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A display device includes a first substrate, a second substrate
and liquid crystals therebetween, the first substrate having a
Related U.S. Application Data flat portion, an alignment film, and a concavo-convex pedes-
o o tal formed in a pixel region, wherein the concavo-convex
Continuation of application No. 14/278,795, ﬁleq on pedestal having at least two convex portions and recessed
May 15, 2014, now Pat. No. 8,885,136, which is &  portions, and the at least two convex portions of the concavo-
continuation of application No. 13/489,478, filed on convex pedestal are at a position lower than a position of the
Jun. 6, 2012, now Pat. No. 8,736,804. flat portion. A thickness of the alignment film on the convex
portions is less than a thickness of the alignment film on the
Foreign Application Priority Data recessed portions, and a second substrate has a columnar
spacer which contacts the at least two convex portions of the
Jun. 9,2011  (IP) oo 2011-128815 concavo-convex pedestal.
, DI 3 PE
1 50 """" N2 Z7LY \ 1 50
210 §
N
Y \ ] 100
] \ / /
120 105 140 110



Patent Application Publication  Feb. 26,2015 Sheet 1 of 3 US 2015/0055071 A1

FIG. 1

DI PE ,
| - 105

210 Nl

] \ WIXTEIIIES. \
oY TATATAT

ATy




Patent Application Publication  Feb. 26,2015 Sheet 2 of 3 US 2015/0055071 A1

FIG. 4

130

131

B é ﬁzc
S

> <

FIG. &

131 130

) 7




Patent Application Publication  Feb. 26,2015 Sheet 3 of 3 US 2015/0055071 A1

FIG. 7

20 2 2 20

AV AmiENV2
1%:‘% ///)f/ %////\

Sz // /// Wl
Y 2oy gl




US 2015/0055071 A1

LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/278,795, filed May 15, 2014, which is a
continuation of U.S. application Ser. No. 13/489,478, filed on
Jun. 6, 2012, now U.S. Pat. No. 8,736,804, the contents of
which are incorporated herein by reference.

CLAIM OF PRIORITY

[0002] The present application claims priority from Japa-
nese Patent Application JP 2011-128815 filedon Jun. 9,2011,
the content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a liquid crystal dis-
play device. The invention more particularly relates to aliquid
crystal display device configured to take a countermeasure
against light spots attributable to shavings of an alignment
film.

[0005] 2. Description of the Related Art

[0006] Liquid crystal display devices include a TFT sub-
strate having pixel electrodes, thin film transistors (TFT), etc.
formed in a matrix; a counter substrate disposed in facing
relation to the TFT substrate and having color filters, etc.
formed at positions corresponding to the pixel electrodes of
the TFT substrate; and liquid crystals put between the TFT
substrate and the counter substrate. Images are formed by
controlling the light transmittance of liquid crystal molecules
of each pixel.

[0007] Inaliquid crystal display device, an alignment film
is formed at the boundary surface of the counter substrate and
a liquid crystal layer of the TFT substrate and liquid crystal
molecules are subjected to initial alignment by applying a
rubbing process or an optical alignment process to the align-
ment film. Then, an amount of light transmitted through the
liquid crystal layer is controlled by twisting or rotating the
liquid crystal molecules from the initial alignment by an
electric field.

[0008] On the other hand, for controlling the thickness of
the liquid crystal layer, it is necessary to form a spacer
between the counter substrate and the TFT substrate. While
beads, etc. were conventionally dispersed as a spacer in the
liquid crystal layer, columnar spacers have been formed on
the counter substrate to control a gap between the TFT sub-
strate and the counter substrate by the columnar spacers in
recent years in order to control the gap (liquid crystal layer)
more exactly.

[0009] On the other hand, an additional problem occurs by
using the columnar spacer. For example, JP-A-2005-242297
describes that a frictional force is decreased when the colum-
nar spacer is displaced in a case of pressing the counter
substrate from the outside so that the columnar spacer can
easily return to the initial place when the external pressure is
removed. For this purpose, JP-A-2005-242297 discloses that
apedestal having an area smaller than that at the top end of the
columnar spacer is formed as a pedestal which is formed on
the TFT substrate.

[0010] Further, a problem of generating shavings of the
alignment film also occurs when the columnar spacer dis-
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places laterally. Other documents concerning scraping of the
alignment film or columnar spacers include JP-A-2007-
328247, IP-A-2008-170690, JP-A-2009-58618, JP-A-2009-
282262, JP-A-2010-8616, and JP-A-Hei 5-107545. Tt is to be
noted that JP-A-2005-242297 corresponds to U.S. Pat. No.
7,502,090, JP-A-2009-58618 corresponds to USP 2009/
0059153, and JP-A-2009-282262 corresponds to USP 2011/
0080548.

SUMMARY OF THE INVENTION

[0011] Generally, the columnar spacers are disposed to the
counter substrate. On the other hand, the pedestals are dis-
posed to the TFT substrate at positions provided in facing
relation to the columnar spacers. The pedestal means herein
not only those having a protruding portion formed on the side
of the TFT substrate but also those planarized or concaved at
a portion provided in facing relation to the columnar spacer.
That is, the pedestal means herein the structure on the side of
the TFT substrate provided in facing relation to the columnar
spacet.

[0012] In the liquid crystal display device, an alignment
film is formed on the surface of the counter substrate and the
TFT substrate in contact with the liquid crystal layer. Since
the columnar spacer has a relatively large height, the align-
ment film is less formed at the top end of the columnar spacer
in the counter substrate. On the other hand, since the height of
the pedestal of the TFT substrate is lower than that of the
columnar spacer, the alignment film is formed also on the
surface of the pedestal. When the columnar spacer is in con-
tact with the surface of the pedestal on which the alignment
film 1s formed, the alignment film at the surface of the ped-
estal is scraped off.

[0013] That is, when the liquid crystal display device
undergoes temperature cycles, etc. and the TFT substrate and
the counter substrate expand or shrink at different ratios or
when the counter substrate undergoes a pressure from the
outside, the columnar spacer displaces laterally. At this time,
the alignment film on the pedestal is scraped off. When
scraped off shavings of the alignment film intrude into the
liquid crystal layer, light spots are generated to degrade the
image quality.

[0014] The present invention intends to suppress the gen-
eration of the light spots by providing a countermeasure for
the scraped off shavings of the alignment film caused by the
columnar spacer.

[0015] The present invention intends to overcome the prob-
lem described above and provides a liquid crystal display
device comprising:

[0016] a TFT substrate having an organic passivation film;
[0017] a counter substrate, the counter substrate being
adhered to the TFT substrate by a sealant formed at a periph-
ery thereof;

[0018] liquid crystals putinside of the liquid crystal display
device;

[0019] a columnar spacer formed on the counter substrate,

the columnar spacer defining a distance between the TFT
substrate and the counter substrate; and

[0020] a concavo-convex pedestal formed in a pixel region
of the TFT substrate, the concavo-convex pedestal being pro-
vided in facing relation to the columnar spacer;

[0021] wherein the concavo-convex pedestal is formed
with a convex portion and a concave portion at a bottom of the
concavo-convex pedestal, and the height of the top end of the
convex portion is lower than that of the planar portion,
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[0022] wherein the thickness of the alignment film present
on the convex portion is smaller than the thickness of the
alignment film present on the concave portion,

[0023] wherein the top end of the columnar spacer is in
contact with two or more convex portions formed on the
bottom of the concavo-convex pedestal, and

[0024] wherein the area at the bottom of the concavo-con-
vex pedestal is larger than the area at the top end of the
columnar spacer.

[0025] According to the invention, in the liquid crystal
display device having the columnar spacer and using the
optical alignment film, since scraping of the alignment film
caused by the columnar spacer can be prevented, production
yield of the liquid crystal display device can be improved.
Further, since scraping of the alignment film, which is caused
by the lateral displacement of the columnar spacer attribut-
able to the temperature cycles after shipping or the pressure
from the outside to the counter substrate, can be prevented,
generation of failure in the market can be prevented.

[0026] In aliquid crystal display device of a liquid crystal
injection type using a dropping method, the number of colum-
nar spacers is small and a stress between the columnar spacer
and the pedestal per one set is large. According to the inven-
tion, since the alignment film is not present or the film thick-
ness is smaller than that in other portions in the pedestal in
contact with the columnar spacer, generation of the scraping
of alignment film can be prevented. Thus, generation of light
spots can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a cross sectional view of a liquid crystal
display device of the invention.

[0028] FIG. 2 is a cross sectional view of a liquid crystal
display device of acomparative embodiment to the invention.
[0029] FIG. 3 is a cross sectional view of a liquid crystal
display device showing a state where a TFT substrate and a
counter substrate are deformed inwardly into a convex shape.
[0030] FIG. 4 is a perspective view showing an example of
a convex portion formed at the bottom of a concavo-convex
pedestal.

[0031] FIG. 5is a schematic cross sectional view for defin-
ing the angle of inclination of the convex portion formed at
the bottom of the concavo-convex pedestal.

[0032] FIG. 6 is a cross sectional view showing a state
where the convex portion formed at the bottom of the con-
cavo-convex pedestal and the columnar spacer are in contact
to each other.

[0033] FIG. 7 is a plan view showing a region where the
concavo-convex pedestal is formed.

[0034] FIG. 8 is a perspective view showing a shape at the
bottom of the concavo-convex pedestal according to an
Embodiment 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] FIG. 1 is a cross sectional view of a liquid crystal
display device according to the invention. FIG. 2 is a sche-
matic cross sectional view of a liquid crystal display device as
a comparative embodiment. First description is to be made
with reference to FIG. 2.

[0036] InFIG. 2, an organic passivation film 101 is formed
over a TFT substrate 100. Since the organic passivation layer
101 also has a function as a planarizing film, it is formed to a
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large thickness of about 1.5 to 2 um. In FIG. 2, while inter-
connects, electrodes, semiconductor films, a gate insulating
film, an inorganic passivation film, etc. are formed actually
between the TFT substrate 100 formed of glass and the
organic passivation film 101, the layers are not illustrated
since FIG. 2 is a schematic view.

[0037] The organic passivation film 101 per se is formed of
a photosensitive resin and can be patterned without using a
photoresist. A hole or a concave portion is formed on the
organic passivation film 101 by using exposure or half expo-
sure. The organic passivation film 101 is removed from a
portion of forming a sealant 140 for bonding the TFT sub-
strate 100 and the counter substrate 200. Further, a concave
pedestal 120 is formed on the TFT substrate 100 at a portion
provided in facing relation to the columnar spacer 150 formed
on the counter substrate 200. The concave pedestal 120 is
concaved at a portion of the TFT substrate 100 in contact with
the columnar spacer 150 and is lowered compared with other
portions.

[0038] The concave pedestal 120 is formed as described
above in order to keep the TFT substrate 100 or the counter
substrate 200 to an inwardly convexed shape in a usual state.
For example, in the structure as shown in FIG. 3, when tem-
perature increases and the TFT substrate 100 or the counter
substrate 200 expands thermally, the stress caused by the
thermal expansion exerts in the direction as shown by F in
FIG. 3 and this is not a direction of causing a gap between the
TFT substrate 100 and the counter substrate 200. Accord-
ingly, even when the TFT substrate 100 or the counter sub-
strate 200 thermally expands, bubbles are not generated in the
liquid crystal layer.

[0039] Referring again to FI1G. 2, since the concave pedes-
tal 120 is formed in a pixel region DI in the inside of the
sealant 140 in FIG. 2 and the planar pedestal 110 is formed at
the outside PE of the sealant 140, the gap between the TFT
substrate 100 and the counter substrate 200 is decreased inthe
pixel region DI and the liquid crystal display device has a
shape as shown in FIG. 3.

[0040] While a counter electrode, an interlayer insulating
film, a pixel electrode, etc. are formed usually over the
organic passivation film 101 of the TFT substrate 100, since
FIG. 2 is a schematic view, the layers are not illustrated.
Accordingly, in FIG. 2, the alignment film 105 is formed over
the organic passivation film 101. Since the alignment film 105
is liquid at the instance it is coated, it accumulates at a large
thickness in the lower portion by the leveling effect.

[0041] That is, the alignment film 105 is formed at a rela-
tively large thickness also on the concave pedestal 120 shown
in FIG. 2. The alignment film 105 is not coated to a portion
where the sealant 140 is formed. Since the adhesion between
the sealant 140 and the substrate is lowered when the align-
ment film 105 is present at the sealant 140, deposition of the
alignment film 105 to the sealant 140 is prevented by using a
stopper or the like.

[0042] InFIG. 2, an overcoat film 201 is formed on the side
of the counter substrate 200, and the columnar spacer 150 is
formed over the overcoat film 201. While color filters and
black matrixes are generally formed between the overcoat
film 201 and the counter substrate 200, since FIG. 2 is a
schematic view, they are not illustrated. The alignment film
105 is formed over the overcoat film 201. In FIG. 2, the
alignment film 105 is not formed at the top end of the colum-
nar spacer 150. This is because the columnar spacer 150 has
a relatively large height and the alignment film 105, which is
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liquid during coating, is less deposited at the top end. Also on
the side of the counter substrate 200, the alignment film 105
is not formed on the sealant 140 by the same reason as that for
the TFT substrate 100.

[0043] In FIG. 2, while the columnar spacer 150 of the
counter substrate is disposed in facing relation to the portion
of the concave pedestal 120 of the TFT substrate 100, the
alignment film 105 is present on the concave pedestal 120.
Therefore, when the columnar spacer 150 causes lateral dis-
placement, etc., the alignment film 105 is scraped off to
generate scraped off shavings of the alignment film and cause
light spots. In the invention shown by the following embodi-
ments, scraping of the alignment film 105 can be prevented in
the liquid crystal display device having the concave pedestal
120 in the pixel region DI.

Embodiment 1

[0044] FIG. 1 is a cross sectional view of a liquid crystal
display device according to the invention. The basic configu-
ration of FIG. 1 is identical with that in FIG. 2. That is, a
concave pedestal is formed on the organic passivation film
101 in the pixel region so that the TFT substrate 100 and the
counter substrate 200 are convexed inward as shown in FIG.
3 to make the gap between the TFT substrate 100 and the
counter substrate 200 smaller in the pixel portion than in the
periphery.

[0045] FIG. 1 is different from FIG. 2 in that a concavo-
convex portion is formed at the bottom of the concave ped-
estal for preventing scraping of the alignment film by the
columnar spacer 150. The pedestal in FIG. 1 is hereinafter
referred to as a concavo-convex pedestal 130. That 1s, in the
concavo-convex pedestal 130, the concavo-convex portion is
formed at the bottom of the concave pedestal 120 formed on
the organic passivation film 101.

[0046] InFIG.1, while a convex portion 131 and a concave
portion 132 are formed at the bottom of the concavo-convex
pedestal 130, the columnar spacer 150 formed on the counter
substrate 200 is in contact only with the convex portion (cor-
responding to the portion 131 in FIG. 4 to be described later)
of the concavo-convex pedestal 130.

[0047] In order to make the cross sectional shape of the
liquid crystal display device into the shape as shown in FIG.
3, the height of the convex portion 131 at the bottom of the
concavo-convex pedestal 130 is lower than the height of the
planar pedestal 110 at the outside of the sealant 140. Alterna-
tively, the height of the convex portion 131 at the bottom of
the concavo-convex pedestal 130 is lower than that of the
planar portion between adjacent concavo-convex pedestals
130 and 130.

[0048] The alignment film 105 is not present on the convex
portion 131 due to the leveling effect or, even if it is present,
the thickness is made extremely smaller than that of the
concave pedestal portion in FIG. 2. Accordingly, even when
lateral displacement is caused to the columnar spacer 150, the
alignment film 105 is not scraped off. On the other hand,
while the alignment film 105 is present on the concave portion
132 of the concavo-convex pedestal 130, the columnar spacer
150 is not in contact with the concave portion 132 of the
concavo-convex pedestal 130 in the configuration of the
present invention.

[0049] FIG. 4 is a schematic view for the shape of the
bottom of the concavo-convex pedestal 130, which is a per-
spective view of the convex portion 131 as a protrusion hav-
ing a circular bottom. The concave portion 132 is present
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between adjacent convex portions 131 and 131. While more
convex portions 131 are usually formed at the bottom of the
concavo-convex pedestal 130, FI1G. 4 shows a portion of the
bottom.

[0050] FIG. 5 is a cross sectional view along line A-A in
FIG. 4 which shows the definition for the angle of inclination
0 of the convex portion 131 formed at the bottom of the
concavo-convex pedestal 130. In FIG. 5, the angle of inclina-
tion 6 means an angle between the planar concave portion 132
and a line connecting the apex of the concave portion 131 and
a beginning portion of a planar concave portion 132. When it
1s uncertain whether the concave portion 132 is planar or not,
a line connecting two concave portions 132 on the both sides
of the convex portion 131 may be defined as a flat line.
[0051] The convex portion 131 is formed by using half
exposure. That is, the concavo-convex portion is formed at the
bottom of the concavo-convex pedestal 130 by decreasing the
exposure amount for the convex portion 131 and increasing
the exposure amount for the concave portion 132. In such a
forming method, it is difficult to form a large angle of incli-
nation 6 as shown in FIG. 5. On the other hand, when 0 is
excessively small, it is difficult to form sufficient concavo-
convex portion in order not to form the alignment film 105 on
the concave portion 131.

[0052] As the condition for the angle in order not to form
the alignment film 105 to the convex portion by the process
for forming the concavo-convex portion and due to the level-
ing effect of the concavo-convex portion, 8 is desirably 3
degrees or more and 45 degrees or less in FIG. 5 according to
the experiment.

[0053] When 6 is smaller than 3 degrees, the effect of
decreasing the thickness of the alignment film 105 on the
concave portion 131 was not obtained. As the effect of the
invention, a predetermined effect can be obtained not only in
the case where the alignment film 105 is eliminated com-
pletely at the convex portion 131 but also inthe case where the
thickness of the alignment film 105 at the concave portion 131
is decreased to less than that in the concave portion. The value
for the 6 is more preferably 6 degrees or more and 25 degrees
or less.

[0054] FIG. 6 is a cross sectional view showing the state
where the columnar spacer 150 is in contact with the concavo-
convex pedestal 130 at the bottom of the concavo-convex
pedestal. In the TFT substrate 100 in FIG. 6, layers below the
organic passivation film 101 are not illustrated. The organic
passivation film 101 is formed at a thickness of 1.5 pM. The
concavo-convex portion is formed on the organic passivation
film 101 and an interlayer insulating film 102 formed of SiN
is formed over the organic passivation film 101.

[0055] A metal layer 103 inherent to the pedestal portion is
formed of a metal over the interlayer insulating film 102. The
metal layer 103 is formed of MoCr. It is to be noted that the
metal layer 103 is disposed for adjusting the height of the
portion in contact with the columnar spacer 150, which is not
essential depending on the place. An ITO (Indium-Tin-Ox-
ide) film 104 is formed on a thickness of 77 pm over the metal
layer 103 by sputtering. The ITO film 104 is formed simul-
taneously with sputtering for the pixel electrode. While the
alignment film 105 is formed over the ITO film 104, the
alignment film 105 is deposited such that the thickness is 80
um for the planar portion between adjacent concavo-convex
pedestals 130 and 130 in FIG. 1.

[0056] In this case, at the bottom of the concavo-convex
pedestal 130 shown in FIG. 6, the alignment film 105 is not
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present on the convex portion 131 and the alignment film 105
is present only on the concave portion 132. As shown in FIG.
6, the top end of the columnar spacer 150 is in contact only
with the convex portions 131 at the bottom of the concavo-
convex pedestal 130. Since the alignment film 105 is not
present on the convex portions 131 in contact with the colum-
nar spacer 150, if the columnar spacer 150 should cause
lateral displacement, etc., the alighment film 105 is not
scraped off.

[0057] What is important in FIG. 6 is that the top end of the
columnar spacer 150 is in contact with at least two convex
portions 131 formed at the bottom of the concavo-convex
pedestal 130. If the top end of the columnar spacer 150 is in
contact only with one convex portion 131, since the columnar
spacer 150 is tilted and a portion thereof’s in contact with the
concave portion 132 where the alignment film 105 is formed
atalarge thickness, the alignment film 105 tends to be scraped
off.

[0058] InFIG. 6, while the top end of the columnar spacer
150 is in contact with two convex portions 131, it is more
preferably in contact with three or more convex portions 131.
This is because the columnar spacer 150 can be in contact
only with the convex portions 131 more stably. The alignment
film 105 is not present at the top end of the convex portion 131
in FIG. 6. However, the undesired effect of scraping of the
alignment film can be mitigated also in a case where the
alignment film 105 is not eliminated completely but formed at
a small thickness.

[0059] FIG.7isa plan view showing an example of a place
where the concavo-convex pedestal 130 is formed. In FIG. 7,
video signal lines 20 are extended in a vertical direction (y
direction) and are arranged in the lateral direction (x direc-
tion). Scanning lines 10 are extended in the lateral direction
and arranged at a predetermined pitch in the vertical direction
(v direction). The scanning line 10 is used also as a gate
electrode of the TFT and is formed in a large width. However,
for decreasing the capacitance between the scanning line 10
and the video signal line 20, a recess 11 is formed at a region
intersecting the video signal line 20 so as to decrease the area.
[0060] The drain electrode 21 of the TFT is coupled to the
video signal line 20 and formed in a horseshoe shape at a
portion provided in facing relation to the source electrode 22
so as to surround one side of the source electrode 22. The
source electrode 22 is coupled to a pixel electrode not shown.
A semiconductor layer not shown is formed below the drain
electrode 21 and the source electrode 22.

[0061] In FIG. 7, the concavo-convex pedestal 130 is
extended with a predetermined width W in the lateral direc-
tion. In FIG. 7, while only one concavo-convex pedestal 130
in a lateral stripe shape is formed in the lateral direction, it is
arranged actually at a predetermined pitch in the vertical
direction. The bottom of the concavo-convex pedestal 130 is
lower than the planarized portion where the concavo-convex
pedestal 130 is not formed. Further, a convex portion 131 and
a concave portion 132 which are not shown are formed at the
bottom of the concavo-convex pedestal 130.

[0062] InFIG.7,the columnar spacer 150 is disposed at the
intersection between the video signal line 20 and the scanning
line 10. In FIG. 7, the area of the concavo-convex pedestal
130 is larger than the area at the top end of the columnar
spacer 150. Accordingly, even when the columnar spacer 150
should displace laterally, the columnar spacer 150 can move
only over the convex portion 131 of the concavo-convex
pedestal 130.
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[0063] 1In FIG. 7, the convex portion 131 of the concavo-
convex pedestal 130 may be formed over the entire surface of
the bottom of the concavo-convex pedestal 130 or may be
formed only at a portion of the area where the columnar
spacer 150 may possibly displaces laterally. Since the con-
cavo-convex portion at the bottom of the concavo-convex
pedestal 130 is formed by half exposure, formation of the
concavo-convex portion has no significant difference in view
of the process whether it is formed over the entire surface or
only ataportion of the bottom of the concavo-convex pedestal
130.

[0064] InFIG. 7, the pedestal 130 is extended continuously
in the lateral direction in a width W but it may be formed in an
island shape only at the periphery of the columnar spacer 150.
However, the continuous concavo-convex pedestal 130 as
shown in FIG. 7 can ensure the degree of freedom for the
arrangement of the columnar spacer 150 if this may be per-
mitted in view of the structure.

Embodiment 2

[0065] FIG. 8isa perspective view showing the shape of the
bottom of the concavo-convex pedestal 130 according to a
second embodiment of the invention. In FIG. 8, a concavo-
convex portion at the bottom of the concavo-convex pedestal
130 is formed only in one direction (x direction). That is, in
FIG. 8, concavo-convex portions are formed continuously at
a predetermined pitch P in the lateral direction (x direction)
and ridges of the convex portions 131 are formed in the
vertical direction (y direction). Also inthe shape of F1G. 8, the
alignment film 105 is not present on the convex portion 131,
and the alignment film 105 is formed at a large thickness in the
concave portion 132.

[0066] InFIG. 8, while the columnar spacer 150 is in con-
tact with the convex portions 131, since the alignment film
105 is not present on the convex portions 131, the alignment
film 105 is not scraped off even when the columnar spacer 150
should displace laterally. For preventing the columnar spacer
150 from tilting and being in contact with the concave portion
132 where the alignment film 150 is formed at a large thick-
ness, it is necessary that the columnar spacer 150 is in contact
with at least two convex portions 131 in FIG. 8.

[0067] Thatis, in FIG. 8, it is necessary that the diameter at
the top end of the columnar spacer 150 has such a width
enough to be in contact with at least two convex portions 131
in the x direction. Preferably, the diameter at the top end ofthe
columnar spacer 150 is such that the top end is in contact with
three or more convex portions 131 in the x direction.

[0068] The angle of inclination 6 in the cross sectional
shape of the convex portion 131 in FIG. 8 is identical with the
case of the convex portion 131 having the circular cross
section. That is, the cross section in the x direction in FIG. 7
corresponds to the cross section of FIG. 5. That is, also in this
embodiment, as the condition considering that the alignment
film 105 is not formed on the convex portion 131 by the
concavo-convex portion forming process and due to the lev-
eling effect of the concavo-convex portion, 6 in FIG. 5 is
preferably 3 degrees or more and 45 degrees or less.

[0069] When 6 is smaller than 3 degrees, the effect of
decreasing the thickness of the alignment film 105 on the
convex portion 131 could not be obtained. As the effect of the
invention, a predetermined effect can be obtained not only in
a case where the alignment film 105 is eliminated completely
from the convex portion 131 but also in a case where the
thickness of the alignment film 105 on the convex portion 131
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is decreased to less than that on the concave portion 132. The
value of 8 is, more preferably, 6 degrees or more and 25
degrees or less.
[0070] In FIG. 8, the extending direction of the convex
portion 131 at the bottom of the concavo-convex pedestal 130
or the extending direction of a ridge 131 is in the y direction,
that is, the direction of the width Win FIG. 7. However, the
extending direction of the ridge 131 in FIG. 8 is not restricted
to the y direction but may also be in the x direction. In this
case, laterally long ridges 131 are formed at the bottom of the
concavo-convex pedestal 130 extending in the lateral direc-
tion shown in FIG. 7, and the ridges 131 are formed at a
predetermined pitch in the vertical direction.
[0071] Further, the ridge 131 formed at the bottom of the
concavo-convex pedestal 131 may have a predetermined
angle not only in the x direction or the y direction but also in
the x direction and the y direction. It is important that the top
end of the columnar spacer 150 is in contact with two or more
ridges 131, more preferably, in contact with three or more
ridges 131 irrespective of the direction of the ridge 131. In this
case, it is necessary that the top end of the columnar spacer
150 is in contact with two or more and, preferably, three or
more ridges in the direction orthogonal to the extending direc-
tion of the ridge.
[0072] Incidentally, the method of injecting liquid crystals
in the liquid crystal display device includes a method of
injecting liquid crystals through an injection hole while
evacuating the inside of the liquid crystal display device
(vacuum injection method), and a method of forming a seal-
ant at a periphery of the counter substrate and dropping the
liquid crystals to the inside (dropping method: One Drop Fill
(ODF)). Of the methods, it is necessary for the dropping
method to accurately control the amount of the liquid crystals
to be dropped. When a large number of the columnar spacers
150 are formed on the counter substrate 200, control for the
dropping amount of liquid crystals is difficult, and control for
the gap between the TFT substrate 100 and the counter sub-
strate 200 is difficult due to variation of the size between the
columnar spacers 150.
[0073] Accordingly, in the dropping method, the number of
the columnar spacers 150 is smaller than that in the case of the
vacuum injection method. Then, when the liquid crystal dis-
play device undergoes heat cycles, or a pressure applied from
the outside, etc., the stress and strain exerting per one colum-
nar spacer 150 are increased. That is, the amount of lateral
displacement of the columnar spacer 150 is increased. That is,
in the case of the dropping method, there is a higher possibil-
ity of causing scraping of the alignment film.
[0074] Accordingly, the effect can be improved particularly
effectively when the invention is applied to a liquid crystal
display device of a type in which the liquid crystal is injected
by the dropping method.
What is claimed is:
1. A display device comprising:
a first substrate, a second substrate and liquid crystals
therebetween;
the first substrate including a flat portion, an alignment
film, and a concavo-convex pedestal formed in a pixel
region,;
the concavo-convex pedestal having at least two convex
portions and recessed portions;
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the at least two convex portions of the concavo-convex
pedestal are at a position lower than a position of the flat
portion;

a thickness of the alignment film on the convex portions is
less than a thickness of the alignment film on the
recessed portions; and

a second substrate has a columnar spacer which contacts
the at least two convex portions of the concavo-convex
pedestal.

2. A display device according to claim 1,

wherein the concavo-convex pedestal has at least three
convex portions; and

wherein a top end of the columnar spacer is in contact with
the at least three convex portions of the concavo-convex
pedestal.

3. A display device according to claim 1, wherein an angle
of inclination at the inclined portion in the cross sectional
shapeofthe convex portion is at least 3 degrees and no greater
than 45 degrees or less.

4. A display device according to claim 1, wherein the angle
of inclination at the inclined portion in the cross sectional
shape of the convex portion is at least 6 degrees more and no
greater than 25 degrees.

5. A display device according to claim 1, wherein a dis-
tance between the first substrate and the second substrate is
smaller in the pixel region than a distance between the first
and second substrates at an outside area of a sealant which
seals the first and second substrates together.

6. A display device according to claim 1, wherein the liquid
crystals are filled by a dropping method.

7. A display device according to claim 1, the alignment film
is not formed on the convex portions of the concavo-convex
pedestal.

8. A display device according to claim 1,

wherein the convex portions of the concavo-convex portion
are ridges extending in a predetermined direction.

9. A display device according to claim 8,

wherein the concavo-convex pedestal has at least three
convex portions;

wherein a top end of the columnar spacer is in contact with
the at least three convex portions of the concavo-convex
pedestal.

10. A display device according to claim 8, wherein an angle
of the inclination at the inclined portion in the cross sectional
shapeofthe convex portion is at least 3 degrees and no greater
than 45 degrees or less.

11. A display device according to claim 8, wherein the
angle of the inclination at the inclined portion in the cross
sectional shape of the convex portion is at least 6 degrees and
no greater than 25 degrees.

12. A display device according to claim 8, wherein a dis-
tance between the first substrate and the second substrate is
smaller in the pixel region than a distance between the first
and second substrates at an outside area of a sealant which
seals the first and second substrates together.

13. A display device according to claim 8, wherein the
liquid crystal is filled by a dropping method.

14. A display device according to claim 8, the alignment
film is not formed on the convex portions of the concavo-
convex pedestal.
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A display device includes a first substrate, a second substrate
and liquid crystals therebetween, the first substrate having a
flat portion, an alignment film, and a concavo-convex pedes-
tal formed in a pixel region, wherein the concavo-convex
pedestal having at least two convex portions and recessed
portions, and the at least two convex portions of the concavo-
convex pedestal are at a position lower than a position of the
flat portion. A thickness of the alignment film on the convex
portions is less than a thickness of the alignment film on the
recessed portions, and a second substrate has a columnar
spacer which contacts the at least two convex portions of the
concavo-convex pedestal.
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