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(57) ABSTRACT

Liquid crystal display panel 10 is provided with TFT and
pixel electrode 19, between which interlayer insulator 17 is
interposed, and with reflective section 15, in each of'a matrix
of pixels; having first substrate whereon the pixel electrode
19 and the TFT’s electrode D electrically connect via contact
hole 20 formed in the reflective section 15; second substrate
whereon at least one protrusions 31, to 315 are formed on
common electrode in positions corresponding to the each
pixel; perpendicular alignment layers deposited on each
substrate; and liquid crystal 29 with negative dielectric
anisotropy disposed between substrates. In position corre-
sponding to base of protrusion 31, provided opposite the

(22) Filed: Jan. 19, 2007 second substrate’s contact hole 20, light-blocking film 36, is
formed so as to cover the base viewed from above. Thus,
(30) Foreign Application Priority Data liquid crystgl display pz’mel is provided wherein light leakage
from reflective section’s contact hole and from protrusions
Jan. 31, 2006 (P) oo 2006-021921 is curbed, with high contrast and display quality.
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LIQUID CRYSTAL DISPLAY PANEL

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display panel. More particularly it relates to a multi-domain
vertically aligned (MVA) semitransmissive or reflective
liquid crystal display panel in which disclination is curbed
and contrast and display quality are good.

BACKGROUND OF THE INVENTION

[0002] In recent years the use of liquid crystal display
devices has spread rapidly not only in information and
telecommunications equipment but in ordinary electric
equipment as well. Because liquid crystal display devices do
not themselves emit light, use is often made of transmissive
liquid crystal display devices that are equipped with a
backlight. The power consumption of backlights is large,
however. Accordingly, reflective liquid crystal display
devices, which do not require a backlight, are employed in
order to reduce power consumption, especially with portable
equipment. But in dim room interiors these reflective liquid
crystal display devices are hard to view, because they use
external light as their light source. Over recent years there-
fore, especial progress has been made with development of
semitransmissive liquid crystal display devices, which com-
bine the properties of the transmissive type and the reflective
type.

[0003] The liquid crystal display panel used in these
semitransmissive liquid crystal display devices has, within
each pixel area, a transmissive section equipped with a pixel
electrode, and a reflective section equipped with both a pixel
electrode and a reflecting plate. In dark places it lights a
backlight and uses the transmissive sections of its pixel areas
to display images, while in bright places it uses external light
from the reflective sections to display images, without
lighting the backlight. Thus there is no need for the backlight
to be constantly lit, and consequently this panel has the merit
of greatly reducing power consumption.

[0004] However, in the small-size display sections of
mobile equipment, typified by mobile telephones and the
like, there was previously no very large demand for the
liquid crystal display panel to have a wide viewing angle,
because such equipment had a limited number of users, and
for related reasons. But with the increasingly functionally
sophisticated mobile equipment of recent years, the demand
for a wide viewing angle for the display section’s liquid
crystal display panel has grown rapidly. In response to such
demand for a wider viewing angle for mobile equipment,
efforts have been ongoing recently to develop MVA semi-
transmissive liquid crystal display panels to replace the TN
liquid crystal display panels hitherto widely used in mobile
equipment (see JP-2003-167253-A (claims, paragraphs
[0050] to [0057], FIG. 1) and IP-2004-069767-A (claims,
paragraphs [0044] to [0053], FIG. 1)).

[0005] The MVA semitransmissive liquid crystal display
panel disclosed in JP-2004-069767-A will now be described
using FIGS. 4 and 5. FIG. 4A is a perspective view illus-
trating the approximate structure of an MVA semitransmis-
sive liquid crystal display panel 50, FIG. 4B is a schematic
view illustrating the inclined state of the liquid crystals when
an electrical field is applied to the liquid crystals of the liquid
crystal layer, and FIG. 5 is a cross-sectional view along V-V
in FIG. 4A.

Aug. 2, 2007

[0006] In this semitransmissive liquid crystal display
panel 50, an inclined surface or step difference 53 is pro-
vided between a reflective section 51 and a transmissive
section 52, and the reflective section 51 and transmissive
section 52 are connected via the step difference 53. In the
pixel electrode 55 of a first substrate 54 in the semitrans-
missive liquid crystal display panel 50 there is formed a first
open region 56, being an area where the pixel electrode 55
is not formed. This first open region 56 constitutes a first
orienting/dividing structure, and is formed so as to lie on
either side of the step difference 53 and to straddle the
reflective section 51 and transmissive section 52. As a result,
the pixel electrode 55q in the reflective section 51 and the
pixel electrode 555 in the transmissive section 52 are
connected to each other via a single line 57 extending in the
longitudinal direction of the semitransmissive liquid crystal
display panel 50.

[0007] In the opposing electrode 59 of a second substrate
58 there are formed second open regions 60« and 605, in
locations opposite the pixel electrode 55a in the reflective
section 51 and the pixel electrode 555 in the transmissive
section 52, respectively. These second open regions 60a, 605
constitute a second orienting/dividing structure. The second
open regions 60a, 605 are formed as cross-shaped slits, and
are so arranged that the center of second open area 60a is
aligned with the center of pixel electrode 55a and the center
of second open area 604 is aligned with the center of pixel
electrode 55b.

[0008] When an electrical field is applied to the liquid
crystals 61 of the liquid crystal layer in this semitransmis-
sive liquid crystal display panel 50, since the dielectric
anisotropy of the liquid crystals 61 is negative, over the first
open region 56 at the step difference 53 the liquid crystals
incline toward the line 57 on the opposing electrode 59 side,
while over the reflective section 51 and transmissive section
52, the liquid crystals incline to the center of the opposing
electrode 59°s region corresponding to the reflective section
51 or to the center of the region corresponding to the
transmissive section 52, as shown in FIGS. 4B and 5. Thus,
in the semitransmissive liquid crystal display panel 50, the
orientation directions of the liquid crystal molecules are
determined, and therefore it is possible to reduce degrada-
tion of visual characteristics and deterioration of response
speed.

[0009] The foregoing MVA semitransmissive liquid crys-
tal display panel 50 is provided with a step difference 53
between the reflective section 51 and the transmissive sec-
tion 52 on the first substrate 54, and, as is commonly known,
is so configured that the cell gap d1 in the reflective section
51 and cell gap d2 in the transmissive section are in the
relation d1=(d2)/2, thus being adjusted so that the display
quality in the reflective section 51 is the same as the display
quality in the transmissive section. But also well known is
an MVA semitransmissive liquid crystal display panel in
which the structure for such cell gap adjustment is provided
on the second substrate.

[0010] There will now be described, using FIGS. 6 and 7,
an example of a related art MVA semitransmissive liquid
crystal display panel 70 in which a top coat layer constitut-
ing a structure for such cell gap adjustment is provided on
the second substrate. FIG. 6 is a plan view of a single pixel,
seen through the second substrate, of a related art semitrans-
missive liquid crystal display panel in which the structure
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for the cell gap adjustment is provided on the second
substrate, while FIG. 7 is a cross-sectional view along
VII-VII in FIG. 6.

[0011] In this semitransmissive liquid crystal display
panel 70, multiple scan lines 72 and signal lines 73 are each
formed in a matrix, either directly or with an inorganic
insulator 74 interposed, over a transparent glass substrate 71
possessing insulating properties, which is the first substrate.
Fach area enclosed by the scan lines 72 and signal lines 73
is equivalent to one pixel; a thin film transistor (TFT, not
shown in the drawings) that serves as a switching element is
formed in each pixel, and the surfaces of the TFT and other
items in each pixel are covered by a protective insulator 83.
[0012] Further, in the reflective section 75 there is formed,
so as to cover the scan lines 72, signal lines 73, inorganic
insulator 74, protective insulator 83 and other items, a
portion with a finely protruded and recessed surface, while
in the transmissive section 76 there is deposited an interlayer
77 made of organic insulator with a flatly-formed surface.
The concavoconvex portion of the reflective section 75 is
omitted in FIGS. 6 and 7. A contact hole 80 is provided in
the interlayer 77 in a position corresponding to the TFT’s
drain electrode D, and in the reflective section 75 of each
pixel there is provided above the contact hole 80 and on the
surface of the interlayer 77 a reflecting plate 78 made of
aluminum metal for example. On the surface of the reflect-
ing plate 78 and the surface of the interlayer 77 of the
transmissive section 76 there is formed a transparent pixel
electrode 79 made of indium tin oxide (ITO) or indium zinc
oxide (IZ0) for example.

[0013] Further, in the reflective section 75, an auxiliary
capacity line 81 is disposed beneath the interlayer 77 in the
position where the reflecting plate 78 is present; also, viewed
from above, the reflecting plate 78 and pixel electrode 79 do
not touch the adjacent pixel’s reflecting plate and pixel
electrode, and moreover are formed so as 1o slightly overlap
to the same degree the scan lines 72 and signal lines 73, in
order to prevent light leakage. In the transmissive section 76,
the pixel electrode 79 does not touch the adjacent pixel’s
pixel electrode and reflecting plate, and moreover is formed
s0 as to slightly overlap the scan lines 72 and signal lines 73.
[0014] Also, in this semitransmissive liquid crystal display
panel 70, a slit 93 for controlling the orientation of the liquid
crystal molecules is provided at the boundary region
between the reflective section 75 and the transmissive sec-
tion 76 of the pixel electrode 79, the pixel electrode 79 being
divided into a pixel electrode 79q of the reflective section 75
and a pixel electrode 795 of the transmissive section 76, and
the pixel electrode 79a of the reflective section 75 and the
pixel electrode 795 of the transmissive section 76 being
electrically connected via a narrow portion 94. Further, a
perpendicular alignment layer (not shown in the drawings)
is deposited over the surface of the pixel electrode 79 so as
to cover all the pixels.

[0015] Also, over the display area of a transparent glass
substrate 85 possessing insulating properties, which is the
second substrate, there is provided a striped color filter layer
86, formed so as to correspond to each pixel, and being of
any one of the colors red (R), green (G) or blue (B). Also,
since a color filter layer 86 of the same thickness is used for
the reflective section 75 and for the transmissive section 76,
a topcoat layer 87 of a particular thickness is provided over
the reflective section 75 portion of the color filter layer 86.
This top coat layer 87 is provided over the whole of the
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reflective section 75 and has a thickness such that the
thickness of the liquid crystal layer in the reflective section
75, or what is termed the cell gap d1, is one half the cell gap
d2 of the transmissive section 76; that is, so that d1=(d2)/2.
[0016] Additionally, protrusions 91 and 92 for controlling
the orientation of the liquid crystals are provided on, respec-
tively, the portion of the color filter layer 86°s surface that
is located in the transmissive section 76 and the portion of
the top coat layer 87’s surface that is located in the reflective
section 75, and a common electrode and a perpendicular
alignment layer (neither of which is shown in the drawings)
are stacked in that order on the surfaces of the color filter
layer 86, top coat layer 87 and protrusions 91, 92.

[0017] The MVA semitransmissive liquid crystal display
panel 70 is completed by positioning the first and second
substrates to face each other, sticking the two substrates
together by providing sealing around the peripheries thereof,
and filling the space therebetween with liquid crystal 89
possessing negative dielectric anisotropy. Beneath the first
substrate is disposed a public-domain backlight device hav-
ing a light source, light guide plate, diffuser sheet and so
forth, which is not shown in the drawings.

[0018] With this MVA semitransmissive liquid crystal
display panel 70, in the state where no electric field is
applied between the pixel electrode 79 and the opposing
electrode, the liquid crystal molecules of the liquid crystal
layer are oriented so that their long axes are perpendicular to
the surfaces of the pixel electrode and the opposing elec-
trode, and consequently light is not transmitted. On the other
hand, when an electric field is applied between the pixel
electrode and the opposing electrode, light is transmitted.
This means that the device has the features that light leakage
in the transmissive section will not much affect the display
quality, and furthermore, thanks to the presence of the slit 93
in the pixel electrode 79 and the protrusions 91, 92, the
liquid crystal molecules will incline toward protrusion 91 or
92, so that the viewing angle will be extremely wide.
[0019] In a semitransmissive liquid crystal display panel
or reflective liquid crystal display device, the contact hole 80
formed in the reflective section is of a certain size and depth
because it is necessary render reliable the electrical conti-
nuity between pixel electrode 79¢ and the TFI’s drain
electrode D, which serves as a switching element, and as
shown in FIG. 7, the connector hole 80 is formed with
inclined surfaces. Such inclining of the contact hole 80
imparts a physical force to the liquid crystal molecules 89,
which causes the liquid crystal molecules 89 to incline as
shown in FIG. 8. FIG. 8 is an enlarged view illustrating
conceptually the liquid crystal molecules 89 in an inclining
state at the contact hole 80 portion of FIG. 7.

[0020] A particular issue is that even when the liquid
crystal molecules 89 are oriented by creating an electric field
between pixel electrode 79¢ and the common electrode, the
liquid crystal molecules 89, being strongly affected by the
physical force of the contact hole 80, will not incline in the
desired direction, and consequently exert an adverse effect
on the display, so that the display quality deteriorates.
Moreover, since the contact hole 80 is formed quite literally
as a hole, the orientation of the liquid crystal molecules 89
is prone to be unstable from effects due to the presence of the
contact hole 80, such as irregularity in the alignment lay-
ers—which are not shown in the drawings—and what is
more, since the liquid crystal molecules 89 incline obliquely
at the entrance portion of the contact hole 80 even when no
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electrical field is applied, blockage of light at this portion is
incomplete, which may result in light leakage.

[0021] Further, in the vicinity of the protrusions 91, 92
formed in the second substrate, at the top surface portions of
the protrusions 91, 92 the liquid crystal molecules 89 are
oriented perpendicularly relative to the second substrate, but
at the side portions of the protrusions 91, 92, are, under the
influence of the incline angle of the side portions, oriented
so as to be inclined obliquely relative to the second sub-
strate. As a result, there exists the problem that when no
electric field is applied, leakage of light from the vicinity of
these protrusions occurs and the contrast deteriorates. Such
a problem arising from the protrusions in an MVA liquid
crystal display panel is disclosed in JP-2005-173105-A.
With the invention disclosed in JP-2005-173105-A, there is
set forth the provision of light-blocking films in positions
corresponding to the protrusions, with the object of improv-
ing the contrast by preventing light leakage arising from
disturbance of orientation due to the presence of the protru-
sions. However, no consideration is given to light leakage
arising from the presence of the contact hole.

SUMMARY

[0022] Accordingly, an advantage of the present invention
is to provide an MVA liquid crystal display panel having a
reflective section, wherein an improved level of display
quality is enabled through reduction of light leakage and
improvement of contrast, which are achieved by preventing
poor orientation due to both the contact hole and the
protrusions.

[0023] Inconsideration of the foregoing problems, accord-
ing to the present invention as set forth in claim 1 herein, the
liquid crystal display panel has: a first substrate; a second
substrate deployed facing the first substrate; a liquid crystal
layer with negative dielectric anisotropy disposed between
the first substrate and second substrate; pixels that are
disposed on the first substrate in a matrix and that each have
at least a reflective section; switching elements that are
disposed on the first substrate so as to correspond to each
pixel; an interlayer insulator that covers the switching ele-
ments; a contact hole that is formed in the interlayer insu-
lator; a pixel electrode that is formed over the interlayer
insulator and that is electrically connected to the switching
elements via the contact hole; a common electrode that is
provided on the second substrate; protrusions that are
formed on the common electrode in positions cortesponding
to each pixel and that control the inclination of the liquid
crystal molecules; and perpendicular alignment layers that
are deposited over the first and second substrates respec-
tively; and the protrusions are disposed at least in a position
facing the contact hole, and light-blocking films that cover
the bases of the protrusions as viewed from above are
formed on the second substrate.

[0024] According to the present invention as set forth in
claim 2 herein, the liquid crystal display panel set forth in
claim 1 is provided with the further feature that the contact
hole is formed in the reflective section.

[0025] According to the present invention as set forth in
claim 3 herein, the liquid crystal display panel set forth in
claim 1 is provided with the further feature that the shape of
the bases of the protrusions and the shape of the light-
blocking film are circular, oval, bar-shape, Y-shape, or a
shape combining superposed Y-shape and inverted Y-shape.
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[0026] According to the present invention as set forth in
claim 4 herein, the liquid crystal display panel set forth in
claim 1 is provided with the further feature that the pixel
electrode has a transmissive section, and on the second
substrate at least one of the protrusions is formed in a
position corresponding to the transmissive section, and
moreover light-blocking films are formed that cover the
bases of the protrusions as viewed from above.

[0027] According to the present invention as set forth in
claim 5 herein, the liquid crystal display panel set forth in
claim 4 is provided with the further feature that the shape of
the bases of the protrusions in the transmissive section and
the shape of the light-blocking films are circular, oval,
bar-shape, Y-shape, or a shape combining superposed
Y-shape and inverted Y-shape.

[0028] According to the present invention as set forth in
claim 6 herein, the liquid crystal display panel set forth in
claim 1 is provided with the further feature that the light-
blocking films have a shape that is identical to that of the
bases of the protrusions, or that is larger than the bases of the
protrusions as viewed from above.

[0029] According to the present invention as set forth in
claim 7 herein, the liquid crystal display panel set forth in
claim 1 is provided with the further feature that the light-
blocking films are made of the same material as a black
matrix that partitions the pixels on the second substrate and
are formed simultaneously with the formation of the black
matrix.

[0030] According to the present invention as set forth in
claim 8 herein, the liquid crystal display panel set forth in
claim 1 is provided with the further feature that the switch-
ing elements are thin-film field effect transistors (TFTs) and
the electrodes of the switching elements are drain electrodes.
[0031] Thanks to having the foregoing features, the
present invention produces the excellent advantages that will
now be described. Namely, according to claim 1, in addition
to the contact hole and a protrusion being formed so as to be
superimposed as viewed from above, light-blocking films
that cover the bases of the protrusions, as viewed from
above, are formed in positions corresponding to the protru-
sions, thanks to which it is rendered easy for the protrusions
to control the orientation of the liquid crystal molecules at
the contact hole, and moreover it is possible to block out
simultaneously light leakage from the contact holes and light
leakage due to poor orientation of the liquid crystal mol-
ecules in the vicinity of the protrusions. As a result, a liquid
crystal display panel is obtained that has reflective sections
providing good contrast.

[0032] According to claim 2, the advantages of claim 1
can be produced in the reflective section. Further, with a
semitransmissive liquid crystal display panel the switching
elements are provided in the reflective section, so that the
area above the switching elements also can be utilized
effectively for display, which means that the contact hole,
which serves the function of providing continuity between
the switching elements’ electrodes and the pixel electrode,
can be formed in the reflective section in a place near to the
switching elements. Therefore, reliable continuity can be
more readily obtained, and moreover a reduction in the
aperture area can be prevented.

[0033] According to claim 3, protrusions of the shape best
suited to the shape of the pixel electrodes can be selected, so
that a liquid crystal display panel having reflective sections
with wide viewing angle can be obtained. Further, the
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contact hole will normally have a round shaped or square
shaped opening, and particularly if the shape of the bases of
the protrusions is round, it will be possible with a minimal
size to control the orientation of the liquid crystal molecules
well, and moreover the light-blocking films will be easy to
manufacture, which means that the aperture can be made
large, and a liquid crystal display panel having reflective
sections providing bright displays can be obtained.

[0034] According to claim 4, light-blocking films that
cover the bases of the protrusions, as viewed from above, are
formed also for the protruding portions provided in the
transmissive section, thanks to which, light leakage due to
the protruding portions of the transmissive section is
reduced, with the result that in addition to the advantages of
the invention of claim 1, there is further obtained a semi-
transmissive liquid crystal display with good contrast of the
transmissive sections also.

[0035] According to claim 5, protrusions of the shape best
suited to the shape of the pixel electrodes can be selected for
the transmissive section also, so that a semitransmissive
liquid crystal display panel having transmissive sections
with wide viewing angle can be obtained.

[0036] According to claim 6, the light-blocking films have
a shape of the same size as the protrusions or larger than the
protrusions, so that light leakage can be reduced satisfacto-
rily. The size of the light-blocking films may be the same as
or slightly larger than the bases of the protrusions, as viewed
from above; the larger the size is than the base of the
protrusions, the more effectively light leakage will be
reduced. However, it will not be desirable to make the size
too large as this will result in a small aperture ratio and dim
displays.

[0037] According to claim 7, the light-blocking films are
formed of the same material as and simultaneously with the
black matrix, so that the light-blocking films can be formed
in a simple manner with no increase in time and labor.
[0038] According to claim 8, widely used TFTs are
employed as the switching elements of a matrix liquid
crystal display panel, so that a high-speed, high-performance
and high-reliability liquid crystal display panel is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG.1isa schematic plan view of one pixel portion
of the semitransmissive liquid crystal display panel accord-
ing to the embodiment, seen through the color filter.

[0040] FIG. 2 is a cross-sectional view along line II-1I in
FIG. 1.
[0041] FIG. 3 is a schematic plan view, corresponding to

FIG. 1, of a variant of the embodiment.

[0042] FIG. 4Ais a perspective view illustrating in outline
the structure of an MVA semitransmissive liquid crystal
display panel.

[0043] FIG. 4B is a schematic view illustrating the
inclined state of the liquid crystals when an electrical field
is applied to the liquid crystal of the liquid crystal layer.

[0044] FIG. 5 is a cross-sectional view along line V-V in
FIG. 4A.
[0045] FIG. 6 is a plan view of a single pixel of another

related art MVA semitransmissive liquid crystal display
panel.

[0046] FIG. 7 is a cross-sectional view along line VII-VII
in FIG. 6.
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[0047] FIG. 8 is an enlarged view illustrating conceptually
the liquid crystal molecules in an inclining state at the
contact hole portion of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0048] The present invention will now be described in
more detail using a preferred embodiment and the accom-
panying drawings. It should be understood however that the
embodiment below is merely an illustrative example of a
semitransmissive liquid crystal display panel for realizing
the technical concepts of the present invention. The embodi-
ment is not intended to limit the invention to the display
panel here set forth. The invention is equally applicable to
reflective liquid crystal display panels and other liquid
crystal display panels having a reflective section.

First Embodiment

[0049] The semitransmissive liquid crystal display panel
according to the embodiment is illustrated in FIGS. 1 and 2.
FIG. 1 is a schematic plan view of one pixel portion of the
semitransmissive liquid crystal display panel, seen through
the color filter, while FIG. 2 is a cross-sectional view along
II-1I in FIG. 1.

[0050] In this MVA semitransmissive liquid crystal dis-
play panel 10, multiple scan lines 12 and signal lines 13 are
each formed, either directly or with an inorganic insulator 14
interposed, as a matrix over a transparent glass substrate 11
possessing insulating properties, which is the first substrate.
Each area enclosed by the scan lines 12 and signal lines 13
is equivalent to one pixel; a TFT that serves as a switching
element is formed in each pixel, and the surfaces of the TFT
and other items in each pixel are coated with a protective
insulator 23.

[0051] Further, on the surface in the reflective section 15
there is formed, so as to cover the scan lines 12, signal lines
13, inorganic insulator 14, protective insulator 23 and other
items, a finely protruded and recessed portion, while in the
transmissive section 16 there is deposited an interlayer 17
made of photo-resist or other organic insulator with flatly-
formed surface. The concavoconvex portion of the reflective
section 15 is omitted in FIGS. 1 and 2. A contact hole 20 is
provided in the interlayer 17 in a position corresponding to
the TFT’s drain electrode D, and in the reflective section 15
of each pixel, above the contact hole 20 and on the surface
of the interlayer 17, there is provided a reflecting plate 18
made of aluminum metal for example. On the surface of the
reflecting plate 18 and on the surface of the interlayer 17 of
the transmissive section 16 there is formed a transparent
pixel electrode 19 made of ITO or 170 for example.
[0052] Also, in this semitransmissive liquid crystal display
panel 10, a slit 33, for controlling the orientation of the
liquid crystal molecules is provided at the boundary region
of the reflective section 15 and the transmissive section 16
of the pixel electrode 19, so that the pixel electrode 19 is
divided into a pixel electrode 194 of the reflective section 15
and a pixel electrode 195 of the transmissive section 16, with
the pixel electrode 19a of the reflective section 15 and the
pixel electrode 195 of the transmissive section 16 being
electrically connected via a narrow portion 34, .

[0053] Further, on the reflective section 15 side, there is
disposed an auxiliary capacity line 21 beneath the position
on the interlayer 17 where the reflecting plate 18 is located
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Also, the reflecting plate 18 and pixel electrode 19a are so
provided that, as viewed from above, they do not touch the
adjacent pixel’s reflecting plate and pixel electrode, do not
overlap the scan lines 12 and signal lines 13, and have
essentially the same shape, so as to be superposed. Further-
more, the transmissive section 16 side pixel electrode 195 is
provided so as not to touch the adjacent pixel’s pixel
electrode and reflecting plate, and moreover so as to lie
alongside the signal lines 13 and not to overlap the signal
lines, but also is formed so as to overlap slightly the scan
lines 12. In this embodiment, both extremities 35 of that
portion of the transmissive section 16’s pixel electrode 195
that runs alongside and overlaps the scan line overlap
slightly the signal lines 13; the reason for this is in order to
prevent the scan line 12 from being bared and affecting the
orientation of the liquid crystal molecules if mask misalign-
ment or other problem should occur during formation of the
pixel electrode 19.

[0054] Moreover, in the semitransmissive liquid crystal
display panel 10 of the embodiment, the pixel electrode 195
of the transmissive section 16 is made larger in area than the
pixel electrode 19a of the reflective section 15, and is
divided by another slit 33, provided in the middle portion,
into two regions 194, and 194, these two regions 195, and
194, being electrically connected via a narrow portion 34,.
Further, a perpendicular alignment layer (not shown in the
drawings) is deposited on the first substrate’s surface,
including the surface of the pixel electrode 19, so as to cover
all the display areas.

[0055] The reasons why the transmissive section’s pixel
electrode 195 has its arca made large and is divided into two
regions 195, and 196, are, respectively: because a semi-
transmissive liquid crystal display panel for a mobile tele-
phone is high-definition and often displays images, so that
on many occasions its backlight is constantly lighted and 1t
is used as a transmissive liquid crystal display panel; and, in
order that control of the liquid crystal molecules’ orientation
can be carried out over the whole of the transmissive
section’s pixel electrode 195, which has a large area.
[0056] Over the display area of a transparent glass sub-
strate 25 possessing insulating properties, which is the
second substrate, there is provided a striped color filter layer
26, formed to correspond to each pixel, and being of any one
of the colors red (R), green (G) or blue (B). Further, since a
color filter layer 26 of the same thickness is used for the
reflective section 15 and the transmissive section 16, a
topcoat layer 27 of a particular thickness is provided over the
reflective section 15 portion of the color filter layer 26. This
top coat layer 27 is provided over the whole of the reflective
section 15, and has a thickness such that the thickness of the
liquid crystal layer 29 in the reflective section 15, or what is
termed the cell gap dl, is one half the cell gap d2 of the
transmissive section 16; that is, so that d1=(d2)/2.

[0057] Further, artillery-shell-like protrusions 31, and 31,
for controlling the orientation of the liquid crystal molecules
are provided on parts of the surface of the color filter layer
26 located in the transmissive section 16, so as each to be
positioned opposite the center portion of one of the two
regions 19b, and 195, of the pixel electrode 196 of the
transmissive section 16. In addition, there is also provided
an artillery-shell-like protrusion 315 in the position on the
surface of the reflective section 15’s topcoat 27 that is
opposite the contact hole 20. Moreover, a common electrode
and a perpendicular alignment layer (neither of which is
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shown in the drawings) are stacked in that order over the
surfaces of the color filter layer 26, top coat layer 27 and
protrusions 31, to 31,.

[0058] In addition, in the portions of the color filter 26 that
correspond to the base of each protrusion 31, to 315, there
are formed light-blocking films 36, to 36, each of which is
slightly larger than the base of the respective protrusion 31,
to 315 as viewed from above. These light-blocking films 36,
to 36, can be formed of the same material as, and simulta-
neously with, the black matrix 37 that is provided at the
boundaries of the various colors during fabrication of the
striped color filter layer 26. In this way, the light-blocking
films can be formed in a simple manner, with no increase in
the time and labor for forming the light-blocking films 36,
to 365. In FIG. 2, the size of the light-blocking films 36, to
36, is shown as being slightly larger than the size of the
bases of the protrusions 31, to 315, but could alternatively be
essentially the same size as the bases of the protrusions 31,
to 31,.

[0059] Also, the size of the base of the reflective section’s
protrusion 31; will preferably be larger than the size of the
contact hole 20—for example, with a contact hole 20 of size
approximately 7x7 pm, it will be preferable to make the
width of the protrusion 313’s base approximately 8 um. At
the light-blocking film 36, corresponding to the protrusion
31, in this embodiment, the protrusion 31, is provided so as
to be superposed over the contact hole 20 of the first
substrate 11 as viewed from above, and therefore the light-
blocking film 365 also is disposed so as to be superposed
over the contact hole 20. Therefore, even if light should leak
from the contact hole 20, the light-blocking film 36, will act
to prevent it from leaking to the exterior, and thus the
light-blocking film 36, is able to block both light leakage
from the contact hole 20 and light leakage due to poor
orientation of the liquid crystal molecules in the vicinity of
the protrusion 31,.

[0060] In addition, light-blocking films 36, and 36, are
formed at the bases of the transmissive section’s protrusions
31, and 31, so as to be the same size as or slightly larger than
the bases of the protrusions 31, and 31, as viewed from
above, which means that even if, when no electric field is
applied, disturbance should occur in the orientation of the
liquid crystal molecules in the vicinity of the protrusions
31,, 31, and light should leak, such leaked light will be
blocked by the light-blocking films 36, and 36, and will
therefore rarely emerge to the exterior. Thus it will be
possible in the transmissive section also to greatly reduce
deterioration in the contrast due to leakage of light when no
electrical field is applied.

[0061] To complete the MVA semitransmissive liquid
crystal display panel 10, the first and second substrates are
positioned to face each other, the two substrates are stuck
together by providing sealing around the peripheries thereof,
and the space therebetween is filled with liquid crystal 29
possessing negative dielectric anisotropy. Below the first
substrate is disposed a public-domain backlight device hav-
ing a light source, light guide plate, diffuser sheet and so
forth, which is not shown in the drawings.

[0062] It will be appreciated that although in the semi-
transmissive liquid crystal display panel 10 of this embodi-
ment, artillery-shell-like protrusions 31, to 315 are provided
as the orientation controlling members on the second sub-
strate, the present invention is not limited to such example;
the transmissive section’s orientation controlling members
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31,, 31, might alternatively be items with bases that are
cross-shaped as viewed from above, such as shown in FIG.
3. Moreover, the shape of the bases could also be bar-shape,
Y-shape, or a combination of superposed Y-shape and
inverted Y-shape. FIG. 3 represents a variant of the present
embodiment in which the transmissive section’s protrusions
are cross-shaped at the base as viewed from above. Com-
ponents in FIG. 3 that are the same as those in FIGS. 1 and
2 are assigned the same reference numerals and detailed
descriptions thereof are omitted here.

[0063] Also, although the foregoing embodiment repre-
sents an example where the pixel electrode 106 of the
transmissive section 16 is divided into two by a slit 33,, it
will alternatively be possible not to provide the slit 33,. In
either case, there should be provided, at the bases of the
transmissive section’s protrusions, light-blocking films of
the same size as or slightly larger than the bases of the
protrusions as viewed from above.

[0064] With MVA semitransmissive liquid crystal display
panels, it is inherently the case that in the state where no
electric field is applied to the liquid crystal molecules, light
will not be transmitted through the liquid crystal layer as
long as the molecules are oriented perpendicularly. Accord-
ingly, since in the MVA semitransmissive liquid crystal
display panel 10 of the embodiment the perpendicular
alignment layer is provided also at the portions where the
slits 33, and 33, are provided in the pixel electrode 19, and
therefore no light will be transmitted at such slit portions, the
auxiliary capacity line 21 lying below the reflecting plate 18
is further extended into the slit 33, area of the transmissive
section 16, in order to render the auxiliary capacity larger.
[0065] Also, although the MVA semitransmissive liquid
crystal display panel 10 of the embodiment represents an
example where the pixel electrode 194 in the transmissive
section 16 is provided so as to lie alongside the signal lines
13 and not to overlap the signal lines 13, it is however
technically difficult to provide the pixel electrode 194 in the
transmissive section 16 so as to lie precisely alongside the
signal lines 13. Therefore it will be permissible to have slight
gaps occur between the transmissive section’s pixel elec-
trode 195 and the signal lines 13, or conversely to have the
transmissive section’s pixel electrode 195 and the signal
lines 13 overlap slightly. Even with slight gaps between the
transmissive section’s pixel electrode 195 and the signal
lines 13, the fact that the perpendicular alignment layer is
provided at such gap portions means that there will be no
leakage of light from such gap portions.

1. A liquid crystal display panel comprising:

a first substrate;

a second substrate deployed facing said first substrate;

a liquid crystal layer with negative dielectric anisotropy
disposed between said first substrate and second sub-
strate;

pixels that are disposed on said first substrate in a matrix
and that each have at least a reflective section;
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switching elements that are disposed on said first substrate

so as to correspond to each pixel;

an interlayer insulator that covers said switching ele-

ments;

a contact hole that is formed in said interlayer insulator;

a pixel electrode that is formed over said interlayer

insulator and that is electrically connected to said
switching elements via said contact hole;

a common electrode that is provided on said second

substrate;
protrusions that are formed on said common electrode in
positions corresponding to each pixel and that control
the inclination of the liquid crystal molecules; and

perpendicular alignment layers that are deposited over the
first and second substrates respectively;

said protrusions being disposed at least in a position

facing said contact hole, and light-blocking films that
cover the bases of said protrusions as viewed from
above being formed on said second substrate.

2. The liquid crystal display panel according to claim 1,
wherein said contact hole is formed in said reflective section.

3. The liquid crystal display panel according to claim 1,
wherein the shape of the bases of said protrusions and the
shape of said light-blocking films are circular, oval, bar-
shape, Y-shape, or a shape combining superposed Y-shape
and inverted Y-shape.

4. The liquid crystal display panel according to claim 1,
wherein said pixel electrode has a transmissive section, and
on the second substrate at least one of the protrusions is
formed in a position corresponding to said transmissive
section, and moreover light-blocking films are formed that
cover the bases of said protrusions as viewed from above.

5. The liquid crystal display panel according to claim 4,
wherein the shape of the bases of the protrusions in said
transmissive section and the shape of said light-blocking
films are circular, oval, bar-shape, Y-shape, or a shape
combining superposed Y-shape and inverted Y-shape.

6. The liquid crystal display panel according to claim 1,
wherein said light-blocking films have a shape that is
identical to that of the bases of said protrusions or that is
larger than the bases of said protrusions as viewed from
above.

7. The liquid crystal display panel according to claim 1,
wherein said light-blocking films are made of the same
material as a black matrix that partitions the pixels on said
second substrate and are formed simultaneously with the
formation of said black matrix.

8. The liquid crystal display panel according to claim 1,
wherein said switching elements are thin-film field effect
transistors (TFTs) and the electrodes of said switching
elements are drain electrodes.



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

EHA

IPCHERS
CPCH%E
£ A

H AT 3R
ShERaEsE

BEG®)

AR RERI0EENREREMFEPREETFTHG&E®BENR19 , EEMZ =
BBEARRLEAE17 , FEEERGHH15E8E -84 , EhgEs ==
RIGMTFTERRDBELHRER SO 15 PO EMA0BEEE=—R =
W, ERED—NREINMNEIIFERELHBIR EEFMEEX R _f;j"'%
B EENAENRESIERL EEANBEARENRE29EEEE

wzEl, E5EZERMEAFL20MXZENRES1ISNEBNRNHME 2-.
&, FEREXRIGINEN L TN RBEEEL, Rt , 2HT7T —NREE

TR, HkBRSMoWEMAANMKAREN HBHRNE , BES 22
NEEFNERRE,

patsnap

R T RER
US20070177081A1 [ (r&)B 2007-08-02
US11/655234 FER 2007-01-19

=BT EEBIRFZCORP.

=HFEEEFBRIZRCORP.

TANAKA SHINICHIRO
TANIGUCHI HIRONORI

TANAKA, SHINICHIRO
TANIGUCHI, HIRONORI

GO02F1/1335

GO02F1/133555 G02F1/133753 G02F1/1393 G02F1/136227 G02F1/13378
2006021921 2006-01-31 JP

uUS7738060

Espacenet USPTO

=
—

=% I

zo -

MR Y

N?



https://share-analytics.zhihuiya.com/view/24a2dcce-92d7-48c4-b8ed-f7a44d99de34
https://worldwide.espacenet.com/patent/search/family/038321720/publication/US2007177081A1?q=US2007177081A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070177081%22.PGNR.&OS=DN/20070177081&RS=DN/20070177081

