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(57) ABSTRACT 

An liquid crystal panel is provided Which is suitable for a 
Wide screen and for driving by the transverse electric ?eld. 

The liquid crystal display is composed of an array substrate 
on Which TFTs are arranged as active switching elements in 
a matrix form and covered With an orientation ?lm. On the 
facing surface of the opposing substrate as a color ?lter, a 
light shielding ?lm, color layers of red, green, and blue are 
arranged, and the area excluding the area covered by the 
light shielding layer is turned into a display pixel area, and 
all of the surfaces of the opposing subatrate are then covered 
With an orientation ?lm. The cell gap g at the display pixel 
area is formed so as to be larger than spacers in the cell, and 
cell gaps of color layers overlapping the light shielding layer 
are made smaller than spacers. The cell gaps of these 
overlapped layers hold spaces at an compressed state With 
the array substrate. That is, the step con?guration is formed 
betWeen the display pixel area of red, green, and blue color 
layers R2, G2, and B2 and the overlapped colored layers 
With the light shielding layers composed of R1, R2, and R3. 
Thereby, the liquid crystal molecules Will not be subjected 
to the anomalous orientation and the light leakage is 
avoided. At the same time, an after-image characteristic to 
the IPS type a-Si TFT liquid crystal panel can be eliminated 
by regulating the projection of the color layers. 
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LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a liquid crystal display 
device (LCD) and particularly relates to a Wide image plane, 
color liquid crystal display device having a Wide angle of 
visibility by an active matrix display system. 

[0003] This application is based on Patent Application No. 
Hei 9-311782 ?led in Japan, the content of Which is incor 
porated herein by reference. 

[0004] 2. Background Art 

[0005] In general, in a liquid crystal display device, a 
mode for driving the liquid crystal cell by a vertical electric 
?eld is most Widely used, including a TN (tWisted nematic) 
and an STN (super tWisted nematic) modes. HoWever, 
recently, a neW driving mode by a transverse electric ?eld 
(IPS) is noW being intensively researched. 

[0006] When a comparison is made betWeen the above 
tWo driving modes in terms of an image quality of the liquid 
crystal cells, it is far more dif?cult to obtain the good image 
quality With the transverse electric ?eld mode, due to the 
panel structure. In particular, an important factor Which 
affects on the image quality is a spacer for maintaining the 
gaps of cells at a ?Xed space. 

[0007] The spacer is a group of spherical beads for sup 
porting a pair of substrates facing each other at a ?Xed 
spacing. One of a pair of substrates is a TFT (Thin Film 
Transistor) array substrate (hereinafter, called “an array 
substrate”) using TFTs as sWitching elements for driving, 
and another one of the pair of substrates is a color ?lter 
substrate (hereinafter, called “an opposing substrate”) on 
Which three color layers of RGB (red, green, and blue) are 
coated. When assembling a display panel, these array sub 
strate and the opposing substrate are adhered to form a cell, 
placing spacers therebetWeen. As the spacer beads, elastic 
organic materials such as a resin using divinylbenZene are 
generally used. Although inorganic materials such as silica 
are sometimes used, they are not the main material for the 
spacer because of a tendency to generate foams When the 
pressure is reduced. 

[0008] When a comparison of a leakage of the light is 
made betWeen the tWo types of liquid crystal panels, one 
driven by a vertical electric ?eld and the other driven by a 
transverse electric ?eld, the panel driven by the transverse 
electric ?eld is more likely to cause light leakage than the 
panel driven by the vertical electric ?eld. 

[0009] One reason for the above result is based on the 
difference of the normal driving modes in a display opera 
tion. That is, for devices driven by the vertical electric ?eld 
such as the TN mode or the STN mode devices, a normally 
White mode is superior for increasing the contrast, While it 
is advantageous for better contrast to use a normally-black 
mode for devices driven by the transverse electric ?eld. 
Thus, it is more likely for liquid crystal display devices 
driven by the transverse electric ?eld to cause light leakage 
around spacers When the voltage applied to each cell is null. 

[0010] The second reason is based on the difference of the 
driving directions of the liquid crystal. That is, When a 
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device is driven by the vertical electric ?eld, the liquid 
crystal is driven in the vertical direction perpendicular to a 
pair of substrates, While the liquid crystal is tWisted hori 
Zontally When driven by the transverse electric ?led. Con 
sequently, a difference is caused in the orientation of liquid 
crystal by the direction of the electric ?eld, especially in the 
direction of depth of the liquid crystal, causes an anomalous 
orientation around spacers by the transverse electric ?eld to 
cause leakage of light. 

[0011] The third reason is based on the presence of a chiral 
crystal. In the devices driven by the vertical electric ?eld 
such as TN and STN devices, a rubbing direction of one 
substrate is rotated 90 degrees or 270 degrees against the 
rubbing direction of the orientation ?lm formed on another 
substrate, and a chiral material is included in the liquid 
crystal for facilitating the tWisted orientation at a desired 
direction. In contrast, in the devices driven by the transverse 
electric ?eld, the rubbing directions of a pair of substrates 
are directions anti-parallel to each other, so that the orien 
tation of the liquid crystal is homogeneous, and the liquid 
crystal does not contain the chiral material. Consequently, 
since the liquid crystal has a high degree of freedom in 
orientation When the device is driven by the transverse 
electric ?eld, the liquid crystal around the spacers is thereby 
likely to be subjected to an anomalous orientation Which can 
cause leakage of light When driven by the transverse electric 
?eld. 

[0012] The liquid crystal molecules located around spac 
ers are more likely to be subjected to the above anomalous 
orientation When the external force is applied on the cell. 
This is because the liquid crystal molecules are oriented 
around the spherical spacers by the eXternal force. 

[0013] Technical proposals for preventing deterioration of 
the image quality by spacers are presented in, for eXample, 
Japanese Patent Application, First Publication No. Hei 
7-281195, entitled “a liquid crystal display panel”; and in 
Japanese Patent Application, First Publication No. Hei 
7-281195, entitled “a liquid crystal display device and 
method of manufacturing the same”. 

[0014] In the former Patent Application, as shoWn in FIG. 
5, transparent and colored CF (Color Filter) layers 52 are 
disposed at an ?Xed intervals, black light shielding layers 53 
are formed therebetWeen, and spherical spacers are scattered 
on the surface of the light shielding layer 53. Assume that 
distances from the CF ?lter layer 52 and the light shielding 
layer 53 to the opposing substrate 56 are LC and LB, and the 
diameter of spacer 54 is D, a dimensional relationship of the 
liquid crystal panel is represented as LC<D<LB. 

[0015] The spacers on the light shielding layer are only 
held betWeen the pair of the substrate 51 and 56. In contrast, 
spacers 54 on the color ?lter layer 52 fall doWnWard toWard 
the bottom in the liquid crystal betWeen both substrates, 
When the panel is stood in an upright position. Thereby, 
spacers 54 are removed from the display piXel area 55 to 
prevent an anomalous orientation of the liquid crystal and 
thereby avoid the deterioration of the image quality. 

[0016] An attempt of a mathematical analysis Will be 
described. A siZe of the display cell of the liquid crystal 
display panel is generally Within a range from 100 to 300 
pm, and the cell gap betWeen these cells are roughly 3 to 6 
pm. 
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[0017] When the panel is stood in an upright position, a 
spacer located at the upper end of the screen area falls into 
the outer position of the screen Without abutting the sub 
strates. The standing angle 0 of the panel is expressed as, 

cos 6=cell gap/size of cells=6/1OO 

[0018] From the above equation, a 0 of 866° is obtained, 
corresponding to an angle When the spacer is considered as 
a “point”. 

[0019] The falling speed of the spherical spacers in the 
liquid crystal With a thickness of 100 urn can be calculated 
by the folloWing Stokes’ Equation, under a condition of 
Rep<2. 

: 0.4(prn/sec) 

[0020] Where, pp is a density of the spacer, Which value is 
1.1 to 1.3, When the spacer is made of organic materials such 
as divinylbenZene or styren resins; of is a density of the 
liquid crystal, Which value is generally around 1.0 to 1.2; 
and p is a viscosity of the liquid crystal, Which is generally 
around 15 to 20 rnrnz/sec. 

[0021] When values of pp=1.3, pf=1.0, Dp=6 urn, and 
p=15 rnrnz/sec are substituted in the above equation, the 
falling speed of the spacer is obtained as 0.4 (urn/sec). This 
result shoWs that it takes 250 sec to fall a distance of 100 pun. 
This falling speed seems not so effective in the practical 
display operation. 

[0022] In turn, as shoWn in FIG. 6, a technique to main 
tain cells at a ?xed value Without using spacers is proposed 
in Japanese Patent Application, First Publication No. Hei 
7-28119. 

[0023] This proposal is related to the TN rnode liquid 
crystal panel, and a ?rst projection is mounted for forming 
cell gaps at the black-rnatrix 63 formed in the TFT 62 on the 
arrayed substrate 61. On the opposing substrate 65 for 
forming CF (Color Filters), a second projection is formed by 
larninating the red layer 66, green layers, and the blue layers. 
The ?rst projection and the second projection have a height 
Which corresponds to a half of the cell gap Ga. Therefore, the 
orientation ?lrns 70 and 71 can be suf?ciently subjected to 
the rubbing treatment, so that the TN liquid crystal mol 
ecules 72 are ensured to be lined up in a regular pattern. 
Thereby, it is possible to prevent the anomalous orientation 
and thus the light leakage by the liquid crystal panel in 
Which it is not necessary to use the spacers. 

[0024] In the above disclosure, if the height of the pro 
jection is higher than 5 urn or more, the rubbing treatment 
is then not suf?ciently executed because a part is hidden by 
the projection causing irregular orientation of the liquid 
crystal. In order to avoid this, the height of the projections 
is limited to less than 3.8 urn. 

[0025] In the liquid crystal panel driven by the transverse 
electric ?eld, beside the problem that it is hard to arrange the 
liquid crystal molecules in a predetermined direction, there 
is an important problem concerning a force of constraint for 
constraining the liquid crystal molecule in a predetermined 
direction. If the force of constraint in a predetermined 
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direction (hereinafter referred to as an orientation restraining 
force) is Weak, a picture irnage after switching from dis 
playing another picture irnage Will contain the after-irnage of 
the previous image. Therefore, the orientation restraining 
force has an affect on the image quality. 

[0026] As described hereinabove, the liquid crystal panel 
driven by the transverse electric ?eld has many problems 
that must be solved. In contrast, the liquid crystal panel 
driven by the transverse electric ?eld has the advantageous 
feature that the Wide display image plane With a Wide angle 
of visibility is obtained. 

[0027] It is therefore an object of the present invention to 
provide a liquid crystal display device With a Wide display 
image plane and With a Wide angle of visibility having a 
good cell image quality by preventing a light leakage around 
the spacers for maintaining a ?xed cell gap and by prevent 
ing after irnages due to the Weak orientation restraint force. 

SUMMARY OF THE INVENTION 

[0028] The liquid crystal display panel of the present 
invention comprises: 

[0029] an array substrate having sWitching elernents 
disposed in an matrix form and an orientation ?lrn 
formed on the uppermost layer; 

[0030] an opposing substrate having a light shielding 
layer and the color layers and an orientation ?lrn on 
the uppermost layer of those ?lrns and the color 
layers, in Which the area excluding the area covered 
by said light shielding layer is turned into the display 
area; and 

[0031] a liquid crystal layer formed in betWeen said 
array substrate and said opposing substrate; 

[0032] Wherein the cell gap of said display area is 
formed so as to be larger than the diameter of the 
spacers, and the cell gap at the color layer area 
overlapping the light shielding layer is formed so as 
to be smaller than the diameter of the spacer, such 
that said spacers in said srnaller cell gap are held at 
the compressed state betWeen said array substrate. 

[0033] In this construction, said color layer is formed 
elevated above said display area such that the cell gap forms 
a step betWeen the display area and said color layers. 

[0034] Furthermore, said color layer area is formed in the 
form of stripes and the opposing substrate is formed so as to 
form a step betWeen a display cell portion and a color ?lter 
portion, Wherein the color ?lter portion is formed higher 
than said display cell portion. 

[0035] In contrast, a method of manufacturing the liquid 
crystal panel comprising the steps of: 

[0036] forming an array substrate by arranging 
sWitching elements in the matrix form and forming 
an orientation ?lrn on the uppermost layer of said 
sWitching elernents; 

[0037] forming an opposing substrate by forming a 
light shielding ?lrn and color layers and forming a 
display cell portion on said color layer portion by 
forming the orientation ?lrn on said display cell 
portion; and 
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[0038] forming by inserting a liquid crystal in 
between said array substrate and said opposing sub 
strate; 

[0039] Wherein a step is formed such that said cell 
gaps of said display cell portion on the opposing 
substrate are larger than that of the spacer diameter, 
and the cell gap of the color layers corresponding to 
the light shielding layer is made smaller than the 
spacer, and the height difference betWeen said higher 
display portion and said loWer color portion is 
formed so as to de?ne the polariZation anisotropy of 
said orientation ?lm. 

[0040] According to the above structure and the method of 
manufacturing, the cell gap of the display cell portion is 
formed higher than the spacer diameter as much as 0.3 pm, 
the liquid crystal molecules around the spacer are not 
subjected to the anomalous orientation, so that the light 
leakage is prevented. Furthermore, the after image due to the 
orientation restraining force is prevented in a liquid crystal 
display panel of a-Si TFT driven by an IPS (transverse 
electric ?eld). 

BRIEF DESCRIPTION OF DRAWINGS 

[0041] FIGS. 1(a) and 1(b) are planar vieWs shoWing an 
array substrate and an opposing substrate of an IPS type a-Si 
TFT liquid crystal panel as an embodiment of the liquid 
crystal display panel of the present invention. 

[0042] FIGS. 2(a) and 2(b) are cross sectional vieWs of 
FIGS. 1(a) and 1(b) sectioned by line A-A and line B-B of 
FIGS. 1(a) and 1(b). 

[0043] FIG. 3 is a graph shoWing a relationship betWeen 
the cell-gap and occupation ratio of light leaking spacers. 

[0044] FIG. 4 is a graph shoWing the relationship betWeen 
the height of cell projections, the time of the after-image, 
and the polariZation anisotropy in an another embodiment of 
the present invention. 

[0045] FIG. 5 is a diagram of a conventional eXample 
shoWn in the Japanese Patent Application, First Publication 
No. Hei 8-62606. 

[0046] FIG. 6 is a diagram of a conventional eXample 
shoWn in the Japanese Patent Application, First Publication 
No. Hei 8-62606. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0047] The liquid crystal display panel driven by the 
transverse electric ?eld (abbreviated to IPS) according to an 
embodiment of the present invention Will be described 
hereinafter referring to attached draWings. 

[0048] FIGS. 1(a) and 1(b) illustrate a pair of glass sub 
strates facing each other at a predetermined distance. FIG. 
1(a) shoWs a enlarged planar vieW of the array substrate 1, 
in Which active matrix type TFTs for sWitching elements are 
formed. FIG. 2(b) shoWs an enlarged planar vieW of the 
opposing substrate 2 to the array substrate 1, in Which color 
?lters are formed. The array substrate 1 is depicted in vieW 
of the ?lm surface, and the opposing substrate is depicted in 
vieW of the glass substrate side. FIGS. 2(a), 2(b) are 
cross-sectional vieWs corresponding to line A-A and line 
B-B of FIGS. 1(a) and 1(b). 
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[0049] The channel carved type amorphous silicon (a-Si) 
TFTs are used for as TFT elements of the liquid crystal panel 
driven by the transverse electric ?eld, and color layers 
formed in the form of stripes are used as the opposing 
substrate 2. This is called hereinafter an IPS type a-Si TFT 
liquid crystal panel for convenience. 

[0050] A method of manufacturing the IPS type a-Si TFT 
liquid crystal display panel Will be described referring to 
FIGS. 1 and 2. 

[0051] A non-alkali glass plate With a thickness of 0.7 mm 
is used for the array substrate 1. IPS type TFTs are formed 
on this array substrate 1. The structure of the TFT When 
vieWed from the glass substrate is formed in the folloWing 
order. 

[0052] A gate electrode 10 and the common electrode 11 
are formed at the side surface of the array substrate 1 by 
patterning metallic chromium Cr. The thichness of these 
electrodes are commonly about 2000 A, and an interlying 
insulating ?lm of a silicon nitride ?lm is formed at a 
thickness of 4000 On the interlying insulating ?lm, a 
semiconductor ?lm by an amorphous silicon (a-Si) is formed 
at a thickness of 4000 

[0053] After deposition of the semiconductor ?lm, a 
source electrode and a source electrode are formed thereon. 

The semiconductor ?lm is subjected to etching to form a 
channel 14, and the a-Si TFT are formed. 

[0054] On the array substrate formed by the above process 
is completed by forming the protective insulating layer 
(passivation ?lm) 16 using silicon nitride. On the uppermost 
layer of the array substrate 1, the orientation ?lm 17 is 
formed at a thickness of 500 

[0055] In turn, a non-alkali glass plate With a thickness of 
0.7 mm is used for the opposing substrate, and, on a surface 
of the substrate, a light shielding ?lm 20 is formed made of 
an acrylic resin With dispersed carbon in a predetermined 
area corresponding to the gate electrode 10 and the drain 
electrode 13 and their surroundings of the array substrate at 
a thickness of 0.6 pm. 

[0056] After forming the light shielding ?lm 20, color 
layers are arranged so as to cover corresponding areas of the 
light shielding ?lm and the display piXel area 18. The color 
layers contain red layers 21, green layers 22 and blue layers 
23. The color layers are formed by a pigment dispersed 
acrylic resin. The thickness of respective color layers are 
de?ned as 1.4 pm for the red layer 21, 1.3 pm for the green 
layer 22, and 1.2 pm for the blue layer 23. An overcoat ?lm 
24 is coated on all of these color layers. Atransparent acrylic 
resin is used for the overcoat and its thickness is de?ned as 
1.0 pm. In addition, an orientation ?lm 25 is coated on the 
overcoat ?lm 24. 

[0057] The orientation ?lms 17 and 25 respectively 
applied for the array substrate 1 and the opposing substrate 
2 are the main chain-type polyimide ?lm in Which a tilt 
generating component is added to its main chain. The 
imidiZation is conducted at a temperature of 230° C. for 2 
hours. The rubbing cloth used for orientation of the poly 
imide ?lm is a ?ocked fabric ?ocked With a 24,000 strings/ 
cm2 of rayon strings With a ?lament diameter of 2.5 denier, 
a pile diameter of 120 denier, and a pile length of 1.85 mm. 
The rubbing Was performed by a rubbing role With a role 
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diameter of 150 mm, by an pile force of 0.5 mm, at a role 
revolution of 1,000 rpm, and at a table speed of 10 mm/sec. 
The direction of rubbing for the array substrate is set 
anti-parallel to that for the opposing substrate. 

[0058] Subsequently, the array substrate 1 and the oppos 
ing substrate 2 are adhered and liquid crystal is injected in 
the space betWeen tWo substrates and sealed to form the 
liquid crystal layer L. An all ?uorine-type nematic liquid 
crystal containing no chiral material is used for the forma 
tion of this liquid crystal. DivinylbenZene type spacers 30 
and 31 are installed for maintaining the ?xed cell gap. 

[0059] The cell periphery of both of the array substrate 1 
and the opposing substrate 2 are sealed by curing a thermo 
setting sealing material. An epoxy type sealing material is 
used as the sealing material. The thermosetting condition at 
the sealing is 170° C. for 2 hours. A pressure of 500 g/cm2 
Was applied to the panel during the sealing. 

[0060] Polarizing plates 19 and 26 are disposed at respec 
tive rear sides of both array substrate 1 and the opposing 
substrate 2. The patching disposition of the polariZing plates 
are decided in the direction to realiZe the normally-black 
mode. 

[0061] The height of the sum of layers formed in the cell 
are as folloWs. On the array substrate, the maximum thick 
ness is 1.4 pm at the TFT region, and the thickness at the 
region of the common electrode 11 and the drain electrode 
13 is 0.8 pm. Thus, the difference of the thickness betWeen 
the thickest region of TFT and the display pixel region is 
designed to be 0.6 pm. 

[0062] On the opposing substrate 2, the difference of the 
heights of the region Where the light shielding ?lm 20 
overlaps With the red layer 21, G1, (hereinafter, called “the 
red corner portion”) and the red display pixel region R2 is 
0.6 pm. Similarly, the difference of the height betWeen the 
region Where the light shielding ?lm 20 overlaps With the 
green layer 22 G1 (hereinafter, called “the green corner 
portion”) and the height of the green display pixel area G2 
is 0.6 pm, and the difference of the height betWeen the region 
Where the light shielding ?lm 20 overlaps With the blue layer 
23, B1, (hereinafter called “the blue corner region) and the 
blue display pixel region is 0.6 pm. 

[0063] Furthermore, When comparison is made of the 
heights betWeen the red corner region G1, the green corner 
region G1, and the blue corner region B1, the red corner 
region is the highest and the height then decreases in the 
order of the green corner region and the blue corner region. 
Those corner layers are formed so as to have respective 
height differences of 0.1 pm. 

[0064] In this embodiment, the diameter of the spacer is 
set to 5.5 pm, and the cell gaps g are varied by changing the 
number of spacers scattered in the cell from 5- to 300 
pieces/cm2. The evaluation is made by observing a rate of 
occurrence of the light leakage of the liquid crystal around 
spacers (the anomalous orientation) under a microscope 
When the completed panel is tapped for 20 times for ?ve 
points including a center and four corners by a rubber made 
hammer at a force of 2.55 kg. The Whole area of the panel 
Was observed With 300 spacers for each color. The mea 
surement of the cell gaps is executed by means of the 
He—Ne laser, the beam diameter of Which is 50 pm. The 
measurement is conducted by Senarmont method. 
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[0065] As shoWn in FIG. 3, it is understood that the rate 
of occurrence of the light leakage for every color layer 
reduces rapidly reaching to a minimum value When the cell 
gap g reaches more than 5.8 pm, that is, the cell gap is larger 
than the spacer diameter by 0.3 pm or more. 

[0066] The reason for the above result is that, although 
spacers located at the color corner layers of the opposing 
substrate 2, that is, spacers located at the light shielding layer 
are held in a compressed and deformed state, the diameters 
of spacers located at the red layer are smaller than the cell 
gap g, so that they are freely movable in the panel When a 
external force is applied to the panel. Thus, liquid crystal 
molecules around spacers Will not be subjected to the 
anomalous orientation Which causes the leakage of light. 

[0067] FIG. 4 shoWs a second embodiment of the present 
invention. The cell construction and the materials of this 
embodiment are the same as those of the ?rst embodiment, 
except that the thickness of the light shielding ?lm is 
changed from 0.6 to 4.0 pm, and that the height of projec 
tions are changed. 

[0068] The cell gap is set as a Whole at 6.0 pm, on the basis 
of the red display cell used as a standard. The cell gap is 
controlled by adjusting the number of spacers in the panel 
and by controlling the pressure applied on the panel during 
sealing. 
[0069] FIG. 4 is a graph shoWing the relationships 
betWeen the height of the projection, the time of the after 
image, and the polariZation anisotropy. The after-image is 
measured by visually measuring the remaining time of a 
black and White pattern after sWitching to the all black 
pattern after the black and White pattern With 10 mm 
intervals is displayed in a liquid crystal panel for 30 seconds. 

[0070] The measurement of the polariZation anisotropy is 
performed by the rotary phase-shifter method (refer to 
Japanese patent Application, First Publication No. Hei 
8-49320). The measurements are executed by ellipsometry 
for a portion in a red display area R2 and for an area of a 
shadoW remained Without rubbing by the rubbing treatment. 
The light source is the He—Ne laser, the incident angle is 50 
degree, and the spot siZe is 30 pm. The measurement is 
performed for 72 points by rotating the stage at every 5 
degrees for 360 degrees. The polariZation anisotropy shoWn 
in FIG. 4 is a difference betWeen the maximum and mini 
mum values of the phase components in the re?ected light. 

[0071] It is understood that the sufficient orientation 
restraint force is obtained because the after image remains 
less than 3 seconds, if the height of the projection is less than 
3.3 pm, and the polariZation anisotropy is less than 0.9. 

[0072] A test is made to change the color layer projection 
from 0.6 to 4.0 pm, and it is con?rmed that the liquid crystal 
molecule located at an area hidden by the projection by 
rubbing is oriented in a predetermined direction for every 
test heights of the projections. 

[0073] Experimental Work Was performed by changing the 
kind of the orientation ?lm in the same condition as the 
second embodiment. The kind of the orientation ?lm used in 
this experiment is the side chain type polyimide in Which the 
tilt generating component is added to its side chain. 

[0074] The result of the experiment reveals that the height 
of the projection should be less than 3.3 pm and the 
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polarization anisotropy should be more than 1.0, for sup 
pressing the after image Within less than 3 seconds. In this 
experiment also, the phenomenon that the liquid crystal 
molecules can not be oriented at a hidden area by the color 
layer projection Was not observed for any experimental 
height of the projections. 

[0075] As hereinabove described, the liquid crystal panel 
according to the present invention is suitable for the IPS 
type (driven by the transverse electric ?eld) a-Si TFT driven 
liquid crystal, and the cell gap of the display cell portion is 
formed larger than the diameter of the spacers by 0.3 pm or 
more, so that no anomalous orientation occurs around the 
spherical spacers such that the leakage of light is eliminated. 
In addition, the after-image due to the orientation restriction 
force Which is characteristic to the IPS type a-Si TFT liquid 
crystal display panel can be eliminated by de?ning the 
height of the projection of the color layers. These effect 
alloW production of a large diameter liquid crystal display 
panel With a Wide angle of visibility as Well as a extremely 
high image quality. 
What is claimed is: 

1. A liquid crystal display panel comprising: 

an array substrate having sWitching elements disposed in 
an matrix form and an orientation ?lm formed on the 
uppermost layer; 

an opposing substrate having a light shielding layer and 
the color layers and an orientation ?lm on the upper 
most layer of those ?lms and the color layers, in Which 
the area excluding the area covered by said light 
shielding layer is turned into the display area; and 

a liquid crystal layer formed in betWeen said array sub 
strate and said opposing substrate; 

Wherein a cell gap of said display area is formed so as to 
be larger than the diameter of the spacers, and the cell 
gap at the color layer area overlapping the light shield 
ing layer is formed so as to be smaller than the diameter 
of the spacer, such that said spacers in said smaller cell 
gap are held at the compressed state betWeen said array 
substrate. 

2. A liquid crystal display panel according to claim 1, 
Wherein said color layer is formed higher than said display 
area such that the cell gap forms a step betWeen the display 
area and said color layers. 

3. A liquid crystal display panel according to claim 2, 
Wherein said color layer area is formed in the form of stripes. 

4. A liquid crystal display panel according to claim 2, 
Wherein the height of said projected color layer is deter 
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mined such that the polariZation anisotropy of said orienta 
tion ?lm is Within a predetermined value. 

5. A liquid crystal display panel according to claim 1, 
Wherein said spacers are freely movable in said cell gap of 
the display area. 

6. A liquid crystal display panel according to claim 5, 
Wherein said liquid crystal panel is constructed so as to be 
able to eliminate the anomalous orientation of liquid crystal 
molecules and to be able to eliminate the leakage of light by 
giving said liquid crystal a restraint force (orientation 
restraining force) to restraint the liquid crystal molecules 
into a certain direction. 

7. A liquid crystal display panel according to claim 1, 
Wherein said array substrate is a TFT (thin ?lm transistor) 
substrate in Which TFT are arranged as sWitching elements 
so as to be operated as an active matrix display system. 

8. A liquid crystal display panel according to claim 7, 
Wherein said TFTs are formed on the uppermost surface of 
the layers formed on said array substrate, and the cell gap 
formed betWeen said TFTs and the concaved area of color 
layers of the opposing substrate are formed so as to be 
smaller than diameters of said spacers in the cell. 

9. A liquid crystal display panel according to claim 1, 
Wherein said liquid crystal display panel can be enlarged into 
more than a Wide image area of 14.1 inches in diagonal. 

10. A liquid crystal display panel according to claim 9, 
Wherein said liquid crystal display panel can be driven by the 
transverse electric ?eld (IPS). 

11. A method of manufacturing a liquid crystal display 
panel comprising a liquid crystal layer inserted in betWeen 
tWo substrates, one of Which is an array substrate having 
sWitching elements arranged in a matrix form and an ori 
entation ?lm coated on the upper most layer, and the other 
of Which is a opposing substrate as a color ?lter having a 
display pixel area coated by color layers except an area 
covered by the light shielding ?lm, and an orientation ?lm 
coated on the uppermost layer of these layers; 

Wherein, on the opposing substrate, the cell gap at the 
display pixel area is formed so as to be larger than 
spacers inserted in the cell, and the cell gap at the area 
of the color layer including the light shielding layer is 
formed so as to be smaller than spacers such that the 
cell gap is formed in a step form, and the difference of 
heights betWeen the higher display pixel area and the 
loWer color layer is determined such that the polariZa 
tion anisotropy of the orientation ?lm turns into a 
predetermined value. 

* * * * * 


