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(54) [Title of Invention] ELECTRO-OPTICAL DEVICE AND ELECTRONIC EQUIPMENT

(57) [Abstract]

[Problem] To provide an electro-optical device capable of xa

properly diagnosing a defect caused by a substrate crack even
at a mid-manufacturing stage, and being able to easily identify
that the cause of the defect is a substrate crack, and electronic
apparatus using the same.

[Resolution Means] An electro-optical device la, wherein,
when diagnostic wiring 90 is cut, a first diagnostic pad 91 and
a first diagnostic pad 92 are not electrically connected, thereby
enabling diagnosis as to whether a substrate crack has occurred
in an element substrate 10. The substrate crack diagnostic
wiring 90 passes through a region in which signal lines such as
data lines 52a or a wiring pattern 82 are formed and a region
sandwiched by an outer periphery 31 of the sealant 30, and
passes through a position close to the signal lines such as the
wiring pattern 82.

[Selected Drawing] FIG. 3
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[Scope of Patent Claims]
[Claim 1]

An electro-optical device in which a first substrate and a second substrate disposed opposite
each other are bonded together with a resin layer, an electro-optical material is provided in a region
inside an outer periphery of the resin layer, and a plurality of signal lines for driving the electro-optical
material is formed, on at least the first substrate, in a region inside the outer periphery of the resin
layer, wherein

one of the first substrate and the second substrate is formed with a first diagnostic pad and a
second diagnostic pad for diagnosing the presence or absence of a crack in the first substrate, and

a substrate crack diagnostic wiring, which electrically connects to the first diagnostic pad and
the second diagnostic pad, is formed on the first substrate through a region sandwiched by a region in
which the signal lines are formed and the outer periphery of the resin layer.

[Claim 2]

The electro-optical device according to claim 1, wherein the first diagnostic pad, the second
diagnostic pad, and the substrate crack diagnostic wiring are all formed on the first substrate.
[Claim 3]

The electro-optical device according to claim 1, wherein the first diagnostic pad and the
second diagnostic pad are formed on the second substrate,

a first wiring extending from the first diagnostic pad and a second wiring extending from the
second diagnostic pad are formed on the second substrate side, the first wiring and the second wiring
are respectively electrically connected to the substrate crack diagnostic wiring formed on the first
substrate side by an inter-substrate conductor between the first substrate and the second substrate, and
the substrate crack diagnostic wiring formed on the first substrate is electrically connected to the first
diagnostic pad and the second diagnostic pad formed on the second substrate side through a region
sandwiched by a region in which the signal lines are formed and the outer periphery of the resin layer.
[Claim 4]

The electro-optical device according to any one of claims 1 to 3, wherein, in the first substrate,
the region in which the signal lines are formed and the substrate crack diagnostic wiring are separated
by 100 pm or more.

[Claim 5]

The electro-optical device according to any one of claims 1 to 4, wherein an IC is mounted
on the substrate on which the first diagnostic pad and the second diagnostic pad are formed among
the first substrate and the second substrate, a plurality of bumps of the IC include bumps connected
to the first diagnostic pad and the second diagnostic pad, respectively, and

the IC diagnoses whether the first diagnostic pad and the second substrate cracking diagnostic
pad are electrically continuous via the substrate crack diagnostic wiring.

[Claim 6]

An electronic apparatus comprising the electro-optical device according to any one of claims
1to 5.

[Detailed Description of Invention]
[Technical Field]
[0001]

The present invention relates to an electro-optical device in which a pair of substrates disposed
opposite to each other are bonded together by a resin layer and an electro-optical substance and signal
lines are provided in a region inside the outer periphery of the resin layer, and to an electronic
apparatus provided with the electro-optical device. More particularly, the present invention relates to
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a diagnostic art for the presence or absence of cracks in a substrate.
[Background Art]
[0002]

An electro-optical device, such as an active matrix type liquid crystal device, has a first
substrate and a second substrate disposed opposite each other, bonded together by a resin layer, and
is provided with an electro-optic substance in a region inside the outer periphery of the resin layer. In
addition, a plurality of signal lines for driving the electro-optic material are formed on at least the first
substrate in a region inside an outer periphery of the sealant (see, for example, patent document 1).
[0003]

When there is a crack in the substrate in such an electro-optical device, there is a risk that the
signal lines will be broken, so it is necessary to actually display and inspect the image after completing
the electro-optical device.

[Patent Document 1] JP 2004-777544 A
[Disclosure of Invention]

[Problem to Be Solved by Invention]
[0004]

However, there is a problem in that the method for actually displaying and inspecting an image
after the electro-optical device is assembled requires a great deal of time and effort. In addition, the
electro-optical device is provided with a large number of components, such as a polarizer, in a finished
product state, and thus when a defect is discovered at the time the electro-optical device is completed,
a large number of components other than the panel will be wasted. In addition, there are many factors
other than substrate cracking that cause display defects, and thus when a defect is found in the
displayed image, it cannot be determined whether the cause is substrate cracking, making failure
analysis difficult.

[0005]

In light of the above problems, a problem of the present invention is to provide an electro-
optical device capable of properly diagnosing a defect caused by a substrate crack even at a mid-
manufacturing product stage, and being able to easily identify that the cause of the defect is a substrate
crack, and electronic apparatus using the same.

[Means for Solving Problem]
[0006]

In order to solve the above problem, the present invention provides an electro-optical device
in which a first substrate and a second substrate disposed opposite each other are bonded together
with a resin layer, an electro-optical material is provided in a region inside an outer periphery of the
resin layer, and a plurality of signal lines for driving the electro-optical material is formed, on at least
the first substrate, in a region inside the outer periphery of the resin layer for driving the electro-optical
material, wherein one of the first substrate and the second substrate is formed with a first diagnostic
pad and a second diagnostic pad for diagnosing the presence or absence of a crack in the first substrate,
and a substrate crack diagnostic wiring, which electrically connects to the first diagnostic pad and the
second diagnostic pad, is formed on the first substrate through a region sandwiched by a region in
which the signal lines are formed and the outer periphery of the resin layer.

[0007]

In the present invention, when a crack occurs in a first substrate and a substrate crack
diagnostic wiring is cut, a first diagnostic pad and a second diagnostic pad are not electrically
connected. Therefore, it is possible to diagnose whether a substrate crack has occurred simply by
inspecting whether the first diagnostic pad and the first diagnostic pad are electrically continuous, and
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with such a diagnosis, it is possible to diagnose a defect caused by a substrate crack even at the
workpiece stage. In addition, unlike when inspecting an image displayed in the state of the finished
product, it is possible to easily identify that the cause of the defect is a crack in the substrate.
Furthermore, the substrate crack diagnostic wiring passes through the region sandwiched by the
region in which the signal lines are formed in the first substrate and the outer periphery of the resin
layer, and passes close to the signal line. Therefore, unlike when the substrate crack diagnostic wiring
passes through a region away from the region in which the signal lines are formed, only the substrate
cracking such that the signal lines are broken can be detected, and the substrate cracking such that the
outer periphery of the substrate is slightly split and does not affect reliability can be excluded from
the subject of diagnosis, thereby improving yield.

[0008]

In the present invention, for example, the first diagnostic pad, the second diagnostic pad, and
the substrate crack diagnostic wiring may all be formed on the first substrate.
[0009]

In the present invention, cracking of the first substrate may be diagnosed by the first diagnostic
pad and the second diagnostic pad formed on the second substrate. In this case, a first wiring extending
from the first diagnostic pad and a second wiring extending from the second diagnostic pad may be
formed on the second substrate side, and the first wiring and the second wiring may be respectively
electrically connected to the substrate crack diagnostic wiring formed on the first substrate side by an
inter-substrate conductor between the first substrate and the second substrate. According to such a
configuration, the substrate crack diagnostic wiring formed on the first substrate is electrically
connected to the first diagnostic pad and the second diagnostic pad formed on the second substrate
side through a region sandwiched by a region in which the signal lines are formed and the outer
periphery of the resin layer. Therefore cracking of the first substrate can be diagnosed by the first
diagnostic pad and the second diagnostic pad formed on the second substrate.

[0010]

In the present invention, it is preferable that, in the first substrate, the region in which the
signal lines are formed and the substrate crack diagnostic wiring are separated by 100 um or more.
When configured as such, even when the substrate crack diagnostic wiring is formed near the region
in which the signal lines are formed in the first substrate, it is possible to prevent problems such as
point defects from occurring by destroying the element due to static electricity entering the signal
lines from the substrate crack diagnostic wiring. In the present invention, in the first substrate, it is
preferable that the region in which the signal lines are formed and the substrate crack diagnostic
wiring are 150 um or more apart, and when configured in this manner, it is possible to reliably prevent
static electricity from entering the signal lines from the substrate crack diagnostic wiring.

[0011]

In the present invention, it is preferable that an IC is mounted on the substrate on which the
first diagnostic pad and the second diagnostic pad are formed from among the first substrate and the
second substrate, and that a plurality of bumps of the IC include bumps connected to the first
diagnostic pad and the second diagnostic pad, respectively. With this configuration, the IC can
diagnose whether the first diagnostic pad and the second substrate cracking diagnostic pad are
electrically continuous via the substrate crack diagnostic wiring, and thus the presence or absence of
substrate cracking can be automatically diagnosed.

[0012]

The electro-optical device to which the present invention is applied is used in portable

electronic apparatus such as mobile computers and mobile phones, and electronic apparatus such as
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direct-view display devices and projection type display devices.
[Best Mode for Carrying Out Invention]
[0013]

Embodiments of the present invention will be described below with reference to drawings.
Note that the present invention can also be applied when a substrate crack diagnostic wiring, a first
diagnostic pad, and a second diagnostic pad are formed on the first substrate in which a substrate
crack should be diagnosed, or when a substrate crack diagnostic wiring is formed on the first substrate
in which a substrate crack should be diagnosed, and the first diagnostic pad and the second diagnostic
pad are formed on the second substrate. Therefore, an example in which the element substrate is the
first substrate will be described for the former as embodiment 1, and an example in which the
opposing substrate is the first substrate will be described for the latter as embodiment 2.

[0014]

[Embodiment 1]

(Overall Configuration of Electro-optical Device)

FIG. 1 is a block diagram schematically illustrating a configuration of an electro-optical
device composed of an active matrix type liquid crystal device using a TFD element as a pixel
switching element. FIG. 2 is a schematic perspective view of the electro-optical device to which the
present invention is applied, viewed from the side of the opposing substrate. FIG. 3 is an exploded
perspective view illustrating a configuration of the electro-optical device to which the present
invention is applied. Note that although the scan lines are strip-shaped, they are represented as lines
in FIG. 2 and FIG. 3. Furthermore, FIG. 3 illustrates the region overlapping the sealant in the element
substrate and the opposing substrate by a dotted line, and the inter-substrate conductive terminals
between the element substrate and the opposing substrate are illustrated by black circles.

[0015]

The electro-optical device laillustrated in FIG. 1 is an active matrix type liquid crystal device
using a TFD (thin film diode/thin film diode element) as a pixel switching element, and when the two
intersecting directions are set to the X direction and Y direction, in an image display region 2, a
plurality of scan lines 51a extend in the X direction (row direction) and a plurality of data lines 52a
extend in the Y direction (column direction). In the image display region 2 of the electro-optical
device 1a, a pixel 53a is formed at each position corresponding to each intersection of the scan lines
51a and the data lines 52a, and a large number of pixels 53a are disposed in a matrix. In these pixels
53a, the liquid crystal layer 54a and the TFD element 56a for pixel switching are connected in series.
Each scan line 51a is driven by a scan line drive circuit 57a, and each data line 52a is driven by a data
line drive circuit 58a.

[0016]

In configuring such an electro-optical device 1a, as illustrated in FIG. 2 and FIG. 3, the
element substrate 10 (first substrate in this form) and the opposing substrate 20 (second substrate in
this form) are adhered together by a sealant 30 (resin layer), and a liquid crystal 19 acting as an electro-
optic substance is sealed in a region surrounded by both substrates and the sealant 30. The sealant 30
is formed in a substantially rectangular frame along the outer periphery of the opposing substrate 20,
but a portion has an opening portion 32 for containing the liquid crystal 19. Therefore, after the liquid
crystal 19 is sealed, an opening portion 38 thereof is sealed by an encapsulation material 39.

[0017]

The element substrate 10 and the opposing substrate 20 are light-transmitting plate-like
members such as glass or quartz. On the inside (side of the liquid crystal 19) surface of the element
substrate 10, the data lines 52a composed of a plurality of chrome lines or the like described above, a
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TFD element for pixel switching (not illustrated), a pixel electrode composed of an ITO or the like,
and an oriented film (not illustrated) are formed. Conversely, a plurality of scan lines 51a are formed
by the ITO or the like on the inner surface of the opposing substrate 20, and an oriented film (not
illustrated) is formed on the surface side of the scan lines 51a. Note that in actuality, a polarizing plate
for polarizing incident light, a phase shift plate for compensating for interference color, and the like
are appropriately adhered to the surface outside the element substrate 10 and the opposing substrate
20. Furthermore, when color display is performed, of R (red), G (green), and B (blue) color filters
(not illustrated) are formed in a predetermined array with respect to the opposing substrate 20 in a
region facing the pixel electrodes, and a black matrix (not illustrated) is formed in a region not facing
the pixel electrodes. Furthermore, a planarized layer is coated on the surface where the color filter and
the black matrix are formed for planarization and protection thereof, and scan lines 51a are formed
on the surface of the planarized layer, but the drawings and description thereof are omitted because
they are not directly related to the present invention.

[0018]

In the electro-optical device 1a of the present embodiment, while the element substrate 10 and
the opposing substrate 20 are adhered by the sealant 30, the element substrate 10 has an overhanging
region 10a protruding from the outer periphery of the sealant 30 to one side, and the wiring pattern
81 integrated with the data lines 52a and the wiring pattern 82 electrically connected to the scan lines
51a via inter-substrate conduction extend into the overhang region 10a. When performing inter-
substrate conduction, a resin in which a large number of inter-substrate conductive particles (inter-
substrate conductor) are dispersed is used as the sealant 30. Here, the inter-substrate conductive
particles are, for example, particles of metal-plated plastic or particles of conductive resin, and are
provided with a function for allowing the inter-substrate conductive terminals (end portions of a
wiring pattern) formed in each of the element substrate 10 and the opposing substrate 20 to conduct.
[0019]

When creating such inter-substrate continuity, in the opposing substrate 20 of the present
embodiment, the scan lines 52a extend in the X direction, and an end portion thereof extends as the
inter-substrate conductive terminal 521a to a region overlapping the sealant 30 in plan view. In
contrast, in the element substrate 10 of the present embodiment, the wiring pattern 82 extends in the
Y direction along the lateral sides 11 and 12 located on the X direction side of the element substrate
10, and then the end portion thereof extends as the inter-substrate conductive terminal 821a to a
position that overlaps the inter-substrate conductive terminal 521a (end portion of the scan lines 52a)
of the opposing substrate 20 in a region that overlaps the sealant 30 in plan view. Therefore, at the
least, when the whole sealant 30 or a portion of the whole sealant 30 along the lateral sides 11 and 12
of the element substrate 10 has inter-substrate conductive particles compounded therein, the scan lines
51a and the wiring pattern 82 can be electrically connected.

[0020]

Therefore, in the present embodiment, an IC mounting region 50 and a substrate mounting
region 70 are formed only along one side portion 13 (side portion on the overhang region 10a side)
located in the Y direction in the element substrate 10, and a driving IC 5 and a flexible substrate 7 are
respectively mounted in the IC mounting region 50 and the substrate mounting region 70. Here, the
driving IC 5 outputs an image signal to the data lines 52a and outputs a scan signal to the scan lines
51a. Note that the flexible substrate 7 is provided with an additional function IC (not illustrated), such
as a power supply IC, an EEPROM, an LED driving IC for backlighting, and a connector (not
illustrated) for connecting to an electronic apparatus body.

[0021]
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Note that in the present embodiment, the inter-substrate conduction of the wiring pattern 82
and the scan lines 51a is alternately performed on a lateral side 11 of the element substrate 10 and the
lateral side 12 of the element substrate 10 in the Y direction, but all inter-substrate conduction between
the wiring pattern 82 and the scan lines 51a may be performed on the lateral side 11 of the element
substrate 10 in a predetermined region in the Y direction, and all the other regions may be performed
on the lateral side 12 of the element substrate 10. Furthermore, the inter-substrate conduction of the
wiring pattern 82 and the scan lines 51a may be performed on both lateral sides 11 and 12 of the
element substrate 10 for each scan line 51a.

[0022]

(Configuration of Substrate Cracking Diagnosis Function)

FIG. 4 is aplan view illustrating an enlarged lateral side portion of an element substrate of the
electro-optical device of the present embodiment.

[0023]

As illustrated in FIG. 2 and FIG. 3, in the electro-optical device 1a of the present embodiment,
a large number of pads are formed in the IC mounting region 50 of the element substrate 10, and these
pads include a first diagnostic pad 91 and a second diagnostic pad 92. In the present embodiment, the
first diagnostic pad 91 and the second diagnostic pad 92
are each formed at both end portions in the X direction in the IC mounting region 50.

[0024]

Furthermore, one strand of substrate crack diagnostic wiring 90 is formed on the element
substrate 10 along three sides of the lateral sides 11, 12 of the element substrate 10, and the other side
portion 14 (side portion opposite the overhang region 10a side) positioned in the Y direction in the
element substrate 10. This substrate crack diagnostic wiring 90 is a conductive film formed
simultaneously with data lines 51a, a TFD element, a pixel electrode, or the like, and as illustrated in
FIG. 4 by enlarging a portion thereof, both end portions are electrically connected to the first
diagnostic pad 91 and the second diagnostic pad 91 through a region sandwiched by a region 80 in
which signal lines such as data lines 52a or a wiring pattern 82 is formed and an outer periphery 31
of the sealant 30.

[0025]

Here, the distance G between the region 80 in which the signal lines such as the data lines 52a
and the wiring pattern 82 are formed and the substrate crack diagnostic wiring 90 is 100 pm or more,
and preferably, the region 80 in which the signal lines such as the data lines 52a and the wiring pattern
82 are formed and the substrate crack diagnostic wiring 90 are 150 um or more away.

[0026]

In addition, the driving IC 5 is connected to the IC mounting region 50 of the element substrate
10, by a method such as crimping via anisotropic conductive material, and a plurality of bumps of the
driving IC 5 include two substrate cracking diagnostic bumps (not illustrated) connected to the first
diagnostic pad 91 and the second diagnostic pad 92. Furthermore, the driving IC 5 is provided with a
substrate crack diagnostic unit for diagnosing whether the first diagnostic pad 91 and the second
diagnostic pad 92 are electrically continuous, and this diagnostic unit outputs a predetermined signal
to a bump mounted on the first diagnostic pad 91 and monitors the signal of the bump mounted on
the second diagnostic pad 92.

[0027]

In the electro-optical device 1la configured in this manner, when it is examined whether the
first diagnostic pad 91 and the second diagnostic pad 91 are electrically continuous, it is possible to
diagnose whether a substrate crack has occurred in the element substrate 10. That is, the substrate
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crack diagnostic wiring 90 is not disconnected unless substrate cracking has occurred in the element
substrate 10, and thus the first diagnostic pad 91 and the second diagnostic pad 91 are electrically
continuous. In contrast, if a substrate crack that reaches the diagnostic wiring 90 on the element
substrate 10 occurs, the substrate crack diagnostic wiring 90 will be disconnected, and thus the first
diagnostic pad 91 and the second diagnostic pad 91 will not be electrically continuous.

[0028]

Therefore, after cutting the element substrate 10 from the large substrate, a probe is applied
to each of the first diagnostic pad 91 and the second diagnostic pad 91, and when it is examined
whether the first diagnostic pad 91 and the second diagnostic pad 92 are electrically continuous, it is
possible to diagnose whether a substrate crack has occurred in the element substrate 10. Furthermore,
even after the element substrate 10 and the opposing substrate 20 are bonded together by the sealant
30, before the drive IC 5 is implemented, it is possible to diagnose whether a substrate crack has
occurred in the element substrate 10 by applying a probe to each of the first diagnostic pad 91 and the
second diagnostic pad 91 and inspecting whether the first diagnostic pad 91 and the second diagnostic
pad 92 are electrically continuous.

[0029]

Furthermore, after the driving IC5 and the flexible substrate 7 are mounted on the element
substrate 10, even if the electro-optical device 1a is not in the finished state, when a command signal
is output to the driving IC5 via the flexible substrate 7, the first diagnostic pad 91 and the second
diagnostic pad 92 can be examined as to whether they are electrically continuous by the substrate
cracking diagnostic function built into the driving IC5, and it is possible to diagnose whether substrate
cracking has occurred in the element substrate 10. In this case, diagnosis results can also be displayed
by the electro-optical device 1a by simply arranging the polarizing plate or the like for examination.
[0030]

(Main Effects of Present Embodiment)

As described above, in the electro-optical device 1a of the present embodiment, cracks occur
in the element substrate 10, and when the substrate crack diagnostic wiring 90 is cut, the first
diagnostic pad 91 and the first diagnostic pad 92 are in a state of not being electrically connected.
Therefore, it is possible to diagnose whether cracking has occurred in the element substrate 10 simply
by inspecting whether the first crack diagnostic pad 91 and the second diagnostic pad 92 are
electrically continuous, and with such a diagnostic, it can be diagnosed even at the workpiece stage.
In addition, unlike when inspecting an image displayed in the state of the finished product, it is
possible to easily identify that the cause of the defect is a crack in the substrate.

[0031]

Furthermore, the substrate crack diagnostic wiring 90 passes through a region 80 in which
signal lines such as a data lines 52a or a wiring pattern 82 are formed and a region sandwiched by an
outer periphery 31 of the sealant 30, and passes through a position close to the signal lines such as the
wiring pattern 82. Therefore, unlike the case where the circuit substrate crack diagnostic wiring passes
through the region away from the region where the signal lines are formed, only deep circuit substrate
cracks such as signal lines signal lines such as the wiring pattern 82 are broken can be detected, and
circuit substrate cracks, such that the outer periphery of the circuit substrate cracks slightly and does
not affect reliability, can be excluded from the diagnostic. Therefore, according to the present
embodiment, the yield can be improved.

[0032]

Furthermore, in the present embodiment, the distance G between the region in which the

signal lines such as the data lines 52a and the wiring pattern 82 are formed and the substrate crack
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diagnostic wiring 90 is 100 um or more, and the region 80 in which the signal lines such as the data
lines 52a and the wiring pattern 82 are formed and the substrate crack diagnostic wiring 90 are 100
um or more away. Moreover, the substrate crack diagnostic wiring 90 is covered with a sealant 30.
Therefore, even when the substrate crack diagnostic wiring 90 is formed in the vicinity of the region
80 in which the signal lines such as the data lines 52a and the wiring pattern 82 are formed in the
element substrate 10, static electricity can be prevented from entering the signal lines such as the data
lines 52a and the wiring pattern 82 from the substrate crack diagnostic wiring 90. Therefore, it is
possible to prevent point defects and the like caused by the destruction of the TFD element 56a for
pixel switching by the intrusion of static electricity.

[0033]

Here, when the distance G between the region 80 in which the signal lines such as the data
lines 52a and the wiring pattern 82 are formed and the substrate crack diagnostic wiring 90 is 150 um
or more, and the region 80 in which the signal lines such as the data lines 52a and the wiring pattern
82 are formed and the substrate crack diagnostic wiring 90 are 150 um or more apart, it is possible to
reliably prevent static electricity from entering the signal lines from the substrate crack diagnostic
wiring 90.

[0034]

[Embodiment 2]

FIG. 5 is an exploded perspective view illustrating a configuration of the electro-optical
device according to embodiment 2 of the present invention. Here, the scan lines are strip-shaped, but
are represented as lines in FIG. 5. Furthermore, FIG. 5 illustrates a region overlapping the sealant in
the element substrate and the opposing substrate by a dotted line, and the inter-substrate conductive
terminals between the element substrate and the opposing substrate are illustrated by black circles.
Note that FIG. 5 illustrates a region overlapping the sealant in the element substrate and the opposing
substrate by a dotted line. Furthermore, in FIG. 5, inter-substrate conductive terminals between the
element substrate and the opposing substrate are illustrated by black circles. In the present
embodiment, the basic configuration is common to that of embodiment 1, and thus the same reference
numerals are attached to the parts in common, as illustrated in FIG. 5, and the description thereof is
omitted.

[0035]

In FIG. 5, the electro-optical device 1a of the present embodiment is, similarly to embodiment
1, an active matrix type liquid crystal device that uses a TFD (thin film diode/thin film diode element)
as a pixel switching element, and the element substrate 10 (the second substrate in the present
embodiment) and the opposing substrate 20 (the first substrate in the present embodiment) are bonded
together by a sealant 30 (resin layer), and the liquid crystal 19 as an electro-optic substance is enclosed
in a region surrounded by both substrates and the sealant 30. Furthermore, the element substrate 10
and the opposing substrate 20 are light-transmitting plate-like members such as glass or quartz, and a
plurality of data lines 52a and the like described above are formed on the inside (side of the liquid
crystal 19) surface of the element substrate 10, and a plurality of scan lines 51a are formed on the
inside surface of the opposing substrate 20. Furthermore, even in the present embodiment, the element
substrate 10 and the opposing substrate 20 are electrically continuous between the substrates, and in
the opposing substrate 20, the scan lines 52a extend in the X direction, and an end portion thereof
extends as the inter-substrate conductive terminal 521a to a region overlapping the sealant 30 in plan
view. In contrast, in the element substrate 10 of the present embodiment, the wiring pattern 82 extends
in the Y direction along the lateral sides 11 and 12 located on the X direction side of the element
substrate 10, and then the end portion thereof extends as the inter-substrate conductive terminal 821a
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to a position that overlaps the inter-substrate conductive terminal 521a (end portion of the scan lines
52a) of the opposing substrate 20 in a region that overlaps the sealant 30 in plan view. Therefore, at
the least, when the whole sealant 30 or a portion of the whole sealant 30 along the lateral sides 11 and
12 of the element substrate 10 has inter-substrate conductive particles compounded therein, the scan
lines 51a and the wiring pattern 82 can be electrically connected.

[0036]

In the electro-optical device la of the present embodiment, as in embodiment 1, a large
number of pads are formed in the IC mounting region 50 of the element substrate 10, and these pads
include a first diagnostic pad 91 and a second diagnostic pad 92.

[0037]

Furthermore, a substrate crack diagnostic wiring 95 is formed on the opposing substrate 20
along three sides of the lateral sides 21, 22 of the opposing substrate 20, and the side portion 24 (side
portion opposite the overhang region 10a side) located on the Y direction side, and this substrate crack
diagnostic wiring 95 passes through a region in which scan lines 51a (signal lines) are formed and a
region sandwiched by an outer periphery 31 of the sealant 30. Here, the distance between the region
in which the scan lines 51a (signal lines) are formed and the substrate crack diagnostic wiring 95 is
100 um or more, preferably 150 um or more.

[0038]

When configured in this manner, the diagnostic pads 91 and 92 and the substrate crack
diagnostic wiring 95 are formed on different substrates. Therefore, in the present embodiment, in the
substrate crack diagnostic wiring 95, the end portions located on the side portions 23 (side portions
on the overhang region 10a) of the opposing substrate 20 are set as the inter-substrate conductive
terminals 956 and 957. Conversely, in the element substrate 10, the first wiring 86 and the second
wiring 87 are respectively extended from the first diagnostic pad 91 and the second diagnostic pad 92
toward the side portion 23 of the opposing substrate 20, the portion that overlaps in plan view with
the inter-substrate conductive terminal 956 of the substrate crack diagnostic wiring 95 in the first
wiring 86 is made to be the inter-substrate conductive terminal 861, and the portion that overlaps in
plan view with the inter-substrate conductive terminal 957 of the substrate crack diagnostic wiring 95
in the second wiring 87 is made to be the inter-substrate conductive terminal 871. Therefore, when
the inter-substrate conductive particles contained in the seal 30 are electrically connected between the
inter-substrate conductive terminals 956 and 861, and the inter-substrate conductive terminals 957
and 871, it is possible to electrically connect the substrate crack diagnostic wiring 95 formed on the
opposing substrate 20 to the first diagnostic pad 91 and the second diagnostic pad 91 formed on the
element substrate 10.

[0039]

The configuration is otherwise the same as that in embodiment 1, so description thereof is
omitted, but in the present embodiment, when examining whether the first diagnostic pad 91 and the
second diagnostic pad 91 are electrically continuous, it is possible to diagnose whether a substrate
crack has occurred in the opposing substrate 20. Therefore, after the element substrate 10 and the
opposing substrate 20 are bonded together using the sealant 30, but before the drive IC 5 is mounted,
a probe is applied to each of the first diagnostic pad 91 and the second diagnostic pad 91, and when
it is examined whether the first diagnostic pad 91 and the second diagnostic pad 92 are electrically
continuous, it is possible to diagnose whether a substrate crack has occurred in the opposing substrate
20. Furthermore, after the driving IC5 and the flexible substrate 7 are mounted on the element
substrate 10, even if the electro-optical device 1a is not in the finished state, when a command signal
is output to the driving IC5 via the flexible substrate 7, the first diagnostic pad 91 and the second
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diagnostic pad 92 can be examined as to whether they are electrically continuous by the substrate
cracking diagnostic function built into the driving IC5, and it is possible to diagnose whether a
substrate crack has occurred in the opposing substrate 20. Furthermore, the diagnosis result thereof
can also be displayed by the electro-optical device 1a.

[0040]

[Other Embodiments]

In embodiments 1 and 2, the driving IC 5 and the flexible substrate 7 are connected to the
element substrate 10, but the present invention may also be applied to an electro-optical device in
which a flexible substrate on which a driving IC is mounted by COF (chip on film) is connected to
the element substrate 10. Furthermore, each of the above examples may be changed or combined
within the scope of not changing the gist of the present invention. For example, in embodiments 1
and 2, a configuration in which a substrate crack diagnostic wiring and a diagnostic pad are formed
on the element substrate 10, a configuration in which a substrate crack diagnostic wiring is formed on
the opposing substrate 20 and a diagnostic pad is formed on the element substrate 10, but a
configuration in which a substrate crack diagnostic wiring and a diagnostic pad are formed on the
opposing substrate 20 and a substrate crack diagnostic wiring is formed on the element substrate 10
and a diagnostic pad is formed on the opposing substrate 20 may be adopted. In addition, the substrate
crack diagnostic wiring may be formed so as to pass only through regions where panel cracking is
likely to occur. For example, the substrate crack diagnostic wiring may be formed so as to pass only
through the region overlapping the corner portion of the opposing substrate 20 in the element substrate
10.

[0041]

Furthermore, although the above embodiment is an example of applying the present invention
to an active matrix type liquid crystal device, the present invention may be applied to a passive matrix
type liquid crystal device. Furthermore, the present invention may be applied to the electro-optical
device indicated below with reference to FIG. 6 and FIG. 7. In addition, the present invention may be
applied to various electro-optical devices such as plasma display devices, electrophoresis display
devices, and devices that use electron emitting elements (Field Emission Display, Surface-
Conduction Electronic-Emitter Display, and the like).

[0042]

FIG. 6 is a block diagram schematically illustrating a configuration of an electro-optical
device composed of an active matrix type liquid crystal device using a thin film transistor (TFT) as a
pixel switching element. FIG. 7 is a block diagram of an active matrix electro-optical device provided
with an electroluminescence element using a charge-injected organic thin film as an electro-optical
substance.

[0043]

As illustrated in FIG. 6, in the electro-optical device 100b composed of an active matrix type
liquid crystal device using a TFT as a pixel switching element, a TFT 130b for pixel switching for
controlling the pixel electrode 109b is formed in each of a plurality of pixels formed in a matrix, and
data lines 106b for supplying an image signal is electrically connected to the source of the TFT 130b.
The image signal to be written on the data lines 106b is supplied from the data line drive circuit 102b.
Furthermore, the scan lines 131b are electrically connected to the gate of the TFT 130b, and a scanning
signal is supplied to the scan lines 131b pulsed from the scan line drive circuit 103b at a predetermined
timing. The pixel electrode 109b is electrically connected to the drain of the TFT 130b, and by putting
the TFT 130b, which is a switching element, into the on state for a certain period of time, the image
signal supplied from the data lines 106b is written to each pixel at a predetermined timing. The sub-
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image signal at a predetermined level written in the liquid crystal via the pixel electrode 109b in this
manner is held for a certain period of time with the opposite electrode formed on the opposite substrate
(FIG. omitted). Here, for the purpose of preventing the retained sub-image signal from leaking, a
storage capacitor 170b (capacitor) may be added in parallel with the liquid crystal capacitor formed
between the pixel electrode 109b and the opposing electrode. By this storage capacitor 170b, the
voltage of the pixel electrode 109b is held for, for example, three orders of magnitude longer than the
time when the source voltage is applied. Thus, the charge retention property is improved, and an
electro-optical device capable of displaying a high contrast ratio can be realized. Note that in a method
for forming the storage capacitor 170b, when formed between the capacitance lines 132b, which are
wirings for forming the capacitors, or even when formed between the scan lines 131b of the preceding
stage, there may be gaps therebetween.

[0044]

Even in the electro-optical device 100b having such a configuration, the TFT array substrate
and the opposing substrate are adhered together using a sealant (resin layer), and a liquid crystal
(electro-optical substance) is disposed inside. In addition, the data lines 106b and the scan lines 131b
may be formed on the TFT array substrate inside the outer periphery of the sealant, and in some cases,
the data line drive circuit 102b and the scan line drive circuit 103b may also be formed inside the
outer periphery of the sealant. Therefore, when substrate crack diagnostic wiring is formed in the TFT
array substrate, between the region where the data lines 106b, the scan lines 131b, the data line drive
circuit 102b, and the scan line drive circuit 103b are formed and the outer periphery of the sealant,
cracking of the TFT array substrate can be effectively diagnosed.

[0045]

As illustrated in FIG. 7, the active matrix electro-optical device 100p provided with an
electroluminescence element using a charge-injected organic thin film is an active matrix display
device that drives and controls light-emitting elements in the TFT such as EL (electroluminescence)
elements or LED (light-emitting diode) elements by a driving current flowing through the organic
semiconductor film, and all light-emitting elements used in this type of display device emit
themselves, and thus do not require a backlight and have the advantage of having little dependence
on a viewing angle.

[0046]

In the electro-optical device 100p illustrated here, a plurality of scan lines 103p, a plurality of
data lines 106p extended in a direction intersecting the extension direction of the scan lines 103p, a
plurality of common power supply lines 123p parallel to the data lines 106p, and a pixel 115p
corresponding to an intersection between the data lines 106p and the scan lines 103p are configured.
For the data lines 106p, a data line drive circuit 101p provided with a shift register, a level shifter, a
video line, and an analog switch is configured. A scan line drive circuit 104p provided with a shift
register and a level shifter is configured for the scan lines 103p. Furthermore, each of the pixels 115p
includes a first TFT 131p in which a scanning signal is supplied to the gate electrode via the scan lines
103p, a holding capacitor 133p for storing the image signal supplied from the data lines 106p via the
first TFT 131p, a second TFT 132p in which the image signal held by the holding capacitor 133p is
supplied to the gate electrode, and a light emitting element 140p into which a driving current flows
from the common power supply lines 123p when electrically connected to the common power supply
lines 123p via the second TFT 132p. The light emitting element 140p is configured such that a counter
electrode composed of a hole injection layer, an organic semiconductor film serving as an organic
electroluminescence material layer, and a metal film such as lithium-containing aluminum or calcium
is laminated on an upper layer side of the pixel electrode, and the counter electrode is formed over a
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plurality of pixels 115p over data lines 106p or the like.
[0047]

In the electro-optical device 100p having such a configuration, all the constituent elements
are built into a single element substrate, but a sealing substrate (protective substrate) may be adhered
to the element substrate via a sealant (resin layer). Again, an organic electroluminescence material
(electrooptic material) is disposed inside the outer periphery of the sealant. Furthermore, the data lines
106p, the scan lines 131p, and the like may be formed on the element substrate inside the outer
periphery of the sealant, and in some cases, the data line drive circuit 101p and the scan line drive
circuit 104p may also be formed inside the outer periphery of the sealant. Therefore, when the circuit
substrate crack diagnostic wiring is formed between the region where the data lines 106p, the scan
lines 131p, and even the data line drive circuit 101p and the scan line drive circuit 104p are formed
and the outer periphery of the sealant in the element substrate, cracking of the TFT array substrate
can be effectively diagnosed.

[0048]

The electro-optical device described above is used in portable electronic devices such as
mobile computers and mobile phones, and electronic apparatus such as direct-view display devices
and projection type display devices.

[Brief Description of Drawings]

[0049]

[FIG. 1] A block diagram schematically illustrating a configuration of an electro-optical device
composed of an active matrix type liquid crystal device using a TFD element as a pixel switching
element.

[FIG. 2] A schematic perspective view of the electro-optical device according to embodiment 1 of the
present invention viewed from the side of an opposing substrate.

[FIG. 3] An exploded perspective view illustrating a configuration of the electro-optical device
illustrated in FIG. 2.

[FIG. 4] A plan view illustrating an enlarged lateral side portion of the element substrate of the electro-
optical device illustrated in FIG. 2.

[FIG. 5] An exploded perspective view illustrating a configuration of the electro-optical device
according to embodiment 2 of the present invention.

[FIG. 6] A block diagram schematically illustrating a configuration of an electro-optical device
composed of an active matrix type liquid crystal device using a thin film transistor (TFT) as a pixel
switching element.

[FIG. 7] A block diagram of an active matrix type display device provided with an
electroluminescence element using a charge-injected organic thin film as an electro-optical substance.
[Description of Reference Numerals]

[0050]

1a electro-optical device, 5 driving IC, 7 flexible substrate, 10 element substrate, 20 opposing
substrate, 30 sealant (resin layer), 86 first wiring, 87 second wiring, 90, 95 substrate crack diagnostic
wiring, 91, 92 diagnostic pad
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