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(57) ABSTRACT

A liquid crystal display includes a first substrate; a second
substrate cohered to the first substrate with a separation from
the first substrate; a first orientation film formed on an inner
surface of the first substrate; a second orientation film
formed on an inner surface of the second substrate; and a
liquid crystal injected between the first substrate and the
second substrate, wherein the first orientation film and the
second orientation film are formed to face each other, and
the thickness of the first orientation film or the second
orientation film is formed differently in different portions.
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LIQUID CRYSTAL DISPLAY AND METHOD FOR
MANUFACTURING THE SAME

[0001] The present application claims the benefit of
Korean Patent Application No. 57723/2000 filed in Korea on
Sep. 30, 2000 and Korean Patent Application No. 85277/
2000 filed in Korea on Dec. 29, 2000, which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) and a method for manufacturing the same,
and more particularly, to a color liquid crystal display in
which the thickness of orientation films in the LCD is
adjusted to compensate for the color properties of the LCD.

[0004] 2. Discussion of the Related Art

[0005] Typically, a thin film transistor liquid crystal dis-
play (TFT-LCD) includes an upper substrate and a lower
substrate placed opposite to the upper substrate. The two
substrates maintain a designated cell gap between them, and
a liquid crystal is injected between the upper substrate and
the lower substrate and sealed there-between.

[0006] FIG. 1 illustrates a structure of a TFT-LCD.

[0007] The lower substrate is formed with a polarizing
plate 1, a transparent substrate 2, a TFT array 3 and an
orientation film 4.

[0008] On the transparent substrate 2, a plurality of TFTs
and a plurality of pixels are arranged in a matrix formation,
with each pixel having a pixel electrode connected to a TFT
as a basic unit. Also, a plurality of gate buslines and data
buslines that are electrically connected to one another are
formed at each TFT.

[0009] A gate clectrode of the TFT formed around the
intersecting point of the gate busline and the data busline
diverges from the gate busline, and a source electrode
diverges from the data busline.

[0010] The upper substrate includes a polarizing plate 5, a
transparent substrate 6, a color filter 7, a common electrode
8, and an orientation film 9.

1. Field of the Invention

[0011] The color filter 7 has at least one of red, green and
blue dyes and comprises a plurality of pixels. The common
electrode 8 and the orientation film 9 are formed sequen-
tially on the transparent substrate 6.

[0012] A sealed liquid crystal 10 is injected between the
upper and lower substrates, and a spacer 11 is placed
between the two substrates to maintain a constant cell gap.

[0013] In order to exhibit an intended image, the liquid
crystal display having the above construction permits a
voltage to be applied to the pixel and generates a voltage
difference between the pixel electrode located in the pixel
and the common electrode of the color filter substrate,
rearranging a corresponding part of the liquid crystal.

[0014] In other words, if a voltage is applied to a gate
busline and a data busline, respectively, then only the TFT
where the gate voltage is applied is turned on. And the
voltage of the data busline causes electric charges to be
accumulated in the pixel electrode connected to a drain
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electrode of the TFT which has been turned on. Conse-
quently, the voltage is applied to the liquid crystal between
the pixel electrode and the common electrode only. As a
result, the arrangement of liquid crystal molecules is
changed and light is transmitted or blocked according to the
specific arrangement. In this way, the intended image is
displayed by selectively controlling the transmission or
blocking the light to each pixel.

[0015] The liquid crystal display uses color filters corre-
sponding to three primary colors of light, ie., Red (R),
Green (G) and Blue (B) in order to display a color. The RGB
color filters are arrayed close to one another, and an appro-
priate color signal is applied to a corresponding color filter
to control the luminance of light.

[0016] Once again, the procedure for displaying a color
involves a number of steps. That is, the luminance of each
light is controlled by changing the arrangement of the liquid
crystal molecules, and the voltage necessary to drive the
liquid crystal is outputted from a source driver integrated
circuit (IC) and supplied through the pixel TFT.

[0017] The data voltage supplied to each pixel in this way
changes the arrangement of the liquid crystal layer, which
consequently affects light transmittance due to the rear-
ranged liquid crystal layer between the upper and lower
polarizing plates. Here, the number of colors that is possible
to be displayed depends on the number of steps taken to
control the liquid crystal. For example, in the case of NW
(Normally) ECB mode, when no voltage is applied, it
becomes a white state, whereas when the highest voltage is
applied, it becomes a black state. Assuming that there is a
color filter per pixel, if a medium voltage is applied to the
color filter of the pixel, it is possible to display a medium
tone according to the voltage applied, and to control the
brightness and the chroma of light.

[0018] The color screen of the TFT-LCD displays a white
light emitted by a back light (B/L), and a mixture of three
primary colors transmitted from the R, G and B color filters
through each pixel. A TFT is used to drive the liquid crystal
cell of each pixel, thereby determining the amount of light
transmitted by the liquid crystal cell.

[0019] The color filter is made from organic materials
such as dyes or pigments. The manufacturing methods
include a dye method, a dispersion method, an electro-
deposition method, and a print method. The most common
method among them is the pigment dispersion method,
which is widely used for manufacturing the color filter of the
TFT-LCD.

[0020] Normally, pigment particles are opaque because
they disperse light. However, if the size of the particles is
smaller than the wavelength of the light, the particles
transmit light and become transparent. Thus, it is better to
have smaller particles in order to obtain a high degree of
transparency and an excellent dispersion property.

[0021] As explained before, the liquid crystal display is an
electro-optic element driven by the voltage applied to liquid
crystal molecules that are injected to the constant cell gap
between the upper substrate and the lower substrate.
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[0022] Therefore, it is very important to maintain a con-
stant gap between the two substrates.

[0023] If the gap between the two substrates is not con-
stant, the transmittance of light passing through the part is
also changed, so a uniformity in the brightness in different
portions of the device is not obtained.

[0024] On the other hand, even if the cell gap is main-
tained constant, there still could be a color balance problem.

[0025] Hereinafter, the
described in more detail.

[0026] AFLC mode, ECB mode and IPS mode are some-
times called a birefringence mode because all of them take
advantage of the birefringence property of light in principle.
The light transmittance (T) in such a mode can be generally
calculated by the following equation: T=Sin* (20)*Sin” (8/2)
(wherein, 0 is an angle between a transmission axis of a
polarizing plate to the side of an incident light and the liquid
crystal direction; 8 (phase contrast)=2md*An g/A; d is a cell
gap; An_g is an effective refractive index; and A is a wave-
length of light).

[0027] From the equation, it is apparent that the transmit-
tance (T) is related to the cell gap (d), the wavelength of light
(M) and a structure of the liquid crystal layer. Looking at the
transmittance properties at each color pixel according to the
applied voltage and assuming that the cell gap (d) stays
constant, it is found from the light transmittance T=Sin*
(20)*Sin” (8/2) that the phase difference is different for each
color even with the same arrangement of the liquid crystal
layer. Consequently, the transmittance in gray levels are
different for each color. Therefore, the color balance in gray
levels is destroyed. In addition, the voltage required for
generating the maximum transmittance is differently applied
to each R, G and B pixel, making it more difficult to achieve
the optimum white light in general. One of the attempts
made to solve this problem is to apply different cell gaps to
the R, G and B pixels, respectively.

[0028] As shown in the equation described above, i.e.,
d=2nd*An_g/A, in order to make the phase difference (d)
equal, the cell gap of each color pixel should be optimized
respectively, that is, as the wavelength gets longer, the value
of d*An_g should be larger also. However, since Ang
depends on the medium properties, the cell gap (d) is a
variable that can be changed. Thus, the cell gap (d) should
be larger to maintain the phase difference at the same value
even when the wavelength becomes longer. In other words,
if the cell gap (d) is different for each color, the transmittance
difference in gray levels during applying the voltage and the
color balance problem thereof can be solved together.

[0029] FIG. 2 shows the main parts of the liquid crystal
display in the related art where the cell gap (d) is different
for each R, G or B color. Here, the liquid crystal display
includes two transparent substrates 201 and 202 that oppose
cach other, two orientation films 208 and 209 between the
substrates, a spacer 205 between the orientation films to
maintain a designated gap where liquid crystal 206 is
injected and sealed, and a color filter 207 (R, G, B) with
different thicknesses, respectively, in compensation for color
balance.

aforementioned problem is

[0030] Namely, when applying the voltage to the liquid
crystal, the color balance in the middle gray is sometimes
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lost because of the slope of transmittance of each color (Tg,
Tg, Tg) is different from one another. The problem is
overcome by varying the cell gap of each color (dg, dg, dg).

[0031] Unfortunately, since the technology of the related
art differentiates the thicknesses of each color filter from one
another as a way of reinforcing color properties, it is not
appropriate to obtain the gap uniformity and the orientation
stability because of a big step in the R, G and B pixels,
respectively. When the orientation is unstable for the reason
stated above, any unnecessary small domain can be gener-
ated, and the orientation itself during rubbing is not easily
done when compared with the flat substrate. Moreover, the
orientation around the borders having the above-mentioned
step is relatively unstable compared with other surrounding
areas, generating a disclination between the domains and
consequently decreasing C/R.

SUMMARY OF THE INVENTION

[0032] Accordingly, the present invention is directed to a
liquid crystal display that substantially obviates one or more
of the problems due to limitations and disadvantages of the
related art.

[0033] An object of the present invention is to provide a
liquid crystal display and a method for manufacturing the
same in order to improve color properties by varying thick-
nesses of orientation films positioned to correspond to
respective R, G and B color filters in the liquid crystal
display.

[0034] Another object of the present invention is to pro-
vide of a liquid crystal display and a method for manufac-
turing the same in order to compensate and improve color
properties by varying liquid crystal motions in each pixel
that displays each color when applying an equal voltage to
each pixel. This is accomplished by making similar the
thicknesses of R, G and B color filters on an upper substrate
in the liquid crystal display to maintain the flat substrate, and
by varying the thicknesses of orientation films positioned to
correspond to respective R, G and B color filters in the liquid
crystal display.

[0035] Yet another object of the present invention is to
provide a liquid crystal display and a method for manufac-
turing the same in order to improve color properties by
adjusting the thickness of an orientation film in the liquid
crystal display, thereby maintaining gap uniformity by using
a uniform color filter pigment concentration and securing an
excellent orientation film stability. Another object of the
present invention is to provide a color liquid crystal display
in which characteristics of each color are reinforced by
balancing the colors through decreasing transmittance dif-
ferences in a middle gray area of red, green and blue,
respectively, taking advantage of a different thickness of an
orientation film that is typically observed in a liquid crystal
with a large spontaneous polarization which is one of
characteristics of ferroelectric liquid crystal (FLC) phase in
a color liquid display crystal.

[0036] 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 structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.
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[0037] 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
includes a first substrate; a second substrate; which is
cohered to the first substrate with a designated separation; a
first orientation film formed on an inner side of the first
substrate; a second orientation film formed on an inner side
of the second substrate; and a liquid crystal injected between
the first substrate and the second substrate, wherein the first
orientation film and a second orientation film are formed to
face each other, and the thickness of the first orientation film
is different from thickness of the second orientation film.

[0038] In another aspect, a method for manufacturing the
liquid crystal display described above includes forming a
first orientation film on a first substrate and a second
orientation film on a second substrate; varying a thickness of
the first orientation film or the second orientation film per a
constant unit; applying an alignment treatment on the first
orientation film and the second orientation film, respec-
tively; bonding the first substrate to the second substrate
with a cell gap; and injecting the liquid crystal between the
first substrate and the second substrate.

[0039] Inthe present invention, the elements of each color
filter are R, G and B, respectively, and the thickness of the
orientation film corresponding to the same satisfies the
relation of R<G<B.

[0040] In addition, the thicknesses of the R, G and B color
filters on the upper substrate of the liquid crystal display are
adjusted such that there is only a very small difference in the
thicknesses in order to maintain the flatness of the upper
substrate. And, the orientation films corresponding to the
color filters are formed on the opposite transparent substrate
having the liquid crystal in-between.

[0041] The orientation films are formed by steps of dry
etching using a photoresist and have different thicknesses.

[0042] Another embodiment of the present invention pro-
vides a method for forming an orientation film with a
different thickness and a designated step by coating the
orientation film several times.

[0043] 1t 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

[0044] 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. In the drawings:

[0045] FIG. 1 is a cross sectional view of a related art
liquid crystal display;

[0046] FIG. 2 is a cross sectional view of a multi-gap
technology used for improving a color balance in a related
art liquid crystal display;

[0047] FIG. 3 is a cross sectional view showing a liquid
crystal display according to a preferred embodiment of the
present invention;

[0048] FIGS. 4A to 4C are cross sectional views showing
different phases of a process for manufacturing a liquid
crystal display according to a preferred embodiment of the
present invention; and
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[0049] FIGS. 5A to 5C are sectional views showing
different phases of a process for manufacturing a liquid
crystal display according to another preferred embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0050] 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.

[0051] In the following description, the same drawing
reference numerals are used for the same elements in dif-
ferent drawings. The matters defined in the description are
nothing but the ones provided to assist in a comprehensive
understanding of the invention. Thus, it is apparent that the
present invention can be carried out without those defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure the invention in
unnecessary detail.

[0052] FIG. 3 is a cross sectional view showing a liquid
crystal display according to a preferred embodiment of the
present invention.

[0053] Referring to FIG. 3, the liquid crystal display
according to the present invention includes a lower substrate
having a pixel electrode 302 which includes a TFT array
formed on a transparent substrate 301 and an orientation film
303 formed on the pixel electrode 302. An upper substrate
including a color filter array 305 is formed on a transparent
substrate 304, and a common electrode 306 and an orienta-
tion film 307 are formed in subsequence on the color filter
array 305. A spacer 308 and a scalant (not shown) are placed
between the substrates, and a ferroelectric liquid crystal 311
is injected between the substrates. Polarizing plates 309, 310
are formed outside the upper and lower substrates, respec-
tively.

[0054] Here, the thicknesses of each portion of the orien-
tation film 303 that faces a respective color (R, G and B) of
the individual color filter 305 are different. The thicknesses
of R, G and B, color filters are, however, very close to one
another in order to maintain the flatness of the upper
substrate.

[0055] On the other hand, the thickness of an orientation
film R', corresponding to a first color pigment R, an orien-
tation film G', corresponding to a second color pigment G,
and an orientation film B', corresponding to a third color
pigment B, respectively, satisfies the relation of R'<G'<B',
having designated thicknesses to keep up with the color
balance by minimizing the transmittance difference in a
middle gray level of each color when applying the equal
voltage to each pixel.

[0056] Here, the cell gap may be, for example, approxi-
mately 1.5 um to 2 um, while the thickness of the orientation
film ranges over several hundred A for the change because
this kind of thickness is more than enough to yield an
intended color property compensation effect.

[0057] Moreover, since each orientation film of R', G' and
B' does not have a big step, it is easy to enhance the
orientation stability and the cell gap uniformity.

[0058] Similar to FIG. 3, FIG. 4 illustrates a preferred
embodiment of a process for manufacturing the liquid
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crystal display according to the present invention that can
reinforce color properties by varying the thickness of the
orientation.

[0059] As shown in FIG. 4A, a TFT array 42 is formed on
a transparent substrate 41 and an orientation film 43 coats
the TFT array 42.

[0060] Here, the transparent substrate 41 can be a glass
plate. In the TFT array 42, a plurality of pixels having a TFT
and a pixel electrode connected to the TFT as a basic unit,
are arrayed in a matrix formation, and a plurality of gate
buslines and data buslines are electrically connected to each
TFT.

[0061] The gate electrode of the TFT formed around the
intersection of the gate busline and the data busline diverges
from the gate busline, and the source electrode diverges
from the data busline.

[0062] On the other hand, on the orientation film 43, a
photoresist 44¢ is formed in the regions except for the region
corresponding to R pigment 43¢ among other pigments of
the color filters, and using the photoresist 44a as a mask, a
dry etching process is carried out to etch the orientation film
positioned opposite to the R pigment 43z to a designated
thickness.

[0063] Next, as shown in FIG. 4B, a photoresist 44b is
formed in the regions except for the regions corresponding
to R pigment 43¢ and G pigment 43b, and using the
photoresist 44b as a mask, a dry etching process illustrated
in FIG. 4C is carried out to etch the orientation film
positioned opposite to R and G pigments to a designated
thickness.

[0064] Through this process, the respective regions cor-
responding to R pigment 434, G pigment 43b and B pigment
43c have orientation films of different thicknesses.

[0065] Thereafter, a rubbing treatment is performed on the
orientation films arrayed in each pixel in which the TFT
array is formed. The rubbing treatment is also performed on
the orientation film of the upper substrate formed with the
color filter, the common electrode and the orientation film
arrayed in sequence on the transparent substrate. Finally, the
upper substrate and the lower substrate are cohered and the
liquid crystal is injected between the substrates and sealed,
thereby completing the construction of the liquid crystal
display device of the present invention with improved color
properties based on the adjustment of the thicknesses of the
orientation films.

[0066] Since the compensation of color properties is
accomplished by varying the thicknesses of the orientation
films, an LCD device of the present invention can improve
color properties while maintaining the cell gap uniformity
by using a uniform pigment concentration. In addition, the
secured uniformity of the orientation film enables the com-
pensation of colors without any sacrifice from the orienta-
tion stability.

[0067] Similar to FIG. 3, FIGS. 5A through 5C illustrate
another embodiment of the process for manufacturing the
liquid crystal display according to the present invention for
reinforcing color properties by varying the thickness of the
orientation film.
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[0068] According to FIG. 5A, an orientation film 503 is
formed through a roll coating process on a lower substrate
501 where a TFT array 502 is formed. Here, a resin plate 506
used in the roll coating process may be patterned in such
way that the orientation film 503 can be positioned on the
region of pixel B only.

[0069] After the process of forming the orientation film,
the solvent remaining in the film is eliminated by baking the
orientation film.

[0070] As shown in FIG. 5B, the roll coating process is
performed on the lower substrate 501 where the TFT array
502 is formed and on the orientation film 503, so that an
additional orientation film 504 is formed only on the regions
of B and G pixels.

[0071] Here, the resin plate 507 employed in the rolling
coating process may be patterned in such a way that the
orientation film 504 can be positioned on the regions of B
and G pixels only.

[0072] Again, after the process of forming the orientation
film, the solvent remaining in the film is eliminated by
baking the orientation film.

[0073] FIG. 5C illustrates an orientation film 505 that is
additionally formed on the entire active region on the lower
substrate 501 where the TFT array 502 is formed, and on the
orientation film 503 through the roll coating process.

[0074] Here, the resin plate employed in the roll coating
process is patterned in such a way that the orientation film
505 can be positioned on the entire active region. Similarly,
the solvent remaining in the film is eliminated by baking the
orientation film after the process of forming the orientation
film. After this, an alignment treatment is performed on the
orientation film of the lower substrate by means of rubbing.

[0075] As explained above, the method of adjusting the
thicknesses of the orientation films to compensate for the
color properties is advantageous in that the method provides
an excellent orientation stability and cell gap uniformity,
compared with the method for adjusting the thicknesses of
the color filters found in the related art.

[0076] In addition, the flatness of the orientation layer is
much better than that of the related art.

[0077] Although the embodiments of the present invention
only illustrate a liquid crystal display and the manufacturing
method thereof by varying the thickness of the orientation
film of the lower substrate where the TFT array is formed,
the present invention is not limited to the case of making the
thickness of the orientation film of the TFT array substrate
different for each pixel corresponding to a color. In addition,
the method can be applied not only to the C/F substrate, but
also the C/F substrate and the TFT array substrate.

[0078] 1t will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display of the present invention without
departing 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.
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1-9 (Cancelled).
10. A method for manufacturing a liquid crystal display,
comprising the steps of:

forming a first orientation film on a first substrate and a
second orientation film on a second substrate;

varying a thickness of the first orientation film or the
second orientation film per a constant unit;

applying an alignment treatment on the first orientation
film and the second orientation film, respectively;

bonding the first substrate to the second substrate and
maintaining a cell gap; and

injecting the liquid crystal in the cell gap between the first

substrate and the second substrate.

11. The method of claim 10, further comprising the step
of forming a color filter, which comprises a first color, a
second color and a third color in each of the pixel, between
the first substrate and the first orientation film, wherein the
total thickness of the orientation film of each pixel corre-
sponding to each color is formed differently from one
another.

12. The method of claim 10, further comprising the steps
of forming a plurality of pixel electrodes, thin film transis-
tors, data lines and gate lines between the second substrate
and the second orientation film.

13. The method of claim 11, wherein the step of varying
the total thickness of the orientation film of each pixel
corresponding to each color further comprises the steps of
forming photo resist pattern where the region of the orien-
tation film corresponding to the first color is opened, and
etching an exposed portion of the orientation film only.

14. The method of claim 13, wherein the step of varying
the total thickness of the orientation film of each pixel
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corresponding to each color further comprises the steps of
forming a photo resist pattern where the regions of the
orientation film corresponding to the first color and the
second color regions are opened, and etching an exposed
portion of the orientation film only.

15. The method of claim 13, wherein the first color is red.

16. The method of claim 14, wherein the first color is red,
and the second color is green.

17. The method of claim 11, wherein the step of varying
the total thickness of the orientation film of each pixel
corresponding to each color further comprises the steps of
forming an orientation film patterned in a way that the
orientation film forms one of the first orientation film region
and the second orientation film region corresponding to the
first color.

18. The method of claim 17, further comprising the step
of forming a patterned orientation film in the first orientation
film region or the second orientation film region correspond-
ing to the first color and the second color.

19. The method of claim 18, further comprising the step
of forming an orientation film on the first substrate or the
second substrate corresponding to an entire region including
the first color, the second color, and a third color.

20. The method of claim 10, wherein the liquid crystal
injected between the first substrate and the second substrate
is the ferroelectric liquid crystal.

21. The method of claim 17, wherein the first color is red.

22. The method of claim 18, wherein the second color is
green.

23. The method of claim 19, wherein the third color is
blue.
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