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(57) ABSTRACT

The invention provides, as an aspect thereof, a transflective
liquid crystal display panel that includes: a first substrate that
has a plurality of pixel areas, each of the plurality of pixel
areas having a transmissive area and a reflective area; and a
second substrate that is provided opposite to the first substrate
with a liquid crystal layer being sandwiched therebetween. In
the configuration of a transflective liquid crystal display panel
according to this aspect of the invention, the second substrate
has (1) a color filter that corresponds to a plurality of color
components, the color filter that corresponds to the plurality
of color components having such an array pattern that corre-
sponds to the plurality of pixel areas, (2) a phase difference
layer that is formed on the liquid-crystal-layer-side face of the
second substrate so as to correspond to the reflective area, and
(3) a member that lowers a light transmission factor, the
light-transmission-factor reduction member being formed at
a region that at least overlaps, when viewed in plan, the side
portion of the phase difference layer.

10 Claims, 15 Drawing Sheets
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TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY PANEL AND ELECTRONIC
APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to a transflective liquid crys-
tal display panel. The invention further relates to an electronic
apparatus that is provided with a transflective liquid crystal
display panel.

2. Related Art

Recently, a transflective liquid crystal display panel has
been developed actively. A transflective liquid crystal display
panel has combined features of a transmissive liquid crystal
display panel and a reflective liquid crystal display panel. A
transflective liquid crystal display panel has a transmissive
area (i.e., transmissive region) and a reflective area in each
pixel area. The transmissive region has a pixel electrode. The
reflective region has a pixel electrode and a reflector (i.e.,
reflecting plate). Under low light conditions, internal light is
used for image display. That is, under such conditions, a
backlight emits light, which passes through the transmissive
area. On the other hand, in a well-lighted area, an image is
displayed without turning the backlight ON. That is, under
such conditions, external light that is reflected at the reflective
area is used for image display.

In the technical field to which the present invention per-
tains, so-called vertical electric-field liquid crystal display
panels are widely used as the mainstream electric-field mode
thereof. In the configuration of a vertical electric-field liquid
crystal display panel, an electrode(s) is formed on each of a
pair of substrates. A few examples of such a vertical electric-
field liquid crystal display panel are a TN (Twisted Nematic)
liquid crystal display panel and a VA (Vertical Alignment)
liquid crystal display panel. Although vertical electric-field
liquid crystal display panels are predominantly used, hori-
zontal electric-field liquid crystal display panels are also used
in the related art. In the configuration of a horizontal electric-
field liquid crystal display panel, electrodes are formed on
only one of a pair of substrates. A few examples of such a
horizontal electric-field liquid crystal display panel are an
FFS (Fringe Field Switching) liquid crystal display panel and
an IPS (In-Plane Switching) liquid crystal display panel,
which are described in, for example, JP-A-2002-14363 and
JP-A-2002-244158.

A transflective liquid crystal display panel has recently
been developed also in the field of an FFS liquid crystal
display device (refer to JP-A-2003-344837 and JP-A-2006-
337625). With reference to FIGS. 14 and 15, an FFS trans-
flective liquid crystal display panel of the related art is
explained below. It should be noted that, in the accompanying
drawings that will be mentioned in the following description
of'this specification, different scales are used for layers/mem-
bers illustrated therein so that each of the layers/members has
a size that is easily recognizable therein. Therefore, the
dimensions of constituent elements that are shown in the
accompanying drawings do not necessarily reflect, in propor-
tion thereto, those that will be adopted in an actual implemen-
tation of the invention.

FIG. 14 is a plan view that schematically illustrates an
example of the pixel configuration of an FFS transflective
liquid crystal display panel of the related art; more specifi-
cally, FIG. 14 shows one pixel of an FFS transflective liquid
crystal display panel of the related art. FIG. 15 is a sectional
view taken along the line XV-XV of FIG. 14.
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2

As shown in FIGS. 14 and 15, an FFS transflective liquid
crystal display panel of the related art (50) is provided with an
array substrate AR and a color filter substrate CF. The array
substrate AR of the related-art FFS transflective liquid crystal
display panel 50 has the following layer structure. A plurality
of scanning lines 52 and a plurality of common lines 53 are
formed on the surface of a first transparent substrate 51. The
scanning line 52 and the common line 53 extend in parallel
with each other. A plurality of signal lines 54 is formed over
the array substrate AR. The plurality of signal lines 54 extends
in a direction perpendicular to, or at least intersecting with,
the plurality of scanning lines 52 and the plurality of common
lines 53 when viewed in plan. A gate insulation film 55 covers
the surface of the scanning line 52 and the common line 53.
The gate insulation film 55 is made of a transparent insulation
material. The signal line 54 is formed on the surface of the
gate insulation film 55. A semiconductor layer 56 is formed
on the surface of the gate insulation film 55. The semicon-
ductor layer 56 is formed in such a manner that it overlaps,
when viewed in plan, a portion of the scanning line 52 that
functions as a gate electrode G with the gate insulation film 55
being sandwiched therebetween. A source electrode S
extends from the signal line 54 so as to partially overlie the
semiconductor layer 56. A drain electrode D also partially
overlies the semiconductor layer 56. The gate electrode G, the
source electrode S, and the drain electrode D make up a TFT
(Thin Film Transistor). A protective insulation film 57 is
formed over these lines, electrodes, and films (i.e., layers)
explained above so as to cover the entire surface over the first
transparent substrate 51.

An inter-bedded film, or, in other words, an interlayer film
58 covers the surface of the protective insulation film 57. The
inter-bedded film 58 has surface roughness (which is not
shown in the drawing) in the reflective area RA of each pixel.
The surface of the inter-bedded film 58 is smooth for other
area thereof. A reflecting plate 60 is formed at the reflective
area RA of each pixel on the inter-bedded film 58. The reflect-
ing plate 60 is made of aluminum or aluminum alloy. A lower
electrode 61 is formed on the surface of the inter-bedded film
58 for each pixel. A part of the lower electrode 61 overlies the
reflecting plate 60. The lower electrode 61 is made of a
transparent electro-conductive material such as ITO (Indium
Tin Oxide), IZO (Indium Zinc oxide), or the like. A contact
hole 62 is formed through the protective insulation film 57
and the gate insulation film 55 so as to expose the surface of
the common line 53. The lower electrode 61 is electrically
connected to the common line 53 via the contact hole 62. A
contact hole 63 is formed through the inter-bedded film 58
and the protective insulation film 57 so as to expose the
surface of the drain electrode D of the TFT. The area at which
the lower electrode 61 is formed includes the reflective area
RA and a transmissive area TA. A partial area of the entire
lower-electrode formation area at which the reflecting plate
60 is formed corresponds to the reflective area RA. The
remaining area thereof at which the reflecting plate 60 is not
formed corresponds to the transmissive area TA.

A capacitor insulation film 64 is formed on the surface of
the lower electrode 61 and on/over the surface of the inter-
bedded film 58. The capacitor insulation film 64 is made of a
transparent insulation material such as silicon nitride or sili-
con oxide. The capacitor insulation film 64 covers the inner-
wall surface of the contact hole 63 in such a manner that the
drain electrode D of the TFT is exposed at the open bottom of
the contact hole 63. An upper electrode 66 is formed on the
surface of the capacitor insulation film 64 for each pixel. The
upper electrode 66 is made of a transparent electro-conduc-
tive material such as ITO (Indium Tin Oxide), IZO (Indium
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zinc Oxide), or the like. The upper electrode 66 has a plurality
of slits 65. The plurality of slits 65 formed in the upper
electrode 66 extends in parallel with one another. Each end
portion of each of these slits 65 is closed. The upper electrode
66 is electrically connected to the drain electrode D through
the contact hole 63. An alignment film (i.e., orientation film)
covers the surface of the upper electrode 66 and the plurality
of'slits 65 formed therein. Note that the alignment film is not
illustrated in the drawing.

The color filter substrate CF of the related-art FFS trans-
flective liquid crystal display panel 50 has the following layer
structure. A light-shielding layer 68 and a color filter layer 69
are formed on the surface of a second transparent substrate
67. In addition, a planarizing film, that is, planarization film
72 is formed over (i.e., not directly on) the surface of the
second transparent substrate 67. The planarizing film 72 cov-
ers both the surface of the light-shielding layer 68 and the
surface of the color filter layer 69. A phase difference layer 71
is formed on the surface of the planarizing film 72 at an area
corresponding to the reflective area RA. An alignment film
that is not shown in the drawing is formed on the surfaces of
the phase difference layer 71 and the planarizing film 72. The
array substrate AR and the color filter substrate CF are set
opposite to each other with a certain space left therebetween.
Specifically, the array substrate AR and the color filter sub-
strate CF are positioned opposite to each other in such a
manner that the upper electrode 66 and the color filter layer 69
face each other. Then, liquid crystal 70 is injected into the
space in such a manner that it is sealed between the array
substrate AR and the color filter substrate CF. The related-art
FFS transflective liquid crystal display panel 50 has the layer
structure explained above.

When the related-art FFS transflective liquid crystal dis-
play panel 50 performs reflective display with the use of the
reflective area RA, external light is reflected at the reflecting
plate 60. Specifically, at the time of reflective image display,
external light enters the panel 50 as an incident light beam and
then gets reflected by the reflecting plate 60. Then, the
reflected light goes out through the display surface thereof.
This means that external light passes through the liquid crys-
tal layer twice at the time of reflective image display. For the
purpose of adjusting a phase difference that arises between
the transmissive display in which an image is displayed as a
result of optical transmission at the transmissive area TA and
the reflective display in which an image is displayed as a
result of optical reflection at the reflective area RA, the
related-art FFS transflective liquid crystal display panel 50 is
provided with a phase difference layer 71.

Specifically, the film thickness of the phase difference
layer 71 is adjusted in such a manner that the retardation (i.e.,
phase difference) of the liquid crystal 70 at the reflective area
RA equals to a quarter (Y4) wavelength under the condition
that the retardation of the liquid crystal 70 at the transmissive
area TA equals to a half (V2) wavelength. The retardation of
the phase difference layer 71 is a half (V2) wavelength. With
the film-thickness adjustment explained above, the retarda-
tion for non-external light that passes through the transmis-
sive area TA, which is a half wavelength, becomes equal to the
retardation for external light that enters the panel 50 as an
incident light beam and then gets reflected at the reflective
area RA, which is also a half wavelength. Therefore, regard-
less of whether the transmissive area TA is used for image
display (i.e., transmissive display) or the reflective area RA is
used for image display (i.e., reflective display), it is possible
to achieve excellent display performance.

The phase difference layer 71 of the related-art FF'S trans-
flective liquid crystal display panel 50 is typically formed by

40

45

65

4

means of a photolithographic method, though not limited
thereto. Therefore, the finished form of each of the side faces
71a of the phase difference layer 71 depends on, or, in other
words, is influenced by, formation precision in the patterning
process. For this reason, each of the finished side faces 71a of
the phase difference layer 71 is not necessarily perpendicular
to the formation surface thereof. That is, as illustrated in FIG.
15, each of the side faces 71a of the phase difference layer 71
could be inclined with respect to the formation surface
thereof. In the following description, such a slanted structure
of each of the side faces 71a of the phase difference layer 71
is referred to as “tapered” structure. The term “tapered” might
have special connotation and/or meaning in this specification,
the definition of which might differ from their customary
meaning. When the side faces 71a of the phase difference
layer 71 are tapered, a film thickness value measured at the
side-face portion thereof deviates from a non-tapered film
thickness value. As a result thereof, a phase difference value
measured at the side-face portion thereof deviates from a
non-tapered phase difference value. That is, if so tapered, it is
not possible to obtain a desired phase difference value. Con-
sequently, optical leakage occurs near the border between the
transmissive area TA and the reflective area RA, which results
in degradation in image display performance. Such degrada-
tion in image display performance is not unique to horizontal
electric-field liquid crystal display panels. That is, the same
problem arises for vertical electric-field liquid crystal display
panels.

SUMMARY

In order to address the above-identified problems without
any limitation thereto, the invention provides, as various
aspects thereof, a transflective liquid crystal display panel and
an electronic apparatus having the following novel and inven-
tive features, the non-limiting exemplary configuration and
operation of which will be described in detail below in
DESCRIPTION OF EXEMPLARY EMBODIMENTS.

APPLICATION EXAMPLE 1

(First Aspect):

A transflective liquid crystal display panel, comprising: a
first substrate that has a plurality of pixel areas, each of the
plurality of pixel areas having a transmissive area and a
reflective area; and a second substrate that is provided oppo-
site to the first substrate with a liquid crystal layer being
sandwiched therebetween, the second substrate having a
color filter that corresponds to a plurality of color compo-
nents, the color filter that corresponds to the plurality of color
components having such an array pattern that corresponds to
the plurality of pixel areas, a phase difference layer that is
formed on the liquid-crystal-layer-side face of the second
substrate so as to correspond to the reflective area, and a
member that lowers a light transmission factor, the light-
transmission-factor reduction member being formed at a
region that at least overlaps, when viewed in plan, the side
portion of the phase difference layer.

Generally speaking, it is difficult to adjust the film thick-
ness of each side portion ofthe phase difference layer. For this
reason, it is difficult to adjust retardation (i.e., phase differ-
ence) at each side portion of the phase difference layer. In the
configuration of a transflective liquid crystal display panel
according to the first aspect of the invention described above,
a member that lowers a light transmission factor (hereafter
referred to as “light-transmission-factor reduction member”)
is formed on the second substrate. The light-transmission-
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factor reduction member is formed at a region that at least
overlaps, when viewed in plan, the side portion of the phase
difference layer. With such a structure, even when a retarda-
tion value measured at the side portion of the phase difference
layer deviates from a designed value due to some aberration
therein because of a difficulty in the adjustment thereof at the
side portions of the phase difference layer, which causes some
optical failure such as the leakage of light or the like, it is not
perceived at all or substantially less perceivable on the display
thanks to the presence of the light-transmission-factor reduc-
tion member. In other words, if the configuration of a trans-
flective liquid crystal display panel according to the first
aspect of the invention described above is adopted, it is pos-
sible to make such an optical failure unnoticeable or substan-
tially less noticeable and thus to avoid any degradation in
image display performance, which is attributable to some
aberration/deviation in retardation at the side portion of the
phase difference layer.

APPLICATION EXAMPLE 2

In the configuration of a transflective liquid crystal display
panel according to the first aspect of the invention described
above, it is preferable that the light-transmission-factor
reduction member should be, among a plurality of color filter
layers that make up the above-mentioned color filter, any
color filter layer other than one that transmits a beam of light
of one color component whose visibility factor is the highest.

With such a preferred configuration, it is possible to pro-
vide the light-transmission-factor reduction member while
utilizing the structure of the color filter that corresponds to a
plurality of color components. That is, it is not necessary to
provide any other additional member for the purpose of low-
ering a light transmission factor at a region that at least over-
laps, when viewed in plan, the side portion of the phase
difference layer.

APPLICATION EXAMPLE 3

In the preferred configuration of a transflective liquid crys-
tal display panel explained above, it is further preferable that
a portion of other color filter layer should be formed at a
region that overlaps, when viewed in plan, the side portion of
the phase difference layer in the highest-visibility pixel area
at which the above-mentioned one color filter layer that trans-
mits a beam of light of the above-mentioned one color com-
ponent whose visibility factor is the highest is formed in such
a manner that the portion of the above-mentioned other color
filter layer overlies the above-mentioned one color filter layer
that transmits a beam of light of the above-mentioned one
color component whose visibility factor is the highest.

In the preferred configuration of a transflective liquid crys-
tal display panel explained above, a portion of other color
filter layer is formed at a region that overlaps, when viewed in
plan, the side portion of the phase difference layer in the
highest-visibility pixel area at which the above-mentioned
one color filter layer that transmits a beam of light of the
above-mentioned one color component whose visibility fac-
tor is the highest is formed. In addition, the portion of the
above-mentioned other color filter layer overlies the above-
mentioned one color filter layer that transmits a beam of light
of the above-mentioned one color component whose visibil-
ity factor is the highest. Such an overlying color-filter struc-
ture of more than one color component functions as the light-
transmission-factor reduction member. It should be noted that
degradation in image display performance is most conspicu-
ous in the highest-visibility pixel area at which the above-
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mentioned one color filter layer that transmits a beam of light
of the above-mentioned one color component whose visibil-
ity factor is the highest is formed. In this respect, in the
preferred configuration of a transflective liquid crystal dis-
play panel explained above, the light-transmission-factor
reduction member is formed at a region that overlaps, when
viewed in plan, the side portion of the phase difference layer
at which it is difficult to adjust retardation in the highest-
visibility pixel area. With such a preferred structure, it is
possible to effectively avoid degradation in image display
performance, which is attributable to a difficulty in the adjust-
ment of retardation thereat. In other words, it is possible to
provide a transflective liquid crystal display panel that is
capable of displaying an image in high quality with a simple
structure.

APPLICATION EXAMPLE 4

In the configuration of a transflective liquid crystal display
panel according to the first aspect of the invention described
above, it is preferable that the second substrate should further
have a light shielding layer that demarcates the pixel areas
when viewed in plan; and the light-transmission-factor reduc-
tion member should be the light shielding layer.

With such a preferred configuration, the light-shielding
layer completely shuts off light that leaks at the side portion of
the phase difference layer. Thus, if the preferred configuration
of a transflective liquid crystal display panel described above
is adopted, it is possible to avoid, either perfectly or almost
perfectly, degradation in image display performance, which
is attributable to a difficulty in the adjustment of retardation at
the side portion of the phase difference layer.

APPLICATION EXAMPLE 5

In the configuration of a transflective liquid crystal display
panel according to the first aspect of the invention described
above, it is preferable that the color filter should be made up
of, in each of the plurality of pixel areas, a transmissive-area-
side color filter layer that is formed in the transmissive area
thereof and a reflective-area-side color filter layer that is
formed in the reflective area thereof; the reflective-area-side
color filter layer should have the same color component as
that of the transmissive-area-side color filter layer but have
lesser color density than that of the transmissive-area-side
color filter layer; and the light-transmission-factor reduction
member should be the overlapping structure of the transmis-
sive-area-side color filter layer and the reflective-area-side
color filter layer.

In the preferred configuration of a transflective liquid crys-
tal display panel explained above, the reflective-area-side
color filter layer that has the same color component as that of
the transmissive-area-side color filter layer but has lesser
color density than that of the transmissive-area-side color
filter layer is formed in the reflective area as a layer compo-
nent of the second substrate. With such a preferred configu-
ration, it is possible to display a reflective image with
increased brightness. In addition, it is possible to provide a
transflective liquid crystal display panel that is capable of
effectively avoiding degradation in image display perfor-
mance, which is attributable to a difficulty in the adjustment
of retardation at the side portion of the phase difference layer.

APPLICATION EXAMPLE 6

In the configuration of a transflective liquid crystal display
panel according to the first aspect of the invention described
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above, it is preferable that the film thickness of the phase
difference layer should be adjusted in such a manner that the
relationship between the thickness L1 of the liquid crystal
layer at the transmissive area and the thickness L2 of the
liquid crystal layer at the reflective area satisfies the following
mathematical formula.

L2=(4) L1

In the preferred configuration of a transflective liquid crys-
tal display panel explained above, the thickness of the liquid
crystal layer is adjusted through the adjustment of the film
thickness of the phase difference layer in such a manner that
the thickness [.2 of the liquid crystal layer at the reflective
area is a half (12) of the thickness L1 of the liquid crystal layer
at the transmissive area. Therefore, it is not necessary to form
any other additional layer such as a transparent resin layer for
the purpose of adjusting the thickness of the liquid crystal
layer. Since the thickness [.2 of the liquid crystal layer at the
reflective area is set to be a half of the thickness L1 of the
liquid crystal layer at the transmissive area, the distance of a
transmissive optical path along which a beam of light travels
at the transmissive area through the liquid crystal layer is
made equal to the distance of a reflective optical path along
which a beam of light travels at the reflective area through the
liquid crystal layer. With the film-thickness adjustment
explained above, the retardation for non-external light that
passes through the transmissive area becomes equal to the
retardation for external light that enters the transflective lig-
uid crystal display panel as an incident light beam and then
gets reflected at the reflective area. Therefore, regardless of
whether the transmissive area is used for image display (i.e.,
transmissive display) or the reflective area is used for image
display (i.e., reflective display), it is possible to achieve opti-
mum image display.

APPLICATION EXAMPLE 7

In the configuration of a transflective liquid crystal display
panel according to the first aspect of the invention described
above, it is preferable that the first substrate should have, in
each of the plurality of pixel areas, a first electrode and a
second electrode each of which is formed across the border
between the transmissive area and the reflective area; and the
liquid crystal layer should be driven by a horizontal electric
field that is generated between the first electrode and the
second electrode.

In the preferred configuration of a transflective liquid crys-
tal display panel explained above, the liquid crystal layer is
driven by a horizontal electric field that is generated between
the first electrode and the second electrode. Therefore,
regardless of whether the transmissive area is used for image
display (i.e., transmissive display) or the reflective area is
used for image display (i.e., reflective display), it is possible
to achieve excellent display performance with a wide viewing
angle.

APPLICATION EXAMPLE 8

(Second Aspect): An electronic apparatus that is provided
with the transflective liquid crystal display panel according to
the first aspect of the invention described above.

Since an electronic apparatus according to the second
aspect of the invention is provided with the transflective lig-
uid crystal display panel according to the first aspect of the
invention described above, it is possible to achieve excellent
display performance regardless of whether the transmissive
area is used for image display or the reflective area is used for
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image display, that is regardless of whether transmissive dis-
play is performed or reflective display is performed. A non-
limiting example of a variety of electronic apparatuses
according to the second aspect of the invention is a handheld
information terminal (i.e., device) such as a mobile phone,
which is to be used outdoors.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a plan view that schematically illustrates an
example of the pixel configuration of an FFS (horizontal
electric-field) transflective liquid crystal display panel
according to a first exemplary embodiment of the invention;
more specifically, FIG. 1 shows three pixels of an FFS trans-
flective liquid crystal display panel according to the first
exemplary embodiment of the invention whereas a color filter
substrate thereof is omitted from FIG. 1.

FIG. 2 is a sectional view taken along the line II-II of FIG.
1.

FIG. 3 is a plan view that schematically illustrates an
example of the configuration of a set of color filter layers of an
FFS transflective liquid crystal display panel according to the
first exemplary embodiment of the invention.

FIG. 4 is a sectional view that schematically illustrates an
example of the layer/lamination structure of an FF'S transflec-
tive liquid crystal display panel according to a second exem-
plary embodiment of the invention, which corresponds to the
layer/lamination structure of an FFS transflective liquid crys-
tal display panel according to the first exemplary embodiment
of the invention, which is shown in FIG. 2.

FIG. § is a plan view that schematically illustrates an
example of the configuration of a set of color filter layers of an
FFS transflective liquid crystal display panel according to the
second exemplary embodiment of the invention.

FIG. 6 is a sectional view that schematically illustrates an
example of the layer/lamination structure of an FFS transflec-
tive liquid crystal display panel according to a third exem-
plary embodiment of the invention, which corresponds to the
layer/lamination structure of an FFS transflective liquid crys-
tal display panel according to the first exemplary embodiment
of the invention, which is shown in FIG. 2.

FIG. 7 is a plan view that schematically illustrates an
example of the configuration of a light-shielding layer of an
FFS transflective liquid crystal display panel according to the
third exemplary embodiment of the invention.

FIG. 8 is a sectional view that schematically illustrates an
example of the layer/lamination structure of an FF'S transflec-
tive liquid crystal display panel according to a fourth exem-
plary embodiment of the invention, which corresponds to the
layer/lamination structure of an FFS transflective liquid crys-
tal display panel according to the first exemplary embodiment
of the invention, which is shown in FIG. 2.

FIG. 9 is a plan view that schematically illustrates an
example of the configuration of a set of color filter layers of an
FFS transflective liquid crystal display panel according to the
fourth exemplary embodiment of the invention.

FIG. 10 is a sectional view that schematically illustrates a
variation example of the layer/lamination structure of an FFS
transflective liquid crystal display panel according to any of
the first, second, third, and fourth exemplary embodiments of
the invention, which corresponds to the layer/lamination
structure of an FFS transflective liquid crystal display panel
according to the first exemplary embodiment of the invention,
which is shown in FIG. 2.
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FIG. 11 is a plan view that schematically illustrates an
example of the pixel area of a vertical electric-field transflec-
tive liquid crystal display panel according to a fifth exemplary
embodiment of the invention; more specifically, FIG. 11
shows three pixels of a vertical electric-field transflective
liquid crystal display panel according to the fifth exemplary
embodiment of the invention whereas a color filter substrate
thereof is omitted from FIG. 11.

FIG. 12 is a set of sectional views that schematically illus-
trates an example of the layer/lamination structure of a verti-
cal electric-field transflective liquid crystal display panel
according to the fifth exemplary embodiment of the inven-
tion; more specifically, FIG. 12A is a sectional view taken
along the line XIIA-XIIA of FIG. 11; FIG. 12B is a sectional
view taken along the line XIIB-XIIB of FIG. 11.

FIG.13 is a set of diagrams that schematically illustrates an
example of the configuration of an electronic apparatus that is
provided with a transflective liquid crystal display panel
according to any of exemplary embodiments of the invention,
including any variation example thereof; more specifically,
FIG. 13A schematically illustrates an example of the configu-
ration of a personal computer as a non-limiting example of a
variety of electronic apparatuses to which the invention can
be applied; FIG. 13B schematically illustrates an example of
the configuration of a mobile phone as a non-limiting
example of a variety of electronic apparatuses to which the
invention can be applied.

FIG. 14 is a plan view that schematically illustrates an
example of the pixel configuration of an FFS transflective
liquid crystal display panel of the related art; more specifi-
cally, FIG. 14 shows one pixel of an FFS transflective liquid
crystal display panel of the related art.

FIG. 15 is a sectional view taken along the line XV-XV of
FIG. 14.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

With reference to the accompanying drawings, exemplary
embodiments of the invention, including its best mode, are
explained below. In the following description of each of
exemplary embodiments of the invention (except for the fifth
embodiment thereof), an FFS transflective liquid crystal dis-
play panel is taken as an example of a transflective liquid
crystal display panel according to an aspect of the invention.
In addition, an FFS transflective liquid crystal display panel
will be explained later as an image-display component of an
electronic apparatus according to an aspect of the invention.
However, the present invention should be in no case inter-
preted to be limited to the specific embodiments described
herein. The invention may be modified, altered, changed,
adapted, and/or improved within a range not departing from
the gist and/or spirit of the invention apprehended by a person
skilled in the art from explicit and implicit description given
herein as well as appended claims. Needless to say, a trans-
flective liquid crystal display panel according to an aspect of
the invention and an electronic apparatus that is provided with
a transflective liquid crystal display panel according to an
aspect of the invention that are subjected to such a modifica-
tion, alteration, change, adaptation, and/or improvement are
also within the technical scope of the invention. For example,
the invention is applicable to other horizontal electric-field
transflective liquid crystal display panels such as an IPS trans-
flective liquid crystal display panel, without any limitation
thereto. Or, the invention may be applied to vertical electric-
field transflective liquid crystal display panels that includes
but not limited to a TN transflective liquid crystal display
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panel or a VA transflective liquid crystal display panel (a
non-limiting example of which is described in the fifth
embodiment thereof).

FIG. 1 is a plan view that schematically illustrates an
example of the pixel configuration of an FFS (horizontal
electric-field) transflective liquid crystal display panel
according to a first exemplary embodiment of the invention;
more specifically, FIG. 1 shows three pixels of an FFS trans-
flective liquid crystal display panel according to the first
exemplary embodiment of the invention whereas a color filter
substrate thereof is omitted from FIG. 1. FIG. 2 is a sectional
view taken along the line II-1I of FIG. 1. FIG. 3 is a plan view
that schematically illustrates an example of the configuration
of a set of color filter layers of an FFS transflective liquid
crystal display panel according to the first exemplary embodi-
ment of the invention. FIG. 4 is a sectional view that sche-
matically illustrates an example of the layer/lamination struc-
ture of an FFS transflective liquid crystal display panel
according to a second exemplary embodiment of the inven-
tion, which corresponds to the layer/lamination structure of
an FFS transflective liquid crystal display panel according to
the first exemplary embodiment of the invention, which is
shown in FIG. 2. FIG. 5 is a plan view that schematically
illustrates an example of the configuration of a set of color
filter layers of an FFS transflective liquid crystal display panel
according to the second exemplary embodiment of the inven-
tion. FIG. 6 is a sectional view that schematically illustrates
an example of the layer/lamination structure of an FFS trans-
flective liquid crystal display panel according to a third exem-
plary embodiment of the invention, which corresponds to the
layer/lamination structure of an FFS transflective liquid crys-
tal display panel according to the first exemplary embodiment
of the invention, which is shown in FIG. 2. FIG. 7 is a plan
view that schematically illustrates an example of the configu-
ration of a light-shielding layer of an FFS transflective liquid
crystal display panel according to the third exemplary
embodiment of the invention. FIG. 8 is a sectional view that
schematically illustrates an example of the layer/lamination
structure of an FFS transflective liquid crystal display panel
according to a fourth exemplary embodiment of the inven-
tion, which corresponds to the layer/lamination structure of
an FFS transflective liquid crystal display panel according to
the first exemplary embodiment of the invention, which is
shown in FIG. 2. FIG. 9 is a plan view that schematically
illustrates an example of the configuration of a set of color
filter layers of an FFS transflective liquid crystal display panel
according to the fourth exemplary embodiment of the inven-
tion. FIG. 10 is a sectional view that schematically illustrates
a variation example of the layer/lamination structure of an
FFS transflective liquid crystal display panel according to any
of'the first, second, third, and fourth exemplary embodiments
of the invention, which corresponds to the layer/lamination
structure of an FFS transflective liquid crystal display panel
according to the first exemplary embodiment of the invention,
which is shown in FIG. 2. FIG. 11 is a plan view that sche-
matically illustrates an example of the pixel area of a vertical
electric-field transflective liquid crystal display panel accord-
ing to a fifth exemplary embodiment of the invention; more
specifically, FIG. 11 shows three pixels of a vertical electric-
field transflective liquid crystal display panel according to the
fifth exemplary embodiment of the invention whereas a color
filter substrate thereof’is omitted from FIG. 11. FIG. 12 is a set
of' sectional views that schematically illustrates an example of
the layer/lamination structure of a vertical electric-field trans-
flective liquid crystal display panel according to the fifth
exemplary embodiment of the invention; more specifically,
FIG. 12A is a sectional view taken along the line XITA-XIIA
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of FIG. 11; FIG. 12B is a sectional view taken along the line
XIB-XIIB of FIG. 11. FIG. 13 is a set of diagrams that
schematically illustrates an example of the configuration of
an electronic apparatus that is provided with a transflective
liquid crystal display panel according to any of exemplary
embodiments of the invention, including any variation
example thereof; more specifically, FIG. 13A schematically
illustrates an example of the configuration of a personal com-
puter as a non-limiting example of a variety of electronic
apparatuses to which the invention can be applied; FIG. 13B
schematically illustrates an example of the configuration of a
mobile phone as a non-limiting example of a variety of elec-
tronic apparatuses to which the invention can be applied. In
each of FIGS. 3,5, 7, and 9, the plurality of scanning lines 12
and the plurality of signal lines 17 only are shown. That is,
other wiring pattern that is formed over the array substrate AR
is not shown therein in order to simplify illustration.

First Embodiment

With reference to FIGS. 1 and 2, an example of the con-
figuration of an FFS transflective liquid crystal display panel
10A according to a first exemplary embodiment of the inven-
tion is explained below. Note that an FFS transflective liquid
crystal display panel 10A described below is a non-limiting
example of a horizontal electric-field transflective liquid crys-
tal display panel according to a first exemplary embodiment
of the invention. An FFS transflective liquid crystal display
panel 10A according to the first exemplary embodiment of the
invention has an array substrate AR. The array substrate AR is
a non-limiting example of a “first substrate” according to an
aspect of the invention. As a base substrate substance thereof,
the array substrate AR has a transparent substrate 11, which is
made of a transparent material such as glass, though not
limited thereto. As shown in FIGS. 1 and 2, a plurality of
scanning lines 12 is formed as a layer component of the array
substrate AR on the surface of the transparent substrate 11.
The plurality of scanning lines 12 extends in parallel with one
another. Each of these scanning lines 12 has a bi-layer wiring
structure that is made up of the lamination of molybdenum
(Mo) and aluminum (Al). A plurality of common lines 13 is
formed on the transparent substrate 11 of the array substrate
AR. Each of these common lines 13 extends along the corre-
sponding one of the scanning lines 12. The common line 13 is
made of the same material as that of the scanning line 12.

A reflecting plate R is formed on the transparent substrate
11 of the array substrate AR. The reflecting plate R is formed
at a region corresponding to the reflective area RA of each
pixel, which will be described later. The reflecting plate R is
made of aluminum or aluminum alloy. The surface of the
reflecting plate R is formed to be rough. In other words, the
reflecting plate R has convexes and concaves. However, it is
shown in FIG. 2 as a smooth surface in order to simplify
illustration. A pixel area is formed as a region demarcated by
the scanning lines 12 and the common lines 13. After the
formation of a film such as an ITO (Indium Tin Oxide) film,
an IZO (Indium Zinc Oxide) film, or the like thereon, a lower
electrode 14 that is made of a transparent electro-conductive
material is formed in the pixel area. The lower electrode 14 is
formed to overlie the common line 13 and the reflecting plate
F. Accordingly, the lower electrode 14 is electrically con-
nected to the common line 13. On the other hand, the lower
electrode 14 is not electrically connected to the scanning line
12 and the gate electrode G. The lower electrode 14 functions
as a common electrode.

A gate insulation film 15 is formed over the entire surface
of'the transparent substrate 11 on which the scanning line 12,
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the common line 13, the reflecting plate R, and the lower
electrode 14 are formed. The gate insulation film 15 is made
of a transparent insulation material such as silicon nitride or
silicon oxide, though not limited thereto. A semiconductor
layer 16 is formed at a TFT formation area on the surface of
the gate insulation film 15. The semiconductor layer 16 is
made of, without any limitation thereto, amorphous silicon,
which is hereafter abbreviated as “a-Si”. A regional part of the
scanning line 12 over which the semiconductor layer 16 is
formed functions as the gate electrode of the TFT when
viewed in plan.

A plurality of signal lines 17 is formed on the surface of the
gate insulation film 15. A part of the signal line 17 is formed
as a source electrode S. The signal line 17 has a, for example,
Mo/Al/Mo triple-layer structure, which is formed as an elec-
tro-conductive layer. In addition to the source electrode S, a
drain electrode D is formed on the surface of the gate insula-
tion film 15. The source electrode portion S of the signal line
17 partially overlies the surface of the semiconductor layer
16. The drain electrode portion D also partially overlies the
surface of the semiconductor layer 16. A protective insulation
film (i.e., passivation film) 18 that is made of a transparent
insulation material such as silicon nitride or silicon oxide,
though not limited thereto, is formed on the gate insulation
film 15 over the entire surface of the transparent substrate 11.
A contact hole 19 is formed through the protective insulation
film 18 at a position corresponding to the drain electrode D.

An upper electrode 21 is formed on the protective insula-
tion film 18. When viewed in plan, the upper electrode 21 is
formed in an area that is enclosed by the scanning lines 12 and
the signal lines 17 so as to form a pattern shown in FIG. 1. The
above-mentioned area is referred to as a pixel area in the
description of this specification. The upper electrode 21 is
made of a transparent electro-conductive material such as
ITO (Indium Tin Oxide), IZO (Indium Zinc Oxide), or the
like. The upper electrode 21 is a non-limiting example of a
“second electrode” according to an aspect of the invention.
The upper electrode 21 has a plurality of slits 20. The upper
electrode 21 is electrically connected to the drain electrode D
via the contact hole 19. Therefore, the upper electrode 21
functions as a pixel electrode. An alignment film (i.e., orien-
tation film) 35 is formed thereon over the entire surface of the
transparent substrate 11.

It is preferable that, when viewed in plan, the upper elec-
trode 21 that has a plurality of slits 20 should have the shape
of the teeth of a comb in each pixel area. One end of each of
the plurality of'slits 20 is formed as an open-end portion 20a,
which is formed at the signal-line (17) side. The other end of
each of the plurality of slits 20 is formed as a closed-end
portion 205. With such a structure, the aperture ratio of each
of'the slits 20 at the open-end (20a) side is improved, which
makes it possible to display an image with enhanced bright-
ness. In the foregoing description of the two-dimensional
structure of the upper electrode 21 according to the first
exemplary embodiment of the invention, it is explained that
one end (20a) of each of the slits 20 is formed as an open end.
However, the scope of the invention is not limited to such an
exemplary configuration. For example, both ends of each of
the slits 20 may be formed as closed ends.

The FFS transflective liquid crystal display panel 10A
according to the first exemplary embodiment of the invention
has a color filter substrate CF. The color filter substrate CF is
a non-limiting example of a “second substrate” according to
an aspect of the invention. As a base substrate substance
thereof, the color filter substrate CF has a transparent sub-
strate 25, which is made of a transparent material such as
glass, though not limited thereto. A light-shielding layer 26 is
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formed on the surface of the transparent substrate 25 at a
position corresponding to the scanning line 12, the signal line
17, and the TFT, which are formed over the transparent sub-
strate 11 of the array substrate AR. A set of color filter layers
27, which corresponds to, for example, three primary color
components of red (R), green (G), and blue (B), is formed on
the surface of the transparent substrate 25 in an area demar-
cated by the light-shielding layer 26. An example of the
layout of color filter layers 27R, 27G, and 27B is shown in
FIG. 3. A planarizing film 28 is formed over the light-shield-
ing layer 26. In addition, the planarizing film 28 is formed in
such a manner that it covers the color filter layers 27R, 27G,
and 27B for smoothing the surfaces thereof. The planarizing
film 28 is made of a transparent resin or the like. An alignment
film 31 is formed in such a manner that it covers the surface of
the planarizing film 28. The alignment film 31 has been sub-
jected to orientation treatment (i.e., alignment treatment) that
determines the direction (i.e., orientation) of the phase-delay
axis of a phase difference layer 29, which is described below.
The phase difference layer 29 is formed at a region corre-
sponding to the reflective area RA over the color filter sub-
strate CF, or more specifically, on the surface of the alignment
film 31 thereof. The phase difference layer 29 is made of, for
example, polymeric liquid crystal compound. The phase dif-
ference layer 29 is formed as a result of the coating of liquid
crystal compound such as monomer or polymer, which is
followed by heating or ultraviolet irradiation for polymeriza-
tion (i.e., pattern formation) thereof. The orientation of the
phase-difference axis of the phase difference layer 29 is deter-
mined on the basis of orientation treatment that is applied to
the alignment film 31 during the polymerization process.
Assuming that the reference wavelength A of a beam of light
that passes through the liquid crystal layer 30 is 550 nm, the
retardation (i.e., phase difference) of the phase difference
layer 29 is set at, for example, /2h. Another alignment film 32
is formed on the above-mentioned alignment film 31 and the
phase difference layer 29 over the entire surface of the trans-
parent substrate 25. The alignment film 32 has been subjected
to predetermined orientation treatment so as to orient the
liquid crystal molecules of the liquid crystal layer 30 in a
predetermined direction. The film thickness of the phase dif-
ference layer 29 is adjusted in such a manner that the rela-
tionship between the thickness L1 of the liquid crystal layer
30 at the transmissive area TA and the thickness L2 of the
liquid crystal layer 30 at the reflective area RA that is
expressed in the following mathematical formula (1) is satis-
fied. If the following equality (1) holds true, the retardation of
the reflective area RA is %A under the condition that the
retardation of the transmissive area TA is Y2A. Accordingly,
the distance of a transmissive optical path along which abeam
of light travels at the transmissive area TA through the liquid
crystal layer 30 is made equal to the distance of a reflective
optical path along which a beam of light travels at the reflec-
tive area RA through the liquid crystal layer 30. Therefore, it
is possible to optimize image display, thereby achieving high
display quality.

L2=(%%) L1 (1)

After the formation of various layers and components
described above, the array substrate AR and the color filter
substrate CF are provided opposite to each other. More spe-
cifically, the array substrate AR and the color filter substrate
CF are set opposite to each other in such a manner that the
upper electrode 21 of the array substrate AR faces the color
filter layers 27R, 27G, and 27B of the color filter substrate CF
with a certain space left therebetween. Then, liquid crystal is
injected into the space. Accordingly, the liquid crystal is
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sealed between the array substrate AR and the color filter
substrate CF. In this way, the FFS transflective liquid crystal
display panel 10A according to the first exemplary embodi-
ment of the invention is produced. A polarizing plate 41 is
formed on the outer surface of each of the transparent sub-
strates 11 and 25. The FFS transflective liquid crystal display
panel 10A according to the first exemplary embodiment of the
invention, which has the layer structure explained above, is
provided with the lower electrode 14 and the upper electrode
21. When viewed in plan, the lower electrode 14 and the upper
electrode 21 overlap each other. The gate insulation film 15
and the protective insulation film 18 are formed between the
lower electrode 14 and the upper electrode 21, The liquid
crystal layer 30 is driven as a result of the generation of a
horizontal electric field between the lower electrode 14 and
the upper electrode 21.

As has already been explained above, the phase difference
layer 29 is formed in the reflective area RA in the configura-
tion of the FFS transflective liquid crystal display panel 10A
according to the first exemplary embodiment of the invention.
When such a configuration is adopted, it is practically impos-
sible or at best difficult to adjust retardation at a side portion
(i.e., end portion) of the phase difference layer 29 that is
located inside the pixel area. That is, in such a configuration,
it is practically impossible or at best difficult to adjust retar-
dation at a side portion 29a of the phase difference layer 29
that is formed inside a border area BA, which is a region
around the borderline between the transmissive area TA and
the reflective area RA. If the above-mentioned regional por-
tion is displayed on the screen without any effective solution,
because of a difficulty in the adjustment of retardation thereat,
the image display performance of the FFS transflective liquid
crystal display panel 10A will be degraded. In order to avoid
such degradation in image display quality, the FFS transflec-
tive liquid crystal display panel 10A according to the first
exemplary embodiment of the invention has a unique feature
in the structure of the color filter substrate CF.

In the following description, the structure of the color filter
substrate CF is explained in more detail with reference to
FIGS. 2 and 3. In order to facilitate visualization of the color
filter layers 27R, 27G, and 27B, which corresponds to, for
example, three primary color components of red (R), green
(G), and blue (B), respectively, three hatching patterns differ-
ent from one another are used in FIG. 3. The border area BA
described herein is a strip-shaped area that is elongated along
one side portion 29a of the phase difference layer 29. The
width of the elongated border area BA is determined on the
basis of the “taper angle”, which is the inclination angle of the
side portion 29a of the phase difference layer 29, the posi-
tional accuracy in the formation of the phase difference layer
29 on the color filter substrate CF, and the positional accuracy
in the assembly of the color filter substrate CF and the array
substrate AR. In other words, the border area BA can be
defined as a region at which the side portion 29a of the phase
difference layer 29 might overlap the transmissive area TA or
the reflective area RA when viewed in plan. One end of the
reflecting plate R, which is formed on the transparent sub-
strate 11 of the array substrate AR, determines the borderline
between the transmissive area TA and the reflective area RA.
Therefore, the border area BA can be defined as an error range
that is determined in view of the inclination angle of the
above-mentioned one side portion 29a of the phase difference
layer 29, the positional accuracy in the formation of the phase
difference layer 29 on the color filter substrate CF, and the
positional accuracy in the assembly of the color filter sub-
strate CF and the array substrate AR. One end of the reflecting
plate R determines the center of the border area BA. The other
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side portion 295 of the phase difference layer 29 is formed at
aregion that overlaps, when viewed in plan, a light-shielding
region at which the light-shielding layer 26 is formed. The
light-shielding area demarcates the pixel area.

The color filter layers 27R, 27G, and 27B, which corre-
spond to three primary color components of R (red), G
(green), and B (blue), respectively, are formed on the trans-
parent substrate 25 of the color filter substrate CF in a stripe
array pattern. Accordingly, a plurality of pixel areas that is
arrayed in a line along each signal line 17 displays the same
single color. Among these color filter layers 27R, 27G, and
27B, which corresponds to three primary color components
of R, G, and B, respectively, it is the color filter layer 27B that
transmits the color of the lowest light transmittance (i.e.,
lowest light transmission factor), which is blue. That is, it is
the blue color filter layer 27B that transmits the color of the
lowest visual sensitivity (i.e., lowest visibility factor). The
FFS transflective liquid crystal display panel 10A according
to the first exemplary embodiment of the invention has, as
shown in FIGS. 2 and 3, the following color-filter layout. In
the red-filter pixel area at which the red color filter layer 27R
is formed when viewed in plan, the red color filter layer 27R
is not formed at a partial region that overlaps, when viewed in
plan, the side portion 29a of the phase difference layer 29.
That is, the red color filter layer 27R is not formed at a partial
region corresponding to the border area BA in the red-filter
pixel area. In like manner, in the green-filter pixel area at
which the green color filter layer 27G is formed when viewed
in plan, the green color filter layer 27G is not formed at a
partial region that overlaps, when viewed in plan, the side
portion 294 of the phase difference layer 29. That is, the green
color filter layer 27G is not formed at a partial region corre-
sponding to the border area BA in the green-filter pixel area.
In contrast, in the blue-filter pixel area at which the blue color
filter layer 27B is formed when viewed in plan, the blue color
filter layer 27B is formed to overlap, when viewed in plan, the
side portion 29a of the phase difference layer 29. That is, the
blue color filter layer 27B is formed at a region corresponding
to the border area BA in addition to the transmissive area TA
and the reflective area RA in the blue-filter pixel area. In the
red-filter pixel area at which the red color filter layer 27R is
formed when viewed in plan, although the red color filter
layer 27R is not formed at the partial region that overlaps,
when viewed in plan, the side portion 29a of the phase dif-
ference layer 29 (i.e., border area BA), which will be formed
in a subsequent manufacturing process, the blue color filter
layer 27B is formed in place of the red color filter layer 27R
in such a manner that it extends along the side portion 29a of
the phase difference layer 29. In the green-filter pixel area at
which the green color filter layer 27G is formed when viewed
in plan, although the green color filter layer 27G is not formed
at the partial region that overlaps, when viewed in plan, the
side portion 29a of the phase difference layer 29 (i.e., border
area BA), which will be formed in a subsequent manufactur-
ing process, the blue color filter layer 27B is formed in place
of the green color filter layer 27G in such a manner that it
extends along the side portion 29a of the phase difference
layer 29.

If the above-explained structure of the set of color filter
layers 27R, 27G, and 27B, which corresponds to three pri-
mary color components of R, G, and B, respectively, is
adopted, it is possible to manufacture the color filter 27 in an
easy manner. Specifically, it is possible to produce the color
filter 27 merely by changing a mask pattern that is used in the
light-exposure formation process of the color filter layers
27R, 27G, and 27B. It is preferable to perform the light-
exposure formation of the color filter 27 as follows. As a first
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step thereof, the red color filter layer 27R and the green color
filter layer 27G are formed in the red-filter pixel area and the
green-filter pixel area, respectively. Next, the blue color filter
layer 27B is formed at the corresponding pixel area and the
border area BA in a concurrent manner. That is, the formation
of the blue color filter layer 27B at the blue-filter pixel area is
performed in the same single process as the formation of the
blue color filter layer 27B at the border area BA across the red
color filter layer 27R, the green color filter layer 27G, and the
blue color filter layer 27B. If so manufactured, it is possible to
form the color filter layers 27R, 27G, and 27B easily without
increasing the number of production processes. An elongated
portion of the blue color filter layer 27B that is formed at a
region corresponding to the border area BA is formed to
partially overlap, at each side thereof, the red color filter layer
27R and the green color filter layer 27G when viewed in plan.
Since it is designed that each edge of the elongated portion of
the blue color filter layer 27B should partially overlap the red
color filter layer 27R and the green color filter layer 27G when
viewed in plan, it is possible to substantially reduce the risk of
any partial absence of the color filter 27 in the border area BA.

Since the FFS transflective liquid crystal display panel 10A
according to the first exemplary embodiment of the invention
has the layout/structure explained above, the blue color filter
layer 27B, which transmits the color of the lowest light trans-
mission factor and thus has the lowest visibility factor, is
formed at the region that overlaps, when viewed in plan, the
side portion 29a of the phase difference layer 29 (i.e., border
area BA) in each of the red-filter pixel area, the green-filter
pixel area, and the blue-filter pixel area. That is, in the con-
figuration of the FF'S transflective liquid crystal display panel
10A according to the first exemplary embodiment of the
invention, the blue color filter layer 27B is used as a member
that lowers a light transmission factor. With such a structure,
even if there is some aberration (e.g., error or deviation,
though not limited thereto) in retardation that is attributable to
adifficulty in the adjustment of retardation at the tapered (i.e.,
inclined) side portion 29« of the phase difference layer 29, it
is possible to make it less perceivable on the display. There-
fore, it is possible to avoid any substantial degradation in
image display performance. In the foregoing description of
the configuration of the FFS transflective liquid crystal dis-
play panel 10A according to the first exemplary embodiment
of the invention, it is explained that the blue color filter layer
278B is formed at the border area BA in the green-filter pixel
area, which corresponds to a region at which the green color
filter layer 27G is formed. However, the scope of this aspect of
the invention is not limited to such an exemplary configura-
tion. In place of the blue color filter layer 27B, the red color
filter layer 27R may be formed at the border area BA in the
green-filter pixel area. Such a modified configuration offers
the advantageous effects of this aspect of the invention to
some extent.

Second Embodiment

In the foregoing description of the configuration of the FFS
transflective liquid crystal display panel 10A according to the
first exemplary embodiment of the invention, it is explained
that the blue color filter layer 27B only is formed at the border
area BA in the red-filter pixel area, which corresponds to a
region at which the red color filter layer 27R is formed, and
the border area BA in the green-filter pixel area, which cor-
responds to a region at which the green color filter layer 27G
is formed. However, the scope of this aspect of the invention
is not limited to such an exemplary configuration. In the
following description, an FFS transflective liquid crystal dis-
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play panel 10B according to a second exemplary embodiment
of the invention, which has the modified layout/structure of
the color filter 27 formed in the border area BA, is explained
with reference to FIGS. 4 and 5. All components, layers, and
other constituent elements of the array substrate AR of the
FFS transflective liquid crystal display panel 10B according
to the second exemplary embodiment of the invention
described below are the same as the components, layers, and
other constituent elements of the array substrate AR of the
FFS transflective liquid crystal display panel 10A according
to the first exemplary embodiment of the invention described
above. In addition, some components, layers, and other con-
stituent elements of the color filter substrate CF1 of the FFS
transflective liquid crystal display panel 10B according to the
second exemplary embodiment of the invention described
below are the same as the corresponding components, layers,
and other constituent elements of the color filter substrate CF
of the FFS transflective liquid crystal display panel 10A
according to the first exemplary embodiment of the invention
described above. Accordingly, in the following description of
the FFS transflective liquid crystal display panel 10B accord-
ing to the second exemplary embodiment of the invention,
differences in the structure thereof from that of the FF'S trans-
flective liquid crystal display panel 10A according to the first
exemplary embodiment of the invention described above are
mainly explained. It should be noted that, in the following
description of the FFS transflective liquid crystal display
panel 10B according to the second exemplary embodiment of
the invention, the same reference numerals are consistently
used for the same components, layers, and other constituent
elements as those of the FFS transflective liquid crystal dis-
play panel 10A according to the first exemplary embodiment
of the invention so as to omit, if appropriate, any redundant
explanation or simplify explanation thereof. In order to facili-
tate visualization of the color filter layers 27R, 27G, and 27B,
which corresponds to, for example, three primary color com-
ponents of red (R), green (G), and blue (B), respectively, three
hatching patterns different from one another are used in FIG.
5.

The FFS transflective liquid crystal display panel 10B
according to the second exemplary embodiment of the inven-
tion has a color filter substrate CF1. As a base substrate
substance thereof, the color filter substrate CF1 has the trans-
parent substrate 25, which is made of a transparent material
such as glass, though not limited thereto. As shown in FIG. 4,
the light-shielding layer 26 is formed on the inner surface of
the transparent substrate 25 at a position corresponding to the
scanning line 12, the signal line 17, and the TFT, which are
formed over the transparent substrate 11 of the array substrate
AR. As further illustrated therein, the polarizing plate 41 is
formed on the outer surface of the transparent substrate 25 of
the color filter substrate CF1. As shown in FIG. 5, the red
color filter layer 27R is formed in such a manner that it covers
the entire surface of the corresponding pixel area, which is
herein referred to as a red-filter pixel area. The green color
filter layer 27G is formed in such a manner that it covers the
entire surface of the corresponding pixel area, which is herein
referred to as a green-filter pixel area. The blue color filter
layer 27B is formed in such a manner that it covers the entire
surface of the corresponding pixel area, which is herein
referred to as a blue-filter pixel area. In addition, a portion of
the blue color filter layer 27B is formed so as to cover the
border area BA in the red-filter pixel area, which corresponds
to a region at which the red color filter layer 27R is formed,
and the border area BA in the green-filter pixel area, which
corresponds to a region at which the green color filter layer
27G is formed. In the configuration of the FFS transflective
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liquid crystal display panel 10B according to the second
exemplary embodiment of the invention, the side portion 29a
of the phase difference layer 29 is formed to overlap, when
viewed in plan, the border area BA, which is a region around
the borderline between the transmissive area TA and the
reflective area RA as in the configuration of the FFS trans-
flective liquid crystal display panel 10A according to the first
exemplary embodiment of the invention explained above.
The regional portion of the blue color filter layer 27B that is
formed along the side portion 29a of the phase difference
layer 29 in the red-filter pixel area overlies the red color filter
layer 27R. In addition, the regional portion of the blue color
filter layer 27B that is formed along the side portion 294 of the
phase difference layer 29 in the green-filter pixel area overlies
the green color filter layer 27G. Since the planarizing film 28
is formed in such a manner that it covers the color filter layers
27R, 27G, and 27B for smoothing the surfaces thereof, there
is no risk that the overlying formation of the elongated portion
of the blue color filter layer 27B, which is formed on the red
color filter layer 27R along the side portion 29a of the phase
difference layer 29 in the red-filter pixel area and on the green
color filter layer 27G along the side portion 29a of the phase
difference layer 29 in the green-filter pixel area, adversely
affects the retardation of the phase difference layer 29 and/or
the liquid crystal layer 30.

As shown in FIG. 4, the alignment film 31, which has been
subjected to orientation treatment that determines the orien-
tation (i.e., direction) of the phase-delay axis of the phase
difference layer 29, is formed on the surface of the planarizing
film 28. The phase difference layer 29 is formed at a region
corresponding to the reflective area RA on the alignment film
31 Another alignment film 32 is formed on the surface of the
phase difference layer 29 and the surface of the alignment
film 31. The color filter substrate CF1 of the FFS transflective
liquid crystal display panel 10B according to the second
exemplary embodiment of the invention has the structure
explained above. After the formation of various layers and
components described above, the array substrate AR and the
color filter substrate CF1 are provided opposite to each other.
More specifically, as done in the production process of the
FFS transflective liquid crystal display panel 10A according
to the foregoing first exemplary embodiment of the invention,
the array substrate AR and the color filter substrate CF1 are
set opposite to each other in such a manner that the upper
electrode 21 of the array substrate AR faces the color filter
layers 27R, 27G, and 27B of the color filter substrate CF1
with a certain space left therebetween. Then, liquid crystal is
injected into the space. Accordingly, the liquid crystal is
sealed between the array substrate AR and the color filter
substrate CF1. In this way, the FFS transflective liquid crystal
display panel 10B according to the second exemplary
embodiment of the invention is produced.

As explained above, in the configuration of the FFS trans-
flective liquid crystal display panel 10B according to the
second exemplary embodiment of the invention, a portion of
the blue color filter layer 273 is formed at a region that
overlaps, when viewed in plan, the side portion 29a of the
phase difference layer 29 in the red-filter pixel area at which
the red color filter layer 27R is formed and further at a region
that overlaps the side portion 294 of the phase difference layer
29 in the green-filter pixel area at which the green color filter
layer 27G is formed. That is, the portion of the blue color filter
layer 27B is formed to overlie the red color filter layer 27R at
the border area BA in the red-filter pixel area and further
overlie the green color filter layer 27G at the border area BA
in the green-filter pixel area. For this reason, the light trans-
mission factor of the overlapping area at which the portion of



US 8,314,905 B2

19

the blue color filter layer 27B overlies the red color filter layer
27R/green color filter layer 27G is further reduced. Therefore,
the “blue-and-red” overlapping area at which the portion of
the blue color filter layer 27B overlies the red color filter layer
27R has a very low visibility factor. In addition, the “blue-
and-green” overlapping area at which the portion of the blue
color filter layer 27B overlies the green color filter layer 27G
also has a very low visibility factor. Thus, with such a struc-
ture, it is possible to avoid, with increased reliability, any
substantial degradation in image display performance, which
is attributable to a difficulty in the adjustment of retardation at
the tapered side portion 294 of the phase difference layer 29.
That is, in the configuration of the FFS transflective liquid
crystal display panel 10B according to the second exemplary
embodiment of the invention, a portion of the blue color filter
layer 27B is formed at a region that overlaps the side portion
29a of the phase difference layer 29 in the red-filter pixel area
at which the red color filter layer 27R is formed when viewed
in plan and further at a region that overlaps the side portion
29a of the phase difference layer 29 in the green-filter pixel
area at which the green color filter layer 27G is formed when
viewed in plan. The overlapping color-filter structure
explained above is used as a member that lowers a light
transmission factor. Unlike the above-described region that
overlaps the side portion 29a of the phase difference layer 29
(i.e., border area BA) in the red-filter pixel area at which the
red color filter layer 27R is formed when viewed in plan and
in the green-filter pixel area at which the green color filter
layer 27G is formed when viewed in plan, no portion of other
color filter layer is formed at a region that overlaps the side
portion 29a of the phase difference layer 29 (i.e., border area
BA) in the blue-filter pixel area at which the blue color filter
layer 27B is formed when viewed in plan. That is, no portion
of the red color filter layer 27R or the green color filter layer
27G is formed at a region that overlaps the side portion 29a of
the phase difference layer 29 in the blue-filter pixel area. The
blue color filter layer 27B has the lowest visibility factor
among these three color filter layers 27R, 27G, and 27B. For
this reason, despite the fact that there is not any overlapping
color-filter structure (in which a portion of one color filter
layer overlies another color filter layer) that is formed at the
side portion 29a of the phase difference layer 29 (i.e., border
area BA) in the blue-filter pixel area, there occurs no substan-
tial degradation in image display performance. Thus, even
without such an overlying color-filter structure in the blue-
filter pixel area, the adverse optical effects of any aberration
in retardation that is attributable to a difficulty in the adjust-
ment of retardation at the tapered side portion 29a of the
phase difference layer 29 are less perceivable on the display
Therefore, it is possible to avoid any substantial degradation
in image display performance. In the foregoing description of
the configuration of the FFS transflective liquid crystal dis-
play panel 10B according to the second exemplary embodi-
ment of the invention, it is explained that a portion of the blue
color filter layer 27B is formed at a region that overlaps the
side portion 29a of the phase difference layer 29 in the red-
filter pixel area at which the red color filter layer 27R is
formed when viewed in plan and further at a region that
overlaps the side portion 29a of the phase difference layer 29
in the green-filter pixel area at which the green color filter
layer 27G is formed when viewed in plan. It is further
explained that a combination of the blue-and-red overlapping
structure in which the portion of the blue color filter layer 27B
overlies the red color filter layer 27R in the red-filter border
area BA and the blue-and-green overlapping structure in
which the portion of the blue color filter layer 273 overlies the
green color filter layer 27G in the green-filter border area BA
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is used as a member that lowers a light transmission factor.
However, the scope of this aspect of the invention is not
limited to such an exemplary configuration. As a modification
example of the above-described structure, considering that
the red color filter layer 27R also has a low visibility factor,
which is lower than that of the green color filter layer 27G, the
red color filter layer 27R may be used in place of the blue
color filter layer 273 as a constituent element of such an
overlapping color-filter structure that lowers a light transmis-
sion factor. In the foregoing description of the configuration
of the FFS transflective liquid crystal display panel 10B
according to the second exemplary embodiment of the inven-
tion, it is explained that a portion of the blue color filter layer
27B is formed at a region that overlaps the side portion 29a of
the phase difference layer 29 in the red-filter pixel area at
which the red color filter layer 27R is formed when viewed in
plan and further at a region that overlaps the side portion 29a
of'the phase difference layer 29 in the green-filter pixel area at
which the green color filter layer 27G is formed when viewed
in plan. However, the scope of this aspect of the invention is
not limited to such an exemplary configuration. For example,
no portion of other color filter layer may be formed at a region
that overlaps the side portion 294 of the phase difference layer
29 in the red-filter pixel area at which the red color filter layer
27R is formed when viewed in plan. That is, the overlapping
color-filter structure described above may be modified in such
a manner that a portion of other color filter layer, which is
either the red color filter layer 27R and the blue color filter
layer 27B, is formed at a region that overlaps the side portion
29a of the phase difference layer 29 only in the green-filter
pixel area at which the green color filter layer 27G is formed
when viewed in plan.

Third Embodiment

In the following description, an FFS transflective liquid
crystal display panel 10C according to a third exemplary
embodiment of the invention is explained with reference to
FIGS. 6 and 7. The FFS transflective liquid crystal display
panel 10C according to the third exemplary embodiment of
the invention is provided with a border light-shielding struc-
ture that perfectly shields light at the border area BA
described above. All components, layers, and other constitu-
ent elements of the array substrate AR ofthe FFS transflective
liquid crystal display panel 10C according to the third exem-
plary embodiment of the invention described below are the
same as the components, layers, and other constituent ele-
ments of the array substrate AR of the FFS transflective liquid
crystal display panel 10A according to the first exemplary
embodiment of the invention described above. In addition,
some components, layers, and other constituent elements of
the color filter substrate CF2 of the FFS transflective liquid
crystal display panel 10C according to the third exemplary
embodiment of the invention described below are the same as
the corresponding components, layers, and other constituent
elements of the color filter substrate CF of the FFS transflec-
tive liquid crystal display panel 10A according to the first
exemplary embodiment of the invention described above.
Accordingly, in the following description of the FFS trans-
flective liquid crystal display panel 10C according to the third
exemplary embodiment of the invention, differences in the
structure thereof from that of the FFS transflective liquid
crystal display panel 10A according to the first exemplary
embodiment of the invention described above are mainly
explained. It should be noted that, in the following description
of the FFS transflective liquid crystal display panel 10C
according to the third exemplary embodiment of the inven-
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tion, the same reference numerals are consistently used for
the same components, layers, and other constituent elements
as those of the FFS transflective liquid crystal display panel
10A according to the first exemplary embodiment of the
invention so as to omit, if appropriate, any redundant expla-
nation or simplify explanation thereof. In order to facilitate
visualization of the light-shielding layer 26, it is shown as a
hatched area in FIG. 7.

The FFS transflective liquid crystal display panel 10C
according to the third exemplary embodiment of the invention
has a color filter substrate CF2. As a base substrate substance
thereof, the color filter substrate CF2 has the transparent
substrate 25. As shown in FIG. 6, the light-shielding layer 26
is formed on the inner surface of the transparent substrate 25.
The light-shielding region at which the light-shielding layer
26 is formed demarcates the pixel area when viewed in plan.
As further illustrated therein, the polarizing plate 41 is formed
on the outer surface of the transparent substrate 25. The
light-shielding layer 26 is formed at a position corresponding
to the scanning line 12, the signal line 17, and the TFT, which
are formed over the transparent substrate 11 of the array
substrate AR. In addition thereto, in the configuration of the
FFS transflective liquid crystal display panel 10C according
to the third exemplary embodiment of the invention, a portion
of the light-shielding layer 26 is formed to cover a region
corresponding to the side portion 29a of the phase difference
layer 29. In the configuration of the FFS transflective liquid
crystal display panel 10C according to the third exemplary
embodiment of the invention, the side portion 29a of the
phase difference layer 29 is formed to overlap, when viewed
in plan, the border area BA, which is a region around the
borderline between the transmissive area TA and the reflec-
tive area RA as in the configuration of the FFS transflective
liquid crystal display panel 10A according to the first exem-
plary embodiment of the invention explained earlier. The
above-mentioned portion of the light-shielding layer 26 that
is formed at the border area BA, which may be hereafter
referred to as the light-shielding layer 261, extends across
pixel areas. The width of the light-shielding layer 26' is deter-
mined on the basis of the taper angle, which is the inclination
angle of the side portion 294 of the phase difference layer 29,
the positional accuracy in the formation of the phase differ-
ence layer 29 on the color filter substrate CF2, and the posi-
tional accuracy in the adhesion of the color filter substrate
CF2 and the array substrate AR as is the case with the deter-
mination of the elongated border area BA on these factors in
the configuration of the FFS transflective liquid crystal dis-
play panel 10A according to the first exemplary embodiment
of the invention.

After the formation of the light-shielding layer 26, which
has the border area light-shielding portion 26", the color filter
layers 27R, 27G, and 27B, which corresponds to three pri-
mary color components of red (R), green (G), and blue (B),
respectively, is formed on the surface of the transparent sub-
strate 25. The planarizing film 28 is formed on the color filter
layers 27R, 27G, and 27B for smoothing the surfaces thereof.
The alignment film 31 is formed on the surface of the pla-
narizing film 28. The phase difference layer 29 is formed at a
region corresponding to the reflective area RA on the align-
ment film 31. Another alignment film 32 is formed on the
surface of the phase difference layer 29 and the surface of the
alignment film 31. The color filter substrate CF2 of the FFS
transflective liquid crystal display panel 10C according to the
third exemplary embodiment of the invention has the struc-
ture explained above. After the formation of various layers
and components described above, the array substrate AR and
the color filter substrate CF2 are provided opposite to each
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other. More specifically, as done in the production process of
the FFS transflective liquid crystal display panel 10A accord-
ing to the foregoing first exemplary embodiment of the inven-
tion, the array substrate AR and the color filter substrate CF2
are set opposite to each other in such a manner that the upper
electrode 21 of the array substrate AR faces the color filter
layers 27R, 27G, and 27B of the color filter substrate CF2
with a certain space left therebetween. Then, liquid crystal is
injected into the space. Accordingly, the liquid crystal is
sealed between the array substrate AR and the color filter
substrate CF2. In this way, the FFS transflective liquid crystal
display panel 10C according to the third exemplary embodi-
ment of the invention is produced.

As shown in FIG. 6, in the configuration of the FFS trans-
flective liquid crystal display panel 10C according to the third
exemplary embodiment of the invention, the portion 26' of the
light shielding layer 26 is formed at a region that overlaps,
when viewed in plan, the side portion 29a of the phase dif-
ference layer 29 (i.e., border area BA). Therefore, the light
shielding layer 26' perfectly shields light at the border area
BA. Ashas already been explained above, in the configuration
of the FFS transflective liquid crystal display panel 10C
according to the third exemplary embodiment of the inven-
tion, the side portion 29a of the phase difference layer 29 is
formed to overlap, when viewed in plan, the border area BA,
which is a region around the borderline between the trans-
missive area TA and the reflective area RA. Because of such
a border light-shielding structure, there is no risk that the
display of this area portion is visually observed from the
outside. Thus, if the configuration of the FFS transflective
liquid crystal display panel 10C according to the third exem-
plary embodiment of the invention is adopted, it is possible to
avoid, either perfectly or almost perfectly, degradation in
image display performance, which is attributable to a diffi-
culty in the adjustment of retardation at the tapered side
portion 294 of the phase difference layer 29.

Fourth Embodiment

In the foregoing description of the first, second, and third
exemplary embodiments of the invention, it is explained that
the color-filter layers correspond to three primary color com-
ponents of red (R), green (G), and blue (B). However, the
scope of the invention is not limited to such an exemplary
configuration. For example, the color-filter layers may corre-
spond to four or more colors. In the following description, an
FFS transflective liquid crystal display panel 10D according
to a fourth exemplary embodiment of the invention is
explained with reference to FIGS. 8 and 9. The FFS trans-
flective liquid crystal display panel 10D according to the
fourth exemplary embodiment of the invention is provided
with a set of color filter layers that corresponds to six colors.
All components, layers, and other constituent elements of the
array substrate AR of the FFS transflective liquid crystal
display panel 10D according to the fourth exemplary embodi-
ment of the invention described below are the same as the
components, layers, and other constituent elements of the
array substrate AR of the FFS transflective liquid crystal
display panel 10A according to the first exemplary embodi-
ment of the invention described above. In addition, some
components, layers, and other constituent elements of the
color filter substrate CF3 of the FFS transflective liquid crys-
tal display panel 10D according to the fourth exemplary
embodiment of the invention described below are the same as
the corresponding components, layers, and other constituent
elements of the color filter substrate CF of the FFS transflec-
tive liquid crystal display panel 10A according to the first
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exemplary embodiment of the invention described above.
Accordingly, in the following description of the FFS trans-
flective liquid crystal display panel 10D according to the
fourth exemplary embodiment of the invention, differences in
the structure thereof from that of the FFS transflective liquid
crystal display panel 10A according to the first exemplary
embodiment of the invention described above are mainly
explained. It should be noted that, in the following description
of the FFS transflective liquid crystal display panel 10D
according to the fourth exemplary embodiment of the inven-
tion, the same reference numerals are consistently used for
the same components, layers, and other constituent elements
as those of the FFS transflective liquid crystal display panel
10A according to the first exemplary embodiment of the
invention so as to omit, if appropriate, any redundant expla-
nation or simplify explanation thereof. In order to facilitate
visualization of a plurality of (six) color filter layers, a plu-
rality of (six) hatching patterns different from one another are
used in FIG. 9.

As shown in FIG. 9, a set of color filter layers that is used
in the configuration of the FFS transflective liquid crystal
display panel 10D according to the fourth exemplary embodi-
ment of the invention is made up of a first red color filter layer
27R1, a first green color filter layer 27G1, a first blue color
filter layer 27B1, a second red color filter layer 27R2, a
second green color filter layer 27G2, and a second blue color
filter layer 27B2. The first red color filter layer 27R1 has
greater color density than that of the second red color filter
layer 27R2. The first green color filter layer 27G1 has greater
color density than that of the second green color filter layer
27G2. The first blue color filter layer 27B1 has greater color
density than that of the second blue color filter layer 27B2.
The first red color filter layer 27R 1, the first green color filter
layer 27G1, and the first blue color filter layer 27B1, each of
which has greater color density, is formed in the transmissive
area TA of the corresponding pixel area. The second red color
filter layer 27R2, the second green color filter layer 27G2, and
the second blue color filter layer 27B2, each of which has
lesser color density, is formed in the reflective area RA of the
corresponding pixel area. Each pair of color filter layers, that
is, one color filter layer that has greater color density and the
other color filter layer that has lesser color density, which
correspond to the same color component, is arrayed in the
corresponding pixel area. For example, the first red color filter
layer 27R1 and the second red color filter layer 27R2, which
correspond to the same red color component but differ in red
color density from each other, is formed in the red-filter pixel
area. The same holds true for the pair of green color filter
layers 27G1 and 27G2 as well as the pair of blue color filter
layers 27B1 and 27B2.

That is, in the configuration of the FFS transflective liquid
crystal display panel 10D according to the fourth exemplary
embodiment of the invention, the above-mentioned one
(27R1,27G1, and 27B1) of each pair of color filter layers that
corresponds to the same color component as that of the above-
mentioned other (27R2, 27G2, and 27B2) thereof but has
greater color density than that of the above-mentioned other
(27R2,27G2, and 27B2) thereofis arrayed in the transmissive
area TA of the corresponding pixel area, whereas the above-
mentioned other (27R2, 27G2, and 27B2) of each pair of
color filter layers that corresponds to the same color compo-
nent as that of the above-mentioned one (27R1, 27G1, and
27B1) thereof but has lesser color density than that of the
above-mentioned one (27R1 27G1, and 27B1) thereof is
arrayed in the reflective area RA of the corresponding pixel
area. The reason why the color-filter structure explained
above is adopted in the present embodiment of the invention
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is as follows. When the FFS transflective liquid crystal dis-
play panel 10D according to the fourth exemplary embodi-
ment of the invention performs reflective display with the use
of the reflective area RA, external light is reflected at the
reflecting plate R. Specifically, at the time of reflective image
display, external light enters the FF'S transflective liquid crys-
tal display panel 10D as an incident light beam and then gets
reflected by the reflecting plate R. Then, the reflected light
goes out through the display surface thereof. This means that
external light, which is used for reflective display that is
performed by means of the reflective area RA, passes through
the second red color filter layer 27R2, the second green color
filter layer 27G2, and the second blue color filter layer 27B2
twice at the time of reflective image display. That is, external
light passes through these second color filter layers 27R2,
27G2, and 27B2 at the time when it enters the FFS transflec-
tive liquid crystal display panel 10D as an incident light beam.
Then, the external light passes through these second color
filter layers 27R2, 27G2, and 27B2 again at the time when it
goes out of the FFS transflective liquid crystal display panel
10D as an outgoing light beam. For this reason, if the color
filter layer used in the transmissive area TA of a pixel area
were the same as that used in the reflective area RA thereof, a
reflective image, which is obtained as a result of reflective
display that is performed with the use of the reflective area
RA, would have greater color density than that of a transmis-
sive image, which is obtained as a result of transmissive
display that is performed with the use of the transmissive area
TA, which is not desirable. In order to avoid or at least reduce
such color density discrepancy, in the configuration of the
FFS transflective liquid crystal display panel 10D according
to the fourth exemplary embodiment of the invention, the
color density of the second red color filter layer 27R2, the
second green color filter layer 27G2, and the second blue
color filter layer 27B2, each of which is formed in the reflec-
tive area RA, is set relatively low, whereas the color density of
the first red color filter layer 27R1, the first green color filter
layer 27G1, and the first blue color filter layer 27B1, each of
which is formed in the transmissive area TA, is set relatively
high. It is preferable that the color density of the second red
color filter layer 27R2, the second green color filter layer
27G2, and the second blue color filter layer 27B2, each of
which is formed in the reflective area RA, should be a half of
the color density of the first red color filter layer 27R1, the first
green color filter layer 27G1, and the first blue color filter
layer 27B1, each of which is formed in the transmissive area
TA. With such a preferred structure, it is possible to equalize
the color density of a reflective image, which is obtained as a
result of reflective display that is performed with the use of the
reflective area RA, and the color density of a transmissive
image, which is obtained as a result of transmissive display
that is performed with the use of the transmissive area TA.
That is, with such a preferred structure, it is possible to
achieve uniform contrast regardless of whether an image is
displayed in a transmissive mode or in a reflective mode.
The FFS transflective liquid crystal display panel 10D
according to the fourth exemplary embodiment of the inven-
tion has a color filter substrate CF3. As a base substrate
substance thereof, the color filter substrate CF3 has the trans-
parent substrate 25. As shown in FIG. 8, the light-shielding
layer 26 is formed on the inner surface of the transparent
substrate 25 at a position corresponding to the scanning line
12, the signal line 17, and the TFT, which are formed over the
transparent substrate 11 of the array substrate AR. As further
illustrated therein, the polarizing plate 41 is formed on the
outer surface of the transparent substrate 25 of the color filter
substrate CF3. The plurality of color filter layers 27R1, 27G1,
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27B1, 27R2, 27G2, and 27B2 is formed on the surface of the
transparent substrate 25 of the color filter substrate CF3.
These color filter layers 27R1, 27G1, 27B1, 27R2, 27G2, and
27B2 are formed in the following steps. As a first step thereof,
the first red color filter layer 27R1, the first green color filter
layer 27G1, and the first blue color filter layer 27B1, each of
which has greater color density, are formed to cover both the
transmissive area TA and the border area BA. As the next step
thereof, the second red color filter layer 27R2, the second
green color filter layer 27G2, and the second blue color filter
layer 27B2, each of which has lesser color density, are formed
to cover both the reflective area RA and the border area BA.
Since the color filter layers 27R1, 27G1, 27B1, 27R2, 27G2,
and 27B2 are formed through the formation processes
explained above, as illustrated in FIG. 8, the second green
color filter layer 27G2, which has the same green color com-
ponent as that of the first green color filter layer 27G1 but has
lesser color density than that of the first green color filter layer
27G1, is formed in the (reflective) green-filter pixel area so as
to partially overlie the first green color filter layer 27G1 at the
border area BA thereof; in like manner, as will be understood
from FIG. 8, the second red color filter layer 27R2, which has
the same red color component as that of the first red color
filter layer 27R1 but has lesser color density than that of the
first red color filter layer 27R1, is formed in the red-filter pixel
area so as to partially overlie the first red color filter layer
27R1 at the border area BA thereof, and in addition, the
second blue color filter layer 27B2, which has the same blue
color component as that of the first blue color filter layer 27B1
but has lesser color density than that of the first blue color
filter layer 27B1, is formed in the blue-filter pixel area so as to
partially overlie the first blue color filter layer 27B1 at the
border area BA thereof. After the formation of these color
filter layers 27R1, 27G1, 27B1, 27R2, 27G2, and 27B2, the
planarizing film 28 is formed thereon for smoothing the sur-
faces thereof. The alignment film 31 is formed on the surface
of the planarizing film 28. The phase difference layer 29 is
formed at a region corresponding to the reflective area RA on
the alignment film 31. Another alignment film 32 is formed on
the surface of the phase difference layer 29 and the surface of
the alignment film 31. The color filter substrate CF3 of the
FFS transflective liquid crystal display panel 10D according
to the fourth exemplary embodiment of the invention has the
structure explained above. After the formation of various
layers and components described above, the array substrate
AR and the color filter substrate CF3 are provided opposite to
each other. More specifically, as done in the production pro-
cess of the FFS transflective liquid crystal display panel 10A
according to the foregoing first exemplary embodiment of the
invention, the array substrate AR and the color filter substrate
CF3 are set opposite to each other in such a manner that the
upper electrode 21 of the array substrate AR faces the color
filter layers 27R1, 27G1, 27B1, 27R2, 27G2, and 27B2 of the
color filter substrate CF3 with a certain space left therebe-
tween. Then, liquid crystal is injected into the space. Accord-
ingly, the liquid crystal is sealed between the array substrate
AR and the color filter substrate CF3. In this way, the FFS
transflective liquid crystal display panel 10D according to the
fourth exemplary embodiment of the invention is produced.

As explained above, in the configuration of the FFS trans-
flective liquid crystal display panel 10D according to the
fourth exemplary embodiment of the invention, a pair of color
filter layers (27R1 and 27R2, 27G1 and 27G2, 27B1 and
27B2) one of which has the same color component as that of
the other but has color density different from that of the other
is formed in the corresponding pixel area in such a manner
that the lesser-color-density color filter layer thereof partially
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overlies the greater-color-density color filter layer thereof at a
region that overlaps, when viewed in plan, the side portion
29a of the phase difference layer 29 (i.e., border area BA). For
this reason, the light transmission factor of the overlapping
area at which the lesser-color-density filter layer of these two
color filter layers overlies the greater-color-density filter layer
thereof is substantially reduced. That is, in the configuration
of the FFS transflective liquid crystal display panel 10D
according to the fourth exemplary embodiment of the inven-
tion, which has a pair of color filter layers one of which has the
same color component as that of the other but has color
density different from that of the other in each pixel area in
such a manner that the lesser-color-density color filter layer
thereof partially overlies the greater-color-density color filter
layer thereof at the border area BA, the overlapping color-
filter structure explained above is used as a member that
lowers a light transmission factor. The lesser-color-density
color filter layer thereof is formed in the reflective area RA
and the border area BA. The greater-color-density color filter
layer thereof is formed in the transmissive area TA and the
border area BA. Since the visibility factor of the border area
BA is substantially lowered, almost no light that passes
through the side portion 294 of the phase difference layer 29
appears on the display screen. Thus, ifthe configuration of the
FFS transflective liquid crystal display panel 10D according
to the fourth exemplary embodiment of the invention is
adopted, it is possible to effectively avoid degradation in
image display performance, which is attributable to a diffi-
culty in the adjustment of retardation at the tapered side
portion 294 of the phase difference layer 29.

The structure of the array substrate AR of the FFS trans-
flective liquid crystal display panel 10A, 10B, 10C, or 10D
according to the first, second, third, or fourth exemplary
embodiment of the invention is not limited to the exemplary
configuration explained above. In the following description, a
variation example of the FFS transflective liquid crystal dis-
play panel 10A, 10B, 10C, or 10D according to the first,
second, third, or fourth exemplary embodiment of the inven-
tion, which has a modified structure of the array substrate AR,
is explained with reference to FIG. 10. The layer structure of
a modified FFS transflective liquid crystal display panel
shown in FIG. 10 corresponds to the layer structure of the FFS
transflective liquid crystal display panel 10A shown in FIG. 2
for the purpose of illustration only, that is, without any inten-
tion to limit the scope of the variation thereof. Note that the
variation example described below can be applied to any of
the FFS transflective liquid crystal display panel 10A, 10B,
10C, and 10D according to the first, second, third, and fourth
exemplary embodiments of the invention. For this reason, the
border structure between the transmissive area TA of the pixel
area and the reflective area RA thereof is not specifically
shown in FIG. 10. In addition, in the following description of
the modified FFS transflective liquid crystal display panel,
the same reference numerals are consistently used for the
same components as those of the FFS transflective liquid
crystal display panel 10A, 10B, 10C, or 10D according to the
first, second, third, or fourth exemplary embodiment of the
invention so as to omit, if appropriate, any redundant expla-
nation or simplify explanation thereof.

An FFS transflective liquid crystal display panel 10E
according to a variation example of any of the first, second,
third, and fourth exemplary embodiments of the invention has
amodified array substrate AR1. As a base substrate substance
thereof, the array substrate AR1 has the transparent substrate
11, which is made of a transparent material such as glass,
though not limited thereto. As shown in FIG. 10, the plurality
of scanning lines 12 is formed as a layer component of the
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array substrate AR1 on the surface of the transparent substrate
11. The plurality of scanning lines 12 extends in parallel with
one another. The plurality of common lines 13 is formed on
the transparent substrate 11 of the array substrate AR1. Each
of these common lines 13 extends along the corresponding
one of the scanning lines 12. The gate insulation film 15 is
formed over the entire surface of the transparent substrate 11
on which the scanning line 12 and the common line 13 are
formed. The semiconductor layer 16 such as an a-Si semicon-
ductor film is formed at a TFT formation area on the surface
ofthe gate insulation film 15. A regional part of the scanning
line 12 over which the semiconductor layer 16 is formed
when viewed in plan functions as the gate electrode of the
TFT.

The signal line 17 is formed on the surface of the gate
insulation film 15. A part of the signal line 17 is formed as a
source electrode S. In addition to the source electrode S, a
drain electrode D is formed on the surface of the gate insula-
tion film 15. The source electrode portion S of the signal line
17 partially overlies the surface of the semiconductor layer
16. The drain electrode D also partially overlies the surface of
the semiconductor layer 16. The protective insulation film
(i.e., passivation film) 18 is formed on the gate insulation film
15 over the entire surface of the transparent substrate 11. An
inter-bedded film (i.e., interlayer film) 33 that is made of a
transparent insulation material is formed on the protective
insulation film 18. The inter-bedded film 33 has surface
roughness in the reflective area RA of each pixel. The surface
ofthe inter-bedded film 33 is smooth for other area, including
the transmissive area TA thereof. The uneven surface of the
inter-bedded film 33 in the reflective area RA thereof is not
shown in the drawing.

A contact hole 39 is formed through the inter-bedded film
33, the protective insulation film 18, and the gate insulation
film 15. The contact hole 39 exposes a portion of the common
line 13 at the open bottom thereof. The reflecting plate R is
formed in the reflective area RA of each pixel area on the
surface of the inter-bedded film 33. The lower electrode 14 is
formed on the surface of the reflecting plate R and on the
surface of the inter-bedded film 33 for each pixel area. The
lower electrode 14 is electrically connected to the common
line 13 through the contact hole 39. Therefore, the lower
electrode 14 functions as a common electrode. The contact
hole 19 is formed through the inter-bedded film 33 and the
protective insulation film 18 so as to expose the surface of the
drain electrode D of the TFT.

A capacitor insulation film 34 is formed on the surface of
the lower electrode 14 and on/over the surface of the inter-
bedded film 33. The capacitor insulation film 34 is made of a
transparent insulation material such as silicon nitride or sili-
con oxide. The capacitor insulation film 34 covers the inner-
wall surface of the contact hole 19 in such a manner that the
drain electrode D of the TFT is exposed at the open bottom of
the contacthole 19. The capacitor insulation film 34 is formed
so as to adjust the distance between the lower electrode 14 and
the upper electrode 21. The upper electrode 21 is formed on
the capacitor insulation film 34. The upper electrode 21 has
the plurality of slits 20. Since the upper electrode 21 has these
slits 20, it has the shape of the teeth of a comb when viewed
in plan. The upper electrode 21 is electrically connected to the
drain electrode D through the contact hole 19. Therefore, the
upper electrode 21 functions as a pixel electrode. The align-
ment film 35 is formed thereon over the entire surface of the
transparent substrate 11. The array substrate AR1 of the FFS
transflective liquid crystal display panel 10E according to a
variation example of the invention has the layer structure
explained above.
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Since the inter-bedded film 33 is formed between the pro-
tective insulation film 18 and the lower electrode 14 as well as
between the protective insulation film 18 and the reflecting
plate R as explained above, the modified layer structure of the
array substrate AR1 of the FFS transflective liquid crystal
display panel 10E makes it possible to enlarge the formation
areas of the lower electrode 14 and the upper electrode 21.
Therefore, it is possible to make the generation area of an
electric field relatively large in comparison with that of, for
example, the FFS transflective liquid crystal display panel
10A according to the first exemplary embodiment of the
invention. For this reason, the FFS transflective liquid crystal
display panel 10E according to a variation example of any of
the first, second, third, and fourth exemplary embodiments of
the invention makes it possible to achieve bright display with
an increased aperture ratio.

In the foregoing description of the configuration of the FFS
transflective liquid crystal display panel 10B according to a
variation example of any of the first, second, third, and fourth
exemplary embodiments of the invention, it is explained that
the lower electrode 14 functions as a common electrode
whereas the upper electrode 21 functions as a pixel electrode.
However, the scope of this variation example of the invention
is not limited to such an exemplary configuration. For
example, the upper electrode may be electrically connected to
the common line 13, whereas the lower electrode 14 may be
electrically connected to the drain electrode D of the TFT. If
so modified, the upper electrode 21 that is electrically con-
nected to the common line 13 functions as a common elec-
trode whereas the lower electrode 14 that is electrically con-
nected to the drain electrode D functions as a pixel electrode.

In the foregoing description of the configuration of the FFS
transflective liquid crystal display panel 10E according to a
variation example as well as the FFS transflective liquid crys-
tal display panel 10A,10B,10C, or 10D according to the first,
second, third, or fourth exemplary embodiment of the inven-
tion, it is explained that the reflecting plate R is formed at the
array-substrate (AR) side. However, the scope of the inven-
tion is not limited to such an exemplary configuration. For
example, the reflecting plate R may be formed as a color-
filter-side film under the color filter layers corresponding to a
plurality of colors. If so modified, a user observes a display
image not from the color-filter-substrate (CF) side but from
the array-substrate (AR) side.

Fifth Embodiment

In the following description, a transflective liquid crystal
display panel according to a fifth exemplary embodiment of
the invention is explained with reference to FIGS. 11 and 12.
Each of the transflective liquid crystal display panels 10A,
10B, 10C, and 10D according to the foregoing first, second,
third, and fourth exemplary embodiments of the invention as
well as the modified transflective liquid crystal display panel
10E of a variation example thereof is configured as a hori-
zontal electric-field transflective liquid crystal display panel,
anon-limiting example of which is an FFS transflective liquid
crystal display panel. In contrast, a transflective liquid crystal
display panel according to the fifth exemplary embodiment of
the invention described below performs display in a vertical
electric-field mode. FIG. 11 is a plan view that schematically
illustrates an example of the pixel area of a vertical electric-
field transflective liquid crystal display panel according to the
fifth exemplary embodiment of the invention. More specifi-
cally, FIG. 11 shows three pixels of a vertical electric-field
transflective liquid crystal display panel according to the fifth
exemplary embodiment of the invention. It should be noted
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that a color filter substrate thereof is omitted from FIG. 11.
FIG. 12 is a set of sectional views that schematically illus-
trates an example of the layer structure of a vertical electric-
field transflective liquid crystal display panel according to the
fifth exemplary embodiment of the invention. FIG. 12A is a
sectional view taken along the line XITA-XIIA of FIG. 11.
FIG. 12B is a sectional view taken along the line XI1IB-XIIB
of FIG. 11. In the following description of a vertical electric-
field transflective liquid crystal display panel according to the
fifth exemplary embodiment of the invention, the same refer-
ence numerals are consistently used for the same components
as those of the FFS transflective liquid crystal display panel
10A,10B,10C, or 10D according to the first, second, third, or
fourth exemplary embodiment of the invention so as to omit,
if appropriate, any redundant explanation or simplify expla-
nation thereof.

As shown in FIG. 11, a vertical electric field transflective
liquid crystal display panel 10F according to the fifth exem-
plary embodiment of the invention has a plurality of pixel
areas that is arrayed in a matrix pattern. The plurality of
scanning lines 12 and the plurality of signal lines 17 demar-
cate the pixel areas. Each of these pixel areas is made up of the
transmissive area TA and the reflective area RA. The pixel
area has a pixel electrode 81 and a TF'T. The pixel electrode 81
extends across the border between the transmissive area TA
and the reflective area RA. The TFT has the semiconductor
layer 16. The drain electrode D of the TFT is electrically
connected to the pixel electrode 81. When viewed in plan, the
pixel electrode 81 has two slits (i.e., elongated “cutout”
spaces) 8la in the border area BA, which is aregion around the
borderline between the transmissive area TA and the reflec-
tive area RA. The transmissive-area (TA) portion of the pixel
electrode 81 is electrically connected to the reflective-area
(RA) portion thereof via a narrow border portion 815 thereof,
which is formed between these two slits 81a. These two slits
8la are formed for controlling the orientation of liquid crystal
molecules in the transmissive area TA and the reflective area
RA. A common electrode 82 is formed opposite the pixel
electrode 81. The common electrode 82 has a projection 83
and another projection 84. The projection 83 has a substan-
tially circular shape when viewed in plan. The projection 83
is formed, when viewed in plan, substantially at the center of
the reflective area RA ;. On the other hand, the projection
84 has a band-like shape when viewed in plan. The projection
84 extends, when viewed in plan, through the center of the
transmissive area TA or at least in the neighborhood thereof.
(72 These projections 83 and 84 are formed for the same
purpose as that of the slits 81a explained above. That is, the
projections 83 and 84 are formed for controlling the orienta-
tion of liquid crystal molecules. A more detailed explanation
of the orientation control of liquid crystal molecules will be
given later. The set of color filter layers 27R, 27G, and 27B,
which corresponds to three primary color components of red
(R), green (G), and blue (B), is formed on the surface of the
transparent substrate 25 of a color filter substrate CF4 (referto
FIG. 12). These color filter layers 27R, 27G, and 27B are
arrayed so as to correspond to the pixel areas that are arrayed
in a matrix pattern.

As shown in FIG. 12A, the vertical electric-field transflec-
tive liquid crystal display panel 10F according to the fifth
exemplary embodiment of the invention has an array sub-
strate AR2, the color filter substrate CF4, and a liquid crystal
layer 80. The array substrate AR2 has the pixel electrode 81
and the TFT. The color filter substrate CF4 has the common
electrode 82 and the color filter 27. The liquid crystal layer 80
is sandwiched between the array substrate AR2 and the color
filter substrate CF4.
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The array substrate AR2 includes, as non-limiting constitu-
ent elements thereof, the scanning line 12 (gate electrode G),
the gate insulation film 15, and the semiconductor layer 16.
The scanning line 12 is formed on the surface of the transpar-
ent substrate 11 of the array substrate AR2. The gate insula-
tion film 15 covers the scanning line 12. The semiconductor
layer 16 is formed on the surface of the gate insulation film 15
at a position right above the scanning line 12. The source
electrode S is formed to overlie the source side of the semi-
conductor layer 16, whereas the drain electrode D is formed
to overlie the drain side of the semiconductor layer 16. The
protective insulation film 18 is formed to cover the source
electrode S and the drain electrode D. These components
make up the TFT. An inter-bedded film 86 is formed to cover
the protective insulation film 18. The inter-bedded film 86
functions as a planarizing film. The pixel electrode 81 is
formed on the surface of the inter-bedded film 86. The align-
ment film (i.e., orientation film) 35 is formed to cover the
pixel electrode 81. Each of the gate insulation film 15 and the
protective insulation film 18 is an inorganic insulation film
that is made of, for example, silicon oxide, though not limited
thereto. Each of the gate insulation film 15 and the protective
insulation film 18 has light-transmitting property (i.e., light
transmissivity). The inter-bedded film 86 is an organic insu-
lation film that is made of, for example, acrylic resin, though
not limited thereto. The inter-bedded film 86 also has light-
transmitting property.

The liquid-crystal-layer-side surface of the inter-bedded
film 86 is formed to be rough in the reflective area RA. A film
having light-reflecting property (i.e., light reflectivity), which
is made of Al or the like, is formed on the uneven surface of
the inter-bedded film 86 in the reflective area RA. The reflec-
tive film explained above constitutes areflecting plate 87. The
pixel electrode 81 is made of a transparent electro-conductive
material such as ITO or the like. The pixel electrode 81 covers
the reflecting plate 87. The pixel electrode 81 is electrically
connected to the drain electrode D of the TFT via the contact
hole 19, which is formed through the inter-bedded film 86.

The color filter substrate CF4 has the light-shielding layer
26, the color filter layers 27R, 27G, and 27B, and the pla-
narizing film 28. The light-shielding layer 26 is formed on the
surface of the transparent substrate 25. The color filter 27 is
formed to cover the light-shielding layer 26. The planarizing
film 28 is formed on the color filter layers 27R, 27G, and 27B
for smoothing the surfaces thereof. The color filter substrate
CF4 further has the alignment film 31, the phase difference
layer 29, and the common electrode 82. The alignment film 31
is formed on the surface of the planarizing film 28. The phase
difference layer 29 is formed at a region corresponding to the
reflective area RA on the alignment film 31. The common
electrode 82 covers the phase difference layer 29. The com-
mon electrode 82 is formed so as to face, at least, the pixel
electrode 81. The aforementioned circular projection 83,
which controls the orientation of liquid crystal molecules, is
formed on the common electrode 82, which covers the phase
difference layer 29 in the reflective area RA. As explained
above, the circular projection 83 is formed in the reflective
area RA. On the other hand, the aforementioned band-like
(i.e., elongated) projection 84, which also controls the orien-
tation of liquid crystal molecules, is formed on the common
electrode 82 in the transmissive area TA. Another alignment
film 32 is formed in such a manner that it covers the surfaces
of'the dome-shaped projection 83 and the belt-shaped projec-
tion 84. The alignment film 32 is formed on the liquid-crystal-
layer-side surface of the common electrode 82. Accordingly,
the alignment film 32 faces the liquid crystal layer 80.
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The liquid crystal layer 80 has a negative dielectric anisot-
ropy. Each of the alignment films 32 and 35, which face the
liquid crystal layer 80, is a so-called homeotropic alignment
film (i.e., vertical orientation film). Therefore, in a driving-
voltage OFF state in which no driving electric potential (i.e.,
driving voltage) is applied between the pixel electrode 81 and
the common electrode 82, which are provided opposite to
each other with the liquid crystal layer 80 being sandwiched
therebetween, liquid crystal molecules are oriented in a direc-
tion perpendicular to the surface of each of the orientation
films 32 and 35. That is, under driving-voltage OFF condi-
tions, liquid crystal molecules are vertically aligned. When a
driving voltage is applied between the pixel electrode 81 and
the common electrode 82, which is a driving-electric-poten-
tial ON state, the liquid crystal molecules become tilted in
such amanner that they are oriented in a direction intersecting
with an electric-field direction. In this way, the amount of
light that passes through the liquid crystal layer 80 is con-
trolled for image display. Each of the orientation-controlling
projections 83 and 84 functions in such a manner that the
liquid crystal molecules, which are vertically aligned under
the voltage OFF conditions, become tilted in a predetermined
orientation when a driving voltage is applied between the
pixel electrode 81 and the common electrode 82, that is, under
the voltage ON conditions. Specifically, in the reflective area
RA, the liquid crystal molecules become tilted in all direc-
tions, that is, in a radial pattern with the circular projection 83
being the center thereof. On the other hand, in the transmis-
sive area TA, the liquid crystal molecules become tilted in
directions different from and/or opposite to each other with
the elongated projection 84 being the border thereof. For
example, in the illustrated structure of FIG. 11, some of the
liquid crystal molecules become tilted to the left whereas
other thereof become tilted to the right with the belt-like
projection 84 being the boundary therebetween.

The polarizing plate 41 is formed on each of two outer
surfaces of a liquid crystal cell, which is made up of the color
filter substrate CF4 and the array substrate 2 with the liquid
crystal layer 80 being sandwiched therebetween. Depending
on whether the optical axis of the polarizing plate 41 that is
formed on one outer surface of the liquid crystal cell is in the
same direction as the optical axis of the polarizing plate 41
that is formed on the other outer surface thereof, or they are
substantially orthogonal to each other, the OFF-state display
mode of the vertical electric-field transflective liquid crystal
display panel 10F according to the fifth exemplary embodi-
ment of the invention is determined, which is either white
display (i.e., so-called normally-white mode) or black display
(i.e., so-called normally-black mode). The operation scheme
of'the vertical electric-field transflective liquid crystal display
panel 10F according to the fifth exemplary embodiment of the
invention explained above is called as a VA (Vertical Align-
ment) mode, although it is not limited thereto. In the configu-
ration of the vertical electric-field transflective liquid crystal
display panel 10F according to the fifth exemplary embodi-
ment of the invention, as in the configuration of each of the
horizontal electric-field transflective liquid crystal display
panels 10A, 10B, 10C, and 10D according to the foregoing
first, second, third, and fourth exemplary embodiments of the
invention as well as the modified transflective liquid crystal
display panel 10F of a variation example thereof, the thick-
ness [.2 of the liquid crystal layer 80 at the reflective area RA
is set to be a half of the thickness [.1 of the liquid crystal layer
80 at the transmissive area TA. Since the thickness [.2 of the
liquid crystal layer 80 at the reflective area RA is set to be a
half of the thickness L1 of the liquid crystal layer 80 at the
transmissive area TA, the distance of a transmissive optical

35

40

45

32

path along which a beam of light travels at the transmissive
area TA through the liquid crystal layer 80 is made equal to
the distance of a reflective optical path along which a beam of
light travels at the reflective area RA through the liquid crystal
layer 80. In other words, the film thickness of the phase
difference layer 29 is adjusted in such a manner that the
relationship between the thickness L1 of the liquid crystal
layer 80 at the transmissive area TA and the thickness L2 of
the liquid crystal layer 80 at the reflective area RA that is
expressed in the following mathematical formula is satisfied:
L2=(%5) L1. With the film-thickness adjustment explained
above, the retardation for non-external light that passes
through the transmissive area TA becomes equal to the retar-
dation for external light that enters the vertical electric-field
transflective liquid crystal display panel 10F as an incident
light beam and then gets reflected at the reflective area RA.
Therefore, regardless of whether the transmissive area TA is
used for image display (i.e., transmissive display) or the
reflective area RA is used for image display (i.e., reflective
display), it is possible to achieve optimum image display.

The light-shielding layer 26 of the color filter substrate
CF4 of the vertical electric-field transflective liquid crystal
display panel 10F according to the fifth exemplary embodi-
ment of the invention demarcates not only the pixel areas but
also the transmissive areas TA and the reflective areas RA.
That is, in the configuration of the vertical electric-field trans-
flective liquid crystal display panel 10F according to the fifth
exemplary embodiment of the invention, a portion of the
light-shielding layer 26 of the color filter substrate CF4 is
formed at such a boundary region that substantially divides
each pixel area into the transmissive area TA and the reflective
area RA.

The phase difference layer 29 of the color filter substrate
CF4 is formed in such a manner that each of two side portions
29a and 2956 thereof overlaps a region at which the light-
shielding layer 26 is formed when viewed in plan. More
specifically, one side portion 294 of the phase difference layer
29 is formed in the border area BA, which is a region around
the borderline between the transmissive area TA and the
reflective area RA. The above-mentioned portion of the light-
shielding layer 26 is formed in the border area BA. That is, in
the configuration of the vertical electric-field transflective
liquid crystal display panel 10F according to the fifth exem-
plary embodiment of the invention, it is the light-shielding
layer 26 that is used as a member that lowers a light transmis-
sion factor. When determining the width of the border area
BA in which the border-area portion of the light-shielding
layer 26 is formed, as in the configuration of each of the
horizontal electric-field transflective liquid crystal display
panels 10A, 10B, 10C, and 10D according to the foregoing
first, second, third, and fourth exemplary embodiments of the
invention, it is necessary to take at least the following factors
into consideration: the taper angle (i.e., inclination angle) of
the side portion 29a of the phase difference layer 29, the
positional accuracy in the formation of the phase difference
layer 29 on the color filter substrate CF4, and the positional
accuracy in the adhesion of the color filter substrate CF4 and
the array substrate AR2. The same holds true for the opposite
side portion 295 of the phase difference layer 29.

As shown in FIG. 12B, the phase difference layer 29
extends across the plurality of pixel areas at the reflective
areas RA thereof. In other words, the phase difference layer
29 extends across the plurality of reflective areas RA in a
band-like (e.g., elongated, belt-shaped, or strip-shaped,
though not limited thereto) shape. Therefore, the side por-
tions of the phase difference layer 29 do not exist at each
region that overlaps, when viewed in plan, the inter-pixel-area
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portion of the light-shielding layer 26 that is formed between
each two pixel areas arrayed adjacent to each other (refer to
FIG. 12B). For this reason, the retardation value of this non-
side (i.e., inter-pixel) area portion falls within a designed
range without any substantial aberration therein. Thus, there
occurs no image display failure such as optical leakage or the
like thereat.

In the configuration of the vertical electric-field transflec-
tive liquid crystal display panel 10F according to the fifth
exemplary embodiment of the invention, each of the side
portions 29a and 295 of the phase difference layer 29, which
extends across the plurality of reflective areas RA of the pixel
areas in a band-like shape, is formed to overlap the light-
shielding region at which the light-shielding layer 26 is
formed when viewed in plan. Therefore, even if there occurs
some optical failure such as the leakage of light or the like
because of a difficulty in the adjustment of retardation at the
tapered side portions 29a and 295 of the phase difference
layer 29, that is, even if there is some aberration in retardation
because of a difficulty in the adjustment of retardation at the
tapered side portions 29a and 295 of the phase difference
layer 29, it is not perceived on the display thanks to the
presence of the light-shielding layer 26. Thus, the vertical
electric-field transflective liquid crystal display panel 10F
according to the fifth exemplary embodiment of the invention
makes any display unevenness unnoticeable, thereby making
it possible to avoid any substantial degradation in image
display performance. It should be noted that the configuration
of'the VA-mode transflective liquid crystal display panel 10F
according to the fifth exemplary embodiment of the invention
is not limited to the specific example explained above. For
example, the orientation of liquid crystal molecules may be
controlled not with the use of the circular projection 83 and
the elongated projection 84 explained above but with the use
of orientation-controlling slits, which are formed along a
predetermined directions in the pixel electrode 81 and/or the
common electrode 82. As another modification example
thereof, a capacitor line may be formed in the same process as
the formation of the scanning line 12 on the surface of the
transparent substrate 11 of the array substrate AR2. In such a
modified configuration, the capacitor line is formed in such a
manner that it overlaps a portion of the pixel electrode 81
when viewed in plan. In the foregoing description of the
configuration of the vertical electric-field transflective liquid
crystal display panel 10F according to the fifth exemplary
embodiment of the invention, it is explained that the light-
shielding layer 26, a portion of which is formed at a region
that overlaps the side portion 29a of the phase difference layer
29 (i.e., border area BA) when viewed in plan, is used as a
member that lowers a light transmission factor. However, the
scope of this aspect of the invention is not limited to such an
exemplary configuration. For example, the blue color filter
layer 27B, which has the lowest visibility factor, may be
formed as a member that lowers a light transmission factor at
a region that overlaps the side portion 29a of the phase dif-
ference layer 29 when viewed in plan. As another non-limit-
ing example thereof, the overlapping (i.e., overlying) color-
filter structure that is made up of at least two color filter layers
that differ in color components from each other or one another
may be formed as a member that lowers a light transmission
factor at a region that overlaps the side portion 294 of the
phase difference layer 29 when viewed in plan. Or, as another
non-limiting example thereof, the overlapping color-filter
structure that is made up of at least two color filter layers that
have the same color component but differ in color density
from each other or one another may be formed as a member
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that lowers a light transmission factor at a region that overlaps
the side portion 29a of the phase difference layer 29 when
viewed in plan.
Electronic Apparatus

In the following description, an explanation is given of two
non-limiting examples of a variety of electronic apparatuses
to which a transflective liquid crystal display panel according
to any of the foregoing exemplary embodiments of the inven-
tion explained above as well as a variation example thereof
can be applied while referring to FIG. 13. FIG. 13 is a set of
diagrams that schematically illustrates an example of the
configuration of an electronic apparatus that is provided with
a transflective liquid crystal display panel according to any of
the foregoing exemplary embodiments of the invention,
including any variation example thereof. More specifically,
FIG. 13A schematically illustrates an example of the configu-
ration of a personal computer as a non-limiting example of a
variety of electronic apparatuses to which the invention can
be applied. FIG. 13B schematically illustrates an example of
the configuration of a mobile phone as a non-limiting
example of a variety of electronic apparatuses to which the
invention can be applied. Each of the horizontal electric-field
(e.g., FFS) transflective liquid crystal display panels 10A,
10B, 10C, and 10D according to the foregoing first, second,
third, and fourth exemplary embodiments of the invention
and the modified horizontal electric-field transflective liquid
crystal display panel 10E according to a variation example
thereof as well as the vertical electric-field (e.g., VA) trans-
flective liquid crystal display panel 10F according to the fifth
exemplary embodiment of the invention can be applied to a
variety of electronic apparatuses including but not limited to
a personal computer, a mobile phone, and a personal digital
assistant (PDA). As illustrated in FIG. 13A, a personal com-
puter 100, which is a non-limiting example of various kinds of
electronic apparatuses to which the invention can be applied,
is made up of a computer main assembly 101 and a display
unit 102. The computer main assembly 101 is provided with
akeyboard and the like. The display unit 102 is provided with
any of the horizontal electric-field transflective liquid crystal
display panels 10A, 10B, 10C, and 10D according to the
foregoing first, second, third, and fourth exemplary embodi-
ments of the invention and the modified horizontal electric-
field transflective liquid crystal display panel 10E according
to a variation example thereof, or is provided with the vertical
electric-field transflective liquid crystal display panel 10F
according to the fifth exemplary embodiment of the inven-
tion. In addition thereto, the display unit 102 is further pro-
vided with a backlight illumination device. The backlight
illumination device is provided at the back of the transflective
liquid crystal display panel 10A-10F. The backlight illumi-
nation device illuminates the transflective liquid crystal dis-
play panel 10A-10F from behind the panel 10A-10F, that is,
from the array-substrate (AR) side thereof. As illustrated in
FIG. 13B, a mobile phone 110, which is another non-limiting
example of various kinds of electronic apparatuses to which
the invention can be applied, is made up of a main assembly
111 and a display unit 112. The main assembly 111 consti-
tutes the main body of the mobile phone 110. The main body
111 has a plurality of input buttons and the like. The display
unit 112 is mounted on the main body I11in such a manner that
it can hinge. That is, the mobile phone 110 has a folding (i.e.,
foldable) structure. As in the configuration of the display unit
102 of the personal computer 100 explained above, the dis-
play unit 112 of the mobile phone 110 is provided with any of
the horizontal electric-field transflective liquid crystal display
panels 10A, 10B, 10C, and 10D according to the foregoing
first, second, third, and fourth exemplary embodiments of the
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invention and the modified horizontal electric-field transflec-
tive liquid crystal display panel 10E according to a variation
example thereof, or is provided with the vertical electric-field
transflective liquid crystal display panel 10F according to the
fifth exemplary embodiment of the invention. In addition
thereto, the display unit 112 is further provided with a back-
light illumination device. The backlight illumination device
is provided at the back of the transflective liquid crystal dis-
play panel 10A-10F. The backlight illumination device illu-
minates the transflective liquid crystal display panel 10A-10F
from behind the panel 10A-10F, that is, from the array-sub-
strate (AR ) side thereof. Since the fundamental configuration
of each of the personal computer 100 and the mobile phone
110 is known well to a person skilled in the art, a detailed
explanation thereof is not given here. Each of the personal
computer 100 and the mobile phone 110 explained above is
provided with any of the horizontal electric-field transflective
liquid crystal display panels 10A, 10B, 10C, and 10D accord-
ing to the foregoing first, second, third, and fourth exemplary
embodiments of the invention and the modified horizontal
electric-field transflective liquid crystal display panel 10E
according to a variation example thereof, or is provided with
the vertical electric-field transflective liquid crystal display
panel 10F according to the fifth exemplary embodiment of
the invention, which makes any display unevenness unnotice-
able (or hard to be perceived). Having such a configuration,
each of the personal computer 100 and the mobile phone 110
can display an image, information, or the like in high quality,
which is never affected by any change in luminous intensity
that depends on indoor/outdoor use environment,

What is claimed is:

1. A transflective liquid crystal display panel, comprising:

a first substrate that has a plurality of pixel areas, each of
the plurality of pixel areas having a transmissive area
and a reflective area, the first substrate having:

a protective insulation layer,

an inter-bedded film layer made of a transparent insulation
material formed above the protective insulation layer,

areflecting plate formed above the inter-bedded film layer,

a first electrode,

acapacitor insulation layer formed above at least one of the
inter-bedded layer and the first electrode, and

a second electrode formed above the capacitor insulation
layer and the first electrode; and

a second substrate that is provided opposite to the first
substrate with a liquid crystal layer being sandwiched
therebetween, the second substrate having:

a color filter that corresponds to a plurality of color com-
ponents, the color filter that corresponds to the plurality
of color components having such an array pattern that
corresponds to the plurality of pixel areas, wherein the
color filter includes red, green, and blue color filter lay-
ers,

phase difference layer that is formed on the liquid-crystal-
layer-side face of the second substrate so as to corre-
spond to the reflective area, and

a first strip of the blue color filter layer foamed on the red
color filter layer along a side portion of the phase differ-
ence layer in the red-filter pixel area at which the red
color filter layer is formed; and
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a second strip of the blue color filter layer formed on the
green color filter layer along the side portion of the phase
difference layer in the pixel area at which the green color
filter layer is formed.

2. The transflective liquid crystal display panel according
to claim 1, wherein the light-transmission-factor reduction
member is, among a plurality of color filter layers that make
up the above-mentioned color filter, any color filter layer
other than one that transmits a light beam of highest visibility.

3. The transflective liquid crystal display panel according
to claim 2, wherein a portion of other color filter layer is
formed in the pixel area of the above mentioned one color
layer that transmits a light beam of highest visibility, and at a
region that overlaps, when viewed in plan, the side portion of
the phase difference layer in such a manner that the portion of
the above-mentioned other color filter layer overlies the
above-mentioned one color filter layer that transmits a light
beam of highest visibility.

4. The transflective liquid crystal display panel according
to claim 1, wherein the second substrate further has a light
shielding layer that demarcates the pixel areas when viewed
in plan.

5. The transflective liquid crystal display panel according
to claim 1, wherein the color filter is made up of, in each of the
plurality of pixel areas, a transmissive-area-side color filter
layer that is formed in the transmissive area thereof and a
reflective-area-side color filter layer that is formed in the
reflective area thereof; the reflective-area-side color filter
layer has the same color component as that of the transmis-
sive-area-side color filter layer but has lesser color density
than that of the transmissive-area-side color filter layer; and

the light-transmission-factor reduction member is the over-
lapping structure of the transmissive-area-side color fil-
ter layer and the reflective-area-side color filter layer.

6. The transflective liquid crystal display panel according
to claim 1, wherein a film thickness of the phase difference
layer is adjusted in such a manner that the relationship
between a thickness L1 of the liquid crystal layer at the
transmissive area and a thickness L2 of the liquid crystal layer
at the reflective area satisfies the following mathematical
formula:

L2=(Y5)L1.

7. The transflective liquid crystal display panel according
to claim 1, wherein

the first substrate has, in each of the plurality of pixel areas,

the first electrode and the second electrode, each of
which is formed across the border between the transmis-
sive area and the reflective area, and

the liquid crystal layer is driven by a horizontal electric

field that is generated between the first electrode and the
second electrode.

8. An electronic apparatus that is provided with the trans-
flective liquid crystal display panel according to claim 1.

9. The transflective liquid crystal display panel according
to claim 1, wherein a planarizing film is formed on the color
filter layers for smoothing a surface of the color filter layers.

10. The transflective liquid crystal display panel according
to claim 1, wherein the first strip and the second strip of the
blue color filter layers are connected to each other.
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