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LIQUID CRYSTAL DISPLAY AND METHOD OF
MANUFACTURING SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display (hereinafter referred to as an “LCD”) and a method
for manufacturing the LCD and more particularly to the
LCD in which an alignment layer is formed in a manner to
cover a TFT (Thin Film Transistor) in a TFT substrate and
to the method for manufacturing the LCD.

[0003] The present application claims priority of Japanese
Patent Application No. 2000-275708 filed on Sep. 11, 2000,
which is hereby incorporated by reference.

[0004] 2. Description of the Related Art

[0005] An LCD is widely used as a display device for
various information systems or a like. The LCD is so
constructed that a liquid crystal is put or injected between a
TFT substrate in which a TFT operating as a switching
element is formed and a facing substrate. Such the LCD is
roughly classified into a TN (Twisted Nematic)-LCD and an
IPS (In-Plane Switching)-LCD according to a difference in
a display method.

[0006] The TN-LCD is so configured that a pixel electrode
is mounted on the TFT substrate and a common electrode on
the facing substrate and that a driving voltage is applied to
both the electrodes to cause a longitudinal electric field to be
produced relative to the TFT substrate for operations. On the
other hand, the IPS-LCD is so configured that both the pixel
electrode and common electrode are mounted on one of the
substrates, for example, on the side of the TFT substrate in
a manner that both the pixel electrode and common elec-
trode are placed in a direction opposite to each other in one
plane and that a driving voltage is applied to both the
electrodes to cause a traverse electric field to be produced
relative to the TFT substrate for operations. Since the
IPS-LCD exhibits an orientation of liquid crystal molecules
along a surface of the TFT substrate, it has an advantage in
that it can provide a wider viewing angle compared with the
TN-LCD. Therefore, there is a tendency that the IPS-LCD is
preferably used.

[0007] FIG. 28 is a top view of a conventional LCD. FIG.
29 is a cross-sectional view of the conventional LCD of
FIG. 28 taken along the line N-N. FIG. 30 is a top view
showing configurations of components existing in a vicinity
of a gate electrode making up a main part of the conven-
tional LCD of FIG. 29. FIG. 31 is a cross-sectional view of
the conventional LCD of FIG. 30 taken along the line O-0.
In FIG. 31, only a TFT substrate 51 is shown. As shown in
FIG. 28 to FIG. 31, the conventional LCD is so configured
that a liquid crystal 53 is sandwiched between the TEFT
substrate 51 and a facing substrate 52. The TFT substrate 51
includes a first transparent substrate 54 made of glass or a
like, a first polarizer 55 formed on an underside of the first
transparent substrate 54, a gate electrode 56 made of Al, Cr,
Mo, or a like formed on a part of a surface of the first
transparent substrate 54, an interlayer dielectric 57 made up
of stacked films composed of SiO,, (silicon dioxide) and SiN
(silicon nitride) formed on the gate electrode 56 in a manner
to cover the gate electrode 56, a semiconductor layer 58
consisting of a-Si (amorphous silicon) film or a like formed
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on the interlayer dielectric 57, ohmic layers 59A and 59B
made of an n* type a-Si film or a like each being formed on
each of end portions of the semiconductor layer 58, a drain
electrode 61 made of Cr, Mo, or a like in a manner to be
connected to the ohmic layer 59B, a source electrode 62
made of Cr, Mo, or a like in a manner to be connected to the
ohmic layer 59A, a passivation film 63 made of the SiN or
a like grown in a manner to cover the drain electrode 61,
source electrode 62, and semiconductor layer 58; and a first
alignment layer 64 made of polyimide or a like formed in a
manner to cover the passivation film 63.

[0008] As shown in FIG. 28 and FIG. 30, in the TFT
substrate 51, a data line 73 is formed in a direction orthogo-
nal to the gate electrode 56 (that is, in a direction of a length
of the TFT substrate 51) in a manner to be connected to the
drain electrode 61 and a pixel electrode 74 is formed in a
manner to be connected to the source electrode 62. The pixel
electrode 74 and source electrode 62 are formed by using the
same material and in a same process. Moreover, a common
electrode 75 is formed in a manner to be placed opposite to
the pixel electrode 74 in one plane. The common electrode
75 and gate electrode 56 are formed by using a same
material and in a same process. Rubbing processing is
performed in a rubbing direction 76 on the first alignment
layer 64 on the TFT substrate 51. In order to determine a
rotational direction of the liquid crystal 53 injected between
the TFT substrate 51 and facing substrate 52, the rubbing
direction 76 is set so as to be inclined by a fixed angle from
the longitudinal direction.

[0009] The facing substrate 52 making up the conven-
tional LCD includes a second transparent substrate 66 made
of glass or a like, a second polarizer 58 formed on a back of
the second transparent substrate 66 through a conductive
layer 67, a black matrix 69 made of Ti, Cr, carbon resin, or
a like formed on a surface of the second transparent substrate
66, a color layer 70 formed in a manner to cover the black
matrix 69 and a second alignment layer 72 made of poly-
imide or a like formed on a planarized film 71 in a manner
to cover the color layer 70.

[0010] The rubbing processing is performed by using a
rubbing roller 80 as shown in FIG. 32. That is, a rubbing
bristle 79 is attached through rubbing cloth 78 to the rubbing
roller 80. By rotating the rubbing roller 80 and moving the
TFT substrate 51 with the first alignment layer 64 mounted
thereon under the rubbing roller 80 that is rotating, surfaces
of the alignment layer 64 are rubbed by the rubbing fur 79
and, as a result, rubbing trenches are formed. However, at a
time of the rubbing processing, shavings 81 of the alignment
layer 64 are produced. If the shavings 81 are left on the pixel
electrode 74, orientation of the liquid crystal 53 is perturbed,
causing a display defect. To solve this problem, generally, in
order to remove such the shavings 81 of the alignment layer
64, rubbing washing is performed by splashing pure water
on the surface of the TFT substrate 51. However, though the
shavings 81 of the alignment layer 64 can be removed from
the pixel electrode 74 by such the rubbing washing, it is
difficult to completely remove the shavings 81 being
adhered to step portions of the TFT. That is, as shown in
FIG. 31, the shavings 81 of the alignment layer 64 are still
left at the step portions 83 of the TFT 82.

[0011] In the case of the IPS-LCD in particular, a material
having low liquid crystal resistance is used to prevent
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display irregularity caused by accumulation of charges on
the color layer 70, unwanted charge is induced in a back
channel 84 of the TFT 82, which causes image retention
when the liquid crystal 53 is used for a long time driving and
displaying. To prevent the image retention as described
above, it is necessary to eliminate an influence by the liquid
crystal 53. To climinate the influence by the liquid crystal
53, it is necessary to enhance insulation between the liquid
crystal 53 and the back channel 84 of the TFT 82. More
particularly, it is necessary to make large a thickness of the
passivation film 63 to be grown on the back channel 84.

[0012] However, to make large the thickness of the pas-
sivation film 63, long deposition time has to be given in
deposition process of the passivation film 63, which causes
an increase in costs from a viewpoint of production and
therefore which is impossible to be realized actually.

[0013] The inventor of the present invention has found
that the shavings 81 of the alignment layer 64 being left on
the step portions 83 on the back channel 84 of the TFT 82
can be effectively utilized as part of the insulating film
serving to enhance the insulation between the liquid crystal
53 and back channel 84 of the TFT 82.

[0014] FIG. 33 is a result from an experiment carried out
by the inventor of the present invention showing a relation
among a rubbing pushing depth (abscissa), an alignment
layer peeling level (abscissa on a left side) and image
retention (abscissa on a right side). The rubbing pushing
depth represents a cutting depth of the alignment layer 64 at
the time of the rubbing processing using the rubbing roller
80. The alignment layer peeling level represents a degree of
the occurrence of shavings 81 of the alignment layer 64. The
experiment was carried out under conditions, for example,
of a moving speed being 30 mmy/s, the number of rotations
being 1000 RPM (Revolutions Per Minute), a material for
rotation roller being rayon or a like.

[0015] As is apparent from FIG. 33, there is a trade-off
between the alignment layer peeling level and the image
retention against the rubbing pushing depth. That is, the
larger the rubbing pushing depth becomes, the worse the
alignment layer peeling level and the better a degree of the
image retention becomes. In contrast, the smaller the rub-
bing pushing depth becomes, the better the alignment layer
peeling level and the worse the degree of the image reten-
tion. For example, if the rubbing pushing depth becomes
about 0.8 mm, the alignment layer peeling level becomes a
maximum 4 and, as a result, the shavings 81 of the alignment
layer 64 are accumulated in the step portions 83 of the TFT
82 on the back channel 84, thus improving the degree of the
image retention by about 0.5 points. This suggests, there-
fore, that, in order to improve the degree of the image
retention, it is necessary to make larger the rubbing pushing
depth.

[0016] However, the conventional LCD has a problem.
That is, since the shavings 81 of the alignment layer 64 being
effective for preventing the image retention are not accu-
mulated much in the step portions 83 of the TFT 82 on the
TFT substrate 51, the prevention of the image retention is
difficult. That is, in the conventional LCD, as shown in FIG.
30 and FIG. 31, since the shavings 81 are removed by the
washing processing following the rubbing processing on the
alignment layer 64, the shavings 81 of the alignment layer
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64 are not accumulated much in the step portions 83 of the
TFT 82 on the back channel 84 in the TFT substrate S1.
Therefore, the shavings 81 of the alignment layer 64 that are
left hardly contribute to enhance the insulation between the
liquid crystal 53 and the back channel 84 of the TFT 82.

SUMMARY OF THE INVENTION

[0017] In view of the above, it is an object of the present
invention to provide an LCD in which shavings of an
alignment layer are accumulated only in regions surrounding
a TFT in a TFT substrate in a concentrated manner and a
method for manufacturing the LCD.

[0018] According to a first aspect of the present invention,
there is provided an LCD including:

[0019] a liquid crystal put between a TFT substrate
and a facing substrate;

[0020] an alignment layer formed in a manner to
cover the TFT in the TEFT substrate; and

[0021] a barrier formed in a portion surrounding the
TFT on a downstream side in a rubbing direction of
the alignment layer.

[0022] 1In the foregoing, a preferable mode is one wherein
the barrier is formed so as to have an angle relative to the
rubbing direction.

[0023] Also, a preferable mode is one wherein the barrier
is made up of an insulating material.

[0024] Also, a preferable mode is one wherein the insu-
lating material is a photosensitive resin.

[0025] Also, a preferable mode is one wherein the barrier
is so formed that its aperture is disposed in a place facing
opposite to an upstream side in the rubbing direction of the
alignment layer and in a manner to form a shape of a
framework surrounding all surfaces of a square semicon-
ductor layer except the aperture.

[0026] Also, a preferable mode is one wherein the barrier
is formed in a manner to form a shape of a character “z,900”
made up of three sides of a square semiconductor layer
except one side facing opposite to an upstream side in the
rubbing direction of the alignment layer.

[0027] Also, a preferable mode is one wherein the barrier
is formed in a manner to form a shape of a letter “L.” being
opened toward an upstream side of the rubbing direction of
the alignment layer.

[0028] Also, a preferable mode is one wherein the barrier
is made up of a color layer.

[0029] Also, a preferable mode is one wherein the barrier
is made up of a plurality of kinds of stacked color layers.

[0030] Also, a preferable mode is one wherein the barrier
is formed on a passivation film covering the TFT.

[0031] Furthermore, a preferable mode is one wherein the
barrier is formed under the passivation film.

[0032] According to a second aspect of the present inven-
tion, there is provided an LCD including:
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[0033] a liquid crystal put between a TFT substrate
and a facing substrate;

[0034] an alignment layer formed in a manner to
cover a TFT in the TFT substrate; and

[0035] wherein the TFT is formed on a transparent
insulating substrate and a position of only a gate
electrode making up the TFT is made high, by using
an insulation film grown on the transparent insulat-
ing substrate.

[0036] According to a third aspect of the present inven-
tion, there is provided a method of manufacturing an LCD
in which a liquid crystal is put between a TFT substrate and
a facing substrate and an alignment layer is formed in a
manner to cover a TFT in the TFT substrate, including:

[0037] a process of covering a surface of the TFT
with a passivation film after having formed the TFT
on the TFT substrate;

[0038] a process of forming an insulating film on all
surfaces of the passivation film; and

[0039] a process of forming a barrier, by performing
patterning on the insulating film, in a manner to
cover portions surrounding the TFT including step
portions of the TFT on a back channel and to be
disposed at a place on a downstream side in a
rubbing direction of the alignment layer.

[0040] In the foregoing, a preferable mode is one wherein
a photosensitive resin is used as a material for the insulating
film.

[0041] With the above configurations, the barrier made of
the insulating material is formed in a manner to cover
portions surrounding the TFT including step portions of the
TFT on the back channel in the TFT substrate and to be
disposed at the place on the downstream side in the rubbing
direction and, therefore, when the rubbing processing is
performed, shavings of the alignment layer can be accumu-
lated only in regions surrounding the TFT on the back
channel in the TFT substrate in a concentrated manner.
Moreover, after the TFT is formed in the TFT substrate, the
insulation film is grown on all the surfaces of the TFT, and
then the barrier is formed by performing patterning on the
insulation film at the desired place and therefore the easy
formation of the barrier is made possible. Therefore, the
shavings of the alignment layer can be accumulated, in a
concentrated manner, only in portions surrounding the TFT
in the TFT substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The above and other objects, advantages, and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings in which:

[0043] FIG. 11is a top view showing configurations of an
LCD according to a first embodiment of the present inven-
tion;

[0044] FIG. 2 is a cross-sectional view of the LCD of
FIG. 1 taken along a line A-A;

[0045] FIG. 3 is a top view of configurations of compo-
nents existing in a vicinity of a gate electrode making up
main parts of the LCD according to the first embodiment of
the present invention;
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[0046] FIG. 4 is a cross-sectional view of the parts of
FIG. 3 taken along a line B-B;

[0047] FIG. 5A to FIG. 5H are process diagrams showing
methods of manufacturing the LCD in order of processes
according to the first embodiment of the present invention;

[0048] FIG. 6 is a top view showing configurations of an
LCD according to a second embodiment of the present
invention;

[0049] FIG. 7 is a cross-sectional view the LCD of FIG.
6 taken along a line C-C;

[0050] FIG. 8 is a top view showing configurations of an
LCD according to a third embodiment of the present inven-
tion;

[0051] FIG. 9 is a cross-sectional view the LCD of FIG.
8 taken along a line D-D;

[0052] FIG. 10 is a top view showing configurations of an
LCD according to a fourth embodiment of the present
invention;

[0053] FIG. 11 is a cross-sectional view the LCD of FIG.
10 taken along a line E-E;

[0054] FIG. 12 is a top view showing configurations of an
LCD according to a fifth embodiment of the present inven-
tion;

[0055] FIG. 13 is a cross-sectional view the L.CD of FIG.
12 taken along a line F-F;

[0056] FIG. 14 is a top view showing configurations of an
LCD according to a sixth embodiment of the present inven-
tion;

[0057] FIG. 15 is a cross-sectional view the LCD of FIG.
14 taken along a line G-G;

[0058] FIG. 16 is a top view showing configurations of an
LCD according to a seventh embodiment of the present
invention;

[0059] FIG. 17 is a cross-sectional view the LCD of FIG.
16 taken along a line H-H;

[0060] FIG. 18 is a top view showing configurations of an
LCD according to an eighth embodiment of the present
invention;

[0061] FIG. 19 s a cross-sectional view the LCD of FIG.
18 taken along a line I-I;

[0062] FIG. 20 is a top view showing configurations of an
LCD according to a ninth embodiment of the present inven-
tion;

[0063] FIG. 21 is a cross-sectional view the LCD of FIG.
20 taken along a line J-J;

[0064] FIG. 22 is a top view showing configurations of an
LCD according to a tenth embodiment of the present inven-
tion;

[0065] FIG. 23 is a cross-sectional view the LCD of FIG.
22 taken along a line K-K;

[0066] FIG. 24 is a top view showing configurations of an
LCD according to an eleventh embodiment of the present
invention;
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[0067] FIG. 25 is a cross-sectional view the LCD of FIG.
24 taken along a line L-L;

[0068] FIG. 26 is a top view showing configurations of an
LCD according to a twelfth embodiment of the present
invention;

[0069] FIG. 27 is a cross-sectional view the LCD of FIG.
26 taken along a line M-M,;

[0070]

[0071] FIG. 29 is a cross-sectional view of the conven-
tional LCD of FIG. 28 taken along a line N-N;

[0072] FIG. 30 is a top view showing configurations of
components existing in a vicinity of a gate electrode making
up a main part of the conventional LCD of FIG. 29;

[0073] FIG. 31 is a cross-sectional view of the conven-
tional LCD of FIG. 30 taken along a line 0-0;

[0074] FIG. 32 is a diagram showing a conventional
rubbing roller used for rubbing processing; and

[0075] FIG. 33 shows a relation among a rubbing pushing
depth (abscissa), an alignment layer peeling level (abscissa
on a left side) and image retention (abscissa on a right side);

FIG. 28 is a top view of a conventional LCD,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0076] Best modes of carrying out the present invention
will be described in further detail using various embodi-
ments with reference to the accompanying drawings.

First Embodiment

[0077] FIG. 11is a top view showing configurations of an
LCD according to a first embodiment of the present inven-
tion. FIG. 2 is a top view of configurations of the LCD of
FIG. 1 taken along a line A-A. FIG. 3 is a top view of
configurations of parts existing in a vicinity of a gate
electrode 6 making up main components of the LCD accord-
ing to the first embodiment. FIG. 4 is a cross-sectional view
of the parts of FIG. 3 taken along a line B-B. FIG. 5A to
FIG. 5H are process diagrams showing methods of manu-
facturing the LCD in order of processes according to the first
embodiment.

[0078] The LCD of the first embodiment, as shown in
FIG. 1 to FIG. 4, is so constructed that a liquid crystal 3 is
sandwiched between a TFT substrate 1 and a facing sub-
strate 2.

[0079] The TFT substrate 1 includes a first transparent
substrate 4 made of glass or a like, a first polarizer 5 formed
on the underside of the first transparent substrate 4 , a gate
electrode 6 made of Al, Cr, Mo, or a like formed on a surface
of a part of the first transparent substrate 4 , an interlayer
dielectric 7 made up of stacked layers composed of SiO,
formed in a manner to cover the gate electrode 6, a semi-
conductor layer 8 made of an a-Si film or a like formed on
the interlayer dielectric 7, an ohmic layer 9A made of an n*
type a-Si film or a like formed on one end portion of the
semiconductor layer 8, an ohmic layer 9B made of the n*
type a-Si film or a like formed on the other end portion of
the semiconductor layer 8, a drain electrode 11 made of Cr,
Mo, or a like formed in a manner to be connected to the
ohmic layer 9B, a source electrode 12 made of Cr, Mo, or a
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like formed in a manner to be connected to the ohmic layer
9A, a passivation film 13 made of SiN or a like formed on
all surfaces of the drain electrode 11, source electrode 12,
and a back channel 34, a first alignment film 14 made of
polyimide or a like formed in a manner to cover the
passivation film 13, and a barrier 10 consisting of a photo
resist film (photosensitive resin) formed on the passivation
film 13 in a manner to cover portions surrounding the TFT
32 including step portions 33 of the TFT 32 on the back
channel 34 and in a manner to be disposed at a place on a
downstream side in a rubbing direction 26.

[0080] Moreover,in the TFT substrate 1, as shown in FIG.
1 and FIG. 3, a data line 23 is formed in a direction
orthogonal to the gate electrode 6 (that is, in a longitudinal
direction of the TFT substrate 1) in a manner to be connected
to the drain electrode 11, and a pixel electrode 24 is formed
in a manner to be connected to the source electrode 12. The
pixel electrode 24 and the source electrode 12 are formed
using a same material and in a same process. A common
electrode 25 is formed in a manner to be placed opposite to
the pixel electrode 24 in one plane. The common electrode
25 and the gate electrode 6 are formed using a same material
and in a same process. The rubbing direction 26 is so set as
to be inclined by a fixed angle from a direction of a length
of the TFT substrate 1 (that is, a direction in which the data
line 23 is formed) in order to determine a rotational direction
of the liquid crystal 3 when it is injected between the TFT
substrate 1 and the facing substrate 2.

[0081] A barrier 10 contributes to accumulate shavings 31
of the first alignment layer 14, when rubbing processing is
performed on the first alignment layer 14, only in portions
surrounding the TFT 32 including step portions 33 of the
TFT 32 on the back channel 34 in the TFT substrate 1. The
barrier 10 is so disposed as to form a fixed angle relative to
the rubbing direction 26 in order to have the shavings 31 of
the first alignment layer 14 accumulated firmly only in
portions surrounding the TFT 32. A height of the barrier 10
is set at not more than a cell gap being an interval between
the TFT substrate 1 and the facing substrate 2. Moreover, a
width W of the barrier 10 is determined based on fabrication
accuracy by lithography and is preferably not more than 5

4m.

[0082] The facing electrode 2, as shown in FIG. 2,
includes a second transparent substrate 16 made of glass or
a like, a conductive layer 17 formed on a back of the second
transparent substrate 16, a second polarizer 18 formed on a
back of the conductive layer 17, a black matrix 19 made of
Ti, Cr, carbon resin, or a like formed on a surface of the
second transparent substrate 16, a color layer 20 formed in
a manner to cover the black matrix 19, a planarized film 21
grown on the color layer 20, and a second alignment layer
22 consisting of polyimide or a like formed on the planarized
film 21.

[0083] In the LCD of the first embodiment, since the
barrier 10 made up of the photo resist film or a like is formed
in a manner to cover portions surrounding the TFT 32
including step portions 33 of the TFT 32 on the back channel
34 in the TFT substrate 1 and to be disposed at a place on
the downstream side in the rubbing direction 26, when the
rubbing processing is performed, as shown in FIG. 4, the
shavings 31 of the first alignment layer 14 are accumulated
in portions surrounding the TFT 32 including step portions
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33 of the TFT 32 on the back channel 34 in the TFT substrate
1. Therefore, as described above by referring to the results
from the experiment, the level of the shavings 31 of the first
alignment layer 14 can be made high by making large the
rubbing pushing depth and the increased shavings 31 of the
first alignment layer 14 contribute to enhance the insulation
between the liquid crystal 3 and back channel 34 of the TFT
32, thus making it possible to prevent occurrence of image
retention. Moreover, since the shavings 31 of the first
alignment layer 14 have been removed from the pixel
electrode 24 by the rubbing washing processing and there-
fore orientational ordering among liquid crystal molecules is
not perturbed and no display defect occurs.

[0084] The method for manufacturing the LCD will be
described, in order of processes, by referring to FIG. 5A to
5H. First, as shown in FIG. 5A, after a conductive film made
of Al, Cr, Mo, or a like has been formed on all the surfaces
of the first transparent substrate 4 composed of glass or a
like, the gate electrode 6 is formed by performing patterning
operations on the conductive film using well-known photo-
lithography or a like.

[0085] Next, as shown in FIG. 5B, by a CVD (Chemical
Vapor Deposition) method, an SiO, film 7A and an SiN film
7B, which make up an interlayer dielectric 7, are sequen-
tially formed on all the surfaces of the transparent insulating
substrate 4 and the gate electrode 6 and then a semiconduc-
tor layer 8 made of a-Si and an n* type a-Si film 9 are
sequentially grown on all the surfaces of the interlayer
dielectric 7. Then, as shown in FIG. 5C, the patterning is
performed on the semiconductor layer 8 and the n* type a-Si
film 9 by photolithography so that they can have desired
patterns.

[0086] Next, as shown in FIG. 5D, after a conductive film
made of Cr has been grown, by sputtering, on all surfaces of
the semiconductor layer 8, the n™ type a-Si film 9 and the
SiN film 7B, patterning operations are performed on the
conductive film by photolithography so that the drain elec-
trode 11 and the source electrode 12 are formed with only
part of the n+type a-Si film 9 being exposed.

[0087] Then, as shown in FIG. 5E, part of the n* type a-Si
film 9 is etched using, as masks, the drain electrode 11 and
the source electrode 12, to expose a region to become the
back channel 34 in the semiconductor layer 8.

[0088] Next, the passivation film 13 consisting of the SiO,
film is grown, as shown in FIG. SE, by the CVD method.
Then, after a conductive film 27 has been formed on all the
surfaces of the passivation film 13, patterning operations are
performed on the conductive film 27 by lithography to form
the pixel electrode 24 at a place (not shown).

[0089] Next, a photo resist film 28, as shown in FIG. 5G,
is grown. Then, as shown in FIG. 5H, patterning operations
are performed on the photo resist film 28 to form the barrier
10 in portions surrounding the TFT 32 including step
portions 33 of the TFT 32 on the back channel 34. Then,
after the liquid crystal 3 is injected between the facing
substrate 2 manufactured in separate processes and the TFT
substrate 1, the first and second polarizers 5 and 18 are
mounted on the back of the facing substrate 2 and the TFT
substrate 1, respectively, to finish the LCD as shown in FIG.
1 to FIG. 4.

[0090] Thus, according to the LCD of the first embodi-
ment, since the barrier 10 made up of the photo resist film
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28 or a like is formed in a manner to cover portions
surrounding the TFT 32 including step portions 33 of the
TFT 32 on the back channel 34 in the TFT substrate 1 and
to be disposed at the place on the downstream side in the
rubbing direction 26, when the rubbing processing is per-
formed on the first alignment layer 14, the shavings 31 of the
first alignment layer 14 are accumulated in portions sur-
rounding the TFT 32 including step portions 33 of the TFT
32 on the back channel 34 in the TFT substrate 1.

[0091] Also, according to the LCD of the first embodi-
ment, since, after the TFT 32 has been formed in the TEFT
substrate 1, the photo resist film 28 is grown on all the
surfaces of the TFT 32 and patterning operations are per-
formed on the photo resist film 28 to have the barrier 10
formed at the desired place, the formation of the barrier 10
can be achieved easily. Therefore, the shavings 31 of the first
alignment layer 14 can be accumulated only in portions
surrounding the TFT 32 in the TFT substrate 1.

Second Embodiment

[0092] FIG. 6 is a top view showing configurations of an
LCD according to a second embodiment of the present
invention. FIG. 7 is a cross-sectional view of the LCD of
FIG. 6 taken along a line C-C. Configurations of the LCD
of the second embodiment differ greatly from those of the
LCD of the first embodiment in that a shape of a barrier 30
is different.

[0093] As shown in FIG. 6, an aperture 30A is formed at
a place opposite to an upstream side of a rubbing direction
26. The barrier 30 is made up of a framework body 30B
formed in a shape of a framework surrounding all portions
of a square semiconductor layer 8 except the aperture 30A.

[0094] In the embodiment, therefore, since the barrier 30
having such the shape as described above is formed, when
rubbing processing is performed on a first alignment layer
14, the barrier 30 serves as a guide and therefore shavings
31 of the first alignment layer 14 are gathered in the
framework body 30B in a concentrated manner. As a result,
the shavings 31 can be accumulated in portions surrounding
a TFT 32 including step portions 33 of the TFT 32 on a back
channel 34 in a TFT substrate 1. Configurations of the LCD
of the second embodiment are the same as those in the first
embodiment except the above. Therefore, in FIG. 6 and
FIG. 7, same reference numbers are assigned to parts
corresponding to those in FIG. 1 to FIG. 4 and their
descriptions will be omitted.

[0095] Thus, approximately the same effects obtained in
the first embodiment can be achieved in the second embodi-
ment.

Third Embodiment

[0096] FIG. 8 is a top view showing configurations of an
LCD according to a third embodiment of the present inven-
tion. FIG. 9 is a cross-sectional view the LCD of FIG. 8
taken along a line D-D. Configurations of the LCD of the
third embodiment differ greatly from those of the LCD of the
first embodiment in that a shape of a barrier 35 is different.

[0097] As shown in FIG. 8, in the LCD of the third
embodiment, a barrier 35 formed in a TFT substrate 1 is
made up of a framework body 35A in a shape of a character
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“3” formed by three sides of a square semiconductor layer
8 except one side facing opposite to an upstream portion in
a rubbing direction 26.

[0098] In the embodiment, therefore, since the barrier 35
having such the shape as described above is formed, when
rubbing processing is performed on a first alignment layer
14, the one side making up an opening of the framework
body 35A serves as a guide and therefore shavings 31 of the
first alignment layer 14 are gathered in the framework body
35 in a concentrated manner. As a result, the shavings 31 can
be accumulated in portions surrounding a TFT 32 including
step portions 33 of the TFT 32 on a back channel 34 in the
TFT substrate 1.

[0099] Thus, approximately the same effects obtained in
the first embodiment can be achieved in the third embodi-
ment.

Fourth Embodiment

[0100] FIG. 10is a top view showing configurations of an
LCD according to a fourth embodiment of the present
invention. FIG. 11 is a cross-sectional view the LCD of
FIG. 10 taken along a line E-E. Configurations of the LCD
of the fourth embodiment differ greatly from those of the
LCD of the first embodiment in that a shape of a barrier 36
is different.

[0101] As shown in FIG. 10, in the LCD of the fourth
embodiment, the barrier 36 formed in a TFT substrate 1 is
made up of a framework body 36A in a shape of a letter “L”
formed by two sides of a square semiconductor layer 8
backing against a data line 23, except two sides facing
opposite to an upstream side in a rubbing direction 26.

[0102] In the embodiment, therefore, since the barrier 36
having such the shape as described above is formed, when
rubbing processing is performed on a first alignment layer
14, shavings 31 of the first alignment layer 14 are gathered
in the framework body 36A in a concentrated manner. As a
result, the shavings 31 are accumulated in portions sur-
rounding a TFT 32 including step portions 33 of the TFT 32
on a back channel 34 in the TFT substrate 1 .

[0103] Thus, approximately the same effects obtained in
the first embodiment can be achieved in the fourth embodi-
ment.

Fifth Embodiment

[0104] FIG. 12 is a top view showing configurations of an
LCD according to a fifth embodiment of the present inven-
tion. FIG. 13 is a cross-sectional view the LCD of FIG. 12
taken along a line F-F. Configurations of the LCD of the fifth
embodiment differ greatly from those of the LCD of the first
embodiment in that a shape of a barrier 37 is different. As
shown in FIG. 12, in the LCD of the fifth embodiment, the
barrier 37 formed in a TFT substrate 1 is made up of a
framework body 37A in a shape of a letter of a reversed “L”
formed by two sides of a square semiconductor layer 8
facing opposite to a data line 23, except two sides facing
opposite to an upstream side in a rubbing direction 26.

[0105] In the embodiment, therefore, since the barrier 37
having such the shape as described above is formed, when
rubbing processing is performed on a first alignment layer
14, shavings 31 of the first alignment layer 14 are gathered
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in the framework body 37A in the shape of the letter of the
reversed “L” in a concentrated manner. As a result, the
shavings 31 are accumulated in portions surrounding a TFT
32 including step portions 33 of the TFT 32 on a back
channel 34 in the TFT substrate 1.

[0106] Thus, approximately the same effects obtained in
the first embodiment can be achieved in the fifth embodi-
ment.

Sixth Embodiment

[0107] FIG. 14 is a top view showing configurations of an
LCD according to a sixth embodiment of the present inven-
tion. FIG. 15 is a cross-sectional view the LCD of FIG. 14
taken along a line G-G. Configurations of the LCD of the
sixth embodiment differ greatly from those of the LCD of
the first embodiment in that a shape of a barrier 38 is
different. As shown in FIG. 15, in the LCD of the sixth
embodiment, the barrier 38 formed in a TFT substrate 1 is
made up of a color layer in green color out of three primary
colors R (red), G (green), and B (blue) in a manner to cover
portions surrounding a TFT 32 including step portions 33 of
the TFT 32 on a back channel 34 and to be disposed at a
place on a downstream side in a rubbing direction 26.

[0108] In the first to fifth embodiments, a color layer 20 is
formed on the side of a facing substrate 2, however, in the
sixth embodiment, the color layer 20 is formed on the TFT
substrate 1 side so that the barrier 38 is also formed at the
same time when the color layer 20 is grown. Therefore, only
by changing a shape of a mask used when patterning is
performed on the color layer, the barrier 38 can be formed
without an additional and special process.

[0109] In the embodiment, therefore, since the barrier 38
having such the shape as described above is formed, when
rubbing processing is performed on a first alignment layer
14, shavings 31 of the first alignment layer 14 are gathered
in the barrier 38 in a concentrated manner. As a result, the
shavings 31 can be accumulated in portions surrounding the
TFT 32 including the step portions 33 of the TFT 32 on the
back channel 34 in the TFT substrate 1.

[0110] Thus, approximately the same effects obtained in
the first embodiment can be achieved in the sixth embodi-
ment.

Seventh Embodiment

[0111] FIG. 16 is a top view showing configurations of an
LCD according to a seventh embodiment of the present
invention. FIG. 17 is a cross-sectional view the LCD of
FIG. 16 taken along a line H-H. Configurations of the LCD
of the seventh embodiment differ greatly from those of the
LCD of the sixth embodiment in that a barrier 39 is made up
of two kinds of color layers. As shown in FIG. 17, in the
LCD of the seventh embodiment, the barrier 39 formed in a
TFT substrate 1 is made up of the two kinds of color layers,
one being a color layer 39A in blue (B) color and the other
being a color layer 39B in green (G) color, out of three
primary colors R (red), G (green), and B (blue) in a manner
to cover portions surrounding a TFT 32 including step
portions 33 of the TFT 32 on a back channel 34 and formed
at a place on a downstream side in a rubbing direction 26.

[0112] In the embodiment, the color layer 39A in blue
color is first formed by means of the patterning and then the
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color layer 39B is formed in a manner to cover the color
layer 39A and finally the barrier 39 is formed by means of
the patterning. Therefore, a sufficient thickness of the barrier
39 can be easily ensured.

[0113] In the embodiment, therefore, since the barrier 39
having such the shape as described above is formed, when
rubbing processing is performed on a first alignment layer
14, shavings 31 of the first alignment layer 14 are gathered
in the barrier 39 in a concentrated manner. As a result, the
shavings 31 can be accumulated in portions surrounding the
TFT 32 including the step portions 33 of the TFT 32 on the
back channel 34 in the TFT substrate 1.

[0114] Thus, approximately the same effects obtained in
the second embodiment can be achieved in the seventh
embodiment. Additionally, a sufficient thickness of the bar-
rier 39 can be ensured easily.

Eighth Embodiment

[0115] FIG. 18is a top view showing configurations of an
LCD according to an eighth embodiment of the present
invention. FIG. 19 is a cross-sectional view the LCD of
FIG. 18 taken along a line I-I. Configurations of the LCD of
the eighth embodiment differ greatly from those of the LCD
of the seventh embodiment in that a barrier 40 is made up of
three kinds of color layers. As shown in FIG. 19, in the LCD
of the eighth embodiment, the barrier 40 formed in a TFT
substrate 1 is made up of the three kinds of color layers, one
being a color layer 40A in red (R) color and another being
a color layer 40B in blue (B) color, and another being a color
layer 40C in green (G) using the primary three colors in a
manner to cover portions surrounding a TFT 32 including
step portions 33 of the TFT 32 on a back channel 34 and
formed at a place on a downstream side in a rubbing
direction 26.

[0116] In the embodiment, the color layer 40A in red color
is first formed by means of patterning, then the color layer
40B is formed in a manner to cover the color layer 40A, the
color layer 40C is formed by means of the patterning in a
manner to cover the color layer 40B, and finally the barrier
40 is formed by means of the patterning. Therefore, a
sufficient thickness of the barrier 40 can be easily ensured as
in the case of the seventh embodiment.

[0117] In the embodiment, therefore, since the barrier 40
having such the shape is formed, when the rubbing process-
ing is performed on a first alignment layer 14, shavings 31
of the first alignment layer 14 are gathered in the barrier 40
in a concentrated manner. As a result, the shavings 31 can be
accumulated in portions surrounding the TFT 32 including
the step portions 33 of the TFT 32 on the back channel 34
in the TFT substrate 1.

[0118] Thus, approximately the same effects obtained in
the seventh embodiment can be achieved in the eighth
embodiment. Additionally, a sufficient thickness of the bar-
rier 40 can be ensured easily.

Ninth Embodiment

[0119] FIG. 20 is a top view showing configurations of an
LCD according to a ninth embodiment of the present inven-
tion. FIG. 21 is a cross-sectional view the LCD of FIG. 20
taken along a line J-J. Configurations of the LCD of the ninth
embodiment differ greatly from those of the LCD of the
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sixth embodiment in that a barrier 41 of a color layer is
formed under a passivation film 13. As shown in FIG. 21,
in the LCD of the ninth embodiment, the barrier 41 formed
in a TFT substrate 1 is made up of a color layer in green
color out of three primary colors R (red), G (green), and B
(blue) in a manner to cover, under the passivation film 13,
portions surrounding a TFT 32 including step portions 33 of
the TFT 32 on a back channel 34 and formed at a place on
a downstream side in a rubbing direction 26.

[0120] In this embodiment, prior to deposition of the
passivation film 13, the barrier 41 is grown in approximately
the same way as in the sixth embodiment. Then, the passi-
vation film 13 made of an organic material is formed
followed by formation of a first alignment layer 14. Since
the barrier 41 is protected by the passivation film 13 and is
not exposed directly outside, stability is given to the barrier
41.

[0121] In the embodiment, therefore, since the barrier 41
having such the shape as described above is formed, when
rubbing processing is performed on the first alignment layer
14, shavings 31 of the first alignment layer 14 are gathered
indirectly in the barrier 41 in a concentrated manner. As a
result, the shavings 31 can be accumulated in portions
surrounding the TFT 32 including the step portions 33 of the
TFT 32 on the back channel 34 in the TFT substrate 1.

[0122] Thus, approximately the same effects obtained in
the sixth embodiment can be achieved in the ninth embodi-
ment. Additionally, the barrier 41 can have stability in its
operations.

Tenth Embodiment

[0123] FIG. 22 is a top view showing configurations of an
LCD according to a tenth embodiment of the present inven-
tion. FIG. 23 is a cross-sectional view the LCD of FIG. 22
taken along a line K-K. Configurations of the LCD of the
tenth embodiment differ greatly from those of the LCD of
the ninth embodiment in that a barrier 42 is made up of two
kinds of color layers. As shown in FIG. 23, in the LCD of
the tenth embodiment, the barrier 42 formed under a passi-
vation film 13 is made up of two kinds of stacked color
layers consisting of a color layer 42A in blue color and a
color layer 42B in green color using two colors out of three
primary colors R (red), G (green), and B (blue) in a manner
to cover portions surrounding a TFT 32 including step
portions 33 of the TFT 32 on a back channel 34 and formed
at a place on a downstream side in a rubbing direction 26.

[0124] 1In this embodiment, prior to deposition of the
passivation film 13, the barrier 42 is grown in approximately
the same way as in the seventh embodiment. Then, the
passivation film 13 made of an organic material is formed
followed by formation of a first alignment layer 14.

[0125] In the embodiment, therefore, since the barrier 42
having such the shape as described above is formed, when
rubbing processing is performed on the first alignment layer
14, shavings 31 of the first alignment layer 14 are gathered
indirectly in the barrier 42 in a concentrated manner. As a
result, the shavings 31 can be accumulated in portions
surrounding the TFT 32 including the step portions 33 of the
TFT 32 on the back channel 34 in the TFT substrate 1.

[0126] Thus, approximately the same effects obtained in
the ninth embodiment can be achieved in the tenth embodi-
ment.
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Eleventh Embodiment

[0127] FIG. 24 is a top view showing configurations of an
LCD according to an eleventh embodiment of the present
invention. FIG. 25 is a cross-sectional view the LCD of
FIG. 24 taken along a line L-L. Configurations of the LCD
of the eleventh embodiment differ greatly from those of the
LCD of the tenth embodiment in that a barrier 43 is made up
of three kinds of color layers.

[0128] As shown in FIG, 25, in the LCD of the eleventh
embodiment, the barrier 43 formed under a passivation film
13 is made up of the three kinds of stacked color layers, one
being a color layer 43A in red (R) color and another being
a color layer 43B in blue (B) color, and another being a color
layer 43C in green (G) in a manner to cover portions
surrounding a TFT 32 including step portions 33 of the TFT
32 on a back channel 34 and to be disposed at a place on a
downstream side in a rubbing direction 26.

[0129] In this embodiment, prior to deposition of the
passivation film 13, the barrier 43 is grown in approximately
the same way as in the eighth embodiment. Then, the
passivation film 13 made of an organic material is formed
followed by formation of a first alignment layer 14.

[0130] In the embodiment, therefore, since the barrier 43
having such the shape as described above is formed, when
rubbing processing is performed on the first alignment layer
14, shavings 31 of the first alignment layer 14 are gathered
indirectly in the barrier 43 in a concentrated manner. As a
result, the shavings 31 can be accumulated in portions
surrounding the TFT 32 including the step portions 33 of the
TFT 32 on the back channel 34 in the TFT substrate 1.

[0131] Thus, approximately the same effects obtained in
the tenth embodiment can be achieved in the eleventh
embodiment.

Twelfth Embodiment

[0132] FIG. 26 s a top view showing configurations of an
LCD according to a twelfth embodiment of the present
invention. FIG. 27 is a cross-sectional view the LCD of
FIG. 26 taken along a line M-M. Configurations of the LCD
of the twelfth embodiment differ greatly from those of the
LCD of the first embodiment in that a thickness of an
insulation film 29 formed on a back channel 34 is made
larger by making high a position of a gate electrode 6.

[0133] As shown in FIG. 27, in the LCD of the twelfth
embodiment, the insulation film 29 made of a photosensitive
resin is grown under the gate electrode 6, which serves to
make high a position of the gate electrode 6 compared with
other gate electrodes employed in the LCDs of the first to
eleventh embodiments. Since a degree of unevenness on a
surface of a TFT substrate 1 is increased when a passivation
film 13 is formed in a subsequent process, by making high
the position of the gate electrode 6, the thickness of the
passivation film 13 can be thus made uniform compared
with portions surrounding the passivation film 13. As a
result, it is possible to enhance insulation between a liquid
crystal 3 and a back channel 34 of a TFT 32 in the TFT
substrate 1.

[0134] As described above, in the embodiment, since, by
making high the position of the gate electrode 6, the passi-
vation film 13 having the uniform thickness can be formed
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in portions surrounding the TFT 32 including step portions
33 of the TFT 32 on the back channel 34 in the TFT substrate
1, the insulation between the liquid crystal 3 and the back
channel 34 of the TFT 32 in the TFT substrate 1 can be
enhanced.

[0135] Thus, approximately the same effects obtained in
the first embodiment can be achieved in the twelfth embodi-
ment.

[0136] It is apparent that the present invention is not
limited to the above embodiments but may be changed and
modified without departing from the scope and spirit of the
invention. For example, as the insulating material for the
barrier, any one can be selected arbitrarily out of known
photosensitive resins including polyimide, polyamideimide,
polyamide, polystyrene, polyurethane or a like. Moreover,
as the material for the insulation film used to make high the
position of the gate electrode, any one of the above materials
can be selected as well. Furthermore, in the above embodi-
ments, the present invention is applied to the IPS-LCD,
however, it may be applied to the TN-LCD.

[0137] Also, in the above embodiments, as the material for
the semiconductor layer of the TFT formed in the TFT
substrate, amorphous silicon is used, however, other semi-
conductor materials such as poly-Si may be employed. The
method for deposition of each of the conductive layers,
insulation films shown in the above embodiment is merely
an example and other methods may be used depending on
the purpose, applications; or a like.

What is claimed is:
1. An liquid crystal display comprising:

a liquid crystal put between a thin film transistor substrate
and a facing substrate;

an alignment layer formed in a manner to cover said thin
film transistor substrate in said TFT substrate; and

a barrier formed in a portion surrounding said thin film
transistor substrate on a downstream side in a rubbing
direction of said alignment layer.

2. The liquid crystal display according to claim 1, wherein
said barrier is formed so as to have an angle relative to said
rubbing direction.

3. The liquid crystal display according to claim 1, wherein
said barrier is made up of an insulating material.

4. The liquid crystal display according to claim 3, wherein
said insulating material is a photosensitive resin.

5. The liquid crystal display according to claim 1, wherein
said barrier is so formed that its aperture is disposed in a
place facing opposite to an upstream side in said rubbing
direction of said alignment layer and in a manner to form a
shape of a framework surrounding all surfaces of a square
semiconductor layer except said aperture.

6. The liquid crystal display according to claim 1, wherein
said barrier is formed in a manner to form a shape of a
character “=3” made up of three sides of a square semicon-
ductor layer except one side facing opposite to an upstream
side in said rubbing direction of said alignment layer.

7. The liquid crystal display according to claim 1, wherein
said barrier is formed in a manner to form a shape of a letter
“L” being opened toward an upstream side of said rubbing
direction of said alignment layer.

8. The liquid crystal display according to claim 1, wherein
said barrier is made up of a color layer.
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9. The liquid crystal display according to claim 1, wherein
said barrier is made up of a plurality of kinds of stacked
color layers.

10. The liquid crystal display according to claim 1,
wherein said barrier is formed on a passivation film covering
said TFT.

11. The liquid crystal display according to claim 1,
wherein said barrier is formed under said passivation film.

12. An liquid crystal display comprising:

a liquid crystal put between a thin film transistor substrate
and a facing substrate;

an alignment layer formed in a manner to cover a thin film
transistor in said thin film transistor substrate; and

wherein said thin film transistor is formed on a transparent

insulating substrate and a position of only a gate

electrode making up said thin film transistor is made

high, by using an insulation film grown on said trans-
parent insulating substrate.

13. A method of manufacturing an liquid crystal display

in which a liquid crystal is put between a thin film transistor
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substrate and a facing substrate and an alignment layer is
formed in a manner to cover a thin film transistor in said thin
film transistor substrate, comprising:

a process of covering a surface of said thin film transistor
with a passivation film after having formed said thin
film transistor on said thin film transistor substrate;

a process of forming an insulating film on all surfaces of
said passivation film; and

a process of forming a barrier, by performing patterning
on said insulating film, in a manner to cover portions
surrounding said thin film transistor including step
portions of said thin film transistor on a back channel
and to be disposed at a place on a downstream side in
a rubbing direction of said alignment layer.

14. The method for manufacturing the liquid crystal

display according to claim 13, wherein a photosensitive
resin is used as a material for said insulating film.
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