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A liquid crystal display device has pixel electrodes including
atransmissive pixel electrode and a reflective pixel electrode.
The liquid crystal display device includes a TFT array sub-
strate, an opposing substrate, a sealing material that bonds
both substrates, an organic film formed on the TFT array
substrate and having a thick film portion provided below the
pixel electrode and a thin film portion provided outside the
thick film portion, a columnar spacer formed on the opposing
substrate and holding substrate gap between the both sub-
strates, and a gap retaining pad formed in a region outside the
display region and inside the sealing material to adjust the
substrate gap outside the display region according to the
substrate gap on the pixel electrode. The columnar spacer
holds the substrate gap between both substrates over the gap
retaining pad and over the pixel electrode.
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1
LIQUID CRYSTAL DISPLAY DEVICE

The present application is a divisional application of U.S.
patent application Ser. No. 12/432,320, filed on Apr. 29, 2009,
which claims priority under 37 C.F.R. §119 to Japanese appli-
cation no. 2008-118345 filed Apr. 30, 2008, the entire con-
tents of each of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device.

2. Description of Related Art

A display device using a liquid crystal has been broadly
applied to a product that consumes low power and is thin type
as one of flat panel displays used in place of a CRT.

A liquid crystal display device (LCD) includes a simple
matrix type LCD and a TFT-LCD that uses a thin film tran-
sistor (TFT) as a switching element. The TFT-LCD is supe-
rior to the CRT or the simple matrix type LCD in terms of
portability and display quality, and has been broadly used in
a lap top computer and so on. In general, in the TFT-LCD, a
liquid crystal layer is disposed between a TF'T array substrate
having the TFT formed thereon in array and an opposing
substrate. Then, a polarizing plate is placed on the outer
surfaces of the opposing substrate and the TFT array sub-
strate, and a light source is further provided on one side. By
having such a structure, excellent display can be realized in
the TFT-LCD.

The TFT-LCD includes a reflective type TFT-LCD that
displays images by reflecting a light that is externally incident
by a reflector in addition to a transmissive type TFT-LCD that
displays images by transmitting a light of a backlight embed-
ded as a light source. Further, there is also a transflective
TFT-LCD that uses both the transmissive and reflective meth-
ods. In the transflective liquid crystal display device, reflec-
tion of daylight is used under bright ambient light, and a
backlight is used under dark ambient light, and thus, excellent
display characteristics can be obtained under both indoor and
outdoor circumstances. In recent years, as mobile display
devices have been widely used, there has been a growing
demand on the transflective TFT-LCD panel for a small-sized
display such as a portable telephone and a portable music
player, and a medium-sized display such as a portable video
player, a PDA, and an in-vehicle navigation.

In the TFT-LCD, the TFT needs to be formed on a glass
substrate to have an array shape using a semiconductor tech-
nique in manufacturing the TFT array substrate, which
requires large number of processes. As such, large number of
devices are needed for the manufacture and the manufactur-
ing cost becomes high. Especially, in the transflective TFT-
LCD, both of the reflective pixel electrode and the transmis-
sive pixel electrode need to be formed, which increases the
manufacturing cost as larger number of processes are
required compared with the general transmissive TFT-LCD
or the reflective TFT-LCD.

For example, Japanese Unexamined Patent Application
Publication No. 2005-215277 discloses a technique of reduc-
ing the number of photomasks used for manufacturing the
TFT array substrate of the transflective TFT-LCD. In Japa-
nese Unexamined Patent Application Publication No. 2005-
215277, the reflective pixel electrode and the transmissive
pixel electrode of the pixel electrode are formed by one pho-
tolithography using a halftone exposure technique. Accord-
ingly, the TFT array substrate that is conventionally formed
by six photolithography processes can be formed by five
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photolithography processes in Japanese Unexamined Patent
Application Publication No. 2005-215277, which means the
number of photomasks can be reduced.

When the reflective pixel electrode and the transmissive
pixel electrode are formed by one photolithography using the
method disclosed in Japanese Unexamined Patent Applica-
tion Publication No. 2005-215277, after forming the trans-
parent conductive layer to serve as the transmissive pixel
electrode and the reflective metal layer to serve as the reflec-
tive pixel electrode, the resist pattern having a difference in
film thickness is firstly formed. The reflective metal layer is
etched using the resist pattern having a difference in film
thickness as a mask. Next, the thin film portion of the resist
pattern having a difference in film thickness is removed by
oxygen plasma processing. After that, the transparent con-
ductive layer is etched using the reflective metal layer and the
resist pattern in which the thin film portion is removed as
masks. Then, the reflective metal layer is etched again using
the resist pattern in which the thin film portion is removed as
amask. As such, the reflective metal layer of the transmissive
pixel portion is removed to form the reflective pixel electrode
and the transmissive pixel electrode.

In general, in order to remove the thin film portion of the
resist pattern having a difference in film thickness, ashing for
oxidatively decomposing the resist by a dry etcher such as
oxygen plasma processing, for example, is performed. How-
ever, according to the method disclosed in Japanese Unexam-
ined Patent Application Publication No. 2005-215277, the
ashing is carried out with a state in which the transparent
conductive layer is exposed on the surface, which may cause
abnormal discharge. The abnormal discharge causes damage
not only to the transparent conductive layer but also to an
organic film provided therebelow. Further, failure may be
caused such as disconnection of a line provided in a lower
layer.

On the other hand, there is also a method of removing the
exposed transparent conductive layer in advance before the
ashing in order to prevent the abnormal discharge in the
ashing. More specifically, the transparent conductive layer
and the reflective metal layer are etched using the resist pat-
tern having a difference in film thickness as a mask, followed
by the ashing, and then, the reflective metal layer is etched
again using the resist pattern where the thin film portion is
removed as a mask. As is similar to the method disclosed in
Japanese Unexamined Patent Application Publication No.
2005-215277, this method also enables to form the reflective
pixel electrode and the transmissive pixel electrode by one
photolithography.

However, according to this method, the transparent con-
ductive layer is removed, and thus, the underlayer organic
film is exposed on the surface. In the transflective liquid
crystal display device, the organic film having a concave and
convex pattern on the surface is provided below the pixel
electrode in order to obtain excellent scattering characteris-
tics. The thickness of the organic film of the exposed portion
is decreased as is similar to the resist pattern due to the ashing
to remove the thin film portion of the resist pattern having a
difference in film thickness. Accordingly, the film thickness
of the organic film covered with the transparent conductive
layer and the film thickness of the organic film which is not
covered with the transparent conductive layer greatly vary
with each other.

A cross sectional view of the related liquid crystal display
device using the thus-formed TFT array substrate is shown in
FI1G.17.InFIG.17,a TFT array substrate 10 and an opposing
substrate 30 are arranged opposite to each other. Then, a
liquid crystal layer 36 is disposed in a space with a sealing
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material 37 that bonds the both substrates. The sealing mate-
rial 37 is formed to have a frame shape so as to surround the
display region of the liquid crystal display device.

In the TFT array substrate 10, a gate line (not shown) and a
source line (not shown) are formed over a substrate with an
insulating film (not shown) interposed therebetween. Then,
an organic film 18 is provided in the upper layer of the gate
line, the source line, and the insulating film. On the organic
film 18, a pixel electrode 19 where a transmissive pixel elec-
trode 191 and a reflective pixel electrode 192 are stacked is
formed in each pixel. A region where the pixel electrodes 19
are arranged in matrix is a display region 41. The film thick-
ness of the organic film 18 covered with the transparent con-
ductive layer is different from the film thickness of the
organic film 18 which is not covered with the transparent
conductive layer. Thus, in a part which is not covered with the
transparent conductive layer, which means in a region
between pixels and a frame region 42, the film thickness of the
organic film 18 is thinner than that in the pixel region.

In the opposing substrate 30, a BM 32, a color material 33,
and an opposing electrode 34 and so on are formed over a
substrate. Then, a columnar spacer 35 to determine the gap
with the opposing TFT array substrate 10 is provided on the
opposing electrode 34. The columnar spacer 35 is formed in
the display region 41 and the frame region 42. More specifi-
cally, in the display region 41, the columnar spacer 35 is
arranged in a position opposed to the reflective pixel electrode
192. On the other hand, in the frame region 42, the columnar
spacer is arranged in a region from outside the display region
41 to inside the sealing material 37. However, the organic film
18 in this part has a smaller film thickness than that of the
pixel region as described above. Accordingly, as shown in
FIG. 17, it is impossible to keep the gap between the both
substrates even, which causes a gap failure. Due to this gap
failure, the display failure such as the display unevenness
occurs at the periphery of the display region 41 (peripheral
gap unevenness), which degrades the display quality of the
liquid crystal display device.

In recent years, the glass substrate that is used for both the
TFT array substrate 10 and the opposing substrate 30 has been
thinner and thinner in order to realize the reduction in thick-
ness and weight required in the liquid crystal panel, which
decreases the mechanical strength. Furthermore, a plastic
substrate may be alternatively used, although it has not been
common yet. Under such circumstances, the substrate is
deformed by the pressure from inside and outside of the cell
which is applied in bonding the TFT array substrate 10
together with the opposing substrate 30 for making a panel,
which makes it more and more difficult to keep the gap
between the both substrates even.

The present invention has been made in order to solve the
above-described problems, and aims to provide a liquid crys-
tal display device with excellent display quality.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is
provided a liquid crystal display device having a pixel elec-
trode including a transmissive pixel electrode and a reflective
pixel electrode that is formed in a part of the transmissive
pixel electrode, the liquid crystal display device comprising
an array substrate including the pixel electrode formed
thereon, an opposing substrate arranged to be opposed to the
array substrate, a sealing material formed in a frame shape to
surround a display region, the sealing material bonding the
array substrate with the opposing substrate, an organic film
formed on the array substrate, the organic film having a thick
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film portion provided below the pixel electrode and a thin film
portion that is provided outside the thick film portion, a
columnar spacer formed on the opposing substrate and hold-
ing substrate gap between the array substrate and the oppos-
ing substrate, and a gap retaining pad formed in a region
outside the display region and inside the sealing material, the
gap retaining pad adjusting the substrate gap outside the
display region according to the substrate gap on the pixel
electrode, in which the columnar spacer holds the substrate
gap between the array substrate and the opposing substrate
over the gap retaining pad and over the pixel electrode.

According to a second aspect of the present invention, there
is provided a liquid crystal display device having a pixel
electrode including a transmissive pixel electrode and a
reflective pixel electrode that is formed in a part of the trans-
missive pixel electrode, the liquid crystal display device
including an array substrate including the pixel electrode
formed thereon, an opposing substrate arranged to be
opposed to the array substrate, a sealing material formed in a
frame shape to surround a display region, the sealing material
bonding the array substrate with the opposing substrate, an
organic film formed on the array substrate, the organic film
having a concave and convex pattern below the reflective
pixel electrode, an inorganic insulating film formed on the
organic film, and a columnar spacer formed on the opposing
substrate and holding substrate gap between the array sub-
strate and the opposing substrate in a region outside the dis-
play region and inside the sealing material and in the region
over the pixel electrode.

According to a third aspect of the present invention, there is
provided a liquid crystal display device having a pixel elec-
trode including a transmissive pixel electrode and a reflective
pixel electrode that is formed in a part of the transmissive
pixel electrode, the liquid crystal display device including an
array substrate including the pixel electrode formed thereon,
an opposing substrate arranged to be opposed to the array
substrate, a sealing material formed in a frame shape to sur-
round a display region, the sealing material bonding the array
substrate with the opposing substrate, an organic film formed
on the array substrate, the organic film having a thick film
portion provided below the pixel electrode and a thin film
portion that is provided outside the thick film portion, a
columnar spacer formed on the opposing substrate and hold-
ing substrate gap between the array substrate and the oppos-
ing substrate, in which the columnar spacer includes a first
columnar spacer formed in a position opposed to the pixel
electrode and a second columnar spacer formed in a region
outside the display region and inside the sealing material, and
the second columnar spacer is formed to be higher than the
first columnar spacer according to a difference between the
substrate gap outside the display region and the substrate gap
over the pixel electrode.

According to the present invention, it is possible to provide
a liquid crystal display device with excellent display quality.

The above and other objects, features and advantages of the
present invention will become more fully understood from
the detailed description given hereinbelow and the accompa-
nying drawings which are given by way of illustration only,
and thus are not to be considered as limiting the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view showing the structure of a liquid
crystal display device according to a first embodiment;

FIG. 2 is a plane view showing the pixel structure of a TFT
array substrate according to the first embodiment;
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FIG. 3 is a cross sectional view taken along the line of FIG.
2;

FIG. 4 is an enlarged plane view showing the structure at
the periphery of a display region and outside thereof of the
liquid crystal display panel according to the first embodi-
ment;

FIG. 5 is a cross sectional view taken along the line V-V of
FIG. 4;

FIGS. 6A to 6H are cross sectional views showing the
manufacturing process of the TFT array substrate according
to the first embodiment;

FIG. 7 is an enlarged plane view showing the structure at
the periphery of the display region and outside thereof of a
liquid crystal display panel according to another exemplary
example of the first embodiment;

FIG. 8 is a cross sectional view schematically showing the
structure at the periphery of the display region and outside
thereof of the liquid crystal display panel according to
another exemplary example of the first embodiment;

FIG. 9 is a cross sectional view schematically showing the
structure at the periphery of a display region and outside
thereof of a liquid crystal display panel according to a second
embodiment;

FIGS. 10A to 10H are cross sectional views showing the
manufacturing process of a TFT array substrate according to
the second embodiment;

FIG. 11 is a cross sectional view schematically showing the
structure at the periphery of a display region and outside
thereof of a liquid crystal display panel according to a third
embodiment;

FIG.12is a cross sectional view schematically showing the
structure at the periphery of the display region and outside
thereof of a liquid crystal display panel according to another
exemplary example of the third embodiment;

FIG. 13 is a cross sectional view schematically showing the
structure at the periphery of a display region and outside
thereof of a liquid crystal display panel according to a fourth
embodiment;

FIG. 14 is across sectional view schematically showing the
structure at the periphery of the display region and outside
thereof of a liquid crystal display panel according to another
exemplary example of the fourth embodiment;

FIG. 15 is a cross sectional view schematically showing the
structure at the periphery of a display region and outside
thereof of a liquid crystal display panel according to a fifth
embodiment;

FIG.16is a cross sectional view schematically showing the
structure at the periphery of a display region and outside
thereof of a liquid crystal display panel according to a sixth
embodiment; and

FIG. 17 is a cross sectional view schematically showing the
structure at the periphery of a display region and outside
thereof of a liquid crystal display panel according to a related
art.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

The preferred embodiments of the present invention will
now be described in detail. The following description will be
made of the embodiments of the present invention, and the
present invention is not limited to the following embodi-
ments. Some parts of the following description and the draw-
ings are omitted and simplified as appropriate for the sake of
clarity. Further, the overlapping description is omitted as
needed for the sake of simplicity. Note that the same compo-
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nents in the drawings are denoted by identical reference
numerals, and the description is omitted as appropriate.

First Embodiment

Referring first to FIG. 1, a liquid crystal display device
according to the first embodiment will be described. FIG.1is
a front view showing the structure of the liquid crystal display
device according to the first embodiment. The liquid crystal
display device according to the first embodiment is a trans-
flective liquid crystal display device including a transmissive
region and a reflective region in one pixel. The overall struc-
ture of the liquid crystal display device is common throughout
the first to sixth embodiments described below.

The liquid crystal display device according to the present
invention includes a liquid crystal display panel 1. In the
liquid crystal display panel 1, a thin film transistor (TFT)
array substrate 10 and an opposing substrate 30 are arranged
opposite to each other.

The TFT array substrate 10 has a display region 41 and a
frame region 42 surrounding the display region 41. In the
display region 41, a plurality of gate lines (scanning signal
lines) 12 and a plurality of source lines (display signal lines)
16 are formed. The plurality of gate lines 12 are arranged in
parallel. Likewise, the plurality of source lines 16 are
arranged in parallel. The gate lines 12 and the source lines 16
cross each other. The gate lines 12 and the source lines 16 are
orthogonal to each other. A region surrounded by the adjacent
gate lines 12 and the source lines 16 is a pixel 49. Thus, the
pixels 49 are arranged in matrix in the TFT array substrate 10.

Further, a flexible substrate 47 to which a control circuit 45
is mounted and a flexible substrate 48 to which a control
circuit 46 is mounted are connected to the frame region 42 of
the TFT array substrate 10. The gate line 12 extends from the
display region 41 to the frame region 42. Then, the gate line
12 is connected with the control circuit 46 through a gate line
terminal (gate terminal) 44 at the end of the TFT array sub-
strate 10. Likewise, the source line 16 extends from the dis-
play region 41 to the frame region 42. Then, the source line 16
is connected with the control circuit 45 through a source line
terminal (source terminal) 43 at the end of the TFT array
substrate 10.

Various signals are externally supplied to the control cir-
cuits 45 and 46. The control circuit 46 supplies a gate signal
(scanning signal) to the gate line 12 based on the external
control signal. The gate lines 12 are successively selected in
accordance with the gate signal. The control circuit 45 sup-
plies a display signal to the source line 16 based on the
external control signal or display data. As a result, the display
voltage corresponding to the display data can be supplied to
each pixel 49. Incidentally, the control circuit 45 may be
separately mounted on the liquid crystal display panel 1, the
flexible substrate 47, and an FPC (Flexible Printed Circuit)
(not shown). Likewise, the control circuit 46 may be sepa-
rately mounted on the liquid crystal display panel 1, the
flexible substrate 48, and the FPC. Further, a part of the
control circuits 45, 46 may be formed on the TFT array
substrate 10.

In each pixel 49, atleast one TFT 50 is formed. The TFT 50
is arranged in the vicinity of an intersection of the source line
16 with the gate line 12. For example, this TFT 50 supplies the
display voltage to a pixel electrode. The TFT 50 which is a
switching element is turned on in accordance with the gate
signal from the gate line 12. As such, the display voltage is
applied from the source line 16 to the pixel electrode con-
nected to a drain electrode of the TEFT 50. Then, an electric
field corresponding to the display voltage is generated
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between the pixel electrode and an opposing electrode. Note
that an orientation film (not shown) is formed on the surface
of the TFT array substrate 10. The detailed structure in the
pixel 49 will be described later.

On the other hand, the opposing substrate 30 is a color filter
substrate, for example, and is placed on the display screen
side. On the opposing substrate 30, a color filter (color mate-
rial), a black matrix (BM), the opposing electrode, the orien-
tation film and the like are formed. The detailed structure of
the opposing substrate 30 will be described later. Note that the
opposing electrode may be placed in the TFT array substrate
10 side. The TFT array substrate 10 and the opposing sub-
strate 30 are attached together through a sealing material 37.
The sealing material 37 is provided to have a frame shape so
as to surround the display region 41. Then, a liquid crystal
layer 36 is interposed between the TFT array substrate 10 and
the opposing substrate 30. That is, liquid crystal is filled in
between the TFT array substrate 10 and the opposing sub-
strate 30. Further, a polarizing plate, a retardation plate and
the like are placed on the outer surfaces of the TFT array
substrate 10 and the opposing substrate 30. Further, a back-
light unit or the like is arranged on the opposite side to the
display screen of the liquid crystal display panel 1.

Liquid crystal is driven by an electric field generated
between the pixel electrode and the opposing electrode. That
is, an orientation direction of the liquid crystal between the
substrates is changed. As a result, a polarization state of light
transmitted through the liquid crystal layer is changed. That
is, apolarization state of the light that has turned into linearly-
polarized light through the polarizing plate is changed by the
liquid crystal layer 36. More specifically, in the transmissive
region, light from a backlight unit is turned into linearly-
polarized light by the polarizing plate arranged in the TFT
array substrate side. Then, a polarization state is changed by
the linearly-polarized light passing through the retardation
plate in the opposing substrate 30, the liquid crystal layer 36,
and the retardation plate in the TFT array substrate 10 side.
On the other hand, in the reflective region, light from the
display screen side of the liquid crystal display panel is turned
into linearly-polarized light by the polarizing plate arranged
in the opposing substrate 30 side. Then, a polarization state is
changed by the linearly-polarized light reciprocating in the
retardation plate in the opposing substrate 30 side and the
liquid crystal layer 36.

Anamount of light transmitted through the polarizing plate
on the opposing substrate 30 side is changed in accordance
with the polarization state. That is, an amount of light trans-
mitted through the polarizing plate on the display screen side
out of the transmitted light that is emitted from the backlight
unit and transmitted through the liquid crystal display panel 1
and the reflected light that is reflected in the liquid crystal
display panel 1 is changed. The orientation direction of liquid
crystal is changed in accordance with the applied display
voltage. Hence, the display voltage is controlled to thereby
change an amount of light transmitted through the polarizing
plate on the display screen side. That is, different display
voltages are applied to the pixels to thereby display a desired
image.

Next, the pixel structure of the TFT array substrate 10 will
be described in detail with reference to FIGS. 2 and 3. FIG. 2
is a plane view showing the pixel structure of the TFT array
substrate 10 according to the first embodiment. FIG. 3 is a
cross sectional view taken along the line of FIG. 2. FIG. 2 is
a plane view showing one of the pixels 49 on the TFT array
substrate 10. On the TFT array substrate 10, the plurality of
pixels 49 are arranged in matrix. Note that, in the first embodi-
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ment, description is made of a case in which a channel-etch
type TFT 50 is formed as an example.

InFIGS. 2 and 3, inthe TFT array substrate 10, the gate line
12, a part of which forming a gate electrode 121, is formed on
a transparent insulating substrate 11 such as a glass or a
plastic. Accordingly, the gate line 12 is electrically connected
to the gate electrode 121 of the TFT 50.

On the substrate 11, an auxiliary capacitance electrode 122
is formed by the same layer as the gate line 12. The auxiliary
capacitance electrode 122 is arranged apart from the gate line
12, and extends in parallel with the gate line 12. In other
words, the auxiliary capacitance electrode 122 is arranged
between the adjacent gate lines 12. In this example, the aux-
iliary capacitance electrode 122 is arranged in the reflective
region of the pixel 49. The auxiliary capacitance electrode
122 forms a retention capacity to enable the stable display
with a pixel electrode 19 described below. The retention
capacity retains the driving voltage from the TFT S0 even
after the TFT 50 connected to each pixel 49 is turned off.

The gate line 12, the gate electrode 121, and the auxiliary
capacitance electrode 122 are formed of Mo having a film
thickness of 250 nm, for example.

A gate insulating film 13 is formed so as to cover the gate
line 12, the gate electrode 121, and the auxiliary capacitance
electrode 122. The gate insulating film 13 is formed of SiN
having a film thickness of 400 nm, for example. A semicon-
ductor layer 14 is arranged on the opposite surface of the gate
electrode 121 with the gate insulating film 13 interposed
therebetween. The semiconductor layer 14 is formed of an
amorphous silicon (a-Si (1)) or the like having a film thickness
of 130 nm, for example.

Further, an ohmic contact film 15 into which conductive
impurities are doped is formed on each end of the semicon-
ductor layer 14. The regions of the semiconductor layer 14
corresponding to the ohmic contact films 15 are source/drain
regions. More specifically, the region of the semiconductor
layer 14 corresponding to the ohmic contact film 15 in the left
side of FIG. 3 is a source region. Then, the region of the
semiconductor layer 14 corresponding to the ohmic contact
film 15 in the right side of FIG. 3 is a drain region. As such, the
source/drain regions are formed in both ends of the semicon-
ductor layer 14. Then, the part of the semiconductor layer 14
between the source and the drain regions is a channel region.
The ohmic contact film 15 is not formed on the channel region
of the semiconductor layer 14. The ohmic contact film 15 is
formed of an n type amorphous silicon (a-Si (n)), where
impurities such as phosphorus (P) or the like are heavily
doped, for example, to have a film thickness of 50 nm.

On the ohmic contact films 15, a source electrode 161 and
a drain electrode 162 are formed. More specifically, the
source electrode 161 is formed on the ohmic contact film 15
in the source region side. Then, the drain electrode 162 is
formed on the ohmic contact film 15 in the drain region side.
The channel-etch type TFT 50 is thus formed. Then, the
source electrode 161 and the drain electrode 162 are formed
so as to extend toward the outside of the channel region of the
semiconductor layer 14. In summary, the source electrode
161 and the drain electrode 162 are not formed on the channel
region of the semiconductor layer 14 as is similar to the ohmic
contact film 15.

The source electrode 161 extends toward the outside of the
channel region of the semiconductor layer 14 and is con-
nected to the source line 16. Thus, the source line 16 is
electrically connected to the source electrode 161 of the TFT
50. The source line 16 is formed on the gate insulating film 13,
and is arranged to linearly extend in a direction in which it
crosses the gate line 12 on the substrate 11. As such, the
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source line 16 is divided at the intersection with the gate line
12 and extends along the gate line 12, and is connected to the
source electrode 161. Note that, although not shown in FIG. 2,
a stacked film formed of a pattern which is in the same layer
as the semiconductor layer 14 and a pattern which is in the
same layer as the ohmic contact film 15 may be provided at
the intersection of the gate line 12 with the source line 16, as
shown in FIG. 3. As such, the insulation resistance between
the gate line 12 and the source line 16 can be improved.

On the other hand, the drain electrode 162 extends toward
the outside of the channel region of the semiconductor layer
14, and includes an extending portion that extends toward the
outside of the TFT 50. The source electrode 161, the drain
electrode 162, and the source line 16 are formed of Mo having
a film thickness of 300 nm, for example.

An interlayer insulating film 17 is provided so as to cover
the source electrode 161, the drain electrode 162, and the
source line 16. As such, the interlayer insulating film 17
covers the TFT 50. The interlayer insulating film 17 is formed
of SiN having a film thickness of 100 nm. Further, an organic
film 18 is stacked on the interlayer insulating film 17. On the
drain electrode 162 of the TFT 50, a contact hole 181 is
provided in the organic film 18 and the interlayer insulating
film 17. The contact hole 181 penetrates the organic film 18
and the interlayer insulating film 17, so as to reach the drain
electrode 162 of the TFT 50.

The organic film 18 is an organic resin film that functions
as a base layer to form the pixel electrode 19, and planarizes
irregularities on the substrate 11 produced by the TFT 50, the
auxiliary capacitance electrode 122, the gate line 12, and the
source line 16. The liquid crystal display device according to
the first embodiment is a transflective one, and the pixel 49
includes a transmissive region and a reflective region. In the
reflective region, a concave and convex pattern 185 is formed
on the surface of the organic film 18 in order to make a
reflected light have a proper scattering distribution. Note that
the film thickness of the organic film 18 in the region that is
not covered with the pixel electrode 19 described later is
thinner than that in the region covered with the pixel electrode
19. In this example, the film thickness of the organic film 18
of the region covered with the pixel electrode 19 is, for
example, about 3600 nm.

On the organic film 18, the pixel electrode 19 connected to
the drain electrode 162 through the contact hole 181 is pro-
vided. The pixel electrode 19 has a single-layer structure of a
transmissive pixel electrode 191 in the transmissive region,
and has a stacked structure in which a reflective pixel elec-
trode 192 is stacked on the transmissive pixel electrode 191 in
the reflective region. In short, the transmissive pixel electrode
191 is provided in both of the transmissive region and the
reflective region. The transmissive pixel electrode 191 is, in
this example, formed to have a film thickness 0of 80 nm by the
transparent conductive layer such as ITO, IZO, ITZO, ITSO
or the like, for example. On the other hand, the reflective pixel
electrode 192 is provided only in the reflective region. The
reflective pixel electrode 192 is formed of; in this example, a
reflective metal layer in which an AlCu film having a film
thickness of 300 nm is stacked on an Mo film having a film
thickness of 50 nm. Further, in order to adjust the work
function with the liquid crystal layer 36 between the trans-
missive region and the reflective region, the pixel electrode 19
may have an upper transparent conductive layer 193 lami-
nated on the reflective pixel electrode 192 as shown in FIG. 3.
In this case, the upper transparent conductive layer 193 is
formed of, for example, a transparent conductive layer of
ITO, IZO, ITZO, ITSO or the like having a film thickness of
5 nm.
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Now, the structure at the periphery of the display region 41
and outside thereof of the liquid crystal display panel 1 will be
described with reference to FIGS. 4 and 5. FIG. 4 is an
enlarged plane view showing the structure at the periphery of
the display region 41 and outside thereof of the liquid crystal
display panel 1 according to the first embodiment. FIG. 5 is a
cross sectional view taken along the line V-V of FIG. 4, and
schematically shows the structure at the periphery of the
display region 41 and outside thereof of the liquid crystal
display panel 1 according to the first embodiment. Note that,
in FIG. 4, only the structure of the TFT array substrate 10 side
is shown for the sake of convenience, and the structure of the
opposing substrate 30 side is omitted. Further, FIG. 5 sche-
matically shows the structure of the TFT array substrate 10,
and the components such as the gate line 12, the source line
16, and the TFT 50 or the like are omitted as appropriate.

InFIGS. 4 and 5, as described in detail in FIGS. 2 and 3, the
organic film 18 is provided in the upper layer of the gate line
12, the source line 16, and the TFT 50 over the substrate 11 of
the TFT array substrate 10. This organic film 18 is formed
substantially on the whole surface of the substrate 11 from the
display region 41 to the frame region 42. On the organic film
18, the pixel electrode 19 formed of the lamination of the
transmissive pixel electrode 191 and the reflective pixel elec-
trode 192 is formed in each pixel 49. Then, as shown in FIG.
5, in a region where the pixel electrode 19 is provided (pixel
region), the film thickness of the organic film 18 is larger than
that in a region between the adjacent pixel electrodes 19
(region between pixels), as is similar to the related example
shown in FIG. 17. In summary, in the display region 41, the
thick film portion of the organic film 18 is formed in the pixel
region, and the thin film portion of the organic film 18 is
formed in the region between pixels.

Further, in the organic film 18, the thin film portion that is
similar as in the region between pixels is formed in the frame
region 42 outside the display region 41. In the first embodi-
ment, the thick film portion of the organic film 18 which is
similar as in the pixel region is provided in the region from
outside the display region 41 to inside the sealing material 37
in the frame region 42. Then, a transparent conductive layer
1914 which is in the same layer as the transmissive pixel
electrode 191 is formed on the thick film portion of the
organic film 18. As described above, according to the first
embodiment, a gap retaining pad 20 where the transparent
conductive layer 1914 is stacked on the thick film portion of
the organic film 18 is provided in a region outside the display
region 41 and inside the sealing material 37.

The gap retaining pads 20 are, as shown in FIG. 4, for
example, formed to have a strip shape along each side of the
sealing material 37 having the frame shape.

The opposing substrate 30 is attached to the TFT array
substrate 10 through the sealing material 37. As shown in
FIG. 5, the opposing substrate 30 includes a black matrix 32
that is formed of a metal such as chrome, pigment or the like
to shield the light on the surface of the substrate 31 that is
opposed to the TFT array substrate 10. The black matrix 32 is
provided in a region that is opposed to the source line 16 and
the gate line 12, and is formed to have a lattice shape. Further,
the black matrix 32 is formed to have a frame shape so as to
surround the display region 41. Then, a color material 33
formed of the pigment or the dye is formed to fill up the space
in the black matrix 32. The color materials 33 are, for
example, a color filter of R (red), G (green), and B (blue), for
example.

Further, an opposing electrode 34 is formed to cover the
black matrix 32 and the color material 33. The electric filed is
generated between the opposing electrode 34 and the pixel
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electrode 19 of the TFT array substrate 10, and the opposing
electrode 34 drives the liquid crystal of the liquid crystal layer
36. Note that a protection film formed of SiN or the like may
be provided between the color material 33 and the opposing
electrode 34. The protection film is formed on the whole
surface of the substrate 31 of the opposing substrate 30, as is
similar to the opposing electrode 34. On the opposing elec-
trode 34, columnar spacers 35 are provided. The columnar
spacers 35 are provided in the display region 41 and the frame
region 42 in a space surrounded by the TFT array substrate 10,
the opposing substrate 30, and the sealing material 37, and
hold the gap between the both substrates. The columnar
spacer 35 provided in the display region 41 is provided in a
part that is opposed to the reflective pixel electrode 192. The
columnar spacer 35 provided in the frame region 42 is pro-
vided in a part that is opposed to the gap retaining pad 20. The
columnar spacer 35 is formed of a material such as a resin or
the like, and has a columnar shape. The columnar spacer 35 in
the display region 41 is formed to have the same height as that
in the frame region 42.

In the liquid crystal display panel 1 according to the first
embodiment formed as above, the distance between the sur-
face of the TFT array substrate 10 and the surface of the
opposing substrate 30 that are opposed to each other in the
gap retaining pad 20 is substantially equal to that in the pixel
region. Accordingly, by providing the columnar spacer 35 in
a position that is opposed to the gap retaining pad 20, the gap
between the both substrates can be kept equal as that in the
display region 41, and the gap between the both substrates can
be kept even across the whole part of the liquid crystal display
panel 1. As such, the gap retaining pad 20 has a function of
adjusting the substrate gap outside the display region accord-
ing to the substrate gap on the pixel electrode 19 in the liquid
crystal display panel 1.

Next, a manufacturing method of the liquid crystal display
device according to the first embodiment will be described
with reference to FIGS. 6A to 6H. FIGS. 6A to 6H are cross
sectional views showing the manufacturing process of the
TFT array substrate 10 according to the first embodiment. In
each of FIGS. 6A to 6H, the right side shows a cross sectional
view in the pixel 49 corresponding to the cross section of
Further, in each of FIGS. 6A to 6H, the left side shows a cross
sectional view of the gate terminal 44 portion, the source
terminal 43 portion, and the gap retaining pad 20 portion.

First, an electrode film to serve as the gate electrode 121 or
the like is formed on the substrate 11 formed of the transpar-
ent insulating substrate such as the glass. For example, Mo
having a film thickness of 250 nm is formed on the whole
surface of the substrate 11 using a sputtering device or the
like. Next, a resist pattern is formed on the electrode film by
a photolithography process. Then, the electrode film that is
exposed from the resist pattern is removed by a wet etching
process or the like to pattern the electrode film. Then, a resist
removing process is performed to remove the resist pattern, to
thereby forming the gate line 12, the gate electrode 121, the
auxiliary capacitance electrode 122, and the gate terminal 44
as shown in FIG. 6A.

The gate insulating film 13 is formed so as to cover the gate
line 12, the gate electrode 121, the auxiliary capacitance
electrode 122, and the gate terminal 44. For example, SiN
having a film thickness of 400 nm is formed on the whole
surface of the substrate 11 as the gate insulating film 13 using
a CVD device. Subsequently, the semiconductor layer 14 and
the ohmic contact film 15 are formed in this order on the gate
insulating film 13. For example, a-Si (i) having a film thick-
ness of 130 nm is formed on the whole surface of the substrate
11 as the semiconductor layer 14 using a CVD device. Then,

20

40

45

12

a-Si (n) having a film thickness of 50 nm to which impurities
such as phosphorus (P) or the like is added is formed on the
whole surface of the substrate 11 as the ohmic contact film 15.

After that, the resist pattern is formed on the ohmic contact
film 15 by the photolithography process. Then, the ohmic
contact film 15 and the semiconductor layer 14 are patterned
to have an island shape by dry etching or the like. When the
resist pattern is removed, the semiconductor layer 14 and the
ohmic contact film 15 are formed in the opposite surface of
the gate electrode 121 with the gate insulating film 13 inter-
posed therebetween, as shown in FIG. 6B. Note that, as shown
in FIG. 6B, a stacked pattern of the semiconductor layer 14
and the ohmic contact film 15 may be formed on the region of
the gate line 12 to be the intersection with the source line 16.

Next, the electrode film to serve as the source electrode
161, the drain electrode 162 or the like is formed to cover the
semiconductor layer 14 and the ohmic contact film 15. For
example, Mo having a film thickness of 300 nm is formed on
the whole surface of the substrate 11 using the sputtering
device or the like. Next, the resist pattern is formed on the
electrode film by the photolithography process. Then, the
electrode film is patterned by wet etching or the like. As such,
the source line 16, the source electrode 161, the drain elec-
trode 162, and the source terminal 43 are formed. Subse-
quently, the ohmic contact film 15 that is exposed on the
surface without being covered with the source electrode 161
or the drain electrode 162 is removed by the dry etching or the
like. Thus, the semiconductor layer 14 between the source
electrode 161 and the drain electrode 162 is exposed to form
the channel region. After that, the resist removing process is
performed to remove the resist pattern, whereby the structure
shown in FIG. 6C can be obtained.

Next, the interlayer insulating film 17 is formed to cover
the source line 16, the source electrode 161, the drain elec-
trode 162, and the source terminal 43. For example, SiN
having a film thickness of 100 nm is formed on the whole
surface of the substrate 11 as the interlayer insulating film 17
using the CVD device. Subsequently, the organic film 18
having photosensitivity is applied on the interlayer insulating
film 17 so that a film thickness of the flat part of the organic
film 18 is about 3600 nm. After that, the photolithography
process is performed to pattern the organic film 18. Thus, the
organic film 18 on the drain electrode 162, the gate terminal
44, and the source terminal 43 is removed to form openings,
and the concave and convex pattern 185 is formed in the
organic film 18 of the reflective region.

Then, the interlayer insulating film 17 and the gate insu-
lating film 13 are patterned by the dry etching or the like using
the organic film 18 as a mask. As such, as shown in FIG. 6D,
the interlayer insulating film 17 over the drain electrode 162
is removed to form the contact hole 181 that reaches the drain
electrode 162. Further, the interlayer insulating film 17 over
the source terminal 43 is removed to form the contact hole 182
that reaches the source terminal 43. Further, the gate insulat-
ing film 13 and the interlayer insulating film 17 over the gate
terminal 44 are removed to form the contact hole 183 that
reaches the gate terminal 44.

Next, the transparent conductive layer 191d to serve as the
transmissive pixel electrode 191 and the reflective metal layer
1924 to serve as the reflective pixel electrode 192 are succes-
sively formed on the organic film 18. For example, ITO hav-
ing a film thickness of 80 nm is formed over the whole surface
of the substrate 11 as the transparent conductive layer 1914
using the sputtering device. IZO, ITZO, ITSO or the like may
also beused instead of ITO in the transparent conductive layer
1914. Then, Mo having a film thickness of 50 nm, and AlCu
having a film thickness 0f 300 nm are formed over the whole
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surface of the substrate 11 in this order as the reflective metal
layer. In this example, ITO having a film thickness of 5 nm is
successively formed over the whole surface of the substrate
11 as the upper transparent conductive layer 193. Note that
170, ITZ0, ITSO or the like may also be used instead of ITO
as the upper transparent conductive layer 193. As such, as
shown in FIG. 6E, the contact holes 181, 182, 183 are covered
with the transparent conductive layer 191d, the reflective
metal layer 192d, and the upper transparent conductive layer
193.

Subsequently, after applying the resist on the upper trans-
parent conductive layer 193 by a spin coating or the like, the
resist pattern 25 having a difference in film thickness is
formed by the photolithography process using a multiple tone
exposure such as a halftone. In the pixel region, the resist
pattern 25 is formed so that the film thickness of the trans-
missive pixel electrode portion is thinner than the film thick-
ness of the reflective pixel electrode portion. In summary, the
resist pattern 25 includes a thick film portion 25a¢ in the
reflective pixel electrode portion of the pixel 49 and a thin film
portion 254 in the transmissive pixel electrode portion of the
pixel 49. At this time, in the first embodiment, the resist
pattern 25 is formed including the thick film portion 25a
formed in the gate terminal portion and the source terminal
portion and the thin film portion 255 formed in the gap retain-
ing pad portion.

Then, the upper transparent conductive layer 193, the
reflective metal layer 1924, and the transparent conductive
layer 191d are patterned successively or at one time by the wet
etching using the resist pattern 25 as a mask. As such, the
upper transparent conductive layer 193, the reflective metal
layer 192d, and the transparent conductive layer 191d are
removed in the region that is not covered with the resist
pattern 25 to expose the organic film 18, as shown in FIG. 6F.

Next, the thin film portion 255 of the resist pattern 25 is
removed by ashing. The thickness of the thick film portion
25a of the resist pattern 25 is decreased, and the thick film
portion 25a remains as a resist pattern 25¢. In short, as shown
in FIG. 6G, the resist pattern 25 where the thin film portion
25b is removed becomes the resist pattern 25¢. As such, the
resist pattern 25 on the gap retaining pattern portion is
removed. Further, the organic film 18 of the portion exposed
from the upper transparent conductive layer 193, the reflec-
tive metal layer 192d, and the transparent conductive layer
191d becomes thinner due to the ashing, and the thin film
portion is formed in the organic film 18. At this time, in the
first embodiment, as the organic film 18 of the gap retaining
pad portion is covered with the upper transparent conductive
layer 193, the reflective metal layer 1924, and the transparent
conductive layer 1914, the thickness of the organic film 18 is
not decreased. As such, the organic film 18 having the thick
film portion that is similar to that in the pixel region is formed
in the gap retaining pad portion.

After the ashing is performed, the wet etching is performed
using the resist pattern 25¢ as a mask, so as to selectively
pattern the upper transparent conductive layer 193 and the
reflective metal layer 192d. As such, the upper transparent
conductive layer 193 and the reflective metal layer 1924 in the
transmissive pixel electrode portion and the gap retaining pad
portion are removed, and the transparent conductive layer
1914 is exposed. After that, the resist pattern 25¢ is removed
using a resist removing solution. As such, as shown in FIG.
6H, the pixel electrode 19 having the reflective pixel electrode
192 and the upper transparent conductive layer 193 stacked in
a part of the transmissive pixel electrode 191 is formed.
Further, the source terminal pad and the gate terminal pad that
are connected to the source terminal 43 and the gate terminal
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44 through the contact holes 182 and 183 respectively are
formed of a stacked film of the transparent conductive layer
1914, the reflective metal layer 1924, and the upper transpar-
ent conductive layer 193. Further, the gap retaining pad 20
having the transparent conductive layer 1914 stacked on the
thick film portion of the organic film 18 is formed.

By patterning the upper transparent conductive layer 193
and the reflective metal layer 1924 by the above method, the
pixel electrode 19 is formed to have a step shape so that the
pattern ends of the upper transparent conductive layer 193
and the reflective pixel electrode 192 are inside the pattern
end of the transmissive pixel electrode 191. In summary, the
reflective pixel electrode 192 is prevented from being out of
the transmissive pixel electrode 191 to have a protrusion
shape (overhang shape). Accordingly, it is possible to prevent
the occurrence of the failure in the later process that may be
caused due to the pixel electrode 19 having the protrusion
shape. The TFT array substrate 10 according to the first
embodiment is thus completed.

An orientation film is formed on the TFT array substrate 10
thus manufactured by a transfer method or the like. Next, the
orientation film is heated and cured, followed by orientation
processing (rubbing process) on the orientation film. In the
orientation processing, micro scratches are formed on a con-
tact surface with the liquid crystal layer 36.

On the other hand, the black matrix 32 is formed on another
substrate 31 by the photolithography process. The black
matrix 32 may be formed of a metal such as chrome or a resin
including pigment. Then, the color materials 33 are formed on
the black matrix 32 by the photolithography process so as to
fill the space between the black matrix 32. The color material
33 may be a photosensitive resin formed of the pigment or the
dye. Inthis example, the protection film such as SiN is formed
on substantially the whole surface of the substrate 31 so as to
cover the black matrix 32 and the color materials 33. On this
protection film, the opposing electrode 34 is formed over
substantially the whole surface of the substrate 31. A trans-
parent conductive film formed of ITO or the like is used as the
opposing electrode 34.

On the opposing substrate 30 where the opposing electrode
34 is thus provided, the orientation film is formed in a similar
way as in the TFT array substrate 10, followed by the rubbing
process. Then, the photoresist (photosensitive resin) to serve
as the columnar spacer 35 is applied on the orientation film.
Then, the photoresist is patterned by the photolithography
process to form the columnar spacer 35. At this time, the
columnar spacers 35 are formed in a position that is opposed
to the reflective pixel electrode 192 and in a position that is
opposed to the gap retaining pad 20 ofthe TFT array substrate
10 in the later process of bonding the substrates. The oppos-
ing substrate 30 having the columnar spacer 35 is thus
formed.

Next, the sealing material 37 is applied to bond the TFT
array substrate 10 with the opposing substrate 30 (substrate
bonding process). At this time, the TFT array substrate 10 and
the opposing substrate 30 are bonded together in a way that
the columnar spacers 35 are arranged to be opposed to the
reflective pixel electrode 192 and the gap retaining pad 20.
After bonding the TFT array substrate 10 with the opposing
substrate 30, liquid crystal is filled from a liquid crystal injec-
tion port by a vacuum injection method or the like (liquid
crystal filling process). Then, the liquid crystal injection port
is sealed (sealing process). As such, the liquid crystal display
panel 1 according to the first embodiment is completed.

As stated above, according to the first embodiment, the
columnar spacers 35 of the opposing substrate 30 are
arranged to be opposed to the gap retaining pad 20 and the
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reflective pixel electrode 192 of the TFT array substrate 10 to
retain the gap between the both substrates. Accordingly, even
when the pressure is applied between the TFT array substrate
10 and the opposing substrate 30 in the substrate bonding
process, the liquid crystal filling process, and the sealing
process, the gap between the both substrates can be kept even
across the whole part of the liquid crystal display panel 1.

After that, the polarizing plate is bonded to the external part
of'the TFT array substrate 10 and the opposing substrate 30.
Then, the control substrate is mounted, and the backlight unit
or the like is attached. The liquid crystal display device
according to the first embodiment is thus completed.

As stated above, according to the first embodiment, the
transparent conductive layer 191d which is in the same layer
as the transmissive pixel electrode 191 is provided in a region
outside the display region 41 and inside the sealing material
37 on the TFT array substrate 10, so as to form the gap
retaining pad 20. Accordingly, the thick film portion of the
organic film 18 is formed below the transparent conductive
layer 191d in a similar way as a position below the reflective
pixel electrode 192. Then, the both substrates are bonded
together so that the columnar spacers 35 of the opposing
substrate 30 are arranged in the opposite surface of the gap
retaining pad 20 and the reflective pixel electrode 192. As
such, the distance with the surface of the opposing substrate
30 on the gap retaining pad 20 is substantially equal to that on
the reflective pixel electrode 192, and the columnar spacers
35 retain the gap between the both substrates in these parts.
Accordingly, the gap between the both substrates outside the
display region 41 is equal to that inside the display region 41.
Accordingly, the display unevenness that is produced at the
periphery of the display region 41 can be suppressed, and the
liquid crystal display device having excellent display quality
can be provided.

In the description above, the gap retaining pads 20 are
formed to have the strip shape along each side of the sealing
material 37, and the plurality of columnar spacers 35 are
arranged opposite to one gap retaining pad 20. However, the
shape of the gap retaining pad 20 is not limited to it. FIG. 7 is
an enlarged plane view showing the structure at the periphery
ofthe display region 41 and outside thereof of a liquid crystal
display panel 2 according to another exemplary example of
the first embodiment. Further, FIG. 8 is a cross sectional view
schematically showing the structure at the periphery of the
display region 41 and outside thereof of the liquid crystal
display panel 2 according to another exemplary example of
the first embodiment. In FIG. 7, only the structure of the TFT
array substrate 10 side is shown, and the structure of the
opposing substrate 30 side is omitted. Further, in FIG. 8, the
structure of the TFT array substrate 10 is schematically
shown. For example, as shown in FIGS. 7 and 8, the gap
retaining pad 20 may be formed to have a size which is able to
include the columnar spacer 35, and each of the columnar
spacers 35 may be arranged opposite to one gap retaining pad
20.

Second Embodiment

A liquid crystal display device according to the second
embodiment will be described with reference to FIG. 9. The
basic structure of the liquid crystal display device according
to the second embodiment is similar to that of the first
embodiment, and thus, the overlapping description will be
omitted. In the second embodiment, the structure of the gap
retaining pad 20 is different from that of the first embodiment.
FIG. 9 is a cross sectional view schematically showing the
structure at the periphery of the display region 41 and outside
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thereof of a liquid crystal display panel 3 according to the
second embodiment. In FIG. 9, the cross section correspond-
ing to the cross sectional view in FIG. 4 is shown.

In FIG. 9, the components identical to those in FIG. 5 are
denoted by the same reference symbols, and only the differ-
ence will be described. As shown in FIG. 9, as is similar to the
first embodiment, the gap retaining pad 20 is provided in a
region outside the display region 41 and inside the sealing
material 37 on the TFT array substrate 10. In the second
embodiment, the gap retaining pad 20 includes the transpar-
ent conductive layer 1914 formed in the same layer as the
transmissive pixel electrode 191 and the reflective metal layer
1924 formed in the same layer as the reflective pixel electrode
192 which are stacked on the thick film portion of the organic
film 18. Note that, when the pixel electrode 19 includes the
upper transparent conductive layer 193 for adjusting the work
function on the reflective pixel electrode 192, the gap retain-
ing pad 20 further includes the upper transparent conductive
layer 193 stacked on the reflective metal layer 192d.

Then, the TFT array substrate 10 and the opposing sub-
strate 30 are bonded together through the sealing material 37
so that the columnar spacers 35 of the opposing substrate 30
are arranged to be opposed to the gap retaining pad 20 and the
reflective pixel electrode 192 of the TFT array substrate 10.

Next, the manufacturing method of the liquid crystal dis-
play device according to the second embodiment will be
described with reference to FIGS. 10A to 10H. FIGS. 10A to
10H are cross sectional views showing the manufacturing
process of the TFT array substrate 10 according to the second
embodiment of the present invention. In each of FIGS. 10A to
10H, the right side shows a cross sectional view in the pixel 49
corresponding to the cross section of III-III of FIG. 2, as is
similar to FIGS. 6A to 6H. Further, in each of FIGS. 10A to
10H, the left side shows a cross sectional view of the gate
terminal 44 portion, the source terminal 43 portion, and the
gap retaining pad 20 portion. In the second embodiment, the
forming process of the gap retaining pad 20 is different from
that of the first embodiment. The other processes are identical
to those of the first embodiment, and thus the description will
be omitted.

As is similar to the first embodiment, the electrode film to
serve as the gate electrode 121 is firstly formed on the whole
surface of the substrate 11. This electrode film is patterned by
the photolithography, the etching, and the resist removal. As
such, the gate line 12, the gate electrode 121, the auxiliary
capacitance electrode 122, and the gate terminal 44 are
formed on the substrate 11, and the structure shown in FIG.
10A is obtained. Then, the gate insulating film 13, the semi-
conductor layer 14, and the ohmic contact film 15 are formed
to cover them. After that, the semiconductor layer 14 and the
ohmic contact film 15 are patterned by the photolithography
process, and the structure shown in FIG. 10B is obtained.

Next, the electrode film that covers them is formed in the
same way as in the first embodiment. Then, the source line 16,
the source electrode 161, the drain electrode 162, and the
source terminal 43 are formed by the photolithography and
the etching. Subsequently, as is similar to the first embodi-
ment, the ohmic contact film 15 between the source electrode
161 and the drain electrode 162 is removed by etching, so as
to form the channel region. After that, the resist removing
process is performed to obtain the structure shown in FIG.
10C.

After forming the channel region, as is similar to the first
embodiment, the interlayer insulating film 17 is formed
thereon. Subsequently, the organic film 18 having the concave
and convex pattern 185 and the opening is formed on the
interlayer insulating film 17 by the photolithography process.
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Then, the etching is performed using the organic film 18 as a
mask. As such, as shown in FIG. 10D, the contact hole 181
that reaches the drain electrode 162, the contact hole 183 that
reaches the gate terminal 44, and the contact hole 182 that
reaches the source terminal 43 are formed.

Then, as is similar to the first embodiment, the transparent
conductive layer 1914 and the reflective metal layer 1924 are
successively formed on the organic film 18. As is similar to
the first embodiment, the upper transparent conductive layer
193 is further formed on the reflective metal layer 1924 in the
second embodiment as well. Thus, as shown in FIG. 10E, the
contact holes 181, 182, 183 are covered with the transparent
conductive layer 1914, the reflective metal layer 1924, and the
upper transparent conductive layer 193.

Subsequently, after applying the resist on the upper trans-
parent conductive layer 193 by the spin coating or the like, the
resist pattern 25 having a difference in film thickness is
formed by the photolithography process using the multiple
tone exposure such as the halftone. In the second embodi-
ment, as shown in FIG. 10F, the thick film portion 25a of the
resist pattern 25 is formed in the reflective pixel electrode
portion, the gate terminal portion, the source terminal portion,
and the gap retaining pad portion. Further, the thin film por-
tion 256 of the resist pattern 25 is formed in the transmissive
pixel electrode portion. In summary, although the thin film
portion 255 is formed in the gap retaining pad portion in the
first embodiment, the thick film portion 254 is formed in the
gap retaining pad portion in the second embodiment.

Then, the upper transparent conductive layer 193, the
reflective metal layer 192d, and the transparent conductive
layer 191d are patterned successively or at one time using the
resist pattern 25 as a mask by the wet etching or the like. As
such, as shown in FIG. 10F, the upper transparent conductive
layer 193, the reflective metal layer 1924, and the transparent
conductive layer 191d of the region which is not covered with
the resist pattern 25 are removed to expose the organic film
18.

Next, the thin film portion 255 of the resist pattern 25 is
removed by the ashing. The resist pattern 25 where the thin
film portion 254 is removed becomes, as shown in FIG. 10G,
the resist pattern 25¢. As such, the thickness of the thick film
portion 254 of the resist pattern on the gap retaining pattern
portion is made thinner, and the thick film portion 25a
remains as the resist pattern 25¢. Further, the thickness of the
organic film 18 of the part that is exposed from the upper
transparent conductive layer 193, the reflective metal layer
1924, and the transparent conductive layer 1914 is decreased
as well by the ashing, and the thin film portion is formed in the
organic film 18. At this time, in the second embodiment, the
organic film 18 of the gap retaining pad portion is covered
with the upper transparent conductive layer 193, the reflective
metal layer 192d, and the transparent conductive layer 191d.
Thus, the thickness of the organic film 18 is not deceased. As
such, the organic film 18 including the thick film portion
which is similar to that in the pixel region is formed in the gap
retaining pad portion.

After the ashing, the wet etching or the like is performed
using the resist pattern 25¢ as a mask, and the upper transpar-
ent conductive layer 193 and the reflective metal layer 1924
are selectively patterned. As such, the reflective metal layer
192d and the upper transparent conductive layer 193 of the
transmissive pixel electrode portion are removed to expose
the transparent conductive layer 191d. After that, the resist
pattern 25¢ is removed using the resist removing solution. As
such, as shown in FIG. 10H, the pixel electrode 19 where the
reflective pixel electrode 192 and the upper transparent con-
ductive layer 193 are stacked on a part of the transmissive

10

15

20

25

30

35

40

45

50

55

60

65

18

pixel electrode 191 is formed. Further, the source terminal
pad and the gate terminal pad that are connected to the source
terminal 43 and the gate terminal 44 through the contact holes
182 and 183 respectively are formed of a stacked film of the
transparent conductive layer 1914, the reflective metal layer
1924, and the upper transparent conductive layer 193. Fur-
ther, the gap retaining pad 20 is formed where the transparent
conductive layer 1914, the reflective metal layer 1924, and the
upper transparent conductive layer 193 are stacked on the
thick film portion of the organic film 18.

The TFT array substrate 10 according to the second
embodiment is thus completed. The following process is
similar to that of the first embodiment, and thus, the descrip-
tion will be omitted.

As stated above, according to the second embodiment, a
conductive layer that is the same as the conductive layer that
forms the pixel electrode 19 is provided on the TFT array
substrate 10 in a region outside the display region 41 and
inside the sealing material 37 to form the gap retaining pad 20.
Accordingly, the thick film portion of the organic film 18 is
formed below the conductive layer of the gap retaining pad 20
in a similar way as below the reflective pixel electrode 192.
Then, the both substrates are bonded together so that the
columnar spacers 35 of the opposing substrate 30 is arranged
opposite to the gap retaining pad 20 and the reflective pixel
electrode 192. As such, the distance with the surface of the
opposing substrate 30 on the gap retaining pad 20 is substan-
tially equal to that on the reflective pixel electrode 192, and
the columnar spacers 35 retain the gap between the both
substrates in these parts. Accordingly, the gap between the
both substrates outside the display region 41 is equal to that
inside the display region 41. Accordingly, the display uneven-
ness that is produced at the periphery of the display region 41
can be suppressed, and the liquid crystal display device hav-
ing excellent display quality can be provided.

Third Embodiment

A liquid crystal display device according to the third
embodiment will be described with reference to FIG. 11. As
the basic structure of the liquid crystal display device accord-
ing to the third embodiment is similar to that of the first
embodiment, the overlapping description will be omitted. In
the third embodiment, the structure of the gap retaining pad
20 is different from that of the first and second embodiments.
FIG. 11 is a cross sectional view schematically showing the
structure at the periphery of the display region 41 and outside
thereof of a liquid crystal display panel 4 according to the
third embodiment.

In FIG. 11, the components identical to those of FIG. 5 are
denoted by the same reference symbols, and the difference
will be described. In the third embodiment, as shown in FIG.
11, the gap retaining pad 20 is provided in a region outside the
display region 41 and inside the sealing material 37 on the
opposing substrate 30. In summary, the gap retaining pad 20
is provided in the opposing substrate 30 side instead of being
providedin the TFT array substrate 10 side. Accordingly, asis
similar to the related example shown in FIG. 17, in the outside
of'the display region 41 of the TFT array substrate 10, the thin
film portion of the organic film 18 that is similar to the region
between pixels is formed.

In the gap retaining pad 20, a plurality of color materials 33
are stacked on the substrate 31, and the opposing electrode 34
is formed to cover them. Although the color materials 33 of
red (R), green (G), and blue (B) are stacked in the gap retain-
ing pad 20 in this example, the number of color materials 33
that are stacked is determined as needed depending on the
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distance between the surface of the gap retaining pad 20 of the
opposing substrate 30 and the surface of the opposing TFT
array substrate 10. In summary, the color materials 33 that are
stacked on the gap retaining pad 20 is determined so that the
distance between the surfaces of the TFT array substrate 10
and the opposing substrate 30 that are opposed to each other
on the gap retaining pad 20 of the opposing substrate 30 is
equal to that on the reflective pixel electrode 192 of the TFT
array substrate 10.

The shape of the gap retaining pad 20 is not particularly
limited as is similar to the first embodiment. For example, as
described in the first embodiment, the gap retaining pads 20
are formed to have the strip shape along each side of the
sealing material 37, and the plurality of columnar spacers 35
may be provided on one gap retaining pad 20. Further, the gap
retaining pad 20 may be formed to have a size which is able to
include the columnar spacer 35, and each of the columnar
spacers 35 may be provided in one gap retaining pad 20. Note
that, when the protection film is provided between the color
materials 33 and the opposing electrode 34 in the display
region 41, the protection film is also formed in the gap retain-
ing pad 20 by extending it from the display region 41.

On the opposing electrode 34 of the opposing substrate 30
where the gap retaining pad 20 is provided as stated above, the
columnar spacers 35 are provided in a position that is opposed
to the reflective pixel electrode 192 and in a position on the
gap retaining pad 20. Then, the TFT array substrate 10 and the
opposing substrate 30 are bonded together through the seal-
ing material 37 so that the columnar spacers 35 of the oppos-
ing substrate 30 are arranged to be opposed to the reflective
pixel electrode 192 of the TFT array substrate 10 and to the
region which is outside the display region 41 and inside the
sealing material 37.

Note that the gap retaining pad 20 is not limited to the
above structure. FIG. 12 is a cross sectional view schemati-
cally showing the structure at the periphery of the display
region 41 and outside thereof of a liquid crystal display panel
5 according to another exemplary example of the third
embodiment. As shown in FIG. 12, the black matrix 32 may
be formed between the color materials 33 and the substrate 31
in the gap retaining pad 20. In this example, in the gap retain-
ing pad 20, the two color materials 33 are stacked on the black
matrix 32. However, as stated above, the number of color
materials 33 that are stacked is determined as appropriate
according to the distance between the surface of the gap
retaining pad 20 of the opposing substrate 30 and the surface
of the opposing TFT array substrate 10.

As described above, in the third embodiment, at least two
layers which are selected from the color materials 33 and the
black matrix 32 are stacked in the region outside the display
region 41 and inside the sealing material 37 on the opposing
substrate, so as to form the gap retaining pad 20. Accordingly,
the height of the opposing substrate 30 from the surface of the
substrate 31 in the gap retaining pad 20 becomes higher than
that in the display region 41. In other words, the distance from
the surface of the TFT array substrate 10 on the gap retaining
pad 20 is substantially equal to the distance from the surface
of the opposing substrate 30 on the reflective pixel electrode
192, and the distance between the both substrates is held by
the columnar spacers 35 in these parts. Accordingly, the dis-
tance between the both substrates outside the display region
41 is equal to that inside the display region 41. Accordingly,
it is possible to provide the liquid crystal display device with
high display quality and which suppresses the display
unevenness that occurs at the periphery of the display region
41.
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Fourth Embodiment

A liquid crystal display device according to the fourth
embodiment will be described with reference to FIG. 13. As
the basic structure of the liquid crystal display device accord-
ing to the fourth embodiment is similar to that of the first
embodiment, the overlapping description will be omitted. In
the fourth embodiment, the structure of the TFT array sub-
strate 10 is different from that of the first embodiment. FIG.
13 is a cross sectional view schematically showing the struc-
ture at the periphery of the display region 41 and outside
thereof of a liquid crystal display panel 6 according to the
fourth embodiment.

In FIG. 13, the same components as those in FIG. 5 are
denoted by identical reference symbols, and only the differ-
ence will be described. As shown in FIG. 13, the thin film
portion of the organic film 18 as is similar to the region
between pixels is formed outside the display region 41 of the
TFT array substrate 10, as is similar to the related example
shown in FIG. 17. In the fourth embodiment, a planarizing
film 21 is further formed on the pixel electrode 19 of the TFT
array substrate 10. The planarizing film 21 is formed to cover
the pixel electrode 19 and the organic film 18, and planarizes
the irregularities that are produced on the TFT array substrate
10. The planarizing film 21 is formed to be larger than the
display region 41 and formed in the region inside the sealing
material 37 having the frame shape. In other words, the pla-
narizing film 21 is not provided below the sealing material 37.
As stated above, the planarizing film 21 functions as the gap
retaining pad 20 in the region outside the display region 41
and inside the sealing material 37 as is similar to the first
embodiment. The planarizing film 21 is formed of a planariz-
ing film such as an organic insulating film or an inorganic
insulating film.

The TFT array substrate 10 where the planarizing film 21 is
thus provided is bonded to the opposing substrate 30 through
the sealing material 37 so that the columnar spacer 35 of the
opposing substrate 30 is arranged to be opposed to the reflec-
tive pixel electrode 192 and to the region outside the display
region 41 and inside the sealing material 37.

Note that the planarizing film 21 is not limited to the above
shape. FIG. 14 is a cross sectional view schematically show-
ing the structure at the periphery of the display region 41 and
outside thereof of a liquid crystal display panel 7 according to
another exemplary example of the fourth embodiment. As
shown in FIG. 14, the planarizing film 21 may be formed to
fill up the thin film portion of the organic film 18. However,
also in this case, as described above, the planarizing film 21 is
not provided below the sealing material 37.

As described above, in the fourth embodiment, the pla-
narizing film 21 is further formed on the pixel electrode 19 of
the TFT array substrate 10. At this time, the planarizing film
21 is formed so that the height of the surface of the planarizing
film 21 provided on the thin film portion of the organic film 18
from the substrate 11 is equal to or larger than the height of the
surface of the transmissive pixel electrode 191 from the sub-
strate 11. As such, the height of the surface from the substrate
11 on the reflective pixel electrode 192 is substantially equal
to that in the region which is outside the display region 41 and
inside the sealing material 37. The columnar spacers 35 keep
the distance between the TFT array substrate 10 and the
opposing substrate 30 in these parts. Accordingly, the dis-
tance between the both substrates outside the display region
41 is equal to that inside the display region 41. Accordingly,
the display unevenness that occurs at the periphery of the
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display region 41 can be suppressed, and the liquid crystal
display device having excellent display quality can be pro-
vided.

Fifth Embodiment

The liquid crystal display device according to the fifth
embodiment will be described with reference to FIG. 15. As
the basic structure of the liquid crystal display device accord-
ing to the fifth embodiment is similar to that of the first
embodiment, the overlapping description will be omitted. In
the fifth embodiment, the structure of the TFT array substrate
10 is different from that of the first embodiment. FIG. 15is a
cross sectional view schematically showing the structure at
the periphery of the display region 41 and outside thereof of
a liquid crystal display panel 8 according to the fifth embodi-
ment.

In FIG. 15, the components identical to those in FIG. 5 are
denoted by the same reference symbols, and only the differ-
ence will be described. As shown in FIG. 15, in the fifth
embodiment, an inorganic insulating film 22 is further formed
between the organic film 18 and the transmissive pixel elec-
trode 191. Accordingly, in the organic film 18 of the fifth
embodiment, the thin film portion is not provided, as is dif-
ferent from the first to fourth embodiments. In summary, as
the organic film 18 is covered with the inorganic insulating
film 22, the thickness of the organic film 18 is not decreased
when the aching is performed on the resist pattern having a
difference in film thickness that is formed as a mask to pattern
the transmissive pixel electrode 191 and the reflective pixel
electrode 192. Accordingly, by providing the inorganic insu-
lating film 22 on the organic film 18, it is possible to prevent
the decrease of the film thickness of the organic film 18 in
ashing, and to prevent the thin film portion from being
formed. The inorganic insulating film 22 may be formed of
SiN having a film thickness of 100 nm over the whole surface
of the substrate 11 using the CVD device, for example.

The TFT array substrate 10 where the inorganic insulating
film 22 is thus provided is bonded to the opposing substrate 30
through the sealing material 37 so that the columnar spacers
35 of the opposing substrate 30 are arranged to be opposed to
the reflective pixel electrode 192 and to the region outside the
display region 41 and inside the sealing material 37.

As described above, in the fifth embodiment, the inorganic
insulating film 22 is further formed between the transmissive
pixel electrode 191 and the organic film 18 of the TFT array
substrate 10. As such, it is possible to prevent the decrease of
the film thickness of the organic film 18 and to prevent the thin
film portion from being formed due to the ashing in forming
the transmissive pixel electrode 191 and the reflective pixel
electrode 192 by one photolithography. In other words, the
height of the surface from the substrate 11 in the region
outside the display region 41 and inside the sealing material
37 is substantially equal to that on the reflective pixel elec-
trode 192. The columnar spacers 35 keep the gap between the
TFT array substrate 10 and the opposing substrate 30 in these
parts. Accordingly, the gap between the both substrates out-
side the display region 41 is equal to that inside the display
region 41. Accordingly, it is possible to suppress the display
unevenness that occurs at the periphery of the display region
41, and to provide the liquid crystal display device having
excellent display quality.

Sixth Embodiment

The liquid crystal display device according to the sixth
embodiment will be described with reference to FIG. 16. As
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the basic structure of the liquid crystal display device accord-
ing to the sixth embodiment is similar to that of the first
embodiment, the overlapping description will be omitted. In
the sixth embodiment, the structure outside the display region
41 and inside the sealing material 37 is different from that of
the first embodiment. FIG. 16 is a cross sectional view sche-
matically showing the structure at the periphery of the display
region 41 and outside thereof of a liquid crystal display panel
9 according to the sixth embodiment.

In FIG. 16, the same components as those in FIG. 5 are
denoted by the same reference symbols, and only the differ-
ence will be described. As shown in FIG. 16, the gap retaining
pad 20 is not provided in the TFT array substrate 10 in a
region outside the display region 41 and inside the sealing
material 37. Accordingly, the thin film portion of the organic
film 18 that is similar to the region between pixels is formed
outside the display region 41 of the TFT array substrate 10, as
is similar to the related art shown in FIG. 17.

In the sixth embodiment, columnar spacers 35, 35a having
different heights are arranged in the opposing substrate 30.
The columnar spacer 354 is formed in a region outside the
display region 41 and inside the sealing material 37, and has
a height larger than that of the columnar spacer 35 that is
arranged to be opposed to the reflective pixel electrode 192 in
the display region 41. In other words, as the film thickness of
the organic film 18 in the outside of the display region 41 is
thinner than that of the pixel region, the distance from the
surface of the opposing substrate 30 to the surface of the TFT
array substrate 10 is larger than that in the pixel region. As
such, the columnar spacers 35 and 35a having heights accord-
ing to each distance are formed so that the both substrates 11
and 31 are arranged to be opposed to each other in parallel
across all over the liquid crystal display panel 9. In summary,
the columnar spacer 35a is formed to be higher than the
columnar spacer 35 according to the difference between the
substrate gap outside the display region 41 and the substrate
gap in the pixel electrode 19. These columnar spacers 35, 35a
may be formed of separate photolithography processes.

The opposing substrate 30 in which the columnar spacers
35,35a are thus provided is arranged to be opposed to the TFT
array substrate 10, and the both substrates are bonded through
the sealing material 37.

As stated above, in the sixth embodiment, the columnar
spacers 35 and 35q are formed according to each gap so that
the columnar spacer 35a that is provided in the region outside
the display region 41 and inside the sealing material 37 is
higher than the columnar spacer 35 that is arranged to be
opposed to the reflective pixel electrode 192 in the display
region 41. As such, the both substrates are retained so that the
gap between the surface of the TFT array substrate 10 and the
surface of the opposing substrate 30 in the region outside the
display region 41 and inside the sealing material 37 is wider
than that on the reflective pixel electrode 192. In summary, the
both substrates are retained by the columnar spacer 354 hav-
ing larger height so as to cancel the decreased amount of the
film thickness of the organic film 18 due to the ashing in
forming the transmissive pixel electrode 191 and the reflec-
tive pixel electrode 192 by one photolithography. Accord-
ingly, the TFT array substrate 10 and the opposing substrate
30 form the liquid crystal display panel 9 where the substrates
are arranged to be opposed to each other in parallel inside and
outside the display region 41. Accordingly, the display
unevenness that is produced at the periphery of the display
region 41 can be suppressed, and the liquid crystal display
device having excellent display quality can be provided.

Note that, in the first to sixth embodiments, the description
has been made of the liquid crystal display device where the
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channel etch type TFT 50 is formed. However, another type of
TFT 50 such as a top gate type may be provided. Furthermore,
although the structure where the upper transparent conductive
layer 193 is provided on the reflective pixel electrode 192 for
the purpose of preventing sticking has been described as an
example, the same effect can be achieved without the upper
transparent conductive layer 193 as well. Further, the struc-
ture is not limited to the one in which the columnar spacers are
provided on the opposing substrate 30. The same effect can be
achieved with the structure in which the columnar spacers are
provided on the TFT array substrate 10.

The above description has been made of the embodiments
of the present invention, and the present invention is not
limited to the above embodiments. Further, a personskilled in
the art would be able to readily change, add, and modify each
element of the above embodiments within the scope of the
present invention.

From the invention thus described, it will be obvious that
the embodiments of the invention may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such modi-
fications as would be obvious to one skilled in the art are
intended for inclusion within the scope of the following
claims.

What is claimed is:

1. A liquid crystal display device having pixel electrodes,
each pixel electrode including a transmissive pixel electrode
and a reflective pixel electrode that is formed in a part of the
transmissive pixel electrode, the liquid crystal display device
comprising:

an array substrate including the pixel electrodes formed
thereon to provide a display region;

an opposing substrate arranged to be opposed to the array
substrate;

a frame region surrounding the display region, wherein a
sealing material is provided in the frame region, the
sealing material bonding the array substrate with the
opposing substrate;

an organic film formed on the entirety of the array sub-
strate, the organic film having a uniform thickness with
a concave and a convex pattern superposed thereon and
provided below the reflective pixel electrode;
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aninorganic insulating film formed on the organic film in at
least the frame region and the display region, wherein
the inorganic insulating film is provided, in the display
region, between the organic film, on the one hand, and
the transmissive pixel electrode and reflective pixel elec-
trode, on the other hand; and

a columnar spacer formed on the opposing substrate
between the opposing substrate and the inorganic insu-
lating film, the columnar spacer holding a substrate gap
between the array substrate and the opposing substrate
in a region outside the display region and inside the
sealing material and in the region over the pixel elec-
trodes.

2. A liquid crystal display device having pixel electrodes,
each pixel electrode including a transmissive pixel electrode
and a reflective pixel electrode that is formed in a part of the
transmissive pixel electrode, the liquid crystal display device
comprising:

an array substrate including the pixel electrodes formed
thereon to provide a display region;

an opposing substrate arranged to be opposed to the array
substrate;

a frame region surrounding the display region, wherein a
sealing material is provided in the frame region, the
sealing material bonding the array substrate with the
opposing substrate;

an organic film formed on the array substrate, the organic
film having a thick film portion provided below the pixel
electrodes, a uniformly thin film portion that is provided
in the frame region, and a thin film portion that is pro-
vided between the pixel electrodes in the display region;

a columnar spacer formed on the opposing substrate, the
columnar spacer holding a substrate gap between the
array substrate and the opposing substrate, wherein

the columnar spacer includes a first columnar spacer
formed in a position opposed to the pixel electrodes and
a second columnar spacer formed in a region outside the
display region and inside the sealing material, and

the second columnar spacer is formed to be higher than the
first columnar spacer according to a difference between
the substrate gap outside the display region and the
substrate gap over the pixel electrode.
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