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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
application JP 2009-159823 filed on Jul. 6, 2009, the content
of which is hereby incorporated by reference into this appli-
cation.

BACKGROUND OF THE INVENTION

The present invention relates to a liquid crystal display
device.

Aliquid crystal display device having a liquid crystal layer
sandwiched by two transparent substrates of glass or the like,
by applying a voltage to electrodes (called pixel electrodes)
formed on one of such substrates in a reticular pattern, and
generating an electric force line between the pixel electrodes
and an electrode (called a common electrode) formed on the
same substrate or the other substrate, changes a liquid crystal
molecular orientation direction, and controls a light transmit-
tance. In general, with a liquid crystal display device called an
active matrix type, by allowing and blocking conduction to
the pixel electrodes by means of switching elements, such as
TFT’s (Thin Film Transistors), provided one on each pixel
electrode, a predetermined voltage is applied between the
pixel electrodes and common electrode, maintaining the lig-
uid crystal molecular orientation direction for a certain
period.

With such a liquid crystal display device, it is necessary to
keep the space between the two substrates constant, for which
reason a member called a spacer is inserted between the two
substrates. In days gone by, transparent beads were used as
the spacer, but in recent years, it has been the practice to use
a photopolymer to construct on a substrate a columnar struc-
tural object called a post spacer, a photo spacer, or a columnar
spacer.

However, when manufacturing a liquid crystal display
device, itis possible to cut its manufacturing costs in the event
that it is possible to reduce the number of manufacturing
processes, and reduce the kinds of material used. For this
reason, an attempt has been made to create the heretofore
described post spacer without using a dedicated process and
material.

A liquid crystal display device in which a post spacer is
formed by stacking three kinds of material, red, blue, and
green, which form color filter layers, on a black matrix is
described in JP-A-2002-6132.

A liquid crystal display device in which a post spacer is
formed by stacking three kinds of material, red, blue, and
green, which form color filter layers is described in JP-A-
2006-113204. In the invention described in JP-A-2006-
113204, the height of the post spacer is controlled by making
the thickness of a red color film different between a portion
functioning as a pixel and a portion functioning as the post
spacer.

SUMMARY OF THE INVENTION

In the event that it is possible to form the post spacer by
utilizing color films forming the color filter layers, as in the
heretofore described references cited, it is considered to be
advantageous because it is possible to reduce the number of
processes and the kinds of material. However, with the inven-
tion described in JP-A-2002-6132, as the height of the post
spacer is fixed due to the thickness of each of the red, blue, and
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green color films forming the color filter layers, it is not
possible to optionally set the space between substrates. Also,
with the invention described in JP-A-2006-113204, as the
thickness of the red color film is made different between the
portions in the same film, it is necessary to carry out an
exposure twice, so the number of processes is increased, and
a photomask is required in addition.

The invention having been contrived bearing in mind such
apoint of view, an object thereofis to provide a liquid crystal
display device which includes a post spacer whose height can
be controlled with a small number of processes and a low cost.

To simply describe the outlines of typical ones among the
aspects of the invention disclosed in the present application,
they are as follows.

1. A liquid crystal display device includes a first substrate,
on a surface of which are formed: a first color film which has
a color other than black, and one portion of which configures
a first pixel; a second color film which has a color, other than
black, which differs from that of the first color film, and one
portion of which configures a second pixel adjacent to the first
pixel; a third color film which has a color, other than black,
which differs from those of the first color film and second
color film, and at least one portion of which configures a third
pixel; and a fourth color film which has a color, other than
black, which differs from those of the first color film and
second color film, a second substrate, and a liquid crystal
layer sandwiched between the first substrate and second sub-
strate, wherein the first color film and second color film have
anoverlapping portion in which they overlap each other in the
boundary between the first pixel and second pixel, and the
fourth color film, being formed on the overlapping portion,
configures a spacer which defines the space between the first
substrate and second substrate.

2. With the liquid crystal display device according to 1, the
sum of the thicknesses of the first color film and second color
film in the overlapping portion is smaller than the sum of the
thickness of the first color film in the first pixel and the
thickness of the second color film in the second pixel.

3. With the liquid crystal display device according to 1, the
fourth color film is of the same color as the third color film.

4. With the liquid crystal display device according to 1, a
conductive film and an insulating film are formed on top of the
first pixel, second pixel, and third pixel, and the top surface of
the fourth color film is such that the fourth color film is
exposed.

5. With the liquid crystal display device according to 1, a
plurality of scan signal lines, a plurality of video signal lines,
and switching elements provided one in each pixel, are
formed on the first substrate.

6. With the liquid crystal display device according to 5, the
overlapping portion is provided in such a way as to overlap
each of the scan signal lines or video signal lines.

According to the above aspects of the invention disclosed
in the application, it is possible to provide a liquid crystal
display device which includes the post spacer whose height
can be controlled with a small number of processes and the
low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall view showing a circuit disposition of a
liquid crystal display device according to a first embodiment;
FIG. 2 is an enlarged view of a pixel portion of the liquid
crystal display device according to the first embodiment;
FIG. 3 is a section view along the line A-A of FIG. 2;
FIG. 4 is an enlarged sectional view of a liquid crystal
display device according to a second embodiment; and
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FIG. 5 is an enlarged sectional view of a liquid crystal
display device according to a third embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Hereafter, a description will be given, referring to FIGS. 1
to 3, of a first embodiment of the invention.

FIG. 1 is an overall view showing a circuit disposition of a
liquid crystal display device 1 according to the embodiment.
The liquid crystal display device 1 according to the embodi-
ment including a large number of pixels in a reticular pattern,
the circuits shown in the same drawing are formed on a first
substrate 2 which s a transparent substrate of glass or the like.
Although the number of pixels varies according to the reso-
lution of the liquid crystal display device 1, in the case of a
liquid crystal display device 1 for full-color display having a
so-called VGA resolution, 1920 columns of 640 pixels by
three colors are disposed in the horizontal direction, and 480
rows of pixels in the vertical direction. Scan signal lines 4 are
provided extending in the horizontal direction from a scan-
ning circuit 3 so as to correspond to the individual rows of
pixels. Common signal lines 5 are signal lines which supply a
potential to be applied to common electrodes. How the com-
mon signal lines 5 are disposed relates to what kind of poten-
tial is applied to the common electrodes. For example, with a
method called a so-called line inversion drive whereby a
different potential is applied to each column of pixels, in the
same way as the scan signal lines 4, the common signal lines
5 are also provided so as to correspond to the individual rows
of pixels. Also, with a method called a frame inversion drive
whereby a common potential is applied to all the pixels, it is
sufficient to simply connect all the common electrodes, while
with other methods, there is also a possibility of wiring the
common signal lines more intricately. In the embodiment, the
line inversion drive method is illustrated as being employed,
but any method of applying a potential to the common elec-
trodes is acceptable.

Meanwhile, video signal lines 7 extending from a distribu-
tion circuit 6 are provided in the vertical direction of the pixels
so as to correspond to the individual columns of pixels. The
distribution circuit 6 is a circuit which distributes video sig-
nals input from a drive circuit 8 in accordance with the color
of each pixel. More specifically, when a video signal corre-
sponding to red is input from the drive circuit 8, the distribu-
tion circuit 6 connects only a video signal line 7 correspond-
ing to red pixels to the drive circuit 8, and cuts off the other
video signal lines 7. The same applies to green and blue.

The drive circuit 8 is a circuit which, based on the signal of
a video input from an external instrument, generates a signal
to be input into the scanning circuit 3 and distribution circuit
6. In general, an IC on which the drive circuit 8 is formed is
often used, but the drive circuit 8 may also be directly formed
on the first substrate 2.

Rectangular regions, surrounded by the scan signal lines 4
and video signal lines 7, forming the individual pixels, a pixel
electrode is formed in each pixel, and each pixel electrode is
disposed in such a way that an electric force line formed
between it and the opposed common electrode passes through
aliquid crystal layer. Consequently, in FIG. 1, a capacitor 9 (a
liquid crystal capacitor, a pixel capacitor) is equivalently
formed between each of the pixel electrodes and the common
electrode. Also, a switching element 10 such as a TFT being
formed in each pixel, the scan signal line 4 is connected to the
gate of the switching element 10, and the video signal line 7
is connected to the source or drain thereof. Whether the video
signal line 7 is connected to the source or connected to the
drain depends upon the type of switching element. With
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regard to the capacitors 9 and switching elements 10, in order
to avoid complication, the reference numerals thereof are
shown only in one place in the drawing.

FIG. 2 is an enlarged view of a pixel portion of the liquid
crystal display device 1 according to the embodiment. As
shown in the same drawing, a pectinate pixel electrode 11,
being formed inside a pixel surrounded by the scan signal
lines 4 and video signal lines 7 formed on the first substrate 2,
is opposed to the unshown common electrode formed on the
first substrate 2 in the same way. The reason that the pixel
electrode 11 is formed in this kind of shape is that the liquid
crystal display device 1 according to the embodiment
employs a horizontal electric field method called IPS (In-
Plane Switching) for the liquid crystal drive method. With a
liquid crystal display device of a vertical electric field method
called VA (Vertical Alignment) or TN (Twisted Nematic), as
will be described hereafter, when taking a substrate on which
a pixel electrode is formed to be a first substrate, a common
electrode is formed on a second substrate, so it is sufficient
that the shape of the pixel electrode is a rectangle covering a
pixel.

The pixel electrode 11 and video signal line 7 are con-
nected to the switching element 10 by a contact hole 12. On a
predetermined voltage being applied to the scan signal line 4,
the switching element 10 causes the pixel electrode 11 and
video signal line 7 to be continuous. In FIG. 2, the switching
element 10 is configured of a thin film transistor having a
semiconductor layer 30. The semiconductor layer 30 is
formed from, for example, amorphous silicon, polycrystal-
line silicon, or microcrystalline silicon.

Regions shown by the broken lines in the same drawing,
each of which covers a plurality of pixels aligned in the
vertical direction, are color films forming color filter layers.
In the drawing, a first color film 13, which is a red color film,
a second color film 14, which is a green color film, and a third
color film 15, which is a blue color film, are formed from the
left. The first color film 13 is formed in such a way that an
edge thereof lies on the video signal line 7. Also, the second
color film 14 is also formed in such a way that an edge thereof
lies on the video signal line 7, and a first overlapping portion
16 is formed in which the first color film 13 and second color
film 14 overlap each other on the video signal line 7. With
regard to the second color film 14 and third color film 15 too,
in the same way, a second overlapping portion 17 is formed in
which they overlap each other on the video signal line 7. In
other words, one portion of the first color film 13 forms a first
pixel which is a red pixel, and the other portion is disposed on
the video signal line 7. Also, with regard to the second color
film 14 too, in the same way, one portion thereof forms a
second pixel which is a green pixel, and the other portion is
disposed on the video signal line 7. With regard to the third
color film 15 too, in the same way, at least one portion thereof
forms a third pixel which is a blue pixel. Herein, each color
film is formed in a striped form elongated in a direction
parallel to the video signal line, but the invention is not limited
to this. Furthermore, fourth color films 18 are further pro-
vided intermittently in the first overlapping portion 16 in
which the first color film 13 and second color film 14 overlap
each other. The fourth color films 18 are of the same color as
the third color film 15, that is, in the embodiment, blue.

FIG. 3 is a sectional view along the line A-A of FIG. 2. A
foundation layer 19 is formed on the first substrate 2, and the
switching elements 10 are formed on the foundation layer 19.
A gate insulating layer 20 is formed as the layer below the
scan signal line 4. An insulating layer 21 and the video signal
lines 7 are formed as the layers above the scan signal line 4,
and furthermore, an insulating layer 22 is formed thereon.
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The insulating layer 22 and foundation layer 19 may also be
omitted in the event that they are unnecessary.

In the embodiment, a so-called COA (Color filter On
Array) structure is employed wherein the color filter layers
are formed on the heretofore described layers including the
switching elements 10. That is, the first color film 13, second
color film 14, and third color film 15 are formed on the
insulating layer 22. The first overlapping portion 16 and sec-
ond overlapping portion 17 are also shown in the drawing.
The common electrode 23, an insulating layer 24, the pixel
electrodes 11, and an oriented film 25 are formed on the color
filter layers. Also, the fourth color film 18 is shown on the first
overlapping portion 16. The common electrode 23, insulating
layer 24, and oriented film 25 are formed on the color filter
layers. An oriented film 27, being formed on a surface of the
second substrate 26 opposed to the first substrate 2, sand-
wiches a liquid crystal layer 28 between itself and the first
substrate 2. The common electrode 23 and pixel electrodes 11
are preferably formed from a transparent conductive thin film
of ITO (Indium Tin Oxide) or the like.

The first substrate 2 and second substrate 26 are in contact
with each other by means of the fourth color film 18 formed
on the first overlapping portion 16, and the space between
them is kept constant. That is, the first overlapping portion 16
and fourth color film 18 form a post spacer 29, and the space
d between the first substrate 2 and second substrate 26 is
defined by such a post spacer 29.

However, in the embodiment, as the color filter layers are
formed in the order of the red-colored first color film 13,
green-colored second color film 14, and blue-colored third
color film 15, one portion of the second color film 14 overlaps
the first color film 13, and one portion of the third color film
15 overlaps the second color film 14, as shown in the drawing.
The fourth color film 18, although not being continuous with
the third color film 15, is formed at the same time in a pho-
tolithography process when forming the third color film 15.
Consequently, the fourth color film 18 is formed in such a way
as to overlap the first color film 13 and second color film 14.
At this time, as the thickness of the fourth color film 18 is
approximately equal to the thickness of the third color film
15, in order to control the height of the post spacer 29, it is
necessary to control the thickness of the first overlapping
portion 16. Then, the inventor of the present application has
found that it is possible to control the thickness of the first
overlapping portion 16 by changing conditions when forming
the first color film 13 and second color film 14. More specifi-
cally, the thickness of the first overlapping portion 16 varies
by changing the width by which the first color film 13 and
second color film 14 overlap each other, the exposure time
and intensity required when forming the first color film 13 and
second color film 14 by means of photolithography, the con-
centration and temperature of a developer, and a developing
time. That is, when the thickness of the pixel portion of the
first color film 13 is taken as t,, and the thickness of the pixel
portion of the second color film 14 as t,, the thickness t,, of
the first overlapping portion 16 is not a simple sum of t; and
t,. As t;, cannot be made greater than the sum of't; and t,, t,,
is of a value equal to or smaller than the sum of t, and t,. As
heretofore described, in the embodiment, the height of the
post spacer 29 is controlled by forming the fourth color film
18 on the first overlapping portion 16 in which the edge of the
first color film 13 and the edge of the second color film 14
overlap each other. The thickness t,, of the first overlapping
portion 16 means a thickness thereof at the center point of the
post spacer 29 when viewed in plan. In the example of the
embodiment, as t,, t,, a thickness t; of the third color film 15,
and a thickness t, of the fourth color film 18 are all in the order
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of'about 3 um, and it is necessary to make the space d about 4
um with a view to the operating characteristics of liquid
crystal molecules, t,, is controlled in such a way as to be
approximately 4 um.

The reason that the colors of the fourth color film 18 and
third color film 15 are made the same color is to eliminate the
need for a dedicated process for forming the fourth color film
18. Also, the colors of the first to fourth color films, being
illustrative examples, may correspond to any colors provided
that no color film is black.

Also, the apical portion of the post spacer 29, that is, the
fourth color film 18, is such that the top surface thereof is
exposed and in direct contact with the second substrate 26
side. This is because, in the event that the common electrode
23, insulating layer 24, or oriented film 25 is formed on the
apical portion of the post spacer 29, when an external force
such as a vibration acts on the liquid crystal display device 1,
there is a possibility that such a layer cracks, falls away, and
is discharged into the liquid crystal layer. For this reason, the
common electrode 23, insulating layer 24, or oriented film 25
is not formed on the apical portion of the post spacer 29. In
order to create this kind of structure, for example, it is suffi-
cient to adopt a configuration such that a layer formed on the
apical portion of the post spacer 29 is removed when the
contact hole 12 (refer to FIG. 2) which connects the pixel
electrode 11 and video signal line 7 is created by photolithog-
raphy. By adopting this kind of configuration, it is possible to
expose the fourth color film 18 without any particular
increase of processes.

However, as the color films of differing colors overlap each
other in the first overlapping portion 16 and second overlap-
ping portion 17, they have a low light transmittance, and have
a certain degree of light blocking effect in themselves.
Therein, itis possible to use such first overlapping portion 16
and second overlapping portion 17 in substitution for a so-
called black matrix. In the embodiment, furthermore, the first
overlapping portion 16 and second overlapping portion 17 are
disposed in such a way as to overlap the video signal lines 7.
As the video signal lines 7 are metallic wires of aluminum or
the like, they have a light blocking effect in themselves, so it
is possible to obtain a sufficient light blocking effect in prac-
tice by disposing the first overlapping portion 16 and second
overlapping portion 17 in such a way that they overlap the
video signal lines 7. By so doing, the need to form the black
matrix separately in the appropriate place is removed, reduc-
ing manufacturing processes.

Continuing, a description will be given, referring to FIG. 4,
of a second embodiment of the invention. Unlike the first
embodiment, the embodiment is of a type, rather than the
so-called COA, wherein the color filter layers are formed on
the first substrate 2, and the switching elements 10 are formed
on the second substrate 26. A liquid crystal display device 1
according to the embodiment also employs the IPS method.
The same subjects as those described in the first embodiment
are given identical reference numerals and characters, and a
detailed description thereof will be omitted.

FIG. 4 is an enlarged sectional view of the liquid crystal
display device 1 according to the second embodiment. The
same drawing is one corresponding to FIG. 3. In the embodi-
ment, as well as the first color film 13, second color film 14,
and third color film 15, which are the color filter layers, being
formed on the first substrate 2, the fourth color film 18 is
formed on the first overlapping portion 16, creating the post
spacer 29.

The second substrate 26 is approximately the same as the
first substrate 2 in the first embodiment, except that the color
filter layers and post spacer 29 on the first substrate 2 in the
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previous embodiment do not exist. That is, the scan signal
lines 4 and video signal lines 7 are provided on the substrate
surface in a reticular pattern, and the switching elements 10
are disposed corresponding to the individual pixels. The foun-
dation layer 19, gate insulating layer 20, insulating layers 21,
22, and 24, common electrode 23, and oriented film 25 are
appropriately formed on the second substrate 26.

The first color film 13, second color film 14, and third color
film 15, which are the color filter layers, the fourth color film
18, which forms the post spacer 29, and the oriented film 27,
are provided on the first substrate 2. In the embodiment too, in
the same way as in the previous embodiment, the fourth color
film 18 is exposed without being covered with the oriented
film 27.

Also, the first overlapping portion 16 and second overlap-
ping portion 17 are provided in positions corresponding to the
video signal lines 7, securing the light blocking effect in the
boundaries between the pixels.

Furthermore, a description will be given, referring to FIG.
5, of a third embodiment of the invention. The embodiment is
one using a vertical electric field method such as VA or TN,
rather than IPS, as the liquid crystal drive method in the
second embodiment. In the description of the embodiment
too, the same subjects as those described in the first embodi-
ment are given identical reference numerals and characters,
and a detailed description thereof will be omitted.

FIG. 5 is an enlarged sectional view of a liquid crystal
display device 1 according to the third embodiment. As
shown in the same drawing, the common electrode 23 is
provided on the color filter layers of the first substrate 2. Also,
although the pixel electrode 11 is provided on the second
substrate 26, unlike the first and second embodiments, the
shape thereof viewed in plan is not a pectinate shape, but an
approximately rectangular shape covering approximately the
whole of a pixel. In the embodiment too, the fourth color film
18 forming the post spacer 29 is exposed without being cov-
ered with the common electrode 23 and oriented film 27.
Other points are the same as those of the second embodiment.

While there have been described what are at present con-
sidered to be certain embodiments of the invention, it will be
understood that various modifications may be made thereto,
and it is intended that the appended claims coverall such
modifications as fall within the true spirit and scope of the
invention.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate on a surface of which are formed,

afirst color film which has a color other than black, and one
portion of which configures a first pixel,
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a second color film which has a color, other than black,
which differs from that of the first color film, and one
portion of which configures a second pixel adjacent to
the first pixel,

a third color film which has a color, other than black, which
differs from those of the first color film and second color
film, and at least one portion of which configures a third
pixel, and

a fourth color film which has a color, other than black,
which differs from those of the first color film and sec-
ond color film;

a second substrate; and

a liquid crystal layer sandwiched between the first sub-
strate and second substrate, wherein

the first color film and second color film have an overlap-
ping portion in which they overlap each other in the
boundary between the first pixel and second pixel, and

the fourth color film, being formed on the overlapping
portion, configures a spacer which defines the space
between the first substrate and second substrate;

wherein the sum of the thickness of the first color film and
second color film in the overlapping portion is smaller
than the sum of the thickness of the first color film in the
first pixel and the thickness of the second color film in
the second pixel; and

a conductive film and an insulating film are formed on top
of the first pixel, the second pixel, and the third pixel, and
a top surface of the fourth color film is such that the
fourth color film is exposed.

2. The liquid crystal display device according to claim 1,
wherein the fourth color film is of the same color as the third
color film.

3. The liquid crystal display device according to claim 1,
wherein

a plurality of scan signal lines, a plurality of video signal
lines, and switching elements provided one in each
pixel, are formed on the first substrate.

4. The liquid crystal display device according to claim 3,

wherein

the overlapping portion is provided in such a way as to
overlap a scan signal line or a video signal line.

5. The liquid crystal display device according to claim 1,

wherein

the conductive film and the insulating film, which are
formed on top of the first pixel, the second pixel and the
third pixel, are not formed on the fourth color film con-
figured as the spacer, the fourth color film configured as
the spacer being formed directly on the overlapping
portion of the first color film and the second color film in
the boundary between the first pixel and the second
pixel.



TRBR(F) RBERKE

K (BE)S US8212975

HRiES US12/828618

AR E(ERR)AGE) HXSHATERE
BRiE (TR A(F) BAIERSFBHRLE.

LR BRBERID)ACE) NTREERCO., LTD.

[#R]REAA FUJIYOSHI JUN
KIMURA YASUKAZU
SONODA DAISUKE
KEBA FUJIYOSHI, JUN
KIMURA, YASUKAZU
SONODA, DAISUKE
IPCH =S G02F1/1339
CPCHRF
R 2009159823 2009-07-06 JP
HAth 20 FF 32k US20110001910A1
ShEBEEEE Espacenet  USPTO
HEGE)

BREXAZANRRBERFESEE —ER , TERELEK : F-FE
R, EEETRTRENHE  HEE-HoURE—GEZEEF-RER
FOHE-B7HREE-BEASNE_GRF=RERs A HED—
BOWRBE=GR,FEFER , FoERMREE -ERNE_ERz
HERE  AFF-—FeBENE_YeRafg5 8887 , &5 -
EBNoH  F-FHeBENE - ReRES —ERNE _ERZENL
FABUEBGRNE _BRURFEREF —EEHNT LNFOEEE
HRERERY , ZAEREBYRES —ERNE-ER BB ZEE,

patsnap

2012-07-03

2010-07-01

GO02F1/13394 G02F1/133512 G02F1/134363 G02F1/136286 G02F2001/136222

3 —



https://share-analytics.zhihuiya.com/view/cc8a6d5e-8eee-4e75-a3b3-9ecda70fbc91
https://worldwide.espacenet.com/patent/search/family/043412468/publication/US8212975B2?q=US8212975B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8212975.PN.&OS=PN/8212975&RS=PN/8212975

