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(57) ABSTRACT

A transflective liquid crystal display device is provided with
a liquid crystal layer sandwiched between a first substrate
with an array of switching elements and a second substrate
with a black matrix so as to form a first area for a normally
black display and a second area for a normally white display
A first electric potential difference formed between the black
matrix and both of the first common electrode and the first
pixel electrode formed in the first area on the first substrate is
made to be smaller than a larger one of the second electric
potential difference formed between the black matrix and
both of the second common electrode and the second pixel
electrode formed in the second area.
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TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY DEVICE

INCORPORATION BY REFERENCE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2008-
072505, filed on Mar. 19, 2008 and the disclosure of which is
incorporated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play device and in particular, relates to a transflective liquid
crystal display device with a transmissive area and a reflective
area.

BACKGROUND ART

[0003] Theliquid crystal display (LCD) device is classified
by difference in driving methods for a passive matrix type and
an active matrix type.

[0004] The active matrix type is provided with active ele-
ments such as transistors or diodes for each pixel, and these
elements are successively selected in a time-divisional mode
to turn on them so as to charge the capacitance formed for
each pixel, with applied signal voltage, while holding the
signal voltage in the capacitance during the period of turn-off
state. This active matrix type has the feature that the large-
volume indication is possible with high contrast compared
with the passive matrix type which apply voltage to the liquid
crystal with a time-divisional matrix driving method.

[0005] As for the operation mode of the liquid crystal in the
active matrix type LCD device, the twisted nematic (TN)
mode has been used conventionally. This TN mode is used for
adisplay by rotating the direction of the molecular axes of the
liquid crystal molecules (hereinafter, referred to as the direc-
tor) in the vertical direction with the vertical electric field to
the substrate by rotating the director about 90 degrees
between the upper and lower substrates so as to achieve the
twist orientation of the liquid crystal molecules.

[0006] However, this TN mode has a problem that a view-
ing angle is small. Therefore, in a certain mobile use of seeing
from the various directions, the indication from the oblique
direction cannot be visually recognized any more. When the
large-volume display is developed and the screen area
becomes large, when the screen is judged from a viewpoint in
an oblique direction, observation feature is different in the
middle of the screen and the screen edge, and a proper display
becomes impossible.

[0007] To this end, an in-plane switching (IPS) mode and a
fringe field switching (FFS) mode have been developed. In
these switching modes, the display operation is performed by
rotating the director in the horizontal plane by generating the
electric field in the parallel direction to the substrates. In such
driving modes, wide viewing angle can be achieved com-
pared with the LCD device of the TN mode, even if the
viewpoint is changed, because the birefringence of the liquid
crystal does not change greatly owing to that the liquid crystal
is oriented in the horizontal direction.

[0008] The LCD device is adopted for display screens of
the cellular phone appliances, personal digital assistants
(PDA) and the business-use terminals in view of such features
of light-weight, thin type and low power consumption.
Although such LCD devices enable an excellent display at
dark places and those places in less bright, there are some
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situations affected by such ambient light as sunny outdoor
arid bright offices to degrade its visibility greatly and results
in difficulty for confirming the display on the screen. In order
to resolve such problems, a reflective type LCD device and a
transflective LCD device have been developed. The reflective
type LCD device enables its display by reflecting the ambient
light with a reflector as a light source. On the other hand, the
transflective LCD device can perform both of the reflective
type display and the transparent type display by dividing the
pixel into the reflective area and the transmissive area.
[0009] The transflective LCD device with the transverse
electric field system is disclosed in such documents as Japa-
nese Patent Application Laid-Open No. 2007-41572 (patent
document 1), Japanese Patent Application Laid-Open No.
2007-322941 (patent document 2), and Japanese Patent
Application Laid-Open No. Hei-11(1999)-174491 (patent
document 3).

[0010] The LCD device disclosed in the patent document 1
is the transflective LCD device in which the transmissive
areas and the reflective areas are provided in each pixel forthe
IPS mode. Its structure is shown in FIG. 26 through FIG. 29.
FIG. 26A is a plan view showing the structure of the trans-
flective LCD device in a structure when a reflector is
removed, FIG. 26B is a plan view showing a structure added
with the reflector, and FIG. 26C is a plan view showing a
structure which is further added with a black matrix layer.
FIG. 27A shows a cross-sectional structure along the XI-XI
line shown in FIG. 26C. FIG. 27B is a cross-sectional struc-
ture along the XII-XII line shown in FIG. 26C, and FIG. 27C
shows a cross-sectional structure along the XIII-XIII line
shown in FIG. 26C. FIG. 28 is a schematic drawing indicating
the structure of the wirings and electrodes of one pixel. FIG.
29 is a drawing showing the waveforms of the transmissive
common signal and the reflective common signal.

[0011] As shown in FIG. 26 to FIG. 29, the LCD device
disclosed in the patent document 1 is provided with a plurality
of scanning lines 12, signal lines (data lines 13) and common
electrode lines which are arranged in a matrix shape on a
transparent insulating substrate (hereinafter, referred to as a
TFT substrate 10) in which thin film transistors (TFTs) are
formed. Each of the common electrode lines includes a trans-
missive common electrode line 18a which applies a reference
potential to a transmissive area 3 and a reflective common
electrode line 185 which applies a reference potential to a
reflective area 2. A transmission-TFT 14a for a transmissive
pixel electrode 17a in the transmissive area 3 of each pixel are
respectively arranged at upper section in each intersection of
the scanning lines 12 and the data lines 13. On the other hand,
a reflection-TFT 145 and a reflective pixel electrode 17
corresponding to the reflective area 2 of the pixel are respec-
tively arranged at lower section in the intersection of the
scanning lines 12 and the data lines 13. The transmissive pixel
electrode 174 is connected to a source electrode of the trans-
mission-TFT electrically via a contact hole 170a while the
reflective pixel electrode 175 is connected to a source elec-
trode of the reflection-TFT electrically via a contact hole
1705.

[0012] A transmissive common electrode line 18« is con-
nected to a transmissive common electrode 184' electrically
via a contact hole 1804 while a reflective common electrode
line 184 is connected to a reflective common electrode 18'
electrically via a contact hole 1805.

[0013] The transmissive pixel electrode 17a and the trans-
missive common electrode 18a' are provided so that both
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electrodes 17a and 184’ are arranged in parallel each other
like stripes. As a result, the electric field is generated at the
transmissive area such that the main component of the electric
field crosses the both electrodes at right angle and parallel to
the substrate surface. The reflective pixel electrode 175 and
the reflective common electrode 18 are provided so that both
electrodes 175 and 185" are arranged in parallel each other
like stripes. As a result, the electric field is generated at the
reflective area such that the main component of the electric
field crosses the both electrodes at right angle and parallel to
the substrate surface.

[0014] In the reflective area 2, a reflective plate or film
(hereinafter, referred to as a reflector 16) is provided under the
reflective pixel electrode 17 and the reflective common elec-
trode 185' via an insulating film 15b.

[0015] According to the patent document 1, in the trans-
flective LCD device using the IPS mode, the transmissive area
3 assumes a normally black mode, wherein the transmissive
area 3 represents a black display upon absence of an applied
voltage whereas the transmissive area 3 represents white dis-
play upon presence of the applied voltage. On the other hand,
because the reflective area 2 assumes a normally white mode,
wherein the reflective area 2 represents a white display upon
absence of the applied voltage whereas the reflective area 2
represents the black display upon presence of the applied
voltage, the transmissive common signal and the reflective
common signal need to reverse its phase each other as shown
in FIG. 29 when the identical video signal is used.

[0016] In that case, the different electric potentials are
applied respectively between not only to adjacent pixels but
also to the transmissive area and the reflective area within the
pixel. Accordingly, the electric fields unrelated to the display
are generated among them, and the light leakage caused by
those unrelated electric fields occurs. Accordingly, in order to
prevent the light leakage, such shading structure is generally
used in the LCD device that a film of metals such as chrome
or a laminated film of those oxidized metals, or a layer of
black matrix 22 made of resin or the like dispersed with
carbon particles.

[0017] In the case of using the active matrix type LCD
device of the TN mode, such electric fields affecting the
display is not generated any more in any electric potentials,
because the electric field toward the black matrix 22 on the
opposed substrate 20 is electrically shielded by a transparent
electrode formed on the opposed substrate 20 close to the
liquid crystal surface side.

[0018] However, the active matrix type LCD device with
the IPS mode as shown in FIG. 27 somewhat affects a display.
This is because a shielding electrode like the transparent
electrode used for the TN mode does not exist between the
liquid crystal layer 30 and the black matrix 22, and thus an
electric potential of the black matrix 22 is affected by electric
signals applied to the TFT substrate 10. In FIG. 27, the black
matrix 22 is formed on the transparent insulating substrate 21,
and a color filter layer 23 and an overcoat layer 27 are formed
thereon.

[0019] In particular, in the transflective LCD device with
the IPS mode, as shown in FIG. 27, the transmissive common
electrode 184" and the reflective common electrode 185" are
arranged so as to overlap with the black matrix 22, respec-
tively. Therefore, the electric potential difference is generated
between the black matrix 22 and those electrodes of the
transmissive common electrode 18¢' and transmissive pixel
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electrode 174, respectively. As a result, the director revolves
toward the plane direct ion and causes the light leakage.
[0020] In order to resolve such problems, the patent docu-
ment 3 discloses amethod to apply the electric potential to the
black matrix 22. In the patent document 3 the influence for the
director owing to the electric potential difference is sup-
pressed by making the electric potential of the black matrix 22
to have the same electric potential of the common electrode
which is attained by applying the same signal applied to the
common electrode to the black matrix 22.

[0021] That is, this patent document 3 proposes a method of
applying the same electric potential as the common electrode
to the black matrix in order to resolve the influence caused by
the electric potential at an area where the data line and the
black matrix oppose each other in the transmissive LCD type
with the IPS mode However, because there are two kinds of
common signals in the LCD device using the inverting drive
method to be resolved by the present invention, it does not
meet both of them and thus the above-mentioned problem has
not been resolved.

[0022] Thus, in order to apply the electric potential to the
black matrix, it needs to use such materials as the metal of the
low-resistance chrome or those oxidation laminated films as
the material of the black matrix 22. However, these metallic
films produce the cause of the light leakage because the
incident light from the backlight exit from the transmissive
area after subjected to those multiple reflections with these
metallic films, the scanning line 12, the data line 13 and the
transmissive common electrode 18a”.

[0023] In order to apply the electric potential to the oppo-
site substrate side, there is a problem that a plurality of pro-
cesses should be added as disclosed in the patent document 3.
In recent years, because an overcoat layer 27 is formed on the
color filter layer 23 to suppress the elution of the ion compo-
nent into the liquid crystal from the color filter of the opposed
substrate, the overcoat layer is needed to have such additional
process of forming a through hole therein in order to apply the
electric potential to the black matrix.

SUMMARY

[0024] An exemplary object of the invention is to provide a
transflective LCD device which can suppress the light leak-
age caused by the electric potential formed between the elec-
trode on the active matrix substrate and the black matrix on
the opposed substrate.

[0025] A transflective LCD device is provided with an LC
layer sandwiched between a first substrate with an array of
switching elements and a second substrate with a black
matrix so as to form a first area for a normally black display
and a second area for a normally white display. A first electric
potential difference formed between the black matrix and
both of the first common electrode and the first pixel electrode
formed in the first area on the first substrate is made to he
smaller than a larger one of the second electric potential
difference formed between the black matrix and both of the
second common electrode and the second pixel electrode
formed in the second area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Exemplary features and advantages of the present
invention will become apparent from the following detailed
description when taken with the accompanying drawings in
which:

[0027] FIG. 1A is a plan view showing a pixel structure of
a transflective LCD device according to a first exemplary
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embodiment of the present invention before a black matrix is
added.

[0028] FIG. 1B is a plan view showing a pixel structure of
the transflective LCD device according to the first exemplary
embodiment of the present invention after the black matrix
layer is added.

[0029] FIG. 2A is a cross sectional view along the I-I line
shown in FIG. 1B.

[0030] FIG. 2B is a cross sectional view along the I1-II line
shown in FIG. 1B.

[0031] FIG. 2C is a cross sectional view along the TII-I11
line shown in FIG. 1B.

[0032] FIG. 3A shows FIG. 2B again for comparison with
FIG. 3B.
[0033] FIG.3Bisacross sectional view showing a partially

changed example of FIG. 3A.

[0034] FIG. 4A shows FIG. 2C again for comparison with
FIG. 4B.
[0035] FIG.4B isacross sectional view showing a partially

changed example of FIG. 4A.

[0036] FIG.5A is a schematic circuit diagram showing the
state of wiring in the peripheral area around a display portion
of the transflective LCD device according to the first exem-
plary embodiment of the present invention.

[0037] FIG. 5B is a schematic circuit diagram showing a
partially changed example of FIG. SA.

[0038] FIG. 6is a graph showing the advantage of the first
exemplary embodiment of the present invention and indicates
the correlation between an area transmission ratio and a con-
trast ratio.

[0039] FIG. 71isa drawing illustrating a gate-line inversion
drive technique.

[0040] FIG. 8isa drawing illustrating a gate-line inversion
drive technique.

[0041] FIG. 9is a drawing illustrating a dot inversion drive
technique.

[0042] FIG.10isadrawing illustrating a dot inversion drive
technique.

[0043] FIG. 11 is a cross sectional view showing a pixel
structure of the transflective LCD device with IPS mode for
both of the reflective area and the transmissive area.

[0044] FIG. 12 is a drawing showing an operation of the
pixel shown in FIG. 11.

[0045] FIG. 13 is a cross sectional view showing the pixel
structure of the transflective LCD device with ECB mode for
the reflective area and IPS mode for the transmissive area.
[0046] FIG. 14 is a drawing showing an operation of the
pixel shown in FIG. 13.

[0047] FIG. 15 is a cross sectional view showing a pixel
structure of the transflective LCD device with FFS mode for
both of the reflective area and the transmissive area.

[0048] FIG. 16 is a plan view showing a pixel structure of
the transflective LCD device according to a second exemplary
embodiment of the present invention.

[0049] FIG. 17 is a schematic circuit diagram showing the
state of wiring in the peripheral area around a display portion
of the transflective LCD device according to the second
exemplary embodiment of the present invention.

[0050] FIG. 18 is a graph showing a relation between
amplitude of a reflective common signal and the contrast.
[0051] FIG. 19 is a schematic circuit diagram showing the
state of wiring in the peripheral area around a display portion
of the transflective LCD device according to a third exem-
plary embodiment of the present invention.
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[0052] FIG.20A isaschematic circuit diagram showing the
state of wiring in the peripheral area around a display portion
of the transflective LCD device according to a fourth exem-
plary embodiment of the present invention.

[0053] FIG. 20B is a cross sectional view along the TV-IV
line shown in FIG. 20A.

[0054] FIG. 21A is another schematic circuit diagram
showing the state of wiring in the peripheral area around a
display portion of the transflective LCD device according to
the fourth exemplary embodiment of the present invention.

[0055] FIG. 21Bisa cross sectional view along the V-V line
shown in FIG. 21A lines.

[0056] FIG. 22 is a cross sectional view showing a pixel
structure of the transflective LCD device according to a fifth
exemplary embodiment of the present invention.

[0057] FIG. 23 is a cross sectional view showing the pixel
structure or the transflective LCD device according to a par-
tially changed example of the fifth exemplary embodiment of
the present invention.

[0058] FIG. 24 is a cross sectional view showing the pixel
structure of the transflective LCD device according to a par-
tially changed example of the fifth exemplary embodiment of
the present invention.

[0059] FIG. 25 is a cross sectional view showing the pixel
structure of the transflective LCD device according to a par-
tially changed example of the fifth exemplary embodiment of
the present invention.

[0060] FIG. 26A is a plan view showing a pixel structure of
a conventional transflective LCD device according to a
related art before a reflector and a black matrix are added.

[0061] FIG. 26B is a plan view showing a pixel structure of
the conventional transflective LCD device according to a
related art after the reflector is added.

[0062] FIG. 26C is a plan view showing a pixel structure of
the conventional transflective LCD device according to a
related art after the black matrix layer is added.

[0063] FIG. 27A is a cross sectional view along the XI-X1
line shown in FIG. 26B.

[0064] FIG.27B isa cross sectional view along the XII-XI1
line shown in FIG. 26B.

[0065] FIG. 27C is a cross sectional view along the XIII-
X1II line shown in FIG. 26B.

[0066] FIG. 28 is a schematic diagram of a wiring system of
the conventional transflective LCD device according to a
related art.

[0067] FIG. 29 is a drawing showing a waveform of con-
ventional transmissive common signal and reflective com-
mon signal according to a related art.

[0068] FIG. 30A to FIG. 30D are characteristic drawings
showing the electric potential relationships among the trans-
missive common signal, the reflective common signal, and
the black matrix in the related art.

[0069] FIG. 31A is an explanatory cross section in the
display portion of the transflective LCD device according to
the present invention.

[0070] FIG. 31B is a diagram of an equivalent circuit for
FIG. 31A.
[0071] FIG. 32A to FIG. 32D are explanatory cross section

in the peripheral portion (outside of the screen) of the trans-
flective LCD device.
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[0072] FIG. 32E is a diagram of an equivalent circuit for
FIG. 32A to FIG. 32D.

EXEMPLARY EMBODIMENTS

[0073] Inthe transflective LCD device, as described in the
background art, when the TIPS mode is adopted, the black and
the white are reversely displayed. Therefore, in a usual drive
system, when the transmissive area is made the normally
black display. there is a problem that the reflective area would
be the normally white display. First, this reverse display will
be described.

[0074] In the following description, it is supposed that a
first polarizer on an optical emission side (a screen side) and
asecondpolarizer in an optical incident side (a backlight side)
are arranged so that the polarization axes of them cross each
other at right angle. It is also supposed that liquid crystal (LC)
molecules are arranged in a direction shifted 90 degrees from
a polarization axis (an optical transmission axis) direction of
the second polarizer while voltage is not applied to the liquid
crystal (LC) layer. For example, when the polarized light
axial direction of the second polarizer is set to 0 degree, the
polarized light axial direction of the first polarizer is set to 90
degrees, and directions of major axes of the LC molecules are
setto 90 degrees. A cell gap in the transmissive area of the LC
layer is adjusted such that retardation An-d (wherein An rep-
resents a refractive index anisotropy of the LC molecules and
“d” represents the cell gap of the (LC) layer) is to be A/2
(wherein A represents a wavelength of the light). On the other
hand, another cell gap in the reflective area of the LC layer is
adjusted so that the retardation is to be A/4.

[0075] [The Reflective Area]

[0076] First, in the reflective area, when a driving voltage is
not applied to the LC layer, a linearly polarized light with a
polarization direction (a longitudinal direction) of 90 degrees
enters the LC layer after passing through the first Polarizer In
the LC layer, because the optical axial direction of the linearly
polarized incident light is parallel to directions of major axes
of the LC molecules, the 90-degree linearly polarized light
passes through the LC layer just as it is and enters a reflector.
The reflector reflects the 90-degree linearly polarized light as
it is, and it passes again the LC layer and enter the first
polarizer. Because the polarized light axial direction of the
first polarizer is 90 degrees the 90-degree linearly polarized
light passes through the first polarizer, and results in a white
display.

[0077] When the driving voltage is applied to the LC layer,
the 90-degree linearly polarized light enters the LC layer after
passing through the first polarizer in the same manner. In the
LC layer, because the directions of major axes of the LC
molecules changes from 0 degree to 45 degrees within the
plane parallel to the substrate due to the applied voltage, the
polarization direction of the incident light is deviated from the
major axis direction of the LC molecules by 45 degrees.
Furthermore, because the retardation of the LC layer is set to
be A/4, the linearly polarized light is changed into a clock-
wise-circularly-polarized light and enters the reflector. The
light reflected by the reflector is changed into a counterclock-
wise-circularly-polarized light, and passes the LC layer
again. The counterclockwise-circularly-polarized light is
then changed by the LC layer into a zero-degree linearly-
polarized light which has a polarized plane in a lateral direc-
tion (0 degree direction). Since the first polarizer has a polar-
izing axis at 90 degrees, the incident light is blocked to pass
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through, thereby representing a black display Thus, the
reflective region operates in a normally-white node.

[0078] [The Transmissive Area]

[0079] Ontheotherhand, in the transmissive area, when the
voltage is not applied to the LC layer, a zero-degree linearly-
polarized light enters the LC layer after passing through the
second polarizer. In the LC layer, because this incident light
has a polarized direction normal to the major axes of the LC
molecules, the incident light passes the LC layer without
changing its polarization state and enters the first polarizer.
Since the polarized light axial direction of the first polarizer is
90 degrees, the transmitted light from the LC layer cannot
pass the first polarizer and thereby representing the black
display.

[0080] Likewise, when the voltage is applied to the LC
layer, a zero-degree linearly-polarized light enters the LC
layer after passing through the second polarizer. In the L.C
layer, the directions of major axes of the LC molecules
changes from 0 degree to 45 degrees within the plane parallel
to the substrate due to the applied voltage, and thus the polar-
ization direction of the incident light is deviated from the
major axis direction of the LC molecules by 45 degrees.
Further, because the retardation of the LC layer is set to be
M2, a zero-degree linearly-polarized light is changed into a
90-degree linearly--polarized light and enters the first polar-
izer. Because the polarized light axial direction of the first
polarizer is 90 degrees, the transmitted light from the LC
layer passes the first polarizer and thereby representing the
white display. Accordingly, the transmissive area operates in
the normally-black mode.

[0081] In the transflective LCD device, thereofore, when
the electric field is either applied or not applied to the LC
layer, there is a problem that the white display and the black
display reverse in the reflective area and the transmissive area.
Accordingly, in order to resolve this problem, a technique of
applying reversing voltages to the reflective area and the
transmissive area is used, for example, a gate-line inversion
drive technique or a dot inversion drive technique is available.
[0082] When using this technique and by applying the
reversing voltages only to the transmissive area, both of the
transmissive area and the reflective area represent the white
display. On the other hand, when the reversing voltages are
applied only to the reflective area, both of the transmissive
area and the reflective area represent the black display. How-
ever, by applying different voltages to the reflective area and
the transmissive area, respectively, the electric potential dif-
ference occurs between the black matrix and the wirings to
generate the electric field therebetween, and thus the director
revolves in the plane direction by this electric field, and the
light leakage occurs.

[0083] More specifically, when the same phase voltage is
applied to the reflective common electrode and the transmis-
sive common electrode in each pixel, as shown in FIG. 304,
the electric potential of the black matrix will be the same
phase as the reflective common electrode and the transmissive
common electrode, and thus both of the electric potential
difference between the reflective common electrode and the
black matrix and the electric potential difference between the
transmissive common electrode and the black matrix are
small. However, when the anti-phased voltages are applied to
the reflective common electrode and the transmissive com-
mon electrode, respectively, the electric potential of the black
matrix represents the same phase (F1G. 30B or FIG. 30C) of
either one of the reflective common electrode and the trans-
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missive common electrode, or a middle potential (FIG. 30D)
of the electric potentials of the both common electrodes, and
therefore the electric potential difference between the reflec-
tive common electrode and the black matrix, and the electric
potential difference between the transmissive common elec-
trode and the black matrix become large. Accordingly, the
director rotates within in the plane parallel to the substrates by
the electric field by these electric potential differences.

[0084] Here, the electric charges generated between the
black matrix and each electrode, or between the black matrix
and the wirings can be calculated, respectively.

[0085] Regarding a display area, firstly, as shown in a sec-
tional structural view in FIG. 31A and its equivalent circuit
diagram shown in FIG. 31B, the electric potential of the
scanning line is designated as VG, the electric potential of the
data line as VD, the electric potential of the transmissive
common electrode as VTC, the electric potential of the trans-
missive pixel electrode as VTP, the electric potential of the
reflective common electrode as VRC, and the electric poten-
tial of the reflective pixel electrode as VRP. The capacitance
between the scanning line and the black matrix is designated
as CBM-Ga, the capacitance between the data line and the
black matrix as CBM-Da, the capacitance between the trans-
missive common electrode and the black matrix as CBM-
TCE, the capacitance between the transmissive pixel elec-
trode and the black matrix as CBM-TPE, the capacitance
between the reflective common electrode and the black
matrix as CBM-RCE, and the capacitance between the reflec-
tive pixel electrode and the black matrix as CBM-RPE. Then
the electric charges generated between the black matrix and
each electrode, or between the black matrix and the wirings
are expressed by the following equation (1).
CBM-TCExVTC+CBM-TPExVTP+CBM-RCEx

VRC+CBM-RPEXVRP+CBM-GaxVG+CBM-Dax
%) )

[0086] As forthe peripheral area, as shown in FIGS. 32A to
32E, theelectric potential of the scanning line is designated as
V@, the electric potential of the data line as VD, the electric
potential of the transmissive common electrode line as
VTCL, the electric potential of the reflective common elec-
trode line as VRCL. The capacitance between the scanning
line and the black matrix is designated as CBM-Gb, the
capacitance between the data line and the black matrix as
CBM-Db, the capacitance between the transmissive common
electrode line and the black matrix as CBM-TCL, and the
capacitance between the reflective common electrode and the
black matrix as CBM-RCL. Thus, the electric charge gener-
ated between the black matrix and each wiring is expressed by
the following equation (2).

CBM-TCLxVTC+CBM-RCLxVRC+CBM-GbxVG+
CBM-DbxVD @

[0087] Accordingly, total electric charge QBM accumu-
lated on the black matrix is expressed by the following equa-
tion (3).
QBM=(CBM-TCE+CBM-TCL)xVTC+CBM-TPEx
VTP+(CBM-RCE+CBM-RCL)xVRC+CBM-RPEx

VRP+{CBM-Ga+CBM-Gb)xVG+CBM-Da+CBM-
Db)xVD (€)

[0088] When the black display for an entire screen is per-
formed, the above-mentioned equation can he splitted to the
electric charge QBM (1) having the same or the same side
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charge to the transmissive pixel electrode, and the electric
charge QBM (2) which functions as reverse or negative to the
transmissive pixel electrode.

OBM (1)=(CBM-TCE+CBM-TCL)xVTC+CBM-TPEx
VIP+(CBM-Da+CBM-Db)x VD+CBM-RPEx VRP
{from a writing frame to the 2n-th frame) 4)

OBM (2)=(CBM-RCE+CBM-RCL)x VRC+CBM-RPEx

VRP (from the writing frame to the (2n+1)th frame)+

(CBM-Ga+CBM-Gb)xVG 5
[0089] The electric potential VBM of the black matrix can
be disclosed by the following equation.

VBM=0BMitotal of CBM=[(CBM-TCE+CBM-TCL)x
VTC+CBM-TPExVIP+(CBM-RCE+CBM-RCL)x
VRC+CBM-RPExVRP+(CBM-Ga+CBM-Gh)xVG+
(CBM-Da+CBM-Db)x VD]J/fCBM-TCE+CBM-TCL+
CBM-TPE+CBM-RCE+CBM-RCL+CBM-RPE+CBM-
Ga+CBM-Gb+CBM-Da+CBM-Db] (6)

[0090] Because the scanning lines and the data lines in the
display area are covered with either the transmissive common
electrode or the reflective common electrode to provide an
electrically shielded structure, it is assumed that the black
matrix does not affect those lines. As to the scanning lines and
the data lines in the peripheral area, the influence of the black
matrix can be eliminated by covering them with such a con-
ductive film as the same one of the transmissive common
electrode. By adopting such structures, the terms of CBM-Da,
CBM-Db, CBM-Ga and CBM-Gb of the above-mentioned
equation disappears substantially, and thus it is allowed to
only consider the interaction between the black matrix and
either one of the reflective common electrode, the reflective
common electrode line, the transmissive common electrode
and the transmissive common electrode line.

[0091] Inthe LCD device, the electric potential of the black
matrix becomes influential in the area on which the voltage is
not applied between the common electrode and the pixel
electrode, and the display quality degrades greatly by the light
leakage in the black display state. However, as mentioned
above, when the gate-line inversion drive technique or the dot
inversion drive technique is used, because it will be the black
display when the voltage is only applied to the reflective area,
in order to reduce the electric potential difference between
VBM and VTC, it is necessary to make the contribution of
QBM (1) large, or make the contribution of QBM (2) small.

[0092] Further, a following relationship can be stated:
[0093] Electric charge QxCapacitance CxVoltage Vxex
SxV/d

[0094] (wherein the “e” represents dielectric constant of the

configuration material between the black matrix and either
one of each electrode and wiring, the “S” represents an over-
lapped area between the black matrix and either one of each
electrode and wiring, and the “d” represents the distance
between the black matrix and either one of each electrode and
wiring.

[0095] Accordingly, in order to reduce the electric potential
difference between the electrode of the transmissive area and
the black matrix, the following four techniques are available.
[0096] (1) Considering the fact that capacitance changes
proportionally to the overlapping area between the black
matrix and either one of each electrode and wiring, in order to
increase the contribution of QBM (1), electrode surface areas
forming CBM-TCE, CBM-TCL, CBM-TPE, CBM-Da and
CBM-Db are made large. In order to reduce the contribution
of QBM (2), electrode surface areas forming CBM-RCE,
CBM-RCL, CBM-Ga and CBM-Gb are made small. Further,
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the black matrix can be separated and shielded so that the
electric potential of the transmissive area does not affect
them.

[0097] (2) Because the electric charge changes proportion-
ally to the voltage, either VTC is increased to make the con-
tribution of QBM (1) large, or VRC and VG are reduced to
make the contribution of QBM (2) small. More specifically,
the above-stated condition can be achieved by either increas-
ing the amplitude of the transmissive common signal, or
decreasing the amplitude of the reflective common signal, or
increasing the voltage at the off time of the gate signal.
[0098] (3) Because the electric charge changes in inverse
proportion to the distance between the black matrix and either
one of each electrode and wiring, in order to make the con-
tribution of QBM (1) large, the distant gaps between the black
matrix and either one of the transmissive common electrode,
the transmissive pixel electrode and the data line are made
small, or to make the contribution of QBM (2) small, the
distant gaps between the black matrix and either one of the
reflective common electrode and the scanning line are made
large.

[0099] (4) Because the capacitance is proportional to the
dielectric constant of the configuration material between the
black matrix and either one of each electrode and wiring, in
order to make the contribution of QBM (1) large, the high
permittivity material member is sandwiched between the
black matrix and either one of the transmissive common
electrode, the transmissive pixel electrode and the data line,
or in order to make the contribution of QBM (2) small, the low
permittivity material member is sandwiched between the
black matrix and either one of the reflective common elec-
trode and the scanning line.

[0100] By using these techniques, the electric potential dif-
ference between the electrodes of the transmissive area and
the black matrix can be made small, and desirably, by
decreasing the electric potential difference to the level no
more than the threshold value of activating the LC layer, the
light leakage can be suppressed. Hereinafter, each technique
will be described with reference to the drawings.

Exemplary Embodiment 1

[0101] First, the LCD device according to the first exem-
plary embodiment of the present invention will be described
with reference to FIG. 1 through FIG. 15. In FIG. 1A, a plan
view of the pixel structure of the transflective LCD device of
this exemplary embodiment is shown as a structure before a
black matrix is added. FIG. 1B shows the pixel structure after
adding the black matrix to the structure shown in FIG. 1A.
FIG. 2A is a cross sectional view along the I-I line shown in
FIG. 1B. FIG. 2B is a cross sectional view along the [1-I line
shown in FIG. 1B. FIG. 2C is a cross sectional view along the
III-111 line shown in FIG. 1B. FIG. 3 to FIG. 5 are drawings
showing the other pixel structure of the transflective LCD
devices of this exemplary embodiment, and FIG. 6 is a graph
showing the advantage ofthis exemplary embodiment. FIG. 7
to FIG. 10 are schematic diagrams illustrating the inversion
drive technique, and FIG. 11 to FIG. 15 are schematic dia-
grams showing variety of LCD devices to which the structure
of this exemplary embodiment is applied.

[0102] As shown in FIG. 1 and FIG. 2, the LCD device of
this exemplary embodiment includes the first substrate (here-
inafter, referred to as an opposed substrate 20) arranged in a
viewer’s side and the second substrate (hereinafter, referred to
as a TFT substrate 10) on which active elements such as TFTs
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(Thin Film Transistors) are arranged to provide a transmissive
area which functions as a transmissive type LCD device and
a reflective area which functions as a reflective type LCD
device. An LC layer 30 is sandwiched between the two sub-
strates 20 and 10. Further the LCD device includes a first
polarizer 211 arranged on the viewer’s side of the opposed
substrate 20 and a second polarizer 111 or the like arranged on
the backlight source side of the TFT substrate 10. Just for
simplifying the drawings, the first polarizer 211 and the sec-
ond polarizer 111 are omitted in other drawings.

[0103] The TFT substrate 10 is provided with a plurality of
scanning lines 12, data lines 13 and common electrode lines
which are arranged in a matrix shape on a transparent insu-
lating substrate 11. Each of the common electrode lines
includes a transmissive common electrode line 18a applying
areference potential to the transmissive area 3 and a reflective
commor electrode line 185 applying the reference potential
to the reflective area 2. A transmission-TFT 14a and a trans-
missive pixel electrode 17a in the transmissive area 3 of each
pixel are respectively arranged at upper area in each intersec-
tion of the scanning lines 12 and the data lines 13. On the other
hand a reflection-TFT 145 and a reflective pixel electrode 176
in the reflective area 2 of the pixel are respectively arranged at
lower area in the intersection of the scanning lines 12 and the
data lines 13. The transmissive pixel electrode 174 is electri-
cally connected to the source electrode of the transmission-
TFT 14a via a contact hole 170a while the reflective pixel
electrode 175 1s electrically connected to the source electrode
of the reflection-TFT 144 via a contact hole 1705.

[0104] Thetransmissive common electrodeline 18ais elec-
trically connected to a transmissive common electrode 184'
viaa contact hole 1804 while the reflective common electrode
line 185 is electrically connected to a reflective common
electrode 184 via a contact hole 1804.

[0105] The above-mentioned transmissive common elec-
trode 18¢' the transmissive pixel electrode 17a, the reflective
common electrode 185" and reflective pixel electrode 175 are
usually made of a transparent conductive material such as
ITO (Indium Tin Oxide). The transmissive pixel electrode
17a and the transmissive common electrode 184 are provided
so that the two electrodes are arranged in parallel like the
stripes as shown in FIG. 1, and it is constructed to produce the
electric field in the transmissive area having main component
crossing normal to the two electrodes parallel to the substrate
surface. At the same time, the reflective pixel electrode 17
and the reflective common electrode 182" are provided so that
the two electrodes are arranged in parallel like the stripes as
shown in FIG. 1, and it is constructed to produce the electric
field in the reflective area having main component crossing
normal to the two electrodes parallel to the substrate surface.
[0106] In the reflective area, as shown in FIG. 1 and FIG.
2A, the reflector 15 is formed under the reflective common
electrode 185" and the reflective pixel electrode 175 with an
insulating film 155 sandwiched therebetween.

[0107] The alignment film (not shown) which controls the
liquid crystal molecular orientation is formed on the TFT
substrate 10 adjacent to the L.C layer 30.

[0108] As for the opposed substrate 20, a black matrix 22
and a color filter 23 are formed on a transparent insulating
substrate 21.

[0109] The black matrix 22 is formed by dispersing carbon
particles or black pigments into a resin. The black matrix 22
is arranged on a part which shades the light leakage in the
display, for example, on the part overlapping with the scan-
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ning line 12 and the data line 13 to shade the light leakage due
to the electric field generated between the pixels and between
the electrodes of the transmissive area and the reflective area,
and to suppress the light leakage between the wirings
arranged outside of the display portion.

[0110] The distance between the TFT substrate 10 and the
opposed substrate 20, that is, the thickness of the LC layer 30
is determined as follows in the transmissive area and the
reflective area, respectively. That is, in the transmissive area,
it 1s designed that the phase difference is to be A/2 when
applying the voltage to perform the white display. In the
reflective area, it is designed that the phase difference is to be
A4 when applying the voltage to perform the black display.
[0111] The LC molecules of the LC layer 30 are aligned in
parallel to perform homogeneous orientation between the
substrates, and the direction of the director is oriented in the
direction that tilted 15 degrees from the stripe direction of the
electrodes, and the direction is changed by the electric field
formed between the common electrode and the pixel elec-
trode.

[0112] Thepolarizer are provided on the outside surface of
the TFT substrate 10 and the opposed substrate 20, respec-
tively, i.e., the side remote from the LC layer 30, such that the
respective absorption axis of the polarizer are crossed each
other, and thereby arranging so that the initial director direc-
tion is identical to either one of the absorption axis of the
polarizer.

[0113] This exemplary embodiment has a feature in the
positional relationship with the common electrode line or the
common electrode formed on the TFT substrate 10 and the
black matrix 22 formed on the opposed substrate 20, and thus
material and film thickness of each component member and
the manufacturing method or the like are not limited in par-
ticular.

[0114] Here, as mentioned above, because the black dis-
play and the white display reverse in the transflective LCD
device, it needs to drive by applying the voltages of different
phases to the transmissive area and the reflective area, respec-
tively. When the voltages with different phases are applied,
the electric potential of the black matrix 22 fluctuates, and the
electric potential differences between the black matrix 22 and
either one of the transmissive common electrode line 184, the
transmissive common electrode 184', and the transmissive
pixel electrode 17a are made large.

[0115] Accordingly, in this exemplary embodiment, in
order to resolve this problem, overlapping areas between the
black matrix 22 and either one of the transmissive common
electrode line 184, the transmissive common electrode 184,
and the transmissive pixel electrode 17a are made large.
[0116] Specifically, as shown in FIG. 1, FIG. 2B and FIG.
2C, the transmissive common electrode 184" and the reflective
common electrode 185" are arranged on the data line 13.
Because the black matrix 22 is arranged so as to overlapp with
the data line 13, the width of the black matrix 22 arranged just
above the transmissive common electrode 184' is made wider
than that of the black matrix 22 arranged just above the
common electrode 185'. As a result, the electrode surface area
forming the capacitance CBM-TCE between the transmissive
common electrode 184" and the black matrix 22 is made to be
larger than the electrode surface area forming the capacitance
CBM-RCE between the reflective common electrode 18’
and the black matrix 22. Accordingly, it is possible to increase
the contribution of the electric charge QBM (1) against the
transmissive common electrode 18a’.
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[0117] In this case, the width of the black matrix 22
arranged just above the transmissive common electrode 184’
may be made wider than that of the related art shown in FIG.
26C. Or the width of the black matrix 22 arranged just above
the reflective common electrode 185" may be made smaller
than that of the related art shown in FIG. 26C. When the width
of the black matrix 22 arranged just above the reflective
common electrode 185" is made small, there is a possibility to
cause the light leakage through the side of the black matrix 22.
In that case, however, it is possible to suppress the light
leakage through the side of the black matrix 22 either by
darkening or blackening the reflective common electrode 185'
and the reflective pixel electrode 175 in the reflective area 2
with oxidation treatment, or by increasing the ITO film thick-
ness to reduce the transmission factor of the ITO so as to
reduce the reflected light. It is also possible to suppress the
light leakage by using such metal having reflectivity lower
than that of the reflector as a metallic film made of chrome or
molybdenum, preferably such metal treated with low reflec-
tive processing as a laminated oxidation film metal made of
two-layer chrome Cr/CrO or two-layer nickel Ni/NiQO. Fur-
thermore, on the reflective common electrode and the reflec-
tive pixel electrode, those light leakage produced by perform-
ing different liquid crystal molecular orientation
therebetween can also be suppressed simultaneously, and the
reflective contrast can be improved.

[0118] In FIG. 1 and FIG. 2, the width of the black matrix
22 arranged just above the transmissive common electrode
184' is made large (FIG. 2C), and the width of the black
matrix 22 arranged just above the reflective common elec-
trode 185" is made small (F1G. 2B). However, for example, as
shown in FIG. 3B, even if the width of the reflective common
electrode 184' on the data line 13 is made smaller than the case
shown in FIG. 3A (which corresponds to FIG. 2B), the similar
advantage can be obtained. Similarly, as shown in FIG. 4B,
even if the width of the transmissive common electrode 184'
on the data line 13 is made wider than the case shown in FIG.
4A (which corresponds to FIG. 2C), the similar advantage can
be obtained.

[0119] In FIG. 1 through FIG. 4, the relation between the
electrodes in the display portion 310 and the black matrix 22
is specified, respectively. However, because the transmissive
common electrode line 18a and the reflective common elec-
trode line 185 are arranged on the peripheral area around the
display portion 310 as shown in FIG. 5A, the width of the
transmissive common electrode line 18a (the wiring con-
nected to the non-inversed amplifying circuit 321 through a
regulator circuit 322 provided on a flexible printed circuit
(FPC) 320) can be made larger than that shown in FIG. 5A.
Or, the width of the reflective common electrode line 185 (the
wiring connected to the inverse amplification circuit 323
through a regulator circuit 322 provided on the FPC 320) can
be made smaller than that shown in FIG. 5A. In FIG. 5, the
reference numeral 311 represents a LC driver.

[0120] In the above mentioned example, it is shown a
method to increase the overlapped areas between the black
matrix 22 and either one of the transmissive common elec-
trode line 18a, the transmissive common electrode 18a and
the transmissive pixel electrode 17a. However, in order to
confirm an appropriate overlapped area of the black matrix
22, a plurality of samples are prepared and considered. That
is, one sample is made like the related arts such that the black
matrix 22 is made to have the same width at the reflective area
2 and the transmissive area 3, and the other sample is made by
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using one of the above-mentioned method such that over-
lapped area between the transmissive common electrode 184’
and the black matrix 22 is relatively changed to the over-
lapped area between the reflective common electrode 185’
and the black matrix 22.

[0121] And the gate-line inversion technique is performed
in which the phase of the pixel potential and the common
potential reverses for each scanning line 12, and the display
by each sample is performed respectively. In this case, as
shown in FIG. 7 and FIG. 8, the identical signal (D) from the
data line 13 is supplied to the transmissive pixel electrode 17a
and the reflective pixel electrode 175 through respective TFT.
The transmissive common signal (Tcom) which reverses for
each line is sent to the transmissive common electrode line
18a, and the reflective common signal (Rcom) in which the
phase is reversed with that of the transmissive common signal
is supplied to the reflective common electrode line 185. In
FIG. 7 and FIG. 8, the symbol G indicates the signal applied
to the scanning line (the gate line). The numerical character
inside each box indicates the electric potential of the applied
data signal to the pixel electrode.

[0122] InFIG. 7 and FIG. 8, although the amplitude of the
reflective common signal (Rcom) is made to have the same
amplitude of the transmissive common signal (Tcom), it may
be made to be the same or different depending on the interval
of the common electrode and the pixel electrode or the thick-
ness of the L.C layer. Here, as the amplitude of the transmis-
sive common signal (Tcom) is 5.2 V, the amplitude of the
reflective common signal (Rcom) is adjusted so as to be the
same. The interval between the transmissive pixel electrode
174 and transmissive common electrode 184" is made to be 8
pm, the interval between the reflective pixel electrode 175 and
the reflective common electrode 185" is made to be 4 um. The
thickness of the L.C layer 30 in the transmissive area 3 is made
to be 3.2 pm while the thickness of the LC layer 30 in the
reflective area 2 is made to be 2.0 pm.

[0123] The above-mentioned gate-line inversion drive
technique is generally stated by referring FIG. 7, wherein the
data signal D is applied to the transmissive pixel electrode 17a
and the reflective pixel electrode 175 of each pixel in both of
the reflective area and the transmissive area, and the electric
potential of the line (m-th row) where the gate signal G and
the data signal D are the state of High will be +5 V. On the
other hand, because the transmissive common signal (Tcom)
is 0 V and the reflective common signal (Rcom) is +5 V, the
electric potential difference between the electric potential
difference of the transmissive pixel electrode 17a and the
transmissive common electrode 18a' will be +5 V, and the
electric potential difference between the reflective pixel elec-
trode 17b and the reflective common electrode 185" will be 0
V. In the line ((m+1)-th row) wherein the gate signal G and the
data signal D are the state of Low, although the electric
potential of the transmissive pixel electrode 17a and the
reflective pixel electrode 175 will be 0V, because the Tcom is
+5V and the Reom is the 0V, the electric potential difference
between the reflective pixel electrode 176 and the reflective
common electrode 184" will be +5 V, while the electric poten-
tial difference between the transmissive pixel electrode 17a
and the transmissive common electrode 184' willbe 0 V. As a
result, the electric field is only applied to the transmissive
area, and the LC molecules in the transmissive area will
rotate.

[0124] Inthis state, as shown in FIG. 11 and FIG. 12, in the
LCD device to be driven by the IPS mode for both of the
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reflective area 2 and the transmissive areas 3, a linearly polar-
ized light with a polarization direction (a longitudinal direc-
tion) of 90 degrees enters the LC layer after passing through
the first polarizer in the reflective area (the upper right side of
FIG. 12), when a driving voltage is not applied to the LC
layer, and then reflected by the reflector, the linearly polarized
light passes through the LC layer and the first polarizer again
with the 90-degree linearly polarized light. In the transmis-
sive area (the upper left side of FIG. 12), on the other hand,
although a linearly polarized light with a polarization direc-
tion (a lateral direction) of 0 degree enters the LC layer after
passing through the second polarizer, the directions of major
axes of the LC molecules changes when the voltage is applied
to the LC layer, and thus the zero-degree linearly-polarized
light entered the LC layer is changed to a 90-degree linearly
polarized light, and then enter the first polarizer to pass
through it. Accordingly, it will be the white display in both the
reflective area and the transmissive areas.

[0125] Inthe line (m-th row) where the gate signal G is the
state of High while the data signal D is the state of Low, as
shown in FIG. 8, although the electric potential of the pixel
electrode 17a and the reflective pixel electrode 175 will be 0
V, because the Tcom is 0V and the Rcom is +5 V, the electric
potential difference between the transmissive pixel electrode
17a and transmissive common electrode 184" will be 0 V
while the electric potential difference between the reflective
pixel electrode 176 and the reflective common electrode 184’
will be +5 V. On the other hand, in the line ((m+1)-th row)
where the gate signal G is the state of Low while the data
signal D is the state of High, although the electric potential of
the pixel electrode 17a and the reflective pixel electrode 175
will be +5V, because the Tcom is +5V and the Rcom is 0 V,
the electric potential difference between the transmissive
pixel electrode 17a and transmissive common electrode 184'
will be 0V while the electric potential difference between the
reflective pixel electrode 175 and the reflective common elec-
trode 1854 will be +5 V. As a result, the electric field is only
applied to thereflective area, and thus the LC molecules in the
reflective area will rotate.

[0126] In this state, as shown in FIG. 11 and FIG. 12,
although the 90-degree linearly polarized (the longitudinal
direction) light enters the L.C layer after passing through the
first polarizer in the reflective area (the lower right side of
FIG. 12), because the major axis direction of the LC mol-
ecules in the LC layer changes due to the applied voltage, the
linearly polarized light is changed into a counterclockwise-
circularly-polarized light and enters the reflector. The light
reflected by the reflector passes the LC layer again and enters
the first polarizer with the zero-degree linearly-polarized
light. Since the first polarizer has a polarizing axis at 90
degrees, the reflected incident light is blocked to pass
through. In the transmissive area (the lower left side of FIG.
12), on the other hand, the 0-degree linearly polarized (the
lateral direction) light enters the LC layer after passing
through the second polarizer and enter the first polarizer after
passing through the LC layer. Since the first polarizer has a
polarizing axis at 90 degrees, the transmissive light is blocked
to pass through. Accordingly, it will be the black display in
both the reflective area and the transmissive areas.

[0127] Thus, even if the identical video signal is given for
the display in the transmissive area 3 and the reflective area 2,
the reflective display and transmissive display perform the
same display of the black display and the white display.
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[0128] Here, when the overlapped area of the transmissive
common electrode line 184 and the black matrix 22 is desig-
nated as Stl1, the overlapped area of the transmissive common
electrode 18¢' and the black matrix 22 is designated as St2,
the overlapped area of the reflective common electrode line
185 and the black matrix 22 is designated as Srl, and the
overlapped area of the reflective common electrode 185" and
the black matrix 22 is designated as Sr2, respectively, the ratio
of occupying each overlapped area by the transmissive com-
mon signal (referred to an area transmissive ratio «) can be
represented by the following equation.

o=(St1+S12)/(S11+512+Sr1+5r2) @)

[0129] Four samples are made by using one of the above-
mentioned techniques such that overlapped area between the
black matrix 22 and both of the transmissive common elec-
trode 184" and the transmissive common electrode line 18a is
relatively changed to the overlapped area between the black
matrix 22 and both of the reflective common electrode 18%'
and the reflective common electrode line 185 to provide
samples having the a of 54%, 64%, 72% and 100% to mea-
sure its contrast ratio. In here, ¢=100% indicates the state that
the transmissive common signal (Tcom) is applied to the
reflective common electrode line 184.

[0130] As aresult, as shown in FIG. 6, the contrast ratios in
the samples are changed such that the ratio of 140:1 for
0=54%; 180:1 for a=64%; 450:1 for a=72%; and 450:1 for
a=100%, respectively.

[0131] When the waveform is checked for the sample of
a=54% by using an oscilloscope, owing to the signal influ-
ence of the scanning line, the electric potential (the short
broken line in the drawing) of the black matrix 22 is the
intermediate electric potential where the electric potential
does not change in both of the line A (the transmissive com-
mon signal is “Low” state and the reflective common signal is
“High” state) and the line B (the transmissive common signal
is “High” state and the reflective common signal is “Low”
state) next to the line A. Owing to this, the electric potential of
the black matrix 22 is caused to have a large electric potential
difference from the transmissive common signal, and thus it is
assumed that the contrast ratio is decreased in both of the line
A and the line B.

[0132] In the sample of a=72%, owing to the signal influ-
ence from the scanning line and because the phase in the line
A and the line B is shifted toward the transmissive area, the
electric potential of the black matrix 22 is not caused to have
the large electric potential difference from the transmissive
common signal. As a result, it is assumed that the LC is not
activated between the black matrix and both of the transmis-
sive common electrode and the transmissive pixel electrode,
and therefore the light leakage is not generated and thereby
improving the contrast ratio. In this experiment, a part of the
scanning line is not shielded. Therefore, the period of time for
turning off the TFT with a turn-off voltage (-12 V) is longer
than that for turning on the TFT with a turn-on voltage (+12
V). As a result, as the whole, it shifts to the minus side. That
1s, in the case of 0=54%, while it shifts to the side of the
transmissive common signal in the line A, it shifts to the side
of the reflective common signal in the line B, and thereby
generating more light leakage in the line B. Accordingly, in
this case, it is required to shield the scanning line.

[0133] Here, the electric potential of the black matrix can
be measured by using the oscilloscope such that the opposed
substrate is scraped to expose the black matrix to be con-
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nected to the terminal of the oscilloscope either by directly or
through conductive material such as solder. The reflective
common signal and the transmissive common signal can be
measured by using the oscilloscope as in the case of measur-
ing the electric potential of the black matrix by scraping the
film which covers the reflective common signal line and the
transmissive common signal line of the TFT substrate, or may
be measured by using the electrode terminals exposed from
the TFT substrate.

[0134] When the pixel of the black display is observed,
light is observed around the transmissive common electrode
184" in the sample of c=54%, while no light leakage is
observed in those samples of a=72% and a=100%.

[0135] In view of the foregoing results, by adjusting the
overlapped areabetween the black matrix 22 and either one of
the common electrode line and the common electrode such
that the area transmissive ratio o is larger than 72% (a>72%),
when the black display is performed without the electric
potential difference between the transmissive pixel electrode
174" and the transmissive common signal, because the electric
potential difference between the black matrix 22 and the
transmissive common signal is made small, the rotation of the
director is suppressed and the light leakage can be sup-
pressed.

[0136] Here, when the capacitance is calculated from the
area formed by St1, St2, Srl and Sr2, and representing it to be
Ctl, Ct2, Crl and Cr2 respectively, a capacitance transmis-
sive ratio a.C is expressed in the following equation.

aC=(CH+CR)NCH+CRA+Cr14Cr2) (®)

[0137] The respective level of a=54%, a=64%, c=72%
and 0=100% will be aC=50%, aC=60%, aC=73% and
aC=100%. Because the transmissive common signal and the
reflective common signal have the signal of the same ampli-
tude, the level of the electric potential of the black matrix can
be known by the value of the aC, i.e., the aC indicates on
which side the electric potential of the black matrix is shifted.
In the case of aC=50%, the electric potential of the black
matrix will be the electric potential of the middle potential
between the transmissive common signal and the reflective
common signal (lower left side of FIG. 6), and when the
capacitance transmissive ratio increases, the electric potential
of the black matrix reaches close to the electric potential of
transmissive common signal, and the electric potential differ-
ence between the transmissive common electrode and the
black matrix becomes small and thereby decreasing the light
leakage as shown in FIG. 6.

[0138] In the above-mentioned exemplary embodiment,
the transflective LCD device is operated by using the gate-line
inversion drive technique by which the phase of the pixel
potential and the common potential reverses for each scan-
ning line 12. However, the similar advantage can be obtained
by using the dot inversion drive technique as shown in FIG. 9
and FIG. 10 in which the different pixel signals are applied to
the reflective area and the transmissive area, respectively,
while the same common signal is applied to the reflective area
and the transmissive area. In the illustrated example, the same
data line is used for the transmissive area and the reflective
area and the gate line is prepared for respective areas to apply
different signals thereto, respectively with one line. As long
as the different pixel signals are applied to the transmissive
area and the reflective area, respectively, the other techniques
may be used.
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[0139] The present Invention is not limited to the LCD
device which drives both of the reflective area 2 and the
transmissive area 3 by using IPS mode. For example, as
shown in FIG. 15, it can also be applied similarly to the LCD
device which drives one or both of the reflective area 2 and the
transmissive area 3 by using an FFS (Fringe-Field-Switch-
ing) mode. Furthermore, the present invention can also be
applied to an LCD device which is driven by an ECB (Elec-
trically Controlled Birefringence) mode to control the bire-
fringence of the LC layer 30 with the electric field between
the TFT substrate 10 and the opposed substrate 20, by pro-
viding a reflective pixel electrode 175 on the TFT substrate 10
while the reflective common electrode 184" is formed on the
opposed substrate 20 as shown in FIG. 13 and FIG. 14.
[0140] InFIG. 13 and FIG. 14, although the LC layer 30 in
the reflective area 2 is made to have a homogeneous orienta-
tion and a phase difference plate is formed in the reflective
area 2, the present invention is available to use a VA (Vertical
Alignment) mode in which LC molecules are initially aligned
vertical to the substrate, and being operated similarly by
reverse drive technique to perform all alike display even if the
presence of the normally black display and the normally
white display.

[0141] Although the adopted structure here is the normally
black display in the transmissive area and the normally white
display in the reflective area, it is possible to perform the
normally white display in the transmissive area and the nor-
mally black display in the reflective area, when IPS method is
used for both of the transmissive area and the reflective area
by revolving the angle of the polarizer by 45 degrees.

Exemplary Embodiment 2

[0142] Next, an LCD device according to a second exem-
plary embodiment of the present invention will be described
with reference to FIG. 16 through FIG. 18. In FIG. 16 and
FIG. 17, plan views of the transflective LCD device of this
exemplary embodiment are shown. FIG. 18 is a graph where
the contrast is measured while changing the amplitude of the
reflective common signal.

[0143] In the first exemplary embodiment mentioned
above, the influence of the transmissive common signal is
made large by increasing the overlapped area between the
transmissive common electrode 184" and the black matrix 22.
However, the similar advantage can be also expected by
reducing the influence of the reflective common signal. In this
exemplary embodiment, like in the first exemplary embodi-
ment, the thickness of the LC layer and the interval of elec-
trodes are designed such that the first interval between the
transmissive common electrode and the transmissive pixel
electrode is 8 pm while the second interval between the
reflective common electrode and the reflective pixel electrode
is made so as to be a half'size of the first interval, i.e.,4 pm. In
such configuration, when the number of electrodes is
increased, because the LC molecules on the electrode does
not revolve to the substrate plane direction compared to those
LC molecules located between the electrodes, such problem
as constant gleaming occurs. Accordingly, the area of the
electrode can be reduced by expanding the interval between
the reflective common electrode and the reflective pixel elec-
trode into 6 um from 4 um. However, the voltage applied
between those electrodes needs to be increased by increasing
the interval thereof, and the reflective common signal is
needed to increase to 8 V.
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[0144] First, in order to confirm the influence of the reflec-
tive common signal, measurement is made for the change in
the contrast when changing the voltage applied to the reflec-
tive common electrode 185'. The result is shown in FIG. 18.
As shown in FIG. 18, as the amplitude (V) of the reflective
common signal becomes large, the brightness of the white
display is decreased while the brightness of the black display
is increased, and then the contrast is decreased. When the
voltage of each state is confirmed by the oscilloscope, when
the amplitude of the reflective common signal is 0 V, the
electric potential of the black matrix 22 follows the transmis-
sive common signal. However, when both of the amplitude of
the reflective common signal and the transmissive common
signal is 5.2 V with reversed phase each other, the electric
potential of the black matrix 22 is almost fixed, and when the
amplitude of the reflective common signal is 8 V, the electric
potential of the black matrix 22 follows the reflective com-
mon signal. Accordingly, when the amplitude of the reflective
common signal becomes large, the electric potential of the
black matrix 22 is pulled to the reflective common signal. As
a result, it is assumed that the electric potential differences
between the black matrix 22 and both of the reflective com-
mon signal and the transmissive common signal of the anti-
phase become large, and the light leakage occurs and results
in decreasing contrast.

[0145] Accordingly, in this exemplary embodiment, in
order to suppress the electric potential difference between the
transmissive common signal and the black matrix 22, for
example, as shown in FIG. 16, the black matrix 22 of the
reflective area 2 and the black matrix 22 of the transmissive
area 3 are separated electrically in the display portion. As
shown in FIG. 17, in the peripheral area of the display portion,
the black matrix 22 above the transmissive common electrode
line 18a and the black matrix 22 above the reflective common
electrode 186 are formed by providing a slit 221 into the black
matrix film pattern to electrically separate them. As shown in
FIG. 17, on the other hand, the configuration of the black
matrix structure that separates the black matrix located above
the reflective common electrode line 185 can be electrically
separated from the black matrix 22 located outside the display
portion, i.e., its peripheral area, by forming the slit into the
black matrix film pattern. Further, the black matrix 22 can be
separated electrically by forming a slit into the black matrix
film pattern at the display portion and its peripheral area.

[0146] Thus, by separating the black matrix 22, in spite of
the amplitude of the reflective common signal, the electric
potential of the black matrix 22 can be made follow to the
transmissive common signal. As a result, the light leakage
caused by the electric potential difference between the black
matrix 22 and either one of the transmissive common elec-
trode 184" and the transmissive common electrode line 18a
can be suppressed. Furthermore, the contrast of 450:1 could
be realized by forming the slit between the black matrix
formed on the reflective area and the black matrix formed on
the transmissive area to electrically separate them.

[0147] Further, in the structure of FIG. 16, because the
scanning line 12 is formed in the area corresponding to the slit
portion separating the black matrix 22 into two portions, there
is no worry to which the transmitted light leakages out. This
slit portion may be covered with the reflector to provide the
similar advantageous effect. When forming the scanning line
12 with light shading member, the light leakage by the
reflected light does not occur. Here, it explained that it is
possible to exclude the influence of CBM-RCE from the
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electric potential of the black matrix which influences the
transmissive area by adopting the black matrix structure
which is separated in the display portion. However, the influ-
ence of CBM-RCL can be excluded by electrically separating
the black matrix in the peripheral portion from the black
matrix connected to the transmissive area, and the transmis-
sive common signal becomes relatively influential.

Exemplary Embodiment 3

[0148] Next,an LCD device according to a third exemplary
embodiment of the present invention will be described with
reference to FIG. 19. In FIG. 19, a plan view of the structure
of the transflective LCD device of this exemplary embodi-
ment is shown.

[0149] In the second exemplary embodiment mentioned
above, by separating the black matrix 22, the black matrix 22
does not undergo the influence of the reflective common
signal. However, by covering the reflective common elec-
trode 185" or the reflective common electrode line 185 with
the conductive film and by applying the different electric
potential thereto to form the shield configuration, the influ-
ence of the reflective common signal can be suppressed.
[0150] For example, as shown in FIG. 19, the reflective
common electrode line 185 (the wiring connected to the
inverse amplification circuit 323 through a regulator circuit
322 provided on the FPC 320) in the peripheral area of the
TFT substrate 10 of the LCD device is made of the same metal
as the gate line. And a shield layer 215 is formed on that with
the same material of ITO forming the pixel electrode and the
common electrode, and connecting it with the transmissive
common electrode line through a contact hole, and thereby
applying the transmissive common signal to the shield layer
215. Thus, the overlapped area between the reflective com-
mon electrode line and the black matrix can be changed to
have the electric potential of the same phase of the transmis-
sive common electrode line. As a result, the amount contrib-
uted portion of the transmissive common signal can be added
to the electric potential of the black matrix.

[0151] In the foregoing, the reflective common electrode
line is made of the same metal as the gate line, while the shield
layer is made of the same metal as the pixel electrode and the
common electrode. However, it is also possible to provide a
conductive layer between the reflective common electrode
line and the black matrix and applying the electric potential of
the transmissive common signal thereto. Therefore, it may be
made of other conductive layer and the member for the shield-
ing may be added newly. The shield structure is not limited to
the TFT substrate but also can be applied to the opposite
substrate side, and in that case, the transmissive common
signal should be applied thereto in the same manner.

Exemplary Embodiment 4

[0152] Next, the LCD device according to the fourth exem-
plary embodiment of the present invention will be described
withreference to FIG. 20 and FIG. 21. FIG. 20A is a plan view
showing the structure of the transflective LCD device of this
exemplary embodiment and FIG. 20B is a cross sectional
view along the IV-IV line of FIG. 20A. FIG. 21A is a plan
view showing another structure of the transflective LCD
device of this exemplary embodiment and FIG. 21B is a cross
sectional view along the V-V line of FIG. 21A.

[0153] In the first to third exemplary embodiments men-
tioned above, the techniques of either making the influence of

Sep. 24,2009

the transmissive common signal easy to undergo or making
the influence of the reflective common signal difficult to
undergo is disclosed. However, it is possible to eliminate the
electric potential difference between the transmissive com-
mon electrode and the black matrix by applying the transmis-
sive common signal to the black matrix 22.

[0154] In this exemplary embodiment, as shown in FIG.
20A and FIG. 20B, in the peripheral area (the broker line part
of FIG. 20A, for example), the electric potential can be given
by forming the contact electrode 112 on the transmissive
common electrode line 18a of the TFT substrate 10, and
connecting the contact electrode 112 and the black matrix 22
using the conductive paste or the particles 221 treated with
conductive processing on the surface thereof. There is also a
technique to prepare the black matrix electrode wire 122 for
the black matrix separately as the circuit which gives the
signal ofthe same phase with the transmissive common signal
apart from the transmissive common electrode line 18a as
shown in FIG. 21A and FIG. 21B, and connect them by the
same technique as shown in FIG. 20. Because the signal
different from the transmissive common signal can be applied
by using such technique, the different signal can be applied by
displaying, for example.

[0155] The black matrix 22 can be made by dispersing
carbon black into the resin. However, because it needs to get
the contacted area widely in order to give the electric potential
sufficiently, the method to form the conductive film at least on
the area where the black matrix contacts can also be used.
When using the metal of Cr or a laminated member with the
metal oxide for the black matrix, the contact hole can be made
small.

[0156] Further, the connecting structure and the connecting
location between the black matrix 22 and either one of the
transmissive common electrode line 184 and the black matrix
electrode wire 122 are riot limited to the illustrated configu-
ration.

Exemplary Embodiment 5

[0157] Next, an LCD device according to a fifth exemplary
embodiment of the present invention will be described with
reference to FIG. 22 through FIG. 25 showing a cross-sec-
tional structure of the transflective LCD device of this exem-
plary embodiment.

[0158] In the first to fourth exemplary embodiments men-
tioned above, although the shape and the structure of the
common electrode and the black matrix 22 are disclosed, the
similar advantages can also be obtained by changing the
interval of the common electrode and the black matrix 22 and
the dielectric constant.

[0159] For example, as shown in FIG. 22, without making
the step film for adjusting the thickness of the LC layer
between the passivation film and the reflective film on the data
line, the step film 24 can be provided on the opposite substrate
side. The passivation film can be combined with the uneven
film. By making it such configuration, even if the thickness of
the LC layer of the reflective area is made thinner than that of
the transmissive area, the distance between the black matrix
and both of the reflective common electrode and the reflective
pixel electrode can be increased and the capacitance CBM-
RCE and CBM-RPE formed therebetween can be made
small. When adopting lower dielectric constant for the step
film 24 than the liquid crystal, CBM-RCE and CBM-RPE are
able to be further made small. By making it such structure,
even if the area of the reflective area is the same as the first
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exemplary embodiment, the electric potential of the black
matrix can be controlled without reducing the black matrix 22
unnecessarily, and the display contrast is increased.

[0160] As shown in FIG. 23, different material in the trans-
missive area and the reflective area can be adopted for the
overcoat layer laminated on the black matrix 22 and the color
filter 23. More specifically, when the overcoat layer 274 of the
reflective area is made of such material having dielectric
constant lower than that of the overcoat layer 27 of the trans-
missive area, CBM-RCE and CBM-RPE can be made small.
Moreover, as shown in FIG. 24, different material in the
reflective area and the reflective area can be adopted for the
color filter. More specifically, when a color filter 234 of the
reflective area is made of such material having dielectric
constant lower than that of the color filter 23 of the transmis-
sive area, CBM-RCE and CBM-RPE can also be made small.
[0161] Theselow dielectric constant layers can be provided
between the black matrix and both of the reflective common
electrode line and the scanning line, the capacitance CBM-
RCL and CBM-Ga formed between the black matrix and both
of the reflective common electrode line and the scanning line
can also be made small. For example, as shown in FIG. 25, it
can be realized by putting a structure 124 having dielectric
constant lower than that of the liquid crystal on the reflective
common electrode line and the scanning line of the TFT
substrate. This structure 124 may be formed by an insulating
film 156 or a step film, otherwise, it may be created newly.
Although an example created on the TFT substrate side is
indicated, it is possible to form it on the opposed substrate to
obtain the similar advantage.

[0162] Further, the structure of each above-mentioned
exemplary embodiment may he applied separately and these
may be combined optionally. The present invention is not
limited to the description of the above-mentioned embodi-
ment, and the electric potential difference formed between
the black matrix and the common electrode in the area of the
normally black display should be smaller than a larger one of
the electric potential difference formed between the black
matrix and both of the common electrode and the pixel elec-
trode in the normally white display area.

THE AVAILABILITY ON THE INDUSTRY

[0163] The present invention is available in the LCD device
having the areas of the normally black display and the areas of
the normally white display.

[0164] According to the LCD device of the present inven-
tion, the light leakage caused by the electric potential formed
between the electrode on the active matrix board and the
black matrix on the opposed substrate can be suppressed.
[0165] This is because, in the LCD device where the LC
layer is sandwiched between the active matrix substrate on
which the switching elements are arranged in the matrix
shape and the opposed substrate on which the black matrix is
arranged, and including the first area of the normally black
display and the second area of the normally white display, the
electric potential difference formed between the black matrix
and both of the first common electrode and the first pixel
electrode in the first area is made to be smaller than larger one
of the electric potential difference formed between the black
matrix and both of the second common electrode and the
second pixel electrode in the second area. As a result, it is
possible to control the electric potential of the black matrix,
and suppress the displacement of the director which is pro-
duced by the electric potential applied between the black
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matrix and the electrode in the first area without complicating
the structure and the process. Therefore, the light leakage
caused by those can be suppressed.

[0166] Inthe presentinvention, the electric potential differ-
ence formed between the black matrix and both of the first
common electrode and the first pixel electrode is made to be
no more than the threshold voltage (Vth) of activating the
liquid crystal. Here, the threshold voltage Vth should satisfy
following condition:

Vih=(LBLK-LOY/(LWHT-L0}<0.01.

[0167] wherein, “LBLK” represents the brightness at the
black display when “L0O” represents the brightness at non-
operated state while “LWHT” represents the brightness at the
white display.

[0168] Whilethe invention has been particularly shownand
described with reference to exemplary embodiments thereof,
the invention is not limited to these embodiments. It will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the claims.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate provided with switching elements arranged

in a matrix shape;

a second substrate provided with at least a black matrix;

and

aliquid crystal display panel provided with a liquid crystal

layer sandwiched between said first substrate and said
second substrate so as to form a first area for the nor-
mally black display and a second area for the normally
white display;

wherein, a first electric potential difference formed

between said black matrix and both of a first common
electrode and a first pixel electrode formed in said first
area on said first substrate is made to be smaller than a
larger one of a second electric potential difference
formed between said black matrix and both of a second
common electrode and second pixel electrode formed in
said second area.

2. The liquid crystal display device according to claim 1,
wherein said second pixel electrode is formed on said first
substrate, and said second common electrode is formed on
either one of said first substrate and said second substrate.

3. The liquid crystal display device according to claim 1,
wherein said first electric potential difference is no more than
a threshold value of activating said liquid crystal layer.

4. A liquid crystal display device, comprising:

a first substrate provided with switching elements arranged

in a matrix shape;

a second substrate provided with at least a black matrix;

aliquid crystal display panel provided with a liquid crystal

layer sandwiched between said first substrate and said
the second substrate so as to form a first area for the
normally black display and a second area for the nor-
mally white display;

a first pixel electrode and a first common electrode formed

on said first substrate within said first area;

a first common signal line applying a first common signal

to said first common electrode;

a second pixel electrode formed on said first substrate

within said second area; and
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a second common electrode formed on either one of said
first substrate or said second substrate within said sec-
ond area;

wherein said liquid crystal display device is designed so
that a calculated value satisfy a condition such that a
difference between said calculated value and an electric
potential of said first common signal is smaller than a
difference between said calculated value and an electric
potential of said second common signal, wherein said
calculated value is obtained such that a sum of a first
product of said first electric potential of said first com-
mon signal and a first capacitance formed between said
first common electrode and said black matrix, a second
product of said electric potential of said first common
signal and a second capacitance formed between said
first common electrode line and said black matrix elec-
trically connected to said first area, and a third product of
said electric potential of said second common signal and
a third capacitance formed between both of said second
common electrode and said second common electrode
line and said black matrix electrically connected to said
first area, is divided by a total sum of said first capaci-
tance, said second capacitance and said third capaci-
tance.

5. The liquid crystal display device according to claim 4,
wherein an overlapped area between said first common elec-
trode and said black matrix is larger than an overlapped area
between said second common electrode and said black matrix
in view of a normal direction of said substrates.

6. The liquid crystal display device according to claim 1,
wherein said black matrix is electrically separated from said
first area and at least from a part opposing to said second
common electrode line in a part of said second area and/or
said peripheral area.

7. The liquid crystal display device according to claim 1,
wherein said black matrix is electrically separated from a part
opposing to said first common electrode line and a part oppos-
ing to said second common electrode line in a peripheral area
around a display portion.

8. The liquid crystal display device according to claim 1,
wherein said second common electrode line is shielded in a
peripheral area around a display portion.

9. The liquid crystal display device according to claim 1,
wherein said black matrix is electrically connected to either
one of said first common electrode line and a line applied with
same phase electric potential of said first common signal in a
peripheral area around a display portion.

10. The liquid crystal display device according to claim 1,
further comprising a low dielectric constant layer provided
between said black matrix on said second substrate and said
liquid crystal layer, said low dielectric constant layer having
a dielectric constant smaller than that of liquid crystal layer
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and having a thickness at said second area so as to be at least
larger than that at said first area including a case of being not
formed thereat.

11. The liquid crystal display device according to claim 1,
further comprising a layer provided between said black
matrix on said second substrate and said liquid crystal layer,
said layer having a dielectric constant such that said dielectric
constant at said second area is smaller than that at said first
area.

12. The liquid crystal display device according to claim 1,
wherein said low dielectric constant layer is further provided
on at least a part of a peripheral area around a display portion.

13. The liquid crystal display device according to claim 1,
further comprising an insulative layer extending to at least a
part of a peripheral area around a display portion on said first
substrate, said insulative layer being identical to an insulating
layer insulating between a reflector and both of said second
common electrode and said second pixel electrode.

14. A liquid crystal display device, comprising:

a first substrate provided with switching elements arranged

in a matrix shape;

a second substrate provided with at least a black matrix;

aliquid crystal display panel provided with a liquid crystal

layer sandwiched between said first substrate and said
the second substrate so as to form a first area for the
normally black display and a second area for the nor-
mally white display;

a first pixel electrode and a first common electrode formed

on said first substrate within said first area;

a first common signal line applying a first common signal

to said first common electrode;

a second pixel electrode formed on said first substrate

within said second area; and
a second common electrode formed on either one of said
first substrate or said second substrate within said sec-
ond area, said second common electrode being applied
with a same signal as said first common signal,

wherein said liquid crystal display device is designed so
that a calculated value satisfy a condition such that a
difference between said calculated value and an electric
potential of said first pixel electrode is smaller than a
difference between said calculated value and an electric
potential of said second pixel electrode, wherein said
calculated value is obtained such that a sum of a first
product of said first electric potential of said first pixel
electrode and a first capacitance formed between said
first pixel electrode and said black matrix, and a second
product of said electric potential of said second pixel
electrode and a second capacitance formed between said
second pixel electrode and said black matrix electrically
connected to said first area, is divided by a total sum of
said first capacitance and said second capacitance.

*® ok ok k%
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