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(57) ABSTRACT

A liquid crystal device, which has a plurality of pixels and
switching elements provided in correspondence with the pix-
els, includes an element substrate, an interlayer insulating
film, a first electrode layer, and a second electrode layer. The
switching elements are formed in the element substrate. The
interlayer insulating film is formed on the switching ele-
ments. The first electrode layer is formed on the interlayer
insulating film. The second electrode layer is formed in the
element substrate and overlaps the first electrode in plan view
through an interelectrode insulating film. Each of the pixels
includes a first region and a second region. The first electrode
layer overlaps the second electrode layer in plan view in the
first region. Of the first electrode layer and the second elec-
trode layer, only the first electrode layer is formed in the
second region. The thickness of the second electrode layer is
smaller than the thickness of the first electrode layer.
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LIQUID CRYSTAL DEVICE WITH PIXEL
ELECTRODE UNDER THE COMMON
ELECTRODE AND THINNER THAN DRAIN
ELECTRODE, METHOD OF
MANUFACTURING LIQUID CRYSTAL
DEVICE, AND ELECTRONIC APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to a liquid crystal device and,
more particularly, to a technology suitably applied to a liquid
crystal device, typically, a so-called fringe field switching
(hereinafter, referred to as FFS) mode liquid crystal device, in
which both pixel electrodes and a common electrode are
provided in an element substrate. In addition, the invention
also relates to a method of manufacturing the liquid crystal
device and to an electronic apparatus to which the liquid
crystal device is applied.

2. Related Art

Among various liquid crystal devices, an FFS mode liquid
crystal device is configured so that, between an element sub-
strate and an opposite substrate, pixel electrodes, an interelec-
trode insulating film and a common electrode having open-
ings formed therein are laminated in the element substrate,
and liquid crystal is driven through an electric field applied
between the pixel electrodes and the common electrode,
which is described in Japanese Unexamined Patent Applica-
tion Publication No. 2001-235763.

In the above FFS mode liquid crystal device, when bottom-
gate thin-film transistors, which employ an amorphous sili-
con film, are used as pixel switching elements, and pixel
electrodes are formed so as to directly overlap the drain
electrodes of the thin-film transistors, the pixel electrodes are
formed in the interlayer in which data lines are formed. There-
fore, it is necessary to space the pixel electrodes apart from
the data lines and, hence, there is a problem that an area for
forming the pixel electrodes is small.

Then, it has been proposed that, as shown in FIG. 7A, an
interlayer insulating film 6 is formed so as to cover a thin-film
transistor 30, which serves as a pixel switching element, and
a pixel electrode 7a is electrically connected through a con-
tact hole 6a of the interlayer insulating film 6 and a drain
electrode 55 to a drain region 1d of the thin-film transistor 30.
An example shown in FIG. 7A is provided in order to make
comparison with the aspects of the invention. In the example,
in the upper side layer of the pixel electrode 74, an interelec-
trode insulating film 8, a common electrode 9a in which
slit-like openings 95 are formed, and an alignment layer 16
are sequentially formed. The pixel electrode 7a and the com-
mon electrode 9a both are formed of ITO (indium tin oxide)
films having the same thickness of 100 nm to 200 nm. With
this configuration, the pixel electrode 7a may be formed up to
aposition in proximity to a data line 5a, and it is advantageous
in that the area for forming the pixel electrode 7a may be
increased.

When a liquid crystal device is manufactured using the
above configured element substrate 10, as shown in FIG. 7B,
after the alignment layer 16 formed of polyimide resin is
formed on the surface side of the common electrode 9a, a
rubbing process, in which the surface of the alignment layer
16 is rubbed by using a rubbing roller 40, or the like, is
performed. Thus, the alignment of liquid crystal molecules in
a state where no electric field is applied is controlled. In order
to perform the rubbing process uniformly over the entire
surface of the alignment layer 16, the surface of the alignment
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layer 16 is preferably even, so that an organic planarizing film
is preferably used for the interlayer insulating film 6.

However, when the rubbing process is performed in the
configuration shown in FIG. 7A and FIG. 7B, in a direction in
which the rubbing roller travels relative to the common elec-
trode 9a, rubbing defects 16a problematically occur inside
the openings 95 of the common electrode 9a over a wide area
because of large steps due to the thickness of the common
electrode 9a. The rubbing defects 16a cause a decrease in
quality of display image, such as a decrease in contrast. On
the other hand, when the thickness of the common electrode
9 and the thickness of the pixel electrode 7a are reduced, the
electrical resistance of the common electrode 9« is increased.
The increase in the electrical resistance causes generation of
luminance non-uniformity, or the like, in an image.

In addition to the above rubbing defects, when the thick-
ness of the common electrode 9a is large, there is a possibility
that alignment defect occurs due to steps themselves or the
contrast of display decreases due to variation in thickness of
a liquid crystal layer in a pixel between an area in which the
common electrode 9a is formed and the slit-like openings 95.

The above problems not only occur when the common
electrode 9a is formed on the interelectrode insulating film 8
but also occur when the pixel electrodes 7a are formed on the
interelectrode insulating film 8.

SUMMARY

An advantage of some aspects of the invention is that it
provides a liquid crystal device that is able to suppress the
occurrence of defective display due to the thickness of an
electrode formed on the interelectrode insulating film 8 with-
out increasing the electrical resistance of the electrode layer.

A first aspect of the invention provides a liquid crystal
device. The liquid crystal device, which has a plurality of
pixels and switching elements provided in correspondence
with the pixels, includes an element substrate, an interlayer
insulating film, a first electrode layer, and a second electrode
layer. The switching elements are formed in the element
substrate. The interlayer insulating film is formed on the
switching elements. The first electrode layer is formed on the
interlayer insulating film. The second electrode layer is
formed in the element substrate and overlaps the first elec-
trode in plan view through an interelectrode insulating film.
Each of the pixels includes a first region and a second region.
The firstelectrode layer overlaps the second electrode layer in
plan view in the first region. Of the first electrode layer and the
second electrode layer, only the first electrode layer is formed
in the second region. The thickness of the second electrode
layer is smaller than the thickness of the first electrode layer.

Then, the element substrate may be performed with an
alignment process. As an example of the alignment process,
after an alignment layer formed of polyimide resin, or the
like, is formed on the second electrode layer, a rubbing pro-
cess, in which the surface of the alignment layer is rubbed by
using a rubbing roller, or the like, is performed. According to
the aspect of the invention, a step is formed in the alignment
layer at a boundary between the first region and the second
region; however, because the thickness of the second elec-
trode layer is set smaller than the thickness of the first elec-
trode layer, a step resulting from the thickness of the second
electrode layer is low in height. Thus, it is possible to prevent
the occurrence of rubbing defects. In addition, even when the
rubbing defects occur, an area of the rubbing defects is
extremely small. Therefore, it is possible to prevent a
decrease in contrast due to the rubbing defects.
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The advantageous effects of the aspect of the invention are
notable particularly when the above described rubbing pro-
cess is performed; however, in another alignment process,
such as, for example, a process in which light is irradiated
obliquely to a photosensitive polymer film or an alignment
process using an obliquely evaporated film, it is possible to
reduce defective alignment of the liquid crystal by suppress-
ing the step, which is formed on the element substrate, to a
lower height.

According to the aspect of the invention, a balance in
thickness between the first electrode layer and the second
electrode layer is made appropriate, and both the thickness of
the first electrode layer and the thickness of the second elec-
trode layer are not merely reduced. Thus, the total electrical
resistance of the first electrode layer and the second electrode
layer never increases. Hence, luminance non-uniformity
never occurs in an image. Therefore, according to the aspect
of the invention, it is possible to display an image with high
quality.

Intheaspect of the invention, one of the first electrode layer
and the second electrode layer may be pixel electrodes that
are connected to the corresponding switching elements, and
the other of the first electrode layer and the second electrode
layer may be a common electrode that is formed over the
plurality of pixels. Particularly, the first electrode layer may
be the common electrode, and the second electrode layer may
be the pixel electrodes. By increasing the thickness of the
common electrode, the electrical resistance of the common
electrode, of which an increase in electrical resistance tends
to result in notable luminance non-uniformity, may be
reduced, so that luminance non-uniformity never occurs in an
image.

In the aspect of the invention, the second region may be
formed of an opening or aslit, which is provided in the second
electrode layer.

In the aspect of the invention, the interlayer insulating film
may be a planarizing film that contains an organic material.
With this configuration, because the surface of the alignment
layer becomes even, it is possible to perform a rubbing pro-
cess uniformly over the entire surface.

In the aspect of the invention, the resistivity of a material
that forms the first electrode layer may be substantially equal
to the resistivity of a material that forms the second electrode
layer. In the aspect of the invention, the thickness of the
second electrode layer is made small, and the thickness of the
first electrode layer is made large. Thus, a step due to the
thickness of the second electrode layer is reduced, and an
increase in electrical resistance of the entire electrode layer is
prevented. Accordingly, when the resistivity of the first elec-
trode layer is approximate to the resistivity of the second
electrode layer, the advantageous effects of the invention
become notable. Furthermore, both the first electrode layer
and the second electrode layer may be formed of the same
material. Even when the first electrode layer and the second
electrode layer are formed of different materials, when a
difference in resistivity between the first electrode layer and
the second electrode layer is equal to or below 5x10E-4
Q-cm, adjustment of the thickness of electrode and electrical
resistance according to the configuration of the aspect of the
invention is effective. A specific combination of the first
electrode layer and the second electrode layer may be selected
from, for example, ITO, IZ0, ZnO, In,0;—7Zn0O, or the like.

A second aspect of the invention provides a method of
manufacturing a liquid crystal device that includes a plurality
of pixels and switching elements provided in correspondence
with the pixels. The method includes forming the switching
elements in the element substrate, forming an interlayer insu-
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lating film on the switching elements, forming a first elec-
trode layer on the interlayer insulating film, and forming a
second electrode layer on the element substrate so as to over-
lap the first electrode in plan view through an interelectrode
insulating film, wherein, when the second electrode layer is
formed, an opening or a slit is formed in the second electrode
layer, and wherein the second electrode layer is formed so that
the thickness of the second electrode layer is smaller than the
thickness of the first electrode layer.

The above method of manufacturing the liquid crystal
device may further include forming an alignment layer on the
second electrode, and performing a rubbing process on the
alignment layer.

The liquid crystal device according to the aspect of the
invention may be used as a display portion of an electronic
apparatus, such as a mobile telephone or a mobile computer.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1A is a plan view of a liquid crystal device with
components formed therein as viewed from a side of an
opposite substrate according to an embodiment of the inven-
tion. FIG. 1B is a cross-sectional view that is taken along the
line IB-IB in FIG. 1A.

FIG. 2 is an equivalent circuit diagram that illustrates an
electrical configuration of an image display area of an ele-
ment substrate used in the liquid crystal device according to
the embodiment of the invention.

FIG. 3A is a cross-sectional view of one pixel of the liquid
crystal device, taken along the line IIIA-ITIA in FIG. 3B,
according to a first embodiment of the invention. FIG. 3B isa
plan view of the adjacent pixels in the element substrate
according to the first embodiment of the invention.

FIG. 4 is a schematic view that shows a state where a
rubbing process is performed when the liquid crystal device
according to the embodiment of the invention is manufac-
tured.

FIG. 5A is a cross-sectional view of one pixel of the liquid
crystal device, taken along the line VA-VA in FIG. 5B,
according to a second embodiment of the invention. FIG. 5B
is a plan view of the adjacent pixels in the element substrate
according to the second embodiment of the invention.

FIG. 6A to FIG. 6C are views illustrating electronic appa-
ratuses that use the liquid crystal device according to the
embodiment of the invention.

FIG. 7A is a cross-sectional view of one pixel of a liquid
crystal device according to a known art. FIG. 7B is a sche-
matic view that shows a state where a rubbing process is
performed when the liquid crystal device is manufactured.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiments of the invention will now be described. Note
that in the following description, for easily recognizing the
correspondence between the configuration of the embodi-
ment and the configuration shown in FIG. 7A and FIG. 7B,
the components having the same function will be described
by assigning the same reference numerals. In addition, in the
drawings referred in the following description, to make it
easiertorecognize layers and components shown in the draw-
ings, the scale of the layers and components are varied. Fur-
thermore, color filters, or the like, are not shown in the draw-
ing.
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First Embodiment

General Configuration

FIG. 1A is a plan view of a liquid crystal device with
components formed therein as viewed from a side of an
opposite substrate according to the embodiment of the inven-
tion. FIG. 1B is a cross-sectional view that is taken along the
line IB-IB in FIG. 1A.

In FIG. 1A and FIG. 1B, the liquid crystal device 100
according to the present embodiment is a transmissive active
matrix liquid crystal device. A seal material 107 is provided
on an element substrate 10 along the periphery of an opposite
substrate 20. In the element substrate 10, a data line driving
circuit 101 and mounted terminals 102 are provided in an
outer area of the seal material 107 along one side of the
element substrate 10, and scanning line driving circuits 104
are formed along two sides that are adjacent to the side at
which the mounted terminals 102 are arranged. Moreover, a
peripheral circuit, such as a pre-charge circuit or a detection
circuit, may be provided using the lower side of a window
frame 108. The opposite substrate 20 has substantially the
same outline as the seal material 107. By this seal material
107, the opposite substrate 20 is fixed to the element substrate
10. Then, liquid crystal 50 is held between the element sub-
strate 10 and the opposite substrate 20.

Although it will be described in detail later, pixel elec-
trodes 7a are formed in the element substrate 10 in a matrix.
In contrast, the window frame 108, which is formed of a light
shielding material, is formed in an area inside the seal mate-
rial 107 in the opposite substrate 20, and the inside of the
window frame 108 forms an image display area 10a. In the
opposite substrate 20, alight shielding film 23, whichis called
a black matrix or a black stripe, is formed in an area that is
opposite the vertical and horizontal boundary areas of the
pixel electrodes 7a of the element substrate 10.

The liquid crystal device 100 according to the present
embodiment drives the liquid crystal 50 in an FFS mode.
Therefore, in the element substrate 10, a common electrode
(not shown in FIG. 1B), which will be described later, is
formed in addition to the pixel electrodes 7a, and no opposite
electrode is formed in the opposite substrate 20.

Detailed Configuration of Liquid Crystal Device 100

The liquid crystal device 100 according to the embodiment
of the invention and the configuration of the element substrate
used in the liquid crystal device 100 will be described with
reference to FIG. 2. FIG. 2 is an equivalent circuit diagram
thatillustrates an electrical configuration of the image display
area 10a of the element substrate 10 used in the liquid crystal
device 100 according to the embodiment of the invention.

As shown in FIG. 2, a plurality of pixels 1004 are formed in
a matrix in the image display area 10a of the liquid crystal
device 100. Each of the plurality of pixels 1004 includes a
pixel electrode 7a and a thin-film transistor 30, which is used
for pixel switching to control the pixel electrode 7a. Data
lines 5a, which supply data signals (image signals) in line
sequential, are electrically connected to the sources of the
corresponding thin-film transistors 30. Scanning lines 3a are
electrically connected to the gates of the corresponding thin-
film transistors 30. The scanning lines 3« are configured to be
applied with scanning signals at a predetermined timing in
line sequential. Each of the pixel electrodes 7a is electrically
connected to the drain of the corresponding thin-film transis-
tor 30. Each pixel electrode 7a writes a data signal, which is
supplied from the data line 5a, into the corresponding pixel
100g at a predetermined timing in such a manner that the
thin-film transistor 30 is made to enter an on state only during
a certain period. In this manner, a pixel signal of a predeter-
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mined level, written into the liquid crystal 50 shown in FIG.
1B through the pixel electrode 7a, is held with the corre-
sponding common electrode 9a, which is formed in the ele-
ment substrate 10, during a certain period. Here, a holding
capacitance 60 is formed between the pixel electrode 7a and
the common electrode 9a, and the voltage of the pixel elec-
trode 7a is, for example, held during a period of time that is
three digits longer than a period of time during which a source
voltage is being applied. Thus, the charge holding character-
istic is improved, and it is possible to realize the liquid crystal
device 100 that is able to perform display with a high contrast
ratio.

In FIG. 2, the common electrode 9a is shown as a wiring
extending from the scanning line driving circuit 104; how-
ever, the common electrode 9a is formed over the substan-
tially entire surface of the image display area 10a of the
element substrate 10 and is held at a predetermined electric
potential.

Detailed Configuration of Fach Pixel

FIG. 3Ais a cross-sectional view of one pixel of the liquid
crystal device 100 according to the embodiment of the inven-
tion. FIG. 3B is a plan view of the adjacent pixels in the
element substrate 10 according to the embodiment of the
invention. FIG. 3A is a cross-sectional view of the liquid
crystal device 100, taken along the line IITA-IITA in FI1G. 3B.
On the other hand, in FIG. 3B, the pixel electrodes 7a are
indicated by a long dotted line, the data lines 5@ and the
thin-films, which are formed at the same time with the data
lines 5a, are indicated by an alternate long and short dash line,
the scanning lines 3a are indicated by an alternate long and
two short dashes line, and a partly removed portion in the
common electrode 9a is indicated by a solid line. Note that, in
FIG. 3A, in the opposite substrate 20, the light shielding film
23 and the color filter are not shown in the drawing.

As shown in FIG. 3A and FIG. 3B, the plurality of trans-
parent pixel electrodes 7a (areas surrounded by a long dotted
line) are formed in a matrix in the element substrate 10 at
positions corresponding to the pixels 1004, and the data lines
5a (indicated by an alternate long and short dash line) and the
scanning lines 3a (indicated by an alternate long and two
short dashes line) are formed along the vertical and horizontal
boundary areas between the adjacent pixel electrodes 7a. In
addition, the common electrode 9a, which is formed of an
ITO film, is formed over the substantially entire surface of the
image display area 10a of the element substrate 10. In the
present embodiment, the common electrode 9a is formed
solid, while, on the other hand, each of the pixel electrodes 7a
includes a plurality of slit-like openings 75 (indicated by a
long dotted line) formed therein, and, in the openings 75, the
common electrode 9a does not overlap the pixel electrodes
7a. In the present embodiment, the plurality of openings 76
are formed so as to extend obliquely relative to a direction in
which the scanning lines 3a extend, and the plurality of open-
ings 7b extend parallel to each other.

The base body of the element substrate 10 shown in FIG.
3A is formed of a transparent substrate 105, such as a quartz
substrate or a heat resistant glass substrate. The base body of
the opposite substrate 20 shown in FIG. 3A is formed of a
transparent substrate 204, such as a quartz substrate or a heat
resistant glass substrate. In the present embodiment, both of
the transparent substrates 105, 205 are formed using a glass
substrate. In the opposite substrate 20, an alignment layer 26
1s formed over the entire surface thereof; however, unlike a
TN mode liquid crystal device, no opposite electrode is
formed.

Referring back to FIG. 3A and FIG. 3B, in the element
substrate 10, a base protection film (not shown), which is



US 8,619,225 B2

7

formed of a silicon oxide film, or the like, is formed on the
surface of the transparent substrate 104, and, on the surface
side, a top-gate type thin-film transistor 30 is formed at a
position in proximity to the corresponding pixel electrode 7a.
As shown in FIG. 3A and FIG. 3B, each of the thin-film
transistors 30 has a structure such that a channel forming
region 15, a source region 1¢ and a drain region 1d are formed
in an island-like semiconductor film 1a. The thin-film tran-
sistor 30 may be formed so as to include an LDD (Lightly
Doped Drain) structure in which a lightly doped region is
provided on both sides of the cannel forming region 156. In the
present embodiment, the semiconductor film 1a is a polysili-
con film that is polycrystallized by laser annealing, lamp
annealing, or the like, after an amorphous silicon film is
formed on the element substrate 10.

A gate insulating film 2, which is formed of a silicon oxide
film, silicon nitride film, or a laminated film of them, is
formed in the upper side layer on the semiconductor film 1a,
and part of the scanning line 3a overlaps in the upper side
layer on the gate insulating film 2 as a gate electrode. In the
present embodiment, the semiconductor film 1a isbentinto a
U shape and has a twin gate structure in which a gate electrode
is formed at two portions in a channel direction of the semi-
conductor film 1a.

An interlayerinsulating film 4, which is formed ofa silicon
oxide film, a silicon nitride film, or a laminated film of them,
is formed in the upper side layer on the gate electrode (scan-
ning line 3a). The data line 5a is formed on the surface of the
interlayer insulating film 4. The data line 5a is electrically
connected through a contact hole 4a, which 1s formed in the
interlayer insulating film 4. to a source region located at a
position closest to the data line 5a. Moreover, a drain elec-
trode 55 is formed on the surface of the interlayer insulating
film 4. The drain electrode 55 is a conductive film that is
formed at the same time with the data line 5a. The drain
electrode 55 is electrically connected to the drain region 14
through the contact hole 45, which is formed in the interlayer
insulating film 4.

An interlayer insulating film 6 is formed in the upper side
layer on the data line 5a and on the drain electrode 55. In the
present embodiment, the interlayer insulating film 6 is formed
as a planarizing film (organic planarizing film) that is formed
of a thick photosensitive resin having a thickness of 1.5 um to
2.0 um.

The common electrode 9a, which is a lower layer side
electrode layer, is formed of a solid ITO film over the entire
surface of the interlayer insulating film 6. An interelectrode
insulating film 8 is formed on the surface of the common
electrode 9a. In the present embodiment, the interelectrode
insulating film 8 is formed of a silicon oxide film or a silicon
nitride film having a thickness of 400 nm or below.

The pixel electrodes 7a, which serve as an upper layer side
electrode layer, are formed of an ITO film in the upper side
layer on the interelectrode insulating film 8. An alignment
layer 16 is formed on the surface side of the pixel electrodes
7a. The above described slit-like openings 75 are formed in
each of the pixel electrodes 7a. In the above described con-
figuration, the common electrode 9a and the pixel electrodes
7a are opposite each other through the interelectrode insulat-
ing film 8, and the holding capacitance 60 is formed using the
interelectrode insulating film 8 as a dielectric film.

Here, the pixel electrode 7a is electrically connected to the
drain electrode 65 through a contact hole 6a, which is formed
in the interlayer insulating film 6. For this reason, the com-
mon electrode 9a has a rectangular cutout 94, which is located
at a portion at which the contact hole 6a is formed.

10

15

20

25

30

35

40

45

50

55

60

65

8

Inthe above configured liquid crystal device 100, the liquid
crystal 50 is driven at the slit-like openings 75 and there-
around by using a horizontal electric field formed between the
pixel electrodes 7a and the common electrode 9a. Thus, it is
possible to display an image.

Configuration of Electrode Layer and Advantageous Effects
of the Present Embodiment

When the liquid crystal device 100 is manufactured using
the above configured element substrate 10, as shown in FIG.
4, after the alignment layer 16 formed of polyimide resin is
formed on the surface side of the pixel electrodes 7a, a rub-
bing process, in which the surface of the alignment layer 16 is
rubbed by using a rubbing roller 40, or the like, is performed.
Thus, the alignment of liquid crystal molecules in a state
where no electric field is applied is controlled. In order to
perform the rubbing process uniformly over the entire surface
of the alignment layer 16, the surface of the alignment layer
16 is preferably even, so that the organic planarizing film is
used for the interlayer insulating film 6.

Here, the common electrode 9a, which serves as a lower
layer side electrode layer, is formed as a solid electrode layer
using an I'TO film having a thickness of 50 nm to 200 nm. The
pixel electrodes 7a, which serve as upper layer side electrode
layer, are formed as an electrode layer having the slit-like
openings 75 using an I'TO film having a thickness of 30 nm to
100 nm. The relationship between the thickness of the com-
mon electrode 9a and the thickness of the pixel electrodes 7a
is expressed as follows: the thickness of the pixel electrodes
7a (upper layer side electrode layer)<the thickness of the
common electrode 9a (lower layer side electrode layer). That
is, in comparison with the common electrode 9a that is
formed solid, the thickness of the pixel electrodes 7a having
the slit-like openings 76 formed therein is small.

Thus, when the rubbing process is performed, there is a
possibility that, in a direction in which the rubbing roller
travels relative to the pixel electrodes 7a, rubbing defects 16a
occur inside the openings 75 of the pixel electrodes 7a at
portions that are blocked by steps due to the thickness of the
pixel electrodes 7a. However, in the present embodiment, the
thickness of the pixel electrodes 7a, in which the slit-like
openings 7b are formed, is small. Thus, even when the rub-
bing defects 16a occur, the rubbing defects 16a occur only in
extremely narrow areas. Hence, no decrease in contrast, or the
like, occurs, and it is possible to improve the quality of image
displayed.

Furthermore, in the present embodiment, the thickness of
the common electrode 9a is increased by amount by which the
thickness of the pixel electrodes 7a is reduced. Thus, the
electrical resistance of the pixel electrodes 7a and the com-
mon electrode 9a as a whole is maintained at a low level.
Particularly, because the common electrode 9a is formed over
the plurality of pixels, the electrical resistance tends to be
problematic. However, in the present embodiment, because
the thickness of the common electrode 9a is made large, the
electrical resistance of the common electrode 9a is lower than
that of the known art. Hence, it is possible to reliably prevent
the occurrence of luminance non-uniformity in an image.

In the present embodiment, in order to prevent the occur-
rence of luminance non-uniformity in an image due to the
reduced thickness of the pixel electrodes 7a, the thickness of
the common electrode is increased and, thereby, the total
electrical resistance of the pixel electrodes 7a and common
electrode 9a is increased. In the present embodiment, the
pixel electrode 7¢ and the common electrode 9a both are
formed by using an ITO film. However, instead of ITO film, a
transparent conductive film, such as IZO, may be used for the
pixel electrode 7a and the common electrode 9a. Further, a



US 8,619,225 B2

9

conductive film used for the pixel electrode 7a and a conduc-
tive film used for the common electrode 9a may employ
different materials. In this case, by selecting materials such
that the absolute value of a difference in resistivity between
the material used for the pixel electrode 7a and the material
used for the common electrode 9a is equal to or below
5x10E-4 Q-cm, the total value of electrical resistance is
ideally adjusted. Thus, the configuration with “the thickness
of pixel electrode 7a<the thickness of common electrode 9a”
is achieved.

Second Embodiment

FIG. 5A is a cross-sectional view of one pixel of the liquid
crystal device 100 according to a second embodiment of the
invention. FIG. 5B is a plan view of the adjacent pixels in the
element substrate 10 according to the second embodiment of
the invention. FIG. 5A is a cross-sectional view of the liquid
crystal device 100, taken along the line VA-VA in FIG. 5B.
Note that the basic configuration of the present embodiment
is the same as that of the first embodiment, the same reference
numerals are assigned to the common components, and a
description thereof is omitted.

As shown in FIG. 5B, the plurality of transparent pixel
electrodes 7a (areas surrounded by a long dotted line) are
formed in a matrix in the element substrate 10 at positions
corresponding to the pixels 100a, and the data lines 5a (indi-
cated by an alternate long and short dash line) and the scan-
ning lines 3a (indicated by an alternate long and two short
dashes line) are formed along the vertical and horizontal
boundary areas between the adjacent pixel electrodes 7a. In
addition, the common electrode 9a, which is formed of an
ITO film, is formed over the substantially entire surface of the
image display area 10a of the element substrate 10. In the
present embodiment, each of the pixel electrodes 7a are
formed solid, while, on the other hand, the common electrode
9a includes slit-like openings 95 that are formed so as to
extend obliquely relative to a direction in which the scanning
lines 3a extend. The plurality of slit-like openings 95 extend
parallel to each other.

As shown in FIG. 5A and FIG. 5B, in the element substrate
10, the upper layer side of the thin-film transistor 30 is cov-
ered with the interlayer insulating film 6 formed of an organic
planarizing film, and the pixel electrode 7a, which serves as a
lower layer side electrode layer, is formed solid using an ITO
film on the surface of the interlayer insulating film 6. In
addition, the interelectrode insulating film 8 is formed on the
surface of the pixel electrode 7a.

The common electrode 9a, which serves as an upper layer
side electrode layer, is formed using an ITO film in the upper
side layer on the interelectrode insulating film 8. The com-
mon electrode 9« includes the above described slit-like open-
ings 95 formed therein. In the slit-like openings 95, the pixel
electrodes 7a do not overlap the common electrode 9a. In
each of the pixels, the percentage of the slit-like openings 95
ranges from 20% to 60%.

When the liquid crystal device 100 is manufactured using
the above configured element substrate 10, as in the case of
the configuration described with reference to FIG. 4, after the
alignment layer 16 formed of polyimide resin is formed on the
surface side of the common electrode 9a, the rubbing process,
in which the surface of the alignment layer 16 is rubbed by
using the rubbing roller 40, or the like, is performed. Thus, the
alignment of liquid crystal molecules in a state where no
electric field is applied is controlled. In order to perform the
rubbing process uniformly over the entire surface of the align-

10

20

25

40

45

60

65

10

ment layer 16, the surface of the alignment layer 16 is pref-
erably even, so that the organic planarizing film is used for the
interlayer insulating film 6.

Here, the pixel electrodes 7a, which serve as a lower layer
side electrode layer. are formed as a solid electrode layer
using an I'TO film having a thickness of 50 nm to 200 nm. The
common electrode 9a, which serves as an upper layer side
electrode layer, is formed as an electrode layer having the
slit-like openings 95 using an ITO film having a thickness of
30 nm to 100 nm. The relationship between the thickness of
the common electrode 94 and the thickness of the pixel elec-
trodes 7a is expressed as follows: the thickness of the com-
mon electrode 9a (upper layer side electrode layer)<the thick-
ness of the pixel electrodes 7a (lower layer side electrode
layer). That is, in comparison with the pixel electrodes 7a that
are formed solid, the thickness of the common electrode 9a
having the slit-like openings 96 formed therein is small.

Thus, when the rubbing process is performed, there is a
possibility that, in a direction in which the rubbing roller
travels relative to the common electrode 9a, rubbing defects
16a occur inside the slit-like openings 96 of the common
electrode 9a at steps due to the thickness of the common
electrode 9a. However, in the present embodiment, the thick-
ness of the common electrode 94, in which the slit-like open-
ings 95 are formed, is small. Thus, even when the rubbing
defects 16a occur, the rubbing defects 16a occur only in
extremely narrow areas. Hence, no decrease in contrast, or the
like, occurs, and it is possible to improve the quality of image
displayed.

Furthermore, in the present embodiment, the thickness of
the pixel electrodes 7a is increased by amount by which the
thickness of the common electrode 9a is reduced. Thus, the
electrical resistance of the pixel electrodes 7a and the com-
mon electrode 9a as a whole is maintained at a low level.

In the present embodiment, in order to prevent luminance
non-uniformity of an image due to the reduced thickness of
the common electrode 9a, the thickness of the pixel elec-
trodes is increased and, thereby, the total electrical resistance
of the pixel electrodes 7a and common electrode 9a is
increased. In the present embodiment, the pixel electrode 7a
and the common electrode 9a both are formed by using an
ITO film. However, instead of ITO film, a transparent con-
ductive film, such as IZO, may be used for the pixel electrode
7a and the common electrode 9a. Further, a conductive film
used for the pixel electrode 7a and a conductive film used for
the common electrode 9a may employ different materials. In
this case, by selecting materials such that the absolute value of
a difference in resistivity between the material used for the
pixel electrode 7a and the material used for the common
electrode 9a is equal to or below 5x10E-4 Q-cm, the total
value of electrical resistance is ideally adjusted. Thus, the
configuration with “the thickness of pixel electrodes 7a>the
thickness of common electrode 94” is achieved.

Other Embodiments

Note that, in the first and second embodiments, slit-like
spaced portions are formed so as to form the openings; how-
ever, the aspects of the invention may be applied to a liquid
crystal device in which an opening is formed so that each of
the pixel electrodes is formed into a comb shape or a fishbone
shape.

In addition, a polysilicon film is used as a semiconductor
film 1n the first and second embodiments; however, the inven-
tion may be applied to the element substrate 10 that uses an
amorphous silicon film or a monocrystal silicon layer. More-
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over, the invention may also be applied to a liquid crystal
device that uses a thin-film diode element (nonlinear element)
as a pixel switching element.

Application Example to Electronic Apparatus

An electronic apparatus to which the above described lig-
uid crystal device 100 is applied will now be described. FIG.
6A is a view that shows a configuration of a mobile personal
computer provided with the liquid crystal device 100. The
personal computer 2000 includes the liquid crystal device
100, which serves as a display unit, and a main body portion
2010. The main body portion 2010 is provided with a power
switch 2001 and a keyboard 2002. FIG. 6B is a view that
shows a configuration of a mobile telephone that is provided
with the liquid crystal device 100. The mobile telephone 3000
includes a plurality of operation buttons 3001, a plurality of
scroll buttons 3002, and the liquid crystal device 100, which
serves as a display unit. By manipulating the scroll buttons
3002, an image displayed on the liquid crystal device 100 is
scrolled. FIG. 6C is a view that shows a configuration of a
personal digital assistant (PDA) that uses the liquid crystal
device 100. The portable information terminal 4000 includes
a plurality of operation buttons 4001, a power switch 4002,
and the liquid crystal device 100, which serves as a display
unit. As the power switch 4002 is manipulated, various pieces
of information, such as an address book and a schedule book,
are displayed on the liquid crystal device 100.

Note that the electronic apparatuses that use the liquid
crystal device 100 include, in addition to the apparatuses
shown in FIG. 6A to FIG. 6C, a digital still camera, a liquid
crystal display television, a viewfinder type or a direct view
type video tape recorder, a car navigation system, a pager, a
personal organizer, an electronic calculator, a word processor,
a workstation, a video telephone, a point-of-sales terminal,
and devices provided with a touch panel display. Then, as a
display portion for these various electronic apparatuses, the
above described liquid crystal device 100 may be applied.

The entire disclosure of Japanese Patent Application Nos
2007-083647 filed Mar. 28,2007 and 2007-205035 filed Aug.
7, 2007 are expressly incorporated by reference herein.

What is claimed is:

1. A transmission type liquid crystal display device, which
includes a plurality of pixels and switching elements provided
in correspondence with the pixels, the liquid crystal display
device comprising:

an element substrate in which the switching elements are

formed, each switching element including a drain elec-
trode;

an interlayer insulating film that is formed on the switching

elements and has a thickness ranging from 1.5 to 2 um;

a first electrode layer that is formed on the interlayer insu-

lating film and connected to the drain electrode; and

a second electrode layer that overlaps the first electrode in

plan view through an interelectrode insulating film, the

element substrate having the second electrode, wherein:

each of the pixels includes a first region and a second
region,

the first electrode layer is between the interlayer insu-
lating film and the second electrode layer,
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the first electrode layer overlaps the second electrode
layer in plan view in the first region,

of the first electrode layer and the second electrode layer,
only the first electrode layer is formed in the second
region,

the first electrode layer has a thickness of 50 nm to 200
nm, the second electrode layer has a thickness of 30
nm to 100 nm, and the interelectrode insulating film
has a thickness of less than 0.4 um,

the thickness of the second electrode layer is smaller
than the thickness of the first electrode layer, and

the thickness of the first electrode layer is less than the
thickness of the drain electrode.

2. The transmission type liquid crystal display device
according to claim 1, wherein the element substrate is pet-
formed with an alignment process.

3. The transmission type liquid crystal display device
according to claim 2, wherein an alignment layer is formed on
the second electrode layer, and wherein a step is formed in the
alignment layer at a boundary between the first region and the
second region.

4. The transmission type liquid crystal display device
according to claim 1, wherein one of the first electrode layer
and the second electrode layer is pixel electrodes that are
connected to the corresponding switching elements, and the
other of the first electrode layer and the second electrode layer
is a common electrode that is formed over the plurality of
pixels.

5. The transmission type liquid crystal display device
according to claim 4, wherein the first electrode layer is the
common electrode, and the second electrode layer is the pixel
electrodes.

6. The transmission type liquid crystal display device
according to claim 1, wherein the second region is formed of
an opening or a slit, which is provided in the second electrode
layer.

7. The transmission type liquid crystal display device
according to claim 1, wherein the interlayer insulating film is
a planarizing film that contains an organic material.

8. The transmission type liquid crystal display device
according to claim 1, wherein a difference in resistivity
between the first electrode layer and the second electrode
layer is equal to or below 5x10E-4 Q-cm.

9. An electronic apparatus comprising the transmission
type liquid crystal display device according to claim 1.

10. The transmission type liquid crystal display device
according to claim 1, wherein the second electrode layer has
a plurality of openings that are formed so as to extend
obliquely relative to a direction in which scanning lines
extend, and the plurality of openings extend parallel to each
other.

11. The transmission type liquid crystal display device
according to claim 1, wherein the first electrode layer has a
cutout, and the second electrode layer has a plurality of open-
ings that are located on one side of the cutout.
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