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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Applications No. 2007-
106026 filed on Apr. 13, 2007; and No. 2007-321091 filed on
Dec. 12, 2007, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and in particular, to a liquid crystal display
device provided with a reflection region for displaying an
image by reflecting light and a transmission region for dis-
playing an image by transmitting light.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices provided with both of
a reflection region configured to display an image by reflect-
ing ambient light and a transmission region configured to
display an image by transmitting light from a backlight can
secure preferable visibility under both bright and dark envi-
ronments. For this reason, they have been widely used in
information terminals such as mobile phones (see, for
example, Japanese Patent Application Publication Nos. 2002-
303863 and No. 2003-216116). These liquid crystal display
devices generally use a so-called multi-gap method (see, for
example, Japanese Patent Application Publication No. 2005-
189570). In this method, a cell gap (a thickness of a liquid
crystallayer)inareflection region is set to be smaller than that
ina transmission region in order to equalize a distance of light
passing through the liquid crystal layer.

[0006] However, since a cell gap in the reflection region
differs from a cell gap in the transmission region, the applied
voltage-transmittance characteristic differs between the
reflection region and of the transmission region. This causes
a problem that gradation differs therebetween even if the
same voltage is applied thereto. A gradation difference
between the reflection region and the transmission region can
be corrected by changing gradation setting of an output of a
DAC circuit. However, if a singe IC is used, it is necessary to
additionally provide a board for mounting resistances for
changing gradation setting.

[0007] According to Japanese Patent Application Publica-
tion No. 2005-189570, the capacity of the storage capacitor in
the transmission region is set to be larger than that in the
reflection region in order to correct a gradation difference.
However, in the above-described configuration, the transmis-
sion region and the reflection region have the liquid crystal
capacitors different in size, and thus inevitably have different
applied voltage-transmittance characteristics.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide a
liquid crystal display device provided with a reflection region
and a transmission region, the liquid crystal display being
capable of correcting a gradation difference between the
reflection region and the transmission region, attributable to
cell gaps, without having a board additionally provided
thereto.

[0009] A liquid crystal display device according to a first
aspect of the present invention includes: a first storage capaci-
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tor which is disposed in a first region capable of reflection
display; and a second storage capacitor which is disposed in
a second region capable of transmission display and whose
capacitor is smaller than that of the first storage capacitor.
[0010] The liquid crystal display device according to the
first aspect of the present invention can suppress variations of
change amounts of pixel electrode potentials, which are
attributable to cell gaps different in the first and second
regions, by setting the capacity of the second storage capaci-
tor to be smaller than that of the first storage capacitor.
[0011] A liquid crystal display device according to a second
aspect of the present invention includes: a first driving circuit
configured to drive a storage capacitor which is disposed in a
first region capable of reflection display; and a second driving
circuit configured to drive a storage capacitor which is dis-
posed in a second region capable of transmission display. The
second driving circuit performs capacitively coupled driving
by applying a compensation voltage whose change amount is
smaller than that of a compensation voltage to be applied
from the first driving circuit.

[0012] The liquid crystal display device according to the
second aspect of the present invention can suppress variations
of change amounts of pixel electrode potentials, which are
attributable to cell gaps different in the first and second
regions, by setting the change amount of the compensation
voltage to be applied to the storage capacitor in the second
region capable of transmission display to be smaller than that
of the compensation voltage to be applied to the storage
capacitor in the first region capable of reflection display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a circuit block diagram showing the gen-
eral configuration of aliquid crystal display device according
to a first embodiment;

[0014] FIG. 2 is a circuit diagram showing the configura-
tion of a pixel of the liquid crystal display device;

[0015] FIG. 3A is a voltage waveform diagram showing
relationships of a signal line potential, a scanning line poten-
tial, a counter electrode potential, and an storage capacity
potential;

[0016] FIG. 3B is a voltage waveform diagram in which a
voltage waveform of a pixel electrode is added to the above
voltage waveform diagram;

[0017] FIG. 4A is a graph showing a voltage-transmittance
characteristic in a liquid crystal display device of a compara-
tive example;

[0018] FIG. 4B is a graph showing a voltage-transmittance
characteristic in the liquid crystal display device according to
the first embodiment; and

[0019] FIG. 5 is a circuit block diagram showing the gen-
eral configuration of aliquid crystal display device according
to a second embodiment.

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

[0020] AsshowninFIG.1,inaliquid crystal display device
according to a first embodiment of the present invention, a
plurality of signal lines SL and a plurality of scanning lines
GL are wired so as to intersect each other in a display region
2 on an array substrate. A switching element Tr is disposed in
each of intersections of the signal lines SL and the scanning
lines GL. A plurality of storage capacitor lines CL is wired for
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each scanning line GL. The display region 2 has a reflection
region 2r (a first region) and a transmission region 2¢ (a
second region).

[0021] In the reflection region 2», an unillustrated pixel
electrode capable of reflection display utilizing ambient light
and a storage capacitor Csr (a first storage capacitor) are
connected to each switching element Tr. In the transmission
region 2¢, an unillustrated pixel electrode capable of trans-
mission display utilizing light from a backlight and a storage
capacitor Cst (a second storage capacitor) are connected to
each switching element Tr. The capacity of each storage
capacitor Csr in the reflection region 2r is larger than that of
each storage capacitor Cst in the transmission region 2¢. In
order to equalize a distance of light passing through a liquid
crystal layer, a cell gap in the reflection region 2 is set to be
smaller than that in the transmission region 2¢ (a multi-gap
method).

[0022] Furthermore, the liquid crystal display device of the
present embodiment includes, on a array substrate, a signal
line driving circuit 11 connected to the signal lines SL, a
scanning line driving circuit 12 connected to the scanning
lines GL, a storage capacitor line driving circuit 13 connected
to the storage capacitor lines CL, and a controller 15 con-
nected to each of the above-described circuits. The signal line
driving circuit 11 applies a signal voltage to the signal lines
SL. The scanning line driving circuit 12 applies a control
signal to the scanning lines GL. The storage capacitor line
driving circuit 13 applies a compensation voltage to the stor-
age capacitor lines CL. In order to achieve a liquid crystal
display device with high resolution, it is desirable that a p-Si
TFT is used for the above-described driving circuits.

[0023] For example, in a case where the liquid crystal dis-
play device of the present embodiment is employed in a
display device of a mobile phone, reflection display is used in
aregion for displaying an amount of battery power remaining,
aclock, a signal status, whereas a transmission display is used
for displaying photos, and the like in a main region. Thereby,
the clock display and the like are easily viewable even in a
standby state (when the backlight is off), and a quality of
display in the main region at normal state (when the backlight
is on) is improved.

[0024] Next, the configuration of a pixel will be described.
The circuit diagram of FI1G. 2 shows the configuration of a
pixel disposed in a vicinity of a boundary between the reflec-
tion region 2 and the transmission region 2¢. The signal lines
SL and the scanning lines GL are wired at substantially right
angles to each other. The storage capacitor lines CL are wired
in substantially parallel with the scanning lines GL.

[0025] One end of the storage capacitor Csrin the reflection
region 2r is connected to the switching element Tr and the
other end thereof is connected to the storage capacitor line
CL. A thin-film transistor (TFT) formed of polycrystal silicon
is used for the switching element Tr. The scanning line GL is
connected to a gate terminal of the switching element Tr; the
signal line SL is connected to adrain terminal of the switching
element Tr; and the storage capacitor Csr and the pixel elec-
trode are connected to a source terminal of the switching
element Tr in parallel. The pixel electrode in the reflection
region 2r is formed by patterning a conductive light reflection
film into a predetermined shape. A pixel electrode potential
Vpix is applied to the pixel electrode. Although it is not shown
in the figure, a counter electrode is disposed on a counter
substrate, which faces the pixel electrode with the liquid
crystal layer in between. A counter electrode potential Vcom
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is applied to the counter electrode. In the reflection region 2r,
a liquid crystal capacitor Cler is formed for each pixel.
[0026] Inthetransmission region 2¢, a storage capacitor Cst
whose capacity is smaller than that of the storage capacitor
Csr in the reflection region is disposed (Cst<Csr). One end of
the storage capacitor Cst is connected to the switching ele-
ment Tr and the other end thereof is connected to the storage
capacitorline CL. The scanning line GL is connected to a gate
terminal of the switching element Tr; the signal line SL is
connected to a drain terminal of the switching element Tr; and
the storage capacitor Cst and the pixel electrode are con-
nected to a source terminal of the switching element Tr in
parallel. A light transmission conductive member, such as
indium tin oxide (ITO), is used for the pixel electrode in the
transmission region 2¢. A cell gap in the transmission region
2t is larger than that in the reflection region 27. Thus, the
liquid crystal capacitor Clet in the transmission region 2¢ is
smaller than the liquid crystal capacitor Cler in the reflection
region 27 (Clet<Cler).

[0027] FIG. 3A is a voltage waveform diagram showing
relationships of a signal line potential Vs, a scanning line
potential Vg, the counter electrode potential Veom, and a
storage capacitor potential Ves. The signal line driving circuit
11 applies a high-level signal voltage VsH and a low-level
signal voltage VsL to the signal lines SL. The scanning line
driving circuit 12 applies a high-level control signal VgH and
a low-level control signal Vgl to the scanning lines GL. The
storage capacitor line driving circuit 13 applies a high-level
compensation voltage VcsH and a low-level compensation
voltage VesL to the storage capacitor lines CL. A constant
counter electrode voltage Vcom is applied to the counter
electrode. Reference numeral V1 shows a change amount of
potentials of the storage capacitor lines CL.

[0028] In an n-th frame, the signal line potential Vs, the
storage capacitor potential Vcs, and the scanning line poten-
tial Vg are respectively VsH, VesL, and VgL. In an (n+1)
frame, the switching element Tr is turned on when the scan-
ning potential Vg is changed from VgL to VgH. During the
period when the switching element Tr is being on, the signal
line driving circuit 11 applies a signal voltage to the signal
lines SL to write the signal voltage in the pixel electrode.
Thereafter, the switching element Tr is turned off when the
scanning line potential Vg is changed from VgH to VgL.
During the period when the switching element Tr is being off,
the storage capacitor line driving circuit 13 changes the stor-
age capacitor potential Vcs from VesL to VesH. After that, the
signal line potential Vs changes from VsH to VsL.

[0029] Inan(n+2)frame, the switching element Tris turned
on when the scanning line potential Vg is changed from Vgl
to VgH. During the period when the switching element Tr is
being on, the signal line driving circuit 11 applies a signal
voltage to the signal lines SL to write the signal voltage in the
pixel electrode. Thereafter, the switching element Tris turned
off when the scanning line potential Vg is changed from VgH
to VgL. During the period when the switching element Tr is
being off, the storage capacitor line driving circuit 13 changes
the storage capacitor potential Ves from VesH to VesL. After
that, the signal line potential Vs changes from Vsl to VsH.
The above-described potential changes are repeated for every
frame.

[0030] In this manner, in the present embodiment, the sig-
nal line driving circuit 11 applies a signal voltage to the signal
lines SL to write the signal voltage in the pixel electrode
during the period when the switching element Tr is being on.
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Thereafter, the storage capacitor line driving circuit 13
applies a compensation voltage to the storage capacitor lines
CL during the period when the switching element Tr is being
off. In such capacitively coupled driving, the pixel electrode
potential Vpix to be applied to the pixel electrode is changed
by changing the storage capacitor potential Vs of the storage
capacitor line CL to which the storage capacitors Csr and Cst
are connected.

[0031] Next, the change of the pixel electrode potential
Vpix will be described by referring to the voltage waveform
diagram of FIG. 3B. FIG. 3B is a diagram in which the pixel
electrode potential Vpix is added to FIG. 3A. In an (n+1)-th
frame, when the scanning line potential Vg is changed from
Vgl to VgH, the pixel electrode potential Vpix increases up
1o VsH. Even after the scanning line potential Vg is returned
from VgH to VgL, the pixel electrode potential Vpix substan-
tially maintains the VsH value. Then, when the storage
capacitor potential Ves is changed from VesL to VesH, the
pixel electrode potential Vpix is changed to be Vpix=VsH+
V2. Thereafter, even after the signal line potential Vs changes
from VsH to VsL, the pixel electrode potential Vpix substan-
tially maintains VsH+V2.

[0032] Inan (n+2)-th frame, when the scanning line poten-
tial Vg is changed from VgL to VgH, the pixel electrode
potential Vpix decreases to VsL. Even after the scanning line
potential Vg is returned from VgH to VgL, the pixel electrode
potential Vpix substantially maintains the VsL value. Then,
when the storage capacitor potential Vcs is changed from
VesH to VesL, the pixel electrode potential Vpix is changed
to be Vpix=VsL-V2. Thereafter, even after the signal line
potential Vs is changed form VsL to VsH, the pixel electrode
potential Vpix substantially maintains VsL-V2.

[0033] Next, the change amount V2 of the pixel electrode
potential Vpix will be further described in detail. The change
amount V2 of the pixel electrode potential Vpix can be
expressed by V2=V1*(Cs/(Cs+Clc+parasitic capacitor)),
where the change amount of the storage capacitor potential is
V1, the storage capacitor is Cs, and the liquid crystal capaci-
tor is Clc.

[0034] The change amount V2r of the pixel electrode
potential in the reflection region 27 can be expressed by
V2r=V1*(Cst/(Csr+Cler+parasitic capacitor)), where the
change amount of the storage capacitor potential is V1, the
storage capacitor is Csr, and the liquid crystal capacitor is
Cler.

[0035] Similarly, the change amount V2¢ of the pixel elec-
trode potential in the transmission region 27 can be expressed
by V2:=V1#(Cst/(Cst+Clet+parasitic capacitor)), where the
change amount of the storage capacitor potential is V1, the
storage capacitor is Cst, and the liquid crystal capacitor is
Clet.

[0036] In the liquid crystal display device of the present
embodiment, in order to equalize a distance of light passing
through the liquid crystal layer, a cell gap in the reflection
region 2r is set to be smaller than that in the transmission
region 2¢. Accordingly, the relationship of Cler>Clet is estab-
lished between the liquid crystal capacitor Cler in the reflec-
tion region and the liquid crystal capacitor Clet in the trans-
mission region.

[0037] Inthepresent embodiment, the capacity ofthe liquid
crystal capacitor Cler is 0.14 pF and the capacity of the liquid
crystal capacitor Clct is 0.10 pF. Thus, the capacity of the
storage capacitor Csr in the reflection region is set to be 0.33
pF, and the capacity of the storage capacitor Cst in the trans-
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mission region is set to be 0.25 pF so that the capacity of the
storage capacitor Cst would be smaller than the capacity of
the storage capacitor Cst. In addition, the change amount of
the storage capacitor potential V1 is set to be 4.2V so that the
liquid crystal applied voltage would be 3.0V.

[0038] In this manner, by adjusting the storage capacitors
Csr and Cst, V1*(Cst/Csr+Cler+parasitic capacitor))=V1*
(Cst/(Cst+Clct+parasitic capacitor)), that is, V2r=V2¢ can be
obtained.

[0039] Accordingly, by adjusting the storage capacitors Csr
and Cst in the reflection region 2 and the transmission region
2¢ 50 as to be Csr>Cst, the change amounts V2r and V2¢ of the
pixel electrode potential Vpix, which are attributable to the
cell gaps different in the reflection region 2» and the trans-
mission region 2¢, can be equalized. Thereby, it is made
possible that a gradation difference between the both regions,
which is attributable to the difference of the cell gaps, is
corrected on the same substrate.

[0040] As described above, according to the present
embodiment, the capacity of the storage capacitor Cst in the
transmission region 2¢ is set to be smaller than that of the
storage capacitor Csr in the reflection region 2» (Cst<Csr).
Thereby, the change amounts of the pixel electrode potentials
Vpix, which are attributable to the cell gaps different in the
reflection region 2r and the transmission region 2¢ can be
equalized. Thus, it is made to correct a gradation difference
between the both regions, which is attributable to the differ-
ence of the cell gaps.

[0041] Next, to further clarify effects of the present
embodiment, a liquid crystal display device of a comparative
example will be described. In the liquid crystal display device
of the comparative example, storage capacitors are equalin a
reflection region and a transmission region (Csr=Cst). Since
the relationship of a liquid crystal capacitor Cler in the reflec-
tion region and a liquid crystal capacitor Clct in the transmis-
sion region is Clet>Clct, (Cst/(Csr+Cler+parasitic capaci-
tor))<(Cst/(Cst+Clct+parasitic capacitor)) is obtained.
[0042] Thus, the relationship of V2r<V2¢ is established
between change amounts V2r and V2 of the pixel electrode
potentials Vpix in the refection region and in the transmission
region.

[0043] FIG. 4A is a graph showing a voltage-transmittance
characteristic in the liquid crystal display device of the com-
parative example. The voltage-transmittance characteristic of
reflection display is shifted to a slower direction than that of
transmission display. This indicates that the change amounts
V2t and V2r of the pixel electrode potentials Vpix are differ-
ent in the transmission region 2¢ and the reflection region 2r,
and thereby a gradation difference is generated between dis-
plays in the both regions.

[0044] FIG. 4B is a graph showing a voltage-transmittance
characteristic of the liquid crystal display device of the
present embodiment. In the graph, the voltage-transmittance
characteristics of the reflection display and the transmission
display are substantially equal. This indicates that the change
amounts V2¢ and V2r of the pixel electrode potentials Vpix,
which are attributable to the cell gaps different in the trans-
mission region 2¢ and the reflection region 2r, are made sub-
stantially equal, and thereby the gradation difference in the
both regions is corrected on the same substrate.

Second Embodiment

[0045] Next, a second embodiment will be described. FIG.
5 is a block diagram showing the configuration of a liquid
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crystal display device according to the present embodiment.
When compared with the liquid crystal display device shown
in FIG. 1, the liquid crystal display device shown in FIG. 5 is
different in that capacities of storage capacitors Cs disposed
respectively in a reflection region 27 and a transmission
region 2¢ are same, and that the storage capacitor driving
circuit 13 in FIG. 1 is divided into a first storage capacitor
driving circuit 16 and a second storage capacitor driving
circuit 17. The first storage capacitor driving circuit 16 drives
storage capacitor lines CsrlL in the reflection region 27,
whereas the second storage capacitor driving circuit 17 drives
storage capacitor lines CstL in the transmission region 2z.
[0046] Since a cell gap in the reflection region 2r differs
from that in the transmission region 2¢, a liquid crystal capaci-
tor Cler in the reflection region 2r and a liquid crystal capaci-
tor Clet in the transmission region 2¢ are different. Accord-
ingly, if each of the capacities of the storage capacitors Cs in
the reflection region 27 and that in the transmission region 2¢
are equal, change amounts V27 and V2¢ of pixel electrode
potentials Vpix are different. However, even if the storage
capacitors Cs are equal, it is possible that the change amounts
V2 of the pixel electrode potentials Vpix in the reflection
region 2r and the transmission region 2¢ are brought closer to
each other by differently driving the change amounts V1 of
the storage capacitor potentials Ves in the reflection region 27
and in the transmission region 2z.

[0047] For this reason, the first storage capacitor driving
circuit 16 and the second storage capacitor driving circuit 17
are provided to separately drive the storage capacitor lines
CsrL and CstLL by these circuits so that the change amount V1¢
ofthe storage capacitor potential in the transmission region 2¢
would be smaller than the change amount V1r of the storage
capacitor potential Vcs in the reflection region 2. Specifi-
cally, the storage capacitor lines CsrL and CstL are driven so
as to be V1r*(Cs/(Cs+Clcr+parasitic capacitor)=V1#*(Cs/
(Cs+Clet+parasitic capacitor)), that is, V2r=V2¢. Thereby,
the above-described voltage-transmittance characteristics
can be made substantially equal.

[0048] 1In the present embodiment, the storage capacitor
lines CsrLL and CstL are driven so that the change amount V1r
of the storage capacitor potential in the reflection region 2r
would be 4.7 V and the change amount V1¢ of the storage
capacitor potential in the transmission region 2¢ would be 4.2
V, where the storage capacitor Cs is 0.25 pF.

[0049]  Accordingly, according to the present embodiment,
the change amount V1¢ of a compensation voltage to be
applied to the storage capacitor line CstL in the transmission
region 2¢ is set to be smaller than the change amount V1r of a
compensation voltage to be applied to the storage capacitor
line CsrL in the reflection region 27. Thereby, variations of the
change amounts V2r and V2¢ of the pixel electrode potentials
Vpix, which are attributable to the cell gaps different in the
reflection region 2r and the transmission region 2¢, can be
suppressed.

Third Embodiment

[0050] Next, a third embodiment will be described. The
basic configuration of a liquid crystal display device accord-
ing to the present embodiment is similar to those described in
the first and second embodiments except that a pixel electrode
in a first region of the present embodiment 1s a semi-trans-
missive pixel electrode capable of not only reflection display
but also of transmission display.
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[0051] Here, the relationship of a liquid crystal capacitor
Clchina first region (a semi-transmission region) and a liquid
crystal capacitor Clct in a second region (a transmission
region) is Clch>Clct, where the liquid crystal capacitor in the
first region is Clch. Thus, effects similar to those of the first
and second embodiments can be obtained by setting Csh>Cst
or V1h>V1t, where the storage capacitor in the first region is
Csh and the change amount of the storage capacitor potential
Vesis V1.

Fourth Embodiment

[0052] Next, a fourth embodiment will be described. The
basic configuration of a liquid crystal display device accord-
ing to the present embodiment is similar to those described in
the first and second embodiments except that a pixel electrode
in a second region of the present embodiment is a semi-
transmission pixel electrode capable of not only transmission
display but also of reflection display.

[0053] Here, the relationship of a liquid crystal capacitor
Cler in a first region (a reflection region) and a liquid crystal
capacitor Clch in a second region (a semi-transmission
region) is Cler>Clch, where the liquid crystal capacitor in the
second region is Clch. Thus, effects similar to those of the first
and second embodiments can be obtained by setting Csr>Csh
or V1r>V1h, where the storage capacitor in the second region
is Csh and the change amount of the storage capacitor poten-
tial Ves is V1.

What is claimed is:

1. A liquid crystal display device, comprising:

a plurality of signal lines and a plurality of scanning lines
which are wired to intersect each other;

a switching element disposed in each of intersections of the
plurality of signal lines and the plurality of scanning
lines;

aplurality of storage capacitor lines which are wired for the
respective scanning lines;

a first region in which a pixel electrode capable of reflec-
tion display is connected to the switching element;

a second region in which a pixel electrode capable of
transmission display is connected to the switching ele-
ment;

a first storage capacitor having one end connected to the
switching element in the first region and the other end
connected to the storage capacitor line; and

a second storage capacitor having one end connected to the
switching element in the second region and the other end
connected to the storage capacitor line, the second stor-
age capacitor having a capacity smaller than the first
storage capacitor.

2. A liquid crystal display device, comprising:

a plurality of signal lines and a plurality of scanning lines
which are wired to intersect each other;

a switching element disposed in each of intersections of the
plurality of signal lines and the plurality of scanning
lines;

aplurality of storage capacitor lines which are wired for the
respective scanning lines;

a first region in which a pixel electrode capable of reflec-
tion display is connected to the switching element;
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a second region in which a pixel electrode capable of
transmission display is connected to the switching ele-
ment;

astorage capacitor having one end connected to the switch-
ing element and the other end connected to the storage
capacitor line;

a first driving circuit configured to perform capacitively
coupled driving by applying a compensation voltage to
the storage capacitor lines in the first region; and

asecond driving circuit configured to perform capacitively
coupled driving by applying a compensation voltage to
the storage capacitor lines in the second region, the
compensation voltage having smaller change amount
than the compensation voltage applied by the first driv-
ing circuit.
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3. The liquid crystal display device according to claim 1,
wherein the pixel electrode in the first region is a semi-
transmission pixel electrode capable of transmission display
as well as reflection display.

4. The liquid crystal display device according to claim 1,
wherein the pixel electrode in the second region is a semi-
transmission pixel electrode capable of reflection display as
well as transmission display.

5. The liquid crystal display device according to claim 1,
further comprising a driving circuit configured to perform
capacitively coupled driving for changing a potential of the
storage capacitor line during a period when the switching
element is being off.
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