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Description

BACKGROUND OF THE INVENTION

a) Field of the Invention

[0001] The present invention relates to a manufacture
methodof a liquid crystal display device having pre-tilt
orientation slightly tilted in one direction from homeotrop-
ic orientation (configuration of liquid crystal molecules
orientated vertical to the substrate surface).

b) Description of the Related Art

[0002] Homeotropic orientation is one of the operation
modes of a liquid crystal display device. In this mode,
liquid crystal molecules having negative dielectric anisot-
ropy are orientated vertical to the substrate. As voltage
is applied between the substrates, liquid crystal mole-
cules tilt toward the substrate surface.
[0003] A radial direction about the substrate normal of
liquid crystal molecules in homeotropic orientation is iso-
tropic, and hence molecules tilt omnidirectionally about
the substrate normal. To solve this, pre-tilt orientation
has been proposed in which liquid crystal molecules are
tilted slightly, in a state of no voltage application, in one
radial direction about the substrate normal. Liquid crystal
molecules with a pre-tilt angle in one radial direction
about the substrate normal can be tilted in this one radial
direction when voltage is applied.
[0004] The following methods are used for giving liquid
crystal molecules a pre-tilt angle from the substrate nor-
mal toward the substrate surface.

(1) A homeotropic alignment film is.formed on the
surface of a substrate. The homeotropic alignment
film is made of, for example, homeotropic orientation
type polyimide (e.g., SE-1211 manufactured by Nis-
san Chemical Industries, Ltd., Japan) or silane cou-
pling type homeotropic orientation material (e.g.,
DMOAP manufactured by Chisso Co., Japan). The
surface of the homeotropic alignment film is there-
after rubbed with rayon cloth or the like.
As shown in Fig. 4A, CH chains designated by CH
initially formed vertically on the surface S of a home-
otropic alignment film P are slightly tilted by rubbing.
The director d of each liquid crystal molecule ML tilts
along the direction of the tilted CH chain. An angle
between the substrate normal n and the director d
of the liquid crystal molecule is called a pre-tilt angle
θp.
(2) As shown in Fig. 4B, an oblique vapor deposition
film or the like made of SiO or other materials is
formed on the surface of a substrate to form an un-
derlying layer U having an oblique structure. A home-
otropic alignment film P such as described above is
formed on the underlying layer U. The surface of the
homeotropic alignment film P has an oblique struc-

ture conformal to the oblique structure of the under-
lying layer U. Although each CH chain on the home-
otropic alignment film P is vertical to the surface S
of the homeotropic alignment film P, it is inclined rel-
ative to the substrate surface. In this case, rubbing
is not necessary.

[0005] With the above method (1), different pre-tilt an-
gles are likely to be formed if rubbing is nonuniform. Fine
stripe disorders are also likely to be formed by rubbing.
These different pre-tilt angles and fine stripe disorders
are visually recognized as abnormal patterns on the liquid
crystal display when it is turned on (in a voltage applica-
tion state). This may considerably degrade the image
quality of the liquid crystal display.
[0006] With the above method (2), relatively uniform
pre-tilt orientation can be obtained. However, the manu-
facture processes are complicated. Oblique vapor dep-
osition of SiO or the like requires a vacuum vapor depo-
sition system so that cost is raised and throughput is low-
ered. If a large substrate is used and the relative positions
of the substrate and the oblique vapor deposition source
material change during the deposition process, many dif-
ferent pre-tilt angles are formed. In order to avoid this, a
robust and complicated deposition system is required.
[0007] VITHANA H. et al.: "A well-controlled tilt-
ed-homeotropic alignment method and a vertically
aligned four-domain LCD fabricated by this technique",
1995 SID INTERNATIONAL SYMPOSIUM DIGEST OF
TECHNICAL PAPERS, Orlando, May 23-25, 1995; Vol.
26, Page(s): 873-876 discloses a method to obtain Tilted
Homeotropic (TH) alignment employing vacuum oblique
evaporation of SiOx. Pre-tilt angles in the range from 0
to 5 degrees can be obtained with this method. This tech-
nique is not very sensitive to the deposition angle (angle
between the substrate normal and the direction of evap-
oration) and can be varied between 20 and 70 degrees
without much difference in the final results.
[0008] EP 0 476 543 A2 discloses a liquid crystal align-
ment film, which comprises a monomolecular film having
straight carbon chains. The straight carbon chains are
directly or indirectly chemically adsorbed at one end via
a -Si-O- bond to an electrode, and are crosslinked in a
state of orientation in a particular direction.
[0009] OGAWA K. et al.: "Control of Pretilt Angles of
Liquid Crystal Molecules in a Liquid Crystal Cell Using a
Chemically Adsorbed Monolayer as an Alignment Film",
JAPANESE JOURNAL OF APPLIED PHYSICS, 29
(1990) September, No. 9, part 2, Tokyo, JP, pages
L1689-L1692 discloses the use of chemically absorbed
monolayers with two surfactants as an alignment film for
a liquid crystal cell. The monolayers showed a fair degree
of alignment effects without rubbing. By changing the
composition ration of the mixture of the surfactants hav-
ing a long hydrocarbon chain and a short hydrocarbon
chain, the pretilt angles of the liquid crystal molecules
could be controlled, the molecular density or the molec-
ular arrangements in the chemically adsorbed monolay-
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ers may strongly affect the pretilt angles.
[0010] GB2274922 discloses a method of manufactur-
ing a liquid crystal display device, wherein a film of pol-
ymide containing homeotsopic orientation material is
formed ou a surface of a substrate, which film is then
rubbed in order to attain a pre-tilt.

SUMMARY OF THE INVENTION

[0011] It is an object of the present invention to provide
an improved method of manufacturing a liquid crystal dis-
play device wherein liquid crystal molecules of homeo-
tropic orientation have a pretilt angle.
[0012] According to the present invention, this object
is achieved by a method of manufacturing a liquid crystal
display device as defined in claim 1. Preferred embodi-
ments of the present invention may be gathered from the
dependent claims.
[0013] As ultraviolet rays are applied obliquely to a film
of homeotropic orientation material sensitive to ultravio-
let, ray, a homeotropic alignment film can be obtained
having a predetermined directivity in a direction tilted
from the substrate normal.
[0014] A homeotropic alignment film has on its surface
CH chains whose average direction is the substrate nor-
mal. It is presumed, however, that CH chains are omni-
directional in the plane parallel to the substrate surface.
As ultraviolet rays are obliquely applied to the homeo-
tropic alignment film, CH chains absorb ultraviolet rays
and are decomposed or cut. Absorption of ultraviolet rays
depends on the direction of CH chains of the homeotropic
alignment film and on the illumination direction of ultra-
violet rays. It is presumed that ultraviolet rays are ab-
sorbed at most when the direction of an electric vector
of ultraviolet rays coincides with the direction of CH
chains. Therefore, in the homeotropic alignment film after
ultraviolet ray illumination, CH chains in one direction are
decomposed or cut, and the mean direction of the re-
maining CH chains tilts from the substrate normal.
[0015] As above, uniform pre-tilt orientation can be
formed easily by using a homeotropic alignment film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Figs. 1A to 1D are schematic cross sectional views
illustrating the manufacture processes of a liquid
crystal display device according to an embodiment
of the invention, and schematic cross sectional views
explaining a pre-tilt angle.
Figs. 2A and 2B are schematic cross sectional views
illustrating the principle of how the pre-tilt angle is
formed in the liquid crystal display device of the em-
bodiment shown in Figs. 1A and 1B .
Figs. 3A and 3B are schematic plan views illustrating
the manufacture processes of a liquid crystal display
device according to another embodiment of the in-

vention.
Figs. 4A and 4B are schematic cross sectional views
illustrating a conventional method of giving a pre-tilt
angle to a homeotropic orientation film.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] Embodiments of the invention will be described
with reference to the accompanying drawings.
[0018] As shown in Fig. 1A. on the surface of a trans-
parent substrate 10 such as a glass substrate, a liquid
crystal molecule drive structure such as parallel stripe
electrodes 11 is formed and a homeotropic alignment
film 12 is formed covering the stripe electrodes 11. For
a simple matrix type liquid crystal display device, a sub-
strate having parallel stripe common electrodes and a
substrate having parallel stripe segment electrodes are
used. For an active matrix type liquid crystal display de-
vice, a substrate having one common electrode and a
substrate having an active matrix circuit are used (see,
for example, USP 5,479,282 issued on Dec. 26, 1995 or
USP 5,576,862 issued on Nov. 19, 1996, both assigned
to the present assignee). The homeotropic alignment film
12 has an orientation structure of liquid crystal molecules
orientated vertical to the surface of the alignment film 12.
[0019] As shown in.Fig. 1B, ultraviolet rays 14 are ap-
plied along a direction inclined relative to the direction
normal to the homeotropic alignment film 12 (the direction
normal to the substrate 10). Ultraviolet rays 14 may be
natural light, or preferably linearly polarized light having
an electric vector oscillating in the plane defined by the
normal direction of the homeotropic alignment film 12
and the light incident direction, or elliptically polarized
light having a longer axis direction in this plane.
[0020] The light incident direction of the ultraviolet rays
14 is a direction tilted from the substrate normal toward
the substrate surface in a range from about 5 degrees to
about 85 degrees, and more preferably in a range from
about 30 degrees to about 70 degrees. A pre-tilt angle
of each liquid crystal molecule has a tendency of becom-
ing larger as the light incident angle is tilted larger.
[0021] An electric vector of ultraviolet rays incident
along the oblique direction is in the plane perpendicular
to the light incident direction, and no electric vector com-
ponent exists along the direction (incident direction) per-
pendicular to this plane. It can therefore be presumed
that oblique light, even perfectly unpolarized light (natural
light), can provide a homeotropic alignment film with an-
isotropy and pre-tilt angle. It is preferable that electric
vector components of polarized incident ultraviolet rays
exist more in the plane defined by the substrate normal
direction and the light incident direction. With such po-
larized light rays, the orientation of the underlying region
including main-chains can also be controlled.
[0022] The homeotropic alignment film is sensitive to
ultraviolet ray only in the inside of the film so that it is
necessary to envisage ultraviolet rays after being entered
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in the homeotropic alignment film. In this context, even
if unpolarized natural light is used, the obliquely incident
natural light reflected at the surface of the homeotropic
alignment film has a difference between P- and S-wave
components. Therefore, anisotropy can be established
in the alignment film.
[0023] It is necessary to make incident ultraviolet rays
have such a wavelength as the homeotropic alignment
film becomes sensitive to it. The wavelength is set gen-
erally to 400 nm or shorter, and preferably in a range
from 180 nm to 360 nm.
[0024] It has been found that application of such ultra-
violet rays provide the homeotropic alignment film with
pre-tilt angle.
[0025] It has also been found that as shown in Fig. 1C,
a radial direction of a pre-tilt angle θp about the substrate
normal n is orientated in the plane defined by the sub-
strate normal n and the light incident direction IN, and
the pre-tilt angle is tilted from the normal direction n to-
ward the light incident direction IN. The pre-tilt angle θp
does not become coincident with an angle of the light
incident direction IN.
[0026] As stated earlier, a pre-tilt angle can be more
efficiently produced if the electric vector Ep of incident
ultraviolet rays is in the plane defined by the substrate
normal n direction and the light incident direction IN. In
the case of elliptic polarization, when the longer axis of
elliptically polarized light is in this plane and the elliptically
polarized light has a high ellipticity, the pre-tilt angle can
be efficiently produced.
[0027] The principle of how a pre-tilt angle is produced
by application of ultraviolet rays to a homeotropic align-
ment film, can be envisaged as in the following.
[0028] As shown in Fig. 2A, there are CH chains ori-
entated in various directions on the surface S of a home-
otropic alignment film 12. A mean direction of CH chains
is coincident with the direction normal to the substrate
surface S. In this state, liquid crystal molecules in contact
with the homeotropic alignment film 12 are orientated in
the directions of CH chains to establish homeotropic ori-
entation. Although CH chains are orientated in various
directions, a mean direction thereof is the substrate nor-
mal direction. Therefore, the liquid crystal molecules as
a whole are orientated in the substrate normal direction.
[0029] Linearly polarized ultraviolet rays 14 incident
upon the homeotropic alignment film 12 have their po-
larization direction in the plane defined by the substrate
normal direction and the light incident direction. The in-
tensity of each incident ultraviolet ray, to which respective
CH chains in different directions become sensitive, cor-
responds to the component of the electric vector Ep in
the direction along each CH chain. Therefore, a CH chain
parallel to the electric vector Ep is influenced most, and
a CH chain parallel to the light incident direction is hardly
influenced.
[0030] Accordingly, a CH chain having the same or
smaller angle relative to the electric vector of the incident
ultraviolet rays absorbs the ultraviolet rays and is likely

to be decomposed or cut. In Fig. 2A, a circle symbol is
affixed to a CH chain not susceptible to ultraviolet rays,
and a cross symbol is affixed to a CH chain susceptible
to ultraviolet rays.
[0031] Fig. 2B shows the surface state of the homeo-
tropic alignment film after ultraviolet rays are applied. Of
the CH chains shown in Fig. 2A, those affixed with the
cross symbol are decomposed or cut. The remaining CH
chains are inclined on average from the substrate normal
direction toward the ultraviolet ray incident direction.
Therefore, liquid crystal molecules in contact with the
homeotropic alignment film 12 are presumably orientated
in the mean orientation direction of CH chains.
[0032] In the case of a homeotropic alignment film hav-
ing its CH chain bonded to a main-chain as a side-chain,
such as homeotropic orientation type polyimide, the side-
chain is inclined according to the above-described prin-
ciple. Here, there is a possibility of causing some anisot-
ropy in the main-chain. In this case, it is preferable to
generate anisotropy in the radial direction of pre-tilt angle,
i.e., in the direction of intersection between the substrate
surface and the plane defined by the substrate normal
direction and the light incident direction. If there is no
side-chain, it is preferable to orientate liquid crystal mol-
ecules in this direction. The molecular structure of the
alignment film, light wavelength, and the like are desired
to be selected to satisfy the above conditions.

Particular examples will be described below.

[Example 1]

[0033]

(1) Homeotropic orientation type polyimide
(SE-1211 manufactured by Nissan Chemical Indus-
tries, Ltd., Japan) was coated on a glass substrate
having a transparent electrode with a spinner and
baked for one hour at 200 °C. The film thickness after
baking was 60 nm.
(2) Linearly polarized ultraviolet rays having a line
spectrum near at a wavelength of 254 nm were ap-
plied to the substrate made at Step (1) ,for 15 sec-
onds along a direction tilted by 45 degrees from the
substrate normal. The illumination intensity meas-
ured with an ultraviolet illumination meter (manufac-
tured by Orc Manufacturing Inc., Japan) mounted
with a 254 nm detector was 2.3 mW/cm2.
(3) The two substrates obtained at Step (2) were
stacked via spherical spacers having a diameter of
5.5 mm,the two substrates being disposed with their
illumination directions set in parallel in opposite di-
rections.
(4) Negative dielectric anisotropy liquid crystal
(EN-37 manufactured by Chisso Co.. Japan) was
injected into the empty cell between the two sub-
strates by capillary phenomenon at a temperature
of 110°C at which the liquid crystal is isotropic.
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[0034] Voltage was applied to the liquid crystal cell
manufactured in the above manner. It was confirmed that
liquid crystal molecules were uniformly tilted in the plane
defined by the substrate normal and the ultraviolet ray
illumination direction, away from the substrate normal.
This means that uniform pre-tilt angles are formed in this
radial direction about the substrate normal. The pre-tilt
angle measured by a crystal rotation method was about
0.5 degrees.

[Modification of Example 1]

[0035] Ultraviolet ray illumination time was changed to
30 seconds, 60 seconds, 120 seconds, and 240 seconds.
These liquid crystal cells with longer illumination times
than Example 1 had uniform pre-tilt orientation similar to
Example 1. The cells were inspected with a polarization
microscope. It was found that the longer the illumination
time, the presumably better the uniformity when liquid
crystal molecules begin to tilt. This means an improve-
ment on uniformity of pre-tilt angles.
[0036] Liquid crystal cells were formed also at an illu-
mination angle of 60 degrees from the substrate normal
at illumination times of 30 seconds and 60 seconds. Uni-
form pre-tilt angles of about 0.5 degrees were obtained.

[Example 2]

[0037]

(1) Homeotropic orientation type polyimide
(SE-1211 manufactured by Nissan Chemical Indus-
tries, Ltd., Japan) was coated on a glass substrate
having a transparent electrode with a spinner and
baked for one hour at 200°C. The film thickness after
baking was 60 nm.
(2) Linearly polarized ultraviolet rays having a line
spectrum near at a wavelength of 313 nm were ap-
plied to the substrate made at Step (1), for 60 sec-
onds along a direction tilted by 45 degrees from the
substrate normal. The illumination intensity meas-
ured with an ultraviolet illumination meter (manufac-
tured by Orc Manufacturing Inc., Japan) mounted
with a 310 nm detector was 9.2 mW/cm2.
(3) The two substrates obtained at Step (2) were
stacked via spherical spacers having a diameter of
5.5 mm, the two substrates being disposed with their
illumination directions set in parallel in opposite di-
rections. Negative dielectric anisotropy liquid crystal
(EN-37 manufactured by Chisso Co., Japan) was
injected into the empty cell between the two sub-
strates by capillary phenomenon at a temperature
of 110 °C at which the liquid crystal is isotropic.

[0038] Voltage was applied to the liquid crystal cell
manufactured in the above manner. It was confirmed that
liquid crystal molecules were uniformly tilted in the plane
defined by the substrate normal and the ultraviolet ray

illumination direction, away from the substrate normal.
This means that uniform pre-tilt angles are formed in this
radial direction about the substrate normal. The pre-tilt
angle measured by a crystal rotation method was about
0.4 degrees.

[Modification of Example 2]

[0039] Ultraviolet ray illumination time was changed to
120 seconds and 240 seconds. These liquid crystal cells
had uniform pre-tilt orientation similar to Example 2. The
cells were inspected with a polarization microscope. It
was found that the longer the illumination time, the pre-
sumably better the uniformity (pre-tilt uniformity in radial
direction and angle) when liquid crystal molecules begin
to tilt, and that the uniformity was worse than Example 1
at a wavelength of 254 nm. The reason of the worse
uniformity may be ascribed to a wavelength dependency
of main-chains in the liquid crystal molecule orientation
direction.
[0040] Liquid crystal cells were formed also at illumi-
nation times of 15 seconds and 30 seconds. Although
some pre-tilt angles were presumably formed, uniformity
was bad and not suitable for practical application.

[Example 3 (not according to the invention)]

[0041]

(1) Silane coupling type homeotropic orientation ma-
terial (DMOAP manufactured by Chisso Co., Japan)
was coated on a glass substrate having a transpar-
ent electrode through dipping and baked for one hour
at 100 °C.
(2) Linearly polarized ultraviolet rays having a line
spectrum near at a wavelength of 254 nm were ap-
plied to the substrate made at Step (1), for 15 sec-
onds along a direction tilted by 45 degrees from the
substrate normal. The illumination intensity meas-
ured with an ultraviolet illumination meter (manufac-
tured by Orc Manufacturing Inc., Japan) mounted
with a 254 nm detector was 2.3 mW/cm2.
(3) The two substrates obtained at Step (2) were
stacked via spherical spacers having a diameter of
5.5 mm, the two substrates being disposed with their
illumination directions set in parallel in opposite di-
rections.

[0042] Negative dielectric anisotropy liquid crystal
(EN-37 manufactured by Chisso Co., Japan) was inject-
ed into the empty cell between the two substrates by
capillary phenomenon at a temperature of 110 °C at
which the liquid crystal is isotropic.
[0043] Voltage was applied to the liquid crystal cell
manufactured in the above manner. It was confirmed that
liquid crystal molecules were uniformly tilted in the plane
defined by the substrate normal and the ultraviolet ray
illumination direction, away from the substrate normal.
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This means that uniform pre-tilt angles are formed in this
radial direction about the substrate normal. The pre-tilt
angle measured by a crystal rotation method was about
0.5 degrees.

[Modification of Example 3]

[0044] Ultraviolet ray illumination time was changed to
30. seconds and 60 seconds. These liquid crystal cells
had uniform pre-tilt orientation similar to Example 3. The
cells were inspected with a polarization microscope. It
was found that the longer the illumination time, the pre-
sumably better the uniformity (pre-tilt uniformity) when
liquid crystal molecules begin to tilt. Liquid crystal cells
were formed also at illumination times of 120 seconds
and 240 seconds. Although some pre-tilt angles were
formed,uniformity was worse than that at the illumination
time of 60 seconds.
[0045] Even if natural light is used instead of polarized
light, anisotropy can be given to the homeotropic align-
ment film because the electric vector components of in-
cident light do not exist along the light incident direction
but exists only in the plane perpendicular to the light in-
cident direction.

[Example 4]

[0046]

(1) Homeotropic orientation type polyimide
(SE-1211 manufactured by Nissan Chemical Indus-
tries, Ltd., Japan) was coated on a glass substrate
having a transparent electrode with a spinner and
baked for one hour at 200 °C. The film thickness after
baking was 60 nm.
(2) Natural light rays having a line spectrum near at
a wavelength of 254 nm were applied to the substrate
made at Step (1), for 15 seconds along a direction
tilted by 45 degrees from the substrate normal. The
illumination intensity measured with an ultraviolet il-
lumination meter (manufactured by Orc Manufactur-
ing Inc., Japan) mounted with a 254 nm detector was
7.8 mw/cm2.
(3) The two substrates obtained at Step (2) were
stacked via spherical spacers having a diameter of
5.5 mm,the two substrates being disposed with their
illumination directions set in parallel in opposite di-
rections.
(4) Negative dielectric anisotropy liquid crystal
(EN-37 manufactured by Chisso Co., Japan) was
injected into the empty cell between the two sub-
strates by capillary phenomenon at a temperature
of 110 °C at which the liquid crystal is isotropic.

[0047] Voltage was applied to the liquid crystal cell
manufactured in the above manner. It was confirmed that
liquid crystal molecules were uniformly tilted in the plane
defined by the substrate normal and the natural light ray

illumination direction, away from the substrate normal.
This means that uniform pre-tilt angles are formed in this
radial direction about,the substrate normal. The pre-tilt
angle measured by a crystal rotation method was 0.3
degrees.
[0048] As above, uniform pre-tilt angles can
be :obtained by applying ultraviolet rays to a homeotropic
alignment film. Even if pre-tilt angles are small, liquid
crystal molecules are tilted uniformly and liquid crystal
display devices of good quality can be manufactured.
[0049] A predetermined pre-tilt angle can be formed in
a desired region of a substrate by using a photomask
and the above-described illumination of oblique ultravi-
olet rays. If a plurality of masks are used, regions sub-
jected to different ultraviolet ray illumination directions
can be formed on a single substrate. Therefore, a multi-
domain type liquid crystal display device having a plural-
ity of orientation directions can be manufactured.
[0050] For example, by using two masks having com-
plementary patterns such as shown in Figs. 3A and 3B,
ultraviolet rays can be applied in the two directions indi-
cated by arrows rotated by 90 degrees in the substrate
plane. Regions with hatched lines in Figs. 3A and 3B are
light shielded regions. By using the two masks, regions
whose pre-tilt angles are different by 90 degrees in the
substrate plane can be formed.
[0051] As shown in Figs. 3A and 3B, regions having
different orientation directions can be formed in a check-
erboard pattern on a single substrate. If each orientation
region is used as a micro domain and one pixel is con-
stituted of two, four, or more micro domains, a liquid crys-
tal display having a wide angle of view can be realized.
[0052] The present invention has been described in
connection with the preferred embodiments. The inven-
tion is not limited only to the above embodiments. It is
apparent that various modifications, improvements, com-
binations, and the like can be made by those skilled in
the art.

Claims

1. A method of manufacturing a liquid crystal display
device comprising the steps of:

forming a film (12) of polyimide containing home-
otropic orientation material on a surface of a sub-
strate (10), the material having CH side chains
omnidirectional in the plane parallel to the sub-
strate surface, being sensitive to ultraviolet ray
and having a property of orientating liquid crystal
molecules, on an average, vertically to a surface
of the film; and
applying ultraviolet rays (14) to the film (12) of
homeotropic orientation material along a direc-
tion tilted from a normal to the surface of the film,
so that CH side chains in one direction are de-
composed or cut and the mean direction of the
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remaining CH chains tilts from the substrate nor-
mal.

2. A method according to claim 1, wherein said step of
applying ultraviolet rays applies ultraviolet rays of
natural light.

3. A method according to claim 1, wherein said step of
applying ultraviolet rays applies linearly or elliptically
polarized ultraviolet rays.

4. A method according to claim 3, wherein electric vec-
tor direction of the linearly polarized ultraviolet rays
or longer axis direction of the electric vector of the
elliptically polarized ultraviolet rays is in a plane de-
fined by a normal direction to the substrate surface
and ultraviolet ray application direction.

5. A method according to any one of claims 1,2 or 4,
wherein the side chains after applying ultraviolet rays
to the film incline, on an average, from the normal to
the substrate to the incident direction of ultraviolet
rays,
wherein an angle at which the side chains incline
does not become coincident with an angle of the in-
cident direction of the ultraviolet rays.

6. A method according to any one of claims 1 to 5,
wherein the direction tilted from a normal to the sur-
face of the film is in a range from 5 degrees to 85
degrees from the normal to the film surface.

7. A method according to claim 6, wherein the direction
tilted from the normal is in a range from 30 degrees
to 70 degrees.

8. A method according to any one of claims 1 to 7,
wherein said step of applying ultraviolet rays com-
prises substeps of:

applying ultraviolet rays through a first mask
along a first direction, and
applying ultraviolet rays through a second mask
different from the first mask along a second di-
rection different from the first direction.

Patentansprüche

1. Ein Verfahren zur Herstellung einer Flüssigkristall-
anzeigevorrichtung, wobei das Verfahren die folgen-
den Schritte aufweist:

Bilden eines Films (12) aus Polyimid, das Ma-
terial mit einer homeotrophen Orientierung auf
einer Oberfläche eines Substrats (10) aufweist,
wobei das Material CH-Seitenketten aufweist,
die ungerichtet in der Ebene parallel zu der Sub-

stratoberfläche sind und empfindlich für ultravio-
lette Strahlen sind und die Eigenschaft aufwei-
sen Flüssigkristallmoleküle im Mittel vertikal zu
einer Oberfläche des Films auszurichten; und
Aufbringen von ultravioletten Strahlen (14) auf
den Film (12) aus Material mit einer homeotro-
phen Orientierung entlang einer Richtung, die
zu einer Normalen zu der Oberfläche des Films
geneigt ist, so dass CH-Seitenketten in einer
Richtung zersetzt oder abgeschnitten werden
und die Durchschnittsrichtung der verbleiben-
den CH-Ketten geneigt zu der Substratnorma-
len sind.

2. Ein Verfahren nach Anspruch 1, wobei der Schritt
des Aufbringens von ultravioletten Strahlen, das Auf-
bringen von ultravioletten Strahlen von natürlichem
Licht aufweist.

3. Ein Verfahren nach Anspruch 1, wobei der Schritt
des Aufbringens von ultravioletten Strahlen, das Auf-
bringen von linear oder elliptisch polarisierten ultra-
violetten Strahlen aufweist.

4. Ein Verfahren nach Anspruch 3, wobei die Richtung
des elektrischen Vektors der linear polarisierten ul-
travioletten Strahlen oder die Richtung der längeren
Achse des elektrischen Vektors der elliptisch pola-
risierten ultravioletten Strahlen in einer Ebene ist,
die durch eine Normalenrichtung zu der Substrato-
berfläche und der Aufbringungsrichtung der ultravio-
letten Strahlen definiert ist.

5. Ein Verfahren nach einem der Ansprüche 1, 2 oder
4, wobei die Seitenketten nach dem Aufbringen von
ultravioletten Strahlen auf den Film kippen, im Mittel,
von der Normalen zum Substrat zu der Einfallsrich-
tung der ultravioletten Strahlen, wobei ein Winkel auf
den die Seitenketten kippen nicht mit einem Winkel
der Einfallsrichtung der ultravioletten Strahlen zu-
sammenfällt.

6. Ein Verfahren nach einem der Ansprüche 1 bis 5,
wobei die Richtung, die zu der Normalen auf der
Oberfläche des Films geneigt ist, in einem Bereich
von 5 Grad bis 85 Grad von der Normalen auf die
Filmoberfläche liegt.

7. Ein Verfahren nach Anspruch 6, wobei die Richtung,
die zu der Normalen geneigt ist, in einem Bereich
von 30 Grad bis 70 Grad liegt.

8. Ein Verfahren nach einem der Ansprüche 1 bis 7,
wobei der Schritt des Aubringens von ultravioletten
Strahlen die folgenden Unterschritte aufweist:

Aufbringen von ultravioletten Strahlen durch ei-
ne erste Maske entlang einer ersten Richtung,
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und
Aufbringen von ultravioletten Strahlen durch ei-
ne zweite Maske, die unterschiedlich zu der er-
sten Maske ist, entlang einer zweiten Richtung,
die unterschiedlich zu der ersten Richtung ist.

Revendications

1. Procédé de fabrication d’un dispositif d’affichage à
cristaux liquides comprenant les étapes suivantes :

former un film (12) d’un matériau d’orientation
homéotrope contenant un polyimide sur une
surface d’un substrat (10), le matériau ayant des
chaînes latérales CH omnidirectionnelles dans
un plan parallèle à la surface du substrat, étant
sensible à un rayonnement ultraviolet, et ayant
une propriété d’orientation de molécules de cris-
taux liquides, en moyenne, orthogonalement à
une surface du film ; et
appliquer des rayons ultraviolets (14) au film
(12) du matériau d’orientation homéotrope selon
une direction inclinée par rapport à une normale
à la surface du film de sorte que les chaînes
latérales CH dans une direction sont décompo-
sées ou coupées et la direction moyenne des
chaînes CH restantes s’incline par rapport à la
normale au substrat.

2. Procédé selon la revendication 1, dans lequel l’étape
d’application de rayons ultraviolets applique des
rayons ultraviolets de lumière naturelle.

3. Procédé selon la revendication 1, dans lequel l’étape
d’application de rayons ultraviolets applique des
rayons ultraviolets de lumière polarisée de façon rec-
tiligne ou elliptique.

4. Procédé selon la revendication 3, dans lequel la di-
rection du vecteur électrique des rayons ultraviolets
polarisés de façon rectiligne ou la direction du grand
axe du vecteur électrique des rayons ultraviolets po-
larisés elliptiquement est dans un plan défini par une
direction normale à la surface du substrat et à la
direction d’application des rayons ultraviolets.

5. Procédé selon l’une quelconque des revendications
1, 2 ou 4, dans lequel les chaînes latérales après
application des rayons ultraviolets au film s’inclinent
en moyenne par rapport à la normale au substrat
vers la direction d’incidence des rayons ultraviolets,
l’angle selon lequel les chaînes latérales s’inclinent
ne venant pas en coïncidence avec l’angle d’inci-
dence des rayons ultraviolets.

6. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel la direction inclinée par rapport à

la normale à la surface du film est dans une plage
de 5 à 85° par rapport à la normale à la surface du
film.

7. Procédé selon la revendication 6, dans lequel la di-
rection inclinée par rapport à la normale est dans
une plage de 30 à 70 degrés.

8. Procédé selon l’une quelconque des revendications
1 à 7, dans lequel l’étape d’application des rayons
ultraviolets comprend les sous-étapes suivantes :

appliquer des rayons ultraviolets à travers un
premier masque selon une première direction,
et
appliquer des rayons ultraviolets à travers un
second masque distinct du premier masque se-
lon une seconde direction distincte de la premiè-
re direction.
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