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The counter electrode is opposed to the active matrix sub-
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surrounds the liquid crystal layer between the active matrix
substrate and the counter substrate, joins the active matrix
substrate and the counter substrate and seals the liquid crystal
layer. A portion of the surface on the liquid crystal layer side
of the active matrix substrate which is located at the periphery
of the liquid crystal display panel is flat.
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DISPLAY PANEL COMPRISING A MARK
LOCATED OUTSIDE OF A SEALANT AND A
FLATTENING FILM INCLUDING A SEALING
EXPOSING PORTION

BACKGROUND OF THE INVENTION

1. Summary of the Invention

The present invention relates to a display panel.

2. Description of the Related Art

A flat display panel typified by a liquid crystal display
panel includes a pair of substrates of which peripheral por-
tions are joined to each other by means of a sealant and a
display medium layer (for example, a liquid crystal layer)
introduced in a cell formed by the pair of substrates and the
sealant. For manufacturing such a flat display panel, espe-
cially, for manufacturing a flat display panel comparatively
small in size, a method is employed, with a view to achieving
high production efficiency, in which a plurality of cells (con-
stitutional units) are formed on a large-size mother glass
substrate; scribe lines for individually dividing the plurality
of cells thus formed are formed; then the cells (constitutional
units) are divided individually along the scribe lines (see
Japanese Unexamined Patent Application Publication No.
2003-222904 and Japanese Unexamined Patent Application
Publication No. 2004-212690, for example).

In the conventional scribing method as disclosed in Japa-
nese Unexamined Patent Application Publication No. 2003-
222904 and Japanese Unexamined Patent Application Publi-
cation No. 2004-212690, however, chips and cracks may be
formed in the glass substrate which lowers the efficiency
percentage. In other words, the conventional flat display
panel involves insufficient manufacturing efficiency (effi-
ciency percentage). Particularly, recent progress in thinning
the flat display panel accompanies thinning of the glass sub-
strates used, and therefore, a flat display panel using such thin
glass substrates (glass substrates having a thickness of 0.5
mm or smaller or 0.4 mm or smaller, for example) makes the
above problem more significant.

SUMMARY OF THE INVENTION

In order to overcome the problems described above, pre-
ferred embodiments of the present invention provide a dis-
play panel that is capable of being manufactured with high
production efficiency.

A display panel in accordance with a preferred embodi-
ment of the present invention includes: a first substrate; a
second substrate opposed to the first substrate; a display
medium layer provided between the first substrate and the
second substrate; an a sealant surrounding the display
medium layer between the first substrate and the second sub-
strate to join the first substrate and the second substrate and
sealing the display medium layer. In the display panel in
accordance with the present preferred embodiment of the
present invention, a portion of a surface on a display medium
layer side of the first substrate which is located at a periphery
of thedisplay panel is flat. It is preferable that each portion of
the surfaces (the surface on the display medium layer side and
the surface on the opposite side of the display medium layer
side) of the first substrate which is located at the periphery of
the display panel is flat. More preferably, these surfaces are
flat and smooth.

The first substrate may include a first substrate body and a
flattening film covering at least an entirety of the portion of
the surface on the display medium layer side of the first
substrate body which is located at the periphery of the display
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panel. The flattening film may be a resin film. In the present
specification, the term “resin film” means a film containing
organic resin or silicon resin. Further, the term “display
medium layer” means a layer of which light transmittance or
light reflectance is modified by potential difference between
electrodes opposed to each other or a layer spontaneously
emitting light by current flowing between the electrodes
opposed to each other. Specifically, the display medium layer
includes, for example, liquid crystal layers, inorganic or
organic electroluminescent layers, light emitting gas layers,
electrophoretic layers, electrochromic layers, and the like.
Accordingly, the display panel in accordance with the present
preferred embodiment of the present invention may be a
liquid crystal display panel, an inorganic or organic electrolu-
minescent display panel, or the like.

Moreover, the term “flat” in the present specification
means flatto such an extent that the micro variation amount of
a surface is about 0.3 um or smaller, for example. The micro
variation amount of a surface can be measured by a probe type
surface profiling device, P-15 manufactured by KL A-Tencor
Corporation.

The first substrate may be an active matrix substrate. Spe-
cifically, the first substrate further may include: a plurality of
thin film transistors formed on the first substrate body: an
interlayer insulating film which is formed on the plurality of
thin film transistors and in which a plurality of through holes
open to the plurality of thin film transistors are formed; and a
plurality of pixel electrodes which are formed on the inter-
layer insulating film and which are electrically connected to
the thin film transistors through the plurality of through holes.
In this case, the interlayer insulating film is preferably formed
as the flattening film on the entirety of the portion of the first
substrate body which is located at the periphery of the display
panel.

Inthe display panel in accordance with a preferred embodi-
ment of the present invention, preferably, a portion of a sur-
face on a display medium layer side of the second substrate
which is located at the periphery of the display panel is flat.
Preferably, each portion of both the surfaces (the surface on
the display medium layer side and the surface on the opposite
side of the display medium layer side) of the second substrate
which is located at the periphery of the display panel is flat.
More preferably, these surfaces are flat and smooth.

A display panel in accordance with another preferred
embodiment of the present invention includes: a first sub-
strate in which a plurality of conductive members are pro-
vided; a second substrate opposed to the first substrate; a
display medium layer provided between the first substrate
and the second substrate; and a sealant surrounding the dis-
play medium layer between the first substrate and the second
substrate to join the first substrate and the second substrate
and sealing the display medium layer. In the second display
panel in accordance with the present preferred embodiment
of the present invention, at least one scribe mark is formed on
a portion of the first substrate which is located at a periphery
of the display panel, the scribe mark being formed of the same
film as a film forming the thinnest conductive member of all
the plurality of conductive members. In the present specifi-
cation, the term “conductive member” means a member pre-
senting a conductivity of about 10° 8/m or larger in the steady
state. The conductivity may be measured by a four-terminal
method or the like.

In the display panel in accordance with the present pre-
ferred embodiment of the present invention, the first substrate
may be an active matrix substrate. Specifically, the first sub-
strate may include: a plurality of gate lines extending in
parallel to each other; a plurality of source lines extending in
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parallel to each other with an angle formed relative to a
direction that the plurality of gate lines extend; switching
elements connected to both the gate lines and the source lines;
an interlayer insulating film which is formed on the switching
elements and in which a plurality of through holes open to the
switching elements are formed; and a plurality of pixel elec-
trodes electrically connected to the switching elements
through the plurality of interlayer insulating films. In this
case, the plurality of conductive members include the plural-
ity of gate lines, the plurality of source lines, and the plurality
of pixel electrodes. One or more scribe marks may be formed
of the same film as a film forming the thinnest conductive
member out of the plurality of gate lines, the plurality of
source lines, and the plurality of pixel electrodes.

The plurality of pixel electrodes may be substantially made
of conductive oxide while the at least one scribe mark may
preferably be formed of the same film as a film forming the
plurality of pixel electrodes. The conductive oxide includes
indium thin oxide (ITO), indium zinc oxide (IZO), tin oxide
(Sn0), and the like, for example.

The at least one scribe mark may be substantially made of
metal. For example, the at least one scribe mark may be
formed of the same film as a film forming the electrode line.

Preferably, the at least one scribe mark may be separated
from an edge of the first substrate.

The at least one scribe mark may be in a polygonal form in
plan view having a side agreeing with an edge of the first
substrate in plan view. In this case, preferably, the at least one
scribe mark includes at least one edge in perpendicular con-
tact with an edge of the first substrate in plan view.

The at least one scribe mark may be substantially made of
conductive oxide.

These and other features, elements, steps, advantages, and
characteristics of the present invention will be apparent from
the following description of preferred embodiments with ref-
erence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is aperspective view ofa liquid crystal display panel
in accordance with a preferred embodiment of the present
invention.

FIG. 2 is a schematic sectional view of a portion taken
along the line I1-1I in FIG. 1.

FIG. 3 is a partial sectional view of the liquid crystal
display panel.

FIGS. 4A and 4B are enlarged views showing a portion
encircled in IV in FIG. 1, and specifically, FIG. 4A is an
enlarged plan view showing the portion encircled in IV in
FIG. 1 and FIG. 4B is an enlarged perspective view thereof.

FIG. 5 is a plan view showing a step of manufacturing the
liquid crystal display panel 1 in accordance with a preferred
embodiment of the present invention.

FIG. 6 is an enlarged plan view showing an arrangement in
a portion encircled in VI in FIG. 5.

FIG. 7 is a plan view showing a step of manufacturing the
liquid crystal display panel in accordance with a preferred
embodiment of the present invention.

FIG. 8 is a partial plan view of a conventional substrate
structure.

FIG. 9 is a schematic sectional view of a portion taken
along the line IX-IX in FIG. 8.

FIG. 10 is a schematic sectional view of a portion taken
along the line X-X in FIG. 6.

FIG. 11 is a schematic sectional view for explaining a
scribing step in the case where a thick scribe mark is formed.
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FIG. 12 is a schematic sectional view of a portion taken
along the line XII-XI1 in FIG. 6 for showing a scribing step in
a preferred embodiment of the present invention.

FIG. 13 is a partial plan view of a liquid crystal display
panel in accordance with Modified Example 1.

FIG. 14 is a schematic plan view showing in an enlarged
scale a portion of a liquid crystal display panel in accordance
with Modified Example 2.

FIG. 15 is aplan view showing a step of manufacturing the
liquid crystal display panel in accordance with Modified
Example 2.

FIG. 16 is a schematic plan view showing an arrangement
in aliquid crystal display panel in accordance with a preferred
embodiment of the present invention.

FIG. 17 is aplan view showing a step of manufacturing the
liquid crystal display panel in accordance with a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described below in detail with reference to the accompanying
drawings.

First Preferred Embodiment

FIG. 1 to FIG. 4 show a liquid crystal display panel 1 in
accordance with the present preferred embodiment.

The liquid crystal display panel 1 in accordance with the
present preferred embodiment preferably includes: an active
matrix substrate 10 as a first substrate; a counter substrate 30
as a second substrate: and a liquid crystal layer 20 as a display
medium layer provided between the active matrix substrate
10 and the counter substrate 30. The counter electrode 30 is
not shown in FIG. 4B for the sake of explanation.

Between the active matrix substrate 10 and the counter
substrate 30, a sealant 40 is provided so as to surround the
liquid crystal layer 20. The sealant 40 joins the active matrix
substrate 10 and the counter substrate 30 and seals the liquid
crystal layer 20.

As shownin FIG. 3, the active matrix substrate 10 includes:
a first substrate body 11 made of glass, for example; a plural-
ity of gate lines 12 extending in parallel to each other; a
plurality of source lines 13 extending in parallel to each other;
a plurality of thin film transistor elements (hereinafter, they
may be referred to as “TFT elements”) 14; an interlayer
insulating film 15; a plurality of pixel electrodes 16 substan-
tially made of transparent conductive oxide (indium tin oxide,
indium zinc oxide, or the like, for example); scribe marks 50
in a trapezoidal form in plan view formed in the peripheral
portion of the first substrate body 11 separately from the
edges of the first substrate body 11; a first rubbing film (an
alignment film) 17; and a first polarizing plate 18 provided on
the surface opposite to the surface on the liquid crystal layer
20 side of the first substrate body 11.

The plurality of gate lines 12 are formed on the first sub-
strate body 11. The plurality of source lines 13 are formed
across the gate lines 12 so as to extend in parallel to each other
in a direction intersecting with the gate lines 12 (typically,
intersecting at a right angle). The gate lines 12 and the source
lines 13 are preferably made of metal, such as tungsten (W),
tantalum (Ta), or the like. An insulating film (a silicon oxide
film, a silicon nitride film, or the like, for example) is formed
between the gate lines 12 and the source lines 13 for insulat-
ing them from each other.
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The TFT elements 14 as switching elements, which are
electrically connected to both the gate lines 12 and the source
lines 13, are provided in the vicinity of the intersections of the
plurality of gate lines 12 and the plurality of source lines 13.
The interlayer insulating film 15, which is preferably made of
organic resin (resin of which main component is epoxy acry-
late resin, urethane acrylate resin, o-diazonaphthoquinone
novolac based resin, or the like), is formed on the plurality of
TFT elements 14. The resin used for the interlayer insulating
film 15 preferably has high light transmittance, low dielectric
constant, large resistivity, and high mechanical strength.

The plurality of pixel electrodes 16 arranged in a predeter-
mined pattern (typically, arranged in matrix) and the scribe
marks 50 are formed on the interlayer insulating film 15.
Through holes 15q open to the TFT elements 14 are formed in
the interlayer insulating film 15 so that the pixel electrodes 16
and the TFT elements 14 are connected electrically to each
other through the through holes 154. The scribe marks 50 in
the present specification are alignment marks for aiding pre-
cise division.

In the liquid crystal display panel 1 in accordance with the
present preferred embodiment, the film of the pixel electrodes
16 is the thinnest of all the conductive members of the elec-
trode lines of the gate lines 12 and the source lines 13, the
pixel electrodes 16, and the like. The scribe marks 50 are
formed of the same film as a conductive oxide film, for
example, an ITO film forming the pixel electrodes 16, which
are the thinnest of all the conductive members.

As shown in FIG. 4, the interlayer insulating film 15 sepa-
rating and insulating the TFT elements 14 and the pixel elec-
trodes 16 covers the entire surface of a portion on the liquid
crystal layer 20 side of the first substrate body 11 which is
located at the periphery of the liquid crystal display panel 1
with a portion of the first substrate body 11 exposed which is
overlapped with a portion (a corner part, for example) of the
sealant 40. The interlayer insulating film 15 functions also as
a generally-called flattening film for flattening a portion of the
surface on the liquid crystal layer 20 side of the first substrate
body 11 which is located at the periphery of the liquid crystal
display panel 1. Each portion of both the surfaces of the first
substrate body 11 including the surface on the liquid crystal
layer 20 side which is located at the periphery of the liquid
crystal display panel 1 is formed so as to be flat and smooth.

The reason why a portion (a portion overlapped with a
corner of the sealant 40, for example) of the first substrate
body 11 is allowed to be exposed through the interlayer
insulating film 15 is to increase the adhesiveness of the seal-
ant 40, which is made of a material generally exhibiting
excellent adhesiveness to inorganic materials, for example, a
material of which main component is epoxy-based thermo-
setting resin, ultraviolet curing resin, or the like, to the active
matrix substrate 40.

The counter substrate 30 includes: a second substrate body
31 made of glass, for example; a color filter layer 32; an upper
common electrode 33; a second rubbing film (an alignment
film) 34; and a second polarizing plate 35 provided on the
surface on the opposite side of the liquid crystal layer 20 side
of the second substrate body 31. The color filter layer 32 is
formed on the second substrate body 31 and is composed of a
plurality of types of filter layers different from each other in
color tone for transmitting light and a black matrix layer
dividing the filter layers. The upper common electrode 33 is
formed on the color filter layer 32, and the second rubbing
film 34 in contact with the liquid crystal layer 20 is formed on
the upper common electrode 33. Each portion of the surfaces,
including the surface on the liquid crystal layer 20 side, of the
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counter substrate 30 which is located at the periphery of the
liquid crystal display panel 1 is formed so as to be flat and
smooth.

A process for manufacturing the liquid crystal display
panel 1 will be described next with reference to FIG. 5 to FIG.
12.

First, as shown in FIG. 5, a first mother glass 60 as a base
material of the active matrix substrate 10 is prepared. The first
mother glass 60 is a large-size glass substrate from which a
plurality of active matrix substrates 10 can be cut out (for
example, about 120 active matrix substrates 10 arranged in
matrix of 12 rows by 10 columns). On the first mother glass
substrate 60, the gate lines 12, the source lines 13, the TFT
elements 14, the pixel electrodes 16, the scribe marks 50, and
the like are formed sequentially to form plural constitutional
units of the active matrix substrates 10 connected to each
other in series on the first mother glass 60 as the first substrate
body 11.

In this active matrix substrate forming step, the scribe
marks 50 are preferably formed with the use of the same film
as the film forming the pixel electrodes 16 simultaneously
with the formation of the pixel electrodes 16.

In parallel to the above step, a second mother glass 70 as a
base material of the counter substrate 30 is prepared. The
second mother glass 70 is a middle-size glass substrate
smaller than the first mother glass substrate 60, from which a
plurality of counter substrates 30 can be cut out (for example,
about 10 counter substrates 30 arranged in one direction). On
the second mother glass substrate 70, the color filter layer 32,
the upper common electrode 33, the second rubbing film 34,
and the like are formed sequentially to form plural constitu-
tional units of the counter substrates 30 arranged in one direc-
tion simultaneously.

Thereafter, a plurality of annular sealants 40 each having
an opening (a liquid crystal injection port) are formed on the
first mother glass 60 by, for example, screen printing. Then,
the second mother glass substrate 70 is arranged on and joined
to the sealants 40 to thus manufacture a substrate structure
(joined substrate) 80 in which plural constitutional units are
formed in a predetermined pattern (typically in matrix), as
shown in FIG. 5.

Next, the substrate structure 80 is cut to form a strip-shaped
substrate structure 81 in which a plurality of constitutional
units are arranged in one direction (hereinafter this step may
be referred to as a “first dividing step”). Specifically, first
scribe lines (linear cracks) 61a are formed in each of the
active matrix substrate 10 and the counter substrate 30 pref-
erably by a cutter wheel with the use of the pairs of scribe
marks 50 opposed to each other as guides so as to pass
through the centers of the slits between pairs of scribe marks
50, as shown in FIG. 5 and FIG. 6. Then, the substrate is
divided along the first scribe lines 61a to form the strip-
shaped substrate structure 81.

In gereral, in order to simplify the manufacturing process,
the liquid crystal layers 20 are formed by injecting liquid
crystal to a plurality of vacant cells arranged in a strip. After
formation of the liquid crystal layers 20, the plural constitu-
tional units arranged in a strip are divided individually to
complete a plurality of liquid crystal display panels 1 (here-
inafter this step may be referred to as a “second dividing
step”). Specifically, second scribe lines 615 for dividing the
plural constitutional units arranged in a strip are formed in
each of the active matrix substrate 10 and the counter sub-
strate 30 so as to pass through the centers of the slits between
the pairs of scribe marks 50 opposed to each other. Hereinaf-
ter, the first scribe lines 61a and the second scribe lines 615
may be called scribe lines 61 collectively. Then, the substrates
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are divided along the second scribe lines 615 to thus complete
the liquid crystal display panels 1. Conventionally, breakage
and chipping occur in the active matrix substrate 10 and the
counter substrate 30 with high frequency in the first and
second dividing steps.

As described above, the sealant 40 exhibits high adhesive-
ness to inorganic members when compared with that to
organic members, and accordingly, the active matrix sub-
strate 10 and the counter substrate 30 adhere to each other
strongly. On this basis, it is preferable to expose a portion of
the first substrate body 11 to a portion (a corner, for example)
of the sealant 40 without forming the interlayer insulating
film 15 in the vicinity of the corners of the liquid crystal
display panel, as showninFIG. 8. If so, there are formed in the
scribe lines 61 a portion where the interlayer insulating film
15 is formed and a portion where the interlayer insulating film
15 is not formed. Accordingly, as shown in FIG. 9, a step 1556
is formed at the boundary between the portion where the
interlayer insulating film 15 is formed and the portion where
the interlayer insulating film 15 is not formed.

The scribe lines 61 are formed across the step 156, which
causes comparatively large stress at the step 155, thereby
increasing the possibility of forming undesirable cracks and
chips in the vicinity of the step 155 which may cause breakage
and chipping of the active matrix substrate 10 and the counter
substrate 30. For this reason, it is difficult to manufacture a
liquid crystal display panel from the conventional substrate
structure 80 at high production efficiency.

In contrast, in the present preferred embodiment, no step is
formed in the scribe lines 61 and the scribe lines 61 are flat to
lower the possibility of causing breakage and chipping of the
active matrix substrate 10 and the counter substrate 30.

In the present preferred embodiment, as shown in FIG. 6, a
portion of the first substrate body 11 (a portion overlapped
with the corner of the sealant 40, for example) is exposed to
the sealant 40 through the interlayer insulating film 15, and
the interlayer insulating film 15 covers a region where the
scribe lines 61 is to be formed. Accordingly, as shown in FIG.
10, the vicinity of the scribe lines 60 on the surface on the
liquid crystal layer 20 side of the first mother glass substrate
60 is flat. In detail, the interlayer insulating film 15 covers the
periphery of the surface on the liquid crystal layer 20 side of
the first substrate body 11 ofthe divided liquid crystal display
panel 1, and therefore, the periphery of the surface on the
liquid crystal layer 20 side of the first substrate body 11 is flat.
Hence, in the present preferred embodiment, undesirable
cracks are effectively prevented from being formed in the
surface on the liquid crystal layer 20 side of the active matrix
substrate 10 in forming the scribe lines 61 in the first mother
glass substrate 60 in the first and second dividing steps. This
enables the liquid crystal display panel 1 to be manufactured
with high production efficiency.

Preferably, the flattening film for flattening the vicinity of
the scribe lines 60 in the surface on the liquid crystal layer 20
side of the first mother glass substrate 60 is made of resin
(more preferably, organic resin) as in the present preferred
embodiment. By covering the scribe lines 61 with resin, unde-
sirable cracks are prevented effectively from being formed in
the scribing step.

In the present preferred embodiment, a portion of the sur-
face on the liquid crystal layer 20 side of the counter substrate
30 which is located at the periphery of the divided liquid
crystal display panel 1 is flat, as well. Specifically, the vicinity
of the scribe lines 61 in the surface on the liquid crystal layer
20 side of the second mother glass substrate 70 is flat. Accord-
ingly, in the present preferred embodiment, undesirable
cracks are effectively prevented from being formed in the
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surface on the liquid crystal layer 20 side of the counter
substrate 30 in forming the scribe lines 61 in the second
mother glass substrate 70 in the first and second dividing
steps. This enables the liquid crystal display panel 1 to be
manufactured with high production efficiency.

The scribe marks 50 in the present preferred embodiment
will be described further in detail.

In the present preferred embodiment, the scribe marks 50
are not formed across the scribe lines 61 but are formed so as
to be opposed to each other with the scribe lines 61 inter-
posed. In other words, the scribe marks 50 are formed apart
from the edge of the active matrix substrate 10 of the divided
liquid crystal display panel 1. For example, in the case where
the scribe marks 50 are formed across the scribe lines 61,
undesirable cracks might be formed in the scribing step in the
vicinity of portions where scribe marks 50 are formed, which
is due to the difference in material characteristics (hardness
and the like, for example) between the scribe marks 50 and the
first mother glass substrate 60. In contrast, in the present
preferred embodiment, the scribe marks 50 are not formed
across the scribe lines 61 to suppress formation of undesirable
cracks. Hence, the liquid crystal display panel 1 can be manu-
factured with high production efficiency.

Further, in the present preferred embodiment, the scribe
marks 50 are preferably formed of the same film as the film of
the pixel electrodes 16 which is the thinnest of all the con-
ductive members of the electrode lines (the gate lines 12, the
source lines 13, and the like), the pixel electrodes 16, and the
like. In other words, the scribe marks 50 are formed compara-
tively thinly in the present preferred embodiment. This effec-
tively suppresses breakage and chipping of the counter sub-
strate 30.

For forming the scribe marks 50 in the counter substrate 30,
the cutter wheel 80 presses and scans the counter substrate 30.
The counter substrate 30, which is comparatively thinner than
the active matrix substrate 10, is deformed convexly toward
the active matrix substrate 10 by the pressure from the cutter
wheel 80. In the case where the opposed scribe marks 50
interposing the scribe lines 61 are comparatively thick, the
thus deformed counter substrate 30 may be in contact with the
scribe marks 50, as shown in FIG. 11. When the counter
substrate 30 is in contact with the scribe marks 50, the counter
substrate 30 is pressed by three members of the pair of scribe
marks 50 and the cutter wheel 80, thereby increasing the
possibility of causing breakage and chipping of the counter
substrate 30. This might lower the production efficiency.

In contrast, in the present preferred embodiment, the scribe
marks 50 is formed comparatively thinly to suppress contact
of the counter substrate 30 to the scribe marks 50, as shown in
FIG. 12. Accordingly, formation of undesirable cracks and
the like in the counter substrate 30 is suppressed, thereby
enabling manufacture of the liquid crystal display panel 1
with high production efficiency. In view of this, it is prefer-
able that the scribe marks 50 on the active matrix substrate 10
are thin enough not to be in contact with the counter substrate
30 in the scribing step.

Though the scribe marks 50 are preferably formed of the
same film as the conductive oxide film forming the pixel
electrodes 16 in the present preferred embodiment, the
present invention is not limited thereto and the scribe marks
50 may be substantially formed of a metal material, for
example. To do so, the scribe marks 50 may be formed of the
same film as a film forming the electrode lines of the gate lines
12 or the source lines 13, for example. The scribe marks 50
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made of a metal material is excellent in visibility, and there-
fore, more precise division can be achieved.

Modified Example 1

Modified Example of the First Preferred
Embodiment

FIG. 13 shows a liquid crystal display panel in accordance
with Modified Example 1.

As shown in FIG. 13, the surface on the liquid crystal layer
20 side of the second substrate body may be flattened in such
amanner that a black matrix layer 32a included in the color
filter layer 32 is formed so as to cover a portion of the surface
on the liquid crystal layer 20 side thereof which is located at
the periphery of the liquid crystal display panel. In other
words, the black matrix layer 324 may cover a portion of the
second mother glass substrate 70 where the scribe lines 61 are
formed.

Modified Example 2
Modified Example of First Preferred Embodiment

FIG. 14 shows a liquid crystal display panel in accordance
with Modified Example 2. FIG. 15 shows a manufacturing
step thereof.

As shown in FIG. 14 and FI1G. 15, each scribe mark 50 may
be a set of marks having a substantially triangular shape (e.g.,
equilateral triangle) in plan view.

Second Preferred Embodiment

FIG. 16 shows a liquid crystal display panel 2 in accor-
dance with a second preferred embodiment. FIG. 17 shows a
manufacturing step thereof.

The liquid crystal display panel 2 in accordance with the
second preferred embodiment preferably has the same fea-
tures as the liquid crystal display panel 1 in accordance with
the first preferred embodiment except for the arrangement of
the scribe marks 50. Hereinafter, only the arrangement of the
scribe marks 50 in the second preferred embodiment will be
described in detail. In the description of the second preferred
embodiment, the reference numerals common to those of the
first preferred embodiment are assigned to elements having
substantially the same functions for omitting detailed
description.

In the liquid crystal display panel 2 in accordance with the
second preferred embodiment, the scribe marks 50 are pref-
erably formed to have a substantially rectangular shape in
plan view of which one of the sides thereof is aligned with an
edge of the active matrix substrate 10 in plan view. In other
words, as shown in FIG. 17, the scribe marks 50 having a
substantially rectangular shape in plan view are formed
across the scribe lines 61. In this case, the scribe marks 50
may be made of a metal material but preferably is made of
conductive oxide (the same film as the film of the pixel elec-
trodes 16, for example). Scribing of the scribe marks 50 made
of a metal material, which is largely different in material
characteristics from the glass-made first substrate body 11,
readily forms undesirable cracks or the like in the vicinity of
the scribe marks 50. In contrast, the scribe mark made of
conductive oxide comparatively similar in material charac-
teristics to glass, such as indium tin oxide, indium zinc oxide,
or the like effectively suppresses formation of cracks and the
like in the vicinity of the scribe marks 50. Hence, the liquid

10

20

25

40

45

60

65

10

crystal display panel 2 capable of being manufactured with
high production efficiency can be attained.

In the second preferred embodiment, sides 50a of the
scribe marks 50 are intersected at a right angle with the edge
of the active matrix substrate 10 (scribe lines 61). This effec-
tively suppresses formation of cracks and the like in the
vicinity of the scribe marks 50 when compared with the case,
for example, where the sides 504 of the scribe marks 50 are
inclined with respect to the scribe lines 61.

Itis noted that the scribe marks 50 referred to in the firstand
second preferred embodiments and Modified Examples 1 and
2 are mere examples and are not limiting of the present
invention in any respect.

Hereinbefore, the preferred embodiments of the display
panel in accordance with the present invention have been
described by referring to the active matrix liquid crystal dis-
play panels in first and second preferred embodiments and
Modified Examples 1 and 2, but the display panel in accor-
dance with the present invention is not limited to the active
matrix display panels. For example, the display panel may be
a passive matrix display panel or a segment display panel.
Further, the flattening film is not limited to the interlayer
insulating film 15 and may be another film. For example, a
metal reflective film (see, Japanese Unexamined Patent
Application Publication No. 11-242215 and the like, for
example) or a color filter flattening film (see, Japanese Unex-
amined Patent Application Publication No. 4-60517 and the
like, for example) may be used in the case of a passive matrix
display panel.

Moreover, the display panel in accordance with the present
invention is not limited to the liquid crystal display panel and
may be any kind of display panels, such as an inorganic
electroluminescent display panel, an organic electrolumines-
cent display panel, a field emission display panel, a plasma
display panel, and the like. In addition, the present invention
is applicable to various kinds of general electronic compo-
nents.

As described above, the display panel in accordance with
various preferred embodiments of the present invention can
be manufactured with high production efficiency and is,
therefore, useful for mobile appliances, such as mobile
phones, PDAs, and the like, televisions, electronic books,
monitors, electronic posters, watches, electronic shelf labels,
emergency signs, and the like.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing the scope and spirit of the present inven-
tion. The scope of the present invention, therefore, is to be
determined solely by the following claims.

What is claimed is:

1. A display panel comprising:

a first substrate;

a second substrate opposed to the first substrate;

a display medium layer provided between the first sub-
strate and the second substrate;

a sealant surrounding the display medium layer between
the first substrate and the second substrate so as to join
the first substrate and the second substrate and sealing
the display medium layer; wherein

the first substrate includes a mark located at a periphery of
the display panel outside of the sealant and arranged on
a side of the display medium layer, and a flattening film
which is arranged on the side of the display medium
layer to cover a surface of the first substrate;



US 8,009,255 B2

11

the flattening film includes a sealing exposing portion
arranged around the display panel so as to expose the
sealant to an outside; and
the mark is arranged on a portion between the sealing
exposed opening and an edge side of the flattening film.
2. The display panel of claim 1, wherein the first substrate
further includes a plurality of thin film transistors located on
the first substrate, an interlayer insulating film which is
located on the plurality of thin film transistors and in which a
plurality of through holes open to the plurality of thin film
transistors are formed, and a plurality of pixel electrodes
which are located on the interlayer insulating film and which
are electrically connected to the thin film transistors through
the plurality of through holes, and the interlayer insulating
film defines the flattening film on the entirety ofthe portion of
the first substrate which is located at the periphery of the
display panel.
3. The display panel of claim 1, wherein the flattening film
is a resin film.
4. The display panel of claim 1, wherein the display
medium layer is a liquid crystal layer.
5. The display panel of claim 1, wherein
the first substrate includes a plurality of conductive mem-
bers; and
the mark is defined by a thinnest one of the plurality of
conductive members.
6. The display panel of claim 5, wherein
the first substrate includes a plurality of gate lines extend-
ing in parallel or substantially in parallel to one another,
a plurality of source lines extending in parallel or sub-
stantially in parallel to one another to define angles with
respect to a direction in which the plurality of gate lines
extend, a plurality of switching elements each connected
to both a corresponding one of the plurality of gate lines
and a corresponding one of the plurality of source lines,
an interlayer insulating film provided on the switching
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elements and including a plurality of through holes that
are each open to a corresponding one of the switching
elements, and a plurality of pixel electrodes that are each
electrically connected to a corresponding one of the
switching elements through the interlayer insulating
film; and

the plurality of conductive members include the plurality

of gate lines, the plurality of source lines, and the plu-
rality of pixel electrodes.

7. The display panel of claim 6, wherein the mark is sub-
stantially made of a transparent conductive oxide.

8. The display panel of claim 7, wherein

the plurality of pixel electrodes are substantially made of

the transparent conductive oxide; and

the mark is made of a same material as that of the plurality

of pixel electrodes.

9. The display panel of claim 1, wherein the mark is sub-
stantially made of a metal material.

10. The display panel of claim 9, wherein

the first substrate includes electrode lines substantially

made of a metal material; and

the mark is made of a same material as that of the electrode

lines.

11. The display panel of claim 1, wherein the mark is
spaced from an edge of the first substrate.

12. The display panel of claim 1, wherein the mark has a
polygonal shape in plan view including a side corresponding
to an edge of the first substrate in plan view.

13. The display panel of claim 12, wherein the mark
includes at least one edge in perpendicular or substantially
perpendicular contact with an edge of the first substrate in
plan view.

14. The display panel of claim 1, wherein the mark is a
scribe mark.
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