daie:. 0.APR 1996 .

it

reformation of the orientation filmsurfage or the fornatioh=€? ==
very small channels by the ion beamradi ation, so that |iquid- 5
crystal nol ecul es at the channel s 6a are orientated al ong the

channel s 6auhi ly3ud auid A HOLGEM St 410! Bebstrate 4PBRH e

are orientat ong the ion I on d
orientation film 6.

A rubbing material 22 is provided above the moving

table 20. When the moving table 20 is moved, for example, in

5 the direction of arrow A, the surface of the orientation film
6 of the substrate 2 with a orientation film is rubbed by this
rubbing material 22.

Although, the rubbing material 22 is wound on the outer

periphery of a roller 24 in the drawing which is constituted,
10 for example, by a rubbing cloth fofmed.from nylon, rayon, or

the like, the rubbing material 22'may be a brush-like member,

or the like, formed of the same or similar material. The

rubbing m;terial 22 in this embodiment is rotated in the

direction opposite to the moving direction of the moving table
15 20 as shown by the arrow B.

If the surface of the orientation film 6 is rubbed in
such a manner as mentioned above, a number of very small
channels 6a are formed in the surface of the orientation film
6 along the rubbing direction as shown as an enlarged view in

20 '~ Fig. 4, that is, along the moving direction A of the substrates
with an orientation film shown in Fig. 1.

This itself is the same as the rubbing treatment
carried out conventionally, and in a liquid-crystal display
constituted by using such a substraﬁe 2 with an orientation

25 film, 1liquid-crystal molecules are orientated along the

longitudinal direction of the channels 6a.
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E - Therefore, also accordi-ng to this nethod| #dilti-domaia .20 I
10 orientation can be realized, so that the angle of thg visugl I
field of a liquid-crystal display can be w dened. In additi rDmeL.JlARﬁu&Qﬁ:;ﬁ
t hessanme manner as in the above-nentioned enbodi nent, the -
production of particles can be reduced ingconparison with a
conventional nethod where rubbing treatnemt is carried out 15 tw ce.

It cannot be said that there is no fear that the rubbi ng treat nent
followi ng the ion bgam rbeamt iradiatdlosnsonhteé the oriehtationf fhkm 6 is
orientation treatnent by the ion beamradiation. Therefore, it can
be sai d thatcairtriiesl putf,erfdy etampds,r byuising such an apparatus as shown

in Fig. 2. This apparatus is provided in a not-shown vacuum
vessel, and has a holder 8 for holding the substrate 2 with an
5 orientation film to which orientation treatment is to be given.
In this embodiment, this holder 8 is made to be rotatable
centering a rotation shaft 10 as shown by the arrow C so that
a radiation angle ¢ of ion beams 14 onto the surface of the
orientation filin 6 can be changed. An ion source 12 for
10 radiating the ion beams 14 toward thé orientation film 6 of the
substrate 2 with an orientation film on the holder 8 and a
filament 16 for supplying electrons 18 to the orientation film
6 are provided above the holder 8.
Preferably, ion beams of inert gas, for example, such
15 as helium, neon, argon, or thé like, are used for the ion beams
14 so that the ions do not react with the orientation film 6 to
change the characteristic of the orientation film 6.
The acceleration energy of the ion beams 14 is not
limited specifically, and may be, fo; example, in a range of
20 about 100 eV to 500 ev. |
When the ion beams are radiated onto the orientation
film 6, preferably, the electrons 18 extracted from the
filament 16 are supplied to the oriéntation film 6 to thereby
neutralize positive charges given by the ion beams 14. 1If the
25 positive charges giQen by the ion beams 14 are collected in the

surface of the orientation film 6, those positive charges



20 - . the rubbing treatnment previously as in the previous e

Next, an enbodinment which can realize random orji ent at%ﬁnmiw 5996
carrying-out ion beamradiation and rubbing t reat ment|| Hegh-am- T
orientation filmw Il be descri bed. The ion b rom
upon the orientation filmé6 is 25 catli ed out, for exanple, by using

such an apparatus as shown in Fig. 2. The radiation angle [err] of
the ion be evéntSthe ion b S0 as to
gegeams 14 grOHECIOlngbgmgl%g ma¥e the

however, to about 90 rees
treatment of the orientation film 6 difficult or uneven, and,
further, those positive charges disturb the orientation of
- liquid-crystal molecules when liquid-crystal cells are formed
5 after the orientation treatment. Such troubles can be
prevented by the supply of electrons.

| In the orientation treatment, first, the surface of the
orientation film 6 is rubbed in a predetermined direction with
tho rubbing material 22 by using such an apparatus as shown in
10 Fig. 1, and thereafter by using such an apparatus as shown in
Fig. 2, the ion beams 14 are radiated onto the orientation film

6 to which the rubbing tréatment has been carried out.
Ap this time, the'radiation of the ion beams 14 is
carried out at a predetermined azimuth angle & relative to the
15 rubbing direction D of the rubbing material 22 (this is equal
to the moving direction A in Fig. 1) in the plane view, for
example, as shown in Fig. 3, so that the ion beam radiation is
lca;ried out in the direction different £from the rubbing
direction D. The reference létter E represents the radiation
20 direction of the ion beams 14. In addition, the radiation of
the ion beams 14 is carried out at a predetermined radiation
angle ¢-relative to the surface of the orientation film 6 in
the up/down view, for example, as shown in Fig. 4, that is, the
ion beams are radiated in the direction obliquely above the

25 orientation film surface.



radiated onto the orientation filmsurface in the direction
substantially perpendicular thereto (that is, from al nost g Xﬁé 5
mmed eQ

In such a manner, the degree of orientation order 5 ob RS
i on-beam radi ati on becones small as descri bed wi t h rlefFereree=to
Fig. 5. That is, the orientation film6 bhhs random ori entation

di rections,
orientation to thereby increase the degree of

so that liquid-crystal nolecules show random

di ffusion. Al so

ht
by this, it is possiite oHiontRkione LRgpiment %lay hee Wga%l foel ¢h& a

| i qui d-crystaj

treat ment REiRL

angl e of the I|
consi dered ¢
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20

25

entati

i d- lecules is small. It can he
Oc?lrientatlon yéxt.fm Em such a manner as ment(J;.one above.

The reason therefor is considered as follows. That is, the

surface of the orientation film 6 is improved by the radiation

of the ion beams so that macromolecules forming the orientation

film 6 are arranged in a direction having a predetermined
relationship with the ion beam radiation direction E, for
example, arranged along the ion beam radiaﬁion direction E, and
liquid-crystal n‘xolecules' are orientated along the
macromolecules. '_Alternatively, a plurality of very small
channels are formed in the surface of the orientation film 6
along the ion beam radiation direction E by sputtering due to
the ion beams radiated so that liquid-crystal molecules are
orientated aloxig thoSe small channels.

Therefore, by making the ion beam radiation direction
E and the rubbing direction D different from each other as
described above as shown by the azimuth angle 6 in Fig. 3, the
orientation film 6 _has. two orientation directions different
from each other. Accordingly, multi-domain orientation can be
realized. In that case, preferably, the radiation angle ¢ of
the ion beams 14 onto the orientation film surface is small.

One of the reasons therefore is as follows. As seen
from Fig. 4, the channels 6a, that is, irreqularities are
formed in the sui'face of the orientation film 6 by the rubbing

treatment, and_ when the ion beams 14 is radiated in the

i S&P%eﬁﬂm 6 even, by; é‘h%#yaggqt'%ﬂs‘?gﬁ?%g{% BovBn gﬁémﬁr &k I t



therefore is that such clear channels as formed by the r ubb
nmethod in the surface of the orientation film6 cannot be

REPRACEMENT SHEET

cotsrpadL A8, 9.

the i on beam radi ati on. Therefore, in order t

for*this, the surface of the orientation film®6 irra F=th
I on beans is rubbed by using a rqﬁbing material. This is carried
out, for 20 exanpl e, by using such an apparatus as shown in Fig 1.

I n e ion,beans are rqﬁ{ated onto t

o ent at | on A FBRESE, gbIEERRTY, HREvEo LR U §reld {ffadiated
| on peam 1 adiBh! Rettol Beafl’ FF'ARIAnE ALy AOE ixradiardh EfLLER. O

rubbi ng may b€ ar trar

6a, for exagyaepeaduced so ShRUM:hE &t fenfatfbfi LPLEBRChE bYCLrY’ 167 bl

the orienta
radiation is given only to the portion irradiated with the ion

5 beams 14. The orientation treatment has been given to the
channels 6a by the preceding rubbing treatment. Accordingly,
in order not to weaken the effect of the orientation treatment,
the ion beams 14 are made not to be incident on the bottom
portions of the channelsl 6a, as much as possible. It is

10 therefore preferable to make the radiation angle ¢ of the ion
beams 14 small.

The other reason is that.the smaller the radiation
angle ¢ ‘pf the ion beams 14 -is, the larger degree of
orientation order can be obtained by the ion beam radiation.

15 Fig. 5 shows an example of the results of measurement of the
relationship between the radiation angle ¢ of the ion beams 14
and the degree of orientation order of liquid crystal. Herein,
the degree of orientation order means the percentage of the
‘liguid-crystal molecules orientated in the same direction, and

20 the value 1 in Fig. 5 designates 100 %. In addition, TN or STN
in the drawing shows that an orientation film for TN (twist
nematic) mode or an orientation film for STN (super twist
nematic) mode was used as the orientation film 6. The
numerical values following TN and STN indicate energy of the

25 radiated ion beams 14. The results by the rubbing are also

shown in the drawing for the sake of comparison.
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filmé6 by this rubbing treatment. Wth such chRriHEtHCEHIZHT SHEET

| i quid-crystal nolecules are apt to rise in the channels 6a,l{so
that the pretilt angle becones |arge. Wen the pretilt angl e Da‘@f-aﬂ-é-gg--lggﬁ -----

| ar ge,

the direction in which the Iiquid-crystal nolecul es 5 rise

upon application of a voltage can be defih®d so accurately that the
characteristic of a liquid-crystal display becones superi or

10

15

20

25

It is understood from this drawing that the smaller the
radiation angle ¢ of the ion beams 14 is, the larger the degree
of orientation oxrder becomes. It 1is understood that
particularly if thelradiation angle ¢ is made to be smaller
than 30 degrees, it is possible to obtain a degree of
orientation order as large as that obtained by rubbing,
regardless of the kind of the orientation f£film 6 and the
intensity of the enérgy of the ion beams 14. The reason for
this can be considered that.aé the radiation angle ¢ of the ion
beams 14 is made smaller, stronger orientation can be given to
the arrangement éf high molecules forming the orientation film
6. Alternatively, the very small channels formed in the surface
of the orientation film 6 by the sputtéring due to the ion beam

‘radiation become longer and narrower in the direction of the
ion beam radiation.

As descfibed above, if the radiation angle ¢ is made
smaller, the largé: degree of orientation order can be obtained
by the ion beam orientation, and the effect of the orientation
treatment by_rubbing is not reduced, so that it is possible to
realize more clearzmulti—domain orientation. Accordingly, the
allowable range of the radiation angle ¢ is in a range of 0° to
40°, and-preferably is in a range of .20° to 30°. |

According to this embodiment, multi-domain orientation
can be realized as mentioned above. As a result, the angle of

the visual field of a liquid-crystal display can be widened.
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Even if the rubbing treatment is carried out after the REPANGSMEIT SKEET
orientation treatnent by the ion beamradiation as 10 ntlongQ)ﬁpRvEﬂﬁ
it is possible to give orientation at random on |i quf #a& ystab---- 5

nol ecul es in the portion other than the 14 channel s 6a. — Wien the
orientation filmis subjected to only ~.. the rubbing treatnent,
orientation treatnent 1is, though weakl y, given to the portion

other than the Chanrﬁléddilémn, SEEBER NG ald Bth'e”ai)B@esﬁé’Ehd&r e@ﬁé%msm@
the channels. On th t her han in the case of the above

enbodi ment, t}:éﬂt'inénﬁr Uit ai'equz.red £BDIRE W gBrid! BatPWH1PnoAtES! andanthde
channel s 6a can be orientated at randomif random orientation

treatment i§rgbM€Ation tredtherlyapad Shé 0gdvenbUtot @mnoexéfBAtiBAl £ilkm
effect of the 20 random orientation treatnment cannot be elimnate
by the . without contact in the process of ion beam radiation.

5 Accordingly, the generation of particles is less, and hence it
can be reduced in comparison with a cdnventional method where
the rubbing treatment is carried out twice. As a result, for
example, the factors to deteriorate the characteristic of a
liquid-crystal displ&y are reduced, so that it is possible to

10 improve the yield of the liquid-crystal display.

The order of the rubbing treatment and the ion beam
treatment in the above embodiment may be reversed. That is,
first, thg ion beams 14 are radiated onto the.orientation film
6 at the radiation angle ¢ relative to the surface of the

15 orientation film 6, that is, in the direction obliquely above
the orientation film 6. Thereafter, the surface of the
orientation film 6 irradiated with the ion beams is rubbed with
the rubbing material 22 at the predetermined azimuth angle 6.
relative to the ion beam radiation angle E, that is, in the

20 direction D different from the ion beam radiation anéle E (see
Fig. 3). |

| In the case of this method, the orientation treatment
in a predetermined direction is given to the whole surface of
the orientation film 6 by the above%mentioned action by the

25 preceding ion beam radiation, and thereafter a number of

channels 6a as mentioned above are formed in the surface of the



suceeedi ng rubbing treatnent. According to t b RERAAREMEHT SHEET

t hi s enbodi nent, random orientation can be realized Jjn suc

nmanner as descri bed above. As a result, it is possi K3 1’&’%81%%%7\@96 -----
the®angle of the 25 visual field of liquid-crystal dispray. 1Tn
addition, in the sanme manner as i.Jd.any of the above enbodi nents,

t he generation ' 18 of

particles g3 peatadhc ¥d 1m 6CBFPRALSPOLYIhG 8reabHent.0oNehe formation of
the channels by the rubbing treatment is stronger thﬁn the
reformation of the.orientation film surface or the formation of
very small channels by the ion beam radiation, so that liguid-
5 crystal molecules at the channels Sa'axe orientated along the
channels 6a whiie_ liquid-crystal molecules in the other
portions aie orientated along the ion beam radiation direction
E.
Therefore, also according to this method, multi-domain
10 orientation can be realized, so that the angle of the visual
field of a liquid-crystal display'cah be widened. In addition,
in the same manner as in the above-mentioned'embodiment, the
production of particles can be reduced in comparison with a
conventional method where rubbing treatment is carriéd out
i5 twice.
It cannoﬁ be said that there is no fear that the
rubbing treatment following the ion beam radiation weakens the
_efiect of the orientation treatment by the ion beam radiation.
Therefore, it can be said that it is preferable to carry out
20 t..e rubbing treatment previously as in'the previous embodiment.
Next, an embodiment which; can realize random
orientation by carrying-out ion beam radiation and rubbing
treatment upon an orientation film will be described.
The ion beam radiation upon the orientation film 6 is
25 carried out, for example, by using such an apparatus as shown

in Fig. 2. The radiation angle ¢ of the ib6bn beams 14 is,



met hod where rubbing treatnment is carried out twi ce. REPLACEMEMNE SHEET

order of the rubbing treatnent and the i on beam radijati on

above enbodi nent may be reversed. That is, 5 first, t eD§Wﬁ§L@éﬁ§§ﬁ¥@ -----
theorientation film®6 is rubbed with the rubbi ng matertat 22, —and
thereafter, the ion beans 14 are odiated onto the surface of the
orientation film®6 substantially in the direction perpendicul ar

t her et o.

100 Conanhereves: oot ABEuER S0, Undthds bl b "R bty 44 8!
or i ent at | on§ kg1 Babkethe HECE BRCAVPBENG

li\‘f?é c aﬂﬂ the direction
thereafter randomorientation trea as nmenti oned above iS gl ven

P o, Sk SPORER LAY pebfoldlautaer iR tidkor o, £20H aflone
~above). 1In such a manner, the degree of orientation order
5 obtained by the ion beam radiation becomes small as described
with reference to Fig. 5. That is, fhe orientation f£ilm 6 has
random orientation directions, so that liquid-crystal.molecules.
show random o;ientation to thereby increase the degree of light
| diffusion. Also by this, it is possible to widen the angle of
10. the visual field of a liquid-crystal display.

Only with such orientation treatment by the ion beam
radiation as mentioned above, the'pfétilt angle of the liquid-
crystal mglecules is.small. It can be considered the reason
therefore is that such clear channels as tormed by the rubbing

15 method in the surface of the oriéntation £ilm 6 cannot be
formed by the ion heém radiation;

Therefore, in order to compensate for this, the surface
of the orientation film 6 irradiated with the ion beams is
rubbed by using a rubbing material. This is 'carried out, for

20 example, by using such an apparatus as shown in Fig. 1. 1In
this case, because the ion beams are radiated onto the
orientation film 6 substéntially. from just above in the
preceding ion beam radiation with no directional property, the
direction of rubbing may be arbitrary.

25 A number of very small channels 6a, for example as

shown in Fig. 4, are formed in the surface of the orientation
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15 - 6a. Since the orientation treatment given by the preteﬁﬁ?ﬁ?“”x“”'““““
rubbing treatnment is weak in the portion other than the Dmghaﬁhépg 1986 |
6a, if the randomorientation treatnent by the ion beam-radid e Y a AR l
is Carried out strongly enough to cancel e effect of the
orientation treatnment by the rubbing tre nt, 20 “the liquid-crystal
nol ecul es in the portion other than the channel s 6a can be
orientated fiflmf a8d®R this rubbing trddtméntle, WieR istuchhi ShakhdDd, 6al, i S
possible to realize randomorientation, so that it is possible to
wi den the liquid-arygtabmdleculienialre apitdtof riséi imithe rgldmiell Ha a0
In 25 addition, in the sane mnner as in any of the above

enbodi nent sshathethgerpretti bin arighbarbécdmes charge. r edhendthe pretilt angle
is large, the direction in which the liquid-crystal molecules
5 rise upon application of a voltage can be defined so accurately
that the characteristic of a liquid~crystal display becomes

superior. |

Even if the fubbing treatment is carried out after the
random orientation treatment by the ion beam radiation as

10 - mentioned ébove, it is possible to give orientation at random
on liguid-crystal molecules in the portion other than the
channels 6a. When the orientation film is subjected to only
the rubbing treatment, orientation treatment is, though
weakly, given to the portion other than the channels

15 substantially in the same direction as in the channels. On the
other hand, in the case of the above embodiment, liquid-crystal
molecules in the portion other than the channels 6a can be

_ driéntated at random if random orientation treatment is given
in advance strongly but to an extent that the effect of the

20 random orientation treatment cannot be eliminate by the
sucdeeding rubbing treatment.

According to the method of this embodiment, random
orientation can be realized in such a manner as described
above. As a result, it is possible to widen the angle of the

25 visual field of a liquid-crystal display. In addition, in the

same manner as in any of the above embodiments, the generation
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of particles éan be reduced in compariéon with a conventional
method where rubbing treatment is carried out twice.

The order of the rubbing treatment and the ion beam
radiation in the above embodiment may be reversed. That is,

5 first, bthe surface o_f the orientatidn film 6 is rubbed with the
rubbing material 22, and thereafter, the ion beams 14 are
radiated onto the surface of the orientation £film 6
substantially in the direction perpendicular thereto.

In the case of this method, a number of very small

10 channels 6a as mentioned above are formed in the surface of the
orientation film 6 by the preceding rubbing treatment, and
thereafter random orientation treatment as mentioned above is
given by %on beam radiation. Also in this casé, the pretilt
angle of liquid-crystal molecules becomeé large in the channels

15 6a. Since the orientation treatment given by the preceding
rubbing treatment is weak in the portion other than the
channels 6a, if the random orientation treatment by the ion
beam radiation is carried out strongly enough to cancel the
effect of the orientation treatment by the rubbing treatment,

20 the liquid-crystal molecules in the portion other than the
channels 6a can be orientated at random.

Therefore, also in this method, it is possible to
realize random orientation, so that it is possible to widen the
angle of the visual field of a liquid-crystal display. In

25 addition, in the same manner as in any of the above

embodiments, the generatioh of particles can be reduced in



1 - 1. A nmethod of orientation treatment of an orien aﬁiﬁkﬂcawkr QHFET
film forned on a substrate f or orientating liquid-crystal ﬁngéﬁles
Qjat@r

conprising the steps of: 4 : rubbing a surface of s
film and 5 radi ati ng ion beang,onto said orienta
6 vacuum 1 2. A net hod agzﬁuding to claim.1, wherein the

surface 2 of said orientation film is rubbed in a predeterm ned

3 directigpm &ﬁﬂséﬁlﬁltﬁnabééﬂﬁeﬁﬁﬁoﬁéﬂ'ﬁé@ﬂoﬁrﬂﬁb%edkﬁﬁgﬁdEWtf%atment
di fferent fron1the direction of said rubbing and from obli quely above

t he surfacei®f catrile@roept giriga.fil mat a predeterm ned



6 ~irradiation angle. 1 3. A nmet hod accordin BEPE$%¥%iﬁ2£¥ =
wherein said 2 predeterm ned irradiation angle is in a ramge of ]
to 40[err]. 1 4. A method according to clai e §3L§ER"EH6 .....

said 2 predeterm ned irradiation angle_ s in a range of 20[err
30[err]. 1 ' 5. A nethod-accoﬁﬁjng to claim1, wherein said ion
2 beans are radiated onto said orientation filmin a_vacuumfrom 3 a
direction substantially perpendicul ar teLAEﬁssurface of said 4

orfentation f RN O R
WHAT IS CLAIMED IS: | i

1 1. -A method of orientation treatment of an orientation
2  film formed on a substrate for orientating liquid-crystal
3 molecules comprising the steps of:
4 rubbing a surface of said orientation film; and
5 radiatiné ion beams onio said orientatioh film in a
6 vacuum.
1 2. A method according to claim 1, wherein the surface
2 of said orientation £ilm is rubbed in a predetermined
3 direction, and said ion beams are radiated from a direction
4 different'from the direction of said rubbing and from obliquely
5 above the sﬁrfaée of said orientatién film at a predetermined
6 irradiation angle..
1 3. A method accbrding to claim 2, ‘wherein said
2 predetermined irradiation angle is in a range of 0° to 40°.
1 4. 'Aﬂ method according to claim 3, wherein said
2 predetermined irradiation angle is in a range of 20° to 30°.
1 5. A method according to claim 1, wherein said ion
2 beams are radiated onto said orientation film in a vacuum from
3 a direction substantially perpendicular to the surface of said

4 orientation film.



21 -1. ~ A metrhod according to claim1, further rﬁﬂrli'é‘lcﬁ £F) SHEET

the step of: id radiating step suppl yi ng 3 1ﬁ;ﬁﬁﬁ:ﬁmﬁ:
electrons to saerH men w Iiﬁm to neutralize positive 4 Charges:
Stw

gi vén by said radrat¢n 7. A method of orientation
treatnment of an orlentatlon f|In1forﬁ%d on a substrate for orBgNARRI WBR
liquid-crystal 3 nDIecuIes conpri si ng the steps of: 4

[ i ng ion beams nt rientat,i,on film,in a
radiat 1 g L m i:gog according to Claim 1, further comprising

2 the step of: simultaneously to said radiating step, supplying

3 electrons to said orientation film to neutralize positive
4 cﬁarges given by said radiating step.

1 " 7. A method of orientation treatment of an orientation
2 film formed on a substrate for orientating liquid-crystal
3 molecules comprising the steps of:

4 | radiating ion beams onto said orientation film in a
5 vacuum; and |

6 | rubbing a surface of said orientation film.

1 8.’ A method according to claim 7, wherein the surface
2 of said orientation film is rubbed in a predetermined
-3 direction, and said ion beams are radiated from a direction

4 different from f.he direction of said rubbing and from obliquely

5 above the surface of said orientation film at a predetermined
6 irradiation angle.

1 9. A method according to claim 8, wherein said
2 predetermined irradiation angle is in a range of 0° to 40°,

1 10. A method according to claim 9, wherein said

2 predetermined irradiation ahglg-: is in a range of 20° to 30°.



5 -vacuum and 6

g to claim7, wherein the su
sald orlentatl Imlﬂ ﬂ m !!bed in a pr_edeterm'ned '3

and said i on bearrs &retradi &t e

rubbing a surface of said orien
face
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froma direction 4 differl
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direction of said rubbing and fromobliqugjy 5 above the surface of said

orientation filmat a predetermned 6 «Fradiation angle. 1

9. A nmet hod according to claim8, wherein said 2 pr edet er m ned

irradiation angle itlin & metdodofadganding ctaoclaim 7, wherein said ion
2 beams.are radiated onto said orientation film in a vacuum from
3 a direction subsfantially perpendicﬁlar to the surface of said
4 orientation film. -
1 12, A method according to claim 7, further comprising
2 the step of: simuitaneously to sai& radiating step, supplying
3 electrons to said orientation filnt to neutralize positive
4 charges given by said radiating step.
1 13. An apparatus of orientation treatment of an-
2 orientation film formed on a substrate for orientating liquid-
3 crystal molecules comprising:
4 rubbing'meaﬁs for rubbing a surface of said orientation
5 film; and
6 radiating means for radiating ion beams onto said
7 orientation film in a %acuum.
1 14. An apparatus according to claim 13, wherein said
2 rubbing means rubs the surface of said orientation film in a
3 predetermined direction, and said radiating means radiates said
4 ion beams from a direction different from the direction of the
5 - rubbing direction of said rubbing means and from obliquely
6 above the surface of said orientation film at a predetermined
7 irradiation angle.
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1 . 10. A nethod according to claim9, wherein said "% PLAGEMENT SHEET
predetermned irradiation angle is in a range of 20[err] to E OAPR 1g95

beahs are radiat ﬂﬂlﬂmﬂmﬂﬂﬂﬂclﬁmﬁ[ ting i clarm 1, ool e '" = '

direction substanti al | yf pérpénchuIar to e surface of said 4
orlentatlon fllrn

1 '15. An apparatus according to claim 14, wherein said
2 predetermined irradiation angle is in a range of 0° to 40°.

1 ~ 16. An apparatus according to claim 16, wherein said
2  predetermined irradiation angle is in a range of 20° to 30°.
1 17. An apparatﬁs according to claim 13, wherein said
2 ion beams are radiated onto said orientation film in a vacuum
3 from a direction substantially perpendicular to the surface of
4 said orientation film.

1 18. An apparatus according to claim 13, further
2 comprising electron supplying means for supplying electrons to
3 said orientation film to neutralize positive charges given by

4 said radiating means.
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1 - 12. A nmethod according to cldi !DS %Jlgh;\esjs%%{\rjrpri SBE%LACZEMWF,@}- ET !
step of: simultaneously t-o said radiating=st ";‘r, S “nT”- Ag- el ee'ot
sai d orientation filmto neutralize posi t |24e 4 charges gl eﬂatﬁy sg ----------------
radi ating st ep. a arat us of orientation treatment
of an 2 orient atMEJH(’quFnWEﬁNFFéBIQQ'nT%E@& FEYITADONREE i ng 17 qui d-

3 crystal nol SAND ABPARATYY i05i GREENTATION TREATMENTr QBbQPn‘éN%aII% F&M r ubbing a
surface of said orientation ‘&§;ﬁdlmoranﬂ{¥ Q’Iﬁ%gslﬁm radi ati ng nmeans for
radi ating i on beans onto sai - a vacuum
In a method and an apparatus of orientation treatment
of an orientation f£ilm according to the present invention, the
surface of a orientation film formed on a substrate for
5 orientating liquid-crystal molecules is 1rubbed in a
predetermined direction. Thereafter ion beams are radiated
onto the orientation film in a vacuum in a direction different
from the rubbing direction, that is, in the direction obliquely
above the orientafion film surface. In the method, these steps

10 can be reversed.

Figure 144
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1 . 14. An apparatus according to claim 13, wherein| S&PHACBMENT SHEET

rubbi ng neans rubs the surface of said orientation filmin 3 30.APR 1996
predeterm ned direction, and said radiating neans radi ates Pate 145 papr-

beahs froma direction different fromthe direction of the ruppT g
direction of said rubbing neans and frotf3bliquely 6 above the surface
of said orientation filn]at_a predeterm ned 7 I rradi ati on angl e.
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1 . 15. An apparatus according to claim 14, wherein| §&F§ACEMENT SHEET

16. An apparatus according to claim 16, wherein said 2 B

predeternlned irradiation angle is in a range of 0 to 40[err
atse 0 ACR 1996

irradiation angle is in a range of 20 to 30. 1
apparatus according to claim 13, wher eiﬂ said 2 i on beans are radiated
onto said orientation filmin a vacuum § froma direction substantially
per pendi cular to the surface of 4 said orientation film 1

18. An apparatus according to claim 13, further 2 conprising el ectron
suppl yi ng means for supplying electrons to

FIG. 3

14

FIG. 4
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asaid orientation filmto neutralize positive charges gilvVBR BCEMENT SHEET

radi-ati ng neans.
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METHOD OF ORIENTATION TREATMENT OF ORIENTATION FILM
AND APPARATUS OF ORIENTATION TREATMENT OF ORIENTATION FILM

ABSTRACT OF THE DISCL RE
In a method and an apparatus of orientation treatment

of an orientation film according to the present invention, the

- surface of a orientation film formed on a substrate for

orientating 1liquid-crystal molecules is rubbed. in a
predetermined direction. Thereafter ion beams are radiated
onto the orientation film in a vacuum in a direction different
from the rubbing direction, that is, in the direction obliguely
above the orientation film surface. In the method, these steps

can be reversed.

Figure 1-4



