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MULTI-DOMAIN LIQUID CRYSTAL DISPLAY AND
METHOD FOR MANUFACTURING THE SAME

[0001] This application claims the benefit of Korean
Application No. 58082/2000, filed in Korea on Oct. 4, 2000,
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a multi-domain
liquid crystal display and a method for manufacturing the
same. In particular, the present invention relates to a multi-
domain liquid crystal display and a method for manufactur-
ing the same, the liquid crystal display including two
opposed substrates (a first substrate and a second substrate)
and liquid crystal injected and sealed between the two
substrates.

[0004] 2. Discussion of the Related Art

[0005] As shown in FIG. 1, a liquid crystal display is
comprised of two opposed substrates (a first substrate and a
second substrate), and a liquid crystal is inserted and sealed
between the substrates.

[0006] The first substrate includes a polarizing plate 1, a
transparent substrate 2, a color filter 3, a common ¢lectrode
4 and an alignment film 5; and the second substrate includes
a polarizing plate 6, a transparent substrate 7, a thin film
transistor (hereinafter referred to as TFT) array 8 and an
alignment film 9.

[0007] The TFT array 8 on the transparent substrate is
comprised of a plurality of pixels arrayed in perpendicular
and horizontal directions, each pixel having a TFT and a
pixel electrode connected to the TFT as a basic unit. The
pixels are regions defined by gate bus lines and data bus
lines. These bus lines are connected to the corresponding
TFTs in the respective pixels.

[0008] The color filter 3 is a transparent substrate includ-
ing one pigment from the group of Red, Green and Blue, and
a plurality of color filters are formed in correspondence with
each pixel. The common electrode, which generates an
electric field relative to the pixel electrode, is formed on the
surface of the color filter, and the alignment film is formed
on the common electrode.

[0009] The liquid crystal 10 is injected between the first
substrate and the second substrate, and thereafter the
injected liquid crystal is sealed. Also, a spacer 11 is inter-
posed between the two substrates to maintain a constant cell

g4p.

[0010] The liquid crystal display having the construction
described above applies a voltage to each pixel on the TFT
substrate in order to generate a voltage difference between
the pixel electrode corresponding to the pixel and the
common electrode on the color filter for rearranging the
liquid crystal in that area to display an intended picture
image.

[0011] The liquid crystal display uses respective color
filters corresponding to the three primary colors of light,
namely, Red (R), Green (G) and Blue (B). The RBG color
filters are positioned close to one another, and a black matrix
(BM) (not shown) is formed between color filters situated in
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adjacent pixels. The black matrix controls the brightness of
light when a corresponding signal is applied to the pixel to
express the colors.

[0012] The TFT liquid crystal display is characterized by
a high brightness, a high contrast and low energy consump-
tion, and thus it has been widely applied to desktop com-
puter monitors, notebook computer monitors, TV image
receivers, vehicle TV image receivers and navigators, and so
forth.

[0013] Recently, more advanced liquid crystal displays are
in demand in order to keep up with the multimedia era. As
an attempt to meet the recent demand, several wide viewing
angle (VA) technologies were proposed. However, those
technologies have various disadvantages, such as an
increase in energy consumption due to a deteriorated aper-
ture ratio, degradation of a front display quality and unde-
sirable effects on the production process.

[0014] One of the technologies for securing a wide view-
ing angle offers an alignment structure of liquid crystal
molecules and suggests a multi-domain cell having regions
with different structures in a pixel.

[0015] For example, an alignment film formed on a sub-
strate undergoes a rubbing treatment or a mechanical treat-
ment to make an alignment treatment in one direction, and
a slit pattern is formed in a pixel electrode (or common
electrode) on the other substrate to produce the fringe field
effect (FFE), thereby providing a pixel with two domains
with two different liquid crystal alignment directions. In
another case, an alignment film is coated with a photosen-
sitive material, and ultraviolet (UV) is radiated thereon,
creating two domains with different alignment directions of
the liquid crystal.

[0016] FIG. 2 is a plan view illustrating a liquid crystal
display having two domains according to the related art.
Here, reference numeral 20 indicates a slit-patterned pixel
electrode, reference numeral 21 indicates the alignment
direction, and a and b indicate average liquid crystal align-
ment directions at the respective positions when a maximum
voltage is applied.

[0017] The 2-domain liquid crystal display shown in FIG.
2 is manufactured as follows. First, the alignment film
formed on the first substrate undergoes either a rubbing
treatment or mechanical treatment in one direction. The
second substrate does not undergo the alignment treatment,
and the slit pattern is instead formed on the pixel electrode
in order to produce the FFE.

[0018] Then, the liquid crystal having a negative dielectric
constant is injected and sealed between the first substrate
and the second substrate. That is, the rubbing treatment
determines a pretilt angle for the first substrate, and each
pixel in the second substrate has two domains with two
different alignment directions a and b due to the fringe field
produced by the slit pattern formed in the pixel electrode.

[0019] However, the aforementioned method is limited to
the 2-domain liquid display only, and is not appropriate for
embodying more than two domains since the rubbing treat-
ment may cause various problems.

[0020] For example, dust particles and -electrostatic
charges can be generated during the rubbing treatment, and
this may cause severe damage to the liquid crystal display
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element. In addition, microgrooves created during rubbing
are a main factor resulting in light scattering and chaotic
phase distortion.

[0021] On the other hand, a photoalignment method of
irradiating polarized ultraviolet to photosensitive polymers
has been already known. According to this method, the
alignment ability of photosensitive material is determined by
anisotropic material derived from the irradiation. Examples
of usable photoalignment materials include polyvinylcin-
namate (PVCN), polysiloxane (PS) and polyimide (PI). The
photoalignment characteristics of these materials are mani-
fested upon application of UV irradiation.

[0022] Tt is generally believed that the alignment direction
of the surface of the alignment material is always perpen-
dicular to the polarization direction of the UV. However,
some material is aligned parallel to the polarization direction
of the UV.

[0023] Compared to the rubbing method in general, the
photoaligmnent technology has many advantages since it
does not generate electrostatic charges and dust particles,
which are typically generated in the rubbing method.

[0024] Especially, the photoalignment technology is appli-
cable to the manufacture of 2-domain structure in order to
improve viewing angles of the liquid crystal display, optical
storage devices, and process devices.

[0025] As one example, in the method suggested by W.
Gibbons et al (Nature 351 (1991) 49), the photoalignment
material is rubbed in a single direction, and then the sub-
strate is irradiated by UV radiation through a mask in order
to make the alignment direction perpendicular to the initial
rubbing direction.

[0026] According to this method, the liquid crystal display
is comprised of one substrate having two domains, the other
substrate having a single domain that is aligned to the initial
rubbing direction, and liquid crystal injected between the
two substrates. The liquid crystal cell of this liquid crystal
display element has a 90° twisted structure in a region
corresponding to a transparent portion in the photoalignment
process.

[0027] Unfortunately, the above method utilizes the rub-
bing method of polymers, which generates dust and elec-
trostatic charges upon formation of microgrooves on the
surface of the alignment film, leaving the aforementioned
problems unsolved.

[0028] Another study done by P. Shennon et al (Nature
368 (1994) 532) employs an irradiation method by using
polarized light for the initial alignment instead of rubbing
the surface of the alignment film.

[0029] Although this method successfully solved the prob-
lems of the rubbing process, it requires several extra pro-
cesses since-the alignment film must be exposed to polarized
light twice with different polarization directions in order to
provide different alignment directions in the respective
domains, separately.

[0030] Therefore, a new technology needs to be developed
to efficiently and effectively construct a multi-domain liquid
crystal display.

SUMMARY OF THE INVENTION

[0031] Accordingly, the present invention is directed to a
multi-domain liquid crystal display and method for manu-
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facturing the same that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art.

[0032] An object of the present invention is to provide a
4-domain liquid crystal display and a method for manufac-
turing the same, which have superior reliability and char-
acteristics, with a simpler manufacturing scheme.

[0033] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the scheme particularly pointed out in the written
description and claims hereof as well as the appended
drawings.

[0034] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, the liquid crystal display
according to a first aspect includes a first substrate having a
transparent substrate, a color filter, a common electrode and
a first alignment film, which are disposed in that order; a
second substrate facing the first substrate and having a
transparent substrate, a thin film transistor (TFT) array
including a plurality of slit-patterned pixel electrodes, and a
second alignment film; a spacer for maintaining a specified
space between the first substrate and the second substrate;
and liquid crystal injected between the first substrate and the
second substrate.

[0035] Here, a third alignment film may be formed on a
certain part of the first alignment film region. The third
alignment film of the first substrate may preferably be made
of photopolymerizable liquid crystal including a chiral
dopant, for example.

[0036] The liquid crystal injected between the first sub-
strate and the second substrate may preferably have a
negative dielectric constant, and the first alignment film may
preferably be made of a compound selected from the group
consisting of PI (polyimide), PVCN (polyvinylcinnamate),
PSCN (polysiloxane cinnamate), and CelCN (cellulose cin-
namate).

[0037] Here, the first alignment film has at least two
regions, and the liquid crystal in the respective regions
aligns in directions different from each other.

[0038] In another aspect, the present invention provides a
method for manufacturing the multi-domain liquid crystal of
the present invention, including the steps of forming a first
alignment film on a first substrate and rubbing the film to
define an alignment direction therein; forming a second
alignment film including a chiral dopant on a certain part of
the first alignment film; forming an alignment film on a
second substrate where a plurality of slit-patterned pixel
electrodes are formed; and injecting liquid crystal between
the first substrate and the second substrate.

[0039] The alignment angle of the second alignment film
from the first alignment film can be adjusted by controlling
the amount of the chiral dopant and/or adjusting the thick-
ness of the second alignment film.

[0040] In another aspect, the present invention provides a
method for manufacturing the multi-domain liquid crystal
display, the method including the steps of forming an
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alignment film on a first substrate by using a photosensitive
material, thereby forming a photoalignment film; forming
different alignment directions in different regions by radiat-
ing light to the photoalignment film; forming an alignment
film on a second substrate where a plurality of slit-patterned
pixel electrodes are formed; and injecting liquid crystal
between the first substrate and the second substrate.

[0041] Here, the first alignment film of the first substrate
may preferably be selected from the group consisting of PI
(polyimide), PVCN (polyvinylcinnamate), PSCN, and
CelCN.

[0042] According to one aspect of the 4-domain liquid
crystal display of the present invention, a first region and a
second region have different alignment directions due to an
alignment film and a photosensitive-photopolymerizable lig-
uid crystal layer including a chiral dopant formed on the first
substrate. The liquid crystal display has a pixel with four
different liquid crystal alignment directions due to a fringe
field produced by a slit-patterned pixel electrode for deriving
a fringe field effect (FFE). No alignment treatment is pro-
vided in an alignment film in the second substrate.

[0043] In a further aspect, the present invention provides
a multi-domain liquid crystal display, including a first sub-
strate including a first transparent substrate, a color filter, a
common electrode and a first alignment film; a second
substrate oppositely placed to the first substrate, the second
substrate including a second transparent substrate, a plural-
ity of slit-patterned pixel electrodes, a thin film transistor
(TFT) array, and a second alignment film; a spacer for
maintaining a substantially constant cell gap between the
first substrate and the second substrate; and a liquid crystal
between the first substrate and the second substrate, wherein
the liquid crystal has at least four domains, and liquid crystal
molecules in different domains of the liquid crystal align in
different directions upon application of a voltage across the
liquid crystal.

[0044] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0046] FIG. 1 is a cross-sectional view of a liquid crystal
display of the related art.

[0047] FIG. 2 is a plan view of a liquid crystal display of
the related art.

[0048] FIG. 3A is a plan view of a multi-domain crystal
display according to a first embodiment of the present
invention.

[0049] FIG. 3B is a cross-sectional view taken along the
line B-B' of FIG. 3A.

[0050] FIG. 4A is a plan view showing a multi-domain
crystal display according to a second embodiment of the
present invention.
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[0051] FIG. 4B is a cross-sectional view taken along the
line B-B' of FIG. 4A.

[0052] FIG. 5A is a plan view showing a multi-domain
crystal display according to a third embodiment of the
present invention.

[0053] FIG. 5B is a cross-sectional view taken along the
line B-B' of FIG. 5A.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0054] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

FIRST EMBODIMENT

[0055] FIG. 3A is a plan view of a multi-domain crystal
display according to a first embodiment of the present
invention. FIG. 3B is a cross-sectional view taken along the
line B-B' of FIG. 3A. Reference number 30 indicates a
slit-patterned pixel electrode, reference numbers 314 and
31b indicate alignment directions, and a, b, ¢ and d indicate
four different alignment directions (4 domains) of liquid
crystal in the respective regions when an electric field is
applied to the pixel.

[0056] In this preferred mode, the first substrate includes
a transparent substrate 32, a black matrix 33a, a color filter
33b, a common electrode 34, an alignment film 35, and a
photopolymerizable liquid crystal layer 36, which are dis-
posed in that order, for example.

[0057] The alignment film 35 is aligned in a single direc-
tion through a rubbing process or mechanical treatment. The
alignment film 335 is then coated with the photopolymeriz-
able liquid crystal layer 36.

[0058] Next, using a mask, the photopolymerizable liquid
crystal layer 36 is patterned to partially cover the alignment
film 35 (region A). The layer 36 includes a chiral dopant in
this example. The liquid crystal layer 36 is aligned to a
direction different from the direction of the alignment film
35 due to the chiral dopant. That is, with the chiral dopant
added to the photopolymerizable liquid crystal layer 36, the
liquid crystal molecules in the layer 36 rotate relative to the
direction defined by the alignment film 35. The rotational
angle from the direction of the alignment film 35 is deter-
mined by the amount of the chiral dopant added and the
thickness of the photopolymerizable liquid crystal layer 36.

[0059] The second substrate includes a transparent sub-
strate 37, a slit-patterned pixel electrode 38 and an alignment
film 39. Here, the alignment film 39 on the pixel electrode
38 does not undergo any alignment treatment, and induces
the FFE through the slit-patterned pixel electrode 38.

[0060] The slit pattern distorts the electric field. If the arca
of the slit is enlarged, the liquid crystal molecules are driven
more stably. Meanwhile, if there is no slit or the slit is very
slim, the degree of distortion of the electric field that is
necessary for the domain division becomes very small.
Therefore, an appropriate slit size should be provided.

[0061] Lastly, a liquid crystal having a negative dielectric
constant is injected between the first substrate and the
second substrate to complete the multi-domain liquid crystal
display of this example.
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[0062] The liquid crystal display according to the present
example has different alignment directions in the first region
A and the second region A’ on the first substrate. Also, as a
result of the fringe field produced by the slit-patterned pixel
electrode on the second substrate, the liquid crystal display
has four different alignment directions a, b, ¢, and d within
each pixel when an electric field is applied to the pixel. In
this way, the four-domain liquid crystal display is con-
structed.

[0063] Compared with the two-domain liquid crystal dis-
play in terms of the step inversion (or gray inversion), the
four-domain liquid crystal display of this example has a
wider viewing angle and improved overall performance.

SECOND EMBODIMENT

[0064] FIG. 4A is a plan view of a multi-domain liquid
crystal display according to a second embodiment of the
present invention. FIG. 4B is a cross-sectional view taken
along the line B-B' of FIG. 4A. Reference numeral 40
indicates a slit-patterned pixel electrode, reference numeral
41a and 41b indicate alignment directions, respectively, and
a, b, ¢ and d indicate four different alignment directions (4
domains) of the liquid crystal in the respective regions when
an electric field is applied to the pixel.

[0065] In this example, the first substrate includes a trans-
parent substrate 42, a black matrix 43a, a color filter 435, a
common electrode 44, an alignment film 45, and a photo-
polymerizable liquid crystal layer 46, which are disposed in
that order, for example.

[0066] The alignment film 45 is aligned in a single direc-
tion through a rubbing process or mechanical treatment. The
alignment film 45 is then coated with a photopolymerizable
liquid crystal layer 46.

[0067] Next, using a mask, the photopolymerizable liquid
crystal layer 46 is patterned to partially cover the alignment
film 45 (regions A). The layer 46 of this example includes a
chiral dopant. Due to the chiral dopant, the liquid crystal
layer 46 is aligned in a direction different from that of the
alignment film 45.

[0068] The rotational angle from the alignment direction
of the alignment film 45 is determined by the amount of the
chiral dopant added and the thickness of the photopolymer-
izable liquid crystal layer 46.

[0069] In this example, the second substrate includes a
transparent substrate 47, a slit-patterned pixel electrode 48,
and an alignment film 49. The alignment film 49 on the pixel
electrode 48 does not undergo any alignment treatment, and
induces the FFE through the slit-patterned pixel electrode
48.

[0070] Finally, a liquid crystal having a negative diclectric
constant is injected between the first substrate and the
second substrate to complete the multi-domain liquid crystal
display of this example.

[0071] The liquid crystal display according to the instant
example has different alignment directions in the first
regions A and the second regions A' on the first substrate.
Also, due to the fringe field generated by the slit-patterned
pixel electrode 48 on the second substrate, the liquid crystal
display has four different alignment directions a, b, ¢, and d
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within each pixel when an electric field is applied. In this
way, the four-domain liquid crystal display is constructed.

[0072] Compared with the two-domain liquid crystal dis-
play in terms of the step inversion (or gray inversion), the
four-domain liquid crystal display of this example has a
wider viewing angle and improved overall performance.

THIRD EMBODIMENT

[0073] FIG. 5A is a plan view of a multi-domain liquid
crystal display according to a third embodiment of the
present invention. FIG. 5B is a cross-sectional view taken
along the line B-B' of FIG. 5A. Reference numeral 50
indicates a slit-patterned pixel electrode, reference numerals
51a and 51) indicate alignment directions, and a, b, ¢ and d
indicate four different alignment directions (4 domains) of
the liquid crystal in the respective regions when an electric
field is applied to the pixel.

[0074] In this example, the first substrate includes a black
matrix 53a, a color filter 53b, a common electrode 54, and
a photosensitive liquid crystal layer (or photoalignment film)
55, which are formed on a transparent substrate 52 in that
order, for example. Here, the photoalignment film 55 may
preferably be made of a photosensitive material, such as
PVCN, PSCN or CelCN, for example.

[0075] Then, irradiation is performed twice on the photo-
alignment film 55 by using a mask to form different align-
ment directions in the first regions A and the second regions
A'. One of the well-known photoalignment treatments is to
radiate polarized UV to a photosensitive polymer in order to
control the alignment of a liquid crystal layer.

[0076] The irradiation method is more advantageous than
the rubbing process. In contrast to the rubbing process where
the surface of the alignment may become electrostatically
charged and dust may be generated, the photosensitive
polymer used for the photoalignment material makes it
possible to adjust the direction of the alignment axis and the
amount of azimuthal anchoring energy without such disad-
vantages, thereby adjusting the distribution of the liquid
crystal directors in the cell more easily and effectively. The
photoalignment process in accordance with the present
invention enables effective and efficient formation of the
multi domains having different alignment directions from
one another.

[0077] In this example, the second substrate includes a
transparent substrate 56, a slit-patterned pixel electrode 57,
and an alignment film 58. The alignment film 58 on the pixel
electrode 57 does not undergo any alignment treatment, and
the FFE is induced through the slit-patterned pixel electrode
57. Any alignment material can be used for the second
substrate.

[0078] In this example, a liquid crystal having a negative
dielectric constant is injected between the first substrate and
the second substrate to complete the multi-domain liquid
crystal display.

[0079] The Iliquid crystal display according to this
example has different alignment directions in the first
regions A and the second regions A' on the first substrate.
Also, due to the fringe field generated through the slit-
patterned pixel electrode 57 on the second substrate, the
liquid crystal has four different alignment directions a, b, c,
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and d within each pixel when an electric field is applied. In
this way, the four-domain liquid crystal display of the
present example is constructed.

[0080] Compared with the two-domain liquid crystal dis-
play in terms of the step inversion (or gray inversion), the
four-domain liquid crystal display of this example has a
wider viewing angle and improved overall performance.

[0081] Thus, the present invention provides a method for
efficiently and effectively embodying a multi-domain verti-
cal alignment mode liquid crystal display that utilizes the
FFE (Fringe Field Effect). In addition, the present invention
provides a multi-domain liquid crystal display that has a
wider viewing angle and a high yield.

[0082] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
multi-domain liquid crystal display and method for manu-
facturing the same of the present invention without depart-
ing from the spirit or scope of the invention. Thus, it is
intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:
1. A multi-domain liquid crystal display, comprising:

a first substrate including a first transparent substrate, a
color filter, a common electrode and a first alignment
film;

a second substrate oppositely placed to the first substrate,
the second substrate including a second transparent
substrate, a plurality of slit-patterned pixel electrodes,
a thin film transistor (TFT) array, and a second align-
ment film;

a spacer for maintaining a substantially constant cell gap
between the first substrate and the second substrate; and

a liquid crystal between the first substrate and the second
substrate,

wherein the liquid crystal has at least four domains, and
liquid crystal molecules in different domains of the
liquid crystal align in different directions upon appli-
cation of a voltage across the liquid crystal.

2. The liquid crystal display according to claim 1, further
comprising a third alignment film formed on a part of the
first alignment film.

3. The liquid crystal display according to claim 2, wherein
the third alignment film of the first substrate is made of a
photopolymerizable liquid crystal.

4. The liquid crystal display according to claim 3, wherein
the photopolymerizable liquid crystal includes a chiral
dopant.

5. The liquid crystal display according to claim 1, wherein
the liquid crystal between the first substrate and the second
substrate has a negative dielectric constant.

6. The liquid crystal display according to claim 1, wherein
the first alignment film is made of a compound selected from
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the group consisting of polyimide (PI), polyvinylcinnamate
(PVCN), polysiloxane cinnamate (PSCN), and cellulose
cinnamate (CelCN).

7. The liquid crystal display according to claim 2, wherein
the liquid crystal between the first substrate and the second
substrate has a negative dielectric constant.

8. The liquid crystal display according to claim 1, wherein
the first alignment film is divided into at least two regions,
and the alignment directions of the at least two regions differ
from each other.

9. A method of manufacturing a multi-domain liquid
crystal display, the method comprising the steps of:

forming a first alignment film on a first substrate by
performing an alignment treatment on the film to have
a single alignment direction;

forming a second alignment film including a chiral dopant
on a part of the first alignment film;

forming an alignment film on a second substrate having a
plurality of slit-patterned pixel electrodes thereon; and

injecting a liquid crystal between the first substrate and

the second substrate.

10. The method according to claim 9, wherein the liquid
crystal injected between the first substrate and the second
substrate has a negative diclectric constant.

11. The method according to claim 9, wherein the align-
ment angle of the second alignment film relative to that of
the first alignment film is adjusted by controlling the amount
of the chiral dopant.

12. The method according to claim 9, wherein the align-
ment angle of the second alignment film relative to that of
the first alignment film is adjusted by controlling the thick-
ness of the second alignment film.

13. A method of manufacturing a multi-domain liquid
crystal display, the method comprising the steps of:

forming a photoalignment film on a first substrate by
using a photosensitive material;

forming different alignment directions in different regions
of the photoalignment film by radiating light to the
photoalignment film,

forming an alignment film on a second substrate having a
plurality of slit-patterned pixel electrodes thereon; and

injecting a liquid crystal between the first substrate and

the second substrate.

14. The method according to claim 13, wherein the first
alignment film is made of a compound selected from the
group consisting of polyimide (PI), polyvinylcinnamate
(PVCN), polysiloxane cinnamate (PSCN), and cellulose
cinnamate (CelCN).

15. The method according to claim 13, wherein the liquid
crystal injected between the first substrate and the second
substrate has a negative dielectric constant.
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