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DISPLAY DEVICE

Abstract

PROBLEM TO BE SOLVED: To provide a display device that achieves a narrow frame and an
enlarged display region. SOLUTION: A display device including a plurality of external
connectors respectively located on a plurality of contact holes defined in an interlayer insulating
film to expose parts of common wirings.

Claims

1. A display device comprising:

unit pixels each connected to one of intersections of scanning lines and signal lines arranged on
an insulating substrate perpendicular to each other via switching elements;

a scanning line drive circuit formed in a same process as the switching elements arranged on the
insulating substrate along a side of the substrate and driving the scanning line;

a signal line drive circuit formed in the same process as the switching elements arranged on the
insulating substrate along another side of the substrate and driving the signal line;

a common wiring for supplying power to the scanning line drive circuit and a common wiring for
supplying power to the signal line drive circuit;

an interlayer insulating film for insulating each of the common wirings; and

a plurality of external connection terminals respectively located on a plurality of contact holes
provided in the interlayer insulating film to expose part of each of the common wirings.

2. The display device according to claim 1, wherein the plurality of external connection
terminals are arranged substantially linearly on the side of the insulating substrate on which the
scanning line drive circuit or the signal line drive circuit is arranged.

3. The display device according to claim 1, wherein a flexible wiring substrate is connected to
the plurality of external connection terminals.

4. The display device according to claim 3, wherein the flexible wiring substrate is bent outside
the insulating substrate rather than a plane formed by the substrate.
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5. The display device according to claim 3, wherein the flexible wiring substrate is connected to
the plurality of external connection terminals via an anisotropic conductive film.

Detailed Description

[0001]

[Technical field of the invention] The present invention relates to a display device including an
insulating substrate provided with an external connection terminal thereon for connecting to the
outside.

[0002]

[Prior art] With the development of information society, a flat display having a large display
capacity and capable of displaying color is required. A liquid crystal display device (LCD)
capable of relatively easily obtaining color display by combining a color filter and a light source
is suitable for the flat display, and particularly, a TFT-LCD that controls on-off operation of
liquid crystals by a thin film transistor (TFT) provided in each pixel of a liquid crystal display
device is rapidly spreading. In general, amorphous Si TFTs (a-Si TFTs) that can be formed on a
glass substrate at a low temperature have been used as TFTs, but recently, attempts have been
made to reduce the manufacturing cost by integrating and in-building a drive circuit for driving a
liquid crystal display element on the glass substrate using polycrystalline Si TFTs (p-Si TFTs) in
which the mobility of carriers of transistors is higher than that of amorphous Si TFTs.

[0003]

Here, a configuration of a liquid crystal display element in which a drive circuit for driving a
liquid crystal display element is integrated and built in on a glass substrate using polycrystalline
Si-type TFTs (p-Si-type TFTs) will be described with reference to FIGs. 8§ to 10.

[0004]

As shown in FIG. &, the liquid crystal display element 80 including a transparent insulating
substrate such as glass has a rectangular display region 81, and drive circuits 12x and 12y that
drive the liquid crystal display element 80 are integrated and built in a periphery of the display
region 81. Power or input and output signals supplied to the drive circuits 12x and 12y are
connected to an external connection terminal group 83 formed at an end portion of the liquid
crystal display element 80 by wiring groups 82a and 82b provided in the liquid crystal display
element 80. Further, as shown in FIG. 9, the wiring groups 82a and 82b and the external
connection terminal group 83 are patterned as a same conductor layer, and the external
connection terminal group 83 is connected to an external circuit not shown. Note that, as the
external circuit, there are a control circuit that control the drive circuits 12x and 12y, a power
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supply circuit, and the like, and the connection between the external connection terminal group
83 and the external circuit is made by connecting the external connection terminal group 83 and
the flexible substrate 85 including the external circuit via an anisotropic conductive film 84
(ACF), as illustrated in FIG. 10.

[0005]

[Problem to be solved by the invention] In recent years, there has been an increasing demand for
miniaturization of liquid crystal display devices, and in order to respond to the demand, it has
been attempted to reduce the size of a non-display region (frame) of the liquid crystal display
device.

[0006]

However, as described above, on a side of the liquid crystal display element 80 having the
external connection terminal group 83 connected to the external circuit, the wiring groups 82a
and 82b and the external connection terminal group 83 for transmitting power or input and
output signals to the drive circuits 12x and 12y need to be formed on a substrate such as glass,
and the wiring groups 82a and 82b and the external connection terminal group 83 are formed as
the same conductor layer, and thus, the substrate needs a region to dispose the wiring groups 82a
and 82b from the drive circuits 12x and 12y to the external connection terminal group 83 and a
region to dispose the external connection terminal group 83. Therefore, since an area to which
the external circuit of the liquid crystal display element is connected cannot be reduced, there is a
problem that it is difficult to reduce the size of the non-display area (frame) of the liquid crystal
display device. The present invention has been made in view of the above-described
conventional example, and an object of the present invention is to provide a display device that
achieves a narrow frame and an enlarged display region.

[0007]

[Means to solve the problem] A display device according to the present invention comprises unit
pixels each connected to one of intersections of scanning lines and signal lines arranged on an
insulating substrate perpendicular to each other via switching elements; a scanning line drive
circuit formed in a same process as the switching elements arranged on the insulating substrate
along a side of the substrate and driving the scanning line; a signal line drive circuit formed in
the same process as the switching elements arranged on the insulating substrate along another
side of the substrate and driving the signal line; a common wiring for supplying power to the
scanning line drive circuit and a common wiring for supplying power to the signal line drive
circuit; an interlayer insulating film for insulating each of the common wirings; and a plurality of
external connection terminals respectively located on a plurality of contact holes provided in the
interlayer insulating film to expose part of each of the common wirings.
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[0008]

According to the display device of the present invention, by providing the through holes
exposing the part of each of the plurality of common wirings in the interlayer insulating film
covering the plurality of common wirings connected to the scanning line drive circuit or the
signal line drive circuit and connecting the common wirings and the external connection
terminals via the through holes, the common wirings and the external connection terminals can
be three-dimensionally arranged, and thus the area of the insulating substrate region required for
arranging the common wirings and the external connection terminals can be reduced, and
efficient arrangement of the common wirings and the external connection terminals for the
insulating substrate can be realized. Therefore, it is possible to easily achieve miniaturization of
the insulating substrate, enlargement of the display region, and the like.

[0009]

In the display device according to the present invention, the relationship between the common
wiring connected to the scanning line drive circuit or the signal line drive circuit formed on the
insulating substrate and the insulating substrate can take any arrangement under the condition
that the common wiring is connected to the scanning line drive circuit or the signal line drive
circuit, but is usually disposed on the insulating substrate.

The interlayer insulating film may simultaneously cover the insulating substrate when covering
the common wiring.

Further, the size and the form of the through hole connecting the common wiring and the
external connection terminals can be appropriately configuredaccording to requirement, and can
be formed by etching the interlayer insulating film, for example. Thus, the common wiring and
the external connection terminals are connected through the through holes, while a region not
involved in connection of the common wiring and a region not involved in connection of the
external connection terminals are present with an interlayer insulating film interposed
therebetween. Furthermore, if the common wiring, the interlayer insulating film, the through
holes, and the external connection terminals are formed simultaneously with the formation of the
scanning line drive circuit and the signal line drive circuit, the manufacturing process of the
display device is not increased, and thus the economic efficiency can be further improved.

[0010]

Further, each of the external connection terminals connected to the common wirings through the
through holes can be disposed at any positions of the insulating substrate, but it is more
preferable that the external connection terminals are arranged substantially linearly on the side of
the insulating substrate on which the scanning line drive circuit or the signal line drive circuit is
disposed, because efficient disposition of the external connection terminals for the insulating
substrate can be realized. Further, a flexible wiring substrate can be connected to each external
connection terminal, but at this time, it is more preferable to bend the flexible wiring substrate
outside the insulating substrate rather than a plane formed by the substrate, since the size of the
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non-display region (frame) of the display device can be further reduced. The flexible wiring
substrate and each external connection terminal are usually connected via an anisotropic
conductive film, although the method of connecting the flexible wiring substrate and each
external connection terminal is not limited to any method.

[0011]

In the present invention, various substrates such as a ceramic substrate and a glass substrate can
be used as the insulating substrate, and a glass substrate used for a liquid crystal display element
can be suitably applied. In addition, various conductors such as aluminum and indium tin oxide
(ITO) can be suitably used as the common wiring and the external connection terminals, and
configuration according to situation is possible. Further, an insulating material such as an acrylic
resin can be suitably used as the interlayer insulating film, and the interlayer insulating film can
be formed by applying the insulating material to the insulating substrate by spin coating.

[0012]

In addition, in view of stable operation of the circuit, low power consumption, and an appropriate
circuit scale, the scanning line drive circuit and the signal line drive circuit formed on the
insulating substrate are generally configured as a static circuit consisting of CMOS. FIG. 7
shows a cross section of a p-Si CMOS-TFT used as a scanning line drive circuit and a signal line
drive circuit. As shown in FIG. 7, the p-Si CMOS-TFT 70 is composed of an N-channel TFT 71
and a P-channel TFT 72, and both adopt a self-aligned structure to minimize parasitic
capacitance of the TFT, thereby enabling high-speed operation. The p-Si type TFT can be
formed by a high-temperature process using a thermal oxidation gate insulating film or a low-
temperature process aiming at further lowering the temperature following the LSI technology,
and common wirings and an external connection terminals can be formed simultaneously with
the process. Note that the LDD structure is also adopted for the scanning line drive circuit and
the signal line drive circuit to improve the drain breakdown voltage of the TFT and for further
miniaturization, thereby achieving a higher-speed operation.

[0013]

[Embodiment of the invention] An embodiment of the present invention will be described in
detail below with reference to the drawings.

[0014]

FIG. 1 is a view schematically showing an embodiment of a display device according to the
present invention from a display surface side of a liquid crystal display element, and FIG. 2 is a
view showing a configuration of an equivalent circuit of the liquid crystal display element.
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[0015]

As shown in FIG. 1, the liquid crystal display element 10 has a rectangular display region 11,
and drive circuits 12x and 12y that drive the liquid crystal display element 10 are integrated and
built in a periphery of the display region 11. In addition, in a region outside the drive circuit 12y,
an external connection terminal group 14 including external connection terminals that supply a
power supply voltages to the drive circuit 12x and external connection terminals that supply
power supply voltages to the drive circuit 12y is arranged in a row. As shown in FIG. 1, the
external connection terminals at a center of the external connection terminal group 14 are
connected to the drive circuit 12y, while the external connection terminals at both ends of the
external connection terminal group 14 are respectively connected to the drive circuit 12x that
faces them with the display region 11 interposed therebetween. As shown in FIG. 2, the liquid
crystal display element 10 is composed of three parts of an active matrix unit 19 including a
storage capacitor 15, liquid crystals 16, scanning lines 17a to 17b and data lines 18a to 18b, and
driving circuits 12x and 12y, and here, the driving circuit 12x supplies image signals to the data
lines 18a to 18b, and the driving circuit 12y supplies scanning signals to the scanning lines 17a to
17c. In the active matrix unit 19 constituting the display region 11 in FIG. 1, for example, pixel
TFTs made of p-Si type TFTs are arranged at intersections of the scanning lines 17a to 17c and
the data lines 18a to 18b that are perpendicular to each other, and an image signal is written into
the liquid crystal capacitance and the storage capacitor 15 via the pixel TFT, and charges are
held until a new image signal is written next. The drive circuit 12x includes a video line 20 to
which the image signals V1, V2, and V3 are applied, a sampling circuit 21 that writes the image
signals of the video line 20 to the data lines, and a shift register 22 that controls operation
timings of the sampling circuit 21. The drive circuit 12y applies a selection pulse sent from the
shift register 23 to the scanning line via the buffer 24. Note that each of the drive circuit 12x and
the drive circuit 12y including the shift register and the sampling circuit is constituted by TFTs
formed by the same process as the pixel TFTs.

[0016]

FIG. 3 shows a cross section taken along line A-B in FIG. 1.

[0017]

As shown in FIG. 3, the wiring group 13a formed on the array substrate 25 and connected to the
drive circuit 12x is covered with the interlayer insulating film 27, and the wiring 28 of the the
wiring group 13a and the external connection terminal 29 are electrically connected to each other
via the contact hole 30. In FIG. 3, the external connection terminal 29 connected to the wiring 28
is arranged to cover all wirings of the wiring group 13a, but a plurality of terminals each
connected to one different wiring may be arranged in a parallel manner along the A-B direction
in FIG. 1. In this case, the arrangement density of the terminals in the extending direction of the
drive circuit 12y can be reduced.
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[0018]

Next, a step of forming the external terminal will be described together with a step of forming
the TFT on the array substrate.

[0019]

First, non-doped p-Si 31 was formed on the array substrate, and a gate insulating film 32 was
formed thereon by a plasma CVD (PCVD) method (FIG. 4( a)). Next, a gate electrode 33 made
of molybdenum was formed (FIG. 4( b) ), and then the non-doped p-Si 31 was doped with
impurities using the gate electrode 33 as a mask (FIG. 4( c)). Thereafter, the interlayer insulating
film 34 and an aluminum layer were formed, and patterned by PEP process to form the drain
electrode 35, the source electrode 36, and the wiring group 37 integrated with the signal line in
the same process (FIG. 4( d)). Finally, an interlayer insulating film 38 was formed thereon by
spin coating of acrylic resin or the like, through holes 39 and 40 were formed at predetermined
positions, and an ITO film was formed thereon and patterned to form pixel electrodes 41 and
terminals 42 (FIG. 4( e)). Therefore, since the external terminals can be formed by performing
film formation and pattern formation simultaneously with the formation of the pixel portion and
the drive circuits, it is not necessary to newly add manufacturing process of the liquid crystal
display element 10.

[0020]

FIG. 5 shows an example in which an anisotropic conductive film 43 is used to connect the
terminal group 14 including the terminal 29 formed in the liquid crystal display element 10 to an
external circuit, and the flexible substrate 44 and the terminal group 14 including the terminal 29
are connected by heating and pressing.

In FIG. 5, the flexible substrate 44 is mounted by being bent in the vicinity of a connection
portion between the flexible substrate 44 and the terminal group 14 including the terminal 29,
and the frame of the liquid crystal display device has the minimum size, therefore the size is
reduced. Note that, although FIG. 5 illustrates an example of connection using an anisotropic
conductive film, a method of connecting the flexible substrate 44 and the terminal group 14
including the terminal 29 may be heat sealing, silver paste, or the like.

[0021]

FIG. 6 is a view schematically showing another embodiment of the display device according to
the present invention from the display surface side of the liquid crystal display element. In the
liquid crystal display element 45 shown in FIG. 6, drive circuits 47a and 47d for driving
scanning lines are arranged on two short sides of the liquid crystal display element 45, and drive
circuits 47b and 47c¢ for driving signal lines are divided into two parts on a long side of the liquid
crystal display element 45. The external connection terminal group 49 connected to the drive
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circuit is disposed outside the drive circuits 47b and 47c that drive the signal lines. The structure
of the external connection terminal of the external connection terminal group 49 is the same as
that of the display device shown in FIG. 1. Therefore, the cross section taken along line C-D in
FIG. 6 has the same configuration as the cross section shown in FIG. 3. In addition, since the
external connection terminal can be formed by forming a film and patterning simultaneously
with the formation of the pixel portion and the drive circuit, it is not necessary to newly add
manufacturing process of the liquid crystal display element 45, and it is possible to obtain a
display device excellent in economic efficiency.

[0022]
[Effect of the invention] As described above in detail, according to the display device of the
present invention, it is possible to provide a display device that achieves a narrow frame and an

enlarged effective display region (frame).

[0023]

Brief Description of the Drawings

[0024]

FIG. 1 is a view schematically showing an embodiment of a display device according to the
present invention from a display surface side of a liquid crystal display element.

[0025]

FIG. 2 is a diagram showing a configuration of a liquid crystal display element of the display
device shown in FIG. 1.

[0026]

FIG. 3 is a cross-sectional view taken along line A-B of FIG. 1.

[0027]

FIG. 4 is a diagram illustrating a process of forming the external connection terminal together
with a process of forming the TFT on the array substrate.

[0028]
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FIG. 5 is a diagram illustrating an example in which the flexible substrate 39 and the terminal
group 14 including the terminal 29 are connected by heating and pressing.

[0029]
FIG. 6 is a view schematically showing another embodiment of a display device according to the
present invention from the display surface side of a liquid crystal display element.

[0030]

FIG. 7 is a cross-sectional view of a p-Si CMOS-TFT used as a driving circuit.

[0031]

FIG. 8 is a diagram showing a configuration of a liquid crystal display element in which a drive
circuit for driving a liquid crystal display device is integrated and built in on a glass substrate.

[0032]

FIG. 9 is a diagram showing a configuration of a liquid crystal display element in which a drive
circuit for driving a liquid crystal display element is integrated and built in on a glass substrate.

[0033]

FIG. 10 is a diagram showing a configuration of a liquid crystal display element in which a drive
circuit for driving a liquid crystal display device is integrated and built in on a glass substrate.

[0034]

Description of Reference Symbols

[0035]

10, 80: liquid crystal display element 11, 81: display region 12x , 12y : drive circuit 13 a, 13 b,
82a, 82b, 37: wiring group 14, 83: external connection terminal group 15: storage capacitor 16:
liquid crystals 17 a, 17 b: scanning line 18 a, 18 b: data line 19: active matrix unit 20: video line
21: sampling circuit 22, 23: shift register 24: buffer 25: array substrate 26: color filter substrate
27, 34, 38, 75: interlayer insulating film 28: wiring 29, 42: terminal 30, 39, 40: through hole 31:

Page 9 of 17



non-doped p-Si 32: gate insulating film 33: gate electrode 35: drain electrode 36: source
electrode 41: pixel electrode 43, 84: anisotropic conductive film 44, 85: flexible substrate 45:
liquid crystal display element 46: display unit 47a to 47d: drive circuit 48a to 48b: wiring group
49: terminal group 70: p-Si TFT 72 a, 73: gate electrode 74: CMOS channel 73 a, 74: gate
electrode 74: gate electrode
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