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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Thepresent invention relates to a display device and
a method of manufacturing the same.

[0003] 2. Description of Related Art

[0004] Inrecent years, liquid crystal display devices using
a liquid crystal as an electro-optic element for display, which
have advantageous features such as low power consumption
and a thin body, have been mass-produced as one of flat panel
displays in substitution for a CRT.

[0005] Examples of the liquid crystal display devices
include a passive (simple) matrix liquid crystal display device
and an active matrix liquid crystal display device. Examples
of the active matrix liquid crystal display device include a
TFT-LCD using a thin film transistor (hereinafter, abbrevi-
ated as “TFT”) as a switching element. The TFT-LCD has
advantageous features in terms of portability and display
quality as compared with the CRT and the simple matrix
liquid crystal display device. For this reason, the TFT-LCD is
widely put into practical use for laptop personal computers
and the like.

[0006] Inthe TFT-LCD, aliquid crystal layer is sandwiched
between a TFT array substrate on which TFTs are formed in
an array, and an opposing substrate.

[0007] Examples of the TFT-L.CD include a reflective TFT-
LCD, atransmissive TFT-LCD, and a transflective TEFT-LCD.
The transflective TET-LCD has both reflective and transmis-
sive characteristics. The reflective TFT-LCD includes a
reflecting layer formed on the TFT array substrate to reflect
surrounding light, thereby performing display. The transmis-
sive TFT-LCD includes light transmitting layers formed on
both the TFT array substrate and the opposing substrate.
Further, the transmissive TFT-LCD allows light from a light
source, which is provided on a rear surface or a side surface
thereof, to transmit through the light transmitting layers,
thereby performing display.

[0008] The reflective TFT-LCD has excellent display char-
acteristics for outdoor use. The reflective TFT-LCD, however,
has a low level of visibility indoors where the surrounding
light is low. Meanwhile, the transmissive TFT-LCD has
excellent display characteristics indoors. The transmissive
TFT-LCD, however, has a low level of visibility outdoors
because the light from the light source is more intense than the
surrounding light.

[0009] In recent years, there is an increasing demand for
mobile display devices such as a small display for a cellular
phone and a portable music player, and a medium-size display
for a potable media player, a PDA, and an onboard navigation
system. The transflective TFT-LCD has excellent display
characteristics both outdoors and indoors. For this reason,
with the increasing demand for those mobile display devices,
a demand for the transflective TFT-LCD is increasing.
[0010] In the TFT-LCD, a signal line and a gate line are
provided for each pixel so as to intersect with each other on a
glass substrate by using semiconductor technology. Further,
in the TFT-LCD, a TFT is formed at an intersection between
the signal line and the gate line. Furthermore, in the TFT-
LCD, areflective pixel electrode (reflecting layer) or a trans-
missive pixel electrode (light transmitting layer) is formed for
each pixel. Thus, the TFT array substrate is formed. Accord-
ingly, a large number of steps are required to manufacture the
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TFT array substrate. As a result, there arises a problem in that
the number of devices necessary for manufacturing the TFT
array substrate increases, which leads to an increase in manu-
facturing costs. In particular, in the transflective TFT-LCD, 1t
is necessary to form both the reflective pixel electrode and the
transmissive pixel electrode for each pixel on the TFT array
substrate. Accordingly, the number of manufacturing steps of
the transflective TFT-LCD is much larger than that of the
reflective TFT-LLCD and the transmissive TFT-LCD. As a
result, in the transflective TFT-LCD, manufacturing costs
increase. For this reason, a reduction in the number of manu-
facturing steps is required.

[0011] In the transmissive TFT-LCD, a transmissive pixel
electrode is formed on the TFT array substrate, and an oppos-
ing electrode is formed on the opposing substrate. The trans-
missive pixel electrode and the opposing electrode are each
formed of a transparent conductive film such as I'TO (Indium
Tin Oxide). Thus, a work function of the transmissive pixel
electrode can be set to be substantially equal to a work func-
tion of the opposing electrode. As a result, in the case of
performing alternate current drive of a liquid crystal, the
transmissive pixel electrode and the opposing electrode
enable application of positive and negative voltages to the
liquid crystal under substantially the same conditions. On the
other hand, in the transflective TFT-LCD, the transmissive
pixel electrode and the reflective pixel electrode are formed
on the TFT array substrate. Further, in the transflective TFT-
LCD, the opposing electrode is formed on the opposing sub-
strate. The transmissive pixel electrode and the opposing
electrode are each formed of a transparent conductive film
such as ITO. Meanwhile, the reflective pixel electrode is
formed of a metal film such as Al. Accordingly, the work
function of the reflective pixel electrode is different from that
of the opposing electrode. As a result, depending on drive
conditions for the liquid crystal, flicker of a display occurs.
Further, depending on the drive conditions for the liquid
crystal, a phenomenon called image sticking is caused due to
a difference in work function between the reflective pixel
electrode and the opposing electrode. In this case, the image
sticking refers to a phenomenon in which a residual image is
formed from previous data, which deteriorates the display
quality.

[0012] In this case, to avoid the flicker or image sticking,
Japanese Unexamined Patent Application Publication No.
2005-275323 discloses a technology in which a transparent
conductive film made of the same material as that of an
opposing electrode is formed on a reflective pixel electrode.
In the technology disclosed in Japanese Unexamined Patent
Application Publication No. 2005-275323, a metal film form-
ing the reflective pixel electrode is first deposited. Next, a
transparent conductive film is deposited on the metal film.
Then, the films are collectively etched using the same mask
and the same etching solution. Thus, the transparent conduc-
tive film having the same pattern as that of the reflective pixel
electrode is formed on the reflective pixel electrode.

[0013] When the metal film and the transparent conductive
film are subjected to collective wet etching by the method
disclosed in Japanese Unexamined Patent Application Publi-
cation No. 2005-275323, however, an edge portion of the
transparent conductive film may extend off an edge portion of
the metal film and remain in an eaves-like shape. FIG. 9A to
9D are cross-sectional views each schematically showing a
part of aprocess for manufacturinga TFT array substrate of a
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transflective liquid crystal display device as disclosed in Japa-
nese Unexamined Patent Application Publication No. 2005-
275323.

[0014] In the method disclosed in Japanese Unexamined
Patent Application Publication No. 2005-275323, an inter-
layer insulating film 21 is formed above a TFT (not shown), a
scanning signal line (not shown), and adisplay signal line (not
shown). Next, a lower transparent conductive film 22 serving
as a transmissive pixel electrode is deposited on the interlayer
insulating film 21. Then, patterning is performed to form a
transmissive pixel electrode (see FIG. 9A). Further, a metal
film 23 serving as a reflective pixel electrode is deposited so
as to cover the lower transparent conductive film 22. Then, on
the metal film 23, an upper transparent conductive film 24 is
formed so as to prevent flicker and image sticking from occur-
ring. Further, on the upper transparent conductive film 24, a
resist 25 is formed into a desired shape (see FIG. 9B). Then,
the metal film 23 and the upper transparent conductive film 24
are collectively subjected to wet etching (see FIG. 9C). After
that, the resist 25 is removed (see FIG. 9D).

[0015] Referring to FIG. 9D, when a multiplayer thin film
pattern is formed by employment of the method disclosed in
Japanese Unexamined Patent Application Publication No.
2005-275323, an edge portion of the upper transparent con-
ductive film 24 formed in the upper layer laterally extends off
an edge portion of the metal film 23 formed below the upper
transparent conductive film 24 and remains in an eaves-like
shape. In particular, when the collective etching is performed
using isotropic etching such as wet etching, the edge portion
of the upper transparent conductive film 24 is more likely to
remain in an eaves-like shape.

[0016] Then, as described above, when the edge portion of
the upper transparent conductive film 24 is formed into an
eaves-like shape, the eaves-like portion is removed during a
post-process. Particularly in a process for rubbing a substrate,
for example, the eaves-like portion is more likely to be
removed. Further, the eaves-like portion thus removed causes
a foreign substance, which may lead to a short-circuit
between adjacent pixels or a short-circuit between pixel elec-
trodes (transmissive pixel electrode and reflective pixel elec-
trode). Thus, the removed eaves-like portion causes a display
failure. If the eaves-like portion is formed in a multilayer thin
film pattern, in a process of coating the multilayer thin film
pattern with a coating film, the coating film has a stepped cut
portion at the eaves-like portion. Further, when the coating
film is a protection insulating film, an insulating failure
occurs at the stepped cut portion. Furthermore, when the
coating film is a conductive film, a connection failure occurs
at the stepped cut portion. As a distance between adjacent
pixels is to be reduced in the future, it is necessary to more
effectively prevent the eaves-like portion from being formed.

[0017] Further, the method disclosed in Japanese Unexam-
ined Patent Application Publication No. 2005-275323
includes a process in which a lower transparent conductive
film is deposited and patterned. After the process, a process in
which a metal film and an upper transparent conductive film
are deposited and then subjected to collective wet etching is
carried out. Thus, the number of manufacturing processes
increases, which results in an increase in manufacturing
costs. Furthermore, as the number of manufacturing pro-
cesses increases, defects due to a foreign substance or the like
are more liable to occur, which leads to a deterioration in
yield.
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[0018] Japanese Unexamined Patent Application Publica-
tion No. 2005-215277 discloses a technology of manufactur-
ing a transflective TFT-LCD while achieving a reduction in
the number of manufacturing processes. Conventionally, the
TFT array substrate is formed by repeatedly performing a
photolithography process six times. Japanese Unexamined
Patent Application Publication No. 2005-215277 discloses a
method of forming the TFT array substrate by repeatedly
performing a photolithography process five times. Specifi-
cally, in the technology disclosed in Japanese Unexamined
Patent Application Publication No. 2005-215277, a photo-
mask (photosensitive resin pattern) is formed using half-tone
exposure technology. Further, the reflective pixel electrode
and the transmissive pixel electrode are formed by using a
single photomask. Thus, the number of manufacturing pro-
cesses is reduced.

[0019] Specifically, in the technology disclosed in Japanese
Unexamined Patent Application Publication No. 2005-
215277, a gate electrode and line, an insulating film, a semi-
conductor layer, a source/drain electrode and line, an organic
planarization layer, a contact hole formed between those lay-
ers, and the like are first formed on a substrate. Then, a
transparent conductive film serving as a transmissive pixel
electrode is deposited. After that, a metal film is deposited on
a transparent conductive film. Then, a photomask is formed
using half-tone exposure technology. In this case, the film
thickness of the photomask formed in a reflective portion in
which the reflective pixel electrode is formed is greater than
that of the photomask formed in a transmissive portion.
Herein, the transmissive portion refers to a portion of a pixel
area excluding the reflective portion. Then, the metal film is
etched, thereby exposing a portion of the transparent conduc-
tive film which is formed in an area other than the area
covered with the photomask. Then, an ashing process is cat-
ried out to reduce the film thickness of the photomask. As a
result, the metal film formed in the transmissive portion is
exposed. Herein, the ashing process refers to a process for
performing ashing elimination for oxidative decomposition
on theresist by a dry etcher or the like, that is, oxygen plasma
treatment. In this case, in the reflective portion, the photo-
mask reduced in film thickness is left. Then, the transparent
conductive film formed in the area other than the area pro-
tected by the photomask and the metal film of the transmis-
sive portion is etched. Then, the metal film formed in the
transmissive portion is etched, thereby forming the transmis-
sive pixel electrode. Further, the photomask remaining in the
reflective portion is removed using a resist removing solution,
to thereby form the reflective pixel electrode.

[0020] In the method of manufacturing the TFT array sub-
strate as disclosed in Japanese Unexamined Patent Applica-
tion Publication No. 2005-215277, however, the transparent
conductive film is exposed in the case of performing the
ashing process. When the ashing process is carried out in the
state where the surface of the transparent conductive film is
exposed, abnormal electrical discharge occurs. As a result,
not only the transparent conductive film but also an uneven
layer and an insulating layer, which are formed below the
transparent conductive film, and a wiring layer formed below
the uneven layer and the insulating layer are damaged. This
causes a display failure due to dielectric breakdown or pattern
disconnection.

[0021] In this case, as the method for preventing a failure
caused by the ashing process, a method in which wet etching
is performed after formation of a photomask and the ashing
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process is performed thereafter is described with reference to
the process cross-sectional views shown in FIGS. 10A and
10B.

[0022] First, a Mo film having a thickness of 250 nm is
deposited on a glass substrate 31 by using a sputtering appa-
ratus. Next, a resist is patterned using a photolithography
apparatus. Then, a wet etching process is carried out to
remove portions of the Mo film which are not protected by the
resist. Then, a resist removing process is carried out to remove
the resist. Thus, gate lines 32 are formed (see FIG. 10A
column (a); gate forming step).

[0023] Next, an insulating film (Sin: 400 nm in film thick-
ness) 33 and semiconductor films (a-Si (i): 130 in film thick-
ness, a-Si (n): 50 nm in film thickness) are formed using a
CVD apparatus. Then, a resist is patterned using a photoli-
thography apparatus. Then, a dry etching process is carried
out to remove the portions of the semiconductor films which
are not protected by the resist. After that, a resist removing
process is carried out to remove the resist. Thus, semiconduc-
tor layers 34 are formed (see FIG. 10A column (b) semicon-
ductor layer forming step).

[0024] Next, a Mo film having a thickness of 300 nm is
deposited using a sputtering apparatus. Then, a resist is pat-
terned using a photolithography apparatus. Further, a wet
etching process is carried out to remove the portions of the Mo
film which are not protected by the resist. Then, a dry etching
process is carried out to remove the portions of the semicon-
ductor film (a-Si (n)) which are not protected by the resist.
Further, a resist removing process is carried out to remove the
resist. Thus, a source/drain line 35 is formed (see FIG. 10A
column (c); source/drain and channel forming step).

[0025] Next, an insulating film (SiN: 100 nm in film thick-
ness) 36 is deposited using a CVD apparatus (see FIG. 10A
column (c)). Then, a photosensitive organic resin film is
applied and formed. Further, an organic planarization film 37
having an uneven shape is formed with a photomask for
forming an uneven pattern by a photolithography apparatus.
In this case, the uneven shape is formed on the reflective
portion. After that, a dry etching process is carried out to
remove the insulating film formed in openings of contact
holes (see FIG. 10A column (d); organic planarization film
forming step).

[0026] Next, a lower transparent conductive film (ITO (In-
dium Tin Oxide) film: 80 nm in film thickness) 38, metal films
(Mo: 50 nm in film thickness, AICu: 300 nm in film thickness)
39, and an upper transparent conductive film (ITO: 5 nm in
film thickness) 40 are sequentially deposited using a sputter-
ing apparatus (see FIG. 10A column (e)). The lower transpar-
ent conductive film 38 forms the transmissive pixel electrode.
Further, the metal films 39 form the reflective pixel electrode.

[0027] Next, a resist 41 is patterned using half-tone expo-
sure technology. In this case, the thickness of a portion cor-
responding to the reflective portion of the resist 41 is greater
than the thickness ofa portion corresponding to the transmis-
sive portion. Further, the thickness of the portions of the resist
41 which are formed in an area excluding the reflective por-
tion and in an area excluding the transmissive portion and in
which the resist 41 is left is equal to or greater than the
thickness of the reflective portion. Then, a wet etching pro-
cess is carried out. Thus, the portions of the upper transparent
conductive film 40, the metal film 39, and the lower transpar-
ent conductive film 38, which are not protected by the resist
41, are removed (see FIG. 10B column (f)).
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[0028] Next, an ashing process is carried out to reduce the
film thickness of the resist 41. Thus, the resist 41 formed inthe
transmissive portion is removed. In this case, the resist 41
reduced in film thickness is left in the reflective portion.
Further, in an area in which the resist 41 having a film thick-
ness equal to or greater than the thickness of the reflective
portion is formed, the resist 41 reduced in film thickness is
left. At the same time, in this step, a part of the organic
planarization film 37 is removed in a film thickness direction.
As aresult, the thickness of the organic planarization film 38
formed above the TFT is reduced, for example (see FIG. 10B
column (g)). Then, a wet etching process is carried out to
remove the upper transparent conductive film 40 and the
metal films 39 which are stacked in the transmissive portion.
Thus, the transmissive pixel electrode is formed. Then, a
resist removing process is carried out to remove the resist 41.
Thus, the reflective pixel electrode is formed (see FIG. 10B
column (h)). In this manner, the TFT array substrate is
formed.

[0029] Also in the above-mentioned method, however, the
upper transparent conductive film as well as the metal films
are collectively etched in the wet etching process shown in
FIG. 10B column (h). Accordingly, in the reflective pixel
electrode, the edge portion of the upper transparent conduc-
tive film extends laterally from the edge portion of the metal
films and remains in an eaves-like shape.

[0030] Further, in the method of manufacturing the TFT
array substrate as described above, the lower transparent con-
ductive film, the metal films, and the upper transparent con-
ductive film are sequentially stacked and deposited. Then, in
the wet etching process performed after the ashing process
(see FIG. 10B column (h)), the upper transparent conductive
film and the metal films are etched. In this case, it is necessary
to perform selective etching so as to prevent the lower trans-
parent conductive film from being etched. This leads to a
problem of low process flexibility.

SUMMARY OF THE INVENTION

[0031] The present invention has been made to solve the
above-mentioned problems, and therefore an object of the
present invention is to provide a display device that allows a
reduction in manufacturing costs and an improvement in
yield, and a method of manufacturing the same.

[0032] According to an aspect of the present invention,
there is provided a method of manufacturing a display device,
the display device including: a first substrate; a second sub-
strate opposed to the first substrate; and a display material
sandwiched between the first substrate and the second sub-
strate, the method including the steps of: forming a base film
on the first substrate; forming a reflective pixel electrode on
the base film; forming a step on the base film; and depositing
a transparent conductive film so as to be divided at the step of
the base film after the step of forming the reflective pixel
electrode.

[0033] According to the present invention, it is possible to
reduce the manufacturing costs and improve the yield.
[0034] The above and other objects, features and advan-
tages of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not to be considered as limiting the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035] FIG. 1 is a partial cross-sectional view showing a
liquid crystal display panel portion of a liquid crystal display
device according to a first embodiment of the present inven-
tion;
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[0036] FIG. 2 is a plane view showing the structure of a
pixel of a TFT array substrate according to the first embodi-
ment;

[0037] FIG.3A s aprocess cross-sectional view showing a
step of manufacturing the TFT array substrate according to
the first embodiment;

[0038] FIG. 3B is a process cross-sectional view showing a
step of manufacturing the TFT array substrate according to
the first embodiment;

[0039] FIG. 4 is an enlarged cross-sectional view showing
areflective portion including a pixel/drain contact portion and
a transmissive portion shown in FIG. 3B column (i);

[0040] FIG. 5 is a partial cross-sectional view showing a
liquid crystal display panel portion of a liquid crystal display
device according to a second embodiment of the present
invention;

[0041] FIG. 6A is a process cross-sectional view showing a
step of manufacturing a TFT array substrate according to the
second embodiment;

[0042] FIG. 6B is a process cross-sectional view showing a
step of manufacturing the TFT array substrate according to
the second embodiment;

[0043] FIG. 7 is an enlarged cross-sectional view showing
areflective portion including a pixel/drain contact portion and
a transmissive portion shown in FIG. 6B column (d);

[0044] FIG. 8 is an enlarged cross-sectional view showing
a gate terminal and a source terminal which are shown in FIG.
6B column (d);

[0045] FIG.9A is a process cross-sectional view schemati-
cally showing a step of manufacturing a TFT array substrate
according to a related art;

[0046] FIG. 9B is a process cross-sectional view schemati-
cally showing a step of manufacturing the TF T array substrate
according to the related art;

[0047] FIG.9C is a process cross-sectional view schemati-
cally showing a step of manufacturing the TFT array substrate
according to the related art;

[0048] FIG.9D is a process cross-sectional view schemati-
cally showing a step of manufacturing the TFT array substrate
according to the related art;

[0049] FIG.10A is aprocess cross-sectional view showing
a step of manufacturing a TFT array substrate according to a
related art; and

[0050] FIG. 10B is a process cross-sectional view showing
a step of manufacturing the TFT array substrate according to
the related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0051] Hereinafter, embodiments to which the present
invention can be applied will be described. Note that the
present invention is not limited to exemplary embodiments
described below. A liquid crystal display device will be
explained below as a display device according to an exem-
plary embodiment of the present invention.

First Embodiment

[0052] Referring first to FIGS. 1 and 2, a description is
given of aliquid crystal display device 400 according to a first
embodiment of the present invention. FIG. 1 is a partial cross-
sectional view showing a liquid crystal display panel portion
of the liquid crystal display device 400 according to the first
embodiment of the present invention. FIG. 2 is a plane view
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showing the structure of a pixel of a TFT array substrate 100
according to the first embodiment of the present invention.

[0053] Referring to FIG. 1, the liquid crystal display device
400 according to the first embodiment includes the TFT array
substrate 100 (first substrate), an opposing substrate 200 (sec-
ond substrate) opposed to the TFT array substrate 100, and a
liquid crystal layer 300 (display material) sandwiched
between the TFT array substrate 100 and the opposing sub-
strate 200. Note that the liquid crystal layer 300, which is
sandwiched between the TFT array substrate 100 and the
opposing substrate 200, and sealing materials and spacers,
which are provided to keep a distance between the TFT array
substrate 100 and the opposing substrate 200 constant, are
omitted in FIG. 1.

[0054] Inthe TFT array substrate 100, thin film transistors
(TFTs) 1 are formed in an array. Specifically, in the TFT array
substrate 100, a gate line 2 and a source/drain line 3 are
formed on a transparent insulating substrate (hereinafter,
referred to as “glass substrate) 10 so as to intersect with each
other for each pixel (see FIG. 2). Each ofthe TFTs 1 is formed
at an intersection of the gate line 2 and the source/drain line 3.
Further, in the TFT array substrate 100, a transmissive portion
5 having a transmissive pixel electrode 4, a reflective portion
7 having a reflective pixel electrode 6, a storage capacitor line
8, a contact hole 9, and the like are formed for each pixel on
the glass substrate 10 (see FIG. 2). The transmissive portion 5
and the reflective portion 7 form a pixel area.

[0055] The gate line 2 serves as a gate electrode so as to
form the TFT 1 serving as a switching element. Further, the
storage capacitor line 8 is disposed in parallel with the gate
line 2 and is positioned near the center of the pixel area. The
storage capacitor line 8 forms a storage capacitor for holding
a voltage, which is applied to both the transmissive pixel
electrode 4 and the reflective pixel electrode 6, for a prede-
termined period of time. On the TFT array substrate 100,
driver ICs to which various signals are supplied from the
outside are disposed. An end of the gate line 2 serves as a gate
terminal and is electrically connected to a pad formed on each
of the driver ICs. In this case, an image scanning signal sent
from the outside is input to the gate line 2. Then, the gate line
2 transmits the image scanning signal to the TFT 1.

[0056] An insulating film 11 made of a transparent inor-
ganic insulating material is formed so as to cover the gate line
2 and the storage capacitor line 8. A semiconductor layer 12
is formed above the gate line 2 via the insulating film 11,
thereby forming the TFT 1. Further, a part of the semicon-
ductor layer 12 which is formed above the gate line 2 is
removed, thereby forming a TFT channel portion.

[0057] The source/drain line 3 serves as a source electrode
so as to form the TFT 1. An end of the source/drain line 3
serves as a source terminal and is electrically connected to a
pad formed on each of the driver ICs. In this case, an image
signal output from the outside is input to the source/drain line
3. Then, the source/drain line 3 transmits the image signal to
the TFT 1. An area surrounded by the gate line 2 and the
source/drain line 3, which are adjacent to each other, serves as
a pixel area, and pixels are arranged in a matrix on the TFT
array substrate 100.

[0058] Further, the source/drain line 3 serves as a drain
electrode so as to form the TFT 1. At least a part of the
source/drain line 3 overlaps the storage capacitor line 8,
which is formed below the source/drain line 3, via the insu-
lating film 11. In this structure, an electric charge is stored
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between the storage capacitor line 8 and the source/drain line
3, thereby forming a storage capacitor.

[0059] An insulating film 13 is made of a transparent inor-
ganic insulating material and is formed so as to cover the TFT
1, the gate line 2, and the source/drain line 3. An organic
planarization film 14 (base film) is made of a transparent
organic resin material and is formed so as to cover the insu-
lating film 13.

[0060] At least a part of the organic planarization film 14
has a plurality of concave/convex shapes 14A to scatter
reflected light. The plurality of concave/convex shapes 14A
are formed over an area from the vicinity of the gate line 2 to
the storage capacitor line 8 in each pixel area excluding the
TFT 1 (see FIG. 2). Thus, on the surface of the organic
planarization film 14, irregularities that determine reflection
characteristics are formed.

[0061] Further, metal films 16 serving as reflective conduc-
tive films are formed above the concave/convex shapes 14A
of the organic planarization film 14. Specifically, the metal
films 16 are formed in substantially the same area as the
concave/convex shapes 14A, and are formed in approxi-
mately a half of the pixel area excluding the TFT 1. The area
in which the metal films 16 are formed serves as the reflective
portion 7. In this case, light entering from a visible side is
reflected on the metal films 16 and exits to the visible side.

[0062] A lower transparent conductive film 15 that consti-
tutes the transmissive pixel electrode 4 is formed over sub-
stantially the entire pixel area excluding the TFT 1. Further,
the metal films 16 are disposed on the lower transparent
conductive film 15. In other words, the lower transparent
conductive film 15 is formed on the organic planarization film
14, and the metal films 16 are formed on the lower transparent
conductive film 15. In each pixel area, an area in which the
metal films 16 are not formed on the lower transparent con-
ductive film 15 serves as the transmissive portion 5, and an
area in which the metal films 16 are formed on the lower
transparent conductive film 15 serves as the reflective portion
7. Specifically, a part of the lower transparent conductive film
15 is formed so as to extend off the area in which the metal
films 16 are formed. A portion of the lower transparent con-
ductive film 15, which extends off the area in which the metal
films 16 are formed, serves as the transmissive portion 5. The
lower transparent conductive film 15 is made of a transparent
conductive material. Further, the transmissive pixel electrode
4 formed of the lower transparent conductive film 15 applies
a signal potential to the liquid crystal layer 300.

[0063] Above the source/drain line 3, the contact hole 9 is
formed. The contact hole 9 is formed so as to penetrate the
insulating film 13 and the organic planarization film 14. The
transmissive pixel electrode 4 is connected to the source/drain
line 3 formed therebelow, via the contact hole 9.

[0064] Referring to FIG. 1, the opposing substrate 200
includes a glass substrate 2004, a color filter layer 200B, and
an opposing electrode 200C. The color filter layer 200B
includes, for example, black matrix (BM), red (R), green (G),
and blue (B) colored layers. The color filter layer 200B is
formed in the pixel area on the lower surface of the glass
substrate 200A made of glass or the like to thereby perform
color display. The opposing electrode 200C is disposed on the
side of the liquid crystal layer 300 of the opposing substrate
200, and applies a common potential for supplying a signal
potential to the liquid crystal layer 300. Further, the TFT array
substrate 100 and the opposing substrate 200 are bonded
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together with sealing materials so as to be opposed to each
other, and the liquid crystal layer 300 is sealed therebetween.

[0065] Further, on the surfaces of the TFT array substrate
100 and the opposing substrate 200, a liquid crystal alignment
layer (not shown) for alignment of liquid crystal is applied
and formed. To obtain the liquid crystal alignment layer, it is
possible to employ a rubbing method which has been widely
applied in recent years. A transflective liquid crystal display
device panel according to the first embodiment is structured
as described above.

[0066] Note that, among methods of forming the liquid
crystal alignment layer, a photo-alignment method, an inor-
ganic alignment layer (vertical alignment method), an
oblique vapor deposition method, an ion-beam alignment
method, a nanoimprint method, and the like may be applied
instead of the rubbing method. By those methods, an align-
ment defect area generated at a step portion or the like can be
reduced in principle as compared with the rubbing method.
Asaresult,a wide effective pixel area can be secured. Further,
it is possible to prevent a reduction in yield due to generation
of a foreign substance which is a drawback of the rubbing
method. Furthermore, it is possible to reduce a damage to
devices due to static electricity. Moreover, the number of
cleaning steps executed after the rubbing method for remov-
ing the foreign substance can be reduced, which is advanta-
geous in improving the productivity.

[0067] Inthe liquid crystal display device 400 according to
the first embodiment, the TFT 1 serving as a switching ele-
ment is formed in each pixel so as to drive the transmissive
pixel electrode 4 formed of the lower transparent conductive
film 15. The source/drain line 3 is electrically connected to the
transmissive pixel electrode 4. Further, the TFT 1 is con-
nected to the gate line 2. A signal input from the gate line 2
controls ON/OFF of the TFT 1. The TFT 1 is connected to the
source/drain line 3. The source/drain line 3 connected to the
TFT 1 applies a display voltage to the transmissive pixel
electrode 4.

[0068] In this case, an electric field corresponding to the
display voltage is generated between the transmissive pixel
electrode 4 and the opposing electrode 200C. The electric
field generated between the substrates drives the liquid crys-
tal. In other words, as an alignment direction of the liquid
crystal sandwiched between the substrates varies, a polarized
state of light allowed to transmit through the liquid crystal
layer 300 varies. Further, an actual voltage (driving voltage)
applied to the liquid crystal can be varied by arbitrarily con-
trolling the display voltage applied to the source/drain line 3.
A voltage applied to the liquid crystal can be controlled with
the source/drain line 3. Thus, as for driving conditions of the
liquid crystal, intermediate transmittance of the liquid crystal
can be freely set.

[0069] Further, on the outer surfaces of the TFT array sub-
strate 100 and the opposing substrate 200, a polarizing plate
(not shown), a retardation plate (not shown), and the like are
disposed. On a non-visible side of the liquid crystal display
panel, a backlight unit (not shown) and the like are disposed.
The polarizing plate absorbs light oscillating in one direction
and allows only light oscillating in another direction to pass,
thereby producing linearly-polarized light. The retardation
plate mainly produces specific phase differences of A/2 and
M4, A retardation plate that produces the phase difference of
/2 and a retardation plate that produces the phase difference
of 3/4 are referred to as a M2 plate and a A/4 plate, respec-



US 2009/0079920 A1

tively. Those retardation plates are used for optical compen-
sation as well as enlargement of a view angle.

[0070] Inthe transmissive portion 5, light incident from the
backlight passes through the polarizing plate formed on the
side of the TFT array substrate 100 and becomes linearly-
polarized light, and further passes through the retardation
plate. As a result, the specific phase difference is produced.
Furthermore, the light passing through the glass substrate 10
enters the liquid crystal layer 300. When the light passes
through the liquid crystal layer 300, the polarized state of the
light varies. After that, the light passing through the glass
substrate 200A, the retardation plate, and the polarizing plate
becomes linearly-polarized light and exits to the visible side.

[0071] In the reflective portion 7, light incident from the
visible side passes through the polarizing plate formed on the
side of the opposing substrate 200 and becomes linearly-
polarized light, and further passes through the retardation
plate. As a result, the specific phase difference is produced.
Furthermore, the light passing through the glass substrate
200A enters the liquid crystal layer 300. When the light
passes through the liquid crystal layer 300, the polarized state
of the light varies. Then, the light entering the liquid crystal
layer 300 is reflected on the metal films 16. Thus, the light
passes through theliquid crystal layer 300 again, which varies
the polarized state of the light. After that, the light passing
through the glass substrate 200A, the retardation plate, and
the polarizing plate becomes linearly-polarized light and
exits to the visible side.

[0072] Dependingon the polarized state of the light passing
through the liquid crystal layer 300, an amount of light pass-
ing through the polarizing plate formed on the side of the
opposing substrate 200 varies. In other words, the amount of
light, which passes through the polarizing plate formed on the
visible side, among transmitted lights transmitting from the
backlight unit through the liquid crystal display panel and
reflected lights entering from the outside varies. The align-
ment direction of the liquid crystal varies depending on the
display voltage to be applied. Accordingly, by controlling the
display voltage, the amount of light passing through the polar-
izing plate formed on the visible side can be varied. In short,
by varying the display voltage by each pixel, a desired image
can be displayed.

[0073] Next, a description is given of a method of manu-
facturing the liquid crystal display device 400 according to
the first embodiment of the present invention. In particular, a
method of manufacturing the TFT array substrate 100 accord-
ing to the method of manufacturing the liquid crystal display
device 400 is herein described with reference to FIGS. 3A and
3B. FIGS. 3A and 3B are process cross-sectional views each
showing a step of manufacturing the TFT array substrate 100
according to the first embodiment. Note that FIGS. 3A and 3B
are cross-sectional views each showing a cross section of a
gate terminal portion and a cross section of a source terminal
portion as well as a cross section taken along the line ITI-I11 of
FIG. 2.

[0074] First, a Mo film having a thickness of 250 nm is
deposited on the glass substrate 10 by using a sputtering
apparatus. Next, a resist is patterned by using a photolithog-
raphy apparatus. In short, a resist pattern is formed by a
photolithography method. Then, a wet etching process is
carried out to remove the portions of the Mo film which are
not protected by the resist. Then, a resist removing process is
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carried out to remove the resist. Thus, the gate line 2 and the
storage capacitor line 8 are formed (see FIG. 3A column (a);
gate forming step).

[0075] Next, the insulating film (SiN: 400 nm in film thick-
ness) 11 and semiconductor films (a-Si(i): 130 nm in film
thickness, a-Si(n): 50 nm in film thickness) are deposited by
using a CVD apparatus. Then, a resist is patterned by using a
photolithography apparatus. Then, a dry etching process is
carried out to remove the portions of the semiconductor film
which are not protected by the resist. Further, a resist remov-
ing process is carried out to remove the resist. Thus, the
semiconductor layers 12 are formed (see F1G. 3A column (b);
semiconductor layer forming step).

[0076] Next, a Mo film having a thickness of 300 nm is
deposited by using a sputtering apparatus. Then, a resist is
patterned by using a photolithography apparatus. Further, a
wet etching process is carried out to remove the portions of
the Mo film which are not protected by the resist. Then, a dry
etching process is carried out to remove the portions of the
semiconductor film (a-Si (n)) which are not protected by the
resist. Then, a resist removing process is carried out to remove
the resist. Thus, the source/drain line 3 is formed (see FIG. 3A
column (c); source/drain and channel forming step).

[0077] Next, the insulating film (SiN: 100 nm in film thick-
ness) 13 is deposited by using a CVD apparatus (see FIG. 3A
column (c)). Then, a photosensitive organic resin film is
applied and formed. Further, the organic planarization film 14
having the concave/convex shapes 14A is formed by using a
photomask for forming an uneven pattern and a photolithog-
raphy apparatus. In this case, the concave/convex shapes 14A
are formed in the reflective portion 7 in which the reflective
pixel electrode 6 is formed. At the same time, a contact hole
opening which becomes the contact hole 9 is formed in each
of the gate terminal portion, the source terminal portion, and
a pixel/drain contact portion. Then, a dry etching process is
carried outto remove the portions of the insulating film 13 and
the insulating film 11 which are formed in the contact hole
openings (see FIG. 3A column (d); organic planarization film
forming step). The above-mentioned steps are substantially
the same as those of the conventional case.

[0078] Next, the lower transparent conductive film (ITO
(Indium Tin Oxide) film: 80 nm in film thickness) 15 and the
metal films (Mo: 50 nm in film thickness, AlCu: 300 nm in
film thickness) 16 serving as reflective conductive films are
sequentially deposited by using a sputtering apparatus (see
FIG. 3A column (e)). The lower transparent conductive film
15 forms the transmissive pixel electrode 4. Further, the metal
films 16 form the reflective pixel electrode 6.

[0079] Then, a resist 17 is patterned using half-tone expo-
sure technology. In this case, the thickness of the portion
corresponding to the reflective portion 7 of the resist 17 is
greater than the thickness of the portion corresponding to the
transmissive portion 5. The transmissive portion 5 corre-
sponds to an area excluding the reflective portion 7 in each
pixel area. Further, the thickness of the portions of the resist
17 which are formed in an area excluding the reflective por-
tion 7 and in an area excluding the transmissive portion 5 and
in which the resist 17 is left is equal to or greater than the
thickness of the reflective portion 7.

[0080] Next, a wet etching process for etching the metal
films 16 is carried out. In the first embodiment of the present
invention, an isotropic etching process is carried out using an
edge face of a resist pattern. In this case, the cross-sectional
shape of the metal films 16 along a thickness direction is
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formed into a non-tapered shape. After the wet etching pro-
cess for etching the metal films 16, a wet etching process for
etching the lower transparent conductive film 15 is carried
out. In the first embodiment, the etching processes are col-
lectively carried out using the same etching solution. As a
matter of course, the etching processes can be performed
using different liquid chemicals. Thus, the portions of the
metal films 16 and the lower transparent conductive film 15
which are not protected by the resist 17 are removed (see FIG.
3B column ().

[0081] Then, an ashing process is carried out to reduce the
film thickness of the resist 17, thereby removing the portion
of the resist 17 which is formed in the transmissive portion 5.
As aresult, the metal film 16 of the transmissive portion 5 is
exposed. In this case, the resist 17 reduced in film thickness is
leftin the reflective portion 7. Further, in the area in which the
resist 17 having a film thickness equal to or greater than that
of the reflective portion 7 is formed, the resist 17 reduced in
film thickness is left. Accordingly, the metal films 16 formed
in the reflective portion 7 are covered with the resist 17.
[0082] Inthis step, a part of the exposed organic planariza-
tion film 14 is removed in the film thickness direction at the
same time. Thus, the film thickness of the organic planariza-
tion film 14 formed above the TFT 1 is reduced, for example.
In this case, steps formed between the lower surface of the
lower transparent conductive film 15 and the organic pla-
narization film 14 removed by the ashing process are suffi-
ciently secured. This is because an upper transparent conduc-
tive film 18 to be described later stacked on the organic
planarization film 14 is prevented from being brought into
contact with the lower transparent conductive film 15 when
the upper transparent conductive film 18 is formed. Specifi-
cally, itis desirable to form steps having a height of 100 nm or
more by reducing the thickness of the organic planarization
film 14 through the ashing process. In the first embodiment,
steps having a height of 500 nm are formed (see FIG. 3B
column (g)).

[0083] Next, a wet etching process is carried out to remove
the metal films 16 stacked in the transmissive portion 5. Thus,
the transmissive pixel electrode 4 and the reflective pixel
electrode 6 are formed (see FIG. 3B column (h)). Then, a
resist removing process is carried out to remove the resist 17.
As a result, the reflective pixel electrode 6 is exposed. Then,
the upper transparent conductive film (ITO film: 5 nm in film
thickness) 18 is deposited (see FIG. 3B column (i) Thus, the
TFT array substrate 10 is formed.

[0084] FIG. 4 shows an enlarged view of each of the reflec-
tive portion 7 including the pixel/drain contact portion and the
transmissive portion 5 shown in FIG. 3B column (i). Note that
the pixel/drain contact portion and the concave/convex
shapes 14A of the reflective pixel electrode 6 are omitted in
FIG. 4.

[0085] The thickness of the upper transparent conductive
film 18 is set to, for example, 5 nm. The upper transparent
conductive film 18 is deposited so as to be divided into sec-
tions at the step portion formed on the TFT array substrate
100. For example, referring to FIG. 4, the upper transparent
conductive film 18 is divided at the steps formed on the outer
periphery of each of the reflective pixel electrode 6 and the
transmissive pixel electrode 4. In short, the upper transparent
conductive film 18 is deposited so as to be divided into sec-
tions for each pixel.

[0086] Further, referring to FIG. 3B column (i), the upper
transparent conductive film 18 is deposited so as to be divided
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at an edge portion of each of the gate terminal portion and the
source terminal portion in the same manner as described
above. The steps formed on the outer periphery of each of the
reflective pixel electrode 6 and the transmissive pixel elec-
trode 4 and on the outer periphery of each of the gate terminal
portion and the source terminal portion correspond to the sum
of steps of the metal films 16, which forms the reflective pixel
electrode 6, the lower transparent conductive film 15, and the
organic planarization film 14 reduced in thickness through
the ashing process. Accordingly, the height of the steps
formed on the outer periphery of each of the reflective pixel
electrode 6 and the transmissive pixel electrode 4 and on the
outer periphery of each of the gate terminal portion and the
source terminal portion is much greater than the thickness of
the upper transparent conductive film 18. For this reason, it is
impossible for the upper transparent conductive film 18 to
cross over the steps formed on the outer periphery of each of
the reflective pixel electrode 6 and the transmissive pixel
electrode 4 and on the outer periphery of each of the gate
terminal portion and the source terminal portion.

[0087] Specifically, in the first embodiment, the step
formed between the surface of the organic planarization film
14 obtained before the ashing process and the surface of the
organic planarization film 14 reduced in thickness through
the ashing process is about 500 nm. Accordingly, the steps
formed on the outer periphery of each of the reflective pixel
electrode 6 and the transmissive pixel electrode 4 and on the
outer periphery of each of the gate terminal portion and the
source terminal portion have a height of 930 nm. The upper
transparent conductive film 18 has the thickness of 5 nm
whichis about equal to or smaller than Y1so of the height of the
steps. For this reason, it is impossible for the upper transpar-
ent conductive film 18 to cross over the steps. Thus, the upper
transparent conductive film 18 formed on the reflective pixel
electrode 6 and the upper transparent conductive film 18
formed at the step of the organic planarization film 14 can be
electrically and physically divided without patterning the
upper transparent conductive film 18.

[0088] Further, referring to FIG. 3B column (i), the area of
the upper transparent conductive film 18 deposited on the
reflective portion 7 is substantially equal to or a little smaller
than the area of the reflective portion 7. The area of the upper
transparent conductive film 18 deposited on the transmissive
portion 5 is substantially equal to or a little smaller than the
area of the transmissive portion 5. In other words, referring to
FIG. 4, at a boundary between the reflective portion 7 and the
transmissive portion 5, the position of the edge portion of the
upper transparent conductive film 18 formed on the reflective
pixel electrode 6 is the same as the position of the pattern edge
portion of the reflective pixel electrode 6, oris set on the irner
side of the pattern edge portion. Further, at the boundary
between the reflective portion 7 and the transmissive portion
5, the position of the edge portion of the upper transparent
conductive film 18 formed on the transmissive pixel electrode
4 is the same as the position of the edge portion of the
transmissive portion 3, or is set on the inner side of the edge
portion of the transmissive portion 5. In other words, the edge
portion of the upper transparent conductive film 18 does not
extend laterally from the pattern edge portion of the reflective
pixel electrode 6, and is not formed into an eaves-like shape.
[0089] Note thatthe upper transparent conductive film 18 is
made of a material having substantially the same work func-
tion as that of the opposing electrode 200C formed in the
opposing substrate 200. In this case, the “substantially the
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same work function” means that a difference in work function
equal to or smaller than 02 is included. A potential difference
in the vicinity of both the electrodes is suppressed, thereby
obtaining more preferable effects. Accordingly, the upper
transparent conductive film 18 may be made of the same
material as that of the opposing electrode 200C, for example.
The example where an ITO film is used as the upper trans-
parent conductive film 18 has been described above, but the
upper transparent conductive film 18 may be formed of a
transparent conductive film made of IZO, ITZO, ITSO, or the
like.

[0090] As described above, in the liquid crystal display
device 400 and the method of manufacturing the liquid crystal
display device 400 according to the first embodiment of the
present invention, the organic planarization film 14 is formed
on the TFT array substrate 100, and the transmissive pixel
electrode 4 and the reflective pixel electrode 6 are then formed
on the organic planarization film 14. In the formation step,
steps are formed in the organic planarization film 14, and then
the upper transparent conductive film 18 is deposited. In this
case, theupper transparent conductive film 18 is divided at the
steps of the organic planarization film 14. More specifically,
the upper transparent conductive film 18 is divided at the steps
formed on the outer periphery of each of the reflective pixel
electrode 6 and the transmissive pixel electrode 4 and on the
outer periphery of each of the gate terminal portion and the
source terminal portion. Further, the edge portion of the upper
transparent conductive film 18 does not extend laterally from
the outer periphery of each of the reflective pixel electrode 6
and the transmissive pixel electrode 4 and the outer periphery
of each of the gate terminal portion and the source terminal
portion, and is not formed into an eaves-like shape. Accord-
ingly, unlike the conventional case, it is possible to prevent a
malfunction due to fragments removed from the eaves-like
shape of the transparent conductive film formed on the reflec-
tive pixel electrode during a post-process. Accordingly, it is
possible to improve the yield of the liquid crystal display
device 400.

[0091] Further, the upper transparent conductive film 18
having a work function substantially the same as that of the
opposing electrode 200C is formed on the reflective pixel
electrode 6. As a result, even if the reflective pixel electrode 6
is made of a material different from that of the opposing
electrode 200C, such as the metal films 16, flicker or image
sticking does not occur. Accordingly, the liquid crystal dis-
play device 400 with excellent display quality can be manu-
factured.

[0092] Further, the upper transparent conductive film 18 is
deposited with a thickness smaller than the height of the steps
formed in the organic planarization film 14. For this reason,
the upper transparent conductive film 18 is deposited so as to
be divided at the steps of the organic planarization film 14. In
other words, the upper transparent conductive film 18 is
divided at the steps formed on the outer periphery of each of
the reflective pixel electrode 6 and the transmissive pixel
electrode 4 and on the outer periphery of each of the gate
terminal portion and the source terminal portion. Accord-
ingly, it is not necessary to perform patterning of the upper
transparent conductive film 18. As a result, the number of
etching processes can be reduced, which leads to a reduction
in manufacturing costs.

[0093] Further, the upper transparent conductive film 18 is
deposited after the reflective pixel electrode 6 and the trans-
missive pixel electrode 4 are formed. Accordingly, it is only
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necessary to perform an etching process for etching the metal
films 16 serving as the reflective pixel electrode 6 after the
ashing process. Thus, unlike the example shown in FIGS.
10A and 10B, the restriction on the etching process for etch-
ing the upper transparent conductive film 40 and the metal
films 39 while leaving the lower transparent conductive film
38 formed below the metal films 39 can be eliminated. As a
result, the process flexibility can be increased.

[0094] Further, the upper transparent conductive film 18
formed in the portion in which the thickness of the organic
planarization film 14 is reduced forms a conductive layer in a
wide range of the liquid crystal display device 400. This is
effective in preventing a damage due to static electricity gen-
erated in a panel assembling step or the like.

[0095] Further, in the first embodiment, the metal films 16
are left on the source terminal portion and the gate terminal
portion. Specifically, instead of obtaining a halftone-exposed
portion as in the patterning of the pixel electrode transmissive
portion, a normal left pattern like the reflective area is used. If
a half-tone exposure process is performed on a hole opening
such as a contact hole with a depth corresponding to a depth
of a terminal portion and the like, the film thickness of the
resist tends to be uneven, which may cause the half-tone
exposure process to be unstable. As described above, in the
first embodiment, the metal films 16 are left on the source
terminal portion and the gate terminal portion, which results
in a reduction in a pattern failure and an improvement of the
yield.

[0096] Note that, in the first embodiment, a single-gap
structure in which the transmissive pixel electrode 4 is formed
on the organic planarization film 14 has been described, but a
dual-gap structure in which the transmissive pixel electrode 4
is formed in a portion obtained by removing the organic
planarization film 14 can be employed.

[0097] Further, the materials of the gate line 2, the source/
drain line 3, the reflective pixel electrode 6, the insulating
films 11 and 13, and the transmissive pixel electrode 4 are not
limited to the materials illustrated in the first embodiment. In
particular, as the lower transparent conductive film 15 that
forms transmissive pixel electrode 4, a transparent conductive
film such as 170, ITZO, or ITSO as well as ITO may be used.
Further, not only a single-layer structure but also a multilayer
structure may be employed. The same is applied to the upper
transparent conductive film 18. The example of the reflective
conductive film in which the two metal films 16 are stacked
has been described, but a single-layer structure may be
employed and three or more layers may be stacked. Films to
be stacked in a multilayer structure may be the same layers or
different layers. If the upper transparent conductive film and
the lower transparent conductive film each have a stacked
structure, at least one layer of the upper transparent conduc-
tive film may be directly connected to at least one layer of the
lower transparent conductive film.

[0098] Further, in the first embodiment, the transflective
liquid crystal display device including both the reflective
pixel electrode 6 and the transmissive pixel electrode 4 is
illustrated as the liquid crystal display device 400, but the
present invention can also be applied to a reflective liquid
crystal display device which does not include the transmis-
sive pixel electrode 4 but includes the reflective pixel elec-
trode 6 as a pixel electrode.

[0099] Further, in the first embodiment, the organic pla-
narization film 14 is illustrated as a base film, but the base film
is not limited thereto.
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[0100] Further, the display material formed in a gap
between the first substrate and the second substrate is not
limited to the liquid crystal material, but a display material
such as an organic EL can also be applied.

Second Embodiment

[0101] Next, adescriptionis given of an example of a liquid
crystal display device according to the present invention
which is different from that of the first embodiment. In the
following description, the components identical with those of
the first embodiment are denoted by the same reference sym-
bols, and a description thereof is omitted as appropriate.
[0102] A basic structure and a method of manufacturing a
liquid crystal display device according to a second embodi-
ment of the present invention are similar to those of the first
embodiment except for the following points. The liquid crys-
tal display device of the first embodiment is different from
that of the second embodiment of the present invention in the
following points. That is, in the liquid crystal display device
according to the first embodiment, a pattern side wall of the
metal film serving as the reflective conductive film formed in
the reflective pixel electrode has a non-tapered shape, while in
the liquid crystal display device according to the second
embodiment, a pattern side wall of the metal film serving as
the reflective conductive film formed in the reflective pixel
electrode has a forward tapered shape. In addition, in the
liquid crystal display device according to the second embodi-
ment, the lower transparent conductive film and the upper
transparent conductive film are in direct electrical and physi-
cal contact with each other.

[0103] FIG. 5 shows a partial cross-sectional view of a
liquid crystal display panel of a liquid crystal display device
400a according to the second embodiment. Note that the
liquid crystal layer 300, which is sandwiched between a TFT
array substrate 100¢ and the opposing substrate 200, and
sealing materials and spacers, which are provided to keep a
distance between the TFT array substrate 1004 and the oppos-
ing substrate 200 constant, are omitted in FIG. 5.

[0104] A pattern side wall of metal films 16a serving as
reflective conductive films according to the second embodi-
ment has a forward tapered shape 19. In the same manner as
in the first embodiment, the lower transparent conductive film
15 serving as the transmissive pixel electrode 4 is formed in
substantially the entirety of each pixel area excluding the TFT
1. In the second embodiment, the lower transparent conduc-
tive film 15 and an upper transparent conductive film 18a are
in direct physical and electrical contact with each other.
[0105] Specifically, in plane view, the lower transparent
conductive film 15 positioned near a boundary between the
lower transparent conductive film 15 and a step portion of the
organic planarization film 14 has at least a frame-like
extended area Al in an area provided on the outside of the
metal film 16a. Further, the upper transparent conductive film
18ais formedso as to coat the entirety of the upper layer of the
extended area Al, the pattern side wall of the metal film 16a
having the forward tapered shape, and the upper layer of the
metal film 16a in a unified manner. Thus, the lower transpar-
ent conductive film 15 and the upper transparent conductive
film 18a are in direct contact with each other.

[0106] Referring next to FIGS. 6A and 6B, a description is
given of a method of manufacturing the TFT array substrate
100q of the liquid crystal display device 400a according to the
second embodiment. FIGS. 6A and 6B are process cross-
sectional views each showing a step of manufacturing the
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TFT array substrate 10a according to the second embodi-
ment, and each showing a process cross-sectional view of an
area similar to that of FIGS. 3A and 3B according to the first
embodiment. The steps shown in FIG. 3A, that is, the process
from the gate forming step to the step of depositing the metal
film 16a, are similar to those of the first embodiment, so
illustration and description thereof are herein omitted.

[0107] In the same manner as in the first embodiment, the
lower transparent conductive film 15 and the metal films 164
are sequentially deposited on the organic planarization film
14, and then the resist 17 is patterned using half-tone expo-
sure technology. After that, a wet etching process for etching
the metal film 164 is carried out. In the second embodiment,
an etching process is carried out using an edge face of a resist
pattern so that the side wall of the metal films 16a has a
forward tapered shape. As an etching solution, mixed liquid
chemical of phosphoric acid, acetic acid, nitric acid, and
water can be used, for example. The mixed liquid chemical of
phosphoric acid, acetic acid, nitric acid, and water can also be
used as an etching solution such as normal Al or Mo. By
increasing a ratio of the nitric acid as a composition ratio of
the etching solution, the cross-sectional shape in the film
thickness direction of the metal films, which are etched using
the edge face of the resist patter, can be formed into a forward
tapered shape. As a result, the portions of the metal films 16a
which are not protected by the resist 17 can be removed and
the pattern side wall can be formed into a tapered shape.

[0108] Next, a wet etching process for etching the lower
transparent conductive film 15 is carried out. As an etching
solution, oxalic acid can be used, for example. In some cases,
mixed liquid chemical of hydrochloric acid, nitric acid, and
water may be used. As a result, the portions of the lower
transparent conductive film 15 which are not protected by the
resist 17 can be removed (see FIG. 6A column (a)).

[0109] Then, an ashing process is carried out to reduce the
film thickness of the resist 17, thereby removing the portions
of the resist 17 which are formed in the transmissive portion
5. As a result, the metal film 164 of the transmissive portion 5
is exposed, and the resist 17 reduced in film thickness is left in
the reflective portion 7 (see FIG. 6A column (b)). Further, in
an area in which the resist 17 having a film thickness equal to
or greater than that of the reflective portion 7 is formed, the
resist 17 reduced in film thickness is left.

[0110] At the same time, in this step, a part of the organic
planarization film 14 is removed in the film thickness direc-
tion (see FIG. 6A column (b)). As a result, the film thickness
of the organic planarization film 14 formed above the TFT 1
is reduced, for example. In this case, in the same manner as
the first embodiment, steps formed between the lower surface
of the lower transparent conductive film 15 and the organic
planarization film 14 removed through the ashing process are
sufficiently secured. Specifically, it is desirable to form steps
having a height equal to or greater than 100 nm by reducing
the thickness of the organic planarization film 14 through the
ashing process. In the second embodiment, steps having a
height of 500 nm are formed.

[0111] Next, a wet etching process is carried out to remove
the metal films 16a stacked in the transmissive portion 5.
Thus, the transmissive pixel electrode 4 and a reflective pixel
electrode 6a are formed (see FIG. 6B column (c)). Then, a
resist removing process is carried out to remove the resist 17.
As a result, the reflective pixel electrode 64 is exposed. After
that, the upper transparent conductive film (ITO film: 5 nm in
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film thickness) 18a is deposited (see FIG. 6B column (d)).
Thus, the TFT array substrate 10a is formed.

[0112] FIG. 7 shows an enlarged view of the reflective
portion 7 including the pixel/drain contact portion and the
transmissive portion 5 shown in FIG. 6B column (d). FIG. 8
shows an enlarged view of the gate terminal portion and the
source terminal portion. Note that the pixel/drain contact
portion and the concave/convex shapes 14A of the reflective
pixel electrode 64 are omitted in FIG. 7.

[0113] The thickness of the upper transparent conductive
film 18a is set to, for example, 5 nm. As described above, the
upper transparent conductive film 18a and the lower trans-
parent conductive film 15 are in direct contact with each other.
Meanwhile, referring to FIG. 7, the upper transparent con-
ductive film 18a is deposited so as to be divided at the step
portion of the organic planarization film 14 on the TFT array
substrate 100a. Specifically, the upper transparent conductive
film 18a is deposited so as to be divided into sections for each
pixel. Also in the edge portions of the gate terminal portion
and the source terminal portion, the upper transparent con-
ductive film 18a is deposited so as to be divided at the step
portion of the organic planarization film 14.

[0114] Thesteps formed on the outer periphery of the trans-
missive pixel electrode 4 and on the outer periphery of each of
the gate terminal portion and the source terminal portion
correspond to the sum of steps of the lower transparent con-
ductive film 15 and the organic planarization film 14 reduced
in thickness through the ashing process. Accordingly, the
steps formed on the outer periphery of the transmissive pixel
electrode 4 and on the outer periphery of each of the gate
terminal portion and the source terminal portionhave a height
much greater than the thickness of the upper transparent
conductive film 18a. For this reason, it is impossible for the
upper transparent conductive film 18 to cross over the steps
formed on the outer periphery of the transmissive pixel elec-
trode 4 and the outer periphery of each of the gate terminal
portion and the source terminal portion. Referring to FIGS. 7
and 8, the edge portion of the upper transparent conductive
film 184 does not extend laterally from the pattern edge
portion of the reflective pixel electrode 6a and is not formed
into an eaves-like shape.

[0115] According to the second embodiment, it is possible
to prevent a malfunction due to fragments removed from the
eaves-like portion of the transparent conductive film formed
on the reflective pixel electrode during a post-process as in the
first embodiment. As a result, the yield of the liquid crystal
display device can be improved. Further, flicker or image
sticking does not occur. Accordingly, the liquid crystal dis-
play device 400 with excellent display quality can be manu-
factured. Furthermore, it is not necessary to perform pattern-
ing of the upper transparent conductive film 18a, which leads
to a reduction in the number of etching processes. As illus-
trated in the example shown in FIG. 10, the step of etching the
upper transparent conductive film and the metal film while
leaving the lower transparent conductive film formed below
the metal films is eliminated, which increases the process
flexibility. In addition, the upper transparent conductive film
18ais formed in a wide range, which is effective in preventing
a damage due to static electricity generated during a panel
assembling step or the like.

[0116] Further, in the second embodiment, the pattern side
wall of the metal film 16a is formed into a tapered shape, and
at least the frame-like extended area A1 of the lower trans-
parent conductive film 15 is formed in the area provided on
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the outside of the metal film 16a. Furthermore, the upper
transparent conductive film 18« is deposited so as to coat the
entirety of the upper layer of the metal film 16q, the pattern
side wall of the metal film 16a, and the extended area Al of
the lower transparent conductive film 15 in a unified manner.
Thus, the upper transparent conductive film 18« and the lower
transparent conductive film 15 are in direct contact with each
other. As a result, the electric resistance of each electrode or
each terminal contact area can be reduced, thereby providing
more flexibility in choice of material of the reflecting elec-
trode. Accordingly, the process flexibility is increased. For
example, when the metal film 164 to be in contact with the
upper transparent conductive film 18a is selected, a material
with a high electric resistance at the boundary face can be
selected. Thus, it is also possible to select the material with
high reflectance as a material of the metal film 164 on a higher
priority to thereby provide a bright display with excellent
reflectance. Meanwhile, at the same brightness, power con-
sumption of the device can be reduced.

[0117] Note that, in the second embodiment, as a method of
bringing the upper transparent conductive film 18a into direct
contact with the lower transparent conductive film 15, the
following method is illustrated. That is, the pattern side wall
of the metal films serving as the reflective conductive films is
formed into the tapered shape and the frame-like extended
area Al of the low transparent conductive film 15 is formed in
the area provided on the outside of the metal film 16a, and
then the upper transparent conductive film 184 is formed so as
to coat the entirety of the extended area Al, the pattern side
wall of the metal films 164, and the upper layer of the metal
films 16a in a unified manner. Alternatively, as long as the
upper transparent conductive film 18a and the lower trans-
parent conductive film 15 are in direct contact with each other,
various modifications can be made without departing from
the gist of the present invention. For example, though the
example where the lower transparent conductive film 15 has
the pattern side wall formed into a non-tapered shape has been
described above, the following structure can also be
employed. That is, the pattern side wall of the lower transpar-
ent conductive film 15 may be formed into a forward tapered
shape in a similar manner as the metal films 164, and the
upper transparent conductive film may be coated over the
pattern side wall of the lower transparent conductive film and
the pattern side wall of the tapered shape of the metal films,
thereby bringing the upper transparent conductive film into
direct contact with the lower transparent conductive film.

[0118] Though the pattern edge of the resist 17 has substan-
tially an eaves-like shape corresponding to the tapered shape
of the metal films 16a as shown in FIG. 6A column (a), the
eaves-like shape does not cause a problem because the resist
17 is removed after the transmissive pixel electrode 4 and the
reflective pixel electrode 6a are formed. The pattern edge of
the resist 17 has an eaves-like shape (not shown) in FIGS. 3B
and 10B, but the eaves-like shape does not cause a problem
also in this case because the resist 17 is removed after the
transmissive pixel electrode 4 and the reflective pixel elec-
trode 6 are formed.

[0119] 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.
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What is claimed is:

1. A method of manufacturing a display device, the display
device including: a first substrate; a second substrate opposed
to the first substrate; and a display material sandwiched
between the first substrate and the second substrate, the
method comprising the steps of:

forming a base film on the first substrate;

forming a reflective pixel electrode on the base film;

forming a step at the base film; and

depositing an upper transparent conductive film so as to be

divided at the step of the base film after the step of
forming the base film.

2. The method of manufacturing a display device according
to claim 1, further comprising the step of forming a transmis-
sive pixel electrode on the first substrate so that the transmis-
sive pixel electrode extends off a pattern of the reflective pixel
electrode,

wherein, in the step of forming the upper transparent con-

ductive film, the upper transparent conductive film is
deposited on at least the reflective pixel electrode and the
transmissive pixel electrode.
3. The method of manufacturing a display device according
to claim 1, wherein, in the step of forming the reflective pixel
electrode, at least one layer of a reflective conductive film is
deposited and etched so that a pattern side wall of the reflec-
tive conductive film is formed into a forward tapered shape.
4. The method of manufacturing a display device according
to claim 2, wherein, in the step of forming the reflective pixel
electrode, at least one layer of a reflective conductive film is
deposited and etched so that a pattern side wall of the reflec-
tive conductive film is formed into a forward tapered shape.
5. The method of manufacturing a display device according
to claim 3, wherein:
in the step of forming the transmissive pixel electrode, a
lower transparent conductive film is deposited below the
reflective conductive film and above the base film; and

in the step of depositing the upper transparent conductive
film, the upper transparent conductive film is coated on
the pattern side wall of the reflective conductive film so
that the lower transparent conductive film and the upper
transparent conductive film are brought into direct con-
tact with each other.
6. The method of manufacturing a display device according
to claim 4, wherein:
in the step of forming the transmissive pixel electrode, a
lower transparent conductive film is deposited below the
reflective conductive film and above the base film; and

in the step of depositing the upper transparent conductive
film, the upper transparent conductive film is coated on
the pattern side wall of the reflective conductive film so
that the lower transparent conductive film and the upper
transparent conductive film are brought into direct con-
tact with each other.

7. The method of manufacturing a display device according
to claim 1, wherein:

the second substrate includes an opposing electrode

formed thereon so as to face the first substrate; and

the upper transparent conductive film has a work function

substantially the same as a work function of the oppos-
ing electrode.

8. The method of manufacturing a display device according
to claim 1, wherein the upper transparent conductive film is
deposited with a thickness smaller than a height of the step of
the base film.
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9. A display device, comprising:

a first substrate;

a second substrate opposed to the first substrate;

a display material sandwiched between the first substrate

and the second substrate;

a base film formed on the first substrate and having a step;

areflective pixel electrode formed above the base film; and

an upper transparent conductive film formed above the
reflective pixel electrode and divided at the step of the
base film.

10. The display device according to claim 9, further com-
prising a transmissive pixel electrode formed so as to extend
off a pattern of the reflective pixel electrode of the first sub-
strate,

wherein the upper transparent conductive film is formed

above at least the reflective pixel electrode and the trans-
missive pixel electrode.

11. The display device according to claim 9, wherein:

the reflective pixel electrode is formed of at least one layer

of a reflective conductive film; and

a pattern side wall of the reflective conductive film has a

forward tapered shape.

12. The display device according to claim 10, wherein:

the reflective pixel electrode is formed of at least one layer

of a reflective conductive film; and

a pattern side wall of the reflective conductive film has a

forward tapered shape.

13. The display device according to claim 11, wherein:

the transmissive pixel electrode is formed of a lower trans-

parent conductive film formed above the base film and
below the reflective conductive film; and

the upper transparent conductive film is coated over an

upper layer of the reflective conductive film, the pattern
side wall of the reflective conductive film, and the lower
transparent conductive film extending from the pattern
side wall of the reflective conductive film so that the
upper transparent conductive film and the lower trans-
parent conductive film are brought into direct contact
with each other.

14. The display device according to claim 12, wherein:

the transmissive pixel electrode is formed of a lower trans-

parent conductive film formed above the base film and
below the reflective conductive film; and

the upper transparent conductive film is coated over an

upper layer of the reflective conductive film, the pattern
side wall of the reflective conductive film, and the lower
transparent conductive film extending from the pattern
side wall of the reflective conductive film so that the
upper transparent conductive film and the lower trans-
parent conductive film are brought into direct contact
with each other.

15. The display device according to claim 9, wherein:

the second substrate includes an opposing electrode

formed thereon so as to face the first substrate; and

the transparent conductive film has a work function sub-

stantially the same as a work function of the opposing
electrode.

16. The display device according to claim 9, wherein the
transparent conductive film has a thickness smaller than a
height of the step of the base film.

* sk * sk *
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