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TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2007-
106510, filed on Apr. 13, 2007, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display
device. More specifically, this invention relates to a liquid
crystal display device whose liquid crystals in a display
region are driven for display, in which the display region
includes both a reflective area for achieving display by
reflecting light that makes incident from outside and a trans-
missive area for achieving display by transmitting light from
a rear part.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices can be broadly clas-
sified into transmissive liquid crystal display devices and
reflective liquid crystal display devices. In general, a trans-
missive liquid crystal display device has a backlight light
source, and displays an image by controlling an amount of
transmitted light from the backlight light source. A reflective
liquid crystal display device has a reflector for reflecting light
from outside, and displays an image by utilizing the light
reflected by the reflector as a display light source. The reflec-
tive liquid crystal display device requires no backlight light
source, so that it has an advantage over the transmissive liquid
crystal display device in terms of reducing the power con-
sumption, the thickness, and the weight of the device. How-
ever, the reflective liquid crystal display device has such a
shortcoming that the contrast and visibility become deterio-
rated under a dark condition, since it uses light in the sur-
roundings as the display light source.

[0006] In the meantime, transflective liquid crystal display
devices that have advantages of both the transmissive liquid
crystal display device and the reflective liquid crystal display
device have been put into practical use as displays of portable
telephones and mobile terminals. A transflective liquid crys-
tal display device has a transmissive area and a reflective area
within a unit pixel. The transmissive area transmits light from
abacklight light source, and uses the backlight light source as
a display light source. The reflective area has a reflector, and
uses external light that is reflected by the reflector as a display
light source. With the transflective liquid crystal display
device, it is possible to reduce the power consumption by
putting out the backlight light source and displaying an image
with the reflective areas under a bright condition. Further, it is
also possible to display an image even under a dark condition
by putting on the backlight light source and displaying an
image with the transmissive areas when the surrounding con-
dition turns dark.

[0007] Further, as a liquid crystal panel and a liquid crystal
display device having a wide range of visible view angles, a
transverse electric field mode such as an IPS mode (In-Plane
switching) that is generally referred to as a wide view angle
liquid crystal panel has been put into practical use. With this
IPS-mode liquid crystal panel, liquid crystal molecules are
aligned uniaxially by being in parallel to a substrate, and a

Oct. 16, 2008

voltage is applied in parallel to the substrate so as to rotate the
liquid crystal molecules while keeping a balanced state with
the substrate. That is, the liquid crystal molecules do not rise
against the substrate even when the voltage is applied, so that
the wide view angles can be obtained theoretically. Further,
the IPS-mode liquid crystal display device has a pixel elec-
trode and a common electrode formed on the same substrate,
and a lateral electric field is applied to a liquid crystal layer.
With the IPS-mode liquid crystal display device, wider view
angles than that of a TN-mode liquid crystal display device,
for example, can be achieved by displaying an image through
rotating the liquid crystal molecules in a direction parallel to
the substrate.

[0008] When the IPS mode is employed for a related trans-
flective liquid crystal display device, black display and white
display are inverted. Thus, if the transmissive area is normally
black under a normal driving system, the reflective area
becomes normally white.

[0009] FIG. 17A and FIG. 17B illustrate schematic sec-
tional views of a unit pixel of the related transflective liquid
crystal display device. As shown in FIG. 17A and FIG. 17B,
the unit pixel of the transflective liquid crystal display device
includes a back-face side substrate 501, a viewer-side sub-
strate 502, and a liquid crystal layer 503 sandwiched between
both substrates. The unit pixel includes, in a pixel area, a
reflective area 521 for reflecting light from the viewer side,
and a transmissive area 522 for transmitting light from the
back-face side, and the liquid crystal layer 503 of the reflec-
tive area 521 and the transmissive area 522 is driven with a
transverse electric field by a voltage that is applied in parallel
to the substrate face.

[0010] Further, the back-face side substrate 501 and the
viewer-side substrate 502 include a first polarizing plate 520
and a second polarizing plate 523, respectively, on the outer
side thereof. Furthermore, two kinds of electrodes, i.e. pixel
electrodes 511 and common electrodes 512, are formed onthe
surface of the back-face side substrate 501 on the liquid
crystal layer side. In a part of the area where the pixel elec-
trode 511 and the common electrodes 512 are formed, a
reflector 515 and an insulating layer 516 are provided
between those electrodes and the back-face side substrate
501. The thickness of the liquid crystal layer 503 of the
reflective area 521 is a half the thickness of the liquid crystal
layer 503 of the transmissive area 522, because of an exist-
ence of the insulating layer 516. Further, a backlight 504
functioning as a light source for transmissive display is pro-
vided on the outer side (lower side) of the polarizing plate
(first polarizing plate) of the back-face side substrate 501.
[0011] Further, as illustrated with dotted lines in FIG. 17A
and FIG. 17B, the first polarizing plate 520 and the second
polarizing plate 523 are arranged in such a manner that the
polarizing axes thereof become orthogonal to each other. In
the liquid crystal layer 503, the liquid crystal molecules are
aligned to face in a direction that is shifted from the polarizing
axis (light transmitting axis) of the first polarizing plate 520
by 90 degrees, when no voltage is applied. For example, if the
polarizing axis of the first polarizing plate 520 is 0 degree, the
polarizing axis of the second polarizing plate 523 is set as 90
degrees, and the major axis direction of the liquid crystal
molecules of the liquid crystal layer 503 is set as 90 degrees.
In the liquid crystal layer 503, a cell gap in the transmissive
area 522 is so adjusted that retardation And (An is refractive
index anisotropy of the liquid crystal molecules, d is a cell gap
of the liquid crystal) becomes A/2 (A is a wavelength of light;
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e.g., A=550 nm when green light is taken as reference), while
a cell gap in the reflective area 521 is so adjusted that the
retardation becomes A/4.

[0012] Now, by referring to FIG. 17A, there is described an
optical action of the unit pixel of the transflective liquid
crystal display device in the above-described structure, when
no voltage is applied to the liquid crystal layer 503. First,
linear polarized light in the direction of 90 degrees (longitu-
dinal direction) that has passed through the second polarizing
plate 523 (referred to as “90-degree linear polarized light”
hereinafter) makes incident on the liquid crystal layer 503 of
the reflective area 521. In the liquid crystal layer 503, the
optical axis of the linear polarized light that makes incident on
the liquid crystal layer 503 and the major axis direction of the
liquid crystal molecules are consistent. Therefore, the inci-
dent light in the state of 90-degree linear polarized light as it
is transmits through the liquid crystal layer 503, and it is
reflected by the reflector 515. In a case of the linear polarized
light, it remains in the state of the linear polarized light even
after being reflected. Thus, the reflected light in the state of
90-degree linear polarized light again makes incident on the
liquid crystal layer 503. Further, the 90-degree linear polar-
ized light as it is exits from the liquid crystal layer 503 and
makes incident on the second polarizing plate 523. The polar-
izing axis of the second polarizing plate 523 is also 90
degrees, so that the 90-degree linear polarized light transmits
through the second polarizing plate 523. Therefore, when
there is no voltage applied, the reflective area 521 provides
white display.

[0013] Next, described is the transmissive area 522 where
no voltage is applied. The transverse linear polarized light
that has passed through the first polarizing plate 520 makes
incident on the liquid crystal layer 503 of the transmissive
area 522. In the liquid crystal layer 503, the polarizing direc-
tion of the incident light and the major axis direction of the
molecules are orthogonal to each other, so that the transverse
linear polarized light passes therethrough without changing
the polarized state, and makes incident on the second polar-
izing plate 523. Since the polarizing axis of the second polar-
izing plate 523 is 90 degrees, the transmitted light cannot
passes through the second polarizing plate 523, which results
in providing black display.

[0014] Next, by referring to FIG. 17B, there is described an
optical action of the unit pixel of the transflective liquid
crystal display device in the above-described structure, when
avoltage is applied to the liquid crystal layer 503. First, linear
polarized light in the direction of 90 degrees (longitudinal
direction) that has passed through the second polarizing plate
523 makes incident on the liquid crystal layer 503 of the
reflective area 521. By applying the voltage, the major axis
direction of the liquid crystal in the liquid crystal layer 503 is
changed from 0 degree to 45 degrees on the substrate plane. In
the liquid crystal layer 503, the polarizing direction of the
incident light and the major axis direction of the liquid crystal
molecules are shifted from each other by 45 degrees, and the
retardation of the liquid crystal is set as A/4. Therefore, the
longitudinal linear polarized light that has made incident on
the liquid crystal layer 503 is turned into clockwise circular
polarized light, and it makes incident on the reflector 515. The
clockwise circular polarized light is reflected by the reflector
515 and turned into counterclockwise circular polarized light.
The counterclockwise circular polarized light that has made
incident on the liquid crystal layer 503 passes through the
liquid crystal layer 503 again, which turns into transverse
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(0-degree) linear polarized light and makes incident on the
second polarizing plate 523. Since the polarizing axis of the
second polarizing plate 523 is 90 degrees, the reflected light
cannot pass through the reflector 515, which results in pro-
viding black display.

[0015] Then, the transverse linear polarized light that has
passed through the first polarizing plate 520 makes incident
onthe liquid crystal layer 503 of the transmissive area 522. By
applying the voltage, the major axis direction of the liquid
crystal molecules in the liquid crystal layer 503 is changed
from 0 degree to 45 degrees on the substrate plane. In the
liquid crystal layer 503, the polarizing direction of the inci-
dent light and the major axis direction of the liquid crystal
molecules are shifted from each other by 45 degrees, and the
retardation of the liquid crystal is set as A/2. Therefore, the
transverse linear polarized light that has made incident on the
liquid crystal layer 503 is turned into longitudinal-direction
linear polarized light, and it makes incident on the second
polarizing plate 523. Therefore, in the transmissive area 522,
the second polarizing plate 523 let through the backlight that
has passed through the first polarizing plate 520, which
results in providing white display.

[0016] With the transflective liquid crystal display device
described above, there is such an inconvenience that white
display and black display are inverted in the reflective area
521 and the transmissive area 522 in both cases where an
electric field is applied to the liquid crystal layer 503 and
where it is not applied.

[0017] As a measure for this, it is possible to provide con-
sistency in displays of the reflective area and the transmissive
area through applying voltages different from each other to
the liquid crystal layer in the reflective area and the transmis-
sive area of the transflective liquid crystal display device. For
example, in the above-described IPS transflective liquid crys-
tal display device, it is possible to apply different voltages to
each of the reflective area and the transmissive area through
setting a signal inputted to the common electrode of the
reflective area (referred to as a reflective common signal
hereinafter) and a signal inputted to the common electrode of
the transmissive area (referred to as a transmissive common
signal hereinafter) to be in opposite phases from each other.
[0018] Now, examples of waveforms of each input signal at
the time of black display are shown in FI1G. 18. There is a
potential difference generated in the reflective area between
the pixel electrode and the common electrode in a scanning
line selected period. and a voltage is applied to the liquid
crystal layer (Vic of FIG. 18A), which results in providing
black display. In the meantime, a signal that is in an inverted
phase from that of the reflective common signal is inputted to
the transmissive common electrode of the transmissive area.
Thus, there is no potential difference generated between the
pixel electrode and the common electrode in the scanning line
selected period, so that no voltage is applied to the liquid
crystal layer (Vic of FIG. 18B), which also results in provid-
ing black display. Further, in order to keep the voltage to be
applied to each liquid crystal layer within one frame period, it
is necessary for the potential of the pixel electrode to change
by following the potential of the common electrode. Since the
voltages held in the transmissive area and the reflective area
are different, it is necessary to provide a storage capacitance
to each of the reflective area and the transmissive area.
[0019] Now, changes in the potentials of each electrode at
the time of black display will be described. As shown in FIG.
19A, in the reflective area, it is necessary to apply a voltage to
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the liquid crystal layer at the time of black display. Thus, a
potential difference (assumed to be 5V in this case) is genet-
ated between the common electrode and the pixel electrode in
a scanning line selected period. Thereafter, potentials of the
pixel electrode and a reflector 1 become floated in a scanning
line non-selected period. Thus, the potentials of the pixel
electrode and the reflector 1 are to follow the reflective com-
mon signal by synchronizing with it through forming a
capacitance with the common electrode. Further, as shown in
FIG. 19B, in the transmissive area, no voltage is applied to the
liquid crystal layer at the time of black display. Thus, the
potentials of the common electrode and the pixel electrode in
the scanning line selected period become consistent. There-
after, in the scanning line non-selected period, the potentials
of the pixel electrode and the reflector are to follow the
transmissive common signal by synchronizing with it
through forming a capacitance with the common electrode.

[0020] Further, there is also disclosed a unit pixel structure
with which displays of the reflective area and the transmissive
area can be made uniform by controlling drives of the IPS
transflective liquid crystal display device through providing a
storage capacitance, respectively, to the reflective area and the
transmissive area of the liquid crystal layer for applying dif-
ferent voltages from each other to the respective areas (Japa-
nese Unexamined Patent Application 2005-191061: Patent
Document 1). In Patent Document 1, two TFTs (Thin Film
Transistors) corresponding to each of the reflective and trans-
missive areas as well as a first and a second common elec-
trodes corresponding to each of the reflective and transmis-
sive areas are provided. The reflective area and the
transmissive area of the liquid crystal layer are driven by
inputting signals that are inverted from each other to the two
common electrodes.

[0021] Furthermore, there is also disclosed a liquid crystal
display device in which: atransistorand a storage capacitance
are provided by corresponding to each of a reflective area and
a transmissive area; and a transistor Tr and storage capaci-
tance lines CsrL and CstL are provided to each of the reflec-
tive area and the transmissive area (Japanese Unexamined
Patent Publication 2005-189570: Patent Document 2). In
Patent Document 2, the storage capacitance of the reflective
area is formed with the pixel electrode and the storage capaci-
tance line CsrLL of the reflective area, and the storage capaci-
tance of the transmissive area is formed with the pixel elec-
trode and the storage capacitance line Cstl. of the
transmissive area. Thereby, the storage capacitance is indi-
vidually formed in each of the reflective area and the trans-
missive area. With this, different potentials can be applied to
the pixel electrodes of the reflective area and the transmissive
area. Further, the aperture ratio of the liquid crystal display
device can be increased by forming the storage capacitance of
the transmissive area in a lower layer of the reflector of the
reflective area.

[0022] However, with the transverse electric field type
transflective liquid crystal display device described above, it
is not possible to achieve an excellent display by simply
forming the storage capacitances for the reflective area and
the transmissive area in the lower layer of the reflector. For
example, when the reflective pixel electrode and the trans-
missive pixel electrode for forming the storage capacitance
are disposed in the lower layer of the reflector in the structure
of Patent Document 1, capacitance coupling occurs between
both pixel electrodes and the reflector. Thus, the potentials of
the pixel electrodes are shifted. Therefore, an offset voltage to
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be described later is applied to the liquid crystal layer, which
causes deterioration in the contrast due to a leakage of light.
There is also a similar problem raised when the reflective
storage capacitance forming part and the transmissive storage
capacitance forming part are overlapped with a layer that is
made of another conductive substance.

SUMMARY OF THE INVENTION

[0023] An exemplary object of the invention is therefore to
provide a transflective liquid crystal display device that is
capable of suppressing a leakage of light and providing a high
visibility.

[0024] 1In order to achieve the foregoing exemplary object,
the transflective liquid crystal display device according to an
exemplary aspect of the invention is a transflective liquid
crystal display device that includes: within a unit pixel, a
reflective area including a pixel electrode and a common
electrode as a pair and a reflector, and a transmissive area
including a pixel electrode and a common electrode as a pair;
and a liquid crystal layer provided to the reflective area and
the transmissive area, and the transflective liquid crystal dis-
play device further includes storage capacitances for the
reflective area and the transmissive area for changing a poten-
tial of the pixel electrode by following a potential of the
common electrode are provided in a lower layer of the reflec-
tor. The transflective liquid crystal display device further
includes a suppressing device for suppressing a light leakage
that is generated in the liquid crystal layer when the pixel
electrode is affected by a potential of the reflector due to
capacitance coupling generated between the reflector and the
pixel electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a sectional view showing a unit pixel
structure of an exemplary embodiment of a transflective lig-
uid crystal display device according to the invention;

[0026] FIG. 2 is a plan view showing the structure of the
exemplary embodiment of the transflective liquid crystal dis-
play device disclosed in FIG. 1;

[0027] FIG. 3 is a plan view showing the structure of the
exemplary embodiment of the transflective liquid crystal dis-
play device disclosed in FIG. 1;

[0028] FIG. 4 is a plan view showing the structure of the
exemplary embodiment of the transflective liquid crystal dis-
play device disclosed in FIG. 1;

[0029] FIG. 5 is a plan circuit block diagram showing the
constitution of the exemplary embodiment of the transflective
liquid crystal display device disclosed in FIG. 1;

[0030] FIG. 6 shows voltage waveform charts of the exem-
plary embodiment of the transflective liquid crystal display
device disclosed in FIG. 1;

[0031] FIG. 7 is a graph showing the relation between the
transmittance and applied voltages according to the exem-
plary embodiment of the transflective liquid crystal display
device disclosed in FIG. 1;

[0032] FIG. 8 is a plan circuit block diagram showing the
constitution of the exemplary embodiment of the transflective
liquid crystal display device disclosed in FIG. 1;

[0033] FIG. 9 is a schematic plan circuit block diagram
showing the constitution of the exemplary embodiment of the
transflective liquid crystal display device disclosed in FIG. 1;
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[0034] FIG. 10 is a sectional view showing a unit pixel
structure of another exemplary embodiment of the transflec-
tive liquid crystal display device according to the invention;
[0035] FIG. 11 is a plan view showing the structure of the
exemplary embodiment of the transflective liquid crystal dis-
play device disclosed in FIG. 10;

[0036] FIG. 12 is a plan view showing the structure of the
exemplary embodiment of the transflective liquid crystal dis-
play device disclosed in FIG. 10,

[0037] FIG. 13 is a schematic plan circuit block diagram
showing the constitution of the exemplary embodiment of the
transflective liquid crystal display device disclosed in FIG.
10;

[0038] FIGS. 14A-14C show the exemplary embodiment
of the transflective liquid crystal display device disclosed in
FIG. 10, in which FIG. 14A is a graph showing the relation
between the capacitance ratio and offset voltages, F1G. 14B is
a graph showing the relation between the transmittance and
applied voltages, and FIG. 14C is a graph showing the rela-
tion between the organic film thickness and offset voltages;
[0039] FIG.151s aplan view showing a unit pixel structure
of still another exemplary embodiment of the transflective
liquid crystal display device according to the invention;
[0040] FIG.161s aplanview showing a unit pixel structure
of yet another exemplary embodiment of the transflective
liquid crystal display device according to the invention;
[0041] FIGS. 17A and 17B show an exemplary embodi-
ment of a related transflective liquid crystal display device, in
which FIG. 17A is a sectional view showing a unit pixel
structure when no voltage is applied between a pixel electrode
and a common electrode, and FIG. 17B is a sectional view
showing a unit pixel structure when a voltage is applied
between a pixel electrode and a common electrode;

[0042] FIG. 18 shows voltage waveform charts of the
exemplary embodiment of the transflective liquid crystal dis-
play device disclosed in FIG. 17A and FIG. 17B; and
[0043] FIG. 19 shows voltage waveform charts of the
exemplary embodiment of the transflective liquid crystal dis-
play device disclosed in FIG. 17A and FIG. 17B.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0044] Hereinafter, exemplary embodiments of the inven-
tion will be described in detail by referring to the accompa-
nying drawings.

[0045] The operation theory of a transflective liquid crystal
display device will be described by referring to a case of an
IPS transflective liquid crystal display device. As shown in
FIG. 17A and FIG. 17B, And (retardation) of a liquid crystal
layer 503 in a reflective area 521 is A/4, and And of the liquid
crystal layer 503 in a transmissive area 522 is A/2. The liquid
crystal layer 503 is sandwiched between polarizing plates 520
and 523 whose transmission axes are orthogonal to each
other. Therefore, the reflective area 521 becomes normally
white, and the transmissive area 522 becomes normally black.
In order for the reflective area 521 and the transmissive area
522 tohave uniform displays, it is necessary to apply voltages
different from each other to the liquid crystal layer 503 of the
reflective area 521 and that of the transmissive area 522.
Different voltages can be applied by setting a phase ofa signal
(reflective common signal) inputted to a common electrode
512 of the reflective area 521 to be opposite from a phase of
asignal (transmissive common signal) inputted to a common
electrode 512 of the transmissive area 522.
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[0046] FIG.18A andFIG.18B illustrate waveforms of each
input signal at the time of black display. There is a potential
difference generated in the reflective area 521 between the
reflective pixel electrode 511 and the reflective common elec-
trode 512 in a scanning line selected period, and a voltage is
applied to theliquid crystal layer 503 of the reflective area 521
(VIc of FIG. 18A). Thus, the display in the reflective area 521
becomes black. Inthe meantime, a signal of an inverted phase
from that of the signal for the reflective common electrode
512 is inputted to the transmissive common electrode 512 in
the transmissive area 522. Thus, there is no potential differ-
ence generated between the transmissive pixel electrode 511
and the transmissive common electrode 512 in the scanning
line selected period, so that no voltage is applied to the liquid
crystal layer 503 of the transmissive area 522 (Vic of FIG.
18B). Therefore, the display in the transmissive area 522
becomes black.

[0047] In order to keep the voltage to be applied to each
liquid crystal layer 503 of the reflective area 521 and the
transmissive area 522 within one frame period, it is necessary
for the potential of the pixel electrode 511 to change by
following the potential of the common electrode 512. Since
the voltages held in the transmissive area 522 and the reflec-
tive area 521 are different, it is necessary to provide a storage
capacitance to each of the reflective area 521 and the trans-
missive area 522. Accordingly, it is necessary to provide a
transistor and a storage capacitance to each of the reflective
area 521 and the transmissive area 522 of a unit pixel to
realize the IPS transflective liquid crystal display device oper-
ating as described above.

[0048] As shown in FIG. 1, FIG. 10, FIG. 15, and FIG. 16,
the exemplary embodiments of the invention include storage
capacitances Cstl, Cst2 for changing the potentials of pixel
electrodes 45, 46 of the reflective area 21 and the transmissive
area 22 by following the potentials of common electrodes 47,
48 of the reflective area 21 and the transmissive area 22.
Those storage capacitances Cstl and Cst2 are disposed in an
under layer of reflectors 23, 24, and 25 of the reflective area
21. The storage capacitance Cstl of the reflective area 21 is
formed between a static electrode (reflective pixel electrode)
35 and acommon electrode (reflective common electrode) 37
of the reflective area 21, and a capacitance Call is formed
between the reflectors 23, 24, 25 and the static electrode
(reflective pixel electrode) 35 of the reflective area 21. The
storage capacitance Cst2 of the transmissive area 22 is formed
between a static electrode (transmissive pixel electrode) 36
and a common electrode (transmissive common electrode) 38
of the reflective area 21, and a capacitance Cal2 is formed
between the reflectors 23, 24, 25 and the static electrode
(transmissive pixel electrode) 36 of the reflective area 21.
FIG. 5 shows an equivalent circuit according to the exemplary
embodiments of the invention.

[0049] That is, as shown in FIG. 5, agate of a transistor TFT
formed in the reflective area 21 is connected to a scanning line
31, either a source or drain thereof is connected to a data line
32, and the other one (the source or the drain) is connected to
the reflective pixel electrode A35 formed in the reflective area
21. Similarly, a gate of a transistor TFT formed in the trans-
missive area 22 is connected to the scanning line 31, either a
source or drain thereofis connected to the data line 32, and the
other one (the source or the drain) is connected to the trans-
missive pixel electrode A36 formed in the reflective area 21.
[0050] The reflectors 23, 24 (25) are formed as a single
continuous plate, and the capacitances Call and Cal2 are
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disposed in the lower layers of the reflectors 23, 24 (25).
Therefore, the reflective pixel electrode 35 and the transmis-
sive pixel electrode 36 are capacitive-coupled by the capaci-
tances Call and Cal2.

[0051] Now, there will be described the issues that are
raised when the reflective pixel electrode 35 and the trans-
missive pixel electrode 36 are capacitive-coupled by the
capacitances Call and Cal2. For describing the issues,
changes in the potentials of each electrode at the time ofblack
display will be described in detail by referring to FIG. 19 and
FIG. 6. In the following explanations, it is assumed that the
reflectors 23 and 24 are a single reflector in a continuously
integrated form.

[0052] As shown in FIG. 19A, it is necessary to apply a
voltage to the liquid crystal layer 16 of the reflective area 21
at the time of black display. Thus, there is a potential differ-
ence (assumed to be 5V in this case) generated between the
common electrode 47 and the pixel electrode 45 in a selected
period of the scanning line 31. Thereafter, potentials of the
pixel electrode 45 and the reflectors 23, 24 become floated in
anon-selected period ofthe scanning line 31. Thus, the poten-
tials of the pixel electrode 35 and the reflectors 23, 24 are to
follow the reflective common signal by synchronizing with it
by the storage capacitance Cst1 between the pixel electrode
35 and the common electrode 37.

[0053] As shown in FIG. 19B; in the transmissive area 22,
no voltage is applied to the liquid crystal layer 16 at the time
of black display. Thus, the potentials of the common electrode
48 and the pixel electrode 46 in the non-selected period of the
scanning line 31 become consistent. Thereafter, in the non-
selected period of the scanning line 31, the potentials of the
pixel electrode 36 and the reflectors 23, 24 are to follow the
transmissive common signal by synchronizing with it by the
storage capacitance Cst2 between pixel electrode 36 and the
common electrode 38. However, when the reflector 23 and the
reflector 24 are connected, the potential of the reflector 23 and
the potential of the reflector 24 shown in FIG. 19A and FIG.
19B are added up. Thus, as shown in FIG. 6A, it can be
considered that the potential is being fixed (at 5V in this case).
Under such condition, in the transmissive area 22, the poten-
tial of the pixel electrode 46 is affected by the potential of the
reflectors 23, 24 because of the capacitance coupling (capaci-
tance Cal2) when the potential of the common electrode 48
becomes 0V, as in FIG. 6B. Therefore, the potential of the
pixel electrode 46 becomes larger than OV. The capacitance
Cal2 and the storage capacitance Cst2 are considered to be
connected in series, so that the potential difference between
the reflectors 23, 24 and the common electrode 38 is distrib-
uted in an inverse ratio of the storage capacitance Cst2 to the
capacitance Cal2. Accordingly, the change AV in the poten-
tial of the pixel electrode 48 can be expressed by a following
equation, provided that the potential difference between the
reflectors 23, 24 and the common electrode 38 is 'V, the value
of the storage capacitance Cst2 is Cst, and the value of the
capacitance Cal2 formed with the reflectors 23, 24 and the
pixel electrode 36 is Cal.

AV=VxCal/(Cst+Cal)

“AV” is called an offset voltage. The voltage of “AV” is
applied to the liquid crystal layer 16 of the transmissive area
22 at the time of black display.

[0054] FIG. 7 shows an example of a property showing the
relation between the transmittance and the applied voltage.
As can be seen from FIG. 7, the transmittance starts to
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increase when a voltage of 0.5V or more is applied to the
liquid crystal layer 16. This voltage is called a threshold
voltage. When the offset voltage AV is larger than the thresh-
old voltage, the alignment of the liquid crystal at the time of
black display is changed and a light leakage occurs. Thereby,
the contrast is deteriorated. Similarly, a sufficient voltage
cannot be applied to the reflective area 21 because of the
offset voltage AV, so that a light leakage occurs therein as
well.

[0055] Therefore, in order to suppress deterioration in the
visibility caused by such light leakage, the exemplary
embodiment of the invention further includes a suppressing
device for suppressing the light leakage generated in the
liquid crystal layer 16 because the pixel electrodes 35, 36 are
affected by the potentials of the reflectors 23, 24, 25 due to the
capacitance coupling of the capacitances Call, Cal2 formed
between the reflectors 23, 24, 25 and the pixel electrodes 35,
36.

[0056] As described above, the transflective liquid crystal
display device according to the exemplary embodiment ofthe
invention is directed to the transflective liquid crystal display
device which includes: within a unit pixel, the reflective area
21 including the pixel electrode 45 and the common electrode
47 as a pair and the reflector, and the transmissive area 22
including the pixel electrode 46 and the common electrode 48
as a pair; and the liquid crystal layer 16 provided in the
reflective area 21 and the transmissive area 22. Further, as
shown in FIG. 1, FIG. 10, FIG. 15, and FIG. 16, as the basic
structure, the transflective liquid crystal display device
includes the storage capacitances Cstl, Cst2 for the reflective
area 21 and the transmissive area 22 provided in the lower
layers of the reflectors 23, 24, 25 for changing the potentials
of the pixel electrodes 45, 46 to follow the potentials of the
common electrodes 47, 48. Further, the transflective liquid
crystal display device includes the suppressing device for
suppressing the light leakage that is generated in the liquid
crystal layer 16 when the pixel electrodes 35, 36 are affected
by the potentials of the reflectors 23, 24, 25 due to the capaci-
tance coupling of the capacitances Call, Cal2 formed
between the reflectors 23, 24, 25 and the pixel electrodes 35,
36. The details of the suppressing device will be described
later.

[0057] With the exemplary embodiment of the invention,
the potential of the pixel electrode changes by following the
potential of the common electrode because there are the stor-
age capacitances Cst1, Cst2 for the reflective areas 21 and the
transmissive areas 22 provided in the lower layers of the
reflectors 23, 24, 25. Therefore, the voltages applied to the
liquid crystal layer 16 of the reflective area 21 and the trans-
missive area 22 within one frame period can be maintained in
a rated manner.

[0058] Due to the capacitance coupling that is caused
between the reflectors 23, 24, 25 and the pixel electrodes 35,
36 because of the capacitances Call, Cal2, a light leakage
occurs in the liquid crystal layer 16 since the pixel electrodes
35, 36 are affected by the potentials of the reflectors 23, 24,
25. However, in the exemplary embodiment of the invention,
the light leakage in the liquid crystal layer 16 can be sup-
pressed by the suppressing device.

[0059] As an exemplary advantage according to the inven-
tion, the exemplary embodiment of the invention includes:
the storage capacitances for the reflective area and the trans-
missive area provided in the lower layers of the reflectors for
changing the potentials of the pixel electrodes by following
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the potentials of the common electrodes; and the suppressing
device for suppressing the light leakage that occurs in the
liquid crystal layer because the potentials of the pixels elec-
trodes are affected by the potentials of the reflectors dueto the
capacitance coupling generated between the reflectors and
the pixel electrodes. Therefore, it becomes possible for the
potentials of the pixel electrodes to follow the potentials of
the common electrodes. Moreover, it is possible to suppress
the light leakage occurring in the liquid crystal layer caused
due to the capacitance coupling generated by the storage
capacitances, so that the visibility of the liquid crystal display
device can be improved.

[0060] Next, the transflective liquid crystal display device
according to the invention, particularly a concretive example
ofthe suppressing device, will be described in more details by
referring to the drawings.

First Exemplary Embodiment

[0061] The suppressing device according to a first exem-
plary embodiment of the invention is formed to suppress the
offset voltage AV to be applied to the liquid crystal layer 16 by
employing a structure where the capacitance Call of the
reflective area 21 and the capacitance Cal2 of the transmissive
area 22 are electrically isolated. Hereinafter, the first exem-
plary embodiment will be described in a concretive manner.
[0062] As shown in FIG. 1, a unit pixel structure 10 of the
liquid crystal display device according to the first exemplary
embodiment includes a back-face side substrate 18 that is
configured with a reflective area 21 and a transmissive area
22, and areflective common electrode A37 and a transmissive
common electrode A38 are formed on the reflective area 21
side of the viewer-side surface of the back-face side substrate
18. Further, a scanning line 31 (FIG. 2) is formed on the same
plane where the reflective common electrode A37 and the
transmissive common electrode A38 are formed. As shown in
FIG. 2, the transmissive common electrode A38, the scanning
line 31, and the reflective common electrode A37 are formed
in parallel towards the direction away from the transmissive
area side in order of the transmissive common electrode A38,
the scanning line 31, and the reflective common electrode
A37. Further, as shown in FIG. 1, an insulating layer 12 is
formed on the viewer side of the back-face side substrate 18
by covering the transmissive common electrode A38 and the
reflective common electrode A37.

[0063] Further, as shown in FIG. 1, the reflective pixel
electrode A35 is formed to overlap with the reflective com-
mon electrode A37 on the viewer side of the reflective area 21
of the insulating layer 12. In other words, the reflective pixel
electrode A35 is formed over the reflective common electrode
A37 when viewed from the viewer side. Thereby, the reflec-
tive storage capacitance Cstl with the reflective common
electrode A37 is formed on the back-face side (within the
insulating layer 12) of the reflective pixel electrode A35.
Similarly, the transmissive pixel electrode A36 is formed to
overlap with the transmissive common electrode A38 on the
viewer side of the reflective area 21 of the insulating layer 12.
Thereby, the transmissive storage capacitance Cst2 with the
transmissive common electrode A38 is formed on the back-
face side (within the insulating layer 12) of the transmissive
pixel electrode A36.

[0064] Further, as shown in FIG. 2, a data line 32 to which
data signals for each pixel are supplied is formed to cross with
the transmissive common electrode A38, the scanning line 31,
and the reflective common electrode A37 perpendicularly on
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the same plane where the reflective pixel electrode A35 and
the transmissive pixel electrode A36 are formed. As shown in
FIG. 2, there is formed a switching device (referred to as TFT
hereinafter) for connecting protruded parts of each of the data
line 32, the reflective pixel electrode A35, and the transmis-
sive pixel electrode A36 mutually (a part circled with a dashed
line). Further, as shown in FIG. 1, an insulating layer 13 is
formed in the reflective area 21 and the transmissive are 22 by
covering the viewer side of the insulating layer 12 including
the reflective pixel electrode A35 and the transmissive pixel
electrode A36 with an insulating layer.

[0065] Further, an organic film layer 14 is formed in the
reflective area 21 on the viewer side of the insulating layer 13.
The organic film layer 14 has, on the viewer-side face, an
uneven pattern that fits to the reflector to be described later.
Further, as shown in FIG. 1 and FIG. 3, a reflector 23 is
formed to overlap with the reflective pixel electrode A35 on
the viewer-side face of the organic film layer 14. That is, the
reflector 23 is disposed to be over the reflective pixel elec-
trode A35 when viewed from the viewer side. With this, a
capacitance Call is formed between the back-face side of the
reflector 23 and the reflective pixel electrode A35. Further, a
reflector 24 is formed to overlap with the transmissive pixel
electrode A36 on the viewer-side face of the organic film layer
14. That is, the reflector 24 is disposed to be over the trans-
missive pixel electrode A36 when viewed from the viewer
side. With this, a capacitance Cal2 is formed between the
back-face side of the reflector 24 and the transmissive pixel
electrode A36.

[0066] Further, as shown in FIG. 3, the reflector 23 and the
reflector 24 are separated physically, so that the capacitance
Call and the capacitance Cal2 described above are isolated
electrically. The reflectors 23 and 24 are formed to have an
uneven pattern on their cross sections in order to improve the
scattering effect.

[0067] Further, as showninF1G. 1, a flattening film layer 15
1s formed by covering the viewer side of the reflectors 23, 24
of the reflective area 21 and the viewer side of the insulating
layer 13 of the transmissive area 22 with a flattening film. By
adjusting the thickness of the flattening film layer 15, cell
gaps of each liquid crystal layer in the reflective area 21 and
the transmissive area 22 can be adjusted.

[0068] Before forming a reflective common electrode B47,
areflective pixel electrode B45, a transmissive common elec-
trode B48, and a transmissive pixel electrode B46, contact
holes a-d are formed in the reflective area 21 and the trans-
missive area 22 as shown in FIG. 3 and FIG. 4. Thereby, the
reflective common electrode B47, the reflective pixel elec-
trode B45, the transmissive common electrode B48, and the
transmissive pixel electrode B46 are connected to the reflec-
tive common electrode A37, the reflective pixel electrode
A35, the transmissive common electrode A38, and the trans-
missive pixel electrode A36 via the contact holes a-d, respec-
tively.

[0069] Further, as shown in FIG. 4, the comb-like shape
reflective common electrode B47 and the comb-like shape
reflective pixel electrode B45 are arranged on the viewer-side
face of the flattening film layer 15 in such a manner that the
protruded parts of the respective electrodes face in the direc-
tion towards the inner side of the reflective area to be opposed.
Thereby, in the reflective area 21, the reflective pixel elec-
trode B45 and the reflective common electrode B47 are
arranged in an alternate manner in a direction orthogonal to
the longitudinal direction of the comb teeth. Similarly, the
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comb-like shape transmissive common electrode B48 and the
comb-like shape transmissive pixel electrode B46 are
arranged on the viewer-side face of the flattening film layer 15
of the transmissive area 22 in such amanner that the protruded
parts of the respective electrodes face in the direction towards
the inner side of the transmissive area to be opposed. Thereby,
in the transmissive area 22, the transmissive pixel electrode
B46 and the transmissive common electrode B48 are
arranged in an alternate manner in a direction orthogonal to
the longitudinal direction of the comb teeth.

[0070] Further, as shown in FIG. 1, a liquid crystal layer 16
is formed on an upper layer (viewer side) of the flattening film
layer 15 by covering the reflective pixel electrode B45, the
reflective common electrode B47, the transmissive pixel elec-
trode B46, and the transmissive common electrode B48.
Regarding the crystal layer 16, retardation And thereof in the
reflective area 21 is set as A/4, and retardation And thereof in
the transmissive area 22 is set as A/2. Further, a viewer-side
substrate 19 is provided on the viewer side of the liquid crystal
layer 16. Thereby, a unit pixel of the liquid crystal display
device according to the exemplary embodiment is configured.

[0071] The liquid crystal display device of the exemplary
embodiment is structured in the above-described manner, so
that an electric field is generated between the reflective com-
mon electrode B47 and the reflective pixel electrode B45 and
between the transmissive common electrode B48 and the
transmissive pixel electrode B46 arranged on the upper layer
(viewer side) of the flattening film 15 so as to rotationally
drive the liquid crystal.

[0072] Now, there is described a case where the reflectors
23 and 24 in the unit pixel structure of the liquid crystal
display device 10 shown in FI1G. 1-FIG. 4 are not electrically
isolated. FIG. 5 shows an equivalent circuit of such case.

[0073] As shown in FIG. 5, the storage capacitances Cstl
and Cst2 corresponding to the reflective and transmissive
areas, respectively, are formed on the lower layer side of the
reflectors. In this case, the reflective pixel electrode A35 and
the transmissive pixel electrode A36 are also arranged to
oppose to the reflectors with the insulating layer 13 and the
organic film layer 14 interposed therebetween. Therefore,
capacitance coupling ofthe Call and Cal2 occurs between the
respective pixel electrodes and reflectors.

[0074] Because of this, the potentials of the reflective pixel
electrode A35 and the transmissive pixel electrode A36 are
affected by the potentials of the reflectors. Therefore, as
shown in FIG. 6A, the potential difference between the poten-
tial of the reflective pixel electrode A35 (reflective pixel sig-
nal potential) and the potential of the reflective common
electrode A37 (reflective common signal potential) in the
reflective area 21 becomes smaller than the case where there
is no influence from the potential of the reflectors (FIG. 19A).
That 1s, it becomes smaller than a value that is about twice the
amplitude of the reflective common signal potential (arrows
marked with X1).

[0075] Inother words, when the reflectors 23 and 24 are not
electrically isolated, the potentials of the reflectors 1 and 2
shown in FIG. 19A and FIG. 19B are added up. Thus, as
shown in FIG. 6A, it can be considered that the potential is
being fixed (at 5V in this case, reflector potential). In this case,
in the reflective area 21, the reflective pixel electrode potential
when the reflective common signal potential becomes 5V is
smaller than 10V in a non-selected period of the scanning line
signal potential (arrows marked with X:1). This means that it
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is not possible to apply a sufficient voltage to the liquid
crystal, which may result in causing a light leakage.

[0076] Further, as shown in FIG. 6B, there is a potential
difference generated between the potential of the transmis-
sive pixel electrode A36 (transmissive pixel electrode poten-
tial) and the potential of the reflective common electrode A38
(transmissive common signal potential) in the transmissive
area 22. It is larger (arrows marked with -X:2) than the case
where there is no influence from the potential of the reflectors
(FIG. 19B: potential difference=0).

[0077] In other words, as shown in FIG. 6B, the transmis-
sive pixel electrode potential when the transmissive common
signal potential becomes OV is larger than OV in the trans-
missive area 22 in a non-selected period of the scanning line
signal potential (arrows marked with X:2). In this case, it is
also considered to have a light leakage in the display because
voltage is not sufficiently blocked.

[0078] Here, it can be considered that the storage capaci-
tances (Cstl, Cst2) and the capacitances formed by the reflec-
tivepixel electrode A35, the transmissive pixel electrode A36,
and the reflectors are connected in series. Therefore, the
potential difference between the reflectors and the reflective
common electrode A37 as well as the transmissive common
electrode A38 is distributed in an inverse ratio of each capaci-
tance. Accordingly, the change AV (referred to as “offset
voltage” hereinafter) in the potential of the pixel electrode can
be expressed by a following equation, provided that the
potential difference between the reflectors and each common
electrode is V, the value of the storage capacitance is Cst, and
the value of the capacitance formed between the reflector and
the pixel electrode is Cal.

AV=VxCal/(Cst+Cal)

Therefore, the offset voltage (AV) is applied to the liquid
crystal layer of the transmissive area at the time of black
display. Thus, the voltage cannot be blocked sufficiently,
thereby causing a light leakage.

[0079] FIG. 7 shows an example of the relation between the
transmittance and the applied voltage. As shown in FIG. 7, it
can be considered that the transmittance starts to increase
when a voltage of 0.5V ormore is applied to the liquid crystal.
This value (0.5V in this case) is called a threshold voltage.
Therefore, when the offset voltage is larger than the threshold
voltage at the time of black display in the transmissive area
22, there is a change in the alignment of the liquid crystal,
which results in causing a light leakage. Similarly, a light
leakage occurs also in the reflective area 21, since a sufficient
voltage cannot be applied to the liquid crystal because of an
influence of the offset voltage.

[0080] As a measure for this, in the unit pixel structure of
the exemplary embodiment as described above, the storage
capacitances corresponding to the reflective area 21 and the
transmissive area 22, respectively, are formed in a layer onthe
back-face side (lower layer side) of the reflector of the reflec-
tive area 21, and the reflectors are electrically isolated along
the boundary between the reflective storage capacitance
forming part and the transmissive storage capacitance form-
ing part. This makes it possible to suppress generation of the
offset voltage, so that the light leakage in the display of the
pixel can be suppressed.

[0081] FIG. 8 shows an equivalent circuit on a TFT sub-
strate within the unit pixel of the liquid crystal display device
10 that is shown in FIG. 1-FIG. 4. As shown in FIG. 8, the
scanning line 31 as a control line for controlling the TFT



US 2008/0252803 A1l

(Thin Film Transistor) as the switching device and the data
line 32 for supplying the pixel electrode voltage to the reflec-
tive and transmissive pixel electrodes via the TFT are formed
to be in orthogonal to each other.

[0082] Here, TFTs 60 and 61 are formed by corresponding
to the reflective area 21 and the transmissive area 22. Each
gate of the TFTs 60 and 61 is connected to the scanning line
31, and either the sources or the drains thereof are connected
to the data line 32. Further, each of the TFT's 60 and 61 has the
other one (the source or the drain thereof) connected to the
reflective pixel electrode A35 and the transmissive pixel elec-
trode A36. As the switching device, other switching device
than the TFT, such as MIM, may also be used.

[0083] As shown in FIG. 8, capacitance couplings C11,
C12, and C13 (referred to as small capacitances) are genet-
ated between the reflector 23 and the reflective common elec-
trode B47, between the reflector 24 and the reflective pixel
electrode B45, and between the reflectors 23, 24 and the
reflective common electrode B47, respectively. It is assumed
here that the film thickness of the flattening film layer 15 in
FIG. 1 is about five times as thick as the film thickness of the
insulating film 12, and the area of the reflective common
electrode B47 or the reflective pixel electrode B45 is about
one tenth of the area of the electrodes that configure the
storage capacitance. Accordingly, the size of the small
capacitance becomes about one fiftieth of the storage capaci-
tance to be formed. Therefore, when the driving voltage of the
offset voltage supplied to the reflective pixel electrode and the
transmissive pixel electrode is 5V, the voltage of the small
capacitance is about 0.1V. This is smaller compared to the
threshold voltage, so that it is considered uninfluential to the
display.

[0084] FIG. 9 shows an equivalent circuit when the small
capacitance is not taken into consideration. As shown in FIG.
9, the capacitance Cst1 and Call of the reflective area 21 and
the capacitances Cst2 and Cal2 of the transmissive area 22 are
independent from each other. Therefore, even if the potential
of the reflector 23 is changed due to the capacitance Call, for
example, the potential of the transmissive pixel electrode A36
follows the transmissive common signal without being
affected by the potential of the capacitance Call because the
reflector 24 is electrically isolated from the reflector 23.
Thereby, the potential difference generated between the pixel
electrode and the common electrode in the selected period of
the scanning line 31 can be maintained also in the non-se-
lected period. At the same time, it becomes possible to sup-
press generation of the offset voltage, so that the light leakage
in the display of the pixel can be suppressed.

Second Exemplary Embodiment

[0085] Next, as a suppressing device according to a second
exemplary embodiment of the invention, there will be
described a case that utilizes a capacitance ratio between the
storage capacitance of the reflective area and the capacitance
formed between the static electrode and the reflector of the
reflective area and utilizes a capacitance ratio between the
storage capacitance of the transmissive area and the capaci-
tance formed between the static electrode and the reflector of
the transmissive area.

[0086] The suppressing device according to the second
exemplary embodiment of the invention is structured to sup-
press the offset voltage to be smaller than the threshold volt-
age by utilizing the capacitance ratio between the storage
capacitances Cstl and the capacitance Call of the reflective
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area 21 and the capacitance ratio between the storage capaci-
tances Cst2 and the capacitance Cal2 of the transmissive area
22, considering that the liquid crystal layer 16 has a charac-
teristic of causing a light leakage when an offset voltage
exceeding the threshold value is applied. Hereinafter, the
suppressing device according to the second exemplary
embodiment of the invention will be described in a concretive
mannet.

[0087] Fortheliquid crystal display device according to the
second exemplary embodiment of the invention, the same
reference numerals are applied to the same components as
those of the first exemplary embodiment described above. In
the second exemplary embodiment, the system equipment
part has almost the same structure as that of the first exem-
plary embodiment. It is different from the first exemplary
embodiment in respect that a reflector 25 is provided instead
of the electrically isolated reflectors 23 and 24 provided in the
first exemplary embodiment.

[0088] As in the case of the first exemplary embodiment
(FIG. 1) described above, a liquid crystal display device 11
according to the second exemplary embodiment includes a
back-face side substrate 18 configured with a reflective area
21 and a transmissive area 22, and a reflective common elec-
trode A37 and a transmissive common electrode A38 are
formed on the reflective area 21 side on the viewer-side sur-
face of the back-face side substrate 18, as shown in FIG. 10.
Further, a scanning line 31 (as in the case of FIG. 2) 1s formed
on the same plane where the reflective common electrode A37
and the transmissive common electrode A38 are formed. As in
FIG. 2 of the first exemplary embodiment, the transmissive
common electrode A38, the scanning line 31, and the reflec-
tive common electrode A37 are formed in parallel towards the
direction away from the transmissive area side in order of the
transmissive common electrode A38, the scanning line 31,
and the reflective common electrode A37. Then, as shown in
FIG. 10, an insulating layer 12 is formed on the viewer side of
the back-face side substrate 18 by covering the transmissive
commor electrode A38 and the reflective common electrode
A37.

[0089] Further, as shown in FIG. 10, a reflective pixel elec-
trode A35 is formed to overlap with the reflective common
electrode A37 on the viewer side of the reflective area 21 of
the insulating layer 12. In other words, the reflective pixel
electrode A35 is formed over the reflective common electrode
A37 when viewed from the viewer side. Thereby, a reflective
storage capacitance Cstl with the reflective common elec-
trode A37 is formed on the back-face side (within the insu-
lating layer 12) of the reflective pixel electrode A35. Simi-
larly, a transmissive pixel electrode A36 is formed to overlap
with the transmissive common electrode A38 on the viewer
side of the reflective area 21 of the insulating layer 12.
Thereby, a transmissive storage capacitance Cst2 with the
transmissive common electrode A38 is formed on the back-
face side (within the insulating layer 12) of the transmissive
pixel electrode A36.

[0090] Further, as in FIG. 2 of the first exemplary embodi-
ment, a data line 32 to which data signals for each pixel are
supplied is formed to cross with the transmissive pixel elec-
trode A38, the scanning line 31, and the reflective common
electrode A37 perpendicularly on the same plane where the
reflective pixel electrode A35 and the transmissive pixel elec-
trode A36 are formed. As shown in FIG. 2, there is formed a
switching device (referred to as TFT hereinafter) for connect-
ing protruded parts of each of the data line 32, the reflective
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pixel electrode A35, and the transmissive pixel electrode A36
mutually (a part circled with a dashed line). Further, as shown
in FIG. 10, an insulating layer 13 is formed in the reflective
area 21 and the transmissive area 22 by covering the viewer
side of the insulating layer 12 including the reflective pixel
electrode A35 and the transmissive pixel electrode A36 with
an insulating layer.

[0091] Further, an organic film layer 14 is formed in the
reflective area 21 on the viewer side of the insulating layer 13.
The organic film layer 14 has, on the viewer-side face, an
uneven pattern that fits to the reflector to be described later.
[0092] Further, as shownin FIG. 10 and F1G. 11, a reflector
25 is formed to overlap with the reflective pixel electrode A35
and the transmissive pixel electrode A36 on the viewer-side
face of the organic film layer 14. That is, the reflector 25 is
arranged to be over the reflective pixel electrode A35 and the
transmissive pixel electrode A36 when viewed from the
viewer side. With this, the capacitances Call and Cal2 are
formed, respectively, between the back-face side of the
reflector 25 and the reflective pixel electrode A35 as well as
the transmissive pixel electrode A36 (interface between the
insulating layer 13 and the organic film layer 14). Further, the
reflector 25 is formed to have an uneven pattern on its cross
section for increasing the scattering effect.

[0093] Further, as shown in FIG. 10, a flattening film layer
15 is formed by covering the viewer side of the reflector 25 of
the reflective area 21 and the viewer side of the insulating
layer 13 of the transmissive area 22 with a flattening film. By
adjusting the thickness of the flattening film layer 15, cell
gaps of each liquid crystal layer in the reflective area 21 and
the transmissive area 22 can be adjusted.

[0094] Further, as shown in FIG. 12, a comb-like shape
reflective common electrode B47 and a comb-like shape
reflective pixel electrode B45 are arranged on the viewer-side
face of the flattening film layer 15 in such a manner that the
protruded parts of the respective electrodes face in the direc-
tion towards the inner side of the reflective area. Thereby, in
the reflective area 21, the reflective pixel electrode B45 and
the reflective common electrode B47 are arranged in an alter-
nate manner in a direction orthogonal to the longitudinal
direction of the comb teeth.

[0095] Similarly, a comb-like shape transmissive common
electrode B48 and a comb-like shape transmissive pixel elec-
trode B46 are arranged on the viewer-side face of the flatten-
ing film layer 15 of the transmissive area 22 in such a manner
that the protrude parts of the respective electrodes face in the
direction towards the inner side of the transmissive area.
Thereby, in the transmissive area 22, the transmissive pixel
electrode B46 and the transmissive common electrode B48
are arranged in an alternate manner in a direction orthogonal
to the longitudinal direction of the comb teeth.

[0096] As shown in FIG. 12, the reflective common elec-
trode B47, the reflective pixel electrode B45, the transmissive
common electrode B48, and the transmissive pixel electrode
B46 are connected to the reflective common electrode A37,
the reflective pixel electrode A35, the transmissive common
electrode A38, and the transmissive pixel electrode A36,
respectively, via contact holes a-d formed in the reflective
area 21 and the transmissive area 22.

[0097] Further, as shown in FIG. 10, the liquid crystal layer
16 is formed on an upper layer (viewer side) of the flattening
film layer 15 by covering the reflective pixel electrode B45,
the reflective common electrode B47, the transmissive pixel
electrode B46, and the transmissive common electrode B48.
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Regarding the crystal layer 16, retardation And thereof in the
reflective area 21 is set as A/4, and retardation And thereof in
the transmissive area 22 is set as /2. Further, a viewer-side
substrate 19 is provided on the viewer side of the liquid crystal
layer 16. Thereby, a unit pixel of the liquid crystal display
device according to the exemplary embodiment is configured.
[0098] The liquid crystal display device of the exemplary
embodiment is structured in the above-described manner, so
that an electric field is generated between the reflective com-
mon electrode B47 and the reflective pixel electrode B45 and
between the transmissive common electrode B48 and the
transmissive pixel electrode B46 arranged on the upper layer
(viewer side) of the flattening film 15 so as to rotationally
drive the liquid crystal.

[0099] FIG. 13 shows an equivalent circuit on a TFT sub-
strate within the unit pixel of the liquid crystal display device
11 that is shown in FIG. 10-FIG. 12. As shown in FIG. 13, the
scanning line 31 as a control line for controlling the TFT as
the switching device and the data line 32 for supplying the
pixel electrode voltage to the reflective and transmissive pixel
electrodes via the TFT are formed to be in orthogonal to each
other.

[0100] With this structure, provided that the capacitance
value formed between the reflective and transmissive com-
mon electrodes and between the reflective and transmissive
pixel electrodes is C1(Cst), each capacitance value formed
between the reflective pixel electrode A35 as well as the
transmissive pixel electrode A36 and the reflector 25 is C2
(Cal), and o is C2/(C1+C2), the value of ¢ and the potential
difference V between the reflective common electrode A37
and the reflector 25 and between the transmissive common
electrode A38 and the reflector 25 satisfy a relation of
“0.5>Vxa”.

[0101] Further, a capacitance value C3 formed between the
reflective pixel electrode and the reflector and a reflective
storage capacitance value C4 formed between the reflective
pixel electrode and the reflective common electrode satisfy a
relation of “3<C4/C3”.

[0102] Furthermore, a capacitance value C5 formed
between the transmissive pixel electrode and the reflector and
a transmissive storage capacitance value C6 formed between
the transmissive pixel electrode and the transmissive com-
mon electrode satisfy a relation of *“3<C6/C5”.

[0103] The storage capacitances Cstl and Cst2 (generally
referred to as “Cst” hereinafter) of the reflective area 21 and
the transmissive area 22 are connected via the capacitarces
Call and Cal 2 (generally referred to as “cal” hereinafter), so
that there is an offset voltage generated mutually. FIG. 14A
shows an example of the relation between the capacitance
ratio regarding Cst and Cal (Cst/Cal) and the offset voltage
(AV) generated between the transmissive pixel electrode A36
and the transmissive common electrode A38. Based on that,
the offset voltage (AV) is suppressed as the value of Cst/Cal
becomes increased.

[0104] Further, FIG. 14B shows an example of a graph
about the relation between the transmittance and the applied
voltage. Here, the threshold voltage is about 0.7V. When the
value of the ratio (Cst/Cal) between the capacitances (Cst and
Cal) is set as 3 or larger, for example, “AV” indicates a value
of 0.7V or smaller. This is smaller than the threshold voltage
set in advance, so that the light leakage in the transmissive
area 22 can be suppressed.

[0105] As a way of example to increase the capacitance
ratio (Cst/Cal), the film thickness of the organic film layer 14
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may be increased. Specifically, it is assumed herein to have a
pixel structure in which the insulating film layer 12 is formed
with an SiO film (relative dielectric constant=4.0) in a film
thickness of 0.15 pm and an SiN film (relative dielectric
constant=6.4) in a film thickness of 0.3 um, the insulating film
layer 13 is formed with an SiN film in a film thickness of 0.15
um, and the organic film layer 14 is formed with an acryl-
based resin (relative dielectric constant=3.2).

[0106] Thus, when the area of the reflector is twice the area
of the electrodes forming each of the storage capacitances
Cstl, Cst2 of the reflective and transmissive areas 21, 22, the
film thickness of the organic film layer for making the offset
voltage smaller than 0.7V (threshold voltage) is 0.5 pm or
more based on the relation between the film thickness of the
organic film layer and the offset voltage as shown in FIG.
14C. Thereby, the liquid crystal display device of the second
exemplary embodiment is capable of suppressing the offset
voltage and suppressing deterioration of the visibility caused
by the light leakage, even with the structure where the reflec-
tor is not isolated electrically.

Third Exemplary Embodiment

[0107] Next, a case of utilizing changes in wirings as the
suppressing device of the exemplary embodiment of the
invention will be described as a third exemplary embodiment
of the invention.

[0108] The suppressing device according to the third exem-
plary embodiment of the invention has a structure in which a
scanning line 31 for supplying scanning signals to the unit
pixel is isolated from the lower layers of the reflectors 23, 24,
and 25 so that the electric field from the scanning line 31 can
be arranged outside the area that affects the potentials of the
reflectors 23, 24, and 25. Hereinafter, the third exemplary
embodiment of the invention will be described in a concretive
manner. The same reference numerals are applied to the same
components as those of the first and second exemplary
embodiments described above.

[0109] As shown in FIG. 15, the unit pixel structure of the
third exemplary embodiment is different from the other
exemplary embodiments in respect that a scanning line 31 is
provided at an end part on the far side from the transmissive
area 22 side, i.e. at the boundary between the unit pixel itself
and the far side pixel from the transmissive area 22. In other
words, the scanning line 31 is provided at a position that does
not overlap with the reflector.

[0110] Further, a reflective common electrode A37 is dis-
posed within the reflective area 21 on the same plane where
the scanning line 31 is provided, and a transmissive common
electrode A38 is disposed on the transmissive area 22 side
from the reflective common electrode A37. Thereby, a TFT is
also formed on the side where the scanning line 31 is pro-
vided. Other structures of this transflective liquid crystal dis-
play device are almost the same as those of the second exem-
plary embodiment described above.

[0111] As described, by providing the scanning line 31 on
the far side (upper end) from the transmissive area of the unit
pixel structure, i.e. by providing the scanning line 31 at a
position that does not overlap with the reflector, influences of
the electric field generated from the scanning line 31 to be
imposed on the potential of the reflector can be suppressed.
[0112] In the reflective area of an IPS transflective liquid
crystal display device, normally, there is a possibility that the
electric field direction that is originally set to be horizontal to
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its substrate becomes disturbed due to shift or fluctuation
generated in the potential to be applied to the reflector.
[0113] As described above, by arranging the scanning line
31 at the end part of the reflective area 21 where the reflector
does not overlap with the scanning line 31 when viewed from
the viewer side, the scanning line 31 does not go through the
back-face side (lower layer side) of the reflector. This makes
it possible to lighten the influences of the electric field gen-
erated from the scanning line 31 to be imposed on the poten-
tial of the reflector.

[0114] With this, the potential (electric field) can be applied
to the liquid crystal layer of the reflective area 21 in a direction
parallel to the substrate. Therefore, the contrast and visibility
of the reflective area can be improved.

Fourth Exemplary Embodiment

[0115] Next,a case of arranging a part of the storage capaci-
tance Cst2 of the transmissive area 22 outside the area of the
lower layers of the reflectors 23, 24, and 25 as the suppressing
device of the exemplary embodiment of the invention will be
described as a fourth exemplary embodiment of the invention.
The same reference numerals are applied to the same com-
ponents as those of the first, second, and third exemplary
embodiments described above.

[0116] As shown in FIG. 16, a unit pixel structure of the
transflective liquid crystal display device according to the
fourth exemplary embodiment of the invention has a part of
the storage capacitance of the transmissive area 22 (specifi-
cally, a part of a transmissive pixel electrode 36a and trans-
missive common electrode 38a) arranged in an area that does
not overlap with the reflectors 23, 24, and 25, i.e. outside the
area of the reflectors 2, 24, and 25. In this exemplary embodi-
ment, as shown in FIG. 16, a part of the transmissive common
electrode A38 and transmissive pixel electrode A36 is pro-
vided at the end part within the transmissive area 22 on a far
side from the reflective area 21 side (the part with slanting
lines shown in FIG. 16). Thereby, a part of the storage capaci-
tance of the transmissive area 22 is formed between the trans-
missive common electrode A38 and the transmissive pixel
electrode A36 illustrated with the slanting lines.

[0117] As described above, the storage capacitances of the
reflective area 21 and the transmissive area 22 of the first to
third exemplary embodiments are provided on the lower lay-
ers of the reflectors at the positions to overlap with the reflec-
tors. However, the fourth exemplary embodiment is different
from the other exemplary embodiments in respect that a part
of the storage capacitance of the transmissive area 22 is pro-
vided at a position that does not overlap with the reflector.
[0118] In this case, a structure for preventing the liquid
crystal molecules from being inversely rotated can be pro-
vided to the transmissive common electrode and the trans-
missive pixel electrode arranged at the positions on the lower
layer of the reflector, which do not overlap with the reflector.
This makes it possible to suppress disclination in the upper
end and the lower end of the transmissive area in particular, so
that the visibility of the liquid crystal display device can be
improved.

[0119] While the first to fourth exemplary embodiments
have been described above by referring to a case of the IPS
transflective liquid crystal display device, the invention is not
limited only to such case. The invention can be applied to TN,
VA, and FFS transflective liquid crystal display devices as
well.
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[0120] Next, another exemplary embodiment of the inven-
tion will be described. A transflective liquid crystal display
device according to another exemplary embodiment of the
invention is provided with a back-face side substrate, a
viewer-side substrate, and a liquid crystal layer sandwiched
between both substrates, and is configured with unit pixels
(each including a reflective area for reflecting light from the
viewer side and a transmissive area for transmitting light from
the back-face side) which drive the liquid crystal layer. The
transflective liquid crystal layer may be formed in a constitu-
tion in which: a pair of electrically isolated reflectors 1 and 2
are formed in the reflective area; a reflective pixel electrode
and a transmissive pixel electrode each driven by data signals
or areflective common electrode and a transmissive common
electrode driven by common signals for the reflective area and
the transmissive area are provided on the back-face side sub-
strate side of the reflectors 1 and 2; and a storage capacitance
1s formed, respectively, between the reflective pixel electrode
and the transmissive pixel electrode and between the reflec-
tive common electrode and the transmissive common elec-
trode.

[0121] Further, the transflective liquid crystal display
device, which is provided with the back-face side substrate,
the viewer-side substrate, and the liquid crystal layer sand-
wiched between both substrates, and is configured with unit
pixels (each including a reflective area with a reflector for
reflecting light from the viewer side and a transmissive area
for transmitting light from the back-face side) for driving the
liquid crystal layer, may be formed in a constitution in which:
a reflective pixel electrode and a transmissive pixel electrode
each driven by data signals are provided for the reflective area
and the transmissive area on the back-face side substrate side
of the reflectors; a reflective common electrode and a trans-
missive common electrode are provided on the back-face side
substrate of the reflective and transmissive pixel electrodes
for forming storage capacitances, respectively, with the
reflective pixel electrode and the transmissive pixel electrode;
and, provided that a capacitance value formed between the
reflective and transmissive common electrodes as well as the
reflective and transmissive pixel electrodes 1s C1, a capaci-
tance value formed between the reflective and transmissive
pixel electrodes and the reflectors is C2, and a.is C2/(C1+C2),
the value of @ and the potential difference V between the
reflective and transmissive common electrodes and the reflec-
tors satisfy a relation of “0.5>Vxa”.

[0122] Furthermore, the transflective liquid crystal display
device may be structured in such a manner that a capacitance
value C3 formed between the reflective pixel electrode and
the reflector and a reflective storage capacitance value C4
formed between the reflective pixel electrode and the reflec-
tive common electrode satisfy a relation of “3<C4/C3”, and a
capacitance value C5 formed between the transmissive pixel
electrode and the reflector and a transmissive storage capaci-
tance value C6 formed between the transmissive pixel elec-
trode and the transmissive common electrode satisfy a rela-
tion of “3<C6/C5”.

[0123] With this, the aperture ratio can be increased in the
liquid crystal display of the reflective area and the transmis-
sive area. At the same time, it is possible to suppress a light
leakage in the liquid crystal part effectively, and to improve
the contrast as well as the visibility.
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[0124] Further, the scanning line for supplying scanning
signals to each unit pixel may be arranged at an end part ofthe
reflective area within the unit pixel on the far side from the
transmissive area.

[0125] This makes it possible to suppress influences of the
scanning line imposed upon the potential of the reflectors, so
that the contrast and visibility in the reflective area can be
improved.

[0126] Furthermore, a part of the transmissive pixel elec-
trode and the transmissive common electrode may be pro-
vided at the end part of the transmissive area that does not
overlap with the reflectors.

[0127] It is possible to improve the visibility of the trans-
missive area by providing a structure for suppressing discli-
nation generated in the upper part and lower part of the
transmissive area when the liquid crystal display is driven.
[0128] Further, as the mode for driving the liquid crystal
layer of each unit pixel, any one of the modes selected from
IPS (in-plane switching), FFS (field fringe switching), VA
(vertically aligned), and TN (twisted nematic) may be used.
[0129] While the invention has been particularly shown and
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 invention as defined
by the claims.

INDUSTRIAL APPLICABILITY

[0130] The present invention can be preferably utilized for
liquid crystal display devices of portable terminal devices
such as portable telephones, game machines, digital cameras,
and video cameras.
What is claimed is:
1. A transflective liquid crystal display device comprising:
within a unit pixel, a reflective area having a pixel electrode
and a common electrode as a pair and a reflector, and a
transmissive area having a pixel electrode and a common
electrode as a pair; and a liquid crystal layer provided to the
reflective area and the transmissive area, the transflective
liquid crystal display device further comprising:
storage capacitances for the reflective area and the trans-
missive area provided in a lower layer of the reflector for
changing a potential of the pixel electrode by following
a potential of the common electrode; and

a suppressing device for suppressing a light leakage that is
generated in the liquid crystal layer when the pixel elec-
trode is affected by a potential of the reflector due to
capacitance coupling generated between the reflector
and the pixel electrode.

2. The transflective liquid crystal display device as claimed
in claim 1, wherein the suppressing device has a structure in
which a capacitance formed between a static electrode of the
reflective area and the reflector and a capacitance formed
between a static electrode of the transmissive area and the
reflector are electrically isolated.

3. The transflective liquid crystal display device as claimed
in claim 1, wherein:

the liquid crystal layer has such a characteristic that a light

leakage occurs in the transmissive area when an offset
voltage exceeding a threshold value is applied; and

the suppressing device is structured to suppress the offset

voltage to be smaller than the threshold value by utiliz-
ing a capacitance ratio between the storage capacitance
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of the reflective area and the capacitance that is formed
between the static electrode of the reflective area and the
reflector and a capacitance ratio between the storage
capacitance of the transmissive area and the capacitance
that is formed between the static electrode of the trans-
missive area and the reflector.

4. The transflective liquid crystal display device as claimed

in claim 3, wherein:

provided that a value of the storage capacitances in the
reflective area or the transmissive area is C1, a value of
the storage capacitances formed between the static elec-
trodes of the reflective area or the transmissive area and
the reflector is C2,and a.1s C2/(C1+C2),a value of c.and
a potential difference V between the reflector and the
reflective common electrodes that are in pairs with the
static electrodes of the reflective area or the transmissive
area satisfy a relation of “0.5>Vxa”.

5. The transflective liquid crystal display device as claimed
in claim 3, wherein:

acapacitance value C3 formed between the static electrode
of the reflective area and the reflector and a storage
capacitance value C4 of the reflective area satisfy a
relation of “3<C4/C3”.

6. The transflective liquid crystal display device as claimed
in claim 3, wherein:

acapacitance value C5 formed between the static electrode
of the transmissive area and the reflector and a storage
capacitance value C6 of the transmissive area satisfy a
relation of “3<C6/C5”.
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7. The transflective liquid crystal display device as claimed
in claim 1, wherein a scanning line for supplying a scanning
signal to the unit pixel is isolated from a lower layer of the
reflector to be arranged outside an area where an electric field
from the scanning line affects the potential of the reflector.
8. The transflective liquid crystal display device as claimed
in claim 1, wherein a part of the storage capacitance of the
transmissive area is arranged outside an area of a lower layer
of the reflector.
9. The transflective liquid crystal display device as claimed
in claim 1, which is driven by a transverse electric field
generated between the pixel electrode and the common elec-
trode.
10. A transflective liquid crystal display device compris-
ing: within a unit pixel, a reflective area having a pixel elec-
trode and a common electrode as a pair and a reflector, and a
transmissive area having a pixel electrode and a common
electrode as a pair; and a liquid crystal layer provided to the
reflective area and the transmissive area, the transflective
liquid crystal display device further comprising:
storage capacitances for the reflective area and the trans-
missive area provided in a lower layer of the reflector for
changing a potential of the pixel electrode by following
a potential of the common electrode; and

a suppressing means for suppressing a light leakage that is
generated in the liquid crystal layer when the pixel elec-
trode is affected by a potential of the reflector due to
capacitance coupling generated between the reflector
and the pixel electrode.

L T



patsnap

TRAFROE) ENRBEREE
NIF(2E)E US20080252803A1 K (2E)R 2008-10-16
RS US12/099534 FiE B 2008-04-08
#RIERE(EFR)AGE) NECRBBEARHKNSHE
(BRI AGE) NECH @B ARBRLF.
HETHFERA)AGE) NLTRHERERLAR.
FRIK B A MORI KENICHI
SAKAMOTO MICHIAKI
NAGAI HIROSHI
NAKA KENICHIROU
RBAA MORI, KENICHI
SAKAMOTO, MICHIAKI
NAGAI, HIROSHI
NAKA, KENICHIROU
IPCH %S GO02F1/133 GO2F1/1335
CPCH#%S GO02F1/134309 GO2F1/134363 G02F1/136213 G02F2203/09 G09G3/3655 G09G2300/0426 G09G2300
/0434 G09G2300/0456 G09G2300/0852 G09G2320/0238
£ 58 2007106510 2007-04-13 JP
H b2 SOk US8018538
SAEBEE Espacenet USPTO
RE(R) 2 45 a7
EWINERAREREENTFORAMERS. NEKBPRE—FHRIFBHE
RBETEE  HEE  E2UEGEA , SEGEERANAHBRAR
SIKENAN R | SR DIEREBRA LS BRES K1 R0 5] cenl a7
AR XFMESH XEHNREE AT REXGIESH XGHWFEFES \\| g\'é’g_TEgﬁVE calt
REERSBNTE , ATESRELH BRI BARATEEBRNG _Ll_ ! COMMON SIGNAL - 36
BALUARMERE  ATYHTRESNGEERCEAFTENBERES 41 TFT T al | -24(25
MG 3= B 2 /e 5185 #Y B8 /Y 2200 A HD 5% B E RV IR o TFT J_ 24(25;
38 1
T ottt o
é‘sa COMMON SIGNAL
36



https://share-analytics.zhihuiya.com/view/1c423111-9951-4a68-bc35-b52aa4e25084
https://worldwide.espacenet.com/patent/search/family/039853374/publication/US2008252803A1?q=US2008252803A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080252803%22.PGNR.&OS=DN/20080252803&RS=DN/20080252803

