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LIQUID CRYSTAL DISPLAY PANEL AND
ELECTRONIC APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2010-020001 filed in the Japan
Patent Office on Feb. 1, 2010, the entire content of which is
hereby incorporated by reference.

BACKGROUND

[0002] The present invention relates to a liquid crystal dis-
play panel using a transverse electric field system and includ-
ing a subpixel for control of a view angle, and an electronic
apparatus using the same. More particularly, the invention
relates to a liquid crystal panel in which a subpixel for control
of'a view angle also operates in accordance with a transverse
electric field system, and an electronic apparatus using the
same.

[0003] A liquid crystal display panel is used as a display
panel in many electronic apparatuses because the liquid crys-
tal display panel has the features such as light weight, slim-
ness and low power consumption as compared with a Cathode
Ray Tube (CRT). The liquid crystal display panel is such that
an alignment of liquid crystal molecules arranged in a prede-
termined direction is changed by application of an electric
field to change an amount of light transmitted through a liquid
crystal layer, thereby displaying an image on the liquid crystal
display panel. With regard to such a liquid crystal display
panel, reflection type one, transmission type one, and semi-
transmission type one including both the reflection type one
and the transmission type one exist. In this case, in the reflec-
tion type liquid crystal display panel, an outside light is made
incident to a liquid crystal layer, and is reflected by a reflective
plate to be transmitted through the liquid crystal layer again to
be emitted. Also, in the transmission type liquid crystal dis-
play panel, an incident light radiated from a backlight unit is
transmitted through a liquid crystal layer.

[0004] A longitudinal electric field system and a transverse
electric field system are known as those used in a method of
applying an electric field to a liquid crystal layer of the liquid
crystal display panel. With the liquid crystal display panel
using the longitudinal electric field system, an electric field
directed approximately in the longitudinal direction is
applied to liquid crystal molecules through a pair of elec-
trodes disposed so as to hold the liquid crystal layer between
the paired electrodes. A liquid crystal display panel having a
Twisted Nematic (TN) mode, a liquid crystal display panel
having a Vertical Alignment (VA) mode, a liquid crystal dis-
play panel having a Multi-domain Vertical Alignment (MVA)
mode or the like is known as the liquid crystal display panel
using the longitudinal electric field system. With the liquid
crystal display panel using the transverse electric field sys-
tem, a pair of electrodes is provided in an inner surface side of
one of a pair of substrates disposed so as to hold the liquid
crystal layer between the paired substrates with the paired
electrodes being insulated from each other. Also, an electric
field directed approximately in the transverse direction is
applied to the liquid crystal molecules. A liquid crystal dis-
play panel having an In-Plane Switching (ISP) mode in which
a pair of electrodes does not overlap in terms of planar view,
and a liquid crystal display panel having a Fringe Field
Switching (FFS) mode in which a pair of electrodes overlaps
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in terms of planar view are known as the liquid crystal display
panel using the transverse electric field system.

[0005] Of them, in the liquid crystal display panel having
the IPS mode, a pair of electrodes composed of a pixel elec-
trode and a common electrode is formed in a pectinate shape
so that the paired electrodes are engaged with each other with
the paired electrodes being electrically insulated from each
other. Also, the transverse electric field is applied across the
pixel electrode and the common electrode. The liquid crystal
display device having the IPS mode has such an advantage
that its view angle is wider than that of the liquid crystal
display device having the longitudinal electric field.

[0006] Inaddition, intheliquid crystal display panel having
the FFS mode, a pair of electrodes is composed of an upper
electrode and a lower electrode. Also, the paired upper and
lower electrodes are disposed in different layers, respectively,
through an insulating film. A slit-like opening is provided in
the upper electrode, and the electric field directed approxi-
mately in the transverse direction and passing through the
slit-like opening is applied to the liquid crystal layer. The
liquid crystal display panel having the FFS mode has been
used recently in many cases because the liquid crystal display
panel having the FFS mode has an effect that the wide view
angle can be obtained and also the image contrast can be
improved.

[0007] Although as described above, the liquid crystal dis-
play panel using the transverse electric field system has the
wide view angle, when secret information which is not
desired to be peeped is displayed, for the purpose of prevent-
ing the secret information from being visibly recognized by
anyone else, it is preferable to use the narrow view angle other
than the wide view angle. Then, as described in Japanese
Patent Laid-Open No. Hei 5-108023, there is known a method
of controlling view angle characteristics by adding a liquid
crystal panel for control of a view angle to a liquid crystal
panel for display. However, this method involves such a prob-
lem that the addition of the liquid crystal panel for control of
a view angle results in a large increase in thickness of the
liquid crystal display panel. In order to cope with this prob-
lem, as described in Japanese Patent Laid-Open Nos. 2007-
178736 and 2009-222747 (hereinafter referred to as Patent
Documents 1 and 2), there is known a method of adding a
subpixel for control of a view angle in addition to subpixels
for display of Red (R), Green (G) and Blue (B), and control-
ling a voltage applied to the subpixel for control of a view
angle, thereby controlling view angle characteristics.

[0008] Here, a structure of the liquid crystal display panel,
having the FFS mode, to which the subpixel for control of a
view angle disclosed in Patent Documents 1 and 2 is added
will now be described with reference to FIG. 9. It is noted that
FIG. 9 is a top plan view showing an outline of an array
substrate for one pixel of the existing liquid crystal display
panel, having the FFS mode, to which the subpixel for control
of'a view angle is added.

[0009] AsshowninFIG.9,o0nepixel 11H ofa liquid crystal
display panel 10H is composed of a display region 12H and a
view angle control region 13H disposed adjacent to the dis-
play region 12H. The display region 12H is composed of three
subpixels 16H for display of R, G and B. Also, a color of
corresponding one of the pixels is determined based on a
mixed color of lights having R, G and B, respectively. The
view angle control region 13H includes one subpixel 17H for
control of a view angle. An upper electrode 28 of the liquid
crystal display panel 10H operates as a common electrode in
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this case, and is formed over all the pixels. In addition, a low
electrode 25 of the liquid crystal display panel 10H operates
as a pixel electrode, and is formed every subpixel 16H for
display and pixel 17H for control of a view angle.

[0010] Also, a first slit-like opening 29H having a dogleg
shape is formed in the upper electrode 28 of the display region
12H. An alignment film (not shown) is formed on a surface of
the upper electrode 28 and an inner surface of the first slit-like
opening 29H. The alignment film is subjected to a rubbing
treatment in the same direction as an extension direction (a
Y-axis directionin FIG. 9) of asignal line 19. The first slit-like
opening 29H is composed of a first subslit-like opening 38
which is inclined with respect to the rubbing treatment direc-
tion by +c, and a second subslit-like opening 39 which is
inclined with respect to the rubbing treatment direction by
-a.. A second slit-like opening 30H which extends in a direc-
tion vertical to the rubbing treatment direction is formed in
the upper electrode 28 of the view angle control region 13H.
[0011] As described in Patent Document 2, in the liquid
crystal display panel 10H, when a drive voltage is applied
across the upper electrode 28 and the lower electrode 25,
liquid crystal molecules in the view angle control region 13H
are each inclined with respect to a surface of an array sub-
strate. Therefore, although there is no influence of the view
angle control in a direct vision direction for the front of the
liquid crystal display panel 10H, since the contrast becomes
deteriorated due to light leakage in an oblique vision direc-
tion, an image displayed becomes difficult to see. As a result,
it is possible to offer the view angle control effect.

SUMMARY

[0012] However, in the existing liquid crystal display panel
10H, in a central portion of the second slit-like opening 30H
and a central portion of a width between the second slit-like
openings 30H in the view angle control region 13H, a direc-
tion of the electric field in an ON phase of the electric field
becomes vertical to that of the liquid crystal molecules in an
OFF phase of the electric field. Therefore, a rotational direc-
tion of the liquid crystal molecules is hardly determined. For
this reason, as shown in FIG. 10, as the applied voltage is
increased, the light leakage is generated in the central portion
of'the second slit-like opening 30H, and in the central portion
of the width between the second slit-like openings 30H in the
direct vision direction. The light leakage in the view angle
control region is similarly generated in the liquid crystal
display panel as well having the IPS mode.

[0013] The present invention has been made in order to
solve the problems involved in the related art, and it is there-
fore desirable to provide a liquid crystal display panel, using
a transverse electric field system having an FFS mode or an
IPS mode, and including a subpixel for control of a view
angle, which is excellent in view angle control function
because light leakage in a direct vision direction is reduced
when the view angle control is carried out, and an electronic
apparatus using the same.

[0014] Inorder to attain the desire described above, accord-
ing to an embodiment, there is provided a liquid crystal dis-
play panel including: a first substrate and a second substrate
disposed so as to face each other with a liquid crystal layer
being held between said first substrate and said second sub-
strate, a first electrode and a second electrode across which an
electric field is applied to the liquid crystal layer being formed
on the first substrate, a subpixel for display and a subpixel for
control of a view angle being disposed on the same pixel, in
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which a plurality of slit-like openings are formed in the sec-
ond electrode in the subpixel for control of a view angle, and
a light blocking member is formed in a central position of a
width of each of the plurality of slit-like openings in terms of
planar view.

[0015] In the liquid crystal display panel according to the
embodiment, since both the first electrode and the second
electrode are formed on the first substrate, both the subpixel
for display, and the subpixel for control of a view angle
operate in accordance with the transverse electric field sys-
tem. Also, in the liquid crystal panel of the embodiment, a
rotational direction of liquid crystal molecules is hardly
determined in a portion in which a direction of the electric
field in an ON phase of the electric field is vertical to that of
the liquid crystal molecules in an OFF phase of the electric
field, especially, in the central portion of the width of the
slit-like opening in the second electrode through which the
electric field is applied to the liquid crystal layer in the sub-
pixel for control of a view angle for carrying out the control of
the view angle in accordance with which the light leakage is
obliquely generated for the control of the view angle. For this
reason, the light leakage may be generated in the subpixel for
control of a view angle in a direct vision direction depending
on the magnitude of the voltage applied across the first elec-
trode and the second electrode. According to the liquid crystal
display panel of the embodiment, since the light blocking
member is formed in the central position of the width of each
of'the slit-like openings in the second electrode in terms of the
planar view in the subpixel for control of a view angle, it is
possible to reduce the light leakage in the direct vision direc-
tion.

[0016] In the liquid crystal display panel of the embodi-
ment, preferably, the light blocking member is formed in a
central position as well of a width of the second electrode in
terms of planar view.

[0017] When the slit-like openings are formed in the sec-
ond electrode, the central position of the width of the second
electrode between the slit-like openings is also a region in
which a rotational direction of the liquid crystal molecules is
hardly determined. Therefore, the light leakage may be gen-
erated in the direct vision direction as well in the subpixel for
control of a view angle depending on the magnitude of the
voltage applied across the first electrode and the second elec-
trode. In the liquid crystal display panel of the embodiment,
since the light blocking member is formed in the central
position as well of the width of the second electrode in terms
of the planar view, it is possible to further block the light
leakage in the subpixel for control of a view angle.

[0018] Inaddition, in the liquid crystal display panel of the
embodiment, preferably, the first electrode is formed on a
lower side of the first substrate through an insulating layer,
and the second electrode is formed on an upper side of the first
substrate.

[0019] According to the liquid crystal display panel of the
embodiment, the liquid crystal display panel, using the FFS
mode, which has the wide view angle and a high luminance is
obtained while the effect described above is offered.

[0020] Inaddition, in the liquid crystal display panel of the
embodiment, preferably, a thin film transistor (TFT) for driv-
ing either the first electrode or the second electrode is formed
on the first substrate, and the light blocking member is formed
in the same layer as that of either a source electrode or a gate
electrode of the thin film transistor.
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[0021] According to the liquid crystal display panel of the
embodiment, since the light blocking member can be formed
in the same process as that for either the source electrode or
the gate electrode of the TFT, it is unnecessary to add a
process for forming the light blocking member. In addition
thereto, since the light blocking member is formed on the first
substrate (array substrate), even if position shift is caused
when the first substrate and the second substrate (color filter
substrate) are stuck to each other, any of the positions
between the light blocking member, and the first electrode
and the second electrode is prevented from being shifted.
[0022] Inaddition, in the liquid crystal display panel of the
embodiment, preferably, a light blocking layer is formed on
the second substrate, and the light blocking member is formed
in the same layer as that of the light blocking layer.

[0023] Thelightblocking layer referred to as a black matrix
is formed on the second substrate (color filter substrate) of the
liquid crystal display panel. According to the liquid crystal
display panel of the embodiment, since the light blocking
member can be formed in the same process as that for the light
blocking layer of the second substrate, it is unnecessary to
especially add a process for forming the light blocking mem-
ber.

[0024] In addition, according to the liquid crystal display
panel of the embodiment, preferably, a length of the light
blocking member in a position where corresponding one of
the slit-like openings of the second electrode is longer than
that of the light blocking member formed on a surface
between corresponding ones of the slit-like openings of the
second electrode.

[0025] A length of the light leakage in the position where
the corresponding one of the slit-like openings of the second
electrode of the subpixel for control of a view angle is formed
is longer than that of the light leakage in the position of the
surface between the corresponding ones of the slit-like open-
ings of the second electrodes. Therefore, in the liquid crystal
display panel of the embodiment, the length of the light
blocking member in the position where the corresponding
one of the slit-like openings of the second electrode is formed
is made longer than that of the light blocking member formed
on the surface between the corresponding ones of the slit-like
openings of the second electrode. As a result, it is possible to
effectively carry out the control of the view angle, and it is
also possible to further enhance the effect of preventing the
light leakage in the direct vision direction.

[0026] According to another embodiment, there is pro-
vided an electronic apparatus including the liquid crystal
display panel according to the embodiment.

[0027] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIG. 1 is a top plan view showing an outline of an
array substrate for one pixel in a liquid crystal display panel
according to a first embodiment;

[0029] FIG. 2 is a cross sectional view taken on line II-II of
FIG. 1;

[0030] FIG.3isacross sectional view taken on line of FIG.
1;

[0031] FIG. 4 is a top plan view showing an outline of an

array substrate for one pixel in a liquid crystal display panel
according to a second embodiment;
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[0032] FIG. 5 is a top plan view showing an outline of an
array substrate for one pixel in a liquid crystal display panel
according to a third embodiment;

[0033] FIGS. 6A and 6B are, respectively, a cross sectional
view of a portion corresponding to the cross sectional view
taken on line II-II of FIG. 1 in a liquid crystal display panel
according to a fourth embodiment, and a cross sectional view
of a portion corresponding to the cross sectional view taken
on line II-I1 of FIG. 1 in a liquid crystal display panel accord-
ing to a fifth embodiment;

[0034] FIG. 7 is a top plan view showing an outline of an
array substrate for one pixel in a liquid crystal display panel
according to a sixth embodiment;

[0035] FIG. 8 is a top plan view showing an outline of an
array substrate for one pixel in a liquid crystal display panel
according to a seventh embodiment;

[0036] FIG. 9 is a top plan view showing an outline of an
existing array substrate for one pixel; and

[0037] FIG. 10 is a top plan view showing light leakage in
an existing view angle subpixel.

DETAILED DESCRIPTION

[0038] Embodiments of the present application will be
described below in detail with reference to the drawings.
[0039] However, embodiments which will be described
below are not intended to limit the present invention to the
contents described herein, and thus the present invention is
equally applied to various kinds of changes made without
departing from the technical idea disclosed in the appended
claims. In addition, in the drawings used for the description in
this specification, for the purpose of drawing layers and mem-
bers in such sizes that they can be recognized on the drawings,
the layers and the members are drawn on different scale sizes,
respectively, and thus are not necessarily drawn in proportion
to their actual sizes.

1. First Embodiment

[0040] A structure of a main portion of a liquid crystal
display panel 10A according to a first embodiment will now
be described with reference to FIGS. 1 to 3. The liquid crystal
display panel 10A of the first embodiment includes a display
region 12A complying with an FFS mode for color display,
and a view angle control region 13A complying with the FFS
mode in each of pixels 11A. As shown in FIGS. 2 and 3, in the
liquid crystal display panel 10A, a liquid crystal layer LC is
held between an array substrate AR and a color filter substrate
CF. Also, a first polarizing plate 14 is provided on an outer
surface of the array substrate AR on a side opposite to the
liquid crystal layer LC, and a second polarizing plate 15 is
provided on an outer surface of the color filter substrate CF on
a side opposite to the liquid crystal layer LC. In the liquid
crystal display panel 10A of the first embodiment, the first
polarizing plate 14 and the second polarizing plate 15 are
mutually disposed in a cross-Nicol fashion, and operate in a
normally black mode.

[0041] The liquid crystal display panel 10A has a plurality
of pixels 11A disposed in a row direction (in an X-axis direc-
tion in FIG. 1), and in a column direction (in a Y-axis direction
in FIG. 1). As shown in FIG. 1, one pixel 11A is composed of
a display region 12A, and a view angle control region 13A
disposed adjacent to the display region 12A. The display
region 12A, for example, is composed of three subpixels 16 A
for display of three colors of Red (R), Green (G) and Blue (B).
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Also, a color of corresponding one of the pixels 11A is deter-
mined based on a mixed color of lights having R, G and B,
respectively. The view angle control region 13A includes one
subpixel 17A for control of a view angle.

[0042] Each of the subpixel 16A for display, and the sub-
pixel 17A for control of a view angle in the array substrate AR
includes a scanning line 18, a signal line 19, and a thin film
transistor TFT. In this case, the scanning line 18 is made of an
opaque metal such as aluminum or molybdenum, and extends
in the row direction. The signal line 19 is made of an opaque
metal such as aluminum or molybdenum, and extends in the
column direction. Also, the thin film transistor TFT is dis-
posed in the vicinity of an intersection portion between the
scanning line 18 and the signal line 19. It is noted that the thin
film transistor TFT of the subpixel 16A for display, and the
thin film transistor TFT of the subpixel 17A for control of a
view angle have the same structure.

[0043] The array substrate AR has a first transparent sub-
strate 20, for example, made of a glass, quartz, a plastic or the
like which is transparent and has an insulating property as a
base. The scanning line 18 is formed on a side of the first
transparent substrate 20 facing the liquid crystal layer LC,
and a gate electrode G is disposed so as to extend from
corresponding one of the scanning lines 18. A transparent
gate insulating film 21, for example, made of a silicon nitride,
a silicon oxide or the like is laminated so as to cover both the
scanning line 18 and the gate electrode G. Also, a semicon-
ductor layer 22, for example, made of amorphous silicon,
polycrystalline silicon or the like is formed on the gate insu-
lating film 21 overlapping the gate electrode G in terms of
planar view.

[0044] In addition, a plurality of signal lines 19 each, for
example, made of a metal such as aluminum or molybdenum
are formed on the gate insulating film 21 in the column
direction. Regions which are measured by these scanning
lines 18 and signal lines 19 become subpixel regions, respec-
tively. A source electrode S is disposed so as to extend from
corresponding one of the signal lines 19, and partially con-
tacts a surface of the semiconductor layer 22.

[0045] In addition, a drain electrode D which is formed
from the same material as that of each of the signal lines 19
concurrently with each of the signal lines 19 is provided on
the gate insulating film 21. The drain electrode D is disposed
close to the source electrode S and partially contacts the
surface of the semiconductor layer 22. The three subpixels
16A for display of R, G and B compose the display region
12A having approximately a square shape of one pixel 11A.
Thus, each of the subpixels 16A for display which are
obtained by trisecting the display region 12A has a rectangu-
lar shape in which the scanning line 18 side is a short side, and
the signal line 19 side is a long side. The thin film transistor
TFT serving as a switching element is composed of the gate
electrode G, the gate insulating film 21, the semiconductor
layer 22, the source electrode S, and the drain electrode D.
[0046] In addition, a transparent passivation film 23, for
example, made of a silicon nitride, a silicon oxide or the like
is laminated so as to cover exposed portions of the signal line
19, the thin film transistor TFT and the gate insulating film 21.
Also, an interlayer resin film 24, for example, made of a
transparent resin material such as a photo resist is laminated
so as to cover the passivation film 23. The interlayer resin film
24 planarizes an irregular surface of the passivation film 23
caused by the signal line 19, the thin film transistor TFT and
the gate insulating film 21.
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[0047] Also, a lower electrode 25 (corresponding to a first
electrode in the present invention), for example, made of a
transparent conductive material such as an Indium Tin Oxide
(ITO) or an Indium Zinc Oxide (IZO) is formed so as to cover
the interlayer resin film 24. A contact hole 26 is formed so as
to completely extend through both the interlayer resin film 24
and the passivation film 23 to reach the drain electrode D. The
lower electrode 25 and the drain electrode D are electrically
connected to each other through the contact hole 26. For this
reason, the lower electrode 25 operates as the pixel electrode.

[0048] A transparent interelectrode insulating film 27, for
example, made of a silicon nitride, a silicon oxide or the like
is laminated so as to cover the lower electrode 25. Also, an
upper electrode 28 (corresponding to a second electrode in
the present invention), for example, made of a transparent
conductive material such as an ITO or an IZO is formed so as
to cover the interelectrode insulating film 27. The upper elec-
trode 28 is formed over the pixels 11A, and is electrically
connected to a common wiring (not shown). For this reason,
the upper electrode 28 operates as a common electrode.

[0049] As shown in FIG. 1, a plurality of first slit-like
openings 29A are formed in the upper electrode 28 in the
subpixel 16A for display. Also, a plurality of second slit-like
openings 30A are formed in the upper electrode 28 in the
subpixel 17A for control of a view angle. After a photo resist
material applied onto the surface of the upper electrode 28 is
exposed and developed by using a photolithography method,
the selective etching is carried out by using the resulting
photo resist material as an etching mask, thereby forming
these first and second slit-like openings 29A and 30A. Also, a
first alignment film 32, for example, made of polyimide is
laminated so as to cover both the upper electrode 28 and inner
surfaces of the first and second slit-like openings 29A and
30A. The first alignment film 32 is subjected to a rubbing
treatment. When no electric field is applied to the liquid
crystal layer L.C, the liquid crystal molecules are got in a line
in a rubbing treatment direction.

[0050] The color filter substrate CF has a second transpar-
ent substrate 33, for example, made ofa glass, quartz, a plastic
or the like which is transparent and has an insulating property
as a base. A light blocking layer 34, for example, having a
light blocking property is formed in a position facing the
opaque scanning line 18, the signal line 19, and the thin film
transistor TFT of the array substrate AR on the surface on the
liquid crystal layer LC side of the second transparent sub-
strate 33. Also, color filter layers 35 which transmit lights
having different colors (R, G and B), respectively, are formed
in the three subpixels 16A for display, respectively. As shown
in FIG. 3, no color filter layer 35 is formed in the subpixel 17A
for control of a view angle.

[0051] Also, an overcoat layer 36, for example, made of a
transparent resin material such as a photo resist is laminated
so as to cover both the light blocking layer 34 and the color
filter layer 35. The overcoat layer 36 of the color filter sub-
strate CF is formed for the purpose of planarizing stepped
portions caused by the color filter layers 35 having the differ-
ent colors, respectively, and blocking an impurity from the
light blocking layer 34 or the color filter layer 35 so as for such
an impurity not to enter the liquid crystal layer LC. Also, a
second alignment film 37, for example, made of polyimide is
formed so as to cover the overcoat layer 36. The second
alignment film 37 is subjected to the rubbing treatment whose
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direction is either parallel with or the orthogonal to each of
optical axes of the first and second polarizing plates 14 and
15.

[0052] Next, a detailed description will be given with
respect to the first slit-like opening 29 A ofthe upper electrode
28 in the subpixel 16 A for display, the second slit-like open-
ing 30A of the upper electrode 28 in the subpixel 17A for
control of a view angle, and the direction of the rubbing
treatment. As shown in FIG. 1, the first slit-like opening 29A
is formed in a dogleg shape so as to extend in an extension
direction of the signal line 19. Since the subpixel 16A for
display is vertically long, when the first slit-like openings
29 A are made to transversely extend, the number of both ends
of'the first slit-like openings 29 A increases. An end portion of
the first slit-like opening 29A becomes an abnormal align-
ment region. Then, in the liquid crystal display panel 10A of
the first embodiment, the extension direction of the first slit-
like opening 29A is set as a longitudinal direction, whereby
the number of end portions of the first slit-like openings 29A
is reduced and a decrease in aperture ratio is reduced.

[0053] Inaddition, the first slit-like opening 29A having the
dogleg shape is composed of a first subslit-like opening 38
which is inclined with respect to the extension direction of the
signal line 19 by +a (a clockwise direction is set as being
positive, and « is taken to be positive), and a second subslit-
like opening 39 which is inclined with respect to the extension
direction of the signal line 19 by -o. Although a differs
depending on various kinds of conditions, preferably, . is in
the range of 3° to 15°. When all the first slit-like openings 29A
are inclined either in the clockwise direction or in the coun-
terclockwise direction with respect to the direction of the
rubbing treatment, a phenomenon appear such that a color
changes depending on viewing angles because the liquid
crystal molecules are rotated in one direction. The reason for
this is because an apparent retardation changes depending on
the direction along which the liquid crystal molecules are
seen. In this case, 5° which is close to an optimal value is
adopted as a. In addition, as shown in FIG. 1, the second
slit-like opening 30A is formed so as to extend in parallel with
the extension direction of the scanning line 18.

[0054] Next, a description will be given with respect to the
light blocking member for measures taken to cope with the
light leakage in the subpixel 17A for control of a view angle.
As shown in a partially enlarged part of FIG. 2, in each of a
central portion of a width of the second slit-like opening 30A
ofthe upper electrode 28 in the subpixel 17A for control of a
view angle, and a central portion of a width between the
second slit-like openings 30A, a direction of the electric field
in the ON phase of the electric field becomes approximately
vertical to the alignment direction of the liquid crystal mol-
ecules in the OFF phase of the electric field. For this reason,
the liquid crystal molecules in the central portion of the width
of the second slit-like opening 30A, and the liquid crystal
molecules in the central portion of the width between the
second slit-like openings 30A are not determined in their
rotational directions. For this reason, as the applied voltage is
increased, as shown in FIG. 10, the light leakage having a
maximum width of about 2 pm is generated in the direct
vision direction. As the applied voltage is gradually
increased, the light leakage is earlier generated and is gener-
ated in a longer range in the central portion of the width of the
second slit-like opening 30A than in the central portion of the
width between the second slit-like openings 30A.
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[0055] Then, in the first embodiment, as shown in FIG. 1, a
first light blocking member 40A having a predetermined
width W is provided in the central portion of the width of the
second slit-like opening 30A and over the entire length of the
second slit-like opening 30A in terms of planar view. Since
the light leakage has the width of up to 2 um, preferably, the
width W of the first light blocking member 40A for blocking
the leaked light is set as being equal to or larger than 2 pm and
equal to or smaller than 3 pm. When the width W of the first
light blocking member 40A is set as being smaller than 2 pm,
it may be impossible to perfectly prevent the light leakage in
the direct vision direction. On the other hand, when the sec-
ond slit-like opening 30A is set as being larger than 3 pm, the
view angle control function is reduced.

[0056] It is noted that although in the first embodiment, the
width W of the first light blocking member 40 A is set as being
equal to or larger than 2 pm and equal to or smaller than 3 pm
s0 as to correspond to 2 um as the maximum width of the light
leakage, this results from that the width of the second slit-like
opening 30A is set in the range of 5 to 6 pm. Therefore, the
width W of the first light blocking member 40A may be
formed so as to become half the width of the second slit-like
opening 30A.

[0057] The first light blocking member 40A is formed from
the same member as that of the opaque source electrode S, in
the same layer as that of the opaque source electrode S, and in
the same process as that of the opaque source electrode S. As
a result, the first light blocking member 40A can be formed
without specially adding a process. The light leakage in the
central portion of the width of the second slit-like opening
30A can be reduced by the first light blocking member 40A.
In addition, the first light blocking member 40A is formed in
the same layer as that of the source electrode S, whereby the
first light blocking member 40A is formed in the array sub-
strate AR. Thus, even when the position shift is generated
when the array substrate AR and the color filter substrate CF
are stuck to each other, the position of the first light blocking
member 40A, and the position of the second slit-like opening
30A can be prevented from being shifted from each other.
[0058] The array substrate AR and the color filter substrate
CF which are formed in the manner as described above are
made to face each other, and sealing materials (not shown) are
provided in the circumferences of both the array substrate AR
and the color filter substrate CF, respectively, thereby sticking
both the array substrate AR and the color filter substrate CF to
each other. Also, the liquid crystal is filled in a space defined
between both the array substrate AR and the color filter sub-
strate CF, thereby obtaining the liquid crystal display panel
10A according to the first embodiment. The liquid crystal
display panel 10A operates in accordance with the normally
black mode. Thus, as shown in FIG. 1, an optical axis (trans-
mission axis) L1A of the first polarizing plate 14 in the array
substrate AR is identical in direction to each of the scanning
lines 18. Also, an optical axis L2A of the second polarizing
plate 15 in the color filter substrate CF is identical in direction
to each of the signal lines 19. In addition, an incident light L
is radiated from a backlight unit (not shown) disposed on a
back surface of the liquid crystal display panel 10A (refer to
FIGS. 2 and 3).

[0059] In the display region 12A, when the thin film tran-
sistor TF'T is held in an OFF state, the incident light which has
been converted into a linearly polarized light in the same
direction as that of each of the scanning lines 18 by the first
polarizing plate 14 is made incident to the second polarizing
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plate 15 as it is. Therefore, the incident light cannot be trans-
mitted through the liquid crystal display panel 10A, and thus
the black display is provided. When the thin film transistor
TFT is turned ON, an electric field is generated across the
lower electrode 25 and the upper electrode 28, the alignment
of the liquid crystal molecules of the liquid crystal layer LC
changes, and the light passing through the liquid crystal layer
LC is given a predetermined phase difference (2 wave-
length). As a result, since the incident light which has been
converted into the linearly polarized light parallel with each
of the scanning lines 18 by the first polarizing plate 14 is
changed in phase by 90°, and is then made incident to the
second polarizing plate 15, the incident light can pass through
the liquid crystal display panel 10A. Thus, the chromatic
color display can be carried out through the color filter layer
35.

[0060] When the thin film transistor TFT is held in the OFF
state, since the liquid crystal molecules located within the
second slit-like opening 30A in the subpixel 17A for control
of a view angle are parallel with the plane of the array sub-
strate AR, no light leakage is generated in the direct vision
direction and in the eye squinting direction for the liquid
crystal display panel 10A. Therefore, no influence is exerted
on the display in the display region 12A. When the thin film
transistor TFT is turned ON, the electric field is generated
across the lower electrode 25 and the upper electrode 28.
Thus, as shown in the partially enlarged part of FIG. 2, the
liquid crystal molecules located within the second slit-like
opening 30A in the subpixel 17A for control of a view angle
are inclined with respect to the plane of the array substrate
AR. As aresult, the incident light radiated from the backlight
light source leaks in the inclination direction. For this reason,
with the exception of the light leakage described above, no
influence of the display is exerted on the direct vision direc-
tion for the liquid crystal display panel 10A. However, the
contrast becomes deteriorated for the eye squinting direction
for the liquid crystal display panel 10A, and thus an image
becomes difficult to visibly recognize.

2. Second Embodiment

[0061] Next, aliquid crystal display panel 10B according to
a second embodiment will be described in detail with refer-
ence to FIG. 4. FIG. 4 corresponds to FIG. 1 showing the
liquid crystal display panel 10A of the first embodiment. In
the liquid crystal display panel 10B of the second embodi-
ment, the same constituent elements as those in the liquid
crystal display panel 10A of the first embodiment in terms of
a structure are designated by the same reference numerals,
respectively. With regard to the reference numerals each hav-
ing a suffix A added thereto, the suffix A is changed to a suffix
“B,” and a detailed description of the constituent elements
each having the suffix B added thereto is omitted here for the
sake of simplicity. The liquid crystal display panel 10B of the
second embodiment is mainly different in width of the light
blocking member from the liquid crystal display panel 10A of
the first embodiment.

[0062] As shown in FIG. 4, a first light blocking member
40B of the liquid crystal display panel 10B of the second
embodiment extends up to the signal line 19, and has the same
potential as that of the signal line 19. Also, a second light
blocking member 41B is formed in a position as well of a
central portion of a width between second slit-like openings
30B in terms of planar view. Similarly to the case of the first
light blocking member 40B, the second light blocking mem-
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ber 41B is formed from the same member as that of the source
electrode S, in the same layer as that of the source electrode S,
and in the same process as that of the source electrode S so as
to have a width equal to or larger than 2 pm and equal to or
smaller than 3 pm. Also, the second light blocking member
41B extends up to the signal line 19 and has the same potential
as that of the signal line 19.

[0063] As described above, in the liquid crystal display
panel 10B of the second embodiment, since the light leakage
between the second slit-like openings 30B can also be
blocked, the light leakage in the direct vision direction can be
further reduced. It is noted that since the length of the light
leakage between the second slit-like openings 30B is shorter
than that of the light leakage in the central portion of the width
of the second slit-like opening 30B, the length of the second
light blocking member 41B is shorter than that of the first
light blocking member 40B. As a result, it is possible to
effectively carry out the view angle control, and it is also
possible to enhance the effect of preventing the light leakage
in the direct vision direction.

3. Third Embodiment

[0064] Next,aliquid crystal display panel 10C according to
a third embodiment will be described in detail with reference
to FIG. 5. It is noted that in FIG. 5, an illustration of the first
alignment film is omitted. FIG. 5 corresponds to FIG. 1 show-
ing the liquid crystal display panel 10A of the first embodi-
ment. In the liquid crystal display panel 10C of the third
embodiment, the same constituent elements as those in the
liquid crystal display panel 10A of the first embodiment in
terms of a structure are designated by the same reference
numerals, respectively. With regard to the reference numerals
each having a suffix A added thereto, the suffix A is changed
to a suffix “C,” and a detailed description of the constituent
elements each having the suffix C added thereto is omitted
here for the sake of simplicity. The liquid crystal display panel
10C of the third embodiment is mainly different in width of
the light blocking member from the liquid crystal display
panel 10A of the first embodiment.

[0065] As shown in FIG. 5, the both ends of the first light
blocking member 40C of the liquid crystal display panel 10C
of the third embodiment gradually spread up to the positions
of entire ridge lines of end portions of a second slit-like
opening 30C in terms of planar view. Also, a second light
blocking member 41C is formed in a position as well of a
central portion of a width between the second slit-like open-
ings 30C in terms of planar view. The second light blocking
member 41C is provided in a position of a central portion of
a width of a second slit-like opening 30C over the entire
length of the second slit-like opening 30C so as to have a
width equal to or larger than 2 jum and equal to or smaller than
3 um in terms of planar view similarly to the case of the first
light blocking member 40C. The second light blocking mem-
ber 41C is formed from the same member as that of the source
electrode S, in the same layer as that of the source electrode S,
and in the same process as that ofthe source electrode S. Also,
the both ends of the second light blocking member 41C
gradually spread up to the positions of the entire ridge lines of
the end portions of the slit-like opening 30C in terms of planar
view. As described above, in the liquid crystal display panel
10C of the third embodiment, the both end portions of the
second slit-like opening 30C in which the direction of the
electric field is different from that of the rubbing treatment are
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also light-blocked. Therefore, it is possible to further reduce
the light leakage in the direct vision direction.

4. Fourth and Fifth Embodiments

[0066] Next, liquid crystal display panels 10D and 10E
according to fourth and fifth embodiments will be described
with reference to FIGS. 6A and 6B, respectively. FIG. 6A
corresponds to the cross sectional view showing a subpixel
17D for control of a view angle of FIG. 2 in the liquid crystal
display panel 10D of the fourth embodiment. FIG. 6B corre-
sponds to the cross sectional view showing the subpixel 17E
for control of a view angle of FIG. 2 in the liquid crystal
display panel 10E of the fifth embodiment. In the liquid
crystal display panels 10D and 10E of the fourth and fifth
embodiments, the same constituent elements as those in the
liquid crystal display panel 10A of the first embodiment in
terms of a structure are designated by the same reference
numerals, respectively. With regard to the reference numerals
each having the suffix A added thereto, the suffix A is changed
to a suffix “D” in the case of the fourth embodiment and the
suffix A is changed to a suffix “E” in the case of the fifth
embodiment. Also, a detailed description of the constituent
elements each having the suffix D added thereto and a detailed
description of the constituent elements each having the suffix
E added thereto are omitted here for the sake of simplicity.
Each of the fourth and fifth embodiments is different in posi-
tion where the light blocking member is formed and material
thereof from the liquid crystal display panel 10A of the first
embodiment in terms of a structure.

[0067] As shown in FIG. 6A, a first light blocking member
40D in the liquid crystal display panel 10D of the fourth
embodiment is formed from the same member as that of the
opaque gate electrode G, in the same layer as that of the
opaque gate electrode G, and in the same process as that of the
opaque gate electrode G. The first light blocking member 40D
in the fourth embodiment is formed in the array substrate AR
similarly to the case of the first light blocking member 40A in
the first embodiment. Therefore, in the case where when the
array substrate AR and the color filter substrate CF are stuck
to each other and their positions are shifted from each other,
the position of the first light blocking member 40D, and the
position of the second slit-like opening 30D are prevented
from being shifted from each other.

[0068] As shown in FIG. 6B, a first light blocking member
40E of the liquid crystal display panel 10E of the fifth
embodiment is formed from the same member as that of the
opaque light blocking layer 34 of the color filter substrate CF,
in the same layer as that of the opaque light blocking layer 34
ofthe color filter substrate CF, and in the same process as that
of the opaque light blocking layer 34 of the color filter sub-
strate CF. As has been described, even when the first light
blocking member 40E is formed in the same process as that of
the gate electrode G, or in the same process as that of the light
blocking layer 34 of the color filter substrate CF, it is possible
to prevent the number of processes for forming the first light
blocking member 40E from being increased. It is noted that
the second light blocking member can also be formed on the
gate electrode G or in the color filter substrate CF.

5. Sixth Embodiment

[0069] Next, aliquid crystal display panel 10F according to
a sixth embodiment will be described with reference to FIG.
7. FIG. 7 corresponds to FIG. 1 showing the liquid crystal
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display panel 10A of the first embodiment. In the liquid
crystal panel 10F of the sixth embodiment, the same constitu-
ent elements as those in the liquid crystal display panel 10A of
the first embodiment in terms of a structure are designated by
the same reference numerals, respectively. With regard to the
reference numerals each having the suffix A added thereto,
the suffix A is changed to a suffix “F,” and a detailed descrip-
tion of the constituent elements each having the suffix F added
thereto is omitted here for the sake of simplicity. The liquid
crystal display panel 10F of the sixth embodiment is mainly
different from the liquid crystal display device 10A of the first
embodiment in that the extension direction of each of the
second slit-like openings 30A of the view angle control
region 13A in the first embodiment is parallel with each of the
scanning lines 18, whereas an extension direction of each of
second slit-like openings 30F of a view angle control region
13F in the sixth embodiment is parallel with each of the signal
lines 19.

[0070] In the liquid crystal display panel 11F of the sixth
embodiment, the extension direction of a first slit-like open-
ing 29F of the display region 12F is not of a multi-domain
type, but is inclined with respect to each of the scanning lines
18 by an angle +al. Also, the extension direction of the
second slit-like opening 30F of the view angle control region
13F is parallel with each of the signal lines 19. A first light
blocking member 40F of the view angle control region 13F is
provided in a position of a central portion of a width of the
second slit-like opening 30F over the entire length of the
second slit-like opening 30 so as to have a width equal to or
larger than 2 pm and equal to or smaller than 3 pm in terms of
planar view similarly to the case of the first embodiment.
Also, the first light blocking member 40F is formed from the
same member as that of the source electrode S, in the same
layer as that of the source electrode S, and in the same process
as that of the source electrode S. In addition, a second light
blocking member 41F is formed in a position between the
second slit-like openings 30F so as to be slightly shorter than
the entire length of the second slit-like opening 30F and so as
to have a thickness equal to or larger than 2 um and equal to
or smaller than 3 pum in terms of planar view. Also, the second
light-blocking member 41F is formed from the same member
as that of the source electrode S, in the same layer as that of
the source electrode S, and in the same process as that of the
source electrode S. As has been described, the present inven-
tion can be applied to the liquid crystal display panel as well
in which the slit-like opening of the view angle control region
is parallel with each of the signal lines 19.

6. Seventh Embodiment

[0071] Next,aliquid crystal display panel 10G according to
a seventh embodiment will be described with reference to
FIG. 8. FIG. 8 corresponds to FIG. 1 showing the liquid
crystal display panel 10A of the first embodiment. In the
liquid crystal panel 10G of the seventh embodiment, the same
constituent elements as those in the liquid crystal display
panel 10A of the first embodiment in terms of a structure are
designated by the same reference numerals, respectively.
With regard to the reference numerals each having the suffix
A added thereto, the suffix A is changed to a suffix “G,” and a
detailed description of the constituent elements each having
the suffix G added thereto is omitted here for the sake of
simplicity. The liquid crystal display panel 10G of the seventh
embodiment is mainly different from the liquid crystal dis-
play device 10A of the first embodiment in that the liquid
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crystal display panel 10A of the first embodiment has the FFS
mode, whereas the liquid crystal display panel 10G of the
seventh embodiment has the IPS mode.

[0072] As shown in FIG. 8, in the liquid crystal display
panel 10G of the seventh embodiment, the first electrode 42
(corresponding to the first electrode in the present invention)
operating as the pixel electrode in the display region 12G, and
the second electrode 43 (corresponding to the second elec-
trode in the present invention) operating as the common elec-
trode have slot-like openings, respectively. Also, the first
electrode 42 and the second electrode 43 are formed in slen-
der pectinate shapes each having a dogleg shape and extend so
as to make at angles of +o. and —o. with each of the signal lines
19, respectively. Thus, the first electrode 42 and the second
electrode 43 are formed in a form such that the other electrode
is formed in the slit-like opening of one electrode, and thus
one electrode and the other electrode are engaged with each
other in terms of planar view. The first electrode 44 operating
as the pixel electrode of the view angle control region 13G,
and the second electrode 45 operating as the common elec-
trode are formed so as to have a pectinate shape having a
plurality of slit-like openings in the direction (in the X-axis
direction) of each of the scanning lines 18. Thus, the first
electrode 44 and the second electrode 45 are formed in a form
such that the other electrode is formed in the slit-like opening
of one electrode, and thus one electrode and the other elec-
trode are engaged with each other in terms of planar view.
[0073] Also, as shown in FIG. 8, a first light blocking mem-
ber 40G is formed in a position of a central portion of a width
of the slit-like opening of the second electrode 45, in other
words, in a position of a central portion of a width of the first
electrode 44 over the entire length of the first electrode 44 so
as to have a width equal to or larger than 2 pm and equal to or
smaller than 3 um in terms of planar view. Also, a second light
blocking member 41G is formed in a position of a central
portion of a width of the slit-like opening of the first electrode
44, in other words, in a position of a central portion of a width
ofthe second electrode 45 over the entire length of the second
electrode 45 so as to have a width equal to or larger than 2 pm
and equal to or smaller than 3 pm in terms of planar view. In
the manner as shown in FIG. 6B, each of the first light block-
ing member 40G and the second light blocking member 41G
is formed from the same member as that of the opaque light
blocking layer 34 of the color filter substrate CF, in the same
layer as that of the opaque light blocking layer 34 of the color
filter substrate CF, and in the same process as that of the
opaque light blocking layer 34 of the color filter substrate CF.

7. Eighth Embodiment

[0074] The liquid crystal display panel has been described
so far in the form of the first to seventh embodiments. Such a
liquid crystal display panel of the present invention can be
used in various kinds of electronic apparatuses such as a
personal computer, a mobile phone, a handheld terminal, and
a car navigation system.

[0075] An electronic apparatus according to an eighth
embodiment includes the liquid crystal display panel accord-
ing to any one of the first to seventh embodiments.

[0076] Itis noted that since the basic configurations of these
various kinds of electronic apparatuses are well known to
those skilled in the art, a detailed description thereof is omit-
ted here for the sake of simplicity.
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[0077] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope and without diminishing its
intended advantages. It is therefore intended that such
changes and modifications be covered by the appended
claims.

The application is claimed as follows:

1. A liquid crystal display panel, comprising:

a first substrate and a second substrate disposed so as to
face each other with a liquid crystal layer being held
between said first substrate and said second substrate, a
first electrode and a second electrode across which an
electric field is applied to said liquid crystal layer being
formed on said first substrate, a subpixel for display and
a subpixel for control of a view angle being disposed on
the same pixel,

wherein a plurality of slit-like openings are formed in said
second electrode in said subpixel for control of a view
angle, and a light blocking member is formed in a central
position of a width of each of said plurality of slit-like
openings in terms of planar view.

2. The liquid crystal display panel according to claim 1,
wherein said light blocking member is formed in a central
position as well of a width of said second electrode in terms of
planar view.

3. The liquid crystal display panel according to claim 1,
wherein said first electrode is formed on a lower side of said
first substrate through an insulating layer, and said second
electrode is formed on an upper side of said first substrate.

4. The liquid crystal display panel according to claim 1,
wherein a thin film transistor for driving either said first
electrode or said second electrode is formed on said first
substrate, and said light blocking member is formed in the
same layer as that of either a source electrode or a gate
electrode of said thin film transistor.

5. The liquid crystal display panel according to claim 1,
wherein a light blocking layer is formed on said second sub-
strate, and said light blocking member is formed in the same
layer as that of said light blocking layer.

6. The liquid crystal display panel according to claim 1,
wherein a length of said light blocking member in a position
where corresponding one of said slit-like openings of said
second electrode is longer than that of said light blocking
member formed on a surface between corresponding ones of
said slit-like openings of said second electrode.

7. An electronic apparatus comprising a liquid crystal dis-
play panel including

a first substrate and a second substrate disposed so as to
face each other with a liquid crystal layer being held
between said first substrate and said second substrate, a
first electrode and a second electrode across which an
electric field is applied to said liquid crystal layer being
formed on said first substrate, a subpixel for display and
a subpixel for control of a view angle being disposed on
the same pixel,

wherein a plurality of slit-like openings are formed in said
second electrode in said subpixel for control of a view
angle, and a light blocking member is formed in a central
position of a width of each of said plurality of slit-like
openings in terms of planar view.

* * * #* ok
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