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The present invention relates to a display device such as a
liquid crystal display device including a first substrate and a
second substrate with liquid crystal injected between the first
and second substrates. In the display device, the second sub-
strate includes a plurality of columnar spacers, and the first
substrate has a protrusion in an area facing the top of the
columnar spacer. The plurality of columnar spacers formed
on the second substrate are not arranged at even intervals in
the longitudinal direction of the scan line, and/or are not
aligned on the line but are arranged at random.
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DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP2011-127837 filed on Jun. 8, 2011,
the content of which is hereby incorporated by reference into
this Application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and more particularly, to a display device in which a columnar
spacer (a cylindrical spacer, a post-like spacer or the like) is
provided between a first substrate and a 15 second substrate to
keep the distance between the substrates constant.

[0004] 2. Description of the Related Art

[0005] Examples of conventionally known display devices
include a liquid crystal display device in which a liquid crys-
tal is injected between a pair of substrates, an organic EL
display device in which an organic light emitting device is
formed between a pair of substrates, and a display device
including a mechanical drive device such as MEMS. For
example, in the production process of liquid crystal display
devices, there is an injection sealing process to inject liquid
crystal into a liquid crystal display panel. One Drop Fill
(ODF) method has been increasingly used as the method for
injecting liquid crystal into theliquid crystal display panel for
the purpose of reducing the used amount of liquid crystal and
reducing the working time (tact).

[0006] Inthe ODF method, the liquid crystal is not injected
but is dropped on a first substrate (hereinafter referred to as a
TFT substrate). Then, the TFT substrate is bonded to asecond
substrate (hereinafter referred to as a CF substrate). The ODF
method does not have a process of injecting liquid crystal into
the liquid crystal display panel, and can reduce costs and
working time.

[0007] As disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2005-338770, columnar spacers
expressed as post-like spacers are often provided in the liquid
crystal display panel to maintain the gap distance between the
TFT substrate and the CF substrate.

[0008] There are two types of the columnar spacer. One is a
main columnar spacer that constantly maintains the gap dis-
tance between the TFT substrate and the CF substrate. The
other is a sub columnar spacer that maintains the gap distance
between the TFT substrate and the CF substrate only when
pressure is applied between the TFT substrate and the CF
substrate.

SUMMARY OF THE INVENTION

[0009] As described above, the display device is configured
such that a liquid crystal layer, an organic light emission
device layer, oran MEMS device layer is provided between a
pair of substrates such as TFT substrate and CF substrate.
Then, a columnar spacer is formed on the CF substrate. In the
ODF method, defects often occur due to the size of the area in
which the columnar spacer contacts the TFT substrate to
constantly maintain the gap distance between the TFT sub-
strate and the CF substrate.

[0010] When the contact area of the columnar spacer to the
TFT substrate is large, the repulsion force between the TFT
substrate and the CF substrate is strong, often causing air
bubbles in the liquid crystal display panel. On the other hand,
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when the contact area of the columnar spacer to the TFT
substrate is small, the push resistance is reduced, often caus-
ing uneven brightness and liquid crystal leakage.

[0011] Thus, in the liquid crystal display panel using the
ODF method, the density of main columnar spacers is
reduced so that the contact area of the main columnar spacers
to the TFT substrate is smaller than that of the conventional
liquid crystal display panel. Then, the reduction of the push
resistance is prevented by sub columnar spacers.

[0012] Inthis case, when displacement occurs in the bond-
ing process of the TFT substrate and the CF substrate, the low
density contact area of the main columnar spacers to the TFT
substrate varies, causing uneven brightness and liquid crystal
leakage due to the reduction in the push resistance. In the
ODF method, the variability of the contact area of the main
columnar spacers to the TFT substrate is large. As a result, the
allowance of the bonding margin is reduced.

[0013] The present invention has been made to solve the
above problems of the related art. An object of the present
invention is to provide a technology that can reduce the vari-
ability of the area in which the top of columnar spacers
contacts a first substrate bonded to a second substrate in a
display device, such as a liquid crystal display device in
which liquid crystal is injected between the substrates or an
organic EL display device having a gap between the sub-
strates, when displacement occurs in the bonding process of
the first and second substrates.

[0014] Other objects, advantages and novel features of the
present invention will be apparent from the following detailed
description when read in conjunction with the appended
claims and attached drawing.

[0015] Typical aspects in plurality of the inventions dis-
closed in the present application will be described in brief as
follows.

(1) There is provided a display device including a first sub-
strate and a second substrate. The second substrate has a
plurality of columnar spacers. The first substrate has a pro-
trusion in an area facing the top of each columnar spacer. The
first substrate has a scan line. The plurality of columnar spac-
ers formed on the second substrate are not arranged at even
intervals in the longitudinal direction of the scan line and/or
are not aligned on the line but are arranged at random.

(2) There is provided a display device including a first sub-
strate and a second substrate. The second substrate includes a
plurality of columnar spacers. The first substrate has a pro-
trusion in an area facing the top of the columnar spacer. The
first substrate has a scan line. When displacement does not
occur in the bonding process of the first and second sub-
strates, some columnar spacers of the plurality of columnar
spacers formed on the second substrate do not face the pro-
trusion formed on the first substrate in the entire area of the
top of each of these columnar spacers, but face the protrusion
formed on the first substrate in a portion of the area of the top
thereof.

(3) There is provided a display device including a first sub-
strate and a second substrate. The second substrate includes a
plurality of columnar spacers. The first substrate has a pro-
trusion in an area facing the top of the columnar spacer. The
first substrate has a scan line. When displacement does not
occur in the bonding process of the first and second sub-
strates, each columnar spacer of the plurality of columnar
spacers formed on the second substrate does not face the
protrusion formed on the first substrate in the entire area of the
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top ofthe columnar spacer, but faces the protrusion formed on
the first substrate in a portion of the area of the top of the
columnar spacer.

(4) The display device described in any one of (1) to (3), the
protrusion facing the top of the columnar spacer is formed on
the scan line of the first substrate.

(5) The display device described in any one of (1) to (3), the
first substrate has a mount formed in the protrusion facing the
top of the columnar spacer.

(6) The display device described in (4) or (5), aliquid crystal
is injected between the first and second substrates. The first
substrate has an oriented film on the surface on the liquid
crystal side. The layer of the mount is provided between the
first substrate and the oriented film.

(7) The display device described in any one of (1) to (6), the
top of the columnar spacer contacts the protrusion.

(8) There is provided a display device including a first sub-
strate and a second substrate. The second substrate includes a
plurality of columnar spacers. The first substrate has protru-
sions in areas facing the tops of the columnar spacers. A line
connecting the centers of two adjacent columnar spacers of
the plurality of columnar spacers, and a line connecting the
centers of the two protrusions corresponding to the two adja-
cent columnar spacers are not parallel.

(9) There is provided a display device including a first sub-
strate, and a second substrate that is formed on the first sub-
strate with a constant gap. The display device has an internal
structure layer interposed between the first and second sub-
strates, such as a liquid crystal layer, an organic light emitting
device layer, or an MEMS device layer. The second substrate
includes a plurality of columnar spacers. The first substrate
has protrusions in areas facing the tops of the columnar spac-
ers. The first substrate has a scan line. The plurality of colum-
nar spacers formed on the second substrate are not arranged at
even intervals and arranged unequally in the longitudinal
direction of the scan line, and/or are not aligned on the line
and arranged at random.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 11is atop view of the electrode structure of a
liquid crystal display panel according to an embodiment of
the present invention;

[0017] FIG. 2 is a cross-sectional view taken along line
A-A'of FIG. 1;
[0018] FIG. 3isa view showing the placement of columnar

spacers of the liquid crystal display panel according to the
embodiment of the present invention;

[0019] FIGS. 4A and 4B are schematic views showing the
variability of the contact areas of the columnar spacers to the
TFT substrate when displacement occurs in the bonding pro-
cess of the TFT substrate and the CF substrate in the liquid
crystal display panel according to the embodiment of the
present invention;

[0020] FIG. 51is a schematic cross-sectional view showing
an part of the cross section structure of a liquid crystal display
panel of a modification of the embodiment of the present
invention;

[0021] FIG. 6isa view showing the configuration of a pixel
of the liquid crystal display panel shown in FIG. 5;

[0022] FIG.7isaview showing the placement of columnar
spacers of a conventional liquid crystal display panel; and
[0023] FIGS. 8A and 8B are schematic views showing the
variability of the contact areas of the columnar spacers to the
TFT substrate when displacement occurs in the bonding pro-
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cess of the TFT substrate and the CF substrate in the conven-
tional liquid crystal display panel.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Hereinafter, an embodiment ofthe present invention
will be described in detail with reference to the accompanying
drawings.

[0025] It is to be noted that components having the same
function are denoted by the same reference symbols through-
out the drawings for describing the embodiment, and the
repetitive description thereof is omitted. The following
embodiment is not intended to limit interpretation of the
scope of the claims.

First Embodiment

[0026] A liquid crystal display device according to a first
embodiment includes a so-called In-Plane-Switching (IPS)
liquid crystal display panel that drives liquid crystal mol-
ecules by applying an electric field between a pixel electrode
and a counter electrode formed in one of a pair of glass
substrates.

[0027] FIG. 11s a top view of the electrode structure of a
liquid crystal display panel according to an embodiment of
the present invention. FIG. 2 is a cross-sectional view taken
along line A-A' of FIG. 1.

[0028] In the liquid crystal display panel according to this
embodiment, a TFT substrate (a first substrate according to
the present invention) and a CF substrate (a second substrate
according to the present invention) are provided with a liquid
crystal layer (LC) sandwiched between the two substrates.

[0029] As shown in FIG. 2, the TFT substrate has a trans-
parent substrate (for example, a glass substrate) (SUB1). On
the liquid crystal layer side of the transparent substrate
(SUBL1), there are formed a scan line (also called a gate line)
(GL), a gate insulating film (PAS1), an a-Si semiconductor
layer (MTL), an image line (also called a source line or drain
line) (DL), an electrode (a drain electrode or source electrode)
(SD) that is connected to a pixel electrode, an inter-layer
insulating film (PAS2), a counter electrode (CTL) for gener-
ating an electric field between the pixel electrode and the
counter electrode, and an oriented film (AL1) in the order
from the transparent substrate (SUB1) to the liquid crystal
layer (LC). Note that a polarization plate (POL1) is formed on
the outside of the transparent substrate (SUB1). Although not
shown in FIG. 2, the insulating film and the pixel electrode are
formed on the counter electrode (CTL). The pixel electrode is
connected to the electrode (SD) through a contact hole pro-
vided on the inter-layer insulating film (PAS2) and also on the
insulating film. Further, the TFT substrate and the CF sub-
strate are fixed with a predetermined distance apart from each
other to inject a liquid crystal between the two substrates. The
fixation is performed by adhesion with a resin sealing agent
provided in the periphery of the liquid crystal display panel.

[0030] The CF substrate includes a transparent substrate
(for example, a glass substrate) (SUB2). On the liquid crystal
layer side of the transparent substrate (SUB2), there are
formed a light shielding film (BM), color filters (CF) of red,
green, and blue, a flattening film (OC), and an oriented film
(AL2) in this order from the transparent substrate (SUB2) to
the liquid crystal layer (LC). Further, a polarization film
(POL2) is formed on the outside of the transparent substrate
(SUB2). Note that in the liquid crystal display device accord-
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ing to this embodiment, the main surface side of the transpar-
ent substrate (SUB2) is the side to be observed.

[0031] In this embodiment, the counter electrode (CTL) is
formed flat, and a plurality of slits (SLT) are formed in the
pixel electrode (PX) provided between the counter electrode
and the liquid crystal layer.

[0032] Inthe liquid crystal display device according to this
embodiment, the pixel electrode (PX) and the counter elec-
trode (CTL) are laminated with the inter-layer insulating film
interposed therebetween. Arch shaped electric field lines
formed between the pixel electrode (PX) and the counter
electrode (CT) are distributed so as to pass through the liquid
crystal layer (LC). Inthis way, orientation of the liquid crystal
display layer (LC) is changed.

[0033] The pixel electrode (PX) and the counter electrode
(CTL) are formed from transparent conductive film such as
Indium Tin Oxide (ITO). Further, the pixel electrode (PX) and
the counter electrode (CTL) overlap with the inter-layer insu-
lating film interposed therebetween to retain the capacity.
However, the placement of the pixel electrode and the counter
electrode is not limited to this example. It is possible to place
the pixel electrode and the counter electrode through the
inter-layer insulating film (PAS2) or through the gate insulat-
ing film. Further, it is also possible that the positions of the
pixel electrode and the counter electrode are reversed, and
that the pixel electrode is made flat with slits formed in the
counter electrode. Note that in this embodiment, the intet-
layer insulating film (PAS2) s assumed to be an organic film.
However, the material of the inter-layer insulating film
(PAS2) can be changed from organic film to inorganic film in
the use of the various configurations described above.

[0034] As shown in FIG. 1, one sub-pixel is formed in a
rectangular area surrounded by scan lines (GL) and image
lines (DL). The area in which the sub-pixel is formed is
shielded from light by the light shielding film (BM) on the
side of the CF substrate (SUB2). Thus, the area that actually
functions as an area in which one sub-pixel is formed is an
opening (represented by a heavy broken line in FIG. 1) of
light shielding film (BM). Further, in FIG. 1, TFT represents
a thin film transistor constituting an active element.

[0035] In the transparent substrate (SUB2), a columnar
spacer (SPA) is formed in the position 10 shown in FIG. 1, to
keep the gap constant between a pair of transparent substrates
(SUB1, SUB2). The columnar spacer (SPA) is formed in the
position in which the thin film transistor (TFT) is formed on
the side of the TFT substrate (SUB1) as shown in FIG. 2.

[0036] The columnar spacer (SPA) is formed from a pho-
tosensitive resin on the light shielding film (BM) of the trans-
parent substrate (SUB2). Note that in the actual product, a
plurality of columnar spacers (SPA) are formed on the light
shielding film (BM).

[0037] Further, the a-Sisemiconductor layer (MTL) of TFT
is formed on the scan line (GL) in the area in which the top of
the columnar spacer (SPA) contacts the TFT substrate
(SUBL1). In other words, a mount for the columnar spacer is
formed from the image line (DL), the electrode (SD) con-
nected to the pixel electrode, and the a-Si semiconductor
layer located between the image line (DL) and the electrode
(SD). Note that the area with which the top of the columnar
spacer comes into contact may be formed on the scan line
(GL), which is separated from the TFT formation area. In this
case, it is also possible to provide a metal film of aluminum
(Al) or other materials, or a mount formed from an amor-
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phous silicon layer in the area with which the top of the
columnar spacer comes into contact.

[0038] The columnar spacer (SPA) shown in FIG. 1 is a
main columnar spacer constantly maintains the gap distance
between the TFT substrate and the CF substrate.

Problems of the Related Art

[0039] FIG. 7is a view showing the placement of columnar
spacers of a conventional liquid crystal display panel.
[0040] FIG. 7 is a view of the CF substrate seen from the
liquid crystal (LC) side. In FIG. 7, the color filters (CF) of red,
green, and blue, the flattening film (OC), and the oriented film
(AL2) are omitted, except the light shielding film (BM) and
the columnar spacers (SPA).

[0041] In FIG. 7, PBM represents openings formed in the
light shielding film (BM). Each opening corresponds to each
sub-pixel. Further, in FIG. 7, the X direction is the longitudi-
nal direction of the scan line (GL) and the Y direction is the
direction orthogonal to the scan line (GL) (namely, the lon-
gitudinal direction of the image line (DL)).

[0042] In the conventional liquid crystal display panel, as
shown in FIG. 7, the columnar spacers (SPA) are regularly
aligned in the x and y directions on the flattening film (OC)
formed on the light shielding film (BM).

[0043] FIGS. 8A and 8B are schematic views illustrating
the variability of the areas in which the columnar spacers
contact the TFT substrate when displacement occurs in the
bonding process of the TFT substrate and the CF substrate. In
FIGS. 8A and 8B, C-SUB represents the CF substrate, in
which the transparent substrate (SUB2), the light shielding
film (BM), the color filters (CF) of red, green, and blue, the
flattening film (OC), and the oriented film (AL2) are omitted,
except the columnar spacers (SPA).

[0044] Further, T-SUB represents the TFT substrate, in
which the transparent substrate (SUB1), the scan line (GL),
the counter electrode (CT), the image line (DL), the thin film
transistor (TFT), the inter-layer insulating films (PASI,
PAS2), the pixel electrode (PX), and the oriented film (AL1)
are omitted, except the protrusions (PDA) that the columnar
spacers (SPA) typically abut. Each protrusion corresponds to
the protraction projecting from the mount shown in FIG. 2.
[0045] FIG. 8A shows the case in which displacement does
not occur in the bonding process of the TFT substrate
(T-SUB) and the CF substrate (C-SUB). FIG. 8B shows the
case in which displacement occurs in the bonding process of
the TFT substrate (T-SUB) and the CF substrate (C-SUB).
[0046] Inthe conventional liquid crystal display panel, the
columnar spacers (SPA) are regularly aligned. When dis-
placement does not occur in the bonding process of the TET
substrate (T-SUB) and the CF substrate (C-SUB), the contact
area in which the top of the columnar spacers (SPA) contacts
the protrusion (PDA) formed on the TFT substrate (T-TFT) is
the sum of the effective contact areas of S31, S32, S33, and
S34, namely, S31+S32+S33+S534.

[0047] In the conventional liquid crystal display panel,
when displacement occurs in the bonding process of the TFT
substrate (T-SUB) and the CF substrate (C-SUB), the contact
area in which the top of the columnar spacers (SPA) contacts
the protrusion (PDA) is changed to the sum of the effective
contact areas of S41, S42, S43, and S44, namely, S41+S42+
S43+S44. At this time, the variability of the effective contact
areas can be expressed by the following equation (1):

(SA1+542-+543+544)x 100/(83 1+532+533-0534) )
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[0048] FIG. 3 is a view schematically showing the place-
ment of the columnar spacers of the liquid crystal display
panel according to this embodiment. FIG. 3 is a view of the
CF substrate seen from the liquid crystal (LC) side. In FIG. 3,
the color filters (CF) of red, green, and blue, the flattening film
(OC), and the oriented film (AL2) are omitted, except the
light shielding film (BM) and the columnar spacers (SPA).
[0049] In FIG. 3, PBM represents openings formed in the
light shielding film (BM) as similarly shown in FIG. 7. Each
opening corresponds to each sub-pixel. Further, in F1G. 3, the
X direction is the longitudinal direction of the scan line (GL),
and the Y direction is the direction orthogonal to the scan line
(GL). Inother words, the y direction is the longitudinal direc-
tion of the image line (DL).

[0050] In the liquid crystal display panel according to this
embodiment, as shown in FIG. 3, the columnar spacers (SPA)
are not regularly aligned in the X and Y directions on the
flattening film (OC) formed on the light shielding film (BM).
The columnar spacers (SPA) are randomly arranged by shift-
ing from their regularly arranging positions in the X and Y
directions.

[0051] Thus, as shown in FIG. 4, described below, this
embodiment is designed such that the entire area of the top of
the columnar spacer (SPA) does not contact the protrusion
(PDA) formed on the TFT substrate (T-SUB), but a portion of
the area of the top of the columnar spacer (SPA) contacts the
protrusion (PDA).

[0052] In the above description, the protrusion (PDA)
formed on the TFT substrate (T-SUB) is formed from the
mount. However, the protrusion (PDA) may be formed, for
example, from an intersection of signal lines. Further, the
random arrangement means that the line connecting the
points where the columnar spacers are formed is not parallel
to the longitudinal direction of the scan line or image line, or
is not parallel to the line connecting the points where the
mounts are formed. In other words, this means that at least the
line connecting the centers of two adjacent columnar spacers
and the line connecting the centers of the two protrusions
corresponding to the two adjacent columnar spacers are not
parallel to each other.

[0053] Itis also possible that several columnar spacers are
randomly arranged and placed repeatedly.

[0054] 1Inthis embodiment, one columnar spacer is formed
in each sub-pixel. However, the effect of the present invention
can be obtained when one columnar spacer is formed for a
plurality of sub-pixels. Further, for example, the columnar
spacer of a blue sub-pixel is defined as a main spacer, and the
columnar spacer of a sub-pixel of a color other than blue is
defined as a sub spacer. In this case, the main spacer typically
contacts the TFT substrate and the sub spacer does not contact
the TFT substrate. The number of colors of sub-pixels in
which the main and sub spacers are placed is not limited. It is
possible that both or either of the main spacers and the sub
spacers are arranged at random.

[0055] FIGS. 4A and 4B are schematic views illustrating
the variability of the areas in which the columnar spacers
contact the TFT substrate when displacement occurs in the
bonding process of the TFT substrate and the CF substrate. In
FIGS. 4A and 4B, C-SUB represents the CF substrate
described in FIGS. 8A and 8B. Also, T-SUB represents the
TFT substrate described in FIGS. 8A and 8B. Further, PDA
represents the protrusions that the columnar spacers (SPA)
typically abut. The protrusion corresponds to the protrusion
projecting from the mount that is shown in FIG. 2.
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[0056] FIG. 4A shows the case in which displacement does
not occur in the bonding process of the TFT substrate
(T-SUB) and the CF substrate (C-SUB). FIG. 4B shows the
case in which displacement occurs in the bonding process of
the TFT substrate (T-SUB) and the CF substrate (C-SUB).

[0057] In the liquid crystal display panel according to this
embodiment, when displacement does not occur in the bond-
ing process of the TFT substrate (T-SUB) and the CF sub-
strate (C-SUB), the contact area in which the top of the
columnar spacer (SPA) contacts the protrusion (PDA) formed
on the TFT substrate (T-TFT) is the sum of the effective
contact areas of S11, S12, S13, and S14, namely, S11+S12+
S13+S14.

[0058] In the liquid crystal display panel according to this
embodiment, when displacement occurs in the bonding pro-
cess of the TFT substrate (T-SUB) and the CF substrate
(C-SUB), the contact area in which the top of the columnar
spacer (SPA) contacts the protrusion (PDA) is changed to the
sum of the effective contact areas of S21, S22, S23, and S24,
namely, S21+S22+S23+S24. At this time, the variability of
the effective contact areas can be expressed by the following
equation (2):

(S21+522+523+524)x100/(S11+512+513+514) @

[0059] In the liquid crystal display panel according to this
embodiment, when displacement does not occur in the bond-
ing process of the TFT substrate (T-SUB) and the CF sub-
strate (C-SUB), the contact area in which the top of the
columnar spacer (SPA) contacts the protrusion (PDA) formed
on the TET substrate (T-TFT) is smaller than the contact area
in the conventional liquid crystal display panel.

[0060] However, the variability of the effective contact
areas of the liquid crystal display panel according to this
embodiment, which is given by the equation (2), can be
reduced to a level lower than the variability of the effective
contact areas of the conventional liquid crystal display panel
that is given by the equation (1).

[0061] Forexample, when the displacement in the bonding
process of the TFT substrate (T-SUB) and the CF substrate
(C-SUB) is within the specifications (+3 um), the variability
of the contact area in which the top of the columnar spacer
(SPA) contacts the protrusion formed on the TFT substrate
(T-TFT)is 93.86% in the conventional liquid crystal display
panel. Thus, the variability is reduced by about 6.14%. On the
other hand, the variability of the contact area in the liquid
crystal display panel according to this embodiment is
96.42%. Thus, the variability is reduced by about 3.58%. In
this embodiment, when the displacement in the bonding pro-
cess of the TFT substrate (T-SUB) and the CF substrate
(C-SUB) is within the specifications (+3 um), the variability
of the contact area in which the top of the columnar spacer
(SPA) contacts the TFT substrate (T-TFT) can be reduced to
a level lower than the variability in the conventional liquid
crystal display panel. Note that in the above description, it is
assumed that the top of the columnar spacer contacts the
protrusion. However, the top of the columnar spacer is not
typically contact the protrusion according to the circum-
stances. For example, the top of the columnar spacer may not
contact the protrusion when any force is not applied. For this
reason, the contact area is the area in which the top of the
columnar spacer is likely to contact the protrusion, namely,
the area of the top of the columnar spacer facing the protru-
sion.
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[0062] FIG. 8B shows the conventional liquid crystal dis-
play panel in which displacement occurs in the bonding pro-
cess of the TFT substrate (T-SUB) and the CF substrate
(C-SUB). FIG. 4A shows the liquid crystal display panel
according to this embodiment, in which displacement does
not occur in the bonding process of the TFT substrate
(T-SUB) and the CF substrate (C-SUB). The states shown in
FIG. 8B and FIG. 4A seem to be the same.

[0063] However, in the conventional liquid crystal display
panel, as shown in FIG. 7, the columnar spacers (SPA) are
regularly aligned in the X and Y directions. When displace-
ment occurs in the bonding process of the TFT substrate
(T-SUB) and the CF substrate (C-SUB), the displacement
direction (or moving direction) from the center of the protru-
sion (PDA) formed on the TFT substrate (T-TFT) to the center
of the columnar spacer (SPA) is the same for all the columnar
spacers (SPA).

[0064] On the other hand, in the liquid crystal display panel
according to this embodiment, the columnar spacers (SPA)
are not regularly aligned in the X and Y directions and are
randomly arranged by shifting from their regularly arranging
positions in the x and y directions. For this reason, in the
liquid crystal display panel according to this embodiment,
when displacement occurs in the bonding process of the TFT
substrate (T-SUB) and the CF substrate (C-SUB), the dis-
placement direction (or moving direction) from the center of
the protrusion (PDA) formed on the TFT substrate (T-TFT) to
the columnar spacer is random for each columnar spacer
(SPA).

[0065] Note that in FIGS. 3 and 7, the cross-sectional pla-
nar shape of the columnar spacer (SPA) has a circular shape.
However, the cross-sectional planar shape of the columnar
spacer is not limited to the circular shape, and may be an
elliptical shape, or polygonal shape such as a triangular shape
or a quadrangular shape. Also, the shape of the columnar
spacer in the normal direction to the substrate is not limited to
the columnar or cylindrical shape, and may be a hemispheri-
cal shape, a semi-oval spherical shape, a spindle shape or a
truncated pyramidal shape.

[0066] Further, in FIGS. 4A and 4B, with respect to all the
columnar spacers (SPA), a portion of the area of the top of
each columnar spacer (SPA) contacts the protrusion (PDA)
formed on the TFT substrate (T-TFT). However, it is also
possible that a portion of the area of the top of two or more
columnar spacers (SPA) of a plurality of columnar spacers
(SPA) contacts the protrusion (PDA) formed on the TFT
substrate (T-TFT).

[0067] FIG. 5is a schematic cross-sectional view showing
a part of the cross section structure of a liquid crystal display
panel of a modification of the embodiment of the present
invention.

[0068] The liquid crystal display panel shown in FIG. 5
includes a TFT substrate and a CF substrate with a liquid
crystal layer (LC) sandwiched therebetween. As shown in
FIG. 5, the TFT substrate includes a transparent substrate (for
example, a glass substrate) (SUB1). On the liquid crystal
layer side of the transparent substrate (SUB1), there are
formed a scan lines (also called a gate line) (GL), a gate
insulating film (PAS2), an image line (not shown), a pixel
electrode (PX), an electrode (a drain electrode or a source
electrode) (SD) connected to the pixel electrode (PX), an
inter-layer insulating film (PAS1), a counter electrode (CT,
CTL), and an oriented film (AL1) in this order from the
transparent substrate (SUB1) to the liquid crystal layer (LC).
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Further, a polarization plate (POL1) is provided on the out-
side of the transparent substrate (SUB1).

[0069] On the liquid crystal layer side of the transparent
substrate (SUB2), there are formed a light shielding film
(BM), color filters (CF) of red, green, and blue, a flattening
film (OC), and an orientation film (ALL2) in this order from the
transparent substrate (SUB2) to the liquid crystal layer (LC).
Further, a polarization film (POL2) is provided on the outside
of the transparent substrate (SUB2). In FIG. 5, SL represents
a sealing material, and FPC represents a flexible wiring sub-
strate.

[0070] Note thatinthe liquid crystal display panel shown in
FIG. 5, the pixel electrode (PX) is formed flat, and the counter
electrode (CT, CTL) has a plurality of slits.

[0071] FIG. 6 is a view of the structure of a pixel of the
liquid crystal display panel shown in FIG. 5.

[0072] In FIG. 6, DL represents the image line and GL
represents the scan line. The scan line (GL) and the image line
(DL) are arranged so as to intersect each other.

[0073] A thin film transistor (TFT) is provided at the inter-
section of the scan line (GL) and the image line (DL). The
gate electrode of the thin film transistor (TFT) is connected to
the scan line (GL), and the drain electrode (or source elec-
trode) of the thin film transistor (TFT) is connected to the
image line (DL).

[0074] A counter voltage is supplied to the counter elec-
trode (CT, CTL). For example, when the AC drive method of
the liquid crystal display panel (LCD) is the common sym-
metry method such as the dot inversion method, a constant
potential (such as ground potential GND) is supplied to the
counter electrode (CT, CTL).

[0075] Further, in the above description, the embodiment of
the present invention is applied to the IPS-type liquid crystal
display device. However, the present invention is not limited
to this type of display device. For example, the present inven-
tion can also be applied to other types of liquid crystal display
devices, such as twisted nematic (TN) type, electrically con-
trolled birefringence (ECB) type or vertically aligned (VA)
type. However, when the present invention is applied to these
liquid crystal display devices, the counter electrode (CT) is
provided on the side of the CF substrate (SUB2).

[0076] Note that in the above description, the color filters
are provided in the substrate facing the TFT substrate, but the
color filters may be provided on the side of the TFT substrate.
In this case, the CF substrate may also be referred to as the
counter substrate. Further, the light shielding film formed on
the CF substrate is arranged in matrix, but is not particularly
limited to this arrangement. It is also possible that the light
shielding film can be formed in a strip shape only in the
direction parallel to the image line. It goes without saying that
the columnar spacer can be provided not only on the TFT and
the scan line but also on the image line. Further, in this
embodiment, it is assumed that the mount is provided on the
TFT substrate corresponding to the columnar spacer. How-
ever, as described above, it is also possible to use the protru-
sion formed from the step at the intersection of the signal
lines. In addition, the areas themselves in which the lines,
such as the scan lines and the image lines, are formed are
raised higher than other areas, so that the protrusions can be
formed by using these raised areas.

[0077] The embodiment described above relates to a liquid
crystal display device. However, the present invention can
also be applied to an organic EL display device in which a
TFT substrate having an organic light emitting device is
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bonded to the other substrate (counter substrate) with a pre-
determined distance therebetween, and to a display device in
which a first substrate having a mechanical drive device such
as MEMS is bonded to a second substrate with a gap so that
gas or liquid is injected into the gap between the first and
second substrates.
[0078] Thepresent invention made by the present inventors
has been described in detail based on the embodiment. How-
ever, it is to be understood that the present invention is not
limited to such an embodiment, and various modifications
can be made within the scope of the present invention.

What is claimed is:

1. A display device comprising:

a first substrate,

image lines arranged in a first direction on the first sub-

strate,

scan lines arranged in a second direction on the first
substrate,

a first pixel, a second pixel adjacent to the first pixel in
the first direction, a third pixel adjacent to the first
pixel in the second direction, and a fourth pixel adja-
cent to the third pixelin the first direction and adjacent
to the second pixel in the second direction,

a second substrate opposing to the first substrate, light
shields overlapped the scan lines and the image lines,
and

spacers arranged between the first substrate and the sec-
ond substrate, and overlapped the light shield films,

wherein the spacers having a first spacer adjacent to the
first pixel, a second spacer adjacent to the second
pixel, a third spacer adjacent to the third pixel and a
fourth spacer adjacent to the fourth pixel,

wherein a first line connecting a center of the first spacer
and a center of the second spacer, a second line con-
necting a center of the third spacer and a center of the
fourth spacer, a third line connecting the center of the
first spacer and the center of the third spacer, and a
fourth line connecting the center of the second spacer
and the center of the fourth spacer,

wherein a direction of the first line and a direction of the
second line are different from the first direction, and

a direction of the third line and a direction of the fourth
line are different from the second direction.

2. The display device according to claim 1,

wherein the spacers are sub-spacers which maintain the
gap distance between the first substrate and the second
substrate only when receiving stress.

3. The display device according to claim 1,

wherein the first spaceris arranged outside of the first pixel,
the second spacer is arranged outside of the second
pixel, the third spacer is arranged outside of the third
pixel and the fourth spacer is arranged outside of the
fourth pixel.

4. The display device according to claim 1,

wherein the first line, the second line, the third line, and the
fourth line are not orthogonal, respectively.

5. A display device comprising:

a first substrate,

a scan line on the first substrate,

a second substrate opposing to the first substrate,

alight shield film on the second substrate, wherein the first
light shield film is overlapped the scan line, and

spacers on the second substrate, wherein the spacers are
overlapped the light shield film,
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wherein spacers having a first spacer, a second spacer, a
third spacer and a fourth spacer,

wherein a first portion of the first spacer, a second portion
of the second spacer, a third portion of the third spacer
and a fourth portion of the fourth spacer are contact with
the first substrate, and

wherein each area in contact with the first substrate of each
of the portions is different, respectively.

6. The display device according to claim 5, further com-

prising,

protrusions on the first substrate,

wherein the first portion, the second portion, the third por-
tion and the fourth portion are contact with the protru-
sions.

7. The display device according to claim 6,

wherein the protrusions formed by a semiconductor layer.

8. The display device according to claim 6, further com-

prising, an image line intersecting with the scan line,

wherein the protrusions formed by intersection of the scan
line and the image line.

9. A display device comprising:

a first substrate,

image lines arranged in a first direction on the first sub-
strate,

scan lines arranged in a second direction on the first sub-
strate,

a second substrate opposing to the first substrate,

light shield films overlapped the scan lines and the image
lines, and

spacers between the first substrate and the second sub-
strate, and overlapped the light shield films,

wherein the light shield films having a first opening, a
second opening adjacent to the first opening in the first
direction, a third opening adjacent to the first opening in
the second direction and a forth opening adjacent to the
second opening in the second direction and the third
opening in the first direction,

wherein the spacers having a first spacer which arranged
between the first opening and the third opening and a
second spacer which arranged between the second open-
ing and the fourth opening,

wherein a center line of the light shield film arranged
between the first opening and the third opening and
between the second opening and the fourth opening is
not overlapped a center of the first spacer and a center of
the second spacer,

wherein a first straight line connecting a center of the first
opening and a center of the third opening is not over-
lapped a center of the first spacer, and
wherein a second straight line connecting a center of the

second opening and a center of the fourth opening is
not overlapped a center of the second spacer.

10. The display device according to claim 9,

wherein the first straight line and the second straight line
are parallel to the second direction.

11. The display device according to claim 9,

wherein the center line of the light shield film is parallel to
the first direction.

12. The display device according to claim 9,

wherein an intersection of the first straight line and the
center line of the light shield film is not overlapped the
center of the first spacer, and
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wherein an intersection of the second straight line and the
center line of the light shield film is not overlapped the
center of the second spacer.

13. The display device according to claim 9,

wherein the first spacer Is arranged outside of the first
opening and the third opening, and the second spacer is
arranged outside of the second opening and the fourth
opening.
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