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(57) ABSTRACT

In one embodiment, first and second driver circuits are
arranged interposing a matrix of pixels. A timing control
circuit is electrically connected with the first and second
driver circuits. The first driver circuit including a first sequen-
tial circuit is electrically connected with the odd scanning
lines, and supplies scanning signals to the odd signal lines in
order. The second driver circuit including a second sequential
circuit is electrically connected with the even scanning lines,
and supplies the scanning signals to the even scanning lines in
order. The timing control circuit generates first and second
synchronization signals, and supplies the first synchroniza-
tion signal to the first driver circuit and the second synchro-
nization signal to the second driver circuit. The first and
second driver circuits supply the scanning signals to the scan-
ning lines in order for every line upon receiving the first
synchronization signal and the second synchronization signal
from the timing control circuit.
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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. P2010-
171961, filed Jul. 30, 2010, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device.

BACKGROUND

[0003] Generally, a liquid crystal display device having
such features as a light weight, a thin shape, and low power
consumption is used as a display device. The liquid crystal
display device is equipped with an array substrate, a counter
substrate arranged opposing the array substrate, and a liquid
crystal layer held between the array substrate and the counter
substrate.

[0004] The array substrate includes a glass substrate. On
the glass substrate, a plurality of signal lines and scanning
lines are arranged crossing each other in a display region. A
TFT (Thin Film Transistor) which constitutes a pixel is
arranged near an intersection of each signal line and each
scanning line. Moreover, a driver circuit connected to the
plurality of scanning lines is provided on the glass substrate.
[0005] When the TFT is formed using poly-silicon, the
driver circuit can be formed simultaneously with the TFT
using the poly-silicon. Furthermore, it is not necessary to lay
out the scanning lines on a frame region of the glass substrate.
Therefore, in the liquid crystal display device with the TFT
formed of the poly-silicon, the frame region hardly expands
even if the number of pixels of the liquid crystal display
device increases.

[0006] By the way, the screen size of the liquid crystal
display device becomes large for a cell phone unit use, and the
number of pixels tends to increases every year. Since an
occupancy area of the driver circuit for each scanning line is
decided, when the number of pixels increases and a pixel
pitch becomes narrow, the lay-out width of the driver circuit
with respect to the pixel pitch expands relatively. However,
since portability is requested in the cell phone unit, the cell
phone unit has a problem that the lateral width of the substrate
cannot be increased.

[0007] Then, it is thought to arrange the above-mentioned
driver circuit by dividing into two or three driver circuits on
the both sides of the screen. However, it is necessary to
provide mutually different synchronization signals to the
respective driver circuits in this case. However, since it is
difficult to generate two or three kinds of synchronization
signals in the conventional driver circuit, it is necessary to
newly develop the driver circuit (integrated circuit) which can
generate two or three kinds of synchronization signals, and as
a consequence, which causes the raising of a manufacturing
cost, and further, the raising of a product price.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorpo-
rated in and constitute a portion of the specification, illustrate
embodiments of the invention, and together with the general
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description supplied above and the detailed description of the
embodiments supplied below, serve to explain the principles
of the invention.

[0009] FIG. 1 is a view schematically showing a liquid
crystal display device according to a first embodiment.
[0010] FIG.2isacross-sectional view schematically show-
ing the liquid crystal display device.

[0011] FIG. 3 is a plan view showing a schematic structure
of an array substrate shown in FIG. 1 and FIG. 2.

[0012] FIG. 4 isanenlarged plan view showing a portion of
the array substrate, and is a figure showing a wiring structure
of a pixel.

[0013] FIG. 5 is a cross-sectional figure taken along line
A-A of the liquid crystal display device shown in FIG. 4.
[0014] FIG. 6 is a cross-sectional figure taken along line
B-B of the liquid crystal display device shown in FIG. 4.
[0015] FIG. 7 is an enlarged plan view showing an outside
of a display region of the array substrate, and is a figure
showing a switching circuit.

[0016] FIG. 8 is a block diagram showing a first driver
circuit formed on the array substrate.

[0017] FIG. 9 is a block diagram showing a second driver
circuit formed on the array substrate.

[0018] FIG. 10 is a timing chart according to the first
embodiment showing a first control signal C1, a second con-
trol signal C2, a first synchronization signal CLK1, a second
synchronization signal CLK?2, and scanning signals G1 to G4.
[0019] FIG. 11 is a graph showing a change of the width of
the driver circuit lay-out with respect to the pixel pitch in the
liquid crystal display devices according to the first embodi-
ment and a comparative example.

[0020] FIG.12isaplan view showing a schematic structure
of the array substrate in the liquid crystal display device
according to a second embodiment.

[0021] FIG. 13 is an enlarged plan view showing a portion
of the array substrate shown in FIG. 12, and is a figure show-
ing a wiring structure of the pixel, especially.

DETAILED DESCRIPTION OF THE INVENTION

[0022] A liquid crystal display device according to an
exemplary embodiment of the present invention will now be
described with reference to the accompanying drawings
wherein the same or like reference numerals designate the
same or corresponding portions throughout the several views.
[0023] According to one embodiment, a liquid crystal dis-
play device having a plurality of pixels arranged in a matrix of
a first direction and a second direction crossing with the
second direction includes: an array substrate including; a
plurality of signal lines extending in a first direction, a plu-
rality of scanning lines having odd scanning lines and even
scanning lines extending in a second direction, a switch ele-
ment provided in each pixel and electrically connected with
the signal line and scanning line, a pixel electrode electrically
connected with each switching element, a first driver circuit
and a second driver circuit arranged interposing the matrix of
pixels in the second direction, and a timing control circuit
electrically connected with the first and second driver cir-
cuits, a counter substrate arranged opposing the array sub-
strate with a gap therebetween; and a liquid crystal layer held
between the array substrate and the counter substrate;
wherein the first driver circuit including a first sequential
circuit is electrically connected with the odd scanning lines,
and supplies scanning signals to the odd scanning lines in
order, the second driver circuit including a second sequential
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circuit is electrically connected with the even scanning lines,
and supplies the scanning signals to the even scanning lines in
order, the timing control circuit generates a first synchroni-
zation signal and a second synchronization signal, and sup-
plies the first synchronization signal to the first driver circuit
and the second synchronization signal to the second driver
circuit, and the first and second driver circuits supply the
scanning signals to the scanning lines in order for every line
upon receiving the first synchronization signal and the second
synchronization signal from the timing control circuit.

[0024] Hereafter, the liquid crystal display device accord-
ing to the first embodiment is explained in detail referring to
drawings. As shown in FIG. 1 and FIG. 2, the liquid crystal
display device includes a liquid crystal display panel 10. The
liquid crystal display panel 10 is constituted by an array
substrate 1, a counter substrate 2 arranged opposing the array
substrate with a predetermined gap, and a liquid crystal layer
3 held between both substrates. In addition, the liquid crystal
display device includes a first optical element 7 arranged on
an outside surface of the array substrate 1, a second optical
element 8 arranged on an outside surface of the counter sub-
strate 2, a back light unit 9, a signal line driver circuit 90 as an
image signal output unit, a control portion 100, and a FPC
(flexible Printed Circuit) 110. The liquid crystal display
device includes a display region RA in which pixels 18 to be
mentioned later are arranged in the shape of a matrix.

[0025] As shown in FIG. 1 to FIG. 3, the array substrate 1
includes a glass substrate 4a as a transparent insulating sub-
strate, for example. In the display region RA, the pixels 18 are
formed on the glass substrate 4a. A first driver circuit 11, a
second driver circuit 12, a switch circuit 13, and a plurality of
pads (hereinafter, called OLB pads) pG for outer lead bonding
are formed on the glass substrate 4a in the outside of the
display region RA. The first driver circuit 11 and the second
driver circuit 12 double as a scanning line driver circuit and an
auxiliary capacitance line driver circuit.

[0026] In the display region RA, a plurality of scanning
lines “s” (sl, s2, - - - sn) and a plurality of signal lines 16
which intersects perpendicularly with the plurality of scan-
ning lines “s” are arranged on the glass substrate 4a. A plu-
rality of auxiliary capacitance lines “cs” (csl, cs2, - - - csn) is
formed on the glass substrate 4a in parallel to the scanning
line “s”. The signal lines 16 extend in a first direction Y. The
scanning lines “s” and the auxiliary capacitance lines “cs”
extend in a second direction X which intersects perpendicu-
larly with the first direction Y.

[0027] In this embodiment, the pixel 18 is formed in each
region surrounded by adjacent signal lines 16 and the adjacent
auxiliary capacitance lines “cs”. The pixels 18 are arranged in
the shape of a matrix.

[0028] Next, one pixel 18 is picked up and explained in
detail. As shown in FIG. 3, FIG. 4, and FIG. 5, the pixel 18
includes a TFT 22 as a switching element electrically con-
nected to the signal line 16 and the scanning line “s”, a pixel
electrode 21 electrically connected with the TFT 22, and an
auxiliary capacitance element 23 connected with the pixel
electrode 21.

[0029] A semiconductor layer 31 is formed on the glass
substrate 4a, and a gate insulating film 32 is formed on the
glass substrate 4a and the semiconductor layer 31. In each
region which overlaps with the semiconductor layer 31, a gate
electrode 33 which extends from a portion of the scanning
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line “s” is formed on the gate insulating film 32. An interlayer
insulating film 35 is formed on the gate insulating film 32 and
the gate electrode 33.

[0030] The signal line 16 and a contact wiring 38 are
formed on the interlayer insulating film 35, and the signal line
16 and the contact wiring 38 penetrate respective portions of
the gate insulating films 32 and the interlayer insulating film
35, and are connected to the semiconductor layer 31, respec-
tively. Here, the signal line 16 is connected with a source
region RS of asemiconductor layer 31, and the contact wiring
38 is connected with a drain region RD of the semiconductor
layer 31.

[0031] Subsequently, the auxiliary capacitance element 23
is explained. As shown in FIG. 3, FIG. 4, and FIG. 6, the
auxiliary capacitance line “cs” and an auxiliary capacitance
electrode 41 form an auxiliary capacitance element 23. The
auxiliary capacitance line “cs” made of aluminum, for
example, as an electric conductive material is formed on the
gate insulating film 32 arranged on the glass substrate 4a. The
interlayer insulating film 35 is formed on the gate insulating
film 32 and the auxiliary capacitance line “cs”.

[0032] In the auxiliary capacitance element 23, the auxil-
iary capacitance electrode 41 which overlaps with the auxil-
iary capacitance lines “cs” and a connection wiring 44 con-
nected with the auxiliary capacitance electrode 41 are formed
on the interlayer insulating film 35. The connection wiring 44
connects the auxiliary capacitance element 23 with the pixel
electrode 21.

[0033] The above-mentioned auxiliary capacitance elec-
trode 41, connection wirings 44, contact wirings 38, and
signal lines 16 are formed with the same electric conductive
material. The auxiliary capacitance electrodes 41, the con-
nection wirings 44, and the contact wirings 38 are integrally
formed.

[0034] AsshowninFIG.5andFIG. 6, aplurality of colored
layers 51 colored with red, green and blue colors are formed
onthe glass substrate 4q in which the TFT 22 and the auxiliary
capacitance element 23 are formed. The plurality of pixel
electrodes 21 are formed on the colored layer 51 so as to
overlap with the peripheral of the adjacent signal lines 16 and
the adjacent auxiliary capacitance lines “cs”. A first align-
ment film 52 is formed on the colored layer 51 and the pixel
electrode 21 forming the array substrate 1.

[0035] As shown in FIG. 1, FIG. 2, FIG. 5, and FIG. 6, the
counter substrate 2 includes a glass substrate 45 as a trans-
parent insulating substrate, for example. A counter electrode
61 and an alignment film 62 are formed in order on the glass
substrate 45, and constitute the counter substrate 2.

[0036] As shown in FIG. 2, the gap between the array
substrate 1 and the counter substrate 2 is held by a pillar-
shaped spacer 5, for example. The array substrate 1 and the
counter substrate 2 are attached by a seal material 6 arranged
at the peripheral portions of both substrates.

[0037] As shown in FIG. 2, FIG. 5, and FIG. 6, the first
optical element 7 is arranged at the external surface of the
glass substrate 4a. In this embodiment, the first optical ele-
ment 7 is formed with a polarizing plate. The second optical
element 8 is arranged at the external surface of the glass
substrate 4b. In this embodiment, similarly, the second optical
element 8 is formed with a polarizing plate. The external
surface of the second optical element 8 is a display surface.
[0038] The back light unit 9 is arranged at the external
surface side of the first optical element 7. The back light unit
9 includes a light guide plate 9a arranged opposing the array
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substrate 1, and a light source 96 and a light reflector 9¢
arranged opposing a side edge of the light guide plate 9a. The
liquid crystal display device is formed as mentioned-above.
[0039] Next, the OLB pads pG, the switch circuit 13, the
signal line driver circuit 90, the first driver circuit 11, the
second driver circuit 12, a timing control circuit 70, and a
buffer 80 are explained. The circuits are arranged in the out-
side of the display region RA. The pads pG, the switch circuit
13, the first driver circuit 11, the second driver circuit 12, the
timing control circuit 70, the buffer 80, etc, can be simulta-
neously formed with the pixel 18 using the same material. The
TFT 22, the first driver circuit 11, the second driver circuit 12,
the timing control circuit 70, the buffer 80, and the switch 13
are formed of poly-silicon.

[0040] As shown in FIG. 3, the OLB pads pG are formed
with a plurality of pads arranged at the periphery of the array
substrate 1 (glass substrate 4a) in the second direction X. A
counter electrode 61 is electrically connected with one of the
pad, and a predetermined voltage is impressed to the counter
electrode 61 through the pad.

[0041] As shown in FIG. 1, FIG. 3, and FIG. 7, the switch
circuit 13 includes a plurality of switch element groups 55,
and each switch element group S5 has a plurality of switch
elements 56, respectively. In this embodiment, the switch
element group 55 has three switch elements 56, respectively.
The switch circuit 13 is a ¥ multiplexer circuit. The switch
element 56 is formed of the TFT, for example, and is formed
like the above-mentioned TFT 22 as the switch element 56.
[0042] Theswitch circuit 13 is connected with a plurality of
signal lines 16. Moreover, the switch circuit 13 is connected
to the signal line driver circuit 90 through connection wirings
57. Here, the number of the connection wirings 57 is ¥4 of the
number of the signal lines 16.

[0043] Switch elements (analog switch) 56 are switched
between an ON state and an OFF state by control signals
ASW1, ASW2, and ASW3 so that a time sharing drive of
three signal lines 16 per one output (connection wiring 57) of
the signal line driver circuit 90 is carried out. The control
signals ASW1-ASW3 are supplied from the control portion
100 to the respective switch elements 56 through a plurality of
pads which are not illustrated and a plurality of control wir-
ings 58 connected with the pads. The control portion 100
supplies predetermined pixel signals into the pixels 18
arranged in a line in the second direction X by supplying the
control signals ASW1-ASW3 (ON signal) to the switch ele-
ments 56 during one horizontal scanning (1 H) period.
[0044] The signal line driver circuit 90 is formed of ICs
(integrated circuit), and is mounted on the glass substrate 4a
(COG mounting). The signal line driver circuit 90 is indi-
rectly connected to the plurality of signal lines 16 as
explained-above. The signal line driver circuit 90 is con-
nected also to the plurality of pads. The signal line driver
circuit 90 transmits the image signal supplied through the
plurality of pads to the switch circuit 13.

[0045] As shown in FIG. 3, the first driver circuit 11 and the
second driver circuit 12 are arranged interposing the plurality
ofpixel electrodes 21 therebetween in the second direction X.
As shown in FIG. 3 and FIG. 8, the first driver circuit 11
includes a sequential circuit 71 as a first sequential circuit, a
plurality of auxiliary capacitance power supply selection cir-
cuits 75, and a plurality of buffers 73. The sequential circuit
71 includes a plurality of shift registers 72 of the same number
as odd scanning lines “s” (s1, 83, - - - sn—1). The buffers 73 are
connected to the corresponding shift register 72. The buffers
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73 are connected to a plurality of odd scanning lines “s”.
Accordingly, the first driver circuit 11 can supply scanning
signals G (G1, G3, - - - Gn-1) in order to the plurality of odd
scanning lines “s” through the buffer 73.

[0046] A first auxiliary capacitance voltage supply line w3
and a second auxiliary capacitance voltage supply line w4
extend in the inside of the first driver circuit 11, and form the
first driver circuit 11. The first auxiliary capacitance voltage
supply line w3 and the second auxiliary capacitance voltage
supply line w4 extend to outside of the first driver circuit 11,
and are connected to the pads p3 and p4, respectively. A first
auxiliary capacitance voltage Vesl is supplied to the first
auxiliary capacitance voltage supply line w3 through the pad
p3. A second auxiliary capacitance voltage Vcs2 is supplied
to the second auxiliary capacitance voltage supply line w4
through the pad p4. The second auxiliary capacitance voltage
Ves2 differs from the first auxiliary capacitance voltage Ves1
in potential.

[0047] An auxiliary capacitance power supply selection
circuit 75 is formed corresponding to an odd auxiliary capaci-
tance line (csl, cs3, - - - csn—1). The auxiliary capacitance
power supply selection circuit 75 includes an NMOS transis-
tors SW1 as a switching element which selects whether the
auxiliary capacitance power supply selection circuit 75 sup-
plies the first auxiliary capacitance voltage Vesl, and a
PMOS transistor SW2 as a switching element which selects
whether the second auxiliary capacitance voltage Vcs2
(>Vesl) is supplied to the odd auxiliary capacitance lines
“cs”. The ON/OFF of the NMOS transistor SW1 and the
PMOS transistor SW2 is switched based on a polarity-rever-
sal control signal from the shift register 72.

[0048] The auxiliary capacitance power supply selection
circuits 75 are connected to the plurality of odd auxiliary
capacitance lines “cs”, respectively. The first driver circuit 11
supplies the first auxiliary capacitance voltage Vsl and the
second auxiliary capacitance voltage Vcs2 by turns for every
fixed cycle to the plurality of odd auxiliary capacitance lines
“cs”. In this embodiment, the above-mentioned fixed cycle is
one frame period.

[0049] As shown in FIG. 3 and FIG. 9, the second driver
circuit 12 includes a sequential circuit 81 as a second sequen-
tial circuit, a plurality of auxiliary capacitance power supply
selection circuits 85, and a plurality of buffers 83. The
sequential circuit 81 includes a plurality of shift registers 82
of'the same number as the plurality of even scanning lines “s”
(s2, 54, - - - sn). The buffer 83 is connected to the correspond-
ing shift register 82. The buffers 83 are connected to the
plurality of even scanning lines “s”. Accordingly, the second
driver circuit 12 can supply the scanning signals G (G2, G4,

- - - Gn) in order to the plurality of even scanning lines “‘s
through the buffer 83.

[0050] A first auxiliary capacitance voltage supply line w5
and a second auxiliary capacitance voltage supply line w6
extend in the inside of the second driver circuit 12 constituting
the second driver circuit 12. The first and second auxiliary
capacitance voltage supply lines w5 and w6 extend to the
outside of the second driver circuit 12, and are connected to
the pads p5 and p6, respectively. The first auxiliary capaci-
tance voltage Vesl is supplied to the first auxiliary capaci-
tance voltage supply line w5 through the pad p5. The second
auxiliary capacitance voltage Ves2 is supplied to the second
auxiliary capacitance voltage supply line w6 through the pad

p6.
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[0051] Auxiliary capacitance power supply selection cir-
cuits 85 are formed corresponding to the plurality of even
auxiliary capacitance lines “cs” (cs2,cs4, - - - csn). An NMOS
transistor SW1 as a switching element which selects whether
the auxiliary capacitance power supply selection circuit 85
supplies the first auxiliary capacitance voltage Vcsl, and a
PMOS transistor SW2 as a switching element which selects
whether the second auxiliary capacitance voltage Vcs2
(>Vecsl) is supplied to the even auxiliary capacitance lines
“cs”. The ON/OFF of the NMOS transistor SW1 and the
PMOS transistor SW2 is switched based on a polarity-rever-
sal control signal from the shift register 82.

[0052] The auxiliary capacitance power supply selection
circuit 85 is connected to the plurality of even auxiliary
capacitance lines “cs”, respectively. The second driver circuit
12 supplies the first auxiliary capacitance voltage Vcs1 and
the second auxiliary capacitance voltage Vcs2 to the plurality
of even auxiliary capacitance lines “cs” in order by turns for
every fixed cycle.

[0053] As shown in FIG. 3, FIG. 8, and FIG. 9, the timing
control circuit 70 is connected to the pads p1 and p2 through
the wirings w 1 and w2. A first control signal C1 is supplied
to the timing control circuit 70 through the pad p1 and the
wiring w1 from the control portion 100. Moreover, a second
control signal C2 is supplied to the timing control circuit 70
through the pad p2 and the wiring w2 from the control portion
100.

[0054] The timing control circuit 70 and the buffer 80 are
connected by a wiring w7. The buffer 80 and the first driver
circuit 11 are connected by a wiring w8. The buffer 80 and the
second driver circuit 12 are connected by a wiring w9.
[0055] The timing control circuit 70 is formed by combin-
ing a divider circuit and a shift register having two stages. The
timing control circuit 70 generates a first synchronization
signal CLK1 and a second synchronization signal CLK2 in
which the respective phases differ each other, by supplying
the first control signal C1 and the second control signal C2.
The timing control circuit 70 supplies the first synchroniza-
tion signal CLK1 to the first driver circuit 11 through the
buffer 80, and similarly supplies the second synchronization
signal CLK2 to the second driver circuit 12 through the buffer
80.

[0056] Accordingly, when the first synchronization signal
CLK1 and the second synchronization signal CLK2 are sup-
plied from the timing control circuit 70 to the first driver
circuit 11 and the second driver circuit 12, the first driver
circuit 11 and the second driver circuit 12 can supply the
scanning signals G in order to the plurality of scanning lines
“s” for every line. Moreover, in this case, the first driver
circuit 11 and the second driver circuit 12 can supply the first
auxiliary capacitance voltage Vcsl and the second auxiliary
capacitance voltage Ves2 to the plurality of auxiliary capaci-
tance lines “cs” by turns for every fixed cycle.

[0057] Next, an operation of the first driver circuit 11 and
the second driver circuit 12 is explained in detail when the
first synchronization signal CLK1 and the second synchroni-
zation signal CLK2 are supplied to the first driver circuit 11
and the second driver circuit 12 from the timing control cir-
cuit 70.

[0058] When the first control signal C1 and the second
control signal C2 are supplied to the timing control circuit 70
as shown in FIG. 3, FIG. 8, FIG. 9, and FIG. 10, the timing
control circuit 70 supplies the generated first synchronization
signal CLK1 and second synchronization signal CLK2 to the
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first driver circuit 11 and the second driver circuit 12, respec-
tively. The second synchronization signal CLK2 is shifted
from the first synchronization signal CLK1 by one horizontal
scanning period (1 H).

[0059] In the first one-frame period, during the first hori-
zontal scanning period, the first driver circuit 11 supplies a
first scanning signal G1 to the scanning line “s1”, and thereby,
apixel signal is written into the pixel electrode 21 of the pixel
18 of the first line by switching the TFT 22 of the pixel 18 to
ON state. Furthermore, the first auxiliary capacitance voltage
Vesl held in the first auxiliary capacitance line Csl is
switched to the second auxiliary capacitance voltage Vcs2
after the pixel signal is written into the pixel 18.

[0060] Subsequently, during a next horizontal scanning
period, the second driver circuit 12 supplies a scanning signal
G2 to the scanning line s2, thereby, a pixel signal is written
into the pixel electrode 21 of the pixel 18 in the second line by
switching the TFT 22 to ON state. Further, the potential ofthe
second auxiliary capacitance line Cs2 holding the capaci-
tance voltage Vsl is switched to the second auxiliary capaci-
tance voltage Vcs2 after the pixel signal is written into the
pixel 18.

[0061] After that, similarly, the scanning signals G3 to Gn
are respectively supplied in order to the scanning lines “s3” to
“sn” for every 1 horizontal scanning period, and first auxiliary
capacitance voltage Vesl is supplied in order to the auxiliary
capacitance lines cs3 to “can”. In addition, in the above one-
frame period, the shift registers 72 and 82 switch the NMOS
transistor SW1 to the ON state, and the PMOS transistor SW2
to the OFF state.

[0062] In the next one-frame period, during the first hori-
zontal scanning period, the first driver circuit 11 supplies a
first scanning signal G1 to the scanning line “s1”, and thereby,
apixel signal is written into the pixel electrode 21 of the pixel
18 of the first line by switching the TFT 22 of the pixel 18 to
ON state. Furthermore, the potential of the first auxiliary
capacitance line Cs1 holding the second auxiliary capaci-
tance voltage Vces2 is switched to the first auxiliary capaci-
tance voltage Vsl after the pixel signal is written into the
pixel 18.

[0063] Subsequently, during a next horizontal scanning
period, the second driver circuit 12 supplies a scanning signal
G2 to the scanning line “s2”, thereby, a pixel signal is written
into the pixel electrode 21 of the pixel 18 in the second line by
switching the TFT 22 to ON state. Further, the potential ofthe
second auxiliary capacitance line Cs2 holding the capaci-
tance voltage Ves2 is switched to the first auxiliary capaci-
tance voltage Vcesl after the pixel signal is written into the
pixel 18.

[0064] After that, similarly, the scanning signal G3 to Gn
are respectively supplied in order to the scanning lines “s3” to
“sn” for every 1 horizontal scanning period, and the second
auxiliary capacitance voltage Ves2 is supplied in order to the
auxiliary capacitance lines ¢s3 to “csn”. In addition, in the
above-mentioned one-frame period, the shift registers 72 and
82 switch the NMOS transistor SW1 to the OFF state, and the
PMOS transistor SW2 to the ON state. As mentioned-above,
a capacitance coupling drive is performed by switching the
voltage supplied to the auxiliary capacitance line “cs” for
every one frame period.

[0065] Here, the inventor investigated the lay-out width of
the driver circuit with reference to the pixel pitch. FIG. 11 is
a graph showing a change of the lay-out width in the second
direction X of the driver circuit with reference to the pixel
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pitch. In addition, the investigation is carried out to compare
between the liquid crystal display devices of this embodiment
and the comparative example.

[0066] The driver circuit of the liquid crystal display device
according to the comparative example is arranged at only
either one of the right and left sides of the display region,
while being divided in this embodiment. In addition, the
liquid crystal display device of the comparative example is
formed like the liquid crystal display device according to this
embodiment in other points than the above. The lay-out width
was evaluated by making the lay-out width in the liquid
crystal display device of the comparative example as a refer-
ence value 1.0 in case the pixel pitch in the first directionY is
120 pum.

[0067] According to the result of the evaluation, in the
comparative example, the lay-out width of the driver circuit
with reference to the pixel pitch relatively spread more in a
range in which the pixel pitch becomes 90 um or less, and it
turns out that a narrow frame cannot be attained if the pixel
pitch is designed narrower than the value (90 um). On the
other hand, in the liquid crystal display device according to
this embodiment, even if the pixel pitch is 90 pm or less, the
relative value of the lay-out width of the driver circuit is 1.0,
and it turns out that the narrow frame can be obtained.
[0068] According to the liquid crystal display device con-
stituted as mentioned-above, the liquid crystal display device
includes the array substrate 1, the counter substrate 2, and the
liquid crystal layer 3. The array substrate 1 includes the plu-
rality of signal lines 16, scanning lines “s”, TFTs 22, pixel
electrodes 21, the first driver circuit 11, the second driver
circuit 12, and the timing control circuit 70 which are formed
on the glass substrate 4a, respectively. The first driver circuit
11 connected to the plurality of odd scanning lines “s”
includes the sequential circuit 71, and supplies the scanning
signals G in order to the odd scanning lines “s”. The second
driver circuit 12 connected to the even scanning lines “s”
includes the sequential circuit 81, and supplies the scanning
signals G in order to the even scanning lines “s”.

[0069] The timing control circuit 70 generates the first syn-
chronization signal CLK1 and the second synchronization
signal CLK2 whose phase differs from that of the first syn-
chronization signal CLK1. The generated first synchroniza-
tion signal CLK1 is supplied to the first driver circuit 11, and
the generated second synchronization signal CLK2 is sup-
plied to the second driver circuit 12. The first driver circuit 11
and the second driver circuit 12 supply the scanning signals G
in order to the respective scanning lines “‘s” upon receiving
the first synchronization signal CLK1 and the second syn-
chronization signal CLK?2 from the timing control circuit 70.
[0070] When arranging the driver circuit only at the left-
hand side or the right-hand side of the display region, it is
necessary to arrange a peripheral circuit in a region corre-
sponding to one pixel pitch. However, it becomes possible to
arrange the peripheral circuit in the region corresponding two
pixel pitches by dividing the driver circuit into two driver
circuits, i.e., the first driver circuit 11 and the second driver
circuit 12. Thereby, the narrow frame can be obtained. More-
over, the circuit width can be reduced by 20% to 25% by
dividing the driver circuit into two driver circuits.

[0071] The first driver circuit 11 and the second driver
circuit 12 are constituted so that the first driver circuit 11 and
the second driver circuit 12 supply the scanning signals G to
the respective scanning line “s” by turns. The first driver
circuit 11 includes the shift registers 72 of the same number as
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the odd scanning lines “s”. Similarly, the second driver circuit
12 includes the shift registers 82 of the same number as the
even scanning lines “s”. Since the increase in number of the
shift registers is suppressed in the first driver circuit 11 and the
second driver circuit 12, the narrow frame can be obtained.

[0072] The first synchronization signal CLK1 and the sec-
ond synchronization signal CLK2 supplied to the first driver
circuit 11 and the second driver circuit 12 can be generated in
the timing control circuit 70 by forming the timing control
circuit 70 on the glass substrate 4a. Since the signal line driver
circuit 90 and the control portion 100 need neither generate
the first synchronization signal CLK1 nor the second syn-
chronization signal CLK2, a newly developed IC may not be
needed. Instead, currently available ICs can be used. Thereby,
the rising in the product price can be suppressed.

[0073] when controlling the auxiliary capacitance lines
“cs” by a capacitive coupling drive, etc. for every line, a cross
talk may be generated in the auxiliary capacitance lines with
increase in the area of the liquid crystal display panel 1. In this
case, a cross talk rate is low at the power supply side of
auxiliary capacitance lines, and tends to become larger with
departing from the power supply side. However, in this
embodiment, the first driver circuit 11 is connected to the
plurality of odd auxiliary capacitance lines “cs”, and the
second driver circuit 12 is connected to the plurality of even
auxiliary capacitance lines “cs”. In the above-mentioned lig-
uid crystal display device, the cross talk rate in the right side
and the left side of the screen is equalized by changing the
supply direction of the auxiliary capacitance voltage to the
auxiliary capacitance lines “cs” for every line, and thereby, an
advantage that the cross talk is hardly sighted is also obtained.

[0074] As mentioned-above, the narrow frame can be
attained, and the liquid crystal display device in which the
increase in the product price can be suppressed is obtained.

[0075] Next, the liquid crystal display device according the
second embodiment is explained in detail. The same mark or
symbol is denoted in the same portion, and the detailed expla-
nation is omitted about the same portion.

[0076] In this embodiment, the display mode of the liquid
crystal display device is an IPS mode as shown in FIG. 12 and
FIG. 13. The first driver circuit 11 and the second driver
circuit 12 double as the scanning line driver circuit and the
common electrode driver circuit. In the display region RA, a
plurality of common wirings cw (cwl, cw2, - - - cwn) and
common electrodes “ce” are formed on the glass substrate 4a.
The common electrode “ce” is formed extending from the
common wiring “cw”.

[0077] The common wiring “cw” and the common elec-
trode “ce” are formed simultaneously on the colored layer 51
using the same material as the pixel electrode 21. The pixel
electrode 21 and the common electrode “ce” are arranged
with an interval therebetween so that electric field is gener-
ated in the second direction X. The pixel electrode 21 is
formed in every one pixel 18 in the shape of a stripe, and
extends in the first direction Y.

[0078] A common wiring “cw” is formed extending along
the short side of the pixel electrode 18 in the second direction
X. Two common electrodes “ce” are formed in every pixel 18.
The common electrodes “ce” arranged in the pixel 18 are
formed extending from one common wiring “cw” in the first
direction Y. The two common electrodes “ce” are arranged
along both long sides of the pixel 18 in the first direction Y
interposing the pixel electrode 21 therebetween.
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[0079] Inthestate wherea voltage is impressed between the
pixel electrode 21 and the common electrode “ce”, the pixel
electrode 21 and the common electrode “ce” generate a lateral
electric field in the second direction X. On the contrast, in the
state where the voltage is not impressed between the pixel
electrode 21 and the common electrode “ce”, the pixel elec-
trode 21 and the common electrode “ce” do not generate the
lateral electric field in the second direction X. In addition, the
liquid crystal display device does not have the counter elec-
trode 61 in this embodiment. Moreover, an auxiliary capaci-
tance is formed between the pixel electrode 21 and the com-
mon electrode “ce” as an auxiliary capacitance element in this
embodiment.

[0080] The first driver circuit 91 and the second driver
circuit 92 are arranged on both long sides of a matrix of the
plurality of pixel electrodes 21. The first driver circuit 91
includes a sequential circuit and a plurality of buffers. The
sequential circuit includes a plurality of shift registers of the
same number as the odd scanning lines “s” (s1, 3, - - - sn—1).
[0081] A first power supply wiring w10 and a second power
supply wiring w11 extend from the first driver circuit 91, and
are connected to the pads p7 and p8 arranged at one side of the
array substrate 1. A high-level voltage VH is supplied to the
first power supply wiring w10 through the pad p7. A low level
voltage VL is supplied to the second power supply wiring
w11 through the pad p8. The voltage VH differs from the
voltage VL in potential.

[0082] The first driver circuit 91 is connected to the plural-
ity of odd scanning lines “s” (s1, s3, - - - sn-1), and the
plurality of odd common wirings cw (cw1, cw3, - - - cwn-1).
The first driver circuit 91 supplies the scanning signals G in
order to the odd scanning lines “s”, and supplies common
voltage to the plurality of odd common wirings “cw”.
[0083] The second driver circuit 92 includes a sequential
circuit and a plurality of buffers. The sequential circuit
includes a plurality of shift registers of the same number as
the even scanning lines “s” (s2, s4, - - - sn).

[0084] A first power supply wiring w12 and a second power
supply wiring w13 extend from the second driver circuit 92,
and are connected to the pads p9 and p10 arranged at one side
of the array substrate 1. The high-level voltage V11 is sup-
plied to the first power supply wiring w12 through the pad p9.
The low-level voltage VL is supplied to the second power
supply wiring w13 through the pad p10.

[0085] The second driver circuit 92 is connected to the
plurality of even scanning lines “s” (s2, s4, - - - sn) and the
plurality of even common wirings “cw” (cw2, cw4, - - - cwn).
The second driver circuit 92 supplies the scanning signals G
in order to the even scanning lines “s”, and supplies common
voltages to the even common wirings “cw”.

[0086] A first common voltage and a second common volt-
age of different potential from that of the first common volt-
age are supplied by turns to the even common wiring and odd
common wiring for every fixed cycle, for example, for one
frame period.

[0087] The timing control circuit 70 supplies the first syn-
chronization signal CLK1 to the first driver circuit 91 through
the buffer 80, and supplies the second synchronization signal
CLK2 to the second driver circuit 92 through the buffer 80.
Accordingly, the first driver circuit 91 and the second driver
circuit 92 can supply the scanning signals G in order to the
scanning lines “s” for every line when the first synchroniza-
tion signal CLK1 and the second synchronization signal
CLK2 are supplied from the timing control circuit 70. More-
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over, in this case, the first driver circuit 91 and the second
driver circuit 92 can supply the first common voltage and the
second common voltage by turns to the common wirings
“cw” for every line.

[0088] According to the liquid crystal display device con-
stituted as mentioned-above, the liquid crystal display device
includes the array substrate 1, the counter substrate 2, and the
liquid crystal layer 3. The array substrate 1 includes the plu-
rality of signal lines 16, scanning lines “s”, TFTs 22, pixel
electrodes 21, the first driver circuit 11, the second driver
circuit 12, and the timing control circuit 70 which are formed
on the glass substrate 4a, respectively. The first driver circuit
91 connected to the plurality of odd scanning lines “s”
includes a sequential circuit, and supplies the scanning sig-
nals G in order to the odd scanning lines “s”. The second
driver circuit 92 connected to the even scanning lines “s”,
includes a sequential circuit, and supplies the scanning sig-
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nals G in order to the even scanning lines “s”.

[0089] The timing control circuit 70 generates the first syn-
chronization signal CLK1 and the second synchronization
signal CLK2 whose phase differs from that of the first syn-
chronization signal CLK1. The generated first synchroniza-
tion signal CLK1 is supplied to the first driver circuit 91, and
the generated second synchronization signal CLK2 is sup-
plied to the second driver circuit 92. The first driver circuit 91
and the second driver circuit 92 supply the scanning signals G
in order to the respective scanning lines “s” upon receiving
the first synchronization signal CLK1 and the second syn-
chronization signal CLK2 from the timing control circuit 70.

[0090] As mentioned-above, the liquid crystal display
device according to this embodiment can achieve the same
effect as the liquid crystal display device according the first
embodiment. Therefore, the narrow frame can be attained,
and the liquid crystal display device which can suppress the
increase in a product price can be obtained.

[0091] For example, the first driver circuit and the second
driver circuit of the embodiments may be constituted so that
the scanning signals are supplied at least to the scanning lines
“s” in order for every line. In addition, the mode of the liquid
crystal display device of the embodiment is not limited to the
mode as mentioned-above, and various modes can be used.
For example, the liquid crystal display device ofthe IPS mode
in the second embodiment can be changed to the liquid crystal
display device using an FF'S mode.

[0092] While certain embodiments have been described,
these embodiments have been presented by way of embodi-
ment only, and are not intended to limit the scope of the
inventions. In practice, the structural elements can be modi-
fied without departing from the spirit of the invention. Various
embodiments can be made by properly combining the struc-
tural elements disclosed in the embodiments. For embodi-
ment, some structural elements may be omitted from all the
structural elements disclosed in the embodiments. Further-
more, the structural elements in different embodiments may
properly be combined. The accompanying claims and their
equivalents are intended to cover such forms or modifications
as would fall with the scope and spirit of the inventions.

What is claimed is:

1. A liquid crystal display device having a plurality of
pixels arranged in a matrix of a first direction and a second
direction crossing with the second direction, comprising:
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an array substrate including;

a plurality of signal lines extending in a first direction,

a plurality of scanning lines having odd scanning lines
and even scanning lines extending in a second direc-
tion,

a switch element provided in each pixel and electrically
connected with the signal line and the scanning line,

a pixel electrode electrically connected with each
switching element,

a first driver circuit and a second driver circuit arranged
interposing the matrix of pixels in the second direc-
tion, and

a timing control circuit electrically connected with the
first and second driver circuits,

a counter substrate arranged opposing the array substrate

with a gap therebetween; and

a liquid crystal layer held between the array substrate and

the counter substrate; wherein

the first driver circuit including a first sequential circuit is

electrically connected with the odd scanning lines, and

supplies scanning signals to the odd scanning lines in
order,

the second driver circuit including a second sequential

circuit is electrically connected with the even scanning

lines, and supplies the scanning signals to the even scan-
ning lines in order,

the timing control circuit generates a first synchronization

signal and a second synchronization signal, and supplies

the first synchronization signal to the first driver circuit
and the second synchronization signal to the second
driver circuit, and

the first and second driver circuits supply the scanning

signals to the scanning lines in order for every line upon

receiving the first synchronization signal and the second
synchronization signal from the timing control circuit.

2. The liquid crystal display device according to claim 1,
further comprising a signal line driving circuit formed of an
integrated circuit, wherein the signal driving circuit is
mounted on the array substrate and electrically connected
with the plurality of signal lines.

3. The liquid crystal display device according to claim 2,
further comprising a switch circuit connected with the signal
line driving circuit, wherein the switch circuit is formed of a
multiplexer circuit.

4. The liquid crystal display device according to claim 1,
wherein the switching elements, the first driver circuit, the
second driver circuit and the timing control circuit are formed
of poly-silicon on the array substrate.

5. The liquid crystal display device according to claim 1,
wherein the first and second driver circuits respectively
include a plurality of buffers connected with the scanning
lines.

6. The liquid crystal display device according to claim 1,
wherein the counter substrate includes a counter electrode for
generating a vertical electric field between the counter elec-
trode and the pixel electrode.

7. The liquid crystal display device according to claim 1,
wherein a pulse phase of the first synchronization signal is
shifted from the second synchronization signal by a predeter-
mined period.

8. The liquid crystal display device according to claim 1,
wherein the first and second driver circuits respectively
include an auxiliary capacitance power selection circuit con-
nected with each shift register.
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9. The liquid crystal display device according to claim 1,
wherein the first driver circuit includes a plurality of shift
registers of the same number of the odd scanning lines, and
the second driver circuit includes a plurality of shift registers
of the same number of the even scanning lines
10. The liquid crystal display device according to claim 1,
further comprising a plurality of auxiliary capacitance lines
formed on the array substrate and extending in the second
direction, and a plurality of auxiliary capacitance electrodes
arranged opposing the auxiliary capacitance lines through an
insulating layer and electrically connected with the pixel
electrode for forming a plurality of auxiliary capacitance
elements therebetween, wherein,
the first driver circuit is connected with a plurality of odd
auxiliary capacitance lines and supplies a first auxiliary
capacitance voltage and a second auxiliary capacitance
voltage different from the first voltage to the odd auxil-
iary capacitance lines by turns for every cycle period,

the second driver circuit is connected with a plurality of
even auxiliary capacitance lines and supplies a first aux-
iliary capacitance voltage and a second auxiliary capaci-
tance voltage to the even auxiliary capacitance lines by
turns for every cycle period, and

the first and second driver circuits supply a first auxiliary

capacitance voltage and a second auxiliary capacitance
voltage to the auxiliary capacitance lines upon receiving
the first synchronization signal and the second synchro-
nization signal from the timing control circuit by turns
for every line.

11. The liquid crystal display device according to claim 10,
wherein the first and second driver circuits supply the firstand
second auxiliary capacitance voltages to the auxiliary capaci-
tance lines by turns for every one frame period.

12. The liquid crystal display device according to claim 1,
wherein the array substrate further comprises a plurality of
common wirings having odd common wirings and even com-
mon wirings, and extending in the second direction for gen-
erating a lateral electric field with the pixel electrodes, and

the first driver circuit is electrically connected with the odd

common wirings, and supplies a common voltage to the
odd common wirings,

the second driver circuit is electrically connected with the

even common wirings, and supplies the common volt-
age to the even common wirings, and

the first and second driver circuits supply the common

voltages to the common wirings upon receiving the first
synchronization signal and the second synchronization
signal from the timing control circuit by turns for every
line.

13. The liquid crystal display device according to claim 12,
wherein the pixel is formed of a rectangular shape, and a pair
of common electrodes are arranged extending from the com-
mon wiring arranged along a short side of the pixel in the first
direction.

14. The liquid crystal display device according to claim 13,
wherein the liquid crystal display device is driven by a lateral
electric field.

15. The liquid crystal display device according to claim 14,
wherein the liquid crystal display device is driven by an IPS
mode or an FFS mode.

16. A liquid crystal display device having a plurality of
pixels arranged in a matrix of a first direction and a second
direction crossing with the second direction, comprising:
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an array substrate including;

a plurality of signal lines extending in a first direction,

a plurality of scanning lines having odd scanning lines
and even scanning lines extending in the second direc-
tion,

a plurality of auxiliary capacitance lines having odd
auxiliary capacitance lines and even auxiliary capaci-
tance lines, and extending in the second direction,

a switch element provided in each pixel and electrically
connected with the signal line and the scanning line,

a pixel electrode electrically connected with each
switching element,

a first driver circuit and a second driver circuit arranged
interposing the matrix of pixels in the second direc-
tion, and

a timing control circuit electrically connected with the
first and second driver circuits,

a counter substrate arranged opposing the array substrate
with a gap therebetween; and

a liquid crystal layer held between the array substrate and
the counter substrate; wherein

the first driver circuit including a first sequential circuit is
electrically connected with the odd scanning lines and
the odd auxiliary capacitance lines, and supplies scan-
ning signals to the odd scanning lines, and further, the
first driver circuit supplies first and second auxiliary
capacitance voltages to the odd auxiliary capacitance
lines, respectively, by turns for every cycle period,

the second driver circuit including a second sequential
circuit is electrically connected with the even signal
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lines and the even auxiliary capacitance lines, and sup-
plies scanning signals to the even signal lines, and fur-
ther, the second driver circuit supplies the first and sec-
ond auxiliary capacitance voltages to the odd auxiliary
capacitance lines, respectively, by turns for every cycle
period,

the timing control circuit generates a first synchronization

signal and a second synchronization signal, and supplies
the first synchronization signal to the first driver circuit
and the second synchronization signal to the second
driver circuit, and

the first and second driver circuits supply the scanning

signals and the auxiliary capacitance voltages to the
scanning lines and the auxiliary capacitance lines upon
receiving the first synchronization signal and the second
synchronization signal from the timing control circuit.

17. The liquid crystal display device according to claim 16,
wherein the switching element, the first driver circuit, the
second driver circuit, and the timing control circuit are
formed of poly-silicon on the array substrate.

18. The liquid crystal display device according to claim 16,
wherein the counter substrate includes a counter electrode for
generating a vertical electric field between the counter elec-
trode and the pixel electrode.

19. The liquid crystal display device according to claim 16,
wherein the first driver circuit includes a plurality of shift
registers of the same number of the odd scanning lines, and
the second driver circuit includes a plurality of shift registers
of the same number of the even scanning lines.
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