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(57) ABSTRACT

The present invention provides a transflective liquid crystal
display device that has reflective contrast reduction prevent-
ing electrodes formed in given positions and that is capable
of preventing bright dot defects while preventing reduction
of reflective contrast. In a reflective region in a pixel region,
a reflective electrode is formed in the same layer as source
bus lines and separated by given spaces from the source bus
lines. Reflective contrast reduction preventing electrodes are
formed above the given spaces and have areas overlapping
the reflective electrode in plane view, with an insulating film
formed between them. The reflective contrast reduction
preventing electrodes are in an electrically floating state.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a transflective
liquid crystal display device having a transmissive region
transmitting backlight and a reflective region reflecting
ambient light that are formed in pixel region.

[0003]

[0004] A transflective liquid crystal display device has a
TFT (Thin Film Transistor) array substrate. On the array
substrate, each pixel has a transmissive region that transmits
backlight emitted from the rear side of the display surface
and a reflective region that reflects ambient light coming into
the liquid crystal layer.

[0005] In aconventional technique for transflective liquid
crystal display devices thus structured, reflective electrodes
in the reflective regions, source bus lines (including source
electrodes), and drain electrodes are formed in the same
layer (see Japanese Patent Application No. 2004-110299,
which is hereinafter referred to as Patent Document 1).
Application of the technique of Patent Document 1 simpli-
fies the manufacturing process.

[0006] The transflective liquid crystal display device
according to the Patent Document 1 requires preventing
short-circuits between the source bus lines and reflective
electrodes. Accordingly, the source bus lines and reflective
electrodes, formed in the same layer, are separated away
from each other by given spaces (distances).

[0007] In the transflective liquid crystal display device of
the Patent Document 1, a storage capacitance electrode and
storage capacitance bus line exist under the interval between
a source bus line and a reflective electrode. Thus, in the
transflective liquid crystal display device, the storage
capacitance electrode and storage capacitance bus line face
the opposing electrode provided on the opposing substrate
placed opposite the TFT array substrate.

1. Field of the Invention

2. Description of the Background Art

[0008] In the transflective liquid crystal display device of
Patent Document 1, the storage capacitance electrode and
storage capacitance bus line are at the same potential as the
opposing electrode. Accordingly, no electric field is applied
to the liquid crystal layer above the interval (the given space
(distance)) between the source bus line and the reflective
electrode. Then, it is not possible to control, with an electric
field, the light entering the display area and reflected at the
storage capacitance electrode and the like existing under that
interval.

[0009] Accordingly, when the transflective liquid crystal
display device of the Patent Document 1 adopts a normally
white mode (a mode which displays white when no voltage
is applied), the reflectivity is increased in display of black
because the reflected light cannot be controlled with an
electric field, which leads to reduction of reflective contrast.

[0010] Japanese Patent Application No. 2004-260873
(hereinafter referred to as Patent Document 2) discloses a
transflective liquid crystal display device that solves this
problem.
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[0011] According to the technique of Patent Document 2,
areflective contrast reduction preventing electrode is formed
in order to allow application of an electric field to the liquid
crystal layer above the interval between the source bus line
and the reflective electrode. Accordingly, the transflective
liquid crystal display device of Patent Document 2 prevents
the reduction of reflective contrast.

[0012] Now, the reflective contrast reduction preventing
electrode is electrically connected with a transmissive pixel
electrode formed in the transmissive region.

[0013] In the transflective liquid crystal display device of
the Patent Document 2, when conductive foreign matter
enters between the reflective contrast reduction preventing
electrode and the opposing electrode, or when the opposing
electrode is deformed during manufacturing process, for
example, the opposing electrode and the reflective contrast
reduction preventing electrode may be short-circuited.

[0014] Then, because the reflective contrast reduction
preventing electrode is electrically connected to the trans-
missive pixel electrode as mentioned above, the transmis-
sive pixel electrode and the opposing electrode may be
electrically short-circuited as a result (hereinafter a short-
circuit of this kind is referred to as an inter-surface short-
circuit).

[0015] If an inter-surface short-circuit occurs, no electric
field is applied to the liquid crystal layer in the area
corresponding to the short-circuited portion. In a normally
white mode device, the absence of electric field application
to the liquid crystal layer in a transmissive region allows the
backlight to come out through the display area. The back-
light coming out through the display area results in a very
noticeable defect called “a bright dot defect”.

[0016] In addition, in the transflective liquid crystal dis-
play device of the Patent Document 2, the reflective contrast
reduction preventing electrode must be formed in the reflec-
tive region near a border between pixels. However, in
general, the cell gap is narrow in the area where the
reflective contrast reduction preventing electrode is formed.
Therefore, the transflective liquid crystal display device of
the Patent Document 2 is susceptible to inter-surface short-
circuiting caused by contamination by foreign matter.

[0017] Furthermore, the reflective contrast reduction pre-
venting electrode is formed near a border of the color filter
pattern formed on the opposing substrate. Accordingly, the
transflective liquid crystal display device of Patent Docu-
ment 2 is susceptible also to inter-surface short-circuiting
caused by abnormalities of the color filter pattern (abnor-
malities of the color filter pattern cause deformation of the
opposing electrode).

[0018] That is, the transflective liquid crystal display
device of Patent Document 2 is prone to bright dot defects
because of the positioning of the reflective contrast reduc-
tion preventing electrodes, which leads to reduction of yield
and hence to increased manufacturing costs.

SUMMARY OF THE INVENTION

[0019] An object of the present invention is to provide a
transflective liquid crystal display device in which source
bus lines and reflective pixel electrodes are formed in the
same layer and separated at given intervals, and reflective
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contrast reduction preventing electrodes are formed in given
positions in order to prevent reduction of reflective contrast,
for example, and the transflective liquid crystal display
device is capable of preventing formation of bright dot
defects while maintaining the reflective contrast reduction
prevention.

[0020] According to the present invention, a transflective
liquid crystal display device includes a first substrate, a
second substrate, and a liquid crystal layer. The second
substrate is provided facing the first substrate. The liquid
crystal layer is sandwiched between the first substrate and
the second substrate. The first substrate has a plurality of
gate bus lines, a plurality of source bus lines, a reflective
electrode, and at least one reflective contrast reduction
preventing electrode. The gate bus lines are formed on the
first substrate. The source bus lines are formed on the first
substrate and intersect with the gate bus lines in plane view.
The reflective electrode is formed in a reflective region that
is a part of a unit pixel region sectioned by the gate bus lines
and the source bus lines, and the reflective electrode is
formed in the same layer as the source bus lines and
separated by given spaces from the source bus lines. The
reflective contrast reduction preventing electrode is formed
in an upper layer above the reflective electrode in the given
spaces and overlaps the reflective electrode in plane view,
with a first insulating film interposed between them. The
reflective contrast reduction preventing electrode is in an
electrically floating state.

[0021] Even when the reflective contrast reduction pre-
venting electrode is short-circuited with an opposing elec-
trode formed on the second substrate, the opposing electrode
is not electrically short-circuited with a transmissive elec-
trode (that is, an inter-surface short-circuit is prevented).
This prevents formation of very noticeable defects called
bright dot defects. In other words, the transflective liquid
crystal display device allows manufacture with high yield.
The reflective contrast reduction preventing electrode forms
a capacitance with the reflective electrode. Accordingly, a
voltage can be applied to the reflective contrast reduction
preventing electrode on the basis of the capacitance. This
allows normal application of an electric field to the liquid
crystal layer above the given spaces mentioned above,
which prevents reduction of reflective contrast in the given
spaces.

[0022] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a plane view schematically illustrating
the structure of a TFT array substrate;

[0024] FIG. 2 is an enlarged plane view showing the
structure of one pixel region of the TFT array substrate;

[0025] FIG. 3 is a cross-sectional view showing the struc-
ture of the TFT array substrate;

[0026] FIG. 4 is a plane view used to describe a method
of manufacturing a transflective liquid crystal display device
according to a first preferred embodiment;
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[0027] FIG. 5 is a cross-sectional view used to describe
the method of manufacturing the transflective liquid crystal
display device according to the first preferred embodiment;

[0028] FIG. 6 is a plane view used to describe the method
of manufacturing the transflective liquid crystal display
device according to the first preferred embodiment;

[0029] FIG. 7 is a cross-sectional view used to describe
the method of manufacturing the transflective liquid crystal
display device according to the first preferred embodiment;

[0030] FIG. 8 is a plane view used to describe the method
of manufacturing the transflective liquid crystal display
device according to the first preferred embodiment;

[0031] FIG. 9 is a cross-sectional view used to describe
the method of manufacturing the transflective liquid crystal
display device according to the first preferred embodiment;

[0032] FIG. 10 is a diagram showing the results of a
simulation illustrating a relation between a capacitance ratio
and reflective contrast effect;

[0033] FIG. 11 is an enlarged plane view showing the
structure of a TFT array substrate according to a third
preferred embodiment; and

[0034] FIG. 12 is an enlarged plane view showing the
structure of a TFT array substrate according to a fourth
preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] The present invention will now be specifically
described referring to the diagrams illustrating the preferred
embodiments.

[0036]

[0037] FIG. 1 is a plane view schematically illustrating
the structure of a TFT (Thin Film Transistor) array substrate
of a transflective liquid crystal display device according to
a first preferred embodiment.

<First Preferred Embodiment>

[0038] As shown in FIG. 1, a plurality of gate bus lines 2
are disposed in stripes on a transparent insulative substrate
(not shown, which is regarded as a first substrate). Also on
the transparent insulative substrate, a plurality of source bus
lines 3 are disposed in stripes intersecting with the gate bus
lines 2 in plane view.

[0039] The areas sectioned by the gate bus lines 2 and
source bus lines 3 form pixel regions (i.e., unit pixels). As
shown in FIG. 1, the unit pixel regions (hereinafter referred
to simply as pixel regions) are disposed in a matrix.

[0040] FIG. 2 is a plane view showing one pixel of the
TFT array substrate of FIG. 1 in an enlarged manner. FIG.
3 shows sections of the TFT array substrate 100 of FIG. 2,
including a section taken along line A-A (from a source
electrode to a reflective region), a section taken along line
B-B (a contact between a transmissive region and reflective
region), and a section taken along line C-C (a TFT and its
vicinity).

[0041] The structure of the transflective liquid crystal
display device (particularly, the TFT array substrate) accord-

ing to this preferred embodiment will be described below
referring to FIGS. 2 and 3.
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[0042] As shown in FIG. 2, each pixel includes a trans-
missive region (regarded as a first region) T that transmits
light emitted within the liquid crystal display device and a
reflective region (regarded as a second region) S that reflects
ambient light entering the liquid crystal display device from
the outside.

[0043] As can be seen from FIGS. 2 and 3, a gate bus line
2, which is made of a first conductive film, exists on the
transparent insulative substrate 1, e.g., a glass substrate.
Particularly, the part of the gate bus line 2 where the TFT is
formed is referred to as a gate electrode area 2a.

[0044] A storage capacitance electrode 4, made of the first
conductive film, is also formed on the transparent insulative
substrate 1. The storage capacitance electrode 4 has a
function of holding voltage for a given period. The storage
capacitance electrode 4 also has a function of preventing
leakage of light from the backlight.

[0045] Aninsulating film 5 is formed to cover the gate bus
line 2 and the storage capacitance electrode 4 on the trans-
parent insulating substrate 1. A semiconductor active film 6
and an ohmic contact film 7, which are semiconductor
layers, are formed in the gate electrode area 2a, with the
insulating film 5 (regarded as a gate insulating film) existing
between them.

[0046] Part of the ohmic contact film 7 is removed and the
ohmic contact film 7 is thus divided into two regions. In one
region, a source bus line 3, made of a second conductive
film, is placed on the ohmic contact film 7. In the other
region, a drain electrode 8, made of the second conductive
film, is placed on the chmic contact film 7. Particularly, the
part of the source bus line 3 where the TFT is formed is
referred to as a source electrode area.

[0047] The gate electrode 2a, the semiconductor active
film 6, the source electrode area, and the drain electrode 8
form the TFT as a switching element. The source bus line 3,
part of which forms the source electrode area, intersects with
the gate bus line 2, with the insulating film 5 existing
between them. The semiconductor active film 6 and the
ohmic contact film 7 are formed at the intersection and in the
area for the formation of the source bus line 3, in order to
enhance the breakdown voltage.

[0048] In the reflective region S, a reflective electrode 9
extends from the drain electrode 8. That is, the drain
electrode 8 and the reflective electrode 9 are formed as one
piece. The reflective electrode 9 is therefore formed of the
second conductive film.

[0049] Considering the function of the reflective electrode
9, its outermost surface layer must be a metal film having a
high reflectivity. Accordingly, at least the outermost surface
layer of the second conductive film is made of a relatively
high-reflectivity metal film.

[0050] The reflective electrode 9 and the source bus lines
3 are formed in the same layer. Accordingly, to prevent
short-circuiting between the reflective electrode 9 and the
source bus lines 3, the reflective electrode 9 must be
separated from the source bus lines 3 by a given space
(distance). Preferably, the source bus lines 3 and the reflec-
tive electrode 9 are formed at intervals of about 5 pm to 10
pm.
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[0051] In the liquid crystal display device of this preferred
embodiment, an insulating film 10 is formed to cover the
components described above. Part of the insulating film 10
on the reflective electrode 9 is removed to form a contact
hole 11 in the insulating film 10. The reflective electrode 9
is exposed at the bottom of the contact hole 11.

[0052] In the transmissive region T, a transmissive elec-
trode 12 having a given pattern is formed on the insulating
film 10. The transmissive electrode 12 is made of a conduc-
tive film having a relatively high transmissivity (hereinafter
referred to as a transparent conductive film). The transmis-
sive electrode 12 is electrically connected to the reflective
electrode 9 through the contact hole 11. Accordingly, the
transmissive electrode 12 is electrically connected to the
drain electrode 8.

[0053] Also, reflective contrast reduction preventing elec-
trodes 13 are formed above the given spaces between the
source bus lines 3 and the reflective electrode 9, with the
insulating film 10 existing between them. In plane view, the
reflective contrast reduction preventing electrodes 13 have
areas that overlap the reflective electrode 9.

[0054] The reflective contrast reduction preventing elec-
trodes 13 are members that are provided to allow application
of an electric field to the liquid crystal layer above the
intervals between the source bus lines 3 and the reflective
electrode 9, and the formation of the reflective contrast
reduction preventing electrodes 13 prevents reduction of
reflective contrast. The reflective contrast reduction prevent-
ing electrodes 13 are made of a conductive film having
transparency.

[0055] As shown in FIG. 2, the reflective contrast reduc-
tion preventing electrodes 13 extend along the source bus
lines 3. That is, the direction of formation of the reflective
contrast reduction preventing electrodes 13 and the direction
of formation of the source bus lines 3 are approximately
parallel with each other.

[0056] Also, in the liquid crystal display device of the
invention, the reflective contrast reduction preventing elec-
trodes 13 are not electrically connected to the transmissive
electrode 12 and the like. That is, the reflective contrast
reduction preventing electrodes 13 are electrically in a
floating state.

[0057] Furthermore, as shown in FIG. 3, the reflective
contrast reduction preventing electrode 13 has an area that
overlaps the storage capacitance electrode 4 in plane view,
with the insulating films 5 and 10 existing between them.

[0058] Next, a method of manufacturing the liquid crystal
display device of this preferred embodiment will be specifi-
cally described referring to the drawings. The cross-sec-
tional views illustrating the process steps show the A-A
section (the source electrode and reflective region), the B-B
section (the vicinity of the contact between the transmissive
region and reflective region) and the C-C section (the TFT
and its vicinity) of the TFT array substrate 100 shown in
FIG. 2.

[0059] First, the transparent insulative substrate 1, e.g., a
glass substrate, is cleaned to clean up the surface of the
transparent insulative substrate 1. Next, the first conductive
film is formed on the transparent insulative substrate 1 by,
e.g., sputtering.
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[0060] Forexample, the first conductive film may be a thin
film of Cr (chromium), Mo (molybdenum), Ta (tantalum), Ti
(titanium), or Al (aluminum), or a thin film of an alloy
mainly containing any of these metals. In this preferred
embodiment, a Cr film having a thickness of about 400 nm
is formed as the first conductive film.

[0061] By the way, after the formation of the first con-
ductive film, the contact hole 11 is formed by dry-etching in
a process step described later. A transparent conductive film
is formed in the contact hole 11 in order to obtain an electric
connection. During the formation of the contact hole 11, the
first conductive film may be oxidized.

[0062] Accordingly, it is preferable to form the first con-
ductive film with a thin metal film insusceptible to surface
oxidation, or a thin metal film capable of maintaining
relatively high conductivity even when oxidized.

[0063] Forexample, when Al-based material is adopted as
the first conductive film, an Al nitride film is formed on the
surface or a film of Cr, Mo, Ta, or Ti is formed on the
surface, in order to prevent surface oxidation and hence
deterioration of conductivity.

[0064] Subsequently, a photolithography process 1is
applied to the first conductive film to pattern the first
conductive film into given shape. Thus, as shown in the
plane view of FIG. 4 and the cross-sectional view of FIG.
5, the gate bus lines 2 and the storage capacitance electrode
4 are formed on the transparent insulative substrate 1.

[0065] The storage capacitance electrode 4 is formed in
almost the entire area of the reflective region S. In the
transmissive region T, the storage capacitance electrode 4 is
formed as lines having a given width near and along the
source bus lines 3 formed later.

[0066] The sequence of the photolithography process
steps is performed as shown below. First, the transparent
insulative substrate 1, having the first conductive film
formed thereon, is cleaned, and photosensitive resist is
applied to the transparent insulative substrate 1. Next, the
resist is dried, and exposed through a mask having a
predetermined pattern, which is followed by a development.
A predetermined resist pattern is thus formed. The patterned
resist is heated and cured, and the first conductive film is
etched using the resist as a mask. The resist is then peeled
off.

[0067] The etching of the first conductive film may be
achieved by wet-etching using a known etchant. For
example, when the first conductive film is made of Cr, a
solution containing a mixture of second cerium ammonium
nitrate and nitric acid is used.

[0068] During the etching of the first conductive film, it is
necessary to obtain enhanced insulating-film coverage at
stepped pattern edges and to prevent short-circuiting with
other bus lines at the stepped portions. Accordingly, it is
preferable to etch the first conductive film so that the pattern
edges are tapered to form trapezoidal shape in cross section.

[0069] Next, the insulating film 5, semiconductor active
film 6, and ohmic contact film 7 are sequentially formed on
the transparent insulative substrate 1, thus covering the gate
bus lines 2 and the storage capacitance electrode 4. The films
5, 6, and 7 may be formed by plasma CVD (Chemical Vapor
Deposition), for example.
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[0070] The insulating film 5 serves as a gate insulating
film in the area for the formation of the TFT. The insulating
film 5, serving as a gate insulating film, may be made as a
single-layered film of SiNx, SiOy, or SiOzNw, or a multi-
layered film including such films. The characters “x”, “y”,
“z”, and “w” are positive numbers that represent stoichio-

metric compositions.

[0071] When the insulating film 5 is too thin, the gate bus
lines 2 and the source bus lines 3 may be short-circuited at
their intersections. On the other hand, when the insulating
film 5 is too thick, the on-state current of the TFT is reduced
and display characteristic is deteriorated. The thickness of
the insulating film 5 is therefore determined according to the
trade-off.

[0072] Preferably, the insulating film 5 is formed through
a plurality of process steps. This is because, when the
insulating film 5 is formed in a single step, defects like
pinholes may be formed to cause interlayer short-circuits.
For example, the insulating film 5 is formed to a thickness
of about 400 nm by forming an about 300-nm-thick SiN film
and then forming an about 100-nm-thick SiN film.

[0073] The semiconductor active film 6 may be a film of
amorphous silicon (a-Si) or a film of polysilicon (p-Si), for
example. When the semiconductor active film 6 is too thin,
the semiconductor active film 6 will disappear during a
dry-etching process of the ohmic contact film 7 described
later. On the other hand, when the semiconductor active film
6 is too thick, the on-state current of the TFT is reduced.

[0074] Accordingly, the thickness of the semiconductor
active film 6 must be determined by considering the con-
trollability of the amount of dry-etching of the ohmic contact
film 7 and the desired on-state current value of the TFT. For
example, when the semiconductor active film 6 is made of
a film of a-8i, it is preferably formed to a thickness of about
150 nm.

[0075] The ohmic contact film 7 may be an n-type a-Si
film slightly doped with P (phosphorus), or an n-type p-3i
film slightly doped with P (phosphorus). For example, the
thickness of the ohmic contact film 7 is around 30 nm.

[0076] Then, a photolithography process is applied to the
films 6 and 7 to pattern the semiconductor active film 6 and
the ohmic contact film 7 into a given pattern as shown in the
plane view of FIG. 6 and the cross-sectional view of FIG.
7.

[0077] Inthis process, the semiconductor active film 6 and
the ohmic contact film 7 are patterned into predetermined
shape so that the semiconductor active film 6 and the ohmic
contact film 7 remain in the TFT formation area, at least. The
semiconductor active film 6 and the ohmic contact film 7
may be patterned so that the films 6 and 7 remain not only
in the TFT formation region but also in the areas where the
gate bus lines 2 and the source bus lines 3 intersect with each
other and the areas where the source bus lines 3 are formed.

[0078] Leaving the semiconductor active film 6 and the
ohmic contact film 7 remaining in the areas for the source
bus lines 3 and the like increases the breakdown voltage of
the components during operation.

[0079] The patterning of the semiconductor active film 6
and the ohmic contact film 7 may be achieved by dry-etching
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using a known gaseous composition (e.g., a mixed gas of
SF_and S, or a mixed gas of CF, and O,).

[0080] Next, a sputtering process, for example, is applied
to the transparent insulative film 1 on which the components
(the semiconductor active film 6, the ohmic contact film 7,
etc.) have been formed as explained above. The second
conductive film is thus formed over the transparent insula-
tive film 1.

[0081] The second conductive film may be a two-layered
film as shown in FIG. 9, for example. When the second
conductive film is thus two-layered, the first thin film layer
31 may be made of chromium, molybdenum, tantalum, or
titanium, or an alloy mainly containing any of these ele-
ments, for example. The second thin film layer 32 formed on
the first thin film layer 31 may be made of aluminum or
silver, or an alloy mainly containing such elements, for
example.

[0082] The first thin film layer 31 is formed directly on the
ohmic contact film 7 and the insulating film 5. The second
thin film layer 32 is formed directly on the first thin film
layer 31 as mentioned above.

[0083] As will be described later, the second conductive
film is used as the source bus lines 3, drain electrodes 8,
reflective electrodes 9, and the like. It is therefore necessary
to form the second conductive film by considering bus line
resistance and reflectivity characteristic of the surface layer.
Considering these factors, the second conductive film is
preferably formed of a first thin film layer 31 made of
chromium and having a thickness of about 100 nm, and a
second thin film layer 32 made of AlCu and having a
thickness of about 300 nm. For the sake of simplicity, the
description below shows an example that uses a conductive
film formed in this manner.

[0084] Next, a photolithography process is applied to the
second conductive film to pattern the second conductive film
into predetermined shape. The second conductive film is
thus formed into the source bus line 3, drain electrode 8, and
reflective electrode 9, as shown in FIGS. 8 and 9.

[0085] As mentioned earlier, the drain electrode 8 and the
reflective electrode 9 are formed as one piece. That is, the
drain electrode 8 and the reflective electrode 9 continue in
the same layer. It is clear from this structure that the drain
electrode 8 and the reflective electrode 9 are electrically
connected to each other in the same layer.

[0086] Also, as mentioned earlier, the reflective electrode
9 1s formed in the reflective region S in the same layer as the
source bus lines 3. The source bus lines 3 and the reflective
electrode 9 are separated by the given spaces (distances).

[0087] The etching of the second conductive film may be
achieved by wet-etching using a known etchant.

[0088] Next, in the area 34 that divides the drain electrode
8 and the source electrode in the TFT formation region (see
FIGS. 8 and 9), the chmic contact film 7 is partially
removed by etching. The semiconductor active film 6 is thus
exposed in the area 34.

[0089] The partial removal of the ohmic contact film 7
may be performed during the photolithography process of
the second conductive film, by dry-etching using a known
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gaseous composition (for example, a mixed gas of SF4 and
O, or a mixed gas of CF, and O,).

[0090] When the second conductive film is formed as a
two-layered structure, the second thin film layer 32 of AlCu
is partially removed in the area 35 for the formation of the
contact hole 11 described later (see FIGS. 8 and 9). A
contact area is thus formed in the area 35. The partial
removal of the second thin film layer 32 may be achieved by
a method described below.

[0091] For instance, during the photolithography process
performed to pattern the source bus lines 3, drain electrode
8, reflective electrode 9, and the like, an exposure technique
such as half-tone exposure is used so that the photoresist is
formed thinner in the area 35. Then, after the dry-etching of
the ohmic contact film 7 in the area 34, the photoresist film
is thinned by using a technique such as oxygen plasma
processing. The resist remaining in the area 35 is thus
partially removed. Subsequently, using the photoresist as a
mask, a wet-etching process is performed to partially
remove the second thin film layer 32 of AlCu from the area
3s.

[0092] In this way, in the area 35, only the first thin film
layer 31 of chromium remains as the second conductive film
(see FIG. 9).

[0093] The half-tone exposure process will be described in
more detail.

[0094] In the half-tone exposure, the photoresist is
exposed through a half-tone mask (for example, a mask of
chromium having a predetermined pattern and desirably
toned). Also, the intensity of exposure is controlled during
the exposure process using the half-tone mask. This makes
it possible to form given opening in the developed photo-
resist and to control (reduce) the finished film thickness in
given area.

[0095] Subsequently, using the photoresist as a mask, the
part exposed in the opening of the photoresist (the ohmic
contact film 7 and the second conductive film in given area)
is removed. Then, the thinned portion of the photoresist is
removed by an oxygen plasma process, for example. Next,
using as a mask the photoresist from which the thinned
portion has been removed, the second thin film layer 32 is
etched as described above.

[0096] The adoption of the half-tone exposure technique
makes it possible to achieve the partial removal of the
second thin film layer 32 in the area 35 in a single photo-
lithography process together with the patterning of the
source bus lines 3, drain electrode 8, and reflective electrode
9 and the partial removal of the ohmic contact film 7.

[0097] When the second conductive film is formed of the
second thin film layer 32 of AICu and the first thin film layer
31 of chromium, the second thin film layer 32 is partially
removed from the area 35 for the purpose below. That is, the
first thin film layer 31 (chromium film) providing good
contact (good contact conductivity) with the transmissive
electrode 12 is exposed through the contact hole 11
described later.

[0098] When the second conductive film is a thin film
having a surface made of an aluminum nitride alloy
(AICuN), for example, then the surface reflectivity is some-
what lower than when the second conductive film is made of
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the stacked structure. However, the aluminum nitride alloy
is capable of providing good contact with the transmissive
electrode 12 described later. Accordingly, it is not necessary
to apply the half-tone exposure to the photoresist when the
second conductive film is a thin film having a surface of an
aluminum nitride alloy (AICuN), for example.

[0099] Next, the insulating film 10 is formed over the
transparent insulative substrate 1, covering the source bus
lines 3, drain electrode 8, reflective electrode 9, etc (see
FIG. 9). The insulating film 10 may be formed by plasma
CVD, for example.

[0100] Like the insulating film 5, the insulating film 10
may be a single-layered film of, e.g., SiNx, SiOy, or
SiOzNw, or a multi-layered film including such films, for
example. The characters “x”, “y”, “z”, and “w” are positive
numbers that represent stoichiometric compositions. Prefer-
ably, the thickness of the insulating film 10 is determined by
considering the coverage of the underlying pattern. For
example, a film of SiN having a thickness of about 500 nm
may be adopted as the insulating film 10.

[0101] After the formation of the insulating film 10, a
photolithography process is applied to the insulating film 10,
and the contact hole 11 is formed in the insulating film 10 in
the area 35. At the bottom of the contact hole 11, the first thin
film layer 31, forming the layered reflective electrode 9, is
exposed. The formation of the contact hole 11 may be
achieved by wet-etching using a known etchant or by
dry-etching using a known gas composition.

[0102] Next, a transparent conductive film is formed by,
e.g., sputtering, over the transparent insulative substrate 1
having the insulating film 10 formed thereon. The transpar-
ent conductive film may be made of ITO (Indium Tin Oxide)
or Sn02, for example. Considering chemical stability,
adopting I'TO as the transparent conductive film is preferred.
ITO may be crystalline ITO or amorphous (a-1TO). When
a-ITOis adopted, it is necessary to heat it after the patterning
at crystallization temperature (e.g., 180° C. or higher) to
crystallize the a-ITO. Also, when a-ITO is adopted as the
transparent conductive film, its film thickness is about 80
nm.

[0103] Next, a photolithography process is applied to the
transparent conductive film to pattern the transparent con-
ductive film into given shape as shown in FIGS. 2 and 3.
More specifically, as shown in FIGS. 2 and 3, the trans-
missive electrode 12 and the reflective contrast reduction
preventing electrodes 13 are formed in given shape. The
reflective contrast reduction preventing electrodes 13 are not
connected to the transmissive electrode 12 and the like, and
are in an electrically floating state.

[0104] As shown in FIG. 2, the transmissive electrode 12
is formed in the transmissive region T. Considering mis-
alignment in the patterning of the transparent conductive
film, the transmissive electrode 12 is formed to overlap the
reflective electrode 9 (in plane view) in the vicinity of the
border between the transmissive region T and the reflective
region S, with the insulating film 10 existing between them.

[0105] When the transmissive electrode 12 and the reflec-
tive electrode 9 overlap in a large area in the reflective region
S, it reduces the reflectivity of the reflective region S.
Accordingly, it is preferred that the overlap of the transmis-
sive electrode 12 and the reflective electrode 9 in the

Dec. 14, 2006

reflective region S is formed in a very limited area at the
boarder between the reflective region S and the transmissive
region T.

[0106] The transmissive electrode 12 fills the contact hole
11. That is, the transmissive electrode 12 is electrically
connected to the reflective electrode 9 through the contact
hole 11. The transmissive electrode 12 and the reflective
electrode 9 are therefore at approximately the same poten-
tial.

[0107] The reflective contrast reduction preventing elec-
trodes 13 are formed above the given spaces between the
source bus lines 3 and the reflective electrode 9, and function
to prevent reduction of reflective contrast in these given
spaces. The reflective contrast reduction preventing elec-
trodes 13 have areas overlapping the reflective electrode 9 in
plane view, with the insulating film 10 existing between
them.

[0108] As shown in FIG. 2, the reflective contrast reduc-
tion preventing electrodes 13 extend along the direction in
which the source bus lines 3 extend. That is, the reflective
contrast reduction preventing electrodes 13 and the source
bus lines 3 are approximately parallel.

[0109] The reflective contrast reduction preventing elec-
trodes 13 are formed from the vicinity of the edge of the
reflective electrode 9 that is located near the border with the
transmissive electrode 12 to the vicinity of a position
corresponding to a border of a black matrix formed on the
opposing substrate as described later (the border of the black
matrix that is located on the TFT formation side).

[0110] The reflective contrast reduction preventing elec-
trodes 13 have areas overlapping the storage capacitance
electrode 4 in plane view, with the insulating films 5 and 10
existing between them.

[0111] As mentioned above, the reflective contrast reduc-
tion preventing electrodes 13 are in an electrically floating
state. However, as mentioned above, the reflective contrast
reduction preventing electrodes 13 have overlaps with the
reflective electrode 9 in plane view with the insulating film
10 between them.

[0112] Accordingly, the reflective contrast reduction pre-
venting electrodes 13 offer the effect to prevent reduction of
reflective contrast in the given spaces between the source
bus lines 3 and the reflective electrode 9 on the basis of the
capacitance formed between the reflective contrast reduction
preventing electrodes 13 and the reflective electrode 9.

[0113] That is, voltage can be applied between the oppos-
ing substrate and the reflective contrast reduction preventing
electrodes 13 driven on the basis of the capacitance formed
between the reflective electrode 9 and the reflective contrast
reduction preventing electrodes 13. This allows application
of an electric field to the liquid crystal layer above the given
spaces, which prevents reduction of reflective contrast in the
given spaces.

[0114] In this preferred embodiment, the transmissive
electrode 12 and the reflective contrast reduction preventing
electrodes 13 are formed from the same transparent conduc-
tive film during the same process. However, as mentioned
earlier, the transmissive electrode 12 and the reflective
contrast reduction preventing electrodes 13 are not electri-
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cally connected together and the reflective contrast reduction
preventing electrodes 13 are in an electrically floating state.

[0115] Accordingly, the transmissive electrode 12 and the
reflective contrast reduction preventing electrodes 13 may
be formed of different materials in different processes.
However, forming the members 12 and 13 with the same
material (the same transparent conductive film) in the same
process simplifies the manufacturing process.

[0116] Next, in the cell assembly process, an alignment
layer is applied to the TFT array substrate 100 on which
individual elements have been formed (the reflective elec-
trodes 9, transmissive electrodes 12, reflective contrast
reduction preventing electrodes 13, etc.). Subsequently, a
rubbing process is applied to the TFT array substrate 100 in
a given direction.

[0117] Next, a method of constructing the opposing sub-
strate (regarded as a second substrate) will be described. The
opposing substrate is placed opposite the TFT array sub-
strate 100. The opposing substrate manufacturing method
will be described without diagrams such as cross-sectional
views showing the process steps.

[0118] First, a black matrix, for sectioning the pixel
regions, is formed on a transparent insulative substrate (not
shown, components of the opposing substrate are not shown
in diagrams). Then, color filters are formed on the individual
areas (pixel regions) sectioned by the black matrix.

[0119] Then, a protective film is formed to cover the color
filters, and an opposing transparent electrode is formed on
the protective film. An alignment layer is then applied to the
opposing substrate on which the elements including the
opposing transparent electrode have been formed. A rubbing
process is then applied to the opposing substrate in a given
direction.

[0120] The TFT array substrate 100 and the opposing
substrate, with individual components formed thereon, are
prepared in this way, and then the TFT array substrate 100
and the opposing substrate are placed on each other with the
alignment layers facing each other. The TFT array substrate
100 and the opposing substrate are put on each other with a
spacer (not shown) placed between them. The peripheries of
the TFT array substrate 100 and the opposing substrate are
bonded together with sealing material. A layer of liquid
crystal is sandwiched between the TFT array 100 and the
opposing substrate.

[0121] Polarizers are then bonded to both surfaces of the
liquid crystal cell formed by placing the TFT array substrate
100 and the opposing substrate on each other. A backlight
unit is then attached to the back surface, whereby the
transflective liquid crystal display device of this preferred
embodiment is completed.

[0122] In the transflective liquid crystal display device
thus constructed, a transparent organic film may be formed
on the opposing substrate in the areas opposite the reflective
regions S of the TFT array substrate 100. This causes the
thickness of the liquid crystal layer to be thinner in the
reflective regions S than in the transmissive regions T. This
approximately equalizes the electro-optic characteristics of
the reflective regions S and the transmissive regions T,
thereby enabling superior display.
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[0123] As described above, in the transflective liquid
crystal display device of this preferred embodiment, the
reflective contrast reduction preventing electrodes 13 are
formed to prevent reduction of reflective contrast in the
given spaces, and the reflective contrast reduction prevent-
ing electrodes 13 are not connected to the transmissive
electrode 12 and the like, and are in an electrically floating
state.

[0124] Accordingly, even if the opposing electrode and a
reflective contrast reduction preventing electrode are short-
circuited because of conductive foreign matter entering
between the reflective contrast reduction preventing elec-
trode and the opposing electrode, or because of deformation
of the opposing electrode caused during the manufacture,
the transmissive electrode 12 and the opposing electrode are
not electrically short-circuited (that is, inter-surface short-
circuits are prevented).

[0125] That is, even when an electric short-circuit occurs
between a reflective contrast reduction preventing electrode
13 and the opposing electrode, an electric field can be
normally applied to the liquid crystal layer in the transmis-
sive region T of the corresponding pixel region. This pre-
vents formation of extremely noticeable defects called bright
dot defects. In other words, the transflective liquid crystal
display device of this preferred embodiment offers high
vield.

[0126] The reflective contrast reduction preventing elec-
trodes 13 allow application of voltage on the basis of the
capacitance formed between the reflective contrast reduction
preventing electrodes 13 and the reflective electrode 9.
Accordingly, it is possible to apply a given voltage to the
opposing electrode and the reflective contrast reduction
preventing electrodes 13 even in the given spaces between
the source bus lines 3 and the reflective electrode 9. This
allows normal application of an electric field to the liquid
crystal layer above the given spaces, preventing reduction of
reflective contrast in the given spaces.

[0127]

[0128] As above, a given voltage is applied to the reflec-
tive contrast reduction preventing electrode 13 on the basis
of the capacitance formed between the reflective contrast
reduction preventing electrode 13 and the reflective elec-
trode 9.

[0129] On the other hand, as mentioned earlier, the trans-
flective liquid crystal display device of the first preferred
embodiment has the storage capacitance electrodes 4 that
function to hold voltage for a given period. As shown in
FIG. 3 etc., the storage capacitance electrode 4 overlaps the
reflective contrast reduction preventing electrode 13 in plane
view, with the insulating films 5 and 10 existing between
them. That is, a capacitance is formed also between the
storage capacitance electrode 4 and the reflective contrast
reduction preventing electrode 13.

[0130] Accordingly, the value of the voltage applied to the
reflective contrast reduction preventing electrode 13 varies
depending on the capacitance ratio between the electric
capacitance C1 formed between the reflective electrode 9
and the reflective contrast reduction preventing electrode 13
and the electric capacitance C2 formed between the storage
capacitance electrode 4 and the reflective contrast reduction
preventing electrode 13 (C1/C2). The variation of the volt-

<Second Preferred Embodiment>
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age value appears as a variation of reflective contrast in the
liquid crystal layer above the given space between the
source bus line 3 and the reflective electrode 9. That is, the
reflective contrast effect by the reflective contrast reduction
preventing electrode 13 varies depending on variations of
the capacitance ratio (C1/C2).

[0131] FIG. 10 shows the results of a simulation of the
relation between the reflective contrast and the capacitance
ratio (C1/C2) between the capacitance C1 and the capaci-
tance C2. In FIG. 10, the vertical axis shows the reflective
contrast (arb. unit) and the horizontal axis shows the capaci-
tance ratio C1/C2. Larger values on the vertical axis show-
ing the reflective contrast present superior reflective con-
trast.

[0132] First, when the value of the capacitance ratio
C1/C2 is less than “5”, it is known from FIG. 10 that the
reflective contrast effect rapidly decreases (deteriorates) as
the value of the capacitance ratio C1/C2 decreases (e.g., as
the capacitance C1 decreases).

[0133] Next, when the capacitance ratio C1/C2 is “5” or
higher, it is known from FIG. 10 that good reflective
contrast effect is maintained even when the value of the
capacitance ratio C1/C2 somewhat varies.

[0134] The capacitance ratio C1/C2 is given by the expres-
sion below:

CLC2=S1/S2x{(el-d2+€2-d1) leld2} )

[0135] Inthe expression (1), €1 s the dielectric constant of
the insulating film 5, €2 is the dielectric constant of the
insulating film 10, d1 is the thickness of the insulating film
5, d2 is the thickness of the insulating film 10, S1 is the area
of the overlap of the reflective contrast reduction preventing
electrode 13 and the reflective electrode 9, and S2 is the area
of the overlap of the reflective contrast reduction preventing
electrode 13 and the storage capacitance electrode 4.

[0136] As described above, it is preferable to make the
capacitance ratio C1/C2 larger in order to maintain good
reflective contrast effect without being considerably influ-
enced even when the capacitance ratio C1/C2 somewhat
varies (as mentioned above, C1/C225 is preferable).
Accordingly, the transflective liquid crystal display device
of this preferred embodiment is designed so that the capaci-
tance ratio C1/C2 is 5 or more.

[0137] For example, when a 400-nm-thick SiN film is
adopted as the insulating film 5, a 500-nm-thick SiN film is
adopted as the insulating film 10, and the area S2 is fixed at
a desired value, then the value of the area S1 is enlarged
(adjusted) so that the capacitance ratio C1/C2 is 5 or more.

[0138] Tt is known from the expression (1) that the value
of the capacitance ratio C1/C2 is increased by enlarging the
overlap area S1 of the reflective contrast reduction prevent-
ing electrode 13 and the reflective electrode 9, for example.

[0139] Preferably, attention is paid to the following factors
in designing the transflective liquid crystal display device of
this preferred embodiment.

[0140] Suppose that the area of the reflective contrast
reduction preventing electrode 13 above the reflective elec-
trode 9 is enlarged to increase the area S1. However, this
increases the possibility of short-circuiting between the
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reflective contrast reduction preventing electrode 13 and the
opposing electrode through, e.g., conductive foreign matter
in the liquid crystal layer.

[0141] As described earlier, even if such a short-circuit
occurs, voltage is normally applied to the transmissive
electrode 12. Therefore, the corresponding pixel does not
suffer a bright dot defect that would be caused by the passing
through of the backlight. However, when such a short-circuit
occurs, desired voltage cannot be applied to the reflective
contrast reduction preventing electrode 13. Accordingly,
when the area of the reflective contrast reduction preventing
electrode 13 is observed with reflected light, that area is
displayed (viewed) as a white point.

[0142] Inthis way, when the area of the reflective contrast
reduction preventing electrode 13 located above the reflec-
tive electrode 9 is unnecessarily enlarged, the possibility of
occurrence of a short-circuit between the reflective contrast
reduction preventing electrode 13 and the opposing elec-
trode increases, and a white point will more likely be
observed. Consequently, it is preferable to somewhat limit
the enlargement of the area of the reflective contrast reduc-
tion preventing electrode 13 above the reflective electrode 9.

[0143] For example, the inventors of the present invention
have confirmed that good reflective contrast effect is main-
tained and the occurrence of white points is reduced by
adjusting the area S1 so that the value of the capacitance
ratio C1/C2 is “7”, when the insulating film 5 is made of a
400-nm-thick SiN film, the insulating film 10 is a 500-nm-
thick SiN film, and the area S2 is fixed at a desired value.

[0144] As described so far, the transflective liquid crystal
display device of this preferred embodiment is designed so
that the capacitance ratio C1/C2 is 5 or more. This makes it
possible to keep a stable, good reflective contrast effect with
the reflective contrast reduction preventing electrodes 13.

[0145] <Third Preferred Embodiment>

[0146] FIG. 11 is a plane view showing the structure of a
transflective liquid crystal display device according to a
third preferred embodiment. The TFT array substrate 150 of
this preferred embodiment is structured almost the same as
the TFT array substrate 100 of the first preferred embodi-
ment. However, the TFT array substrate 150 differs from the
TFT array substrate 100 in the following respect.

[0147] The description below shows only the difference,
and other common components are not described here again.
In this preferred embodiment, the components of the trans-
flective liquid crystal display device other than the TFT
array substrate 150 are the same as those of the first
preferred embodiment.

[0148] As shown in FIG. 11, in the reflective region S of
one pixel region, the TFT array substrate 150 of this pre-
ferred embodiment further includes a connection electrode
40. The connection electrode 40 is a member that electrically
connects reflective contrast reduction preventing electrodes
13A and 13B formed in the reflective region S. The reflective
contrast reduction preventing electrodes 13A and 13B are
formed respectively at the two sides of the reflective elec-
trode 9 that face the source bus lines 3. This structure is
described below in more detail.

[0149] In the reflective region S in the single pixel region,
as shown in FIG. 11, one reflective contrast reduction
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preventing electrode 13A is positioned above the given
space between a source bus line 3 and the reflective elec-
trode 9 at one end of the reflective electrode 9. The other
reflective contrast reduction preventing electrode 13B is
positioned above the given space between a source bus line
3 and the reflective electrode 9 at the other end of the
reflective electrode 9.

[0150] Now, “the other end” of the reflective electrode 9
is its end opposite to the “one end” of the reflective electrode
9. The reflective contrast reduction preventing electrode 13A
and the reflective contrast reduction preventing electrode
13B are formed in the same layer.

[0151] As shown in FIG. 11, the TFT array substrate 150
of this preferred embodiment further includes the connection
electrode 40 that electrically connects the reflective contrast
reduction preventing electrode 13A and the reflective con-
trast reduction preventing electrode 13B. The width of the
connection electrode 40 is about 5 pm, for example, and the
connection electrode 40 is formed near the TFT formation
area.

[0152] The shape and position of the connection electrode
40 are not particularly limited (for example, the width of the
connection electrode mentioned above is not restrictive).
However, it should be noted that the connection electrode 40
is not connected to the transmissive electrode 12 and the
like, so that the reflective contrast reduction preventing
electrodes 13A and 13B are kept in the electrically floating
state.

[0153] Thus, the TFT array substrate 150 of this preferred
embodiment, having the connection electrode 40, offers the
effects below.

[0154] That is, the reflective contrast reduction preventing
electrodes 13A and 13B are provided in the vicinities of the
source bus lines 3 and in parallel with the source bus lines
3 in plane view. Accordingly, the reflective contrast reduc-
tion preventing electrodes 13A and 13B are susceptible to
the influence of coupling noise from the source bus lines 3.
When the reflective contrast reduction preventing electrodes
13A and 13B are affected by the coupling noise, crosstalk
will be visually recognized in the reflective region S.

[0155] However, the TFT array substrate 150 of this
preferred embodiment has the connection electrode 40 struc-
tured as described above. Specifically, for example, suppose
that this preferred embodiment is applied to a transflective
liquid crystal display device using a dot inversion driving
system in which the polarity is inverted for each column and
each row, or a column inversion driving system in which the
polarity is inverted for each column. In such systems, the
polarities of the right and left source bus lines 3 are inverted
in opposite phases.

[0156] The provision of the connection electrode 40 can-
cels the coupling noise from the source bus lines 3 that the
reflective contrast reduction preventing electrodes 13A and
13B suffer. This reduces crosstalk in the reflective region.

[0157] As mentioned above, the shape and position of the
connection electrode 40 are not particularly restricted as
long as the reflective contrast reduction preventing elec-
trodes 13A and 13B are kept in a floating state. The materials
of the reflective contrast reduction preventing electrodes
13A and 13B and the connection electrode 40 are not
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particularly limited, as long as the materials have conduc-
tivity. Also, while the connection electrode 40 is arranged
approximately parallel to the gate bus line 2 in FIG. 11, this
arrangement is not restrictive but the connection electrode
40 may be arbitrarily disposed as long as it is extended in a
direction that intersects with the source bus lines 3.

[0158] However, when the connection electrode 40 is
made of the same material as the reflective contrast reduc-
tion preventing electrodes 13A and 13B (that is, when the
connection electrode 40 and the reflective contrast reduction
preventing electrodes 13 A and 13B are formed as one piece),
the connection electrode 40 can be formed in the same
process as the reflective contrast reduction preventing elec-
trodes 13A and 13B. In this case, the connection electrode 40
and the reflective contrast reduction preventing electrodes
13A and 13B are formed as one piece.

[0159]

[0160] FIG. 12 is a plane view showing the structure of a
transflective liquid crystal display device according to a
fourth preferred embodiment. The TFT array substrate 200
of this preferred embodiment is structured in almost the
same manner as the TFT array substrate 100 of the first
preferred embodiment. However, the TFT array substrate
200 differs from the TFT array substrate 100 in the following
respect. The description below shows only the difference,
and other common components are not described here again.

[0161] In this preferred embodiment, the components of
the transflective liquid crystal display device other than the
TFT array substrate 200 are the same as those of the first
preferred embodiment.

[0162] In the reflective region S in one pixel region, a
reflective contrast reduction preventing electrode 45 extends
from one end of the reflective electrode 9 that faces a source
bus line 3A to the other end that faces a source bus line 3B.
That 1s, in the TFT array substrate 200 of this preferred
embodiment, as shown in FIG. 12, the reflective contrast
reduction preventing electrode 45 is formed from one end of
the reflective electrode 9 to the opposite end of the reflective
electrode 9. Also, the reflective contrast reduction prevent-
ing electrode 45 is formed to cover the reflective electrode
9 in plane view.

[0163] As shown in FIG. 12, in the reflective region S in
that one pixel region, the reflective contrast reduction pre-
venting electrode 45 is approximately rectangular with first
to fourth sides in plane view.

[0164] The portion of the reflective contrast reduction
preventing electrode 45 near its first side 45a is positioned
above the given space between the source bus line 3A and
the reflective electrode 9. The portion of the reflective
contrast reduction preventing electrode 45 near its second
side 455 is positioned above the given space between the
source bus line 3B and the reflective electrode 9.

[0165] The third side 45¢ of the reflective contrast reduc-
tion preventing electrode 45 is positioned in the vicinity of
the border between the reflective electrode 9 and the trans-
missive electrode 12. The fourth side 454 of the reflective
contrast reduction preventing electrode 45 is positioned in
the vicinity of the TFT formation area.

[0166] As described in the first preferred embodiment, the
reflective contrast reduction preventing electrode 45 is in an
electrically floating state.

<Fourth Preferred Embodiment>
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[0167] As above, the TFT array substrate 200 of this
preferred embodiment has the reflective contrast reduction
preventing electrode 45 thus structured. This prevents
crosstalk in the reflective region S in the manner described
in the third preferred embodiment.

[0168] The transflective liquid crystal display devices of
the preferred embodiments are applicable to active-matrix
liquid crystal display devices such as office-automation
equipment that display images and characters, for example.

[0169] While the invention has been described in detail,
the foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions and variations can be devised without departing from
the scope of the invention.

What is claimed is:
1. A transflective liquid crystal display device comprising:

a first substrate;
a second substrate provided facing said first substrate; and

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate,

said first substrate comprising
a plurality of gate bus lines formed on said first substrate;

a plurality of source bus lines formed on said first sub-
strate and intersecting with said gate bus lines in plane
view;

a reflective electrode formed in a reflective region that is
a part of a unit pixel region sectioned by said gate bus
lines and said source bus lines, said reflective electrode
being formed in a same layer as said source bus lines
and separated by given spaces from said source bus
lines; and

at least one reflective contrast reduction preventing elec-
trode formed in an upper layer above said reflective
electrode in said given spaces and overlapping said
reflective electrode in plane view, with a first insulating
film interposed therebetween,

said reflective contrast reduction preventing electrode
being in an electrically floating state.
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2. The transflective liquid crystal display device accord-
ing to claim 1, wherein said reflective contrast reduction
preventing electrode extends in a direction in which said
source bus lines extend.

3. The transflective liquid crystal display device accord-
ing to claim 2, further comprising a storage capacitance
electrode having a function of holding voltage for a given
period and overlapping said reflective contrast reduction
preventing electrode in plane view, with a second insulating
film interposed therebetween, wherein, when an electric
capacitance formed between said reflective electrode and
said reflective contrast reduction preventing electrode is C1
and an electric capacitance formed between said storage
capacitance electrode and said reflective contrast reduction
preventing electrode is C2, then a relation C1/C225 is
satisfied.

4. The transflective liquid crystal display device accord-
ing to claim 2,

wherein, in said reflective region, said at least one reflec-
tive contrast reduction preventing electrode includes
reflective contrast reduction preventing electrodes
formed respectively at both ends of said reflective
electrode that respectively face said source bus lines,
and

said reflective contrast reduction preventing electrodes
are electrically connected to each other through a
connection electrode extending in a direction intersect-
ing with said source bus lines.

5. The transflective liquid crystal display device accord-
ing to claim 4, wherein said connection electrode is formed
as one piece with said reflective contrast reduction prevent-
ing electrodes.

6. The transflective liquid crystal display device accord-
ing to claim 1, wherein, in said reflective region, said
reflective contrast reduction preventing electrode is formed
to cover said reflective electrode in plane view from one end
of said reflective electrode that faces one of said source bus
lines to the other end of said reflective electrode that faces
another one of said source bus lines.
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