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A liquid crystal display device includes an array substrate
having a pixel electrode formed of a conductor, a counter
substrate having a counter electrode facing the pixel elec-
trode, and a liquid crystal layer held between the substrates
and containing liquid crystal molecules set in a vertical
alignment with respect to the substrates. The pixel electrode
had a void space located in the conductor to provide minute
domains between which different directors of the liquid
crystal molecules are obtained when a potential difference is

(21) Appl. No.: 10/756,496 applied between the array and counter electrodes, and a
bridge-wiring member interconnecting adjacent parts of the
(22) Filed: Jan. 14, 2004 conductor in the void space, and the bride-wiring member is
configured to make an electric field created in a part of the
(30) Foreign Application Priority Data pixel area located on the bridge-wiring member weaker than
that created in the minutes domains according to the poten-
Jan. 15,2003 (JP) cccvvuverrcrecreveccrirnisecree 2003-006980 tial difference.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2003-006980, filed Jan. 15, 2003, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] This invention relates to a liquid crystal display
device wherein a liquid crystal layer is held between a pair
of electrode substrates and more particularly to a liquid
crystal display device whose a liquid crystal layer is divided
into a plurality of domains between which liquid crystal
molecules are set in different tilt directions.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices are applied in vari-
ous fields of OA equipments, information terminals,
watches, televisions and the like because of their character-
istics of lightness, thinness and low power consumption.
Particularly, an active matrix type liquid crystal display
panel has an excellent response characteristic obtained by
thin film transistors (TFTs) for switching pixels. Thus, the
active matrix type liquid crystal display panel is used as a
monitor display for a portable TV or a computer, which is
required to quickly display a large quantity of image infor-
mation.

[0006] In recent years, with an increase in quantity of
information, there is a demand for enhancement of the
resolution and display speed of the liquid crystal display
panel. As a technique of enhancing the resolution and
display speed of the liquid crystal display panel, the number
of increased by miniaturization of the TFT array structure. In
this case, a liquid crystal display mode, which can provide
a response speed of liquid crystal molecules twice to several
tens of times higher than current level, is required to change
the alignment of liquid crystal molecules in a period short-
ened according to the increase in the number of pixels. Such
an liquid crystal display mode can be selected from Opti-
cally Compensated Birefringence (OCB), Vertically Aligned
Nematic (VAN), Hybrid Aligned Nematic (HAN), and
n-alignment modes using a nematic liquid crystal and Sur-
face-Stabilized Ferroelectric Liquid Crystal (SSFLC) and
Aanti-Ferroelectric Liquid Crystal (AFLC) modes using a
smectic liquid crystal, for example.

[0007] Particular attention has recently been paid to the
VAN mode, which has a higher response speed than the
conventional twisted nematic (TN) mode and adopts vertical
alignment treatment, thus dispensing with a conventional
rubbing process that may cause defects such as electrostatic
destruction. Moreover, a design for viewing angle compen-
sation becomes casier when the VAN mode is employed.
The viewing angle can be enlarged by a multi-domain
structure in which a liquid crystal layer of each pixel is
divided into a plurality of domains between which liquid
crystal molecules are set in different tilt directions.

[0008] When the multi-domain structure of the VAN mode
is applied to pixels of the liquid crystal display device, the

1. Field of the Invention
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plurality of domains are created, for example, by distorting
an electric field applied from each electrode to the liquid
crystal layer, with a use of a slit formed inside the electrode
or an insulating body formed periphery of the electrode, so
that the tilt directions can be determined according to the
dielectric constant anisotropy of a liquid crystal material and
the distorted electric field.

[0009] FIG. 13 shows an example of the conventional
liquid ecrystal display device in which a slit is formed to
obtain a pixel with the multi-domain structure. A pixel
electrode includes a plurality of electrode segments 1 which
are separated by the slit 2 and set to the same potential by
use of a bridge-wiring member 3. The bridge-wiring mem-
ber 3 is integrally formed with the electrode segments 1 as
a wiring which electrically connects the electrode segments
1 to each other on the same plane. Since the bridge-wiring
member 3 is formed across a part of the slit 2, it causes an
undesired distortion of the electric field defined in the liquid
crystal layer by the slit 2. As a result, not only useful
domains between which the tilt directions of liquid crystal
molecules 4 depend on the slit 2 but also useless domains
between which the tilt directions of the liquid crystal mol-
ecules 4 depend on the bridge-wiring member 3 may be
caused by application of the electric field. When this is
practically observed by use of a polarization microscope, a
black line 5 which is called a schlieren texture is observed
on the boundary between the above domains.

[0010] FIG. 14 shows the cross section taken along the
XIV-XIV line of FIG. 13, for illustrating the alignment state
of the liquid crystal molecules 4 adjacent to both ends of the
bridge-wiring member 3. In this example, since electric flux
lines 6 are not inclined as distortion of the electric field by
the slit 2, the liquid crystal molecules 4 are aligned with
those on the slit 2 side in two directions. FIG. 15 shows the
cross section taken along the XV-XV line of FIG. 13, for
illustrating the alignment state of the liquid crystal mol-
ecules 4 adjacent to both sides of the bridge-wiring member
3. In this example, the liquid crystal molecules 4 are
influenced by the inclination of the electric flux lines 6, and
are aligned in two directions that differ from those of FIG.
14. That is, the alignment of the liquid crystal molecules 4
is set in four directions within a local area including the
bridge-wiring member 3.

[0011] When a mechanical shock is given to the liquid
crystal display device by depressing the display screen with
a finger during an image display operation, an irregular
alignment of the liquid crystal molecules 4 occurs as shown
in FIG. 16. Since the clectric flux lines 6 are not inclined in
positions adjacent to the both ends of the bridge-wiring
member 3 in the cross section taken along the XVII-XVII
line of FIG. 16, the liquid crystal molecules 4 can be aligned
in any direction as shown in FIG. 17 from the alignment
state is shown in FIG. 14 by external force. If the irregular
alignment of the liquid crystal molecules 4 occurs in practice
as shown in FIG. 16, this causes a phenomenon that the
domain depending on the bridge-wiring member 3 becomes
larger, and at the same time, the domain depending on the
slit 2 becomes smaller. As a result, the black line 5 of the
schlieren texture becomes longer as shown in FIG. 16 and
gives an influence to the transmittance and the influence is
visually observed as display irregularity on the display
screen. If the electric field is kept applied for image display,
it takes a long time for the liquid crystal molecules to return
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to the original alignment state in which no irregularity
occurs, with a movement of misalignment called disclina-
tion. As a result, the display irregularity will be present until
the liquid crystal molecules 4 return to the original align-
ment state shown in FIG. 14.

[0012] Further, in the liquid crystal display device of the
CPA (Continuous Pinwheel Alignment) mode, each pixel is
divided into a plurality of sub-pixels and the alignment of
the liquid crystal molecules are set in rotation symmetry
about the midpoint of the sub-pixel. The electric field is
applied to the liquid crystal layer from a plurality of sub-
pixel electrode segments of, for example, a square form
having high symmetry. Thus, the same problem occurs when
a bridge-wiring member is provided as wirings that electri-
cally connect the sub-pixel electrode segments to set them to
the same potential without requiring a redundant wiring
space.

BRIEF SUMMARY OF THE INVENTION

[0013] An object of this invention is to provide a liquid
crystal display device which can solve the above problem
and reduce display irregularity caused by application of a
mechanical shock to enhance the display quality.

[0014] According to a first aspect of the present invention,
a liquid crystal display device comprises a first substrate
having a first electrode formed of a conductor, a second
substrate having a second electrode arranged to face the first
electrode, and a liquid crystal layer held between the first
and second substrates and containing liquid crystal mol-
ecules which are set substantially in a vertical alignment
with respect to the first and second substrates in a state
where no potential difference exists between the first and
second clectrodes, wherein the first electrode has a void
space located in the conductor as boundaries that divide a
pixel area defined by an overlap of the first and second
electrodes into minute domains between which different
directors of the liquid crystal molecules are obtained when
a potential difference is applied between the first and second
electrodes, and a bridge-wiring member interconnecting
adjacent parts of the conductor in the void space, and the
bridge-wiring member is configured to make an electric field
created in a part of the pixel area located on the bridge-
wiring member weaker than that created in the minute
domains when the potential difference is applied between
the first and second electrodes.

[0015] According to a second aspect of the present inven-
tion, a liquid crystal display device comprises a first sub-
strate having a first electrode formed of a conductor, a
second substrate having a second electrode arranged to face
the first electrode, and a liquid crystal layer held between the
first and second substrates and containing liquid crystal
molecules which are set substantially in a vertical alignment
with respect to the first and second substrates in a state
where no potential difference exists between the first and
second electrodes, wherein the first electrode has conductor
patterns of the conductor that creates, in a pixel area defined
by an overlap of the first and second electrodes, minute
domains between which substantially identical director pat-
terns of the liquid crystal molecules are obtained when a
potential difference is applied between the first and second
electrodes, and a bridge-wiring member interconnecting the
conductor patterns, and the bridge-wiring member is con-
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figured to make an electric field created in a part of the pixel
area located on the bridge-wiring member weaker than that
created in the minute domains when the potential difference
is applied between the first and second electrodes.

[0016] In the above liquid crystal display devices, the
bridge-wiring member is configured to make an electric field
created in the part of the pixel area located on the bridge-
wiring member weaker than an electric field created in the
minute domains when the potential difference is applied
between the first and second electrodes. As a result, the
electric field on the bridge-wiring member can be made
substantially equivalent to the electric field on the void
space. Thus, the tilt directions (directors) of the liquid crystal
molecules near the bridge-wiring member can be set equal
to that near the void space. Since the electric fields on the
bridge-wiring member and the void space are controlled to
be equivalent distortion, the original state can be rapidly
restored even if the alignment of the liquid crystal molecules
is made irregular upon application of a mechanical shock.

[0017] Further, for example, the structure of the first
substrate can be obtained by separating the bridge-wiring
member further apart from the counter electrode than the
conductor in the first substrate, adding an insulating body
having a smaller dielectric constant than the liquid crystal
layer on the bridge-wiring member or using a combination
of the above methods. In practice, the bridge-wiring member
separated further apart from the counter electrode than the
conductor in the first substrate can be easily attained by, for
example, forming an insulating layer on the first substrate as
an underlying layer of the conductor and bridge-wiring
member, and forming in the insulating material layer a
concave portion that receives the bridge wring portion to set
the bridge-wiring member in position lower than the con-
ductor.

[0018] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The features and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0019] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0020] FIG.1is aview showing the appearance of a liquid
crystal display panel, which is a liquid crystal display device
according to a first embodiment of this invention;

[0021] FIG. 2 is a diagram schematically showing the

circuit configuration of the liquid crystal display panel
shown in FIG. 1;

[0022] FIG. 3 is a cross sectional view schematically
showing the cross section of the liquid crystal display panel
shown in FIG. 1;

[0023] FIG. 4 is a cross sectional view showing the cross
section of an array substrate of FIG. 3 in detail;
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[0024] FIG. 5 is a view showing the plane structure of a
pixel electrode shown in FIGS. 2 to 4;

[0025] FIG. 6 is a view showing the plane structure of a
part including a bridge-wiring member shown in FIG. 5;

[0026] FIG. 7 is a cross sectional view taken along the
VII-VII line of FIG. 6;

[0027] FIG. 8 is a view showing the cross sectional
structure of a part including the bridge-wiring member taken
along the VII-VII line of FIG. 6, for illustrating a liquid
crystal display panel which is a liquid crystal display device
according to a second embodiment of this invention;

[0028] FIG. 9 is a view showing the cross sectional
structure of a part including the bridge-wiring member taken
along the VII-VII line of FIG. 6, for illustrating a liquid
crystal display panel which is a liquid crystal display device
according to a second embodiment of this invention;

[0029] FIG. 10 is a view showing a first modification of
the pixel electrode shown in FIG. §;

[0030] FIG. 11 is a view showing a second modification
of the pixel electrode shown in FIG. 5,

[0031] FIG. 12 is a view showing a third modification of
the pixel electrode shown in FIG. §;

[0032] FIG. 13 is a view showing an example, in which a
slit is formed to obtain a pixel of the multi-domain structure
in the conventional liquid crystal display device;

[0033] FIG. 14 is a view showing the cross section taken
along the XIV-XIV line of FIG. 13, for illustrating the
alignment state of liquid crystal molecules adjacent to both
sides of the bridge-wiring member;

[0034] FIG. 15 is a view showing the cross section taken
along the XV-XV line of FIG. 13, for illustrating the
alignment state of liquid crystal molecules adjacent to both
sides of the bridge-wiring member;

[0035] FIG. 16 is a view showing the alignment state of
liquid crystal molecules made irregular by a mechanical
shock from the state shown in FIG. 15; and

[0036] FIG. 17 is a view for illustrating that the liquid
crystal molecules can be tilted in any direction as indicated
in the alignment state shown in FIG. 16.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] There will now be described an active matrix type
liquid crystal display device according to a first embodiment
of this invention with reference to the accompanying draw-
ings. The liquid crystal display device is configured as a
liquid crystal display panel 100 containing a drive circuit,
for example.

[0038] FIG. 1 shows the appearance of the liquid crystal
display panel 100, FIG. 2 schematically shows the circuit
configuration of the liquid crystal display panel 100 shown
in FIG. 1, FIG. 3 schematically shows the cross section of
the liquid crystal display panel 100 shown in FIG. 1, and
FIG. 4 shows the cross sectional structure of an array
substrate of FIG. 3 in detail.

[0039] As shown in FIG. 1, the liquid crystal display
panel 100 includes an array substrate 101, a counter elec-
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trode 102 which faces the array substrate 101, and a liquid
crystal layer 190 containing a liquid crystal composition
held between the array substrate 101 and the counter elec-
trode 102. The array substrate 101 and counter electrode 102
are bonded by use of a peripheral sealer 106 which is applied
to surround the liquid crystal layer 190. In the liquid crystal
display panel 100, a display area 103 for image display is
provided inside the peripheral sealer 106, and a peripheral
area 104 for receiving the drive circuit is provided around
the display area 103. The peripheral area 104 includes a
frame-form light shielding area 141 which surrounds the
display area 103 inside the peripheral sealer 106 as shown in
FIG. 3. The liquid crystal composition is applied through a
liquid crystal inlet 132 which remains when the array
substrate 101 and counter electrode 102 have been bonded
and sealed after application of the composition.

[0040] As shown in FIG. 2, the array substrate 101
includes mxn pixel electrodes 151 arrayed in a matrix form
in the display area 103, m scanning lines Y (Y1 to Ym)
extending along the rows of the pixel electrodes 151, n
signal lines X (X1 to Xn) extending in the column direction
of the pixel electrodes 151 and mxn thin film transistors
(pixel TFTs) 121 disposed near the intersections of the
scanning lines Y1 to Ym and the signal lines X1 to Xn as
pixel switching elements for the mxn pixel electrodes 151.
Further, it includes m storage capacitance lines 152 extend-
ing along the rows of the pixel electrodes 151. The scanning
lines Y1 to Ym are substantially perpendicular to the signal
lines X1 to Xn and substantially parallel to the storage
capacitance lines 152. Each of the storage capacitance lines
152 is set to preset potential such as a common potential
VCOM and capacitively coupled with n storage capacitance
electrodes 161 which are set to the same potential as the
pixel electrodes 151 of a corresponding row to configure
storage capacitances.

[0041] Further, the array substrate 101 includes a scanning
line drive circuit 118 for driving the scanning lines Y1 to Ym
and a signal line drive circuit 119 for driving the signal lines
X1 to Xn in the peripheral area 104. Each of the pixel TFTs
121 is connected to a corresponding one of the scanning
lines Y and a corresponding one of the signal lines X. The
pixel TFT is turned ON by a drive voltage from the scanning
line Y and applies a signal voltage from the signal line X to
a corresponding one of the pixel electrodes 151.

[0042] In the array substrate 101 shown in FIG. 3, the
mxn pixel TFTs 121 are formed on a light transmission
insulating substrate 111 such as a glass substrate, and
covered with a color filter 124. The color filter 124 is
configured by stripe-form red filter layers 124R, green filter
layers 124G and blue filter layers 124B which are allocated
for the pixel electrodes 51 of each column and repeatedly
arranged in the row direction of the pixel electrodes 151. The
mxn pixel electrodes 151 are made of a transparent conduc-
tive material such as ITO and formed on the color filter 124.
Further, a plurality of column spacers 131 are formed on the
color filter 124 between the pixel electrodes 151. The color
filter 124, pixel electrodes 151 and column spacers 131 are
entirely covered with an alignment film 113A. The align-
ment film 131A aligns liquid crystal molecules contained in
the liquid crystal composition of the liquid crystal layer 190
in a direction substantially vertical to the array substrate 101.
The array substrate 101 further includes a light shielding
layer SP formed on part of the light transmission insulating
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film 111 which corresponds in position to the light shielding
arca 141 in the peripheral area 104. Further, in the array
substrate 101, a polarizing plate PL1 is attached to the
surface of the insulating substrate 111 which lies on the
opposite side with respect to the liquid crystal layer 190.

[0043] In the counter substrate 102, a counter electrode
153 is formed on a light transmission insulating substrate
111 such as a glass plate and an alignment film 113B is
formed to cover the counter electrode 153. The counter
electrode 153 is made of a transparent conductive material
such as ITO, and is arranged to face all the pixel electrodes
151 on the array substrate 101 side. The alignment film 113B
aligns liquid crystal molecules contained in the liquid crystal
composition of the liquid crystal layer 190 in a direction
substantially vertical to the counter substrate 102. Further, in
the counter substrate 102, a polarizing plate PL2 is attached
to the surface of the insulating substrate 111 which lies on
the opposite side with respect to the liquid crystal layer 190.

[0044] As shown in detail in FIG. 4, in the array substrate
101, a polysilicon semiconductor layer 112 is formed on an
undercoating layer 160 on the surface of the insulating
substrate 111, patterned for the pixel TFTs 121 and storage
capacitance electrodes 161, and covered with a gate insu-
lating film 162. The pixel TFT 121 includes a gate electrode
163 arranged above the semiconductor layer 112 with the
gate insulating film 162 disposed therebetween, a channel
region 112C formed of a portion of the semiconductor layer
112 which faces the gate electrode 163, and a drain region
112D and source region 1128 formed by doping impurities
into the semiconductor layer 112 on both sides of the
channel region 112C. Further, it includes a drain electrode
188 connected to the drain region 112D and a source
electrode 189 connected to the source region 112S. The
storage capacitance electrode 161 is formed by doping
impurities into the semiconductor layer 112 for the storage
capacitance electrode 161. The pixel electrode 151 is con-
nected to the storage capacitance electrode 161 via a contact
electrode 180.

[0045] Wiring members such as the signal lines X, scan-
ning lines Y and storage capacitance lines 152, the gate
electrodes 163, drain electrodes 188 and source electrodes
189 of the pixel TFTs 121 and the contact electrodes 180 are
formed of a low-resistance material such as aluminum or
molybdenum-tungsten having a light shielding property.
Specifically, the scanning lines Y, storage capacitance lines
152 and gate electrodes 163 are formed by patterning a
conductive layer of, for example, molybdenum-tungsten
formed to cover the gate insulating film 162. The gate
electrode 163 is integrally formed with a corresponding one
of the scanning lines Y, and a portion of the storage
capacitance line 152 is formed to face the storage capaci-
tance electrode 161 with the gate insulating film 162 dis-
posed therebetween. The signal lines X, drain electrodes
188, source electrodes 189 and contact electrodes 180 are
formed by patterning a conductive layer of, for example,
aluminum formed on an interlayer insulating film 176 which
covers the scanning lines Y, storage capacitance lines 152,
gate electrodes 163 and gate insulating film 162. Each drain
electrode 188 is formed in contact with a drain region 112D
within a contact hole 177 which extends through the gate
insulating film 162 and interlayer insulating film 176, and
integrated with a corresponding one of the signal lines X.
Each source electrode 189 is formed in contact with a source
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region 1128 within a contact hole 178 which formed through
the gate insulating film 162 and interlayer insulating film
176. Further, each contact electrode 180 is formed in contact
with a corresponding one of the storage capacitance elec-
trodes 161 within a contact hole 179 which extends through
the gate insulating film 162 and interlayer insulating film
176.

[0046] The signal lines X, drain electrodes 0.188, source
electrodes 189, contact electrodes 180 and interlayer insu-
lating film 176 are covered with the color filter 124. Each
pixel electrode 151 is formed in contact with a correspond-
ing one of the source electrodes 189 of the pixel TFTs 121
within a contact hole 126 which extends through the color
filter 124 and formed in contact with a corresponding one of
the contact electrodes 180 within a through hole 181 which
extends through the color filter 124.

[0047] The liquid crystal display device has a COA (Color
filter On Array) structure in which the color filter 124 is
formed on the array substrate 101 together with the array of
the pixel TFTs 121 and pixel electrodes 151. The COA
structure is preferable from the viewpoint of the manufac-
turing process and material cost because reliable alignment
of the substrates can be made unnecessary in the bonding
process, unlike the structure that the color filter 124 is
formed on the counter substrate 102. When the liquid crystal
display device is of a transmission type as described above,
it is preferable to use transparent resin such as acrylic-family
resin, epoxy-family resin or novolac-family resin as a mate-
rial of the color filter 124 from the viewpoint of the
transmittance and hue. If the liquid crystal display device is
of a reflection type, black resin or the like other than the
transparent resin such as acrylic-family resin, epoxy-family
resin or novolac-family resin can be used as the material of
the color filter 124 because no limitation is imposed on the
color.

[0048] FIG. 5 shows the plane structure of the pixel
electrode 151. The pixel electrode 151 has a plurality of
electrode segments 1 formed of a conductor, slits 2 which
are a void space separating or isolating the electrode seg-
ments 1 from one another, and a bridge-wiring member 3
which is formed across the slits 2 as wirings electrically
interconnecting the electrode segments 1. On the counter
electrode 153 of the counter substrate 102, a ridge-form
insulating body 7 is formed as indicated by broken lines in
FIG. 5 to distort the electric field applied to the liquid crystal
layer 190, in association with the slit 3.

[0049] FIG. 6 shows the plane structure of a part including
a bridge-wiring member 3 and FIG. 7 shows the cross
sectional structure taken along the VII-VII line of FIG. 6.
When a potential difference is applied between the pixel
electrode 151 and the counter electrode 153, the liquid
crystal molecules 4 are uniformly set to have tilt directions
(directors) which differ with respect to the slit 2 serving as
a boundary. As a result, minute domains between which the
directors of the liquid crystal molecules 4 are different are
obtained on both sides of the slit 2. That is, the slits 2 are
formed in the conductor of the pixel electrode 151 as
boundaries that divide a pixel area defined by an overlap of
the pixel electrode 151 and counter electrode 153 into
minute domains between which directors of the liquid
crystal molecules are different. The bridge-wiring member 3
is integrated with the electrode segments 1, by forming a
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transparent conductive material layer of ITO and patterning
the transparent conductive material layer. The color filter
124 has concave portions RS which are formed in the area
corresponding to the bridge-wiring member 3 in the same
process as the contact holes 181. Therefore, the bridge-
wiring member 3 has a cross sectional structure shown in
FIG. 7. The pixel electrode 151 is a transparent electrode
formed of ITO, for example. The pixel TFT 121 can be
configured as an active element having a multi-layered
structure of a semiconductor layer of amorphous silicon
(a-Si), polysilicon (poly-Si) or the like and a metal layer of
Al, Mo, Cr, Cu, Ta or the like. The bridge-wiring member 3
can be formed of a conductive metal of Al, Mo, Cu or the
like, as wirings interconnecting the electrode segments 1
which are obtained as a result of dividing the pixel electrode
151 by the slits 2. However, from the viewpoint of prevent-
ing an increase in the number of manufacturing steps, it is
preferable that the bridge-wiring member 3 is formed of the
same material as that of the electrode segments 1. Therefore,
the bridge-wiring member 3 is integrally formed with the
electrode segments 1 by patterning the transparent conduc-
tive material layer.

[0050] Further, the bridge-wiring member 3 is configured
to make an electric fleld created in a part of the pixel area
located on the bridge-wiring member 3 weaker than that
created in the minute domains when the potential difference
is applied between the pixel electrode 151 and counter
electrode 153. Specifically, the array substrate 101 has a
structure that makes the capacitance per unit area between
the bridge-wiring member 3 and counter electrode 153
smaller than the capacitance per unit area between the
electrode segment 1 of the pixel electrode 151 and counter
electrode 153. Thus, the electric field on the bridge-wiring
member 3 is weakened to set the tilt directions of the liquid
crystal molecules 4 near the bridge-wiring member 3
equivalent to that of the liquid crystal molecules 4 near the
slit 2. As described above, when the bridge-wiring member
3 is placed in the concave portion RS formed in the
insulating material layer such as the color filter 124 that
serves as the underlying layer of the pixel electrode 151, the
bridge-wiring member 3 is made lower as a whole than the
plane of the electrode segments 1. In this case, the distance
between the bridge-wiring member 3 and the counter elec-
trode 153 becomes longer than the distance between the
electrode segments 1 of the pixel electrode 153 and the
counter electrode 153, thereby weakening the electric field
on the bridge-wiring member 3. Thus, the electric field on
the bridge-wiring member 3 is set closer to the electric field
on the slit 2, so that the liquid crystal molecules 4 near the
bridge-wiring member 3 can be set to the same tilt directions
as those of the liquid crystal molecules 4 near the slit 2.
Specifically, the bridge-wiring member 3 is formed with a
taper angle of 45° and a depth of at least 0.5 um, preferably
approximately 1 to 2 um in practice.

[0051] Inthe present embodiment, as shown in FIG. 7, the
bridge-wiring member 3 has a structure dented with respect
to the pixel electrode 151. When an electric field is applied
to the liquid crystal layer 190 from the pixel electrode 151
and counter electrode 153, the alignment of the liquid crystal
molecules 4 is changed toward that parallel to the substrate
surfaces of the array substrate 101 and counter substrate 102.
Since the bridge-wiring member 3 creates the electric field
distorted in the same directions as the electric field on the slit
2, only the desired original alignment state is obtained near
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the bridge-wiring member 3 as shown in FIG. 6. Even if the
alignment of the liquid crystal molecules 4 is made irregular
due to a mechanical shock given in this state, the original
alignment state is rapidly restored since the electric field is
controlled to the same distortion as the electric field on the
slit 2. In practice, display irregularity was observed after a
load of 400 g was applied to the front surface (area 20 mm?)
of the liquid crystal display device for five seconds and the
display irregularity was not visually recognized after 60
seconds.

[0052] Next, an active matrix type liquid crystal display
device according to a second embodiment of this invention
is explained. The liquid crystal display device is configured
in the same manner as in the first embodiment except that the
structure near the bridge-wiring member 3 is configured as
shown in FIG. 8. Therefore, the similar portions as those of
the first embodiment are denoted by the same reference
symbols and the explanation thereof is omitted.

[0053] In the liquid crystal display device, an insulating
body 8 is disposed adjacent to a liquid crystal layer 190 on
the bridge-wiring member 3. The above arrangement is
made to set the electric field on the bridge-wiring member 3
closer to the electric field on the slit 2, so that the liquid
crystal molecules 4 near the bridge-wiring member 3 can be
set to the same tilt directions as those of the liquid crystal
molecules 4 near the slit 2. The above arrangement utilizes
the electric field shielding property of the insulating body 8.
However, in this case, the requirements relating to the a.c.
and d.c. characteristics of the liquid crystal display device
must be satisfied. From the viewpoint of the d.c. character-
istic, the driving condition of the pixel TFT 121 is provided
for the specific resistance p of the insulating body 8. That is,
the specific resistance p of the insulating body 8 is required
to be the same as or higher than the specific resistance of the
liquid crystal layer 190 which is approximately 10** Qcm or
more. The specific resistance p of the insulating body 8 is
preferably set to 10" Qcm or more and is more preferably
set to 10" Qem or more. Further, from the viewpoint of the
a.c. characteristic, it is required to use the insulating body 8
so as to adequately weaken the electric field in the liquid
crystal layer 190. For this purpose, it is preferable to set the
capacitance determined by the dielectric constant, thickness
and cross sectional area of the insulating body 8 to a value
equal to or smaller than approximately ten times the capaci-
tance depending on the dielectric constant, thickness and
cross sectional area of the liquid crystal layer 190 on the
insulating body 8. If the dielectric constant of the insulating
body 8 is set to approximately 3, it becomes approximately
5 of the dielectric constant of the liquid crystal layer 190
which is approximately 10. If the thickness of the insulating
body 8 is approximately 0.1 um, it becomes approximately
Y45 of the thickness of the liquid crystal layer 190 which is
approximately 3.5 um. Therefore, the capacitance depending
on the insulating body 8 is approximately ten times the
capacitance depending on the liquid crystal layer 190 on the
insulating body 8 and can give an influence to the electric
field distribution in the liquid crystal layer 190. That is, the
insulating body 8 is more preferable as the dielectric con-
stant thereof is smaller than the dielectric constant of the
liquid crystal layer 190 and the thickness thereof is larger. It
is sufficient if the insulating body 8 has a dielectric constant
of approximately 3 and a thickness of 0.1 um or more.
However, the more preferable operation can be attained by
utilizing the slant shape of the insulating body 8 by setting
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the thickness of the insulating body 8 to approximately 1 to
2 um. As a concrete material of the insulating body 8§,
acrylic-family resin, epoxy-family resin or novolac-family
resin can be used. Particularly, it is preferable to use a
transparent resin material in the design in which much
attention is paid to the transmittance of the liquid crystal
layer. Further, the above resins can be combined according
to the application.

[0054] In the present embodiment, as shown in FIG. 8, the
insulating body 8 is disposed adjacent to the liquid crystal
layer 190 on the bridge-wiring member 3.

[0055] When an electric field is applied to the liquid
crystal layer 190 from the pixel electrode 151 and counter
electrode 153, the alignment of the liquid crystal molecules
4 is changed toward that parallel to the substrate surfaces of
the array substrate 101 and counter substrate 102. Since the
bridge-wiring member 3 creates the electric field distorted in
the same directions as the electric field on the slit 2, only the
desired original alignment state is obtained near the bridge-
wiring member 3 as shown in FIG. 6. Even if the alignment
of the liquid crystal molecules 4 is made irregular due to a
mechanical shock given in this state, the original alignment
state is rapidly restored since the electric field is controlled
to the same distortion as the electric field on the slit 2. In
practice, display irregularity was observed after a load of
400 g was applied to the front surface (area 20 mm®) of the
liquid crystal display device for five seconds and the display
irregularity was not visually recognized after 60 seconds.

[0056] Next, an active matrix type liquid crystal display
device according to a third embodiment of this invention is
explained. The liquid crystal display device 1s configured in
the same manner as in the second embodiment except that
the structure near the bridge-wiring member 3 is configured
as shown in FIG. 9. Therefore, the similar portions as those
of the second embodiment are denoted by the same refer-
ence symbols and the explanation thereof is omitted.

[0057] In the liquid crystal display device, a color filter
124 has concave portions RS which are formed in the area
corresponding to the bridge-wiring member 3 in the same
process as the contact holes 181. The bridge-wiring member
3 is integrated with the electrode segments 1, by forming a
transparent conductive material layer of ITO and patterning
the transparent conductive material layer. Further, an insu-
lating body 8 is formed adjacent to a liquid crystal layer 190
on the bridge-wiring member 3. The insulating body 8 can
be obtained by applying a column spacer material on the
bridge-wiring member 3 in the same process as the column
spacers 131. Thus, the bridge-wiring member 3 has a cross
section as shown in FIG. 9 and is covered with the insulating
body 8.

[0058] In the present embodiment, as shown in FIG. 9, the
insulating body 8 is formed adjacent to the liquid crystal
layer 190 on the bridge-wiring member 3 of a structure
dented with respect to a pixel electrode 151 in the same
manner as in the first embodiment. When the electric field is
applied to the liquid crystal layer 190 from the pixel elec-
trode 151 and counter electrode 153, the alignment of the
liquid crystal molecules 4 is changed toward that parallel to
the substrate surfaces of the array substrate 101 and counter
substrate 102. Since the bridge-wiring member 3 creates the
electric field distorted in the same directions as the electric
field on the slit 2, only the desired original alignment state
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is obtained near the bridge-wiring member 3 as shown in
FIG. 6. Even if the alignment of the liquid crystal molecules
4 is made irregular due to a mechanical shock given in this
state, the original alignment state is rapidly restored since
the electric field is controlled to the same distortion as the
electric field on the slit 2. In practice, display irregularity
was observed after a load of 400 g was applied to the front
surface (area 20 mm?) of the liquid crystal display device for
five seconds and the display irregularity was not visually
recognized after 60 seconds.

[0059] As a comparison example 1, the liquid crystal
display device with the structure shown in FIG. 14 was
manufactured in the same manufacturing process as that in
the above embodiment without forming the bridge-wiring
member 3 which has the structure dented with respect to the
pixel electrode 151 or forming the insulating body 8 which
is disposed adjacent to the liquid crystal layer 190 on the
bridge-wiring member 3. When an electric field is applied to
the liquid crystal layer 190 from the pixel electrode 151 and
counter electrode 153, the alignment of the liquid crystal
molecules 4 is changed toward that parallel to the substrate
surfaces of the array substrate 101 and counter substrate 102.
However, even if the desired original alignment state is
obtained near the bridge-wiring member 3 as shown in FIG.
6, the original alignment state is not rapidly restored after the
alignment of the liquid crystal molecules 4 is made irregular
upon application of a mechanical shock, since the electric
field is not controlled to the same distortion as the electric
field on the slit 2. In practice, display irregularity was
observed after a load of 400 g was applied to the front
surface (area 20 mm?) of the liquid crystal display device for
five seconds and the display irregularity was not visually
recognized after 180 seconds.

[0060] FIG. 10 shows a first modification of the pixel
electrode 151 shown in FIG. 5. The first modification is
applied in a case where the liquid crystal display device is
set in a CPA (Continuous Pinwheel Alignment) mode. Each
pixel is divided into a plurality of sub-pixels and the
alignment of the liquid crystal molecules 4 are set in rotation
symmetry about the midpoint of the sub-pixel. Specifically,
the pixel electrode 151 is divided into sub-pixel electrode
segments 1' of a square form by the slit 2, and the bridge-
wiring member 3 is formed as wirings which electrically
connects the sub-pixel electrode segments 1' to each other to
set them to the same potential without requiring a redundant
wiring space. In the case of the present modification, the
directors of the liquid crystal molecules 4 in the sub-pixel
are not set in one direction. That is, the liquid crystal
molecules 4 uniformly fall in various directions, but the
falling patterns are substantially the same when they are
compared with one another in a plurality of sub-pixels. In
the present modification, a region for the sub-pixel is called
a minute domain and wirings for connecting the sub-pixel
electrode segments 1' to each other are called a bridge-
wiring member.

[0061] The bridge-wiring member 3 has a structure dented
with respect to the pixel electrode 151 by forming a concave
portion RS in the color filter 124 like the case of FIG. 7.
When an electric field is applied to the liquid crystal layer
190 from the pixel electrode 151 and counter electrode 153,
the alignment of the liquid crystal molecules 4 is changed
toward that parallel to the substrate surfaces of the array
substrate 101 and counter substrate 102. Since the bridge-
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wiring member 3 creates the electric field distorted in the
same directions as the electric field on the slit 2 adjacent
thereto, only the desired original alignment state is obtained
near the bridge-wiring member 3 as shown in FIG. 6. Even
if the alignment of the liquid crystal molecules 4 is made
irregular due to a mechanical shock given in this state, the
original alignment state is rapidly restored since the electric
field is controlled to the same distortion as the electric field
on the slit 2. In practice, display irregularity was observed
after a load of 400 g was applied to the front surface (area
20 mm?) of the liquid crystal display device for five seconds
and the display irregularity was not visually recognized after
90 seconds.

[0062] FIG. 11 shows a second modification of the pixel
electrode 151 shown in FIG. 5. The second modification is
applied in a case where the liquid crystal display device is
set in a CPA (Continuous Pinwheel Alignment) mode. Each
pixel is divided into a plurality of sub-pixels, and the liquid
crystal molecules 4 are set in rotation symmetry about the
midpoint of the sub-pixel. Specifically, the pixel electrode
151 is divided into sub-pixel electrode segments 1' of a
square form by the slit 2 and the bridge-wiring member 3 is
formed as wirings for electrically connecting the sub-pixel
electrode segments 1' to each other to set them to the same
potential without requiring a redundant wiring space. Fur-
ther, a plurality of grooves 9 are provided for each sub-pixel
electrode segment 1' in a pattern shown in FIG. 11 so as to
optimize the liquid crystal alignment. The grooves 9 can be
obtained by forming groove portions in the color filter 124.

[0063] The bridge-wiring member 3 has a structure dented
with respect to the pixel electrode 151 by forming a concave
portion RS in the color filter 124 like the case of FIG. 7.
When an electric field is applied to the liquid crystal layer
190 from the pixel electrode 151 and counter electrode 153,
the alignment of the liquid crystal molecules 4 is changed
toward that parallel to the substrate surfaces of the array
substrate 101 and counter substrate 102. Since the bridge-
wiring member 3 creates the electric field distorted in the
same directions as the electric field on the slit 2 adjacent
thereto, only the desired original alignment state is obtained
near the bridge-wiring member 3 as shown in FIG. 6. Even
if the alignment of the liquid crystal molecules 4 is made
irregular due to a mechanical shock given in this state, the
original alignment state is rapidly restored since the electric
field is controlled to the same distortion as the electric field
on the slit 2. In practice, display irregularity was observed
after a load of 400 g was applied to the front surface (area
20 mm®) of the liquid crystal display device for five seconds
and the display irregularity was not visually recognized after
60 seconds.

[0064] FIG. 12 shows a third modification of the pixel
electrode 151 shown in FIG. 5. The third modification is
applied in a case where the liquid crystal display device is
set in a CPA (Continuous Pinwheel Alignment) mode. Each
pixel is divided into a plurality of sub-pixels, and the liquid
crystal molecules 4 are set in rotation symmetry about the
midpoint of the sub-pixel. Specifically, the pixel electrode
151 is divided into sub-pixel electrode segments 1' of a
square form by the slit 2 and the bridge-wiring member 3 is
formed as wirings for electrically connecting the sub-pixel
electrode segments 1' to each other to set them to the same
potential without requiring a redundant wiring space. Fur-
ther, a plurality of grooves 9 are provided for each sub-pixel
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electrode segment 1' in a pattern shown in FIG. 12 so as to
optimize the liquid crystal alignment.

[0065] An insulating body used as a dielectric body in the
same manner as in the case of FIG. 8 is arranged adjacent
to a liquid crystal layer 190 on the bridge-wiring member 3.
The dielectric constant of the insulating body 8 is smaller
than that of the liquid crystal layer 190. The insulating body
8 can be obtained by applying a column spacer material on
the bridge-wiring member 3 in the same process as the
column spacers 131. When an electric field is applied to the
liquid crystal layer 190 from the pixel electrode 151 and
counter electrode 153, the alignment of the liquid crystal
molecules 4 is changed toward that parallel to the substrate
surfaces of the array substrate 101 and counter substrate 102.
Since the bridge-wiring member 3 creates the electric field
distorted in the same directions as the electric field on the slit
2 adjacent thereto, only the desired original alignment state
is obtained near the bridge-wiring member 3 as shown in
FIG. 6. Even if the alignment of the liquid crystal molecules
4 is made irregular due to a mechanical shock given in this
state, the original alignment state is rapidly restored since
the electric field is controlled to the same distortion as the
electric field on the slit 2. In practice, display irregularity
was observed after a load of 400 g was applied to the front
surface (area 20 mm?) of the liquid crystal display device for
five seconds and the display irregularity was not visually
recognized after 45 seconds.

[0066] As a comparison example 2, the liquid crystal
display device having the pixel electrode of FIG. 5 was
manufactured in the same manufacturing process as that in
the above embodiment without forming the bridge-wiring
member 3 which has the structure dented with respect to the
pixel electrode 151 or forming the insulating body 8 which
is disposed adjacent to the liquid crystal layer 190 on the
bridge-wiring member 3. When an electric field is applied to
the liquid crystal layer 190 from the pixel electrode 151 and
counter electrode 153, the alignment of the liquid crystal
molecules 4 is changed toward that parallel to the substrate
surfaces of the array substrate 101 and counter substrate 102.
However, even if the desired original alignment state is
obtained near the bridge-wiring member 3 as shown in FIG.
6, the original alignment state is not rapidly restored after the
alignment of the liquid crystal molecules 4 is made irregular
upon application of a mechanical shock, since the electric
field is not controlled to the same distortion as the electric
field on the slit 2. In practice, display irregularity was
observed after a load of 400 g was applied to the front
surface (area 20 mm®) of the liquid crystal display device for
five seconds and the display irregularity was not visually
recognized after 300 seconds.

[0067] That is, it is confirmed that the liquid crystal
display devices of the above embodiments and modifications
can attain high display quality in comparison with the liquid
crystal display devices of the comparison examples 1 and 2
utilizing the prior art technique.

[0068] This invention is not limited to the above embodi-
ments and can be variously modified without departing from
the technical scope thereof.

[0069] Inthe above embodiments, the insulating body 7 is
formed on the counter electrode 153 of the counter substrate
102, but the insulating body 7 can be replaced by a slit 2
formed as a void space of the counter electrode 153.
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[0070] Further, in the above embodiments, the alignment
films 113A and 113B are disposed on the pixel electrodes
151 and counter electrode 153, but various insulating films
can be formed on the above electrodes according to appli-
cations depending on the structure.

[0071] In this case, as the insulating film, for example, an
inorganic-series thin film of SiO,, SiN or AlL,O; or an
organic-series thin film of polyimide, photoresist resin or
high polymer liquid crystal can be used. If the insulating film
is formed of an inorganic-series thin film, it can be formed
by use of a deposition method, sputtering method, CVD
(Chemical Vapor Deposition) method or solution coating
method. Further, if the insulating film is formed of an
organic-series thin film, it can be formed by coating a
solution in which an organic material is dissolved or a
precursor solution thereof by use of a spinner coating
method, screen print coating method or roll coating method
and curing the same in a preset curing condition (heating,
application of light or the like) or by use of a deposition
method, sputtering method, CVD method or LB (Langu-
muir-Blodgett) method.

[0072] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

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

a first substrate having a first electrode formed of a
conductor;

a second substrate having a second electrode arranged to
face said first electrode; and

a liquid crystal layer held between said first and second
substrates and containing liquid crystal molecules
which are set substantially in a vertical alignment with
respect to said first and second substrates in a state
where no potential difference exists between said first
and second electrodes;

wherein said first electrode has a void space located in
said conductor as boundaries that divide a pixel area
defined by an overlap of said first and second electrodes
into minute domains between which different directors
of said liquid crystal molecules are obtained when a
potential difference is applied between said first and
second electrodes, and a bridge-wiring member inter-
connecting adjacent parts of said conductor in said void
space, and said bridge-wiring member is configured to
make an electric field created in a part of said pixel area
located on said bridge-wiring member weaker than that
created in said minute domains when the potential
difference 1s applied between said first and second
electrodes.

2. a liquid crystal display device comprising:

a first substrate having a first electrode formed of a
conductor;

a second substrate having a second electrode arranged to
face said first electrode; and
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a liquid crystal layer held between said first and second
substrates and containing liquid crystal molecules
which are set substantially in a vertical alignment with
respect to said first and second substrates in a state
where no potential difference exists between said first
and second electrodes;

wherein said first electrode has conductor patterns of said
conductor that creates, in a pixel area defined by an
overlap of said first and second electrodes, minute
domains between which substantially identical director
patterns of said liquid crystal molecules are obtained
when a potential difference is applied between said first
and second electrodes, and a bridge-wiring member
interconnecting said conductor patterns, and said
bridge-wiring member is configured to make an electric
field created in a part of said pixel area located on said
bridge-wiring member weaker than that created in said
minute domains when the potential difference is
applied between said first and second electrodes.

3. The liquid crystal display device according to claim 1,
wherein capacitance per unit area between said first and
second electrodes is smaller in a range corresponding to part
of said pixel area located on said bridge-wiring member than
in a range corresponding to said minute domain.

4. The liquid crystal display device according to claim 3,
wherein a dielectric body having a dielectric constant
smaller than that of said liquid crystal layer is disposed on
part of said pixel area which is located on said bridge-wiring
member.

5. The liquid crystal display device according to claim 4,
wherein said dielectric body has a dielectric constant of not
larger than 3 and a thickness of not smaller than 0.1 gm.

6. The liquid crystal display device according to claim 4,
which further comprises spacers provided between said first
and second substrates to maintain a gap between said first
and second substrates and in which said dielectric body is
formed of the same material as that of said spacer.

7. The liquid crystal display device according to claim 3,
wherein a distance between said first and second electrodes
is longer in a range corresponding to part of said pixel area
located on said bridge-wiring member than in a range
corresponding to said minute domain.

8. The liquid crystal display device according to claim 7,
wherein the distance between said first and second elec-
trodes is longer in a range corresponding to part of said pixel
area located on said bridge-wiring member than in a range
corresponding to said minute domain by 0.5 to 2.0 um.

9. The liquid crystal display device according to claim 7,
wherein said bridge-wiring member of said first electrode is
formed on a concave portion located in said first substrate.

10. The liquid crystal display device according to claim 9,
wherein a dielectric body is formed on said bridge-wiring
member.

11. The liquid crystal display device according to claim 9,
wherein said first electrode is formed on a color filter located
on said first substrate, and said concave portion is part of
said color filter.

12. The liquid crystal display device according to claim 2,
wherein capacitance per unit area between said first and
second electrodes is smaller in a range corresponding to part
of said pixel area located on said bridge-wiring member than
in a range corresponding to said minute domain.

13. The liquid crystal display device according to claim
12, wherein a dielectric body having a dielectric constant
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smaller than that of said liquid crystal layer is disposed on
part of said pixel area which is located on said bridge-wiring
member.

14. The liquid crystal display device according to claim
13, wherein said dielectric body has a dielectric constant of
not larger than 3 and a thickness of not smaller than 0.1 um.

15. The liquid crystal display device according to claim
13, which further comprises spacers provided between said
first and second substrates to maintain a gap between said
first and second substrates and in which said dielectric body
is formed of the same material as that of said spacer.

16. The liquid crystal display device according to claim
12, wherein a distance between said first and second elec-
trodes is longer in a range corresponding to part of said pixel
area located on said bridge-wiring member than in a range
corresponding to said minute domain.

17. The liquid crystal display device according to claim
16, wherein the distance between said first and second
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electrodes is longer in a range corresponding to part of said
pixel area located on said bridge-wiring member than in a
range corresponding to said minute domain by 0.5 to 2.0 um.

18. The liquid crystal display device according to claim
16, wherein said bridge-wiring member of said first elec-
trode is formed on a concave portion located in said first
substrate.

19. The liquid crystal display device according to claim
18, wherein a dielectric body is formed on said bridge-
wiring member.

20. The liquid crystal display device according to claim
18, wherein said first electrode is formed on a color filter
located on said first substrate, and concave portion is part of
said color filter.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(ERR)AGE)

FRI&R BB A

RBA

H b 227 32k
S\EReERE

BEG®)

RBERRE

US20040207788A1 NI (AE)E

US10/756496 RiEH

I ATAKESHI
—EKISAKO
JIIAE

HISATAKE YUZO
FUJIYAMAE F
MURAYAMA AKIO

I ATAKESHI
—EKISAKO
JIIERE

HISATAKE YUZO
FUJIYAMAE F
MURAYAMA AKIO

I ATAKESHI
—EKISAKO

JII Y%

HISATAKE YUZO
FUJIYAMAE F
MURAYAMA AKIO

YAMAGUCHI TAKESHI
NINOMIYA KISAKO
KAWATA YASUSHI
HISATAKE YUZO
FUJIYAMA NATSUKO
MURAYAMA AKIO

YAMAGUCHI, TAKESHI
NINOMIYA, KISAKO
KAWATA, YASUSHI
HISATAKE, YUZO
FUJIYAMA, NATSUKO
MURAYAMA, AKIO

GO02F1/133 G02F1/1333 G02F1/1343 G02F1/1337
GO02F1/134336 G02F1/133707

2003006980 2003-01-15 JP

US7259819

Espacenet  USPTO

2004-10-21

2004-01-14

patsnap

—MHRBEERRE , BF  BIER , EFASAEENGRRRNEER , EAARGERROXN B ARREE | RIFEMN
REMRZE , HABEREKEEHFIINRED F. BN TER, GEBREANTSEFHZRZNR , SRHBDNKE , 72K


https://share-analytics.zhihuiya.com/view/80cd6568-4188-4350-bdf0-1ca3f5612d2f
https://worldwide.espacenet.com/patent/search/family/033156571/publication/US2004207788A1?q=US2004207788A1
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=%2220040207788%22.PGNR.&OS=DN/20040207788&RS=DN/20040207788

IR AR HEMEMLER , EEMNZARERED FHTRS@ER LX&E@&E@B%B%E’J%EEWO EZRZHHHNS

&, HEFBRALNGREENRBEVEFEEVTHERLEG LN — l 0 ~ 0
BREIEN — 5D RN B BT ED MR =B, ‘ K
Y s o }
106 Az ‘V-QV] 1] 1134
//// S r//) // //’ S\ /Il | 124 ]01
AN XK NSNS

$ o w ) s )
1248 o R g



