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Fig.4A

REPEATED PATTERN OF COLUMNAR SPACER
ARRANGEMENT IN THE COUNTER SUBSTRATE SIDE

e

COLUMNAR SPAGCER 205a COLUMNAR SPAGER 205b
(WITH A STEP FILM IN THE TFT SIDE)  (WITHOUT A STEP FILM IN THE TFT SIDE)
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Fig.8A
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2008-
288400, filed on Nov. 11, 2008, the disclosure of which is
incorporated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play device.

BACKGROUND ART

[0003] In aliquid crystal display panel, a TFT (Thin Film
Transistor) substrate and a counter substrate are often sup-
ported by a spherical spacer or a columnar spacer arranged
between them. As a result, a predetermined thickness of a
liquid crystal layer (henceforth, referred to as a cell gap) is
obtained.

[0004] When a spherical spacer is used, the fixing charac-
teristic between the spacer and the substrates is weak. There-
fore, in a liquid crystal display device in which the cell gap is
supported by spherical spacers, the spherical spacers are eas-
ily moved by a vibration such as when it is transported.
Moving of the spherical spacers causes an indication defect
such as a leak of light, degradation of contrast and lack of
uniformity of the cell gap. A spherical spacer arranged in an
indication area causes an alignment defect in its peripheral
part. As a result, degradation of contrast occurs.

[0005] Moreover, for a liquid crystal display panel or the
like supporting an animation, fast response is required. One of
means to realize fast response is to make a cell gap small.
However, in order to form a cell gap which is sufficiently
small, a spherical spacer whose grain diameter is small and
whose variation in the grain size is small is needed. Acquisi-
tion of such spherical spacer is not easy.

[0006] On the other hand, in the case of a liquid crystal
display device in which a columnar spacer is arranged in a
light shielding portion, the problem that a spacer is moved by
a vibration and the like does not occur. This is because a
columnar spacer is fixed on a CF substrate firmly. Moreover,
by arranging a columnar spacer in a light shielding portion,
contrast of a panel also improves. A columnar spacer can be
made short sufficiently compared with a spherical spacer.
Therefore, along with requirements for a liquid crystal dis-
play device with higher contrast and a faster response in
recent years, products using a columnar spacer are increasing.
[0007] However, when external stress such as rubbing the
panel surface is added to a panel using a columnar spacer, the
following problem occurs. That is, a columnar spacer fixed on
either one of substrates is moved by glide motion on the
surface of the other substrate facing the former.

[0008] A columnar spacer generally forms a cell gap in the
state that it is compressed by several %. Therefore, a force is
always added between the surface of a columnar spacer and
the surface of a substrate which the columnar spacer touches.
Even when a force added from outside disappears, it is often
difficult to return to the original state because of friction of the
surface of the substrate which the columnar spacer touches. In
this case, a stress remains in the two substrates facing each
other. Therefore, there occurs a problem that light leak is
caused in a black screen.

May 13, 2010

[0009] A liquid crystal display device shown in FIG. 16 is
disclosed in Japanese Patent Application Laid-open Publica-
tion No. 2005-242297. In the liquid crystal display device
shown in FIG. 16, a convex step film is formed onto a position
corresponding to a columnar spacer.

SUMMARY

[0010] Anexemplary object of the invention is to provide a
liquid crystal display device which can suppress nonunifor-
mity of a cell gap even when misalignment between a TFT
substrate and a counter substrate and a variation in the shape
of columnar spacers occur.

[0011] A liquid crystal display device according to an
exemplary aspect of the invention includes a TFT substrate, a
counter substrate, more than one columnar spacer formed on
the counter substrate side, a step film of convex shape formed
onto the TFT substrate side and arranged at a position facing
the columnar spacer, and a liquid crystal sealed between the
TFT substrate and the counter substrate, wherein a difference
between a central coordinate of the step film and a central
coordinate of the columnar spacer seen in a normal direction
of'a display surface of the liquid crystal display device varies
with standard deviation o of no smaller than 3 pm in at least
one direction within an appropriate range in a display area of
the display surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Exemplary features and advantages of the present
invention will become apparent from the following detailed
description when taken with the accompanying drawings in
which:

[0013] FIG.1is adiagram showing the structure of a liquid
crystal display device according to a first exemplary embodi-
ment of the present invention;

[0014] FIG. 2 is a plan view showing the structure of one
pixel of the TFT substrate of a liquid crystal display device
according to a second exemplary embodiment of the present
invention;

[0015] FIG. 3 is a sectional view showing the structure of a
panel taken along line A-A' of FIG. 2;

[0016] FIGS. 4A, B are schematic illustrations showing
columnar spacers and the repeat pattern of step films of a
liquid crystal display device according to the second exem-
plary embodiment of the present invention;

[0017] FIGS. 5A-C are sectional views taken along line
B-B' of FIGS. 4A, B showing the structure of the panel, which
indicates contact states of columnar spacers whose tips are of
convex shape with step films;

[0018] FIGS. 6A-C are sectional views taken along line
B-B'of FIGS. 4A, B showing the structure of the panel, which
indicates contact states of columnar spacers whose tips are of
concave shape with step films;

[0019] FIG. 7A is a schematic diagram showing the repeat
pattern of columnar spacers of a third exemplary embodiment
of the present invention;

[0020] FIG. 7B is a schematic diagram showing the repeat
pattern of step films of the third exemplary embodiment of the
present invention;

[0021] FIG. 8A is a schematic diagram showing the repeat
pattern of columnar spacers of a fourth exemplary embodi-
ment of the present invention;
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[0022] FIG. 8B is a schematic diagram showing the repeat
pattern of step films of the fourth exemplary embodiment of
the present invention;

[0023] FIG. 9A is a schematic diagram showing the repeat
pattern of columnar spacers of a fifth exemplary embodiment
of the present invention;

[0024] FIG. 9B is a schematic diagram showing the repeat
pattern of step films of the fifth exemplary embodiment of the
present invention;

[0025] FIG.10A is a schematic diagram showing the repeat
pattern of columnar spacers of a sixth exemplary embodiment
of the present invention;

[0026] FIG.10B is a schematic diagram showing the repeat
pattern of step films of the sixth exemplary embodiment of the
present invention;

[0027] FIG.11Ais aschematic diagram showing the repeat
pattern of columnar spacers of a seventh exemplary embodi-
ment of the present invention;

[0028] FIG.11Bis aschematic diagram showing the repeat
pattern of step films of the seventh exemplary embodiment of
the present invention;

[0029] FIG.12Ais a schematic diagram showing the repeat
pattern of columnar spacers of an eighth exemplary embodi-
ment of the present invention;

[0030] FIG.12Bis aschematic diagram showing the repeat
pattern of step films of the eighth exemplary embodiment of
the present invention;

[0031] FIG.13Ais aschematic diagram showing the repeat
pattern of columnar spacers of a ninth exemplary embodi-
ment of the present invention;

[0032] FIG.13Bis aschematic diagram showing the repeat
pattern of step films of the ninth exemplary embodiment of
the present invention;

[0033] FIG.14A is a schematic diagram showing the repeat
pattern of columnar spacers of a tenth exemplary embodiment
of the present invention;

[0034] FIG.14B is a schematic diagram showing the repeat
pattern of step films of the tenth exemplary embodiment of
the present invention;

[0035] FIG.15A is a schematic diagram showing the repeat
pattern of columnar spacers of an eleventh exemplary
embodiment of the present invention;

[0036] FIG.15B is aschematic diagram showing the repeat
pattern of step films of the eleventh exemplary embodiment of
the present invention;

[0037] FIG. 16 1is a sectional view and a plan view showing
the structure of a liquid crystal display device related to the
present invention;

[0038] FIG.17isaperspective view showing an example of
the shape of a columnar spacer;

[0039] FIG. 18 is a diagram showing the structure of a
liquid crystal display device related to the present invention.

EXEMPLARY EMBODIMENT
The First Exemplary Embodiment

[0040] As indicated in the section of BACKGROUND
ART, in Japanese Patent Application Laid-open Publication
No. 2005-242297 discloses a liquid crystal display device in
which a convex step film is formed onto a position corre-
sponding to a columnar spacer as shown in FIG. 16.

[0041] However, in the liquid crystal display device shown
in FIG. 16, there is a problem related to a convex step film.
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This problem is caused by the fact that the shape of the tip
portion of a columnar spacer formed is not flat necessarily.
[0042] An example of the shape of a columnar spacer is
shown in FIG. 17. This columnar spacer has the shape with a
gentle curve in which the midsection may become highest.
Therefore, a flat portion does not exist in the tip part of the
columnar spacer. As another example of the shape of a colum-
nar spacer, there is a columnar spacer which has a concave
shape in which the midsection is dented. The shape of a
columnar spacer like these is influenced by conditions of each
step of forming the columnar spacer and the shape or the like
of the foundation in addition to the characteristics of the
material of the columnar spacer.

[0043] A problem which occurs when a convex step film
smaller than a columnar spacer make contact with the tip part
ofthe columnar spacer which is not flat will be described with
reference to FIG. 18.

[0044] First, the case where the midsection of the tip of a
columnar spacer is the highest portion like columnar spacer
shape A (a convex shape) will be described. In this case, when
there are no misalignment between the TFT substrate and the
counter substrate, the midsection of the columnar spacer and
the midsection of the step film are in contact with each other.
Therefore, the cell gap of a specified gap value (d) is obtained
(refer to the figure in upper left). However, when there is a
misalignment between the TFT substrate and the counter
substrate, the step film is not in contact with the vertex part of
the columnar spacer, but instead in contact with a tapered
portion. Therefore, the gap value of the cell gap becomes
smaller than the specified gap value (d), that is, d—a. (refer to
the figures in upper center and upper right).

[0045] Next, the case where the midsection of a columnar
spacer dents like columnar spacer shape B (a concave shape)
will be described. In this case, when there is no misalignment
between the TFT substrate and the counter substrate, the
midsection of a step film is in contact with the concave part in
the midsection of a columnar spacer. Therefore, the cell gap
with the specified gap value (d) can be obtained (refer to the
figure in lower left). However, when there is a misalignment
between the TFT substrate and the counter substrate, the step
film is in contact with a part higher than the midsection of the
columnar spacer which is dented. Therefore, the gap value of
the cell gap becomes d+a which is larger than the specified
gap value (d) (refer to the figures in lower center and lower
right).

[0046] By non-uniformity of luminous exposure, variation
in liquid flow in development and variation in the firing tem-
perature and the like, the shape of a columnar spacer may
become non-uniform in the panel surface. When variation
occurs in the columnar spacer shape as mentioned above, and
if misalignment occurs, the contact positions of columnar
spacers and the step films vary. As a result, nonuniformity
occurs in the cell gap, causing unevenness in luminance.
[0047] Inorder for astep film to touch only a flat part in the
tip part of a columnar spacer, the columnar spacer needs to be
made in the following shape. That is, it is necessary to make
the area of a columnar spacer large sufficiently, considering
variation in the shape of the tip part. In addition, the area of the
flat part in the tip part of a columnar spacer needs to be made
large. On the one hand, in order to shield light leaked by an
alignment defect around a columnar spacer, the black matrix
(BM) in a portion at which the columnar spacer is arranged
needs to be made large. Therefore, when a columnar spacer
wider than a BM is arranged on the BM, reduction of an
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aperture ratio is caused. Moreover, by an alignment defect
around a columnar spacer, degradation of contrast occurs.
[0048] Additionally, as a means to suppress nonuniformity
of a cell gap caused by the difference in contact portions of a
columnar spacer and a step film, there is a method to form a
step film which is of sufficiently large compared to a colum-
nar spacer. In this case, even if there is a misalignment, a step
film will support the highest part of a columnar spacer. There-
fore, a cell gap which is uniform can be obtained. However,
also in this method, reduction of an aperture ratio occurs as a
result of making the area of the step film large.

[0049] Accordingly, a liquid crystal display device in this
exemplary embodiment has the construction shown in FIG. 1.
That is, a liquid crystal display device in this exemplary
embodiment has TFT substrate 100, step film 109, counter
substrate 200, columnar spacer 205 and liquid crystal 206.
[0050] Step film 109 is formed on the TFT substrate side
that is arranged in a position facing the columnar spacer.
When seen in the normal direction of the display surface of
the liquid crystal display device, the size of the step film 109
is smaller than the columnar spacer 205 in at least one direc-
tion. More than one columnar spacer 205 is formed onto the
counter substrate. The liquid crystal 206 is sealed between the
TFT substrate and the counter substrate.

[0051] A positional shift between the central coordinate of
the step film 109 and the central coordinate of the columnar
spacer 205 seen in the normal direction of the display surface
of the liquid crystal display device has a variation with stan-
dard deviation o of no smaller than 3 um in at least one
direction within an appropriate range in the display area of the
display surface.

[0052] When described using an arrangement pitch of a
step film and a columnar spacer, it is as follows. That is, the
arrangement pitch of at least one of a step film and a columnar
spacer varies with standard deviation o of no smaller than 3
um in at least one direction within the appropriate range in the
display area of the display surface of the liquid crystal display
device.

[0053] As aresult, even if a misalignment occurs between
the TFT substrate 100 and the counter substrate 200, and if
there is a variation in the shape of the columnar spacer 205,
occurrence of nonuniformity of a cell gap can be suppressed.
[0054] Alternatively, arrangement of at least one of a step
film and a columnar spacer may be designed so that it may
varies with standard deviation o ofno smaller than 3 um in the
direction perpendicular to an appropriate line in at least one
direction within the appropriate range in the display area of
the display surface of the liquid crystal display device.
[0055] Also in the case of this structure, even if a misalign-
ment occurs between the TFT substrate 100 and the counter
substrate 200, and if the shape of the columnar spacer 205
varies, occurrence of nonuniformity of a cell gap can be
suppressed.

The Second Exemplary Embodiment

[0056] Next, the structure of a liquid crystal display device
according to the second exemplary embodiment of the
present invention will be described with reference to from
FIG. 2 to FIG. 6A-C.

[0057] FIG. 2 is a plan view showing the structure of one
pixel of a TFT substrate of this exemplary embodiment. FIG.
3 is a sectional view showing the structure of a panel taken
along line A-A' of FIG. 2. FIGS. 4A, B is a schematic illus-
tration showing repeat patterns of a columnar spacer and the
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step film of this exemplary embodiment. FIGS. SA-C and
FIGS. 6A-C are sectional views showing the structure of the
panel taken along line B-B' of FIGS. 4A, B.

[0058] As shown in FIG. 2 and FIG. 3, a liquid crystal
display device of this exemplary embodiment is provided
with at least the TFT substrate 100, the counter substrate 200
and the liquid crystal 206 sandwiched between these two
substrates.

[0059] The TFT substrate 100 includes, for example, a
glass substrate 101, a gate line 102, a COM wiring 103, a
COM electrode 104, a gate insulation film 105, an a-Si layer
106, a drain line 107 and a pixel electrode 108, a convex step
film 109 and a passivation film 110.

[0060] The gate line 102, the COM wiring 103 and the
COM electrode 104 are formed in the same layer on the glass
substrate 101.

[0061] The gate insulation film 105 covers the surfaces of
the gate line 102, the COM wiring 103 and the COM electrode
104.

[0062] The a-Si layer 106 is formed like an island on the
gate insulation film 105.

[0063] The drain line 107 is formed on the gate insulation
film 105 or the a-Silayer 106 and is orthogonal to the gate line
102.

[0064] The pixel electrode 108 and the drain line 107 are
formed in the same layer.

[0065] The convex step film 109 and the drain line 107 are
formed in the same layer. The convex step film 109 is
arranged in a position where it can be in contact with a
columnar spacer formed over the gate line 102.

[0066] The passivation film 110 covers the surfaces of the
drain line 107, the pixel electrode 108 and the step film 109.
[0067] The counter substrate 200 includes, for example, a
glass substrate 201, a BM 202, a color layer 203, an overcoat
(henceforth, referred to as OC) 204 and a columnar spacer
205.

[0068] TheBM 202 isalight shield film formed on the glass
substrate 201.
[0069] The color layer 203 is formed so that the BM 202

and a transparent part where BM is not arranged may be
covered.

[0070] The OC 204 is formed so that the color layer 203
may be covered.

[0071] The columnar spacer 205 is formed on the OC 204
and over the BM 202. The columnar spacer 205 is arranged in
a position where it can be in contact with the step film 109
formed on the TFT substrate 100.

[0072] Hereinafter, the configuration of the step film 109
which is convex and the columnar spacer 205 will be
described in detail.

[0073] [Positional Relationship in Arrangement]

[0074] First, the arrangement positional relationship
between the convex step film 109 and the columnar spacer
205 will be described using FIGS. 4A, B.

[0075] FIG. 4A indicates a repeated arrangement of the
columnar spacer 205 to be arranged on the counter substrate
200 according to this exemplary embodiment.

[0076] Itis desirable to arrange the columnar spacer 205 to
be arranged on the counter substrate 200 at portions of an
identical color layer. In this exemplary embodiment, the
columnar spacer 205 is arranged for every two pixels in a
zigzag state over the BM 202 corresponding to the blue color
layer. The columnar spacer 205 includes a columnar spacer
205a and a columnar spacer 2055. The columnar spacer 205a
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is arranged at a position corresponding to the step film 109
formed onto the TFT substrate 100. The columnar spacer
2056 is arranged at a position without the step film 109.
Further, the columnar spacer 2054 is arranged for every 16
pixels (4 pixelsx4 pixels). The columnar spacer 205a and the
2055 arranged on the counter substrate 200 has a structure in
which they are arranged in the whole panel surface repeatedly
making an area of 4 pixelsx4 pixels one unit.

[0077] FIG. 4B indicates a repeat arrangement of a step film
of'a TFT substrate according to this exemplary embodiment.
[0078] Thestep film 109 formed onto the TFT substrate 100
is arranged for every 16 pixels (4 pixelsx4 pixels). Each step
film 109 is arranged at a position corresponding to the colum-
nar spacer 205a. Thatis, nine positions of the step film 109 are
arranged in the area of 12 pixelsx12 pixels.

[0079] Here, the central coordinate of the step film 109 and
the central coordinate of the corresponding columnar spacer
205a are designed such that they are different coordinates in
at least eight positions arranged in a area of 12 pixelsx12
pixels. The step film 109 formed onto the TFT substrate 100
is arranged in the whole panel surface repeatedly making this
area of 12 pixelsx12 pixels one unit. Meanwhile, the central
coordinates of the step film 109 and the columnar spacer 205a
mean central coordinates when the step film 109 and the
columnar spacer 205a are seen in the normal direction of the
display surface of the liquid crystal display device. When the
step film 109 and the columnar spacer 205a are of polygon
shapes, a central coordinate means the coordinate of the cen-
ter of the circumscribed circle of each of the polygons. Or,
when the step film 109 and the columnar spacer 205a are
cylindrical, a central coordinate is the coordinate of the center
of each circle. In this exemplary embodiment, it is designed
that the step film 109 has a quadrangle shape, that is, a poly-
gon shape. It is also designed that the columnar spacer 205a
is cylindrical. Therefore, in this exemplary embodiment, the
central coordinate of the step film 109 means the coordinate
of the center of the circumscribed circle of the step film 109.
Also, the central coordinate of the columnar spacer 205a
means the coordinate of the center of the circle of the colum-
nar spacer 205a.

[0080] Specifically, the central coordinate of the step film
109 that is indicated by step film arrangement [5] which is in
the center of a repeated arrangement is designed as follows.
That is, the central coordinate of the step film 109 has no shift
in both the x-direction and the y-direction from the central
coordinate of the columnar spacer 205.

[0081] The central coordinate of the step film 109 which is
arranged in the diagonally top left side of the step film
arrangement [5] and indicated by step film arrangement [1] is
designed as follows. That is, the central coordinate of the step
film 109 is shifted with distance “a” in the minus direction
(that is, to the left) for the x-direction and shifted with dis-
tance “b” in the plus direction (that is, to the upper side) for
y-direction from the central coordinate of the columnar
spacer 205.

[0082] The central coordinate of the step film 109 that is
indicated by step film arrangement [2] and arranged in the left
side of the step film arrangement [5] is designed as follows.
That is, the central coordinate of the step film 109 is shifted
with distance “a” in the minus direction only for the x-direc-
tion from the central coordinate of the columnar spacer 205.
[0083] The central coordinate of the step film 109 that is
indicated by step film arrangement [3] and arranged in the
diagonally bottom left side of the step film arrangement [5] is
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designed as follows. That is, the central coordinate of the step
film 109 is shifted with distance “a” in the minus direction
(that is, to the left) for the x-direction and shifted with dis-
tance “b” in the minus direction (that is, to the lower side) for
y-direction from the central coordinate of the columnar
spacer 205.

[0084] The central coordinate of the step film 109 that is
indicated by step film arrangement [4] and arranged in the
upper side of the step film arrangement [5] is designed as
follows. That is, the central coordinate of the step film 109 is
shifted with distance “b” in the plus direction (to the upper
side) only for the y-direction from the central coordinate of
the columnar spacer 205.

[0085] The central coordinate of the step film 109 that is
indicated by step film arrangement [6] and arranged in the
under side of the step film arrangement [5] is designed as
follows. That is, the central coordinate of the step film 109 is
shifted with distance “b” in the minus direction (to the under
side) only for the y-direction from the central coordinate of
the columnar spacer 205.

[0086] The central coordinate of the step film 109 that is
indicated by step film arrangement [7] and arranged in the
diagonally top right side of the step film arrangement [5] is
designed as follows. That is, the central coordinate of the step
film 109 is shifted with distance “a” in the plus direction (that
is, to the right) for the x-direction and shifted with distance
“b” in the plus direction (that is, to the upper side) for y-di-
rection from the central coordinate of the columnar spacer
205.

[0087] The central coordinate of the step film 109 that is
indicated by step film arrangement [8] and arranged in the
right side of the step film arrangement [5] is designed as
follows. That is, the central coordinate of the step film 109 is
shifted with distance “a” in the plus direction (to the right
side) only for the x-direction from the central coordinate of
the columnar spacer 205.

[0088] The central coordinate of the step film 109 that is
indicated by step film arrangement [9] and arranged in the
diagonally bottom right side of the step film arrangement [5]
is designed as follows. That is, the central coordinate of the
step film 109 is shifted with distance “a” in the plus direction
(that is, to the right) for the x-direction and shifted with
distance “b” in the minus direction (that is, to the under side)
for y-direction from the central coordinate of the columnar
spacer 205.

[0089] Here, a specification of the stacking will be
described. Generally, optical characteristics ofa liquid crystal
display panel are maintained by stacking a TFT substrate and
a counter substrate with a high degree of accuracy. In the
vicinity of the wiring of the TFT substrate, disorder in orien-
tation of liquid crystal that results in light leak is caused by a
disclination and the like. An area where a disclination occurs
needs to be shaded by BM on the counter substrate side in
advance so that such light leak may not be visually recog-
nized. However, when the shielding width is too wide, a
reduction of an aperture ratio is caused. Therefore, a proper
shielding width of BM is determined based on the stacking
accuracy of the device. That is, a stacking specification indi-
cates the tolerance of misalignment in stacking designed
based on the stacking accuracy of a device which does not
have an influence on the optical characteristics of the liquid
crystal, and, for example, is the range of from -6 pm to +6 pm.
[0090] Distance “a” and distance “b” in this exemplary
embodiment are determined based on the stacking specifica-
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tion. That is, for each value, it is desirable to be designed as a
value within a stacking specification of a product for the
x-direction and the y-direction.

[0091] As aresult, when the contact position of a columnar
spacer shifts within the range of a stacking specification, at
least one of step films in a repeated arrangement unit can be in
contact with the highest portion of a columnar spacer. Both
distance “a “‘and distance “b” are set to 5 pum in this exemplary
embodiment.

[0092] However, only if distance “a” and distance “b” are
numerical values within a stacking specification for x-direc-
tion and the y-direction of a product respectively, there is no
necessity that they are the same numerical value. In each
repeated unit, there is also no need that all the shift amount
values in the x-direction and the y-direction are the same
respectively.

[0093] As it has been described above, in this exemplary
embodiment, there are nine step films corresponding to
columnar spacers in the range of 12 pixelsx12 pixels. In
addition, the central coordinate of a step film is designed such
that it is shifted by 5 pum in one side for both the x-direction
and the y-direction with standard deviation o of 4.3 um taking
the central coordinate of a columnar spacer as the reference.
[0094] Meanwhile, the location accuracy of patterning by
photolithography is within 2 pum typically. Also, in an area
which is very small like the inside of a 12 pixels unit indicated
in this exemplary embodiment, a displacement in which the
pitch of a step film exceeds 2 pm does not occur naturally.
Therefore, for example, by designing such that a shift value in
the small area of 10 mm square is 3 um or more in one side (6
um in both sides), it is possible to differentiate it from a
manufacturing error.

[0095] A positional displacement of the central coordinate
ofastep film from the central coordinate of a columnar spacer
which is the reference position in this exemplary embodiment
can be checked as follows. That is, the check can be per-
formed by measuring a pitch of each of step films of a TFT
substrate and columnar spacers of a counter substrate succes-
sively and calculating the difference.

[0096] Moreover, in order to exclude influence such as the
distortion that comes from bonding the substrates together,
the positional displacement of the center of a step film from
the center of a columnar spacer in the state where the sub-
strates are bonded is checked as follows. That is, after making
laser markings on both of the TFT substrate and the counter
substrate, the panel is broken down and the step film and the
columnar spacer are checked by measuring each pitch suc-
cessively.

[0097] Meanwhile, according to this exemplary embodi-
ment, although the central coordinate of a step film is shifted
in designing taking the central coordinate of a columnar
spacer arranged at even intervals as the reference, it is not
limited to this. That is, the central coordinate of a columnar
spacer may be shifted in designing taking the central coordi-
nate of a step film arranged at even intervals as the reference.
Alternatively, a contact position may be shifted by moving
both of a step film and a columnar spacer in designing.
[0098] Further, in this exemplary embodiment, although
the repeated arrangement in which, for nine step films formed
in a range of 12 pixelsx12 pixels, the position of a step film to
a columnar spacer is changed periodically for both of the
x-direction and the y-direction has been described, it is not
limited to this. That is, for example, when only the size of the
y-direction of a step film is smaller than a columnar spacer, a
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repeated arrangement may be such that the position of a step
film to a columnar spacer is changed only in the y-direction.
When only the size of the x-direction of the step film is
smaller than a columnar spacer, a repeated arrangement may
be such that the position of a step film to a columnar spacer is
changed only in the x-direction.

[0099] Further, the structure may be such that, for arrange-
ment of at least one of a step film and a columnar spacer, a
position is randomly changed one-dimensionally or two-di-
mensionally in a repeated arrangement unit. Yet further,
arrangement of at least one of a step film and a columnar
spacer may be an entirely random arrangement, not a repeated
arrangement. That is, arrangement only has to be designed
such that, even when misalignment of stacking occurs, rela-
tive positions of at least one of step films within the range of
a repeated unit come to a proper position for a columnar
spacer.

[0100] In this exemplary embodiment, the pixel size and
the pixel interval are uniform. The arrangement interval of a
columnar spacer is even. Therefore, the arrangement pitch of
a step film changes repeatedly and periodically in both the
x-direction and the y-direction in units of 12 pixels. That is,
the arrangement pitch of a step film is changed in the range of
plus/minus 5 pm (a 10 um range) from the arrangement pitch
of'a columnar spacer which is the reference.

[0101] When described using the arrangement pitch, it is as
follows. That is, according to this exemplary embodiment,
although the arrangement is designed such that, about nine
step films formed in the range of 12 pixelsx12 pixels, the
arrangement pitch of a step film is a repeated arrangement
changed periodically in both of the x-direction and the y-di-
rection, it is not limited to this. That is, for example, when
only the size of the y-direction of a step film is smaller than a
columnar spacer, the arrangement may be a repeated arrange-
ment in which the arrangement pitch of a step film is changed
in only the y-direction. When only the size of the x-direction
of a step film is smaller than a columnar spacer, the arrange-
ment may be a repeated arrangement in which the arrange-
ment pitch of the step film is changed in only the x-direction.
[0102] Further, the structure may be such that the arrange-
ment pitch of at least one of a step film and a columnar spacer
is randomly changed one-dimensionally or two-dimension-
ally in a repeated arrangement unit. That is, arrangement only
has to be designed such that, even when misalignment of
stacking occurs, relative positions of at least one of step films
within a repeated unit come to a proper position for a colum-
nar spacer.

[0103] It is desirable that the range of a repeated unit is
about 10 mm square or less, and it is more desirable it is 6 mm
square or less. The reason will be described.

[0104] A pressing load needed to deform a columnar spacer
used in a liquid crystal display device of this exemplary
embodiment by 0.4 pm is about 20 mN per one columnar
spacer. For example, it is assumed that cells are formed
employing a glass substrate of the board thickness of 0.5 mm
as the substrate of a liquid crystal display panel so that a
columnar spacer may be deformed by 0.4 um. In this case,
when the interval of columnar spacers which always make
contact is 6 mm, the maximum bending of the glass will be
about 0.06 pm.

[0105] If the range of a repeated unit of a columnar spacer
becomes large, and the distance between neighboring always-
contacting columnar spacers becomes long, the bending of
the glass becomes large. As a result, nonuniformity occurs to
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a cell gap. For example, when the interval of a columnar
spacer which is always contacting is 7 mm, the maximum
bending of the glass will be about 0.08 pm. When the interval
of a columnar spacer is 8 mm, the maximum bending of the
glass will be about 0.1 pum. When the interval of a columnar
spacer is 9 mm, the maximum bending of the glass will be
about 0.14 pm. When the interval of a columnar spacer is 10
mm, the maximum bending of the glass will be about 0.17
pm.

[0106] InaTN (Twisted Nematic) product, when there is a
change of about 0.2 pm in a cell gap, it is visually recognized
as nonuniformity of luminance. Similarly, in an IPS (In Plane
Switching) product, when there is a change of about 0.15 um
in a cell gap, it is visually recognized as an unevenness of
luminance. Accordingly, by making the range of a repeated
unit about 10 mm square or less, a volume of glass bending
can be suppressed within the range where the problem of
unevenness of luminance does not occur. Moreover, by mak-
ing the range of a repeated unit 6 mm square or less, nonuni-
formity in a cell gap can be reduced to no more than 50% of
the nonuniformity in the cell gap where the unevenness prob-
lem of luminance occurs.

[0107] Here, a cell gap between spacers is maintained by a
stiffness of glass. Therefore, when the thickness of the glass
becomes thin, it is necessary to make the range of a repeated
unit small. For example, when the glass thickness is 0.3 mm,
it is desirable to make the range of a repeated unit 4 mm
square or less.

[0108] A cell gapisusually supported only by the columnar
spacer 205a which is in contact with the step film 109. In view
of cubical expansion of liquid crystal by a temperature rise, it
is desirable to perform forming of a cell as follows. That is, it
is desirable to perform forming of a cell so that the columnar
spacer 2054 may be in the state that it is pressed and deformed
by 0.1 um-0.4 um by elastic deformation. As a result, even if
cubical expansion of a liquid crystal material by a tempera-
ture rise occurs, it will be in the state that the tip of the
columnar spacer 205a is still pressed against a TFT substrate.
Therefore, an unevenness of luminance which is caused by a
liquid crystal material which is moved toward the lower part
of the panel by a gravity enlarging the cell gap can be sup-
pressed.

[0109] According to this exemplary embodiment, the
height of the columnar spacer 205 is measured first. Then,
according to the measurement result, the amount of liquid
crystal to be dropped is adjusted. As a result, the amount of
deformation of the columnar spacer 2054 is controlled such
that it is about 0.2 pm stably.

[0110] Next, a contact state of the columnar spacer 205 and
the step film 109 will be described using FIGS. 5A-C and
FIGS. 6A-C.

[0111] FIGS. 5A-C are schematic illustrations showing a
contact state of the columnar spacer 205 and the step film 109
in a case where the columnar spacer 205 is of convex shape
and the central part of its tip is the highest portion.

[0112] First, the case where there is no fitting misalignment
between the TFT substrate 100 and the counter substrate 200
as shown in FIG. 5A will be described. In this case, at the
portion corresponding to step film arrangement [5], the cen-
tral part of the step film 109 and the tip central part of the
columnar spacer 205 which is the highest part make contact
with each other. At portions corresponding to step film
arrangement [4] and step film arrangement [6], the central
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part of the step film 109 and a part shifting from the central
part of the columnar spacer 205 by distance “a” are contacted.
[0113] As mentioned above, the columnar spacer 2054 is
formed such that it is in a state where it is deformed by 0.1-0.4
um. Therefore, a columnar spacer may be in contact with a
step film at positions of step film arrangement [4] and step
film arrangement [6]. However, the cell gap is determined
mainly in a portion of step film arrangement [5] where a step
film is in contact with a columnar spacer at its highest portion.
[0114] Next, as shown in FIGS. 5B and C, cases where a
misalignment occurs between the TFT substrate 100 and the
counter substrate 200 will be described. In this case, at por-
tions of step film arrangement [4] or step film arrangement
[6], the central part of the step film 109 and the highest part in
the tip central part of the columnar spacer 205 are in contact
with each other. And, the cell gap is determined mainly at this
contact part.

[0115] FIGS. 6A-C is schematic illustrations showing a
contact state of the columnar spacer 205 and the step film 109
when the columnar spacer 205 has a concave shape with the
tip central part thereof being dented.

[0116] First, the case where there is no fitting misalignment
between the TFT substrate 100 and the counter substrate 200
as shown in FIG. 6A will be described. In this case, at the
portion corresponding to step film arrangement [5], the cen-
tral part of the step film 109 and the central part of the
columnar spacer 205 which is dented make contact with each
other. The step film 109 and the highest part of the columnar
spacer 205 are in contact with each other at portions corre-
sponding to step film arrangement [4] and step film arrange-
ment [6]. And the cell gap is determined at this contact por-
tion.

[0117] Next, as shown in FIGS. 6B and C, cases where a
misalignment occurs between the TFT substrate 100 and the
counter substrate 200 will be described. In this case, the
central part of the step film 109 and the highest part of the
columnar spacer 205 are in contact with each other at the
portion of step film arrangement [5]. And, the cell gap is
determined mainly at this contact part.

[0118] Thus, the highest position of the tip part of a colum-
nar spacer and a step film make contact with each other at least
one portion in a repeated arrangement area regardless of the
shape of a columnar spacer and of whether there is a fitting
misalignment or not. Because this contact part determines a
cell gap, the cell gap is always kept constant in each repeated
unit.

[0119] [The Thickness of a Step Film]

[0120] The thickness of the step film 109 needs to be
designed so that the columnar spacer 2056 arranged in a
portion where there is not the step film 109 may touch the TFT
substrate 100 only in a case when a local load is added
temporarily. That is, the thickness of the step film 109 needs
to be designed so that there are no cases that the columnar
spacer 2055 touches the TFT substrate 100 in normal times.
Further, it is preferable that the thickness of the step film 109
is 100 nm-600 nm. According to this exemplary embodiment,
the thickness of the step film 109 is 300 nm. The step film 109
is formed in the same layer using the same material with drain
wiring. The reason will be described.

[0121] As mentioned above, a columnar spacer is used in a
state that it is deformed by 0.1-0.4 um. Therefore, it is desir-
able that the minimum thickness of a step film is at least no
smaller than 0.1 pm.
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[0122] Next, a case when a local load is added to the surface
of a liquid crystal display panel and the tip of the columnar
spacer 205a is deformed to a level that the tip of the columnar
spacer 2055 touches the TFT substrate will be described. In
this case, the columnar spacer 205a will be in a state deformed
further by the thickness of the step film.

[0123] Forexample, assuming that the thickness of the step
film is set to 0.8 pm and the columnar spacer 2054 is deformed
to the level that the columnar spacer 2055 touches the TFT
substrate. In this case, the plastic deformation volume of the
columnar spacer 205a will be about 0.2 pum. Nonuniformity
of'the cell gap occurs in the portion to which the load has been
added.

[0124] Similarly, assuming that the thickness of the step
film is set to 0.6 pm and the columnar spacer 2054 is deformed
to the level that the columnar spacer 2055 touches the TFT
substrate. In this case, the plastic deformation volume of the
columnar spacer 205a will be about 0.14 pum.

[0125] Assuming that the thickness of the step film is set to
0.4 pm and the columnar spacer 2054 is deformed to the level
that the columnar spacer 2055 touches the TFT substrate. In
this case, the plastic deformation volume of the columnar
spacer 2054 will be about 0.09 pm.

[0126] Assuming that the thickness of the step film is set to
0.35 pm and the columnar spacer 205q is deformed to the
level that the columnar spacer 2055 touches the TFT sub-
strate. In this case, the plastic deformation volume of the
columnar spacer 205a will be about 0.07 pm.

[0127] Thatis, by setting the thickness of the step film to 0.6
um or less, a plastic deformation volume of the columnar
spacer 2054 can be in the range that the problem of uneven-
ness of luminance does not occur. Moreover, by setting the
thickness of the step film to 0.35 um or less, a variation of a
cell gap can be set to 50% or less of the variation of the cell
gap in which the problem of unevenness of luminance occurs.

[0128] [The Size of a Columnar Spacer and a Step Film]

[0129] It is desirable that the size of the columnar spacer
205a is designed in consideration of shifting distance “a” and
“b” of the central coordinates of the step film 109 and the
columnar spacer 205. That is, it is desirable to design arrange-
ment so that more than half of more than one step film 109
may touch the columnar spacer 205a even if a fitting mis-
alignment occurs. In this exemplary embodiment, the size of
the columnar spacer 2054 is made 28 um in diameter.

[0130] Also, it is desirable to design the size of the colum-
nar spacer 2055 so that unevenness of a cell gap by plastic
deformation of a columnar spacer which occurs when the
local load is added may be suppressed. Here, the inventors of
the present invention have confirmed experimentally that a
withstand load of about 5 kg/10 mm diameter is obtained
when the area of the tip part of the columnar spacer 2055 (the
columnar spacer upper base area) is set to 0.1% or more of the
area of the whole panel. Accordingly, in this exemplary
embodiment, the size of the columnar spacer 2055 is set to 20
um in diameter which is about 0.2% of the area of the whole
panel.

[0131] The tip part of the columnar spacer 205 is not per-
fectly flat. Therefore, the area of the cross-sectional surface in
a position corresponding to 94% of the maximum height of a
columnar space is made the upper base area of the columnar
spacer. As for the height of a columnar spacer, the opening
surface of the blue color is used as the reference.
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[0132] Next, thereason why the size of the columnar spacer
2055 is designed such that it is smaller than the columnar
spacer 205a in this exemplary embodiment will be described.
[0133] Whenrubbing processing is applied to the surface of
a counter substrate with a columnar spacer, orientation is
disordered slightly in a portion which is shaded by the colum-
nar spacer in comparison with the other portions. As a result,
a streak-like light leak may be caused. Therefore, it is desir-
able to make the columnar spacer 205 small within the range
where a plastic deformation of the columnar spacer material
by a local load added does not occur. Therefore, according to
this exemplary embodiment, the size of the columnar spacer
2055 is made 20 pm in diameter. When the size of the colum-
nar spacer 2055 is made the same size as the columnar spacer
205a on the one hand, the number of the arranged columnar
spacer 2055 may be reduced. Even in this case, a light leak at
a portion which is shaded by a columnar spacer can be
reduced.

[0134] When a contact area of the columnar spacer 205a
and the step film 109 becomes large, the frictional force
between the substrates becomes large. As a result, a residual
stress occurs to the glass. Therefore, a light leak in a black
screen is caused by the retardation of the glass.

[0135] From the above, it is desirable that the size of the
step film 109 that is formed in a position overlapping with the
columnar spacer 205a is as small as possible considering
suppression of a light leak in a black screen. Further, it has
been confirmed experimentally that generally good indica-
tion is obtained by setting the contact area of the columnar
spacer 205a and the step film 109 to 200 ppm or less of the
area of the whole panel. Accordingly, in this exemplary
embodiment, the step film 109 is designed such that it has the
shape of 10 um square, which is about 90 ppm of the area of
the whole panel.

[0136] As mentioned above, in this exemplary embodi-
ment, the size of the columnar spacer 205a is made 28 pum in
diameter. Also, the step film 109 is made 10 um square.
Further, a position shift between the central coordinate of the
columnar spacer 205a and the central coordinate of the step
film 109 is set such that the maximum value is +5 pm and the
minimum -5 pm.

[0137] Yet further, the step film 109 is designed such that it
is settled in the range of the columnar spacer 205a by satis-
fying the following relational expression.

D1-D2=Ww2-W1

[0138] where W1 is the width of the step film 109. W2 is the
width of the columnar spacer 2054 in the same direction with
W1. D1 is the maximum value of a positional shift of the
central coordinate of the step film 109 and the central coor-
dinate of the columnar spacer 2054. D2 is the minimum value
of a positional shift of the central coordinate of the step film
109 and the central coordinate of the columnar spacer 205a.
[0139] Thus, in this exemplary embodiment, when seen in
the normal direction of the display surface of a liquid crystal
display device, the size of the step film 109 is smaller than the
columnar spacer 205 formed onto the counter substrate 200 in
at least one direction.

[0140] As a result, the gate line 102 and the COM wiring
103 in the neighborhood can be made densely arranged in
designing. Therefore, it can be high-aperture-ratio design.
[0141] When the tip of the columnar spacer 205 is not flat
and if the step film 109 is made smaller than the columnar
spacer 205, the following problem occurs. That is, in this
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case, when a stacking misalignment occurs, a contact position
of'the step film 109 and the tip part of the columnar spacer 205
varies in the panel surface. As a result, a problem that non-
uniformity of a cell gap is caused occurs. Therefore, usually,
it is necessary to design the columnar spacer 205 large taking
account of a region where the shape of the tip of the columnar
spacer 205 becomes unstable. Therefore, an aperture ratio
becomes small.

[0142] On the other hand, in this exemplary embodiment,
the tip part of the columnar spacer 205 with which the step
film 109 is in contact does not have to be flat necessarily.
Therefore, nonuniformity of a cell gap can also be suppressed
even in a high aperture rate design.

[0143] Further, the height of the columnar spacer 205 may
be optimized considering the cell gap of a product, the thick-
ness of a step film which is arranged on a TFT substrate with
which the columnar spacer 2054 are in contact and a shrink-
ing amount of the columnar spacer 205 by a thermal step. In
this exemplary embodiment, in order to obtain a cell gap of
about 4 pm, the height from a pixel part to the vertex part of
a columnar spacer is set to about 3.5 um. Further, in our
experiments, the columnar spacer material used in this exem-
plary embodiment was shrunk by about 3% of its height in
calcination step of an alignment film.

[0144] In addition, although the step film 109 is formed so
that it is in the same layer as the drain line 107 in this exem-
plary embodiment, it is not limited to this. That is, the step
film 109 may be formed so that it is in the same layer as the
a-Si layer 106. Further, the step film 109, the a-Si layer 106
and the metal layer in which the drain line 107 is formed may
be designed as a lamination structure. Additionally, the step
film 109 may be formed in the same layer as the gate line 102
in which it is arranged in portions besides the gate line 102.
Further, by forming a step by a presence or absence of the
passivation film 110 formed by contact etching, the step may
be regarded as the step film 109.

[0145] Although, in this exemplary embodiment, the
columnar spacer 205 has a structure including the columnar
spacer 2054 that is arranged in a position corresponding to the
step film 109 formed onto the TFT substrate 100 and the
columnar spacer 2055 arranged in a position without the step
film 109, it is not limited to this. That is, every columnar
spacer 205 may be arranged in a position corresponding to the
step film 109.

[0146] Next, the manufacturing method of a liquid crystal
display device in this exemplary embodiment will be
described.

[0147] Inthe process of the TFT substrate 100, a first con-
duction material is coated by a sputtering method on the glass
substrate 101 first. After that, the gate line 102, a gate elec-
trode, the COM wiring 103 and the COM electrode 104 are
formed in the same layer by photolithography. The first con-
ductive film is made a lamination structure of a Cr film and an
Al alloy. The film thickness of the first conductive film is
made 500 nm in total.

[0148] Next, the gate insulation film 105 and the a-Si layer
106 made of silicon oxynitride are formed by a CVD (Chemi-
cal Vapor Deposition) method. After that, the a-Si layer 106 is
patterned by photolithography to form an island.

[0149] Next, a second conduction material film is formed
by a sputtering method. After that, the drain line 107, a source
electrode, a drain electrode, the pixel electrode 108 and the
step film 109 for supporting a columnar spacer are formed in
the same layer by photolithography. A Cr film is used as the
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second conductive film. The film thickness of the second
conductive film is made 300 nm.

[0150] Next, the passivation film 110 made of silicon
oxynitride is formed by CVD method. Then, a contact hole of
a terminal portion is formed by photolithography.

[0151] Next, ITO (Indium Tin Oxide) film is formed by a
sputtering method. After that, the surface of the terminal
portion is covered with an ITO film by photolithography.
[0152] Inthe counter substrate 200 side, coating film form-
ing of a black resin material is performed on the glass sub-
strate 201. Then, the BM 202 is formed by photolithography.
[0153] Next, the color layer 203 is formed by coating film
forming of a photosensitivity pigment resist of each of red,
green and blue and by photolithography.

[0154] Then, OC layer 204 is formed by coating film form-
ing of a thermal cure overcoat (OC) material made from an
acrylic material and by calcination.

[0155] After that, by coating film forming of a photosensi-
tivity columnar spacer material made from an acrylic material
and by photolithography, the columnar spacer 205 is formed.
[0156] Next, by printing and baking of an alignment film,
the alignment film is formed onto each of the TFT substrate
100 and the counter substrate 200. After that, rubbing pro-
cessing is performed. Here, an alignment film is baked for 60
minutes at 230° C.

[0157] Next, a seal pattern is formed using a sealing agent
ofthe hybrid type (photo hardening and thermal hardening) in
the peripheral part of the TFT substrate.

[0158] Next, theliquidcrystal 206 is dropped on the surface
of either the TFT substrate or the counter substrate. After that,
the TFT substrate and the counter substrate are stacked
together at a predetermined position in a vacuum environ-
ment, making them situated in a close distance. After that,
they are released in the atmosphere, and the two substrates are
stuck together. Meanwhile, in this exemplary embodiment,
measurement of the height of a columnar spacer is performed
beforehand. The amount of liquid crystal that is dropped is
adjusted according to the result of the height measurement.
As aresult, the amount of deformation of a columnar spacer
is controlled such that it will be about 0.2 pm.

[0159] Next, UV ray is irradiated to the seal pattern. After
that, the sealing material is hardened by heating. As a result,
a stacked substrate is produced. Here, the UV irradiation
amount to the seal pattern is set to 3000 mJ. The cure tem-
perature is set to 60 minutes at 120° C.

[0160] Next, the stacked substrate is cut in units of a panel,
and a polarizing plate is stuck on both sides of a panel. As a
result, a liquid crystal display panel is completed.

[0161] This exemplary embodiment is an effective means
to prevent nonuniformity of a cell gap in a liquid crystal
display panel using a columnar spacer irrespective of the
drive system of a liquid crystal display panel. The drive sys-
tem includes such as TN method, VA (Vertical Alignment)
method, IPS method and FFS (Fringe Field Switching)
method, for example.

The Third Exemplary Embodiment

[0162] Next, aliquid crystal display device according to the
third exemplary embodiment of the present invention will be
described. FIGS. 7A, B are schematic illustrations showing
the repeat patterns of a columnar spacer and a step film of this
exemplary embodiment.
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[0163] The arrangement positional relationship between a
convex step film 109 and a columnar spacer 205 in this exem-
plary embodiment will be described using FIGS. 7A, B.
[0164] FIG.7A indicates the columnar spacer arrangement
of a counter substrate of this exemplary embodiment. The
columnar spacer 205 arranged in the counter substrate 200
side is arranged on the BM 202 corresponding to every point
of the blue color layer.

[0165] FIG. 7B indicates the repeat pattern of a step film of
a TFT substrate of this exemplary embodiment. The step film
109 formed onto the TFT substrate 100 is arranged in all
positions facing the columnar spacer 205.

[0166] Here, the central coordinate of the columnar spacer
205a corresponding to the central coordinate of the step film
109 is designed such that they are different coordinates in at
least eight positions arranged in a area of 3 pixelsx3 pixels.
The step film 109 formed onto the TFT substrate 100 is
arranged in the whole panel surface repeatedly making this
area of 3 pixelsx3 pixels one unit.

[0167] The shift state of the XY coordinate of each of
arrangement [1]-[9] of the corresponding step film 109 when
the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 7B. Here, it is
made “a”=5 um and “b”=5 pum.

[0168] There are nine points where a columnar spacer and
a step film are facing each other in a range of 3 pixelsx3
pixels. In addition, like the second exemplary embodiment,
the central coordinate of a step film is designed such that it is
shifted by 5 pm in one side for both the x-direction and the
y-direction with standard deviation o of 4.3 um taking the
central coordinate of a columnar spacer as the reference. The
arrangement pitch of a step film changes repeatedly and peri-
odically in both the x-direction and the y-direction in units of
3 pixels. Here, the arrangement pitch of a step film is designed
such that it changes in the range of plus/minus 5 yum (a 10 pm
range) from the arrangement pitch of a columnar spacer
which is the reference.

[0169] As shown in this exemplary embodiment, the
columnar spacer 205 and the step film 109 may be configured
such that they are arranged in all pixels. Even in a case of such
structure, the same effect as the second exemplary embodi-
ment can be obtained. A liquid crystal display device of this
exemplary embodiment can be produced using the same pro-
cess as the second exemplary embodiment.

The Fourth Exemplary Embodiment

[0170] Next, aliquid crystal display device according to the
fourth exemplary embodiment of the present invention will be
described. FIGS. 8A, B are schematic illustrations showing
the repeat patterns of a columnar spacer and a step film of this
exemplary embodiment.

[0171] The arrangement positional relationship between
the convex step film 109 and the columnar spacer 205 in this
exemplary embodiment will be described using FIGS. 8A, B.
[0172] FIG. 8A indicates the columnar spacer arrangement
of a counter substrate of this exemplary embodiment. This is
similar to the columnar spacer arrangement on the counter
substrate of the third exemplary embodiment.

[0173] FIG. 8B indicates the repeat pattern of a step film of
a TFT substrate of this exemplary embodiment. In this exem-
plary embodiment, the step film 109 formed onto the TFT
substrate 100 is arranged in all positions facing the columnar
spacer 205 like the third exemplary embodiment.
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[0174] Here, the central coordinate of the step film 109 and
the central coordinate of the columnar spacer 205a corre-
sponding to the step film 109 is designed such that they are
different coordinates in at least eight positions arranged in an
area of 3 pixelsx3 pixels like the third exemplary embodi-
ment. The step film 109 formed onto the TFT substrate 100 is
arranged in the whole panel surface repeatedly making this
area of 3 pixelsx3 pixels one unit.

[0175] The shift state of the XY coordinate of each of
arrangement [1]-[9] of the corresponding step film 109 when
the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 8B. Here, it is
made “a”=5 um and “b”=5 pm.

[0176] Inthis exemplary embodiment, there are nine points
where a columnar spacer and a step film are facing each other
in a range of 3 pixelsx3 pixels like the third exemplary
embodiment. In addition, the central coordinate of a step film
is designed such that it is shifted by 5 um in one side for both
the x-direction and the y-direction with standard deviation o
of'4.3 um taking the central coordinate of a columnar spacer
as the reference. The arrangement pitch of a step film changes
repeatedly and periodically in both the x-direction and the
y-direction in units of 3 pixels. Here, the arrangement pitch of
a step film is designed such that it changes in the range of
plus/minus 5 pm (a 10 pm range) from the arrangement pitch
of'a columnar spacer which is the reference.

[0177] This exemplary embodiment is different from the
third exemplary embodiment in the point that it is designed so
that the grid pitch of total of nine step films may be smaller
than the grid pitch of the corresponding columnar spacers in
the range of a repeated unit of 3 pixelsx3 pixels. Even in such
case, the same effect as the second exemplary embodiment
can be obtained. A liquid crystal display device of this exem-
plary embodiment can be produced using the same process as
the second exemplary embodiment.

The Fifth Exemplary Embodiment

[0178] Next, aliquid crystal display device according to the
fifth exemplary embodiment of the present invention will be
described. FIGS. 9A, B are schematic illustrations showing
the repeat patterns of a columnar spacer and a step film of this
exemplary embodiment.

[0179] The arrangement positional relationship between a
convex step film 109 and a columnar spacer 205 in this exem-
plary embodiment will be described using FIGS. 9A, B.
[0180] FIG. 9A indicates the columnar spacer arrangement
of a counter substrate of this exemplary embodiment. This is
similar to the columnar spacer arrangement on the counter
substrate of the third exemplary embodiment.

[0181] FIG. 9B indicates the repeat pattern of the step film
of a TFT substrate of this exemplary embodiment. In this
exemplary embodiment, the step film 109 formed onto the
TFT substrate 100 is arranged in all positions facing the
columnar spacer 205 like the third exemplary embodiment.
[0182] In this exemplary embodiment, the central coordi-
nate of the step film 109 and the central coordinate of the
columnar spacer 205a corresponding to the step film 109 is
designed such that they are different coordinates in at least
eight positions arranged in a area of 3 pixelsx3 pixels like the
third exemplary embodiment. The step film 109 formed onto
the TFT substrate 100 is arranged in the whole panel surface
repeatedly making this area of 3 pixelsx3 pixels one unit.
[0183] The shift state of the XY coordinate of each of
arrangement [1]-[9] of the corresponding step film 109 when
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the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 9B. Here, it is
made “a”=5 um and “b”=5 pm.

[0184] Inthis exemplary embodiment, there are nine points
where a columnar spacer and a step film are facing each other
in a range of 3 pixelsx3 pixels like the third exemplary
embodiment. In addition, the central coordinate of a step film
is designed such that it is shifted by 5 um in one side for both
the x-direction and the y-direction with standard deviation o
of 4.3 um taking the central coordinate of a columnar spacer
as the reference. The arrangement pitch of a step film changes
repeatedly and periodically in both the x-direction and the
y-direction in units of 3 pixels. Here, the arrangement pitch of
a step film is designed such that it changes in the range of
plus/minus 5 um (a 10 pm range) from the arrangement pitch
of a columnar spacer which is the reference.

[0185] This exemplary embodiment is different from the
third exemplary embodiment in the point that it is designed so
that the grid pitch of total of nine step films may be deformed
into a rhombus shape from the grid pitch of the corresponding
columnar spacers in the range of a repeated unit of 3 pixelsx3
pixels. Thus, step films are designed such that they are not
arranged on a straight line. Even in case of such structure, the
same effect as the second exemplary embodiment can be
obtained. A liquid crystal display device of this exemplary
embodiment can be produced using the same process as the
second exemplary embodiment.

The Sixth Exemplary Embodiment

[0186] Next, aliquid crystal display device according to the
sixth exemplary embodiment of the present invention will be
described. FIGS. 10A, B are schematic illustrations showing
the repeat patterns of a columnar spacer and a step film of this
exemplary embodiment.

[0187] The arrangement positional relationship between a
convex step film 109 and a columnar spacer 205 in this exem-
plary embodiment will be described using FIGS. 10A, B.
[0188] FIG. 10A indicates the columnar spacer arrange-
ment of a counter substrate of this exemplary embodiment.
This is similar to the columnar spacer arrangement on the
counter substrate of the third exemplary embodiment.
[0189] FIG.10B indicates the repeat pattern of the step film
of a TFT substrate of this exemplary embodiment. In this
exemplary embodiment, the step film 109 formed onto the
TFT substrate 100 is arranged in all positions facing the
columnar spacer 205 like the third exemplary embodiment.
[0190] In this exemplary embodiment, the central coordi-
nate of the step film 109 and the central coordinate of the
columnar spacer 205a corresponding to the step film 109 is
designed such that they are different coordinates in at least
eight positions arranged in a area of 3 pixelsx3 pixels like the
third exemplary embodiment. The step film 109 formed onto
the TFT substrate 100 is arranged in the whole panel surface
repeatedly making this area of 3 pixelsx3 pixels one unit.
[0191] The shift state of the XY coordinate of each of
arrangement [1]-[9] of the corresponding step film 109 when
the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 10B. Here, it is
made “a”=5 um and “b”=5 pm.

[0192] Inthis exemplary embodiment, there are nine points
where a columnar spacer and a step film are facing each other
in a range of 3 pixelsx3 pixels like the third exemplary
embodiment. In addition, the central coordinate of a step film
is designed such that it is shifted by 5 um in one side for both
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the x-direction and the y-direction with standard deviation o
of'4.3 um taking the central coordinate of a columnar spacer
as the reference. The arrangement pitch of a step film changes
repeatedly and periodically in both the x-direction and the
y-direction in units of 3 pixels. Here, the arrangement pitch of
a step film is designed such that it changes in the range of
plus/minus 5 pm (a 10 pm range) from the arrangement pitch
of a columnar spacer which is the reference.

[0193] This exemplary embodiment is different from the
third exemplary embodiment in the point that it is designed
such that the grid pitch of total of nine step films is arranged
randomly in the range of a repeated unit of 3 pixelsx3 pixels.
Thus, step films are designed such that they are not arranged
on a straight line. Even in case of such structure, the same
effect as the second exemplary embodiment can be obtained.
A liquid crystal display device of this exemplary embodiment
can be produced using the same process as the second exem-
plary embodiment.

The Seventh Exemplary Embodiment

[0194] Next, aliquid crystal display device according to the
seventh exemplary embodiment of the present invention will
be described. FIGS. 11A, B are schematic illustrations show-
ing the repeat patterns of a columnar spacer and a step film of
this exemplary embodiment.

[0195] The arrangement positional relationship between a
convex step film 109 and a columnar spacer 205 in this exem-
plary embodiment will be described using FIGS. 11A, B.
[0196] FIG. 11A indicates the columnar spacer arrange-
ment of a counter substrate of this exemplary embodiment. In
this exemplary embodiment, the columnar spacer 205 placed
in the counter substrate 200 side is arranged on the BM 202
corresponding to every point of the blue color layer. In addi-
tion, this exemplary embodiment is different from the third
exemplary embodiment in a point that a color filter is a mosaic
arrangement type color filter.

[0197] FIG.11B indicates the repeat pattern of the step film
of a TFT substrate of this exemplary embodiment. The step
film 109 formed onto the TFT substrate 100 is arranged in all
positions facing the columnar spacer 205.

[0198] Here, the central coordinate of the step film 109 and
the central coordinate of the columnar spacer 205a corre-
sponding to the step film 109 is designed such that they are
different coordinates in at least eight positions among neigh-
boring nine positions. The step film 109 formed onto the TFT
substrate 100 is arranged in the whole panel surface repeat-
edly making this area of 9 pixels one unit.

[0199] The shift state of the XY coordinate of each of
arrangement [1]-[9] of the corresponding step film 109 when
the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 11B. Here, it is
made “a”=5 um and “b”=5 um.

[0200] In this exemplary embodiment, the central coordi-
nate of a step film is formed such that it is shifted by 5 um in
one side for both the x-direction and the y-direction with
standard deviation o of 4.3 um taking the central coordinate
of'a columnar spacer as the reference like the second exem-
plary embodiment. The arrangement pitch of a step film
changes repeatedly and periodically in both the x-direction
and the y-direction. Here, the arrangement pitch of a step film
is designed such that it changes in the range of plus/minus 5
um (a 10 um range) from the arrangement pitch of a columnar
spacer which is the reference.
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[0201] As shown in this exemplary embodiment, even in a
case of a color filter of a mosaic arrangement, the same effect
as the second exemplary embodiment can be obtained irre-
spective of arrangement of a color filter. A liquid crystal
display device of this exemplary embodiment can be pro-
duced using the same process as the second exemplary
embodiment.

The Eighth Exemplary Embodiment

[0202] Next, aliquid crystal display device according to the
eighth exemplary embodiment of the present invention will
be described. FIGS. 12A, B are schematic illustrations show-
ing the repeat patterns of a columnar spacer and a step film of
this exemplary embodiment.

[0203] The arrangement positional relationship between a
convex step film 109 and a columnar spacer 205 in this exem-
plary embodiment will be described using FIGS. 12A, B.
[0204] FIG. 12A indicates the columnar spacer arrange-
ment of a counter substrate of this exemplary embodiment. In
this exemplary embodiment, the columnar spacer 205 placed
in the counter substrate 200 side is arranged on the BM 202
corresponding to every point of the blue color layer. In addi-
tion, this exemplary embodiment is different from the third
exemplary embodiment in a point that a color filter is a delta
arrangement type color filter.

[0205] FIG.12B indicates the repeat pattern of the step film
of a TFT substrate of this exemplary embodiment. The step
film 109 formed onto the TFT substrate 100 is arranged in all
positions facing the columnar spacer 205.

[0206] Here, the central coordinate of the step film 109 and
the central coordinate of the columnar spacer 205a corre-
sponding to the step film 109 is designed such that they are
different coordinates in at least eight positions among neigh-
boring nine positions. The step film 109 formed onto the TFT
substrate 100 is arranged in the whole panel surface repeat-
edly making this area of neighboring 9 pixels one unit.
[0207] The shift state of the XY coordinate of each of
arrangement [1]-[9] of the corresponding step film 109 when
the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 12B. Here, it is
made “a”=5 um and “b”=5 pum.

[0208] In this exemplary embodiment, the central coordi-
nate of a step film is formed such that it is shifted by 5 um in
one side for both the x-direction and the y-direction with
standard deviation o of 4.3 um taking the central coordinate
of a columnar spacer as the reference like the second exem-
plary embodiment. The arrangement pitch of a step film
changes repeatedly and periodically in both the x-direction
and the y-direction. Here, the arrangement pitch of a step film
is designed such that it changes in the range of plus/minus 5
wum (a 10 um range) from the arrangement pitch of a columnar
spacer which is the reference.

[0209] As shown in this exemplary embodiment, even in a
case of a color filter of a delta arrangement, the same effect as
the second exemplary embodiment can be obtained irrespec-
tive of arrangement of a color filter. A liquid crystal display
device of this exemplary embodiment can be produced using
the same process as the second exemplary embodiment.

The Ninth Exemplary Embodiment

[0210] Next, aliquid crystal display device according to the
ninth exemplary embodiment of the present invention will be
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described. FIGS. 13A, B are schematic illustrations showing
the repeat patterns of a columnar spacer and a step film of this
exemplary embodiment.

[0211] The arrangement positional relationship between a
convex step film 109 and a columnar spacer 205 in this exem-
plary embodiment will be described using FIGS. 13A, B.
[0212] FIG. 13A indicates the columnar spacer arrange-
ment formed onto a counter substrate of this exemplary
embodiment, which is similar to the columnar spacer arrange-
ment on a counter substrate side of the third exemplary
embodiment.

[0213] FIG. 13B indicates the repeat pattern of the step film
formed onto a TFT substrate of this exemplary embodiment.
In this exemplary embodiment, the step film 109 formed onto
the TFT substrate 100 is arranged in all positions facing the
columnar spacer 205 like the third exemplary embodiment.
[0214] Here, the central coordinate of the step film 109 and
the central coordinate of the columnar spacer 205a corre-
sponding to the step film 109 is designed such that they are
different coordinates in five positions neighboring on the left,
right, top and bottom. The step film 109 formed onto the TFT
substrate 100 is arranged in the whole panel surface repeat-
edly making an area of this 5 pixels one unit.

[0215] The shift state of the XY coordinate of each of
arrangement [1]-[5] of the corresponding step film 109 when
the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 13B. Here, it is
made “a”=5 um and “b”=5 um.

[0216] There are five points where a columnar spacer and a
step film corresponding to each other in the range of the
neighboring five pixels. The central coordinate of a step film
is formed such that it is shifted by 5 jum in one side for both the
x-direction and the y-direction with standard deviation o of
4.3 um taking the central coordinate of a columnar spacer as
the reference. The arrangement pitch of a step film changes
repeatedly and periodically in both the x-direction and the
y-direction. Here, the arrangement pitch of a step film is
designed such that it changes in the range of plus/minus 5 pm
(a 10 pm range) from the arrangement pitch of a columnar
spacer which is the reference.

[0217] This exemplary embodiment is different from the
third exemplary embodiment in a point that a repeated unit is
designed such that it is arranged in a oblique direction repeat-
edly. Even in a case of such structure, the same effect as the
second exemplary embodiment can be obtained. A liquid
crystal display device of this exemplary embodiment can be
produced using the same process as the second exemplary
embodiment.

The Tenth Exemplary Embodiment

[0218] Next, aliquid crystal display device according to the
tenth exemplary embodiment of the present invention will be
described. FIGS. 14A, B are schematic illustrations showing
the repeat patterns of a columnar spacer and a step film of this
exemplary embodiment.

[0219] The arrangement positional relationship between a
convex step film 109 and a columnar spacer 205 in this exem-
plary embodiment will be described using FIGS. 14A, B.
[0220] FIG. 14A indicates the columnar spacer arrange-
ment on the counter substrate side of this exemplary embodi-
ment. In this exemplary embodiment, the columnar spacer
205 placed in the counter substrate 200 side is arranged on the
BM 202 corresponding to every point of the blue color layer.
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Incontrast to the third exemplary embodiment, a color filter is
a delta arrangement type color filter in this exemplary
embodiment.

[0221] FIG. 14B indicates the repeat pattern of the step film
formed onto a TFT substrate of this exemplary embodiment.
The step film 109 formed onto the TFT substrate 100 is
arranged in all positions facing the columnar spacer 205.
[0222] Here, the central coordinate of the step film 109 and
the central coordinate of the columnar spacer 205a corre-
sponding to the step film 109 is designed such that they are
different coordinates in neighboring four positions. The step
film 109 formed onto the TFT substrate 100 is arranged in the
whole panel surface repeatedly making an area of this 4 pixels
one unit.

[0223] The shift state of the XY coordinate of each of
arrangement [1]-[4] of the corresponding step film 109 when
the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 14B. Here, it is
made “a”=5 um and “b”=5 pm.

[0224] There are four points where a columnar spacer and a
step film corresponding to each other in the range of the
neighboring four pixels. The central coordinate of a step film
is formed such that it is shifted by 5 um in one side for both the
x-direction and the y-direction with standard deviation o of
4.3 um taking the central coordinate of a columnar spacer as
the reference. The arrangement pitch of a step film changes
repeatedly and periodically in both the x-direction and the
y-direction in units of 4 pixels. Here, the arrangement pitch of
a step film is designed such that it changes in the range of
plus/minus 5 um (a 10 pm range) from the arrangement pitch
of a columnar spacer which is the reference.

[0225] As shown in this exemplary embodiment, even in a
case of a repeat arrangement unit of neighboring 4 pixels, the
same effect as the second exemplary embodiment can be
obtained. A liquid crystal display device of this exemplary
embodiment can be produced using the same process as the
second exemplary embodiment.

The Eleventh Exemplary Embodiment

[0226] Next, aliquid crystal display device according to the
eleventh exemplary embodiment of the present invention will
be described. FIGS. 15A, B are schematic illustrations show-
ing the repeat patterns of a columnar spacer and a step film of
this exemplary embodiment.

[0227] The arrangement positional relationship between a
convex step film 109 and a columnar spacer 205 in this exem-
plary embodiment will be described using FIGS. 15A, B.
[0228] FIG. 15A indicates the columnar spacer arrange-
ment on the counter substrate side of this exemplary embodi-
ment. This is similar to the columnar spacer arrangement on
the counter substrate side of the tenth exemplary embodi-
ment.

[0229] FIG.15B indicates the repeat pattern of the step film
formed onto a TFT substrate of this exemplary embodiment.
The step film 109 formed onto the TFT substrate 100 is
arranged in all positions facing the columnar spacer 205.
[0230] Here, the central coordinate of the step film 109 and
the central coordinate of the columnar spacer 2054 corre-
sponding to the step film 109 is designed such that they are
different coordinates in neighboring six positions. The step
film 109 formed onto the TFT substrate 100 is arranged in the
whole panel surface repeatedly making an area of this 6 pixels
one unit.
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[0231] The shift state of the XY coordinate of each of
arrangement [1]-[6] of the corresponding step film 109 when
the central coordinate of the columnar spacer 205 is taken as
the reference is indicated in the table of FIG. 15B. Here, it is
made “b”=5 um, “c”’=4.3 um and “d”=2.5 um.

[0232] In this exemplary embodiment, there are six points
where a columnar spacer and a step film corresponding to
each other in the range of the neighboring six pixels. The
central coordinate of a step film is formed such that it is
shifted by 5 um in one side for both the x-direction and the
y-direction with standard deviation o of 4.3 um taking the
central coordinate of a columnar spacer as the reference. The
arrangement pitch of a step film changes repeatedly and peri-
odically in both the x-direction and the y-direction. Here, the
arrangement pitch of a step film is designed such that it
changes in the range of plus/minus 5 pm (a 10 um range) from
the arrangement pitch of a columnar spacer which is the
reference.

[0233] That s, in this exemplary embodiment, the structure
is such that two repeat patterns each including neighboring
three pixels are lined side by side with one of them being
turned upside down. Even in a case of a repeat arrangement
unit of neighboring six pixels, the same effect as the second
exemplary embodiment can be obtained. A liquid crystal
display device of this exemplary embodiment can be pro-
duced using the same process as the second exemplary
embodiment.

The Twelfth Exemplary Embodiment

[0234] Next, aliquid crystal display device according to the
twelfth exemplary embodiment of the present invention will
be described.

[0235] A liquid crystal display device in this exemplary
embodiment has the TFT substrate 100, the step film 109, the
counter substrate 200, the columnar spacer 205 and the liquid
crystal 206 like the first exemplary embodiment.

[0236] Here, in this exemplary embodiment, a difference
between positions of the central coordinate of the step film
109 and the central coordinate of the columnar spacer 205
seen in the normal direction of the display surface of the
liquid crystal display device may be designed such that it
varies with standard deviation o of no smaller than 3 pm in at
least one direction within a 10 mm square range in the display
area of the display surface.

[0237] When described using an arrangement pitch of a
step film and a columnar spacer, it is as follows. That is, the
arrangement pitch of at least one of a step film and a columnar
spacer may be designed such that it varies with standard
deviation o of no smaller than 3 um in at least one direction
within a 10 mm square range in the display area of the display
surface of the liquid crystal display device.

[0238] Alternatively, the arrangement pitch of at least one
of a step film and a columnar spacer may be designed such
that it varies with standard deviation o of no smaller than 3 pm
in at least one direction within a 10 mm square range in the
display area ofthe display surface of the liquid crystal display
device.

[0239] As a result, even if a misalignment occurs between
the TFT substrate 100 and the counter substrate 200 and if the
shape of the columnar spacer 205 varies, occurrence of non-
uniformity of a cell gap can be suppressed.

[0240] Without being limited to the first to twelfth exem-
plary embodiment mentioned above, the present invention is
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applicable in every kind of devices when it is a liquid crystal
display device in which a cell gap is formed by a columnar
spacer and a step film.

[0241] An effect of the present invention is, for example,
that even if a stacking misalignment occurs between a TFT
substrate and a counter substrate and if the shape of a colum-
nar spacer varies, occurrence of nonuniformity of a cell gap
can be suppressed. The reason why this effect is obtained will
be described. Generally, the tip part of the columnar spacer
205 is not perfectly flat. Therefore, usually, when a stack
misalignment or the like between a TFT substrate and a
counter substrate is caused, a coordinate in which a columnar
spacer and a step film make contact with each other changes.
As a result, a change occurs in a cell gap. On the other hand,
in a liquid crystal display device of the present invention,
there are a plurality of relative positions between the central
coordinate of a columnar spacer and the central coordinate of
a corresponding step film. When a TFT substrate and a
counter substrate are stacked within a stacking specification,
the highest position of a columnar spacer and a step film make
contact with each other in at least one of the plurality of
relative positions. As a result, uniformity of a cell gap is
always kept constant.

[0242] Another effect of the present invention is that a high
aperture ratio and high display quality can be achieved, for
example. The reason why this effect is obtained will be
described. In the second exemplary embodiment, for
example, a step film is designed so that the size of at least one
direction may be smaller than a columnar spacer formed on
the counter substrate side. As a result, a gate line and a COM
wiring in the neighborhood can be densely arranged in a
design process, enabling high-aperture-ratio design. When
the tip of the columnar spacer 205 is not flat, if the step film
109 is made smaller than the columnar spacer 205, it is
necessary generally to design the columnar spacer 205 large
taking account of an area where the shape of the tip of the
columnar spacer 205 becomes unstable. The reason of this is
that, when a stacking misalignment occurs, the contact posi-
tion of a step film and the tip part of a columnar spacer 205
varies in the panel surface, causing nonuniformity of a cell
gap. Therefore, an aperture ratio becomes small. However, in
a structure of the present invention, as mentioned above, the
tip part of a columnar spacer with which a step film is in
contact does not have to be flat necessarily. Therefore, non-
uniformity of a gap does not occur even in a high aperture
design.

[0243] The previous description of embodiments is pro-
vided to enable a person skilled in the art to make and use the
present invention. Moreover, various modifications to these
exemplary embodiments will be readily apparent to those
skilled in the art, and the generic principles and specific
examples defined herein may be applied to other embodi-
ments without the use of inventive faculty. Therefore, the
present invention is not intended to be limited to the exem-
plary embodiments described herein but is to be accorded the
widest scope as defined by the limitations of the claims and
equivalents.

[0244] Further, it is noted that the inventor’s intent is to
retain all equivalents of the claimed invention even if the
claims are amended during prosecution.

1. A liquid crystal display device, comprising:
a TFT substrate;
a counter substrate;
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more than one columnar spacer formed on the counter
substrate side;

a step film of convex shape formed onto the TFT substrate
side and arranged at a position facing the columnar
spacer; and

a liquid crystal sealed between the TFT substrate and the
counter substrate, wherein

a difference between a central coordinate of the step film
and a central coordinate of the columnar spacer seen in
a normal direction of a display surface of the liquid
crystal display device varies with standard deviation o of
no smaller than 3 pm in at least one direction within an
appropriate range in a display area of the display surface.

2. A liquid crystal display device according to claim 1
wherein the appropriate range is of a range of no larger than
10 mm square.

3. A liquid crystal display device according to claim 1
wherein a size of the step film is smaller than the columnar
spacer in at least one direction when seen in the normal
direction of the display surface.

4. A liquid crystal display device according to claim 1
wherein arrangement of at least one of the step film and the
columnar spacer is shifted from an appropriate grid.

5. A liquid crystal display device according to claim 1
wherein arrangement of at least one of the step film and the
columnar spacer is repeated periodically in one-dimension.

6. A liquid crystal display device according to claim 1
wherein arrangement of at least one of the step film and the
columnar spacer is repeated periodically in two-dimension.

7. A liquid crystal display device according to claim 1
wherein at least one of the step film and the columnar spacer
is arranged at random one-dimensionally.

8. A liquid crystal display device according to claim 1
wherein at least one of the step film and the columnar spacer
is arranged at random two-dimensionally.

9. A liquid crystal display device, comprising:

a TFT substrate;

a counter substrate;

more than one columnar spacer formed on the counter
substrate side;

a step film of a convex shape formed onto the TFT substrate
side and arranged at a position facing the columnar
spacer; and

a liquid crystal sealed between the TFT substrate and the
counter substrate, wherein
an arrangement pitch of at least one of the step film and

the columnar spacer varies with standard deviation o
ofno smaller than 3 pm in at least one direction within
an appropriate range in a display area of a display
surface of the liquid crystal display device.

10. A liquid crystal display device according to claim 9
wherein the appropriate range is of a range of no larger than
10 mm square.

11. A liquid crystal display device according to claim 9
wherein a size of the step film is smaller than the columnar
spacer in at least one direction when seen in a normal direc-
tion of the display surface.

12. A liquid crystal display device according to claim 9
wherein an arrangement pitch of at least one of the step film
and the columnar spacer changes periodically and repeatedly.

13. A liquid crystal display device according to claim 9
wherein an arrangement pitch of at least one of the step film
and the columnar spacer changes periodically and repeatedly
in both a x-direction and a y-direction.
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14. A liquid crystal display device according to claim 9
wherein an arrangement pitch of at least one of the step film
and the columnar spacer changes periodically and repeatedly
in one of a x-direction and a y-direction.

15. A liquid crystal display device according to claim 9
wherein difference between an arrangement pitch of the step
film and an arrangement pitch of the columnar spacer changes
periodically and repeatedly.

16. A liquid crystal display device according to claim 9
wherein an arrangement pitch of at least one of the step film
and the columnar spacer changes randomly.

17. A liquid crystal display device according to claim 9
wherein difference between an arrangement pitch of the step
film and an arrangement pitch of the columnar spacer changes
randomly.

18. A liquid crystal display device, comprising:

a TFT substrate;

a counter substrate;

more than one columnar spacer formed on the counter

substrate side;

astep film of a convex shape formed onto the TFT substrate

side and arranged at a position facing the columnar
spacer; and

a liquid crystal sealed between the TFT substrate and the

counter substrate, wherein

arrangement of at least one of the step film and the
columnar spacer varies with standard deviation o of
no smaller than 3 um in the direction perpendicular to
an appropriate line in at least one direction within an
appropriate range in a display area of a display surface
of the liquid crystal display device.

19. A liquid crystal display device according to claim 18
wherein the appropriate range is of a range of no larger than
10 mm square.

20. A liquid crystal display device according to claim 18
wherein a size of the step film is smaller than the columnar
spacer in at least one direction when seen in a normal direc-
tion of the display surface.

21. A liquid crystal display device according to claim 18
wherein arrangement of at least one of the step film and the
columnar spacer changes periodically and repeatedly.

22. A liquid crystal display device according to claim 18
wherein arrangement of at least one of the step film and the
columnar spacer changes periodically and repeatedly in both
a x-direction and a y-direction.

23. A liquid crystal display device according to claim 18
wherein arrangement of at least one of the step film and the
columnar spacer changes randomly.

24. A liquid crystal display apparatus according to claim 1,
wherein the step film is smaller than the columnar spacer in at
least one direction when seen in a normal direction of the
display surface, and wherein,

when a width of the step film which is smaller than the

columnar spacer is W1, a width of the columnar spacer
in a same direction as the width of the step film W1 is
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W2, and a maximum value and a minimum value of a
positional shift between a coordinate of a center of the
step film and a coordinate of a center of the columnar
spacer are D1 and D2 respectively, the following rela-
tional expression

DI-D2=W2-W1

is satisfied.

25. A liquid crystal display apparatus according to claim 9,
wherein the step film is smaller than the columnar spacer in at
least one direction when seen in a normal direction of the
display surface, and wherein,

when a width of the step film which is smaller than the

columnar spacer is W1, a width of the columnar spacer
in a same direction as the width of the step film W1 is
W2, and a maximum value and a minimum value of a
positional shift between a coordinate of a center of the
step film and a coordinate of a center of the columnar
spacer are D1 and D2 respectively, the following rela-
tional expression

D1-D2=Ww2-W1

is satisfied.

26. A liquid crystal display apparatus according to claim
18, wherein the step film is smaller than the columnar spacer
in at least one direction when seen in a normal direction of the
display surface, and wherein,

when a width of the step film which is smaller than the

columnar spacer is W1, a width of the columnar spacer
in a same direction as the width of the step film W1 is
W2, and a maximum value and a minimum value of a
positional shift between a coordinate of a center of the
step film and a coordinate of a center of the columnar
spacer are D1 and D2 respectively, the following rela-
tional expression

DI-D2=W2-W1

is satisfied.

27. A liquid crystal display device according to claim 1
wherein the columnar spacer comprises: a first columnar
spacer that is arranged in a position facing the step film; and
a second columnar spacer arranged in a position without the
step film.

28. A liquid crystal display device according to claim 9
wherein the columnar spacer comprises: a first columnar
spacer that is arranged in a position facing the step film; and
a second columnar spacer arranged in a position without the
step film.

29. A liquid crystal display device according to claim 18
wherein the columnar spacer comprises: a first columnar
spacer that is arranged in a position facing the step film; and
a second columnar spacer arranged in a position without the
step film.
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