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(57) [Overview]

PROBLEM TO BE SOLVED: To hardly cause erosion by chemical liquids in a patterning process in a
transflective type liquid crystal display and to prevent disconnection due to corrosion of a terminal.
SOLUTION: An external connection terminal 6 is constituted by successively layering an electrode layer
102 made of a same electrode material as a scanning line electrode 12, an electrode layer 103 made of a
same electrode material as a signal line electrode 11, an electrode layer 104 made of a same electrode
material as a transparent electrode 18, and an electrode layer 105 made of a same electrode material as a
reflective electrode 19 on a glass substrate 21.
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[Patent Claims]

[Claim 1]

A liquid crystal device, at least includes an array substrate having a plurality of scanning line electrodes
and a plurality of signal line electrodes arranged in a matrix via an interlayer insulating film, pixel
switching elements each arranged for one grid of the matrix and covered with a protective insulating film,
and pixel electrodes each provided for one grid and connected to the signal line electrodes via the pixel
switching elements; a counter substrate on which a common electrode facing the plurality of pixel
electrodes is formed, and a liquid crystal layer held between the two substrates, wherein each of the pixel
electrode consists of a reflection electrode for reflecting external light and displaying an image and a
transmission electrode for transmitting back light and displaying an image, and an external connection
terminal for externally inputting a signal for driving the pixel electrode is provided on the array substrate,
wherein the external connection terminal has an electrode structure in which electrode layers made of
same electrode materials as the scanning line electrode, the signal line electrode, the transparent electrode,
and the reflective electrode are stacked in an order listed above on the array substrate.

[Claim 2]

The liquid crystal display device according to claim 1, wherein an electrode layer made of the same
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electrode material as the reflective electrode serving as an uppermost layer of the external connection
terminal has a larger area overlapping in plane than electrode layers formed of the same electrode
materials as the electrodes formed as lower layers.

[Claim 3]

The liquid crystal display device according to claim 1 or 2, wherein in a region where the electrode layers
made of the same electrode materials as the scanning line electrodes and the signal line electrodes are
stacked, an electrode layer made of the same electrode material as the interlayer insulating film is
disposed between two of the electrode layers.

[Claim 4]

The liquid crystal display device according to any one of claims 1 2, or 3, wherein an electrode layer
made of the same electrode material as the transparent electrode is formed only in an opening step portion
made of the same material as the protective insulating film.

[Detailed description of the invention]

[0001]

[Technical field of invention]

The present invention relates to an active matrix type liquid crystal display device in which switching
elements consisting of thin film transistors are arranged for each pixel, and more particularly, to an active
matrix type liquid crystal display device which is constituted in a transflective display type.

[0002]

[Prior art]

Liquid crystal display devices have been widely used as displays such as OA equipment or portable
information terminals because of their thinness, light weight and low power consumption. In particular,
an active matrix type liquid crystal display device in which switching elements are arranged for each pixel
is becoming a mainstream of a display device because of its excellent display characteristics, and research
and development have been actively performed.

[0003]

In this type of liquid crystal display device, an external connection terminal for externally inputting a
signal for driving a pixel of a display region is provided. This external connection terminal is formed of
same electrode materials when forming a scanning line, a signal line, a switching element, and a pixel
electrode on an array substrate. In other words, a structure in which a plurality of materials are stacked is
used as an external connection terminal, and electrical conduction is obtained by an transparent electrode
of the uppermost layer.

[0004]

[Problem to be solved by the invention]

The external connection terminal required for driving the pixels of the display region cannot be covered
with a protective film for purpose of obtaining electrical conduction with the outside. Therefore, corrosion
tends to occur, and display may become impossible due to disconnection of the terminal. The external
connection terminal having the structure in which the plurality of materials are laminated is more resistant
to corrosion than an external connection terminal having a single layer structure, but when a pinhole or a
crack of a film occurs during the process of forming an electrode, corrosion may be caused by erosion of
a developing solution, an etching solution and a resist stripping solution used in the patterning process.

[0005]
In particular, in a liquid crystal display device constituted in a transflective display type which is
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becoming mainstream recently, metals are used more than a conventional transmissive type or reflective
type, and the external connection terminal has a structure in which many materials are laminated.
Conventionally, a part of a reflection electrode formed on an uppermost layer of the external connection
terminal is removed by a patterning process same as pixels of a display region, and therefore a transparent
electrode underlying the reflection electrode is eroded by the developing solution, the etching solution
and the resist stripping solution in the patterning process of the next process, resulting in problems that
corrosion of the external connection terminal in the transflective display device is likely to occurs.

[0006]

An object of the present invention is to provide a transflective liquid crystal display device which is
excellent in reliability and durability by preventing disconnection due to corrosion of an external
connection terminal.

[0007]

[Means for solving the problem]

To solve the above problem, according to the invention of claim 1, provided is a liquid crystal device, at
least includes an array substrate having a plurality of scanning line electrodes and a plurality of signal line
electrodes arranged in a matrix via an interlayer insulating film, pixel switching elements each arranged
for one grid of the matrix and covered with a protective insulating film, and pixel electrodes each
provided for one grid and connected to the signal line electrodes via the pixel switching elements; a
counter substrate on which a common electrode facing the plurality of pixel electrodes is formed, and a
liquid crystal layer held between the two substrates, wherein each of the pixel electrode consists of a
reflection electrode for reflecting external light and displaying an image and a transmission electrode for
transmitting back light and displaying an image, and an external connection terminal for externally
inputting a signal for driving the pixel electrode is provided on the array substrate, wherein the external
connection terminal has an electrode structure in which electrode layers made of same electrode materials
as the scanning line electrode, the signal line electrode, the transparent electrode, and the reflective
electrode are stacked in an order listed above on the array substrate.

[0008]

According to claim 2 of the present invention, in claim 1, an electrode layer made of the same electrode
material as the reflective electrode serving as an uppermost layer of the external connection terminal has a
larger area overlapping in plane than electrode layers formed of the same electrode materials as the
electrodes formed as lower layers.

[0009]

According to claim 3 of the present invention, in claim 1 or 2, in a region where the electrode layers made
of the same electrode materials as the scanning line electrodes and the signal line electrodes are stacked,
an electrode layer made of the same electrode material as the interlayer insulating film is disposed
between two of the electrode layers.

[0010]

According to the above configuration, since the electrode layer made of the same electrode material as the
reflective electrode is formed on the uppermost layer, even if pinholes and cracks, etc., occur during the
process of forming the electrode, the external connection terminal is hardly subjected to erosion by a
developer, an etching solution, and a resist stripping solution when patterning a part of the reflective
electrode, and corrosion is less likely to occur on a surface of the terminal.

[0011]
Further, the electrode layer made of the same electrode material as the reflection electrode has a larger
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area overlapping in plane than the electrode layers formed of the same electrode materials as the
electrodes formed as lower layers even when a part of the reflective electrode is patterned, the electrode
layers as the lower layers of the external connection terminal is hardly subjected to the erosion of the
developer, the etching solution and the resist stripping solution in the patterning step.

[0012]

According to claim 4 of the present invention, in any one of claims 1, 2, or 3, an electrode layer made of
the same electrode material as the transparent electrode is formed only in an opening step portion made of
the same material as the protective insulating film.

[0013]

According to the above configuration, the electrode layer made of the same electrode material as the
signal line electrode and the electrode layer made of the same electrode material as the reflection
electrode are laminated, which are substantially the same kind of metal, contact resistance of the terminal
itself can be reduced while preventing erosion caused by the chemical solution in the patterning step.
[0014]

[Embodiment of invention]

Hereinafter, embodiments of a liquid crystal display device according to the present invention will be
described with reference to the accompanying drawings.

[0015]

FIG. 5 is a circuit configuration diagram of a liquid crystal display device according to an present
embodiment. The liquid crystal display device 1 includes a pixel portion 2 in which a plurality of pixels
10 are formed, a scanning line driving circuit 3, and a signal line driving circuit 4. Note that, although a
liquid crystal display device integrated with a driving circuit in which the pixel portion 2, the scanning
line driving circuit 3, and the signal line driving circuit 4 are integrally formed on the array substrate 5 is
described in this embodiment, the scanning line driving circuit 3 and the signal line driving circuit 4 may
be disposed on an external circuit substrate (not shown).

[0016]

In the pixel portion 2, a plurality of signal line electrodes 11 and a plurality of scanning line electrodes 12
orthogonal to the signal line electrodes 11 are arranged in a matrix, and pixel switching elements 13 are
arranged for each grid of the matrix. However, the signal line electrodes 11 and the scanning line
electrodes 12 are electrically insulated by an interlayer insulating film (not shown), and the pixel
switching elements 13 are covered by a protective insulating film (not shown).

[0017]

The source electrodes S of the pixel switching elements 13 are commonly connected to the signal line
electrodes 11 for each vertical line, and the gate electrodes G are commonly connected to the scanning
line electrodes 12 for each horizontal line. Further, the drain electrodes D are connected to the pixel
electrodes 14 and the auxiliary capacitors 17. A common electrode 15 which is electrically facing to the
pixel electrodes 14 is formed on a counter substrate (not shown) which is disposed opposite to the array
substrate 5 with a predetermined space therebetween, and a predetermined common voltage is supplied
from an unillustrated external drive circuit via a conductive pad (not shown) disposed between the two
substrates. Further, a liquid crystal layer 16 is held between the two substrates.

[0018]

The scanning line driving circuit 3 includes a shift register, a buffer circuit, and the like (not shown), and
supplies scanning signals to the scanning line electrodes 12 based on vertical start signals or vertical clock
signals supplied from an external drive circuit (not shown).

[0019]

The signal line driving circuit 4 includes a shift register, a level shifter, an analog switch, and the like,
which are not shown, and sequentially samples video signals into corresponding signal line electrodes 11
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based on a horizontal start signal or a horizontal clock signal supplied from an external drive circuit (not
shown).

[0020]

On one side of the array substrate 5, external connection terminals 6 for inputting signals from an external
drive circuit (not shown) are formed, and the signals or the like supplied from the external drive circuit is
input from the FPC 7 to the array substrate 5 via the external connection terminals 6. The external
connection terminals 6 are formed of the same electrode materials when the pixel portion 2, the scanning
line driving circuit 3, and the signal line driving circuit 4 are formed on the array substrate 5.

[0021]

Next, a specific configuration of the pixels 10 configured in the transflective display type will be
described. FIG. 6 is a schematic plan view showing a pixel structure in the pixel portion 2, and FIG. 7 is a
schematic cross-sectional view corresponding to a region B in FIG. 6. Note that the pixel structure shown
in FIG. 6 and FIG. 7 exemplifies an example of a transflective type, and portions other than those
necessary for the description are omitted as appropriate.

[0022]

The array substrate 5 is composed of a transparent glass substrate 21, and its planar region is divided into
a display region 31 and a frame region 32. In the display region 31, a plurality of signal line electrodes 11
and a plurality of scanning line electrodes 12 are arranged in a matrix with an interlayer insulating film 22
interposed therebetween, and a pixel switching element 13 and a pixel electrode 14 are formed for each
grid of the matrix. Moreover, auxiliary capacitance lines 17 are formed in parallel with the scanning line
electrodes 12. A predetermined auxiliary capacitance voltage is supplied to the auxiliary capacitor 17
from an external drive circuit (not shown) via an auxiliary capacitance line 17a.

[0023]

In each pixel, a transmissive portion 33 is disposed in a central region of the pixel, and a reflective portion
34 is disposed in a peripheral region of the pixel. The pixel electrode 14 is configured as a transparent
electrode 18 by an ITO film or the like in the transmissive portion 33, and is configured as a reflective
electrode 19 by a metal film or the like in the reflective portion 34. The reason why the transmissive
portion 33 is disposed in the central region of the pixel is that there is a large number of opaque wirings
such as the signal line electrodes 11 or the scanning line electrodes 12 in the peripheral region of the pixel,
which is advantageous in terms of light utilization efficiency. Further, in order to widen the viewing angle
of the reflected light, the reflection electrode 19 has irregularities on its surface. A polarizing plate 23 and
a backlight 24 are arranged outside of the array substrate 5, and an alignment film (not shown) is formed
inside of the array substrate so as to cover an inside surface.

[0024]

On the other hand, the counter substrate 25 is formed of a transparent glass substrate 26 similar to the
array substrate 5, and a common electrode 15, a color filter 27, and the like are formed on a surface of the
array substrate 5, and an alignment film (not shown) is formed so as to cover the surface. A polarizing
plate 28 is disposed outside the counter substrate 25.

[0025]

The array substrate 5 and the counter substrate 25 are opposed to each other at a predetermined interval
by a columnar spacer 28 defining a cell gap, and are bonded together by a sealing material (not shown)
which is formed surrounding a periphery of the substrate. Further, a liquid crystal layer 16 is injected
between the substrates and filled inside.

[0026]

By the way, in a transflective liquid crystal display device, paths in which light passes through the liquid
crystal layer 16 differ from each other between the transmissive portion 33 and the reflective portion 34.
In other words, in the transmissive portion 33, transmissive light L1 from the backlight 24 passes through
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the liquid crystal layer 16 only once, whereas in the case of the reflective portion 34, external light
incident from the counter substrate 25 side passes through the liquid crystal layer 16 and then is reflected
by the reflective electrode 19 and then again passes through the liquid crystal layer 16 and is extracted as
reflected light L2. Therefore, the distance that the reflected light L2 passes through the liquid crystal layer
16 is longer than that of the transmitted light L1. Therefore, in order to obtain optimal optical
characteristics in both of the reflective display and the transmissive display, it is necessary to provide
each of the reflective portion 33 and the transmissive portion 34 with an optimal cell gap. Therefore, as
shown in FIG. 7, a convex portion 29 made of resin is provided below the reflective electrode 19, a
portion of the transparent electrode 18 is formed as a concave portion 30, and a cell gap of the reflective
portion 34 is made narrower than that of the transmissive portion 33, so that the distance that the external
light passes through the liquid crystal layer 16 is adjusted. Such a transflective liquid crystal display
device is generally called a multi-gap transflective liquid crystal display device.

[0027]

Next, an electrode configuration of the external connection terminal 6 arranged in the liquid crystal
display device according to the present embodiment will be described. FIGs. 1 to 4 referred to in the
following description show schematic cross-sectional views of one terminal when viewed from direction
A of FIG. 5.

[0028]

First, Embodiments 1 and 2 will be described. FIG. 1 is a schematic cross-sectional view of Embodiment
1 of an external connection terminal 6. The external connection terminal 6 is formed on the glass substrate
21 on an insulating layer 101 made of a same electrode material as a gate insulating film (not shown). In
the electrode structure of Embodiment 1, an electrode layer 102 made of a same electrode material as the
scanning line electrode 12, an electrode layer 103 made of a same electrode material as the signal line
electrode 11, an electrode layer 104 made of a same electrode material as the transparent electrode 18,
and an electrode layer 105 made of a same electrode material as the reflection electrode 19 are laminated
in this order. The electrode layer 105 serving as an uppermost layer provides electrical conduction. On the
insulating film 101, an insulating film 106 made of a same electrode material as the interlayer insulating
film 22 is formed so as to overlap with a part of the electrode layer 102, and further, an insulating film
107 made of a same material as a protective insulating film is formed on the insulating film 106 so as to
overlap with parts of the insulating film 106, the electrode layer 102 and the electrode layer 103. The
electrode layers 104,105 constituting the external connection terminal 6 of Embodiment 1 are formed on
the opening step portion 110 of the insulating film 107. Among them, the electrode layer 105 as the
uppermost layer is formed to have a larger area overlapping in plane than the electrode layers 102 to 104
formed in the lower layer.

[0029]

FIG. 2 is a schematic cross-sectional view of Embodiment 2 of an external connection terminal 6, and the
same reference numerals as in FIG. 1 denote the same portions as in FIG. 1. A difference from
Embodiment 1 is that the insulating film 106 is disposed between the electrode layer 102 and the
electrode layer 103. Also in the configuration of Embodiment 2, the electrode layer 105 is formed to have
a larger area overlapping in plane than the electrode layers 102 to 104 formed in the lower layer.

[0030]

According to the electrode configurations of Embodiment 1 and embodiment 2, the electrode layer 105 is
formed on the uppermost layer. Even if pinholes and cracks of the film occur during the process of
forming the electrode, the external connection terminal 6 is hardly subjected to erosion of a developer, an
etching solution, and a resist stripping solution at the time of patterning a part of the reflective electrode
19 in the pixel portion 2, and corrosion hardly occurs on a surface of the terminal. In addition, the
electrode layer 105 is formed to have a larger area overlapping in plane than the electrode layers 102 to
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104 in the lower layer, even when a portion of the reflective electrode 19 is patterned in the pixel portion
2, the electrode layers 102 to 104 of the external connection terminal 6 is hardly subjected to the erosion
of the developer, the etching solution, and the resist stripping solution in the patterning process.

[0031]

Therefore, in the transflective liquid crystal display devices provided with the external connection
terminals 6 of Embodiment 1 and Embodiment 2, disconnection due to corrosion of the external
connection terminal 6 can be prevented, so that a liquid crystal display device excellent in reliability and
durability can be obtained.

[0032]

Next, Embodiments 3 and 4 will be described. In Embodiments 3 and 4, an electrode layer 104 made of
the same electrode material as the transparent electrode 18 is formed only in the opening step portion 110
formed of the insulating film 107 made of the same electrode material as the protective insulating film
(not shown).

[0033]

FIG. 3 is a schematic cross-sectional view of Embodiment 3 of an external connection terminal 6, and the
same reference numerals as in FIG. 1 denote the same portions as in FIG. 1. As shown in FIG. 3, on the
electrode layer 103 made of the same electrode material as the signal line electrode 11, the electrode layer
105 made of the same electrode material as the reflection electrode 19 is formed. The electrode layer 104
formed of the same electrode material as the transparent electrode 18 on the electrode layer 103 is
removed leaving only the opening step portion 110. Accordingly, the electrode layer 103 and the
electrode layer 105 are stacked in a state of being in contact with each other without the electrode layer
104 being interposed therebetween. In addition, the uppermost electrode layer 105 is formed to have a
larger area overlapping in plane than the electrode layers 102 to 104 formed in the lower layer.

[0034]

FIG. 4 is a schematic cross-sectional view of Embodiment 2 of an external connection terminal 6, and the
same reference numerals as in FIG. 3 denote the same portions as in FIG. 3. A difference from
Embodiment 3 is that the insulating film 106 is disposed between the electrode layer 102 and the
electrode layer 103. Also in the configuration of Embodiment 4, the electrode layer 103 and the electrode
layer 105 are stacked in a state of being in contact with each other without the electrode layer 104 being
interposed therebetween, and the electrode layer 105 is formed to have a larger area overlapping in plane
than the electrode layer 102 to the electrode layer 104 formed in the lower layer.

[0035]

According to the electrode configuration of Embodiments 3 and 4, the electrode layer 105 is formed on
the uppermost layer. Even if pinholes and cracks of the film occur during the process of forming the
electrode, the external connection terminal 6 is hardly subjected to the erosion of the developer, the
etching solution, and the resist stripping solution at the time of patterning a part of the reflective electrode
19 in the pixel portion 2, and corrosion hardly occurs on the surface of the terminal. In addition, since the
electrode layer 105 is formed to have a larger area overlapping in plane than the lower electrode layers
102 to 104, even when a portion of the reflective electrode 19 is patterned in the pixel portion 2, the
electrode layers 102 to 104 of the external connection terminal 6 are hardly subjected to the erosion of the
developer, the etching solution, and the resist stripping solution in the patterning process. [0036]

In particular, in the embodiments 3 and 4, since the electrode layer 104 made of the same electrode
material as the transparent electrode 18 is formed only on the opening step portion 110 formed by the
insulating film 107, the following advantages are obtained.

[0037]

That is, since a laminated structure of Al-based metal using an Al-based alloy or a high-melting-point
metal as a barrier metal is generally used in an electrode material used as the signal line electrode 11 and
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an electrode material used as the reflection electrode 19 , in many cases, the electrode layer 103 and the
electrode layer 105 are laminated with the same kind of metals by employing the electrode configuration
described above. Therefore, an electrode layer 104 made of the same electrode material as the transparent
electrode 18 which is effective for preventing corrosion is left on the opening step portion 110 which
requires a surface coating. By forming an electrode structure in which the electrode layer 103 and the
electrode layer 105 made of almost the same kind of metal are laminated, it is possible to reduce the
contact resistance of the terminal itself while preventing erosion caused by chemical solutions in the
patterning process.

[0038]

As described above, even in the transflective liquid crystal display devices including the external
connection terminals 6 of Embodiments 3 and 4, disconnection due to corrosion of the external
connection terminals 6 can be prevented, so that a liquid crystal display device excellent in reliability and
durability can be obtained.

[0039]

[Effect of the Invention]

As described above, according to the present invention, it is possible to provide a transflective liquid
display device excellent in reliability and durability, since it is hardly subjected to erosion caused by
chemical solutions in the patterning process, and disconnection due to corrosion of the external
connection terminal can be prevented..

[Brief Description of the Drawings]

[FIG. 1] FIG. 1 is a schematic cross-sectional view of Embodiment 1 of an external connection terminal.
[FIG. 2] FIG. 2 is a schematic cross-sectional view of Embodiment 2 of an external connection terminal.
[FIG. 3] FIG. 3 is a schematic cross-sectional view of Embodiment 3 of an external connection terminal.
[FIG. 4] FIG. 4 is a schematic cross-sectional view of Embodiment 4 of an external connection terminal.
[FIG. 5]FIG. 5 is a circuit configuration diagram of a liquid crystal display device according to an present
embodiment .

[FIG. 6] FIG. 6 is a schematic plan view showing a pixel structure in the pixel portion.

[FIG. 7] FIG. 7 is a schematic cross-sectional view corresponding to a region B in FIG. 6.

[Explanation of letters or numerals]

11 signal line electrode

12 scanning line electrode

13 pixel switching element

14 pixel electrode

15 common electrode

16 liquid crystal layer

17 auxiliary capacitor

18 transparent electrode

19 reflective electrode

25 counter substrate

31 display region

32 frame region

33 transmissive portion

34 reflective portion

102 to 105 electrode layers

106,107 insulating film
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