
Display device

Abstract

A display device includes a coordinate input device including a transparent substrate having a first

signal interconnect disposed in a region outside a detection region corresponding to a contact

position, a first electrode terminal, a flexible interconnect substrate connected to the first electrode

terminal, and a display panel for image display based on a video signal from an external system. The

coordinate inputting device has a second signal interconnect disposed outside the first signal

interconnect but near the peripheral edge of the transparent substrate, the second signal

interconnect surrounding the area where the detection region is included and the first signal

interconnect is formed, the second signal interconnect being opened at opposite ends thereof and

being connected to respective electrode terminals for inspection at the open ends, and the second

signal interconnect is disposed along the peripheral edge portion of three sides of the transparent

substrate.
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What is claimed is:

1. A display device comprising:

a coordinate input device including

a transparent substrate having detection electrodes disposed in a detection region corresponding to a contact position, the transparent substrate having a first signal

interconnect disposed in a region outside the detection region, the first signal interconnect having one end connected to the detection electrodes and being formed with

a first electrode terminal at the other end thereof, and

a flexible interconnect substrate connected to the first electrode terminal, the flexible interconnect substrate used for supplying a driving signal to the detection

electrodes by way of the first signal interconnect and extracting a detection signal from the detection electrodes; and

a display panel for image display based on a video signal from an external system, the coordinate input device being disposed on the display panel at the side of a display

screen;

wherein the coordinate inputting device has a second signal interconnect disposed outside the first signal interconnect but near the peripheral edge of the transparent

substrate, the second signal interconnect surrounding the area where the detection region is included and the first signal interconnect is formed, the second signal

interconnect being opened at opposite ends thereof and being connected to respective electrode terminals for inspection at the open ends,

wherein the second signal interconnect is formed of a thin conductive film disposed along the peripheral edge portion of the transparent substrate; and

wherein the second signal interconnect is disposed along the peripheral edge of three sides of the transparent substrate.
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2. A display device according to claim 1, wherein the second signal interconnect has a colored thin film layer or a thin film layer having a transmittance at a

predetermined level or less.

3. A display device according to claim 1, wherein the second signal interconnect has a thin metal film layer.

4. A display device according to claim 1, wherein the second signal interconnect is formed of two or more conductive thin films.

5. A display device according to claim 4, wherein the second signal interconnect has one end connected to an identical electrode terminal for inspection and the other

end connected to different electrode terminals for inspection.

6. A display device according to claim 1, wherein the flexible interconnect substrate has a third electrode terminal connected to the second signal interconnect at a

position different from that of the region for forming the second electrode terminal connected with an external system.

7. A display device comprising:

a transparent substrate formed with

a plurality of video signal lines,

a plurality of scanning signal lines intersecting the video signal lines,

electrode terminals receiving a driving signal and a control signal from the video signal lines, the scanning signal lines, and an external system, and

a third signal interconnect connecting the video signal lines and the scanning signal lines with the electrode terminals; and

a flexible interconnect substrate connected to the first transparent substrate, the flexible interconnect substrate used for supplying the driving signal to the video signal lines

and the scanning signal lines by way of the electrode terminals and the third signal interconnect;

a region surrounded by the video signal lines and the scanning signal lines being a pixel area;

a region where the pixels are formed in a matrix being a display area;

the third signal interconnect being formed in a region outside the display area; and

a fourth signal interconnect disposed outside the third signal interconnect but near the peripheral edge of the transparent substrate, the fourth signal interconnect

surrounding the area where the display area is included and the third signal interconnect is formed, the fourth signal interconnect being opened at opposite ends thereof and

being connected to respective electrode terminals for inspection at the open ends;

wherein the fourth signal interconnect is formed of a conductive thin film disposed along the peripheral edge portion of three sides of the transparent substrate.

8. A display device according to claim 7, wherein the fourth signal interconnect has a colored thin film layer or a thin film layer having a transmittance at a predetermined

level or less.

9. A display device according to claim 7, wherein the fourth signal interconnect has a thin metal film layer.

10. A display device according to claim 7, wherein the fourth signal interconnect is formed of two or more conductive thin films.

11. A display device according to claim 10, wherein the fourth signal interconnect has one end connected to an identical electrode terminal for inspection and the other

end connected to different electrode terminals for inspection.

12. A display device according to claim 7, wherein the flexible interconnect substrate has electrode terminals connected to the fourth signal interconnect at a position

different from that of the region forming the electrode terminal connected with the external system.

Description

CLAIM OF PRIORITY

The present application claims priority from Japanese Patent Application JP 2010-126877 filed on Jun. 2, 2010, the content of which is hereby incorporated by reference

into this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device. The invention particularly relates to a technique of facilitating the inspection for signal interconnects formed in the

region outside detection and display areas for the display device.

2. Description of the Prior Art

A liquid crystal display panel is configured such that a first substrate is opposed to second substrate by way of a liquid crystal layer, in which the first substrate (TFT

substrate) is formed with thin film transistors, pixel electrodes, etc. and the second substrate (color filter substrate) is formed with color filters, etc. The liquid crystal

display panel having such a structure is manufactured as follows. The first substrate (TFT substrate), which contains circuit patterns for the liquid crystal display devices

by a plurality number of sheets, is bonded to the second substrate (color filter substrate) including color filters, etc., where liquid crystals are sealed between the

substrates. The thus-formed glass substrate is then cut on every liquid crystal display device. If chipping or crack is formed at the end of the glass substrate at the

cutting step or during handling of the glass substrate, a problem with interconnect defect arises in which signal interconnects formed over the substrate are

disconnected at the same time with occurrence of substrate chipping or cracking.

In a display device mounted on a mobile information terminal, a coordinate input device referred to as a touch panel is attached to the liquid crystal display panel on the

side of the display surface and so image display is generally controlled based on the information provided by the display image and the contact position. The touch panel

has such a structure that electrodes are formed in a detection region over a glass substrate and signal interconnects for supplying driving signals to the electrodes are

formed at the periphery of the detection region. Accordingly, a problem with interconnect defect arises in which the signal interconnects are disconnected at the same

time with occurrence of substrate chipping or cracking as is the case with the liquid crystal display panel.
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JP-A-2002-350896, for example, discloses a liquid crystal display device as a method of detecting such interconnect defect. The liquid crystal display device described in

JP-A-2002-350896 is configured as follows. Common interconnects arranged in parallel are connected to each other at the peripheral edge portion of the display screen

and the display screen is formed with an opening at a central portion thereof, thereby enabling detection of disconnection of the common interconnects using an array

technique.

Further, JP-A-1997-80478 discloses a technique of detecting short-circuit of drain lines by using a provisional interconnect formed in parallel with gate lines. Further, JP-

A-1995-152043 discloses a technique of forming a liquid crystal display device pattern by a plurality number of sheets per one glass substrate. In such a technique, when

the glass substrate is divided into liquid crystal display devices at a cutting step, common interconnects for connecting interconnects to each other are provided for

regions where the liquid crystal display devices are separated.

SUMMARY OF THE INVENTION

Since the touch panel is attached to the liquid crystal display panel on the side of the display surface and adapted to detect an operator's input instruction, a light

shielding film is disposed at the periphery of a detection region so as to cover the region in which the interconnect region, etc. are formed. If the touch panel is attached

to the liquid crystal display panel on the side of the display, therefore, the interconnect region is located between the light shielding film and the liquid crystal display

panel. This makes it extremely difficult to perform visual inspection for disconnection of signal interconnects attributable to substrate chipping or cracking. Therefore, it

is difficult to discover, until the final inspection that requires much time for inspection, disconnection of signal interconnects which possibly occur after bonding of the

liquid crystal display panel to the touch panel. What is needed is a simple inspection method.

On the other hand, since the method described in JP-A-2002-350896 requires inspection on every signal interconnect, it may take extremely much time as is the case

with the final inspection. In contrast, none of JP-A-1997-80478 and JP-A-1995-152043 includes a description about the inspection of signal interconnects.

The present invention has been made in view of the problems described above, and the object of the invention is to provide a technique that can simply determine

pass/failure of signal interconnects for chipping or cracking of a substrate without increase in the number of manufacturing steps.

(1) To solve the problems described above, the present invention provides a display device comprising:

a coordinate input device including

a display panel for image display based on a video signal from an external system, the coordinate input device being disposed on the display panel at the side of a

display screen;

wherein the coordinate inputting device has a second signal interconnect disposed outside the first signal interconnect but near the peripheral edge of the transparent

substrate, the second signal interconnect surrounding the area where the detection region is included and the first signal interconnect is formed, the second signal

interconnect being opened at opposite ends thereof and being connected to respective electrode terminals for inspection at the open ends, and

wherein the second signal interconnect is formed of a thin conductive film disposed along the peripheral edge portion of the transparent substrate.

(2) To solve the problems described above, the present invention further provides a display device comprising:

a first substrate formed with

a flexible interconnect substrate connected to the first substrate, the flexible interconnect substrate used for supplying the driving signal to the video signal lines and the

scanning signal lines by way of the electrode terminals and the third signal interconnect;

a region surrounded by the video signal lines and the scanning signal lines being a pixel area;

a region where the pixels are formed in a matrix being a display area;

the third signal interconnect being formed in a region outside the display area; and

a fourth signal interconnect disposed outside the third signal interconnect but near the peripheral edge of the transparent substrate, the fourth signal interconnect

surrounding the area where the display area is included and the third signal interconnect is formed, the fourth signal interconnect being opened at opposite ends thereof

and being connected to respective electrode terminals for inspection at the open ends;

wherein the fourth signal interconnect is formed of a conductive thin film disposed along the peripheral edge portion of the transparent substrate.

According to the present invention, pass/failure of signal interconnects for substrate chipping or cracking can simply be examined without increase in the number of

manufacturing steps.

Other effects of the invention will become apparent with reference to the entire description in the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view for explaining the entire constitution of a liquid crystal display device as a display device according to Embodiment 1 of the invention;

FIG. 2 is a diagram for explaining the schematic constitution of the liquid crystal display panel of Embodiment 1;

FIG. 3 is a diagram for explaining the schematic constitution of a touch panel according to Embodiment 1;

FIG. 4 is a view in which chipping occurs in a third substrate of a touch panel in the liquid crystal display device of Embodiment 1 shown in FIG. 3;

a transparent substrate having detection electrodes disposed in a detection region corresponding to a contact position, the transparent substrate

having a first signal interconnect disposed in a region outside the detection region, the first signal interconnect having one end connected to the

detection electrodes and being formed with a first electrode terminal at the other end thereof, and

a flexible interconnect substrate connected to the first electrode terminal, the flexible interconnect substrate used for supplying a driving signal to the

detection electrodes by way of the first signal interconnect and extracting a detection signal from the detection electrodes; and

a plurality of video signal lines,

a plurality of scanning signal lines intersecting the video signal lines,

electrode terminals receiving a driving signal and a control signal from the video signal lines, the scanning signal lines, and an external system, and

a third signal interconnect connecting the video signal lines and the scanning signal lines with the electrode terminals; and
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FIG. 5 is a diagram for explaining a schematic constitution of a touch panel in a display device according to Embodiment 2 of the invention;

FIG. 6 is a diagram for explaining a schematic constitution of a touch panel in a display device according to Embodiment 3 of the invention;

FIG. 7 is a diagram for explaining a schematic constitution of a touch panel in a display device according to Embodiment 4 of the invention;

FIG. 8 is a diagram for explaining a schematic constitution of a flexible printed substrate in a tough panel of Embodiment 1; and

FIG. 9 is a diagram for explaining a schematic constitution of a liquid crystal display panel as a display device according to Embodiment 5 of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be described with reference to the drawings. In the following explanation, identical constituent elements carry the

same references for which duplicate descriptions are to be omitted.

Embodiment 1

(Entire Constitution)

FIG. 1 is a cross sectional view for explaining the entire constitution of a liquid crystal display device as a display device according to Embodiment 1 of the invention, and

the display device of the Embodiment 1 will be described with reference to FIG. 1. The constitution other than that of detection interconnects in the liquid crystal display

device of Embodiment 1 is identical with that of well-known liquid crystal display devices. Accordingly, the detection interconnect will be described specifically in the

following description. Further, X, Y, and Z in the drawing show X axis, Y axis, and Z axis respectively. Further, while description of Embodiment 1 is to be made of a liquid

crystal display panel as the display panel, it is not restricted thereto but may also be a constitution using, for example, an organic EL display panel, etc.

As shown in FIG. 1, a display device of Embodiment 1 includes a liquid crystal display panel PNL, and a capacitive touch panel (coordinate input device) TP attached to

the liquid crystal display panel PNL on the side of the display surface (frontal side). The display device can detect the coordinate position in the direction XY on the liquid

crystal display panel PNL. The liquid crystal display panel PNL is bonded to the touch panel TP by a transparent, that is, light permeable adhesive ADL. On the other hand,

a backlight device BL is disposed on the liquid crystal display panel PNL on the side of the back surface opposite the display surface. However, the touch panel TP is not

restricted to the capacitive type but may be a touch panel of other type such as a resistive type. Further, for bonding of the liquid crystal display panel PNL and the tough

panel TP, a pressure sensitive adhesive such as a silicon gel which can be peeled and re-bonded may also be used instead of the adhesive ADL.

The liquid crystal display panel PNL includes a first substrate SUB1 and a second substrate SUB2. The substrates SUB1 and SUB2 are opposed by way of a liquid crystal

layer (not illustrated). The first substrate SUB1 is larger than the second substrate SUB2 in the direction of Y axis. A driving circuit DR1 and a flexible printed substrate

FPC1 are disposed on the first substrate SUB1 on the side of the main surface (liquid crystal surface) corresponding to the region greater than the second substrate

SUB2, that is, exposed from the second substrate SUB2. The driving circuit DR1 supplies driving signals to pixels (not illustrated). The flexible printed substrate FPC1

supplies external signals, etc. to the driving circuit DR1. Further, well-known polarizing plates POL are disposed on the first substrate SUB1 on the side of the back

surface, that is, on the side of the backlight device BL, and on the second substrate SUB2 on the side of the display surface respectively.

On the other hand, the touch panel TP includes a third substrate SUB3. A detection electrode (not illustrated) for detecting a contact position is formed on the side of the

main surface of the third substrate SUB3, that is, on the side of a viewer. A flexible printed substrate FPC2 is connected to the end of the third substrate SUB3. The

flexible printed substrate FPC2 includes a driving circuit DR2 for the touch panel TP provided on the side of the terminal surface. The driving circuit DR2 supplies driving

signals to a detection electrode and detects the position of finger contact based on the capacitance change in driving signals supplied to the detection electrode. Further,

a light shielding plate LSP and a protective plate (front protective plate) PP are bonded to the third substrate SUB3 by the adhesive ADL on the side of the main surface

thereof.

(Constitution of Liquid Crystal Display Panel and Touch Panel)

Then, a diagram for explaining the schematic constitution of the liquid crystal display panel of Embodiment 1 is shown in FIG. 2. A diagram for explaining the schematic

constitution of the touch panel of Embodiment 1 is shown in FIG. 3. The liquid crystal display device of Embodiment 1 will be described specifically with reference to

FIGS. 2 and 3. FIG. 3 is a plan view of the touch panel of Embodiment 1 as viewed from the side of the liquid crystal display panel. X and Y shown in FIGS. 2 and 3

represent respectively X-axis and Y-axis, which correspond to X-axis and Y-axis shown in FIG. 1.

Referring to FIG. 2, the liquid crystal display panel PNL of Embodiment 1 includes a first substrate SUB1, a second substrate SUB2, and a liquid crystal layer (not

illustrated). The first substrate SUB1 is formed with pixel electrodes PX, thin film transistors TFT, etc. The second substrate SUB2 is formed with a color filter (not

illustrated) and a black matrix, the second substrate SUB2 being opposed to the first substrate SUB1. The liquid crystal layer (not illustrated) is put between the first

substrate SUB1 and the second substrate SUB2. Further, an unillustrated backlight unit (backlight device) as a light source for the liquid crystal display panel PNL is

provided on the side of the rear face. Such a backlight is combined with the liquid crystal display panel PNL so as to provide image display. The first substrate SUB1 and

the second substrate SUB2 are fixed by means of a seal member SL applied in a circular shape at the periphery of the second substrate and also the liquid crystal is

sealed thereby. In the following description, the liquid crystal display panel PNL is also referred to as a liquid crystal display device.

The first substrate SUB1 and the second substrate SUB2 are generally formed, for example, of a well known glass substrate as the substrate but the material is not

restricted only to the glass substrate but other insulative substrates such as quartz glass or plastic (resin) may also be used. For example, the use of quartz glass allows

the process temperature to be increased. Thus the thin film transistor TFT has a densified gate insulating film, leading to improvement in reliability. In contrast, the use of

a plastic (resin) substrate provides a liquid crystal display device light in weight and satisfactory in impact resistance.

Further, the liquid crystal display panel PNL of Embodiment 1 is such that a region formed with display pixels (hereinafter simply referred to as pixel) forms a display area

AR in a region in which the liquid crystal is sealed. Accordingly, even if the liquid crystal is sealed in a region, that region not formed with the pixels and not used for

display does not serve as the display area AR.

In the liquid crystal display device of Embodiment 1, scanning signal lines (gate lines) GL extends in the direction X and juxtaposed in the direction Y, while video signal

lines (drain lines) DL extends in the direction Y and juxtaposed in the direction X in the surface of the first substrate SUB1 on the side of the liquid crystals and within the

display area AR. A rectangular region surrounded by the drain line DL and the gate line GL is a region where a pixel is formed by which the pixels are arranged in a matrix

within the display area AR. As shown in an enlarged view A′ of the circle A in FIG. 2, each of the pixels has a thin film transistor TFT, a pixel electrode PX, and a common

electrode CT. The thin film transistor TFT is ON-OFF driven in response to a scanning signal from the gate line GL. The pixel electrode PX is supplied with a video signal

from the drain line DL by way of the thin film transistor TFT when it is turned ON. The common electrode CT is connected with the common line CL and supplied with a

common signal having a potential as a reference to the potential of the video signal.

An electric field containing a component parallel to the main surface of the first substrate SUB1 is generated between the pixel electrode PX and the common electrode

CT, thereby driving liquid crystal molecules. Such a liquid crystal display device is known as a device capable of so-called wide view angle display and is referred to as an
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IPS system (including IPS-Pro system), or a lateral electric field system in that it has the specificity of the application of electric field to the liquid crystal. Further, the

liquid crystal display device of such a structure performs display by a normally black display with which light transmittance is minimized when the electric field is not

applied to the liquid crystal (black display) and increase in light transmittance is enhanced by applying the electric field. The liquid crystal display panel may also be a

vertical electric field type such as TN system or VA system. With such a vertical electric field type liquid display panel, a common electrode CT is forming on the second

substrate SUB2 on the side of the main surface (on the side of the liquid crystal surface) and drives liquid crystal molecules by an electric field generated between the

pixel electrode PX formed on the first substrate SUB1 and the common electrode CT formed on the second substrate SUB2.

Each of the drain lines DL and each of the gate lines GL are extended at their ends beyond the seal material SL respectively and connected to the driving circuit DR. In the

liquid crystal display device of Embodiment 1, the driving circuit DR is formed of a semiconductor chip and is mounted on the first substrate SUB1. However, the liquid

crystal display device of Embodiment 1 may mount, on the flexible printed substrate FPC, one or both of a video signal driving circuit of outputting the video signal and a

scanning signal driving circuit of outputting the scanning signal in the form of a tape carrier system or a COF (chip on film) system, whereby the driving circuit is

connected to the first substrate SUB1.

In the structure of the common electrode CT shown in the enlarged view A′, a common signal is inputted by way of the common line CL to the common electrodes CT

formed independently on every pixel. However this is not limitative but the common electrodes CT may be formed so that the common electrodes CT for the pixels

disposed in adjacent with each other in the direction X are connected directly, and a common signal may be inputted by way of the common line CL from one end or both

of right and left ends in the direction X (end of the first substrate SUB1).

(Constitution of Touch Panel)

As shown in FIG. 3, the touch panel TP of Embodiment 1 also has a third substrate SUB3 comprising a flat transparent glass substrate or plastic substrate. The touch

panel TP has electrodes formed on the third substrate SUB3 on the side of the main surface thereof (liquid crystal display panel) in this embodiment. The electrodes are

used to detect a position of contact with an operator's finger (not illustrated), etc. For example, first detection electrodes YSE extend in the direction X and are juxtaposed

in the direction Y for detecting the coordinate position in the direction Y. Second detection electrodes XSE extend in the direction Y and are juxtaposed in the direction X

for detecting the coordinate position in the direction X, with the electrodes YSE and electrodes XSE being intersected by way of an insulating film (not illustrated). In

Embodiment 1, the first detection electrodes YSE and the second detections electrode XSE are formed in the transparent region TTA of the touch panel TP, thereby

allowing for detection of the coordinate positions in the direction X and in the direction Y within the transparent region TTA. Since the liquid crystal display panel PNL is

disposed at the back of the touch panel TP, the first detection electrodes YSE and the second detection electrodes XSE, and an unillustrated insulating film which are

formed within the transparent region TTA should be formed of a transparent material so that an operator can view the display content displayed on the liquid crystal

panel.

Further, in the touch panel TP of Embodiment 1, a signal interconnect (first signal interconnect) SIG1 for connecting the first detection electrodes YSE and the second

detection electrodes XSE with an electrode terminal (first electrode terminal) TRM1 is disposed in the region outside the transparent region TTA. In this case, the first

detection electrodes YSE are juxtaposed in the direction Y. Accordingly, the signal interconnect SIG1 connected to the ends of the first detection electrodes YSE are

formed between the right and left of the transparent region TTA and the periphery of the third substrate SUB3 in the drawing and connected with the electrode terminal

TRM1. Further, the second detection electrodes XSE are juxtaposed in the direction X. Accordingly, the second detection electrodes XSE are connected to the electrode

terminal TRM1 by the signal interconnect SIG1 formed in a region between the lower portion of the transparent region TTA in the drawing and the electrode terminal

TRM1.

Further, in the touch panel TP of Embodiment 1, the opening PPO of the light shielding plate LSP is formed smaller than the transparent region TTA and larger than the

display area AR of the liquid crystal display panel. With such a constitution, the contact position associated with the image displayed at the end of the display area AR is

detected reliably. Further, the opening PPO is formed smaller than the transparent region TTA in which the first detection electrodes YSE and the second detection

electrodes XSE are formed, thereby reliably detecting the contact position at the end of the transparent region TTA.

The touch panel TP of Embodiment 1 is configured such that a detection interconnect (second signal interconnect) SIG2 is formed outside of the signal interconnect

SIG1. In particular, the detection interconnect SIG2 of Embodiment 1 is formed along the peripheral edge portion corresponding to sides (upper side and right and left

sides in FIG. 3) other than one side in which the electrode terminals of the third substrate SUBS are formed. Further, in Embodiment 1, the interconnect width and the

position in forming the interconnect are properly determined according to the accuracy of the exposure device and the etching device, etc. used for forming the detection

interconnect SIG2 on the third substrate SUB3, and the allowance for the size of substrate chipping NP when it is present. Further, the interconnect width of the detection

interconnect SIG2 is formed such that the interconnect width is uniform. However, the interconnect width of the detection interconnect SIG2 is not always restricted to

the uniform interconnect width. A plurality of electrode terminals TRM1 are arranged along one side of the third substrate SUB3. For the detection interconnect SIG2 of

Embodiment 1, one end of the detection interconnect SIG2 is connected to one of a pair of the outermost terminals of paired electrode terminals TRM1 arranged along

one side of the third substrate SUB3, and the other end of the detection interconnect SIG2 is connected to the other of a pair of the outermost terminals of the paired

electrode terminals TRM1. Further, the detection interconnect SIG2 of Embodiment 1 is formed of a thin metal film such as aluminum of low transmittance to light

(particularly, light in a visible region). As described above, the signal interconnect SIG1 and the detection interconnect SIG2 are formed in an identical layer and they can

be formed in one identical step by forming the detection interconnect SIG2 using a thin metal film such as of aluminum used for forming the signal interconnect SIG1.

This can exhibit a particularly satisfactory effect of forming the detection interconnect SIG2 without increase in the number of manufacturing steps. Further, by making

the detection interconnect SIG2 of the low transmittance thin metal film, disconnection inspection for the detection interconnect SIG2 by inspector's visual observation

upon generation of chipping or cracking in the third substrate SUB3 can be performed with ease.

The detection interconnect SIG2 may also be formed of two or more laminate thin films, where at least one single layer of the laminate film is made of a material of lower

transmittance than that of the adjacent region. Further, a colorant material may be incorporated in at least one layer of the laminate film forming the detection

interconnect SIG2 (colored layer). With such a constitution, the same effect can be exhibited as that attained when the detection interconnect SIG2 is made of a low

transmittance thin single film layer.

Further, the touch panel TP of Embodiment 1 is configured such that electrode terminals (not illustrated) of the flexible printed substrate FPC2 are connected electrically

to the electrode terminals TRM1 of the tough panel TP. In this case, a driving signal from the driving circuit DR2 is supplied by way of the electrode terminal TRM1, and a

detection signal is outputted to the driving circuit DR2. As shown in FIG. 8, in the flexible printed circuit FPC2 of the touch panel TP in Embodiment 1, the electrode

terminals (second electrode terminals) TRM2 formed on the flexible printed substrate FPC2 in the lower portion of the drawing have electrode terminals connected

electrically with the detection interconnect SIG2. Specifically, the paired electrode terminals TRM2 disposed on the outermost side among the electrode terminals TRM2

on the side connected to an external system (not illustrated) are electrically connected with the detection interconnect SIG2 by way of signal interconnects FSG on the

flexible printed substrate FPC.

(Detection of Substrate Chipping)

FIG. 4 is a diagram showing a situation where chipping occurs in the third substrate of the touch panel in the liquid crystal display device of Embodiment 1 shown in FIG.

3. The detection operation in the case where chipping (substrate chipping) NP occurs in the third substrate SUB3 of the tough panel will be described with reference to
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FIG. 4.

The touch panel TP of Embodiment 1 includes a detection interconnect SIG2 formed along the peripheral edge portion of a third substrate SUB3. As a result, if chipping

NP occurs in the third substrate SUB3 due to handling or other works of the touch panel after the detection interconnect SIG2 has been formed, then a portion of the

detection interconnect SIG2 is absent together with the substrate chipping NP, resulting in disconnection, as shown in FIG. 4. When the region of the substrate chipping

NP has a predetermined size or more, an inspector can easily find (detect) the chipping NP by visual observation because the detection interconnect SIG2 of

Embodiment 1 is formed of a material having a low transmittance or permeability.

Further, also when chipping NP occurs in the third substrate SUB3 due to handling or other works upon bonding of the touch panel TP to the liquid crystal display panel

PNL, a portion of the detection interconnect SIG2 is absent together with the substrate chipping NP, resulting in disconnection, as shown in FIG. 4. In this case, as shown

in FIG. 1, since the chipping NP occurrence location in the third substrate SUB3 is a region put between a light shielding plate LSP and a liquid crystal display panel PNL, it

was impossible to find such chipping NP with the existent constitution. By contrast, the touch panel TP of Embodiment 1 has the detection interconnect SIG2 formed of a

single thin conductive film connected to the electrode terminal TRM1 at opposite ends. Therefore, presence or absence of disconnection of the detection interconnect

SIG2 can be inspected by measuring a portion between the electrode terminals TRM2 led out to the flexible printed substrate FPC. This disconnection of the detection

interconnect SIG2, that is, chipping NP in the third substrate SUB3 can be detected easily, for example, by measuring the resistance value between the electrode

terminals TRM2 connected to the detection interconnect SIG2 with a measuring instrument for electric resistance or by inputting a pulse signal to one of the electrode

terminals TRM2 and detecting the signal at the other electrode terminal TRM2. Further, based on the result of the measurement by the disconnection inspection, when

disconnection of the detection interconnection SIG2 is not detected, it can be judged that no chipping NP occurs in the third substrate SUB3, or judged that there is

chipping NP within the predetermined allowance even when chipping NP occurs. On the other hand, if disconnection of the detection interconnect SIG2 is detected, it can

be judged that chipping NP over the allowance, which affects also the signal interconnect SIG1, occurs. Further, disconnection by the measurement between the

electrode terminals TRM2 connected with the detection interconnect SIG2 can be measured also before bonding with the liquid crystal display panel PNL.

By contrast, if the substrate chipping NP is small or cracking occurs in the direction Y in FIG. 4, then the region where the detection interconnect SIG2 is absent is

remarkably small and it is quite difficult to find the same based on the visual inspection of an inspector. However, for the touch panel TP according to Embodiment 1,

presence or absence of chipping NP or cracking in the third substrate SUB3 can be inspected by a simple and convenient inspection, conduction test for the detection

interconnect SIG2.

As has been described above, the display device of Embodiment 1 has a capacitive type touch panel disposed on the liquid crystal display panel on the side of the display

surface, the liquid crystal display panel displaying images based on the video signals from an external system. The tough panel of Embodiment 1 includes the detection

interconnect made of the thin electroconductive metal film of a low transmittance extended along the peripheral edge portion of the third substrate in such a manner as

to surround the region in which to form the signal interconnect for connecting the first and second detection electrodes with the electrode terminals and to surround the

transparent region where the contact position can be detected, with the detection interconnect having one end connected to the electrode terminal and the other end

connected to the other electrode terminal. Accordingly, the inspector can easily inspect substrate chipping in the third substrate by visual observation before bonding of

the liquid crystal display panel to the touch panel. In addition, the inspector can inspect substrate chipping by simple measurement such as measurement for resistance,

pulse, or the like between the electrodes connected with the detection interconnect even after fixing of the liquid crystal display panel and the touch panel.

Embodiment 2

FIG. 5 is a diagram for explaining a schematic constitution of a touch panel in a display device according to Embodiment 2 of the invention. FIG. 5 particularly is a front

elevational view corresponding to FIG. 4 of Embodiment 1, that is, a front elevational view showing a touch panel in the case where a substrate chipping occurs at one

location of a third substrate of the touch panel. However, the display device of Embodiment 2 is different from that of the display device of Embodiment 1 in constitution

only for the detection interconnects SIG2 and SIG3 and the electrode terminals TRM1 and TRM2 of the touch panel TP, and the constitution of the liquid crystal display

panel and other constitution of the touch panel are identical with that of the display device of Embodiment 1. Accordingly, the following contains detailed description of

the constitution of the detection interconnects SIG2, SIG3, and the electrode terminals TRM included in the touch panel. In the following description, the detection

interconnect on the side nearer to the peripheral edge portion of the substrate SUB3 is referred to as a first detection interconnect SIG2, and the detection interconnect

on the side distant from the peripheral edge portion of the third substrate SUB3 is referred to as a second detection interconnect SIG3. Further, while Embodiment 2

includes description made of an example having two independent detection interconnects SIG2 and SIG3, three or more independent detection interconnects may be

formed.

As shown in FIG. 5, also the touch panel TP of Embodiment 2 has a third substrate comprising a flat transparent glass substrate and has two different detection

interconnects SIG2 and SIG3. Further, each of the detection interconnects SIG2 and SIG3 is formed in a region outside the interconnect region where the interconnect of

the signal interconnect SIG1 is formed, that is, in a region between the signal interconnect SIG1 and the peripheral side of the third substrate SUB3, similar to

Embodiment 1. Further, also the detection interconnects SIG2 and SIG3 of Embodiment 2 are formed along the peripheral edge portion of sides (upper side and right and

left sides in FIG. 5) other than one side in which the electrode terminals TRM1 of the third substrate SUB3 are formed. In the touch panel TP of Embodiment 2, a first

detection interconnect SIG2 is disposed on the side near to the peripheral edge portion of the third substrate SUB3 and a second detection interconnect SIG3 is disposed

on the side distant from the peripheral edge portion of the third substrate SUB3, that is, on the side near to the signal interconnect SIG1.

For the first detection interconnect SIG2 of Embodiment 2, one end of the first detection interconnect SIG2 is connected to one of a pair of the outermost terminals of

paired electrode terminals TRM1 arranged along one side of the third substrate SUB3 (lower portion in FIG. 5), and the other end of the second detection interconnect

SIG3 is connected to the other of a pair of the outermost terminals of the paired electrode terminals TRM1. Further, for the second detection interconnect SIG3, ends of

the second detection interconnect SIG3 are connected to the electrode terminals TRM1 adjacent inwardly of the paired electrode terminals TRM1 connected with the first

electrode interconnect SIG2. With the constitution described above, the first detection interconnect SIG2 and the second detection interconnect SIG3 can be formed on

the same layer as is the signal interconnect SIG1, that is, they can be manufactured by the same step and same interconnect material as is the signal interconnect SIG1.

The same satisfactory effect as that described for Embodiment 1 can be obtained by forming the first detection interconnect SIG2 and the second detection interconnect

SIG3 in the same step as that for the signal interconnect SIG1. Further, a conductive transparent thin film layer may be formed in the same step as is the first detection

electrodes YSE or the second direction electrodes XSE and then the first detection interconnect SIG2 and the second detection interconnect SIG3 comprising a laminate

of a conductive or non-conductive colored layer, etc. may be formed. In this case, signal interconnects comprising different thin film materials may be provided, for

example, by forming the first detection interconnect SIG2 in the same step as that for the signal interconnect SIG1 and forming the second detection interconnect SIG3 in

the same step as that for the first detection electrodes YSE or the second detection electrodes XSE. Thin film materials for the first detection interconnect SIG2 and the

second detection interconnect SIG3 may be other thin film materials so long as they form a thin conductive film at low transmittance to light in a visible light region. By

forming the detection interconnect SIG2 with such a thin metal film at low transmittance, an inspector can easily inspect, by visual observation, disconnection of the first

detection interconnect SIG2 and the second detection interconnect SIG3 when chipping or cracking of the third substrate SUBS occurs.

Further, also in the touch panel TP of Embodiment 2, electrode terminals TRM1 connected electrically with the first detection interconnect SIG2 and the second detection

interconnect SIG3 respectively are formed for the electrode terminals TRM2 formed in the lower portion of the flexible printed substrate FPC2 in the drawing.
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Then, an inspection method for substrate chipping NP in the touch panel TP of Embodiment 2 will be described with reference to FIG. 5. In the following, description will

be made of a situation where the end of the substrate chipping NP terminates at a portion between the first detection interconnect SIG2 and the second detection

interconnect SIG3 as shown in FIG. 5.

If chipping NP occurs in the third substrate SUBS due to handling or other works of the touch panel after the detection interconnect SIG2 is formed and before the touch

panel is fixed to the liquid crystal display panel, a portion of the detection interconnect SIG2 is absent together with the substrate chipping NP, resulting in disconnection,

as shown in FIG. 5. In this situation, since the first detection interconnect SIG2 is formed of a low transmittance material or an impermeable material, the inspector can

easily find (detect) the chipping NP by visual observation as long as the touch panel is not bonded to the liquid crystal display panel. On the other hand, if chipping NP

occurs in the third substrate during the bonding step of the touch panel to the liquid crystal display panel or during the subsequent handling, then presence or absence of

disconnection of the detection interconnect SIG2 can be inspected by measuring a portion between the electrode terminals TRM2 led out to the flexible printed substrate

FPC. The reason is that both ends of each of the first detection interconnect SIG2 and the second detection interconnect SIG3 are connected with the electrode terminals

TRM2 by way of the electrode terminals TRM1.

In the touch panel TP of Embodiment 2, the first detection interconnect SIG2 and the second detection interconnect SIG3 are detection interconnects independent of

each other along the peripheral edge portion of the third substrate SUB3. Accordingly, based on the result of measurement in the disconnection inspection for the first

detection interconnect SIG2 and the second detection interconnect SIG3, with the inspection being so simple and convenient inspection, it is possible to recognize the

presence or absence for the occurrence of the substrate chipping NP in the third substrate SUB3, which is the same effect as that of Embodiment 1 described previously.

In addition, it is possible to recognize the size for the substrate chipping NP, that is, how much the substrate chipping NP occur. For example, when disconnection is not

detected for the two first detection interconnect SIG2 and the second detection interconnect SIG3, it can be judged that no chipping NP occurs in the third substrate

SUB3, or it can be judged that quite slight substrate chipping NP occurs within an allowable range even if the chipping NP occurs. Further, as shown in FIG. 5, if it is

detected that disconnection occurs in only the first detection interconnect SIG2, then it can be judged that the substrate chipping NP occurs but levels of substrate

chipping NP fall within a predetermined allowable range. In contrast, if disconnection is detected in both of the detection interconnects of the first detection interconnect

SIG2 and the second detection interconnect SIG3, it can be judged that substrate chipping NP over the allowance, which affects also the signal interconnect SIG1,

occurs.

Likewise, also in a case where cracking occurs on the third substrate SUB3, cracking can be judged in the same manner as the substrate chipping NP based on the result

of detection for the two detection interconnects, that is, the first detection interconnect SIG2 and the second detection interconnect SIG3. Thus the presence or absence

for the occurrence of cracking in the third substrate SUB3, and the size of cracking, that is, the how much cracking occurs can be recognized by a simple and convenient

inspection.

The touch panel TP of Embodiment 2 has such a configuration that the first detection interconnect SIG2 and the second detection interconnect SIG3 are independent of

each other. Thus presence or absence of disconnection in the interconnects can be measured by different measuring methods even when the presence or absence of the

disconnection in the two detection interconnects is measured collectively. For example, it is possible to measure a resistance value by applying a DC voltage to the

corresponding electrode terminals in the measurement for the presence or absence of disconnection in the first detection interconnect SIG2. On the other hand, for the

measurement for the presence or absence of the disconnection in the second detection interconnect SIG3, a pulse voltage is applied to the corresponding electrode

terminals, thereby measuring the output from the electrodes.

In Embodiment 2, while description has been made of an example of a detection interconnect where the first detection interconnect SIG2 and the second detection

interconnection SIG3 comprise the same thin film material formed in one identical layer, they are not limitative. For example, at least one of the detection interconnects of

the first detection interconnect SIG2 and the second detection interconnect SIG3 may be formed of a thin metal film having a lower transmittance than that of the other

detection interconnect. Only one of the detection interconnects may have a colored layer of an optional color. Further, while it has been explained for Embodiment 2 to an

example where the first detection interconnect and the second detection interconnect are formed of a uniform interconnect width, and the interconnect width, etc. are

identical between the first detection interconnect and the second detection interconnect, they are not limitative but they may be formed of different interconnect widths

or different colors.

Embodiment 3

FIG. 6 is diagram for explaining the schematic constitution of a touch panel in a display device according to Embodiment 3 of the invention, which is a front elevational

view showing a touch panel in which substrate chipping NP identical with that in Embodiment 2 occurs. However, the display device of Embodiment 3 is different from

that of the display device of Embodiment 2 in constitution only for the detection interconnects SIG2 and SIG3 and the electrode terminals TRM1 and TRM2 of the touch

panel TP. The constitution of the liquid crystal display panel and other constitution of the touch panel are identical with the display device of Embodiment 2. Accordingly,

the following contains detailed description of the constitution of the detection interconnects SIG2, SIG3, and the electrode terminals TRM1 and TRM2.

As shown in FIG. 6, also in the touch panel TP of Embodiment 3, the first detection interconnect SIG2 is disposed on the side near to the peripheral edge portion of the

third substrate SUB3 and the second detection interconnect SIG3 is disposed on the side distant from the peripheral edge portion of the third substrate SUB3, that is, on

the side near the signal interconnect SIG1. In this case, respective one ends of the first detection interconnect SIG2 and the second detection interconnect SIG3 (on the

left in FIG. 6) are connected with different electrode terminals TRM1 in the same manner as in Embodiment 2. On the other hand, respective other ends of the first

detection interconnect SIG2 and the second detection interconnect SIG3 (on the right in the FIG. 6) are connected with an identical electrode terminal TRM1 as shown by

a circle B in FIG. 6. Also the first detection interconnect SIG2 and the second detection interconnect SIG3 may be detection interconnects in the identical layer comprising

an identical thin film material, or detection interconnects formed in different layers comprising different thin film materials in the same manner as in Embodiment 2.

As has been described above, in the touch panel TP of Embodiment 3, other ends of the first detection interconnect SIG2 and the second detection interconnect SIG3 (on

the right in FIG. 6) are connected with an identical electrode terminal on the third substrate SUB3. This can provide an outstanding effect capable of decreasing the

number of terminals for the electrode terminals TRM1 than that of Embodiment 2 in addition to the effect of Embodiment 2 described previously.

It is possible to decrease, in a flexible printed substrate FPC, the number of electrode terminals contacted and connected opposing to the electrode terminals TRM1

formed in the third substrate SUB3, the number of electrode terminals TRM2, as well as the number of signal interconnects electrically connecting the electrode terminals

to each other. The cost of the flexible printed substrate FPC greatly depends on the shape and the area. Since the area of the flexible printed substrate FPC can be

decreased by decreasing the number of the electrode terminals and the number of the signal interconnects, this can provide a satisfactory effect capable of decreasing

the cost of the flexible printed substrate FPC, and, at the same time, capable of decreasing the cost of the tough panel TP and the display device of Embodiment 3 using

the flexible printed substrate FPC.

Embodiment 4

FIG. 7 is a diagram for explaining a schematic constitution of a touch panel in a display device according to Embodiment 4 of the present invention, which is a front

elevational view corresponding to FIG. 4 of Embodiment 1, that is, a front elevational view in which chipping occurs in the third substrate of the touch panel. However, the

display device of Embodiment 4 is different in constitution only for the electrode terminals of the flexible printed substrate FPC of the tough panel TP and other
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constitutions are identical with that of Embodiment 1. Accordingly, in the following description, constitution of the flexible printed substrate FPC will be described

specifically. Constitution of the flexible printed substrate FPC of Embodiment 4 is applicable also to the touch panel of Embodiments 2 and 3.

As shown in FIG. 7, the flexible printed substrate FPC of Embodiment 4 includes electrode terminals TRMT exclusively used for inspection corresponding to the detection

interconnect SIG2 disposed at positions different from the positions where the electrode terminals TRM2 are formed. In particular, the electrode terminals TRMT of

Embodiment 4 are formed at positions nearer to the electrode terminals TRM1 than the electrode terminals TRM2, that is, at positions near the main body of the touch

panel TP. For obtaining such a constitution, the flexible printed substrate FPC of the touch panel TP according to Embodiment 4 has electrode terminals (not illustrated)

of the same number connected to the electrode terminals TRM1 on the upper end in the drawing, that is, on the side connected with the third substrate SUBS. Further, the

flexible printed substrate FPC has electrode terminals TRM2 by the number obtained by subtracting the number of the electrode terminals connected with the detection

interconnect SIG2 from the number of the electrode terminals for the electrode terminals TRM1 on the side of the lower end in the drawing. In this case, the electrode

terminals at the upper end portion and the electrode terminals TRM2 at the lower end of the flexible printed substrate FPC are connected respectively by signal

interconnects (not illustrated) formed on the base material of the flexible printing substrate FPC and the signal interconnect SIG1 is electrically led out to the electrode

terminals TRM2. Further, in the flexible printed substrate FPC of Embodiment 4, the electrode terminal (third electrode terminal) TRMT formed in a region (position)

different from the electrode terminal TRM2 is connected with the electrode terminal on the flexible printed substrate FPC corresponding to the electrode terminal TRM1

connected with the detection interconnect SIG2 by way of the signal interconnect FSG in the flexible printed substrate FPC. The detection interconnect SIG2 is electrically

led out to the flexible printed substrate FPC to the electrode terminal TRMT. The electrode terminal TRMT may also be formed to one surface or both surfaces of the

flexible printed substrate FPC either on the side of the surface or on the side of the rear face.

As has been described above, in the Embodiment 4, the electrode terminal TRMT on the side of the flexible printed substrate FPC connected with the detection

interconnect SIG2 is formed in a region different from the electrode terminal TRM1 connected to the signal interconnect SIG1. Thus there is exhibited a satisfactory

effect of connecting measuring equipment to the electrode terminal TRMT and further shortening the time required for inspection in addition to the effect of the

Embodiment 1.

Embodiment 5

FIG. 9 is a diagram for explaining the schematic constitution of a liquid crystal display panel as a display device according to Embodiment 5 of the invention in which

other constitutions except for the constitution of the detection interconnect SIG3 and the electrode terminals TRM3 are identical with those of the liquid crystal display

panel of Embodiments 1 to 4. Accordingly, in the following description, the constitution of the detection interconnect SIG3 and the electrode terminals TRM3 will be

described specifically. Further, for the liquid crystal display panel PNL according to Embodiment 5, description is to be made of an example of using a single detection

interconnecting SIG3 in the same manner as in Embodiment 1, but a plurality of detection interconnects SIG3 may also be disposed in the same manner as in

Embodiments 2 and 3. Further, the electrode terminals connected to the detection interconnect SIG3 may be disposed at positions different from those for the electrode

terminals on the side receiving the display data, control signals, etc. that is, a group of electrode terminals juxtaposed on the side connected with the external system, in

the electrode terminals (not illustrated) of the flexible printed substrate FPC in the same manner as in Example 4. In Embodiment 5, while the detection interconnect SIG3

is disposed on the liquid crystal display panel PNL as the display device in Embodiment 5, this is not limitative but applicable also to other display devices such as an

organic EL display device.

As shown in FIG. 9, the drain lines DL and the gate lines GL formed in the display area AR is extended beyond the seal material SL and connected as a signal interconnect

(third signal interconnect) SIG4 to the driving circuit DR1. Further, the driving circuit DR1 is connected also with the electrode terminal TRM3 by the signal interconnect

SIG4, and the display data or control signals are inputted to the driving circuit DR1 by way of the flexible printed substrate FPC1 connected to a lower portion of the first

substrate SUB1 in the drawing.

In the first substrate SUB1 constituting the liquid crystal display panel PNL of Embodiment 5, a detection interconnect (fourth signal interconnect) SIG2 is formed along

the peripheral edge portion thereof. Ends of the detection interconnects SIG2 are connected to different electrode terminals TRM3 respectively, and led out by way of the

flexible printed substrate FPC. In the liquid crystal display panel PNL of Embodiment 5, a common line (not illustrated) connected with the not illustrated common

electrode and signal interconnects (not illustrated) connected with the common line are also formed inside the detection interconnect SIG2, that is, in a region

surrounded by the detection interconnect SIG2.

In the liquid crystal display panel PNL of Embodiment 5, the driving circuit DR1 is disposed in the lower portion of the first substrate SUB1 in the drawing but the

configuration for the driving circuit DR1 is not restricted thereto. For example, when a gate driving circuit forming a gate signal by thin film transistor are formed on the

light and left of the display area AR in the drawing, the detection interconnect SIG3 is formed so as to surround the gate driving circuit and the signal interconnect

connected to the gate driving circuit. The detection interconnect SIG3 is formed in a region between the portion nearest to the peripheral side of the first substrate and

the peripheral side of the first substrate SUB1 among the gate driving circuits and the signal interconnects.

As has been described above, in the display device of Embodiment 5, the detection interconnect SIG3 is formed in a region between the display area AR and the

peripheral side of the first substrate SUB1 in a region in the upper portion in the drawing where the signal interconnect SIG4 is not formed, and the detection interconnect

SIG3 is formed in a region between the signal interconnect SIG4 and the peripheral edge portion of the first substrate SUB1 in a region where the signal interconnect SIG4

is formed along the peripheral edge portion of the first substrate SUB1. Thus the inspector can easily inspect the substrate chipping in the first substrate SUB1 easily by

visual observation, as well as substrate chipping can be detected by simple measurement such as resistance or pulse measurement between electrodes connected with

the detection interconnect SIG3.

In the touch panel of the display devices of Embodiments 1 to 4, while description has been made of the example of applying the present invention to the capacitive type

touch panel capable of detecting two or more detection positions, this not limitative but the invention is also applicable to touch panels of other systems such as a

resistance type.

Further, in the touch panel in the display device of Embodiments 1 to 4, the electrode terminals connected with the detection interconnect SIG2 is formed also on the

flexible printed substrate connected with the third substrate but this is not limitative and electrode terminal may also be formed only to the third substrate.

While inventions made by the inventor have been described specifically with reference to the embodiments of the invention, the inventions are not limited to the

embodiments described above but can be modified variously within the range not departing the gist thereof.

Patent Citations (25)

Publication number Priority date Publication date Assignee Title

JPH0756192A 1993-08-18 1995-03-03 Fujitsu Ltd Characteristic measuring transistor, characteristic inspection method and
liquid crystal display panel
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JPH07152043A 1993-11-30 1995-06-16 Fujitsu Ltd Liquid crystal display panel and method for packaging to this panel

JPH0980478A 1995-09-12 1997-03-28 Sharp Corp Defect detection method for matrix type display device

US6262579B1 * 1998-11-13 2001-07-17 Kulicke & Soffa Holdings, Inc. Method and structure for detecting open vias in high density interconnect
substrates

JP2002350896A 2001-05-23 2002-12-04 Advanced Display Inc Liquid crystal display device

US20060038580A1 2004-07-23 2006-02-23 Kenichi Hasegawa Electro-optical device, electronic apparatus, and mounting structure

US7034442B2 * 2003-02-20 2006-04-25 Seiko Epson Corporation Electro-optical device, method of manufacturing the same, and electronic
instrument

US7167154B2 * 2002-01-08 2007-01-23 Hitachi, Ltd. Display device

KR20080055248A 2006-12-15 2008-06-19 삼성전자주식회사 Display panel

US20080144023A1 2006-11-07 2008-06-19 Yukihiro Shibata Apparatus for inspecting defects

WO2008136153A1 2007-04-25 2008-11-13 Sharp Kabushiki Kaisha Liquid crystal display panel and its inspecting method

JP2009053390A 2007-08-27 2009-03-12 Epson Imaging Devices Corp Electro-optical panel, panel inspection method, and electronic apparatus

US20100085320A1 2008-10-02 2010-04-08 Hitachi Displays, Ltd. Display device

US8482301B2 * 2009-07-27 2013-07-09 Japan Display West Inc. Electrostatic capacitance input device and electro-optical device having
input device

Family To Family Citations

JP2005069945A * 2003-08-26 2005-03-17 Seiko Epson Corp Inspection method of semiconductor device

JP4026625B2 * 2004-07-23 2007-12-26 セイコーエプソン株式会社 Electro-optical device, electronic apparatus, and mounting structure

JP2007018226A * 2005-07-07 2007-01-25 Three M Innovative
Properties Co

Touch panel sensor

JP4881030B2 * 2006-02-18 2012-02-22 セイコーインスツル株式会社 Display device

JP2008033777A * 2006-07-31 2008-02-14 Optrex Corp Electrode substrate, method for manufacturing the same, display device and
method for manufacturing the same

US9007309B2 2007-04-05 2015-04-14 Japan Display Inc. Input device, and electro-optical device

JP4412383B2 2007-04-05 2010-02-10 エプソンイメージングデバイ

ス株式会社

Input device, electro-optical device, and electronic apparatus

TW200937069A * 2008-02-25 2009-09-01 Chunghwa Picture Tubes Ltd Active device array substrate and liquid crystal display panel

JP5154316B2 * 2008-06-30 2013-02-27 株式会社ジャパンディスプレ

イイースト

Touch panel

JP5506034B2 * 2010-01-19 2014-05-28 株式会社ジャパンディスプレ

イ

Liquid crystal display device and electronic device

JP5513262B2 * 2010-06-02 2014-06-04 株式会社ジャパンディスプレ

イ

Display device

* Cited by examiner, † Cited by third party

Non-Patent Citations (2)

Title

English translation of Office Action for corresponding Japanese Application No. 2010-126877, dated Dec. 10, 2013.

Office Action issued in EP Application No. 11168485.8 on Nov. 13, 2013.

* Cited by examiner, † Cited by third party

Cited By (68)

Publication number Priority date Publication date Assignee Title

US20130293816A1 * 2012-05-03 2013-11-07 Samsung Electronics Co.,
Ltd.

Chip-on-film package and device assembly including the same
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US20150002761A1 * 2012-01-18 2015-01-01 Kyocera Corporation Input apparatus, display apparatus, and electronic apparatus

US20150264805A1 * 2014-03-14 2015-09-17 Innolux Corporation Display device

US9767727B2 2015-02-02 2017-09-19 Samsung Display Co., Ltd. Display panel

US10037726B2 2015-02-23 2018-07-31 Samsung Electronics Co.,
Ltd.

Detecting method of substandard state and display module and electronic
device operating the same

US10304921B2 2017-06-19 2019-05-28 Samsung Display Co., Ltd. Display device

US10431756B2 * 2017-06-15 2019-10-01 Japan Display Inc. Display device

US10482829B2 2016-09-21 2019-11-19 Samsung Display Co., Ltd. Display device and fabricating method thereof

US10861923B2 2017-10-10 2020-12-08 Samsung Display Co., Ltd. Display device and method of fabricating the same

RU2738785C1 * 2017-07-18 2020-12-16 Боэ Текнолоджи Груп Ко.,
Лтд.

Display panel, a display device, a method of detecting a crack in a sealing layer
of a display panel and a method of making a display panel

US10964237B2 * 2017-12-27 2021-03-30 Sharp Kabushiki Kaisha Display device, method for producing display device, and method for
inspecting display device

US11670205B2 2018-11-30 2023-06-06 Samsung Display Co., Ltd. Electronic device including crack detection wiring

Family To Family Citations

JP5513262B2 * 2010-06-02 2014-06-04 株式会社ジャパンディスプ

レイ

Display device

JP6029842B2 * 2012-03-30 2016-11-24 アルプス電気株式会社 Capacitive input device

US9253892B2 * 2012-04-13 2016-02-02 Wistron Corporation Peripheral circuit of touch panel and manufacturing method thereof

CN102830845B * 2012-08-21 2015-07-01 深圳市立德通讯器材有限公

司

Production method of touch display screen

US9647658B2 * 2012-11-07 2017-05-09 Atmel Corporation Resistive interpolation for a touch sensor with opaque conductive material

JP6138480B2 * 2012-12-20 2017-05-31 株式会社ジャパンディスプ

レイ

Display device

KR102037206B1 2013-04-03 2019-10-29 삼성디스플레이 주식회사 Organic light emitting display device and method of inspecting the same

KR102115605B1 * 2013-04-29 2020-05-27 삼성디스플레이 주식회사 Cof package and display device including the same

JP6216167B2 * 2013-06-26 2017-10-18 株式会社ジャパンディスプ

レイ

Terminal connection structure and display device with built-in touch sensor

CN105122125B * 2014-01-16 2018-03-09 华为终端（东莞）有限公司 Liquid crystal display, method for detecting liquid crystal display, and
electronic device

CN103792702B * 2014-01-23 2016-09-07 北京京东方光电科技有限公

司

There is substrate and manufacture method, the detection device of detection
block

TWI679560B * 2014-03-13 2019-12-11 日商半導體能源研究所股份

有限公司

Touch panel

US9659973B2 2014-03-14 2017-05-23 Innolux Corporation Display device

US10324345B2 2014-03-14 2019-06-18 Innolux Corporation Display device and display substrate

CN104914629B * 2014-03-14 2019-03-01 群创光电股份有限公司 Display device

TWI664480B * 2014-03-14 2019-07-01 群創光電股份有限公司 Display device

US9570365B2 2014-03-14 2017-02-14 Innolux Corporation Display device and test pad thereof

US9513514B2 2014-03-14 2016-12-06 Innolux Corporation Display device

US9507222B2 2014-03-14 2016-11-29 Innolux Corporation Display device

TWI537656B 2014-03-14 2016-06-11 群創光電股份有限公司 Display device

JP6335112B2 * 2014-03-24 2018-05-30 株式会社ジャパンディスプ

レイ

Display device with sensor and sensor device

CN103984201A * 2014-05-05 2014-08-13 京东方科技集团股份有限公

司

Masking plate, and manufacturing method and crack detection apparatus for
masking plate
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KR102246365B1 2014-08-06 2021-04-30 삼성디스플레이 주식회사 Display device and fabricating method of the same

KR101597522B1 * 2014-08-28 2016-02-25 주식회사 지2터치 The Touch Panel To Minimize Signal Distortion And, Display Apparatus
Including The Same

CN104345484B * 2014-11-04 2017-03-29 京东方科技集团股份有限公

司

Test cell, array base palte and its manufacture method, display floater and
display device

KR102217455B1 2014-11-19 2021-02-23 삼성디스플레이 주식회사 Display device

CN105679215B * 2014-11-19 2018-12-11 昆山国显光电有限公司 Display screen and its crack detecting method

CN104570421B * 2014-12-31 2017-07-21 上海天马微电子有限公司 Display panel and display device

KR102356028B1 2015-02-06 2022-01-26 삼성디스플레이 주식회사 Display device

KR101744893B1 * 2015-03-09 2017-06-09 김창곤 Cross shape display device

KR102343654B1 * 2015-03-31 2021-12-27 삼성디스플레이 주식회사 Display device

KR102400302B1 2015-09-08 2022-05-23 삼성디스플레이 주식회사 Display panel and method of forming a lighting test line of the same

CN105954626B * 2016-06-22 2018-08-21 国网山东省电力公司莱芜供

电公司

Portable microcomputer busbar protective device tester

KR102601650B1 2016-07-26 2023-11-13 삼성디스플레이 주식회사 Display device

WO2018148446A1 2017-02-08 2018-08-16 Cardinal Ig Company Film-to-glass switchable glazing

KR102772195B1 * 2017-02-28 2025-02-26 삼성디스플레이 주식회사 Display apparatus and method for manufacturing the same

CN107121455B * 2017-04-28 2020-03-03 昆山国显光电有限公司 Method and structure for measuring edge cracks of screen body

CN107290879B * 2017-08-11 2020-06-09 深圳市华星光电技术有限公

司

Light shield for liquid crystal display panel

JP2019062035A * 2017-09-26 2019-04-18 シャープ株式会社 Substrate, electric device, and substrate identification method

CN109142453B * 2018-08-30 2021-01-01 武汉华星光电技术有限公司 Display panel and display panel detection method

JP7221618B2 2018-08-30 2023-02-14 株式会社ジャパンディスプ

レイ

Display device

KR102654715B1 * 2018-10-12 2024-04-08 삼성디스플레이 주식회사 Touch screen and display device having the same

CN109656403B * 2018-10-26 2020-08-04 惠州市华星光电技术有限公

司

Touch panel and display

CN109597223B * 2018-11-20 2022-10-28 华显光电技术（惠州）有限

公司

Liquid crystal display module and display detection circuit thereof

KR102583203B1 * 2018-11-29 2023-09-27 삼성디스플레이 주식회사 Electronic panel and electronic apparatus including the same

JP6721667B2 * 2018-12-19 2020-07-15 Ｎｉｓｓｈａ株式会社 Touch panel, touch panel module, and touch panel inspection method

CN110264891B * 2019-07-18 2022-02-01 京东方科技集团股份有限公

司

Array substrate, display panel and display device

CN112863410A * 2021-01-11 2021-05-28 京东方科技集团股份有限公

司

Display substrate, crack detection method thereof and display device

CN112881900A * 2021-03-03 2021-06-01 深圳阜时科技有限公司 Lobe of a leaf detection circuitry, fingerprint chip module and electronic
equipment

DE112021002286T5 * 2021-03-19 2023-03-16 Boe Technology Group Co.,Boe

Ltd.
Display panel and method for its manufacture

CN113284441A * 2021-05-18 2021-08-20 京东方科技集团股份有限公

司

Display module, fracture detection method and display device

US20250004036A1 * 2021-12-10 2025-01-02 Sharp Display Technology
Corporation

Display device and inspection method using display device

KR102811769B1 * 2021-12-24 2025-05-22 엘지디스플레이 주식회사 Display device including test part for testing thin film layer

US11886676B2 2021-12-31 2024-01-30 Schlage Lock Company Llc Capacitive touch keypad
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JP7738263B2 * 2022-01-21 2025-09-12 パナソニックＩｐマネジメ

ント株式会社

Wiring structure and touch sensor using same

CN116466526A * 2023-03-13 2023-07-21 浙江汉显科技有限公司 A TFT substrate detection circuit, detection method and TFT substrate

* Cited by examiner, † Cited by third party, ‡ Family to family citation

Similar Documents

Publication Publication Date Title

US9740071B2 2017-08-22 Display device

JP5912015B2 2016-04-27 LCD with built-in touch screen panel

US8493345B2 2013-07-23 Display device

TWI537638B 2016-06-11 Display device with input device

CN103576362B 2016-08-31 Display device with touch panel

US12277283B2 2025-04-15 Display device

TWI401453B 2013-07-11 Display device

CN109991769B 2021-12-14 Display device, manufacturing method of display device, and inspection method of display device

US20160103349A1 2016-04-14 Display with Low Reflectivity Alignment Structures

JP2014139829A 2014-07-31 Display apparatus

JP6112432B2 2017-04-12 Coordinate input device

US20180017821A1 2018-01-18 Liquid crystal display device with touch sensor

WO2019031298A1 2019-02-14 Display panel

Priority And Related Applications

Child Applications (1)

Application Priority date Filing date Relation Title

US14/254,926 2010-06-02 2014-04-17 Continuation Display device

Priority Applications (3)

Application Priority date Filing date Title

US14/254,926 2010-06-02 2014-04-17 Display device

US15/005,737 2010-06-02 2016-01-25 Display device

US15/294,844 2010-06-02 2016-10-17 Display device

Applications Claiming Priority (3)

Application Filing date Title

JPJP2010-126877 2010-06-02

JP2010-126877 2010-06-02

JP2010126877A 2010-06-02 Display device

Legal Events

Date Code Title Description

2011-07-21 AS Assignment Owner name: PANASONIC LIQUID CRYSTAL DISPLAY CO., LTD., JAPAN

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNORS:ANNO, KOUICHI;SATO,
TAKUMI;TERAMOTO, MASAHIRO;REEL/FRAME:026626/0830
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Effective date: 20110531

Owner name: HITACHI DISPLAYS, LTD., JAPAN

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNORS:ANNO, KOUICHI;SATO,
TAKUMI;TERAMOTO, MASAHIRO;REEL/FRAME:026626/0830

Effective date: 20110531

2014-01-13 AS Assignment Owner name: JAPAN DISPLAY EAST, INC., JAPAN

Free format text: CHANGE OF NAME;ASSIGNOR:HITACHI DISPLAYS, LTD.;REEL/FRAME:031980/0316

Effective date: 20120401

Owner name: JAPAN DISPLAY INC., JAPAN

Free format text: CHANGE OF NAME;ASSIGNOR:JAPAN DISPLAY EAST, INC.;REEL/FRAME:031997/0245

Effective date: 20130401

2014-04-02 STCF Information on status: patent grant Free format text: PATENTED CASE

2017-10-05 MAFP Maintenance fee payment Free format text: PAYMENT OF MAINTENANCE FEE, 4TH YEAR, LARGE ENTITY (ORIGINAL EVENT CODE:
M1551)

Year of fee payment: 4

2021-10-06 MAFP Maintenance fee payment Free format text: PAYMENT OF MAINTENANCE FEE, 8TH YEAR, LARGE ENTITY (ORIGINAL EVENT CODE:
M1552); ENTITY STATUS OF PATENT OWNER: LARGE ENTITY

Year of fee payment: 8

2023-11-17 AS Assignment Owner name: PANASONIC INTELLECTUAL PROPERTY CORPORATION OF AMERICA, CALIFORNIA

Free format text: NUNC PRO TUNC ASSIGNMENT;ASSIGNOR:PANASONIC LIQUID CRYSTAL DISPLAY CO.,
LTD.;REEL/FRAME:065615/0327

Effective date: 20230828

2024-04-27 AS Assignment Owner name: PANELTOUCH TECHNOLOGIES LLC, TEXAS

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNORS:PANASONIC INTELLECTUAL PROPERTY
CORPORATION OF AMERICA;JAPAN DISPLAY INC.;REEL/FRAME:067245/0560

Effective date: 20240322
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