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face one another; a sealing member (40) disposed in a seal
region (SL) that is formed continuously in a ring shape along
a frame region (F) surrounding a display region (D), the
sealing member being provided to bond the first substrate (20)
and the second substrate (30) to each other; a liquid crystal
layer (50) that is provided between the two substrates (20, 30)
and that is enclosed by the sealing member (40); a first polar-
izing plate (61) provided on the first substrate (20) on a side
opposite to the liquid crystal layer (50); and a second polar-
izing plate (62) provided on the second substrate (30) on a
side opposite to the liquid crystal layer (50). In a region within
the frame region (F) that at least includes part of the seal
region (SL), a frame light-shielding layer (25) is provided at
least between the first substrate (20) and the first polarizing
plate (61), and the frame light-shielding layer (25) defines a
frame light-shielding region (SD).

22R

229G



Patent Application Publication = May 23,2013 Sheet 1 of 11 US 2013/0128192 A1




US 2013/0128192 Al

May 23,2013 Sheet 2 of 11

Patent Application Publication

FIG. 3

324

...{u.l B v ]‘.Iim..w.
o P 0
" O I
1 £
b P
1 A
oF f e 1
oy L .,..m_ : |
g | P
Bl £
B
BT
_ _.;_ uuuuu ¥ *
e 1|
I
I
|

oy

T — - —— " — - ——

FIG. 4

SO{F)




Patent Application Publication = May 23,2013 Sheet 3 of 11 US 2013/0128192 A1

FIG. 6

22R  22G  22B 23



Patent Application Publication = May 23,2013 Sheet4 of 11 US 2013/0128192 A1

29R  22G  22B 23

FIG. 8

22R 22G  22B 23



Patent Application Publication = May 23,2013 Sheet S of 11 US 2013/0128192 A1

FIG. 10

D ‘ SD(F)

246 24b  24b | 25b




Patent Application Publication = May 23,2013 Sheet 6 of 11 US 2013/0128192 A1

i‘ : E'“ ? . Al"r 3 — -61

v o “, e, RN o
. S NN N ; ™ ,
C ™ W - : o -
R N \ RN N TN '\"\"“21
- > BN :
K ", " . 5 N a s
a " : \

~ ",
.,

N
o




Patent Application Publication = May 23,2013 Sheet 7 of 11 US 2013/0128192 A1

N N
N ™, L e

-

Z bl & < 5 o ) ;";‘ / & i
Ed by | R AN
~h_ 52

[y { r
34 34 34 3

FIG. 14

S

22R  22G 22B 23



Patent Application Publication = May 23,2013 Sheet 8 of 11 US 2013/0128192 A1

L)

t

3

Y [
Mo 32
t

3

D SD(F}

Sk

22R 22G  22B



Patent Application Publication = May 23,2013 Sheet 9 of 11 US 2013/0128192 A1

9/11

FIG. 17

87427 .11R00608US



Patent Application Publication = May 23,2013 Sheet 10 of 11 US 2013/0128192 A1

FIG. 18




Patent Application Publication = May 23,2013 Sheet 11 of 11 US 2013/0128192 A1

FIG. 19




US 2013/0128192 Al

LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD FOR SAME

TECHNICAL FIELD

[0001] The present invention relates to a display device and
to a manufacturing method thereof. More particularly, the
present invention relates to a liquid crystal display device that
can achieve a narrower frame without decreasing a seal
strength, and to a manufacturing method thereof.

BACKGROUND ART

[0002] Liquid crystal display devices are widely used as
displays for televisions, OA devices such as personal com-
puters, and portable information devices such as mobile
phones and PDAs (Personal Digital Assistant) due to advan-
tages of thinner profile and lower power consumption.
[0003] A liquid crystal display device includes a display
panel and a backlight unit disposed on the rear surface of the
display panel. The display panel is made of two substrates
(array substrate and color filter substrate) disposed to face
each other, and these two substrates are bonded by a sealing
member that is disposed in a frame shape along the outer
circumference thereof. A display region where an image is
displayed is provided inside the frame-shaped sealing mem-
ber.

[0004] In order to suppress light leakage from a frame
region that surrounds the display region, the display panel has
a light-shielding region in the frame region. Generally, this
frame light-shielding region is formed using the same mate-
rial as that of a black matrix, which borders each pixel, in the
same manufacturing step (Patent Document 1, for example).
[0005] Inrecentyears, with increasing demands for display
devices such as liquid crystal display devices that are smaller
in size and that have a larger display region, research and
development for making the frame region around the display
region narrower have been underway. The narrower frame
region can be achieved by techniques such as reducing the
width of the sealing member or reducing a region between the
seal region and the display region, for example.

RELATED ART DOCUMENT

[0006] Patent Document

[0007] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. H09-005756

SUMMARY OF THE INVENTION

[0008] Problems to be Solved by the Invention

[0009] To address the increasing demand for the narrower
frame, it became necessary to dispose the seal region and the
frame light-shielding region so as to overlap each other,
thereby reducing an area between the seal region and the
display region. However, when the sealing member is dis-
posed to overlap a light-shielding layer, which was formed in
the frame region as a frame light-shielding region, the adhe-
sion strength of the sealing member is decreased. Although a
sufficient seal strength can be ensured by increasing the width
of the sealing member, in order to achieve a narrower frame,
the sealing member can only be widened to a certain extent.
Therefore, other techniques than increasing the width of the
sealing member are needed to ensure a sufficient seal
strength.
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[0010] An object of the present invention is to achieve a
narrower frame in a display device without decreasing the
seal strength of a sealing member provided in a display panel.

[0011] Means for Solving the Problems

[0012] A liquid crystal display device of the present inven-
tion includes:

[0013] a first substrate and a second substrate disposed to
face each other;

[0014] a sealing member disposed in a seal region that is a

region continuously formed in a ring shape along a frame
region that surrounds a display region, the sealing member
bonding the first substrate and the second substrate to each
other;

[0015] a liquid crystal layer provided in a region enclosed
by the sealing member between the first substrate and the
second substrate;

[0016] a first polarizing plate disposed on the first substrate
on a side opposite to a liquid crystal layer;

[0017] a second polarizing plate disposed on the second
substrate on a side opposite to a liquid crystal layer; and

[0018] a frame light-shielding layer disposed, at least
between the first substrate and the first polarizing plate, in a
region within the frame region that includes at least a part of
the seal region, the frame light-shielding layer defining a
frame light-shielding region.

[0019] With the configuration above, in a region within the
frame region, which includes at least a part of the seal region,
a frame light-shielding layer is disposed at least between the
first substrate and the first polarizing plate, and the frame
light-shielding layer defines a frame light-shielding region.
Therefore, even when the seal region and the frame light-
shielding region overlap each other, the sealing member can
be disposed so as to be directly adhered to the first substrate.
This makes it possible to achieve a layout of a frame region in
which the seal region and the frame light-shielding region
overlap each other, without decreasing the seal strength, and
as a result, the narrower frame in the display panel can be
realized.

[0020] When the frame light-shielding layer is disposed on
the surface of the substrate on a side facing the liquid crystal
layer as in a conventional liquid crystal display device, two
substrates are bonded by the sealing member after forming
the frame light-shielding layer. Therefore, if using a sealing
member made of a photosetting resin, itis necessary to design
a layout such that the seal region can receive light for curing
the sealing member. However, in the above-mentioned con-
figuration, because the frame light-shielding layer is disposed
between the first substrate and the first polarizing plate, the
frame light-shielding layer can be formed after the first sub-
strate and the second substrate are bonded to each other, that
is, after the sealing member is cured. This makes it possible to
form the frame light-shielding region without taking into
account a step of curing the sealing member. As a result, it is
possible not only to achieve the narrower frame by disposing
the frame light-shielding region and the seal region so as to
overlap each other, but also to use the entire frame region as
the frame light-shielding region. Therefore, excellent light-
shielding performance and excellent brightness characteris-
tics are obtained.

[0021] In the liquid crystal display device of the present
invention, it is preferable that the first substrate be a color
filter substrate that has colored layers provided for respective
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pixels, and the second substrate be an array substrate that has
switching elements formed so as to correspond to the respec-
tive pixels.

[0022] In the liquid crystal display device of the present
invention, it is preferable that, between the color filter sub-
strate and the first polarizing plate, an inter-pixel light-shield-
ing layer be formed of the same layer as the frame light-
shielding layer so as to correspond to a region that borders the
respective colored layers.

[0023] With this configuration, because the frame light-
shielding layer and the inter-pixel light-shielding layer are
formed in the same layer between the color filter substrate and
the first polarizing plate, it is possible to form the frame
light-shielding layer and the inter-pixel light-shielding layer
at the same time.

[0024] In the liquid crystal display device of the present
invention, the sealing member may be black.

[0025] With this configuration, because the sealing mem-
ber is black and allows little light to pass through, it is possible
to obtain excellent light-shielding performance in the seal
region.

[0026] The liquid crystal display device of the present
invention can be suitably used for a case in which the display
region is in a polygonal shape.

[0027] The liquid crystal display device of the present
invention can be suitably used for a case in which the display
region is in a circular shape.

[0028] A method of manufacturing a liquid crystal display
device of the present invention includes:

[0029] a mother substrate bonding step of bonding a first
mother substrate from which a plurality of color filter sub-
strates are formed and a second mother substrate from which
a plurality of array substrates are formed, thereby obtaining a
mother substrate assembly;

[0030] a first light-shielding material application step of
forming, by an ink-jet method, a light-shielding film on a
surface of the mother substrate assembly, which was obtained
in the mother substrate bonding step, on a side of the first
mother substrate in a region that corresponds to a frame
region;

[0031] a cutting step of cutting the mother substrate assem-
bly into individual panels, each of which has one color filter
substrate and one array substrate facing each other, after
forming the light-shielding film in the first light-shielding
material application step;

[0032] asecond light-shielding material application step of
applying a light-shielding material by an ink-jet method onto
asurface of a panel, which was obtained in the cutting step, in
a region that corresponds to a location where the light-shield-
ing film is formed, thereby forming a frame light-shielding
layer;

[0033] aliquid crystal layer forming step of filling a space
between the color filter substrate and the array substrate with
a liquid crystal material, the liquid crystal layer forming step
being performed before the mother substrate bonding step, or
after one of the mother substrate bonding step, the first light-
shielding material application step, the cutting step, and the
second light-shielding material application step;

[0034] a first polarizing plate bonding step of bonding a
first polarizing plate to a surface of the panel on a side of the
color filter substrate after the second light-shielding material
application step; and

[0035] a second polarizing plate bonding step of bonding a
second polarizing plate to a surface of the panel on a side of
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the array substrate, subsequent to one of the cutting step, the
second light-shielding material application step, and the first
polarizing plate bonding step.

[0036] With this manufacturing method, a light-shielding
film is formed as a base of the frame light-shielding layer in
the first light-shielding material application step after the
mother substrate bonding step, and thereafter, in the cutting
step, the mother substrate assembly is cut into individual
panels, each of which has one color filter substrate and one
array substrate facing each other. This makes it possible to
form a light-shielding film for a plurality of panels at once,
which increases efficiency. Also, if the mother substrate
assembly is cut after the light-shielding film is formed on the
mother substrate assembly, it is possible that the light-shield-
ing film has very small damage due to damage in the end face
of a panel. However, because the portion with very small
damage in the light-shielding film can be repaired by being
coated with a light-shielding material provided in the second
light-shielding material application step that follows the cut-
ting step. As a result, the frame light-shielding layer can
reliably shield light in the frame light-shielding region.

EFFECTS OF THE INVENTION

[0037] According to the present invention, a frame light-
shielding layer is disposed in a region within the frame region
that includes at least a part of the seal region at least between
the first substrate and the first polarizing plate, and the frame
light-shielding region is defined by the frame light-shielding
layer. Therefore, it is possible to dispose a sealing member so
as to be directly adhered to the first substrate even when the
seal region and the frame light-shielding region overlap each
other. This makes it possible to achieve a layout of the frame
region in which the seal region and the frame light-shielding
region overlap, without decreasing the seal strength. As a
result, a narrower frame in the display panel can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a schematic plan view of a liquid crystal
display device of Embodiment 1.

[0039] FIG. 2 is a schematic cross-sectional view along the
line II-1T in FIG. 1.

[0040] FIG. 3 is a plan view of a liquid crystal display
device, showing an enlarged view of the region III in FIG. 1.

[0041] FIG. 4is a cross-sectional view along the line I[V-IV
in FIG. 3.

[0042] FIG.5isacross-sectional view along the line V-V in
FIG. 3.

[0043] FIG. 6 is a cross-sectional view of a liquid crystal

display device of Modification Example 1, corresponding to
a cross-sectional view along the line IV-1V in FIG. 3.

[0044] FIG. 7 is a cross-sectional view of a liquid crystal
display device of Modification Example 2, corresponding to
a cross-sectional view along the line IV-1V in FIG. 3.

[0045] FIG. 8 is a cross-sectional view of a liquid crystal
display device of Modification Example 3, corresponding to
a cross-sectional view along the line IV-IV in FIG. 3.

[0046] FIG. 9 is a cross-sectional view of a liquid crystal
display device of Embodiment 2, corresponding to a cross-
sectional view along the line IV-1V in FIG. 3.

[0047] FIG. 10 is a cross-sectional view of a liquid crystal
display device of Modification Example 4, corresponding to
a cross-sectional view along the line IV-IV in FIG. 3.



US 2013/0128192 Al

[0048] FIG. 11 is a cross-sectional view of a liquid crystal
display device of Modification Example 5, corresponding to
a cross-sectional view along the line IV-1V in FIG. 3.

[0049] FIG. 12 is a cross-sectional view of a liquid crystal
display device of Modification Example 6, corresponding to
a cross-sectional view along the line IV-1V in FIG. 3.

[0050] FIG. 13 is a cross-sectional view of a liquid crystal
display device of Modification Example 7, corresponding to
a cross-sectional view along the line IV-1V in FIG. 3.

[0051] FIG. 14 is a cross-sectional view of a liquid crystal
display device of Modification Example 8, corresponding to
a cross-sectional view along the line IV-1V in FIG. 3.

[0052] FIG. 15 is a plan view of a liquid crystal display
device of Modification Example 9.

[0053] FIG. 16 is a cross-sectional view along the line
XVI-XVIin FIG. 15.

[0054] FIG. 17 is a plan view of a liquid crystal display
device of Modification Example 10.

[0055] FIG. 18 is a plan view of a liquid crystal display
device of Modification Example 11.

[0056] FIG. 19 is a plan view of a liquid crystal display
device, showing an enlarged view of the region XIX in FIG.
18.

[0057] FIG. 20 is a cross-sectional view of a liquid crystal
display device of Modification Example 12, corresponding to
a cross-sectional view along the line IV-IV in FIG. 3.

DETAILED DESCRIPTION OF EMBODIMENTS

[0058] Below, embodiments of the present invention will
be explained in detail with reference to figures. In the embodi-
ments below, as an example of a display device, an active
matrix type liquid crystal display device 10 having a thin film
transistor (TFT) in each pixel will be explained. However, the
present invention is not limited to the embodiments below,
and may have other configurations. In the respective embodi-
ments below, the same reference characters are given to con-
figurations that correspond to each other.

Embodiment 1

[0059] <Configuration of Liquid Crystal Display Device>
[0060] FIGS. 1 to 5 show the liquid crystal display device
10 of this embodiment. The liquid crystal display device 10
includes a color filter substrate 20 (first substrate) and an array
substrate 30 (second substrate) disposed so as to face each
other. The two substrates 20 and 30 are bonded to each other
by a sealing member 40 that is formed in a frame shape in a
seal region SL on the outer circumference thereof. In a space
surrounded by the sealing member 40 between the two sub-
strates 20 and 30, a liquid crystal layer 50 is provided as a
display layer.

[0061] The liquid crystal display device 10 has a rectangu-
lar display region D inside the sealing member 40, where a
plurality of pixels are arranged in a matrix, and a region that
surrounds the display region is a frame region F.

[0062] (Color Filter Substrate)

[0063] As shown in FIG. 4, in the color filter substrate 20,
respective colored layers of red colored layers 22R, green
colored layers 22G, and blue colored layers 22B are formed
on the surface of the substrate 21 on the side of the liquid
crystal layer 50 so as to correspond to respective pixels in the
display region D. On the respective colored layers 22R, 22G,
and 22B, a common electrode 23 is formed of ITO or the like
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in a thickness of about 100 nm, for example, and an alignment
film (not shown) is formed so as to cover the common elec-
trode 23.

[0064] As shown in a plan view of FIG. 3, in the display
region D, the common electrode 23 is formed so as to cover
the entire display region D. On the other hand, in the frame
region F, the common electrode 23 is formed so as to corre-
spond to regions where transfer pads 32, which will be
described below, are formed. The layout of the common elec-
trode 23 in the frame region F will be later described with
reference to FIGS. 4 and 5.

[0065] The color filter substrate 20 also includes, on the
surface of the substrate 21 on the side opposite to the liquid
crystal layer 50, an inter-pixel light-shielding layer 24 formed
s0 as to border the respective pixels in the display region D,
and a frame light-shielding layer 25 formed so as to cover the
entire frame region F. The frame light-shielding layer 25
defines a frame light-shielding region SD. That is, the frame
light-shielding region SD is formed so as to cover the entire
frame region F. The respective inter-pixel light-shielding
layer 24 and frame light-shielding layer 25 are formed of a
black resin, metal chrome, or the like, for example. The inter-
pixel light-shielding layer 24 and the frame light-shielding
layer 25 are formed of the same material in the same layer.
[0066] (Array Substrate)

[0067] Although not shown in the figures, the array sub-
strate 30 has a configuration that is conventionally known,
and includes, on a substrate 31, a plurality of gate lines that
extend in parallel with each other and a plurality of source
lines that extend in parallel with each other so as to intersect
with the gate lines through an insulating film, for example.
Semiconductor layers are disposed near respective intersec-
tions of the gate lines and the source lines, and thin film
transistors are disposed so as to correspond to the respective
pixels. A passivation film and an interlayer insulating film are
formed so as to cover them, and in each pixel, a pixel elec-
trode that is electrically connected to a TFT is provided. On
the pixel electrodes, an alignment film is formed so as to cover
the display region D.

[0068] A partofthe frame region F of the array substrate 30
is extended beyond the color filter substrate 20, thereby form-
ing a terminal region T where external connection terminals
(not shown) for mounting components and the like are pro-
vided. As shown in FIG. 3, in the frame region F, transfer pads
32 are formed to provide a common potential to the common
electrode 23 of the color filter substrate 20. The respective
transfer pads 32 are connected to transfer bus lines (not
shown) that are arranged in the terminal region T through
lead-out lines 32a.

[0069] As shown in FIG. 4, in a region where the transfer
pads 32 are not formed, the common electrode 23 is arranged
s0 as not to overlap the seal region SL. Because the common
electrode 23 is not formed in the seal region SL, the sealing
member 40 can be directly adhered to the substrate 21 in the
seal region SL, thereby ensuring the seal strength of the
sealing member 40.

[0070] On the other hand, as shown in FIG. 5, in the region
where the transfer pads 32 are formed, the common electrode
23 is formed so as to overlap the seal region SL. This way, the
common electrode 23 and the transfer pads 32 face each other
through the sealing member 40. As described below, the
sealing member 40 includes conductive beads (not shown)
mixed therein, and therefore, the common electrode 23 and
the transfer pads 32 are electrically connected through the
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conductive beads. This allows the transfer pads 32 to apply a
common potential to the common electrode 23.

[0071] (Sealing Member)

[0072] Inthe frame region F on the outer circumference of
the color filter substrate 20 and the array substrate 30, the seal
region SL is defined in a ring shape, and the sealing member
40 is disposed so as to extend along the seal region SL. The
sealing member 40 bonds the color filter substrate 20 and the
array substrate 30 to each other.

[0073] Thesealing member 40 is made of a sealing material
that is mainly made of an adhesive that has fluidity such as a
thermal-setting resin or a UV curable resin (acrylic resin or
epoxy resin, for example), and is formed by curing such a
material by heat application or UV light radiation. The seal-
ing member 40 has conductive beads mixed therein, for
example, and functions as a medium for electrically connect-
ing the common electrode 23 to the transfer pads 32. The
sealing member 40 has a width of about 0.4 to 0.8 mm, for
example.

[0074] The seal region SL is formed so as to overlap the
frame light-shielding region SD in a plan view. Because the
seal region SL and the frame light-shielding region SD are
disposed so as to overlap each other, the frame region can be
made narrower. A space between the display region D and the
seal region SL is set to about 0.2 to 0.5 mm, for example.
[0075] (Liquid Crystal Layer)

[0076] The liquid crystal layer 50 is made of a nematic
liquid crystal material or the like that has electrooptic char-
acteristics.

[0077] (Polarizing Plate)

[0078] The first and second polarizing plates 61 and 62 are
respectively provided on a surface of the color filter substrate
20 and a surface of the array substrate 30. Each of the first and
second polarizing plates 61 and 62 has a known configura-
tion.

[0079] In the liquid crystal display device 10 having the
above configuration, one pixel is defined for each pixel elec-
trode, and in each pixel, when the TFT is turned on as a result
of a gate signal sent through the gate line, a source signal is
received through the source line, causing prescribed electrical
charges to be written into the pixel electrode through the
source electrode and the drain electrode. This creates a dif-
ference in potential between the pixel electrode and the com-
mon electrode 23 of the color filter substrate 20, and as a
result, a prescribed voltage is applied to a liquid crystal
capacitance made of the liquid crystal layer 50. The orienta-
tion state of the liquid crystal molecules changes depending
on the size of the voltage applied thereto, and by utilizing the
change in the orientation state to adjust the transmittance of
light that enters from the outside, the liquid crystal display
device 10 displays an image.

[0080] <Manufacturing Method of Liquid Crystal Display
Device>

[0081] Below, amethod of manufacturing the liquid crystal
display device 10 of this embodiment will be explained. Here,
two methods of manufacturing the liquid crystal display
device 10 are explained as the first manufacturing method and
the second manufacturing method.

[0082] (First Manufacturing Method of Liquid Crystal Dis-
play Device)
[0083] The first manufacturing method of the liquid crystal

display device 10 includes a mother substrate fabricating
process, a liquid crystal layer forming process, a mother
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substrate bonding process, a light-shielding material applica-
tion process, a cutting process, and a first and second polar-
izing plates bonding process.

[0084] Mother Substrate Fabricating Process

[0085] First, a first mother substrate for forming a plurality
of color filter substrates 20 is fabricated. For example, at first,
colored layers 22R, 22G, and 22B are formed on the first
mother substrate by a known method, and after forming a
common electrode 23 thereon, an alignment film is formed.
Separately from the first mother substrate, a second mother
substrate for forming a plurality of array substrates 30 is
fabricated by a known method.

[0086] Liquid Crystal Layer Forming Process

[0087] Next, by a known method, a sealing material is
applied on the first mother substrate so as to enclose each
region that becomes a display region D in a frame shape (that
is, in each region that becomes a frame region F). Thereafter,
by a dispenser method or the like, for example, a liquid crystal
material is dropped onto the first mother substrate in each
region enclosed by the sealing material, thereby forming a
liquid crystal layer 50.

[0088] Mother Substrate Bonding Process

[0089] Thereafter, the first mother substrate and the second
mother substrate are arranged such that the respective display
regions D face each other, and by bonding the two substrates,
a mother substrate assembly is obtained. Next, by radiating
UV light and/or applying heat to regions where the sealing
material is disposed in the mother substrate assembly, the
sealing material is cured, thereby forming a sealing member
40. The region where the sealing member 40 is provided is a
seal region SL.

[0090] Light-Shielding Material Application Process
[0091] A light-shielding material is applied by an ink-jet
method to a surface of the first mother substrate to form a light
shielding film in regions where the frame regions are to be
formed (regions where frame light-shielding layers 25 are to
be formed) and where inter-pixel light-shielding layers 24 are
to be formed, thereby forming frame light-shielding layers 25
and inter-pixel light-shielding layers 24. Because curing of
the sealing material was performed in the mother substrate
bonding process, the sealing material is already cured when
the light-shielding material is applied, which eliminates a
problem of insufficient curing of the sealing material due to
the frame light-shielding layer 25 blocking light from enter-
ing the seal region SL. Thus, it is possible to form the frame
light-shielding layer 25 such that the entire frame region F is
used as the frame light-shielding region SD.

[0092] Cutting Process

[0093] After the light-shielding film is formed on the sur-
face of'the first mother substrate, the mother substrate assem-
bly is cut into individual panels in a size where one color filter
substrate 20 and one array substrate 30 face each other.
[0094] First and Second Polarizing Plates Bonding Process
[0095] At last, in each panel, a first polarizing plate 61 is
bonded to a surface of the color filter substrate 20, and a
second polarizing plate 62 is bonded to a surface of the array
substrate 30, respectively. By bonding the first polarizing
plate 61 to the surface of the color filter substrate 20, the
inter-pixel light-shielding layer 24 and the frame light-shield-
ing layer 25 are sandwiched by the color filter substrate 20
and the first polarizing plate 61. Thereafter, by mounting a
driver module and the like onto the panel that has the first and
second polarizing plates 61 and 62 bonded thereto, the liquid
crystal display device 10 can be obtained.
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[0096] (Second Manufacturing Method of Liquid Crystal
Display Device)

[0097] The second manufacturing method of the liquid
crystal display device 10 includes a mother substrate fabri-
cating process, a liquid crystal layer forming process, a
mother substrate bonding process, a first light-shielding
material application process, a cutting process, a second
light-shielding material application process, and a first and
second polarizing plates bonding process.

[0098] Mother Substrate Fabricating Process to Mother
Substrate Bonding Process

[0099] At first, in a manner similar to the first manufactur-
ing method above, the mother substrate fabricating process,
the liquid crystal layer forming process, and the mother sub-
strate bonding process are performed, thereby obtaining a
mother substrate assembly.

[0100] First Light-Shielding Material Application Process
[0101] Next, a light-shielding material is applied by an
ink-jet method to a surface of the first mother substrate in
regions where the frame regions are to be formed (regions
where frame light-shielding layers 25 are to be formed) and
where inter-pixel light-shielding layers 24 are to be formed,
thereby forming a light-shielding film. This light-shielding
film is used to form the inter-pixel light-shielding layers 24
and the frame light-shielding layers 25. Because curing of the
sealing material was performed in the mother substrate bond-
ing process, the sealing material is already cured when the
light-shielding material is applied, which eliminates a prob-
lem of insufficient curing of the sealing material due to the
frame light-shielding layer 25 blocking light from entering
the seal region SL. Thus, it is possible to form the light-
shielding film such that the entire frame region F is used as the
frame light-shielding region SD.

[0102] Cutting Process

[0103] After the surface of the first mother substrate is
coated with a light-shielding film, the mother substrate
assembly is cut into individual panels in a size where one
color filter substrate 20 and one array substrate 30 face each
other.

[0104] Second Light-Shielding Material Application Pro-
cess
[0105] Next, a light-shielding material is applied by an

ink-jet method to each panel obtained through the cutting
process so0 as to coat the area where the light-shielding film is
formed, thereby forming the inter-pixel light-shielding layer
24 and the frame light-shielding layer 25, respectively. This
way, even if an end of the light-shielding film formed in the
first light-shielding material application process is damaged
in the cutting process, because the light-shielding film is
coated with another layer of the light-shielding material, it is
possible to achieve excellent light-shielding performance in
the inter-pixel light-shielding layer 24 and in the frame light-
shielding layer 25, respectively.

[0106] First and Second Polarizing Plates Bonding Process
[0107] At last, in each panel, a first polarizing plate 61 is
bonded to a surface of the color filter substrate 20, and a
second polarizing plate 62 is bonded to a surface of the array
substrate 30, respectively. By bonding the first polarizing
plate 61 to the surface of the color filter substrate 20, the
inter-pixel light-shielding layer 24 and the frame light-shield-
ing layer 25 are sandwiched by the color filter substrate 20
and the first polarizing plate 61. Thereafter, by mounting a
driver module and the like onto the panel that has the first and
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second polarizing plates 61 and 62 bonded thereto, the liquid
crystal display device 10 can be obtained.

[0108] In the first manufacturing method and the second
manufacturing method, manufacturing methods in which the
inter-pixel light-shielding layer 24 and the frame light-shield-
ing layer 25 are formed of a black resin were explained.
However, when the respective light-shielding layers are to be
formed of a metal, these layers can be formed by photolithog-
raphy, for example.

[0109] Also, in the first manufacturing method and the sec-
ond manufacturing method, the liquid crystal layer forming
process by the one drop fill method was performed before the
mother substrate bonding process, but the present invention is
not limited to such. For example, the liquid crystal layer 50
may be formed by a liquid crystal injection method after the
mother substrate bonding process, or the liquid crystal layer
50 may be formed by a liquid crystal injection method after
the light-shielding material application process. Further, the
liquid crystal layer 50 may be formed by a liquid crystal
injection method after obtaining a panel by cutting the mother
substrate assembly in the cutting process.

[0110] In the first manufacturing method and the second
manufacturing method, the panels were obtained by cutting
the mother substrate assembly after bonding the first mother
substrate and the second mother substrate, but the present
invention is not limited to such. For example, it is also pos-
sible to constitute a panel by bonding a single color filter
substrate 20 and a single array substrate 30 to each other.
[0111] Also, in the first manufacturing method and the sec-
ond manufacturing method, the first polarizing plate and the
second polarizing plate were bonded at the same time, but the
presentinvention is not limited to such. The second polarizing
plate may be bonded to a panel any time after the mother
substrate assembly is divided into panels in the cutting pro-
cess.

[0112] <Effects of Embodiment 1>

[0113] With the configuration of this embodiment, the
frame light-shielding layer 25 is disposed in the frame region
F between the color filter substrate 20 and the first polarizing
plate 61, thereby forming the frame light-shielding region
SD. Therefore, even if the seal region SL and the frame
light-shielding region SD overlap each other in a plan view, it
is possible to dispose the sealing member 40 such that the
sealing member 40 is directly adhered to the color filter sub-
strate 20. This makes it possible to achieve a layout of the
frame region F in which the seal region SL and the frame
light-shielding region SD overlap, without decreasing the
seal strength. As a result, a narrower frame in the display
panel can be achieved.

[0114] In the liquid crystal display device 10 of this
embodiment, the frame light-shielding layer 25 is disposed
between the color filter substrate 20 and the first polarizing
plate 61. If the frame light-shielding layer is disposed on a
surface of the color filter substrate on the side facing the liquid
crystal layer as in a conventional liquid crystal display device,
two substrates would be bonded to each other by the sealing
member after the frame light-shielding layer was formed.
Therefore, if the region where the sealing member is disposed
is blocked by the frame light-shielding layer, it would be
difficult to cure the sealing member by light radiation. This
would create a need to form the frame light-shielding layer so
as not to overlap the seal region. However, in the liquid crystal
display device 10 of this embodiment, the frame light-shield-
ing layer 25 is to be disposed between the color filter substrate
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20 and the first polarizing plate 61, the frame light-shielding
layer 25 is formed after the color filter substrate 20 and the
array substrate 30 are bonded to each other, that is, after the
sealing member 40 is cured. This makes it possible to form the
frame light-shielding region SD without taking into account a
step of curing the sealing member 40. As a result, it is possible
to arrange the frame light-shielding region SD and the seal
region SL so as to overlap each other in a plan view, which
makes possible a narrower frame. Also, it is possible to use the
entire frame region F as the frame light-shielding region SD.
This allows for an excellent light-shielding performance in
the frame region F, and the liquid crystal display device 10 can
perform a display with higher brightness.

[0115] Although the frame light-shielding layer 25 is dis-
posed on the surface of the color filter substrate 20 of the
panel, because the frame light-shielding layer 25 is formed
between the color filter substrate 20 and the first polarizing
plate 61, it eliminates a possibility that the first polarizing
plate 61 is damaged due to external influences.

[0116]

[0117] In Embodiment 1, the frame light-shielding region
SD was disposed so as to cover the entire frame region F, but
the present invention is not limited to such. The frame light-
shielding region SD may be disposed so as to cover a part of
the frame region F. In this case, in order to improve display
brightness by preventing light leakage from a display region,
it is preferable that the frame light-shielding region SD be
provided in the frame region F so as to include a border
between the frame region F and the display region D as shown
in FIG. 6 as Modification Example 1. In Embodiment 1, the
entire seal region S was disposed within the frame light-
shielding region SD in a plan view, but if the frame light-
shielding region SD is not formed so as to cover the entire
frame region F, the seal region SL. may be disposed so as to
overlap a part of the frame light-shielding region SD as shown
in FIG. 6.

[0118] In Embodiment 1, the common electrode 23 of the
color filter substrate 20 was disposed such that the common
electrode 23 does not overlap the seal region SL in a region
where the transfer pads 32 are not formed, but alternatively,
the common electrode 23 may be disposed such that a part
thereof overlaps a part of the seal region SL as shown in FIG.
7 as Modification Example 2, for example. Even with this
configuration, in the seal region SL, the sealing member 40 is
directly adhered to the substrate 21 in regions where the
sealing member 40 does not overlap the common electrode
23, and therefore, a sufficient seal strength can be ensured by
those regions.

[0119] In Embodiment 1, the inter-pixel light-shielding
layer 24 and the frame light-shielding layer 25 were made of
the same material in the same layer, but the present invention
is not limited to such as long as the frame light-shielding layer
25 is disposed between the color filter substrate 20 and the
first polarizing plate 61. For example, as shown in FIG. 8 as
Modification Example 3, the inter-pixel light-shielding layer
24 may be formed on the surface of the substrate 21 on the
side facing the liquid crystal layer 50. However, it is prefer-
able that the inter-pixel light-shielding layer 24 and the frame
light-shielding layer 25 be disposed in the same layer because
it allows the inter-pixel light-shielding layer 24 and the frame
light-shielding layer 25 to be formed at the same time, and the
manufacturing process can be simplified.

<Modification Examples of Embodiment 1>
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Embodiment 2

[0120] <Configuration of Liquid Crystal Display Device>

[0121] FIG. 9 shows a liquid crystal display device 10 of
Embodiment 2. FIG. 9 is a cross-sectional view that corre-
sponds to a cross-sectional view along the line IV-IV in FIG.
3 that is a plan view of the liquid crystal display device 10 of
Embodiment 1. In a manner similar to Embodiment 1, the
liquid crystal display device 10 has a color filter substrate 20
(first substrate) and an array substrate 30 (second substrate)
facing each other, and the two substrates 20 and 30 are bonded
to each other by a sealing member 40 that is disposed in a
frame shape in a seal region SL on the outer circumference
thereof. In a space surrounded by the sealing member 40
between the two substrates 20 and 30, a liquid crystal layer 50
is provided as a display layer.

[0122] The liquid crystal display device 10 has a display
region D inside the sealing member 40, where a plurality of
pixels are arranged in a matrix, and a region that surrounds the
display region is a frame region F.

[0123] (Color Filter Substrate)

[0124] In the color filter substrate 20, respective colored
layers of red colored layers 22R, green colored layers 22G,
and blue colored layers 22B are formed on the surface of the
substrate 21 on the side facing the liquid crystal layer 50 so as
to correspond to respective pixels in the display region D. An
inter-pixel light-shielding layer 24a is formed on the respec-
tive color layers 22R, 22G, and 22B so as to border the
respective pixels. On the respective colored layers 22R, 22G,
and 22B, a common electrode 23 is formed of ITO or the like
in a thickness of about 100 nm, for example, and an alignment
film (not shown) is formed so as to cover the common elec-
trode 23. The color filter substrate 20 also has a frame light-
shielding layer 25a on the surface of the substrate 21 on the
side facing the liquid crystal layer 50 in a region within the
frame region F between the seal region SL. and the display
region D. The respective inter-pixel light-shielding layer 24a
and frame light-shielding layer 25a are formed of a black
resin, metal chrome, or the like, for example. The inter-pixel
light-shielding layer 244 and the frame light-shielding layer
25a are formed of the same material in the same layer.

[0125] Inthe display region D, the common electrode 23 is
formed so as to cover the entire display region D. On the other
hand, in the frame region F, the common electrode 23 is
formed so as to correspond to regions where transfer pads 32
are formed.

[0126] The color filter substrate 20 also includes, on the
surface of the substrate 21 on the side opposite to the liquid
crystal layer 50, an inter-pixel light-shielding layer 244
formed so as to border the respective pixels in the display
region D, and a frame light-shielding layer 255 formed so as
to cover the entire frame region F. The frame light-shielding
region SD is defined by the frame light-shielding layer 25.
That is, the frame light-shielding region SD is formed so as to
cover the entire frame region F. The respective inter-pixel
light-shielding layer 245 and frame light-shielding layer 256
are formed of a black resin, metal chrome, or the like, for
example. The inter-pixel light-shielding layer 245 and the
frame light-shielding layer 255 are formed of the same mate-
rial in the same layer.

[0127] (Array Substrate)

[0128] In a manner similar to Embodiment 1, the array
substrate 30 has a configuration that is conventionally known.
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[0129] (Sealing Member)

[0130] In a manner similar to Embodiment 1, on the outer
circumference of the color filter substrate 20 and the array
substrate 30, the seal region SL is defined in a ring shape in the
frame region F, and the sealing member 40 is disposed so as
to extend along the seal region SL. The sealing member 40
bonds the color filter substrate 20 and the array substrate 30 to
each other.

[0131] (Liquid Crystal Layer)

[0132] The liquid crystal layer 50 is made of a nematic
liquid crystal material or the like that has electrooptic char-
acteristics.

[0133] (Polarizing Plate)

[0134] The first and second polarizing plates 61 and 62 are
respectively provided on a surface of the color filter substrate
20 and a surface of the array substrate 30. Each of the first and
second polarizing plates 61 and 62 has a known configura-
tion.

[0135] In the liquid crystal display device 10 having the
above configuration, one pixel is defined for each pixel elec-
trode, and in each pixel, when the TFT is turned on as a result
of a gate signal sent through the gate line, a source signal is
received through the source line, causing prescribed electrical
charges to be written into the pixel electrode through the
source electrode and the drain electrode. This creates a dif-
ference in potential between the pixel electrode and the com-
mon electrode 23 of the color filter substrate 20, and as a
result, a prescribed voltage is applied to a liquid crystal
capacitance made of the liquid crystal layer 50. The orienta-
tion state of the liquid crystal molecules changes depending
on the size of the voltage applied thereto, and by utilizing the
change in the orientation state to adjust the transmittance of
light that enters from the outside, the liquid crystal display
device 10 displays an image.

[0136] <Manufacturing Method of Liquid Crystal Display
Device>
[0137] The manufacturing method of the liquid crystal dis-

play device 10 includes a mother substrate fabricating pro-
cess, a liquid crystal layer forming process, a mother sub-
strate bonding process, a light-shielding material application
process, a cutting process, and a first and second polarizing
plates bonding process.

[0138] Mother Substrate Fabricating Process

[0139] First, a first mother substrate for forming a plurality
of color filter substrates 20 is fabricated. For example, at first,
colored layers 22R, 22G, and 22B are formed on the first
mother substrate by a known method, and thereafter, by an
ink-jet method or the like, for example, the inter-pixel light-
shielding layer 24a is formed so as to border the respective
pixels, and the frame light-shielding layer 254 is formed in
the frame region F. Next, the common electrode 23 is formed
so as to cover the colored layers 22R, 22G, and 22B, the
inter-pixel light-shielding layer 24a, the frame light-shielding
layer 255, and the like. Thereafter, an alignment film is
formed. Separately from the first mother substrate, a second
mother substrate for forming a plurality of array substrates 30
is fabricated by a known method.

[0140] Liquid Crystal Layer Forming Process to Polarizing
Plate Bonding Process

[0141] After the mother substrate fabricating process, a
liquid crystal layer forming process, a mother substrate bond-
ing process, a light-shielding material application process, a
cutting process, and a first and second polarizing plates bond-
ing process are performed. These processes are formed in the
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same manner as the first manufacturing method in Embodi-
ment 1, and therefore, the descriptions are omitted.

[0142] <Effects of Embodiment 2>

[0143] In the liquid crystal display device 10 of this
embodiment, the inter-pixel light-shielding layers 24a and
24b and the frame light-shielding layers 254 and 2556 are
formed on both surfaces of the color filter substrate 20 on the
side facing the liquid crystal layer 50 and on the side opposite
thereto. This makes it possible to achieve an excellent light-
shielding performance, in addition to the effects obtained in
Embodiment 1. Thus, an excellent display performance with
high brightness can be achieved.

[0144] <Modification Examples of Embodiment 2>
[0145] In Embodiment 2, the color filter substrate 20 was
provided with the frame light-shielding layer 25a that is
formed on the surface of the substrate 21 on the side facing the
liquid crystal layer 50 in a region within the frame region F
between the seal region SL and the display region D. How-
ever, the present invention is not limited to such. For example,
as shown in FIG. 10 as Modification Example 4, it is possible
that a frame light-shielding layer is not formed on the surface
of the substrate 21 on the side facing the liquid crystal layer
50, and that the frame light-shielding region SD is formed in
the frame region F by the frame light-shielding layer 2556
formed between the substrate 21 and the first polarizing plate
61. Also, as shown in FIG. 11 as Modification Example 5, the
frame light-shielding layer 25a may be formed such that a
part thereof overlaps a part of the seal region SL. In this case,
although the seal strength is reduced in the region where the
frame light-shielding layer 254 and the seal region SL. overlap
due to the sealing member 40 not being directly adhered to the
substrate 21, because the sealing member 40 is directly
adhered to the substrate 21 in a region of the seal region SL.
where the sealing member 40 does not overlap the frame
light-shielding layer 25aq, a sufficient seal strength can be
ensured.

Other Embodiments

[0146] InEmbodiments 1 and2, the first polarizing plate 61
was disposed on the color filter substrate 20 on the side
opposite to the liquid crystal layer 50, but the present inven-
tion is not limited to such. For example, it is possible that the
array substrate 30 and the color filter substrate 20 respectively
serve as the first substrate and the second substrate, and that
the first polarizing plate 61 is formed on a surface of the array
substrate 30 and the second polarizing plate 62 is formed on
a surface of the color filter substrate 20. In this case, as shown
in FIG. 12 as Modification Example 6, an inter-pixel light-
shielding layer 34 and a frame light-shielding layer 35 are
disposed between the array substrate 30 and the first polariz-
ing plate 61.

[0147] With the liquid crystal display device 10 having the
configuration of Modification Example 6, it is possible to
form the inter-pixel light-shielding layer 34 in a proper posi-
tion relative to TFTs that are formed on the array substrate 30,
and as a result, it is possible to prevent openings from being
smaller due to alignment errors between the inter-pixel light-
shielding layer and TFTs. However, taking into account a
possibility that light that passed through the respective col-
ored layers 22R, 22G, and 22B is refracted and leaks to
adjacent pixels, thereby causing a degradation of color purity,
it is preferable that the first polarizing plate 61 be formed on
a surface of the color filter substrate 20 and that the inter-pixel
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light-shielding layer 24 and the frame light-shielding layer 25
be disposed between the color filter substrate 20 and the first
polarizing plate 61.

[0148] In Embodiments 1 and 2, the inter-pixel light-
shielding layer 24 (24a, 24b) and the frame light-shielding
layer 25 (25a, 25b) were formed on the surface of the color
filter substrate 20. However, as shown in FIG. 13 as Modifi-
cation Example 7, the inter-pixel light-shielding layer 34 and
the frame light-shielding layer 35 may further be provided
between the array substrate 30 and the second polarizing plate
62.

[0149] InEmbodiments 1 and 2, the color filter substrate 20
and the array substrate 30 were bonded to each other by the
sealing member 40 that is made of a transparent acrylic resin,
epoxy resin, or the like. However, as shown in FIG. 14 as
Modification Example 8, for example, the color filter sub-
strate 20 and the array substrate 30 may be bonded to each
other by a black sealing member 41. The black sealing mem-
ber 41 may be formed of a material that is obtained by adding
a black colorant such as carbon black to an acrylic resin, an
epoxy resin, or the like, for example. When the two substrates
20 and 30 are bonded by the black sealing member 41, which
allows little light to pass through, light-shielding perfor-
mance can be improved as compared with a case where the
sealing member 40, which is transparent, is used.

[0150] In Embodiments 1 and 2, the transfer pads 32 were
arranged ina manner shown in the plan view of FIG. 3, but the
present invention is not limited to such. For example, as
shown in FIG. 15 as Modification Example 9, instead of
providing transfer pads at the corners of the array substrate
30, the transfer pads 32 may be provided in the middle portion
of each side.

[0151] When the transfer pads 32 are arranged as in Modi-
fication Example 9, the sealing member 40 can be directly
adhered to the substrate 21 at the corners of the substrates of
the liquid crystal display device 10 as shown in FIG. 16,
thereby achieving an excellent seal strength.

[0152] Intheliquid crystal display device 10, corners of the
substrates generally require a greater strength as compared
with other portions, and therefore, with the configuration of
Modification Example 9, a sufficient seal strength can be
ensured more efficiently in the liquid crystal display device
10 as a whole.

[0153] InEmbodiments 1 and 2, the display region D of the
liquid crystal display device 10 was in a rectangular shape,
but the present invention is not limited to this. For example,
the display region D may have a polygonal shape or a circular
shape instead of a rectangular shape. If the display region D is
formed in a polygonal shape, the shape of the display region
D may be a decagram as shown in FIG. 17 as Modification
Example 10, for example, or may be a triangle, a pentagon, or
the like. If the display region D is formed in a circular shape,
the shape of the display region may be a perfect circle as
shown in FIG. 18 as Modification Example 11, for example,
or may be an oval or an ellipse. In addition to rectangular,
polygonal, and circular shapes, any appropriate shape may be
used as the shape of the display region D.

[0154] When the display region D is in a shape other than a
rectangular shape, it is possible that there are some pixels that
are partially covered by the frame light-shielding region SD
near the border between the display region D and the frame
region F. For example, when the display region D is in a
circular shape, some pixels are partially covered by the frame
light-shielding region SD as shown with a pixel P1 in FIG. 19.
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When such a pixel P1 is present, if the frame light-shielding
layer is formed on the color filter substrate on the side facing
the liquid crystal layer, a step between the frame light-shield-
ing layer and the color filter is created, possibly causing
disarrayed liquid crystal orientation in the pixel P1. However,
because the frame light-shielding layer 25 is formed on the
color filter substrate 20 on the side opposite to the liquid
crystal layer 50, the above-mentioned problem can be pre-
vented.

[0155] In Embodiments 1 and 2, the inter-pixel light-
shielding layer 24 (24a, 245) and the frame light-shielding
layer 25 (254, 25b) were disposed between the color filter
substrate 20 and the first polarizing plate 61, but as shown in
FIG. 20 as Modification Example 12, a planarizing film 26
may further be provided so as to cover the outer surface of the
color filter substrate 20. The polarizing film 26 is formed so as
to fill spaces between the inter-pixel light-shielding layer 24
and the frame light-shielding layer 25 on the color filter
substrate 20 and so as to planarize the surface of the color
filter substrate 20. With the configuration of Modification
Example 12, the surface of the color filter substrate 20 can be
planarized by the planarizing film 26, and it is possible to
eliminate a gap between the color filter substrate 20 and the
first polarizing plate 61 in regions where the inter-pixel light-
shielding layer 24 or the frame light-shielding layer 25 is not
formed. This prevents light that passes through the color filter
substrate 20 and the first polarizing plate 61 from being
refracted at the gap therebetween, thereby achieving superior
display visibility. The planarizing film 26 may be formed of
an adhesive film such as an acrylic gel sheet that is used to
bond the first polarizing plate 61 to the color filter substrate
20, or may be formed of a transparent resin layer made of a
transparent resin coating such as an acrylic resin with a pla-
narized surface. It is preferable that the planarizing film 26 be
made of a material that has the same refractive index as that of
the first polarizing plate 61.

INDUSTRIAL APPLICABILITY

[0156] The present invention is useful as a liquid crystal
display device that can achieve a narrower frame without
decreasing the seal strength and as a manufacturing method
thereof.

DESCRIPTION OF REFERENCE CHARACTERS

[0157] D display region

[0158] F frame region

[0159] SD frame light-shielding region

[0160] SL seal region

[0161] 10 liquid crystal display device

[0162] 20 color filter substrate (first substrate)
[0163] 24, 24a, 24b, 34 inter-pixel light-shielding layer
[0164] 25,25q, 255, 35 frame light-shielding layer
[0165] 30 array substrate (second substrate)

[0166] 40 sealing member

[0167] 41 black sealing member

[0168] 50 liquid crystal layer

[0169] 61 first polarizing plate

[0170] 62 second polarizing plate

1. A liquid crystal display device, comprising:

a first substrate and a second substrate disposed to face
each other;

a sealing member provided in a seal region that is a region
continuously formed in a ring shape along a frame



US 2013/0128192 Al

region that surrounds a display region, the sealing mem-
ber bonding the first substrate and the second substrate
to each other;

a liquid crystal layer provided in a region enclosed by the
sealing member between the first substrate and the sec-
ond substrate;

a first polarizing plate disposed on the first substrate on a
side opposite to the liquid crystal layer;

a second polarizing plate disposed on the second substrate
on a side opposite to the liquid crystal layer; and

a frame light-shielding layer disposed, at least between the
first substrate and the first polarizing plate, in a region
within the frame region that overlaps at least a part of the
seal region, the frame light-shielding layer defining a
frame light-shielding region.

2. The liquid crystal display device according to claim 1,
wherein the first substrate is a color filter substrate that has
colored layers provided for respective pixels, and

wherein the second substrate is an array substrate that has
switching elements formed so as to correspond to the
respective pixels.

3. The liquid crystal display device according to claim 2,
wherein, between the color filter substrate and the first polar-
izing plate, an inter-pixel light-shielding layer is formed of a
same layer as the frame light-shielding layer so as to corre-
spond to a region that borders the respective colored layers.

4. The liquid crystal display device according to claim 1,
wherein the sealing member is black.

5. The liquid crystal display device according to claim 1,
wherein the display region is in a polygonal shape.

6. The liquid crystal display device according to claim 1,
wherein the display region is in a circular shape.

7. A method of manufacturing the liquid crystal display
device according to claim 2, comprising:

a mother substrate bonding step of bonding a first mother

substrate from which a plurality of said color filter sub-
strates are formed and a second mother substrate from
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which a plurality of said array substrates are formed,
thereby forming a mother substrate assembly;

a first light-shielding material application step of forming,
by an ink-jet method, a light-shielding film on a surface
of the mother substrate assembly, which was obtained in
the mother substrate bonding step, on a side of the first
mother substrate in a region that corresponds to a frame
region;

a cutting step of cutting the mother substrate assembly into
individual panels, each of which has one color filter
substrate and one array substrate facing each other, after
forming the light-shielding film in the first light-shield-
ing material application step;

a second light-shielding material application step of apply-
ing a light-shielding material by an ink-jet method on a
surface of a panel, which was obtained in the cutting
step, in a region that corresponds to a location where the
light-shielding film is formed, thereby forming a frame
light-shielding layer;

aliquid crystal layer forming step of filling a space between
the color filter substrate and the array substrate with a
liquid crystal material, the liquid crystal layer forming
step being performed before the mother substrate bond-
ing step, or after one of the mother substrate bonding
step, the first light-shielding material application step, a
cutting step, and the second light-shielding material
application step;

a first polarizing plate bonding step of bonding a first
polarizing plate to a surface of the panel on a side of the
color filter substrate after the second light-shielding
material application step; and

a second polarizing plate bonding step of bonding a second
polarizing plate to a surface of the panel on a side of the
array substrate, subsequent to one of the cutting step, the
second light-shielding material application step, and the
first polarizing plate bonding step.
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