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the drive section and others of main switch sections at another
electrode.

25 Claims, 11 Drawing Sheets

50

N

n,




US 7,505,021 B2

Sheet 1 of 11

Mar. 17,2009

U.S. Patent

PRIOR ART

Fig. 1

196

T 1

(|

r N
( l I
. VIS ! = 2
1 |
] 11 [}
=N ,",._. L L_r._. .
i~ T - ifi====>=- [ 1=
| |1 T L
w i _ Y
AN AL LU 1
RS | i " o
1 1 1 =
>
- N il_u__ ] iﬂ ] Y
.nV_.A “ IIIIIII " [ “ P"._
|
| 111 | ™
D
o +_ I._ ! =
=AAE n ............
v “ I " I-M.."—
| t
| 1 | o~
s il A | =
— e — = | f%"_
~ = | e
u”/\, o
= H i 2
NN FLST, (| S _M.u_
~ =
— —_— —| | mf <] vl ©
+ | | Al o] A LA
g S

103
/

12)4

np 1 1
np 1 1

102

10— —1

107—
1011



U.S. Patent Mar. 17,2009  Sheet 2 of 11 US 7,505,021 B2

Fig.2 PRIOR ART

PICTURE SIGNAL
VOLTAGE AMPLITUDE
1 WHITE
A
-~
(7p]
o
=
=
S GRAY
&
Y
0 BLACK
0 VO

APPLIED VOLTAGE V



US 7,505,021 B2

Sheet 3 of 11

Mar. 17,2009

U.S. Patent

Fig.3 PRIOR ART

s~ EF— 3 3
/////// 2N 8
/////////z// 2
%,/// : ,/ 2
/////////a E 3
n_ wwmz.:._c_mm m 9q ad 140 €d ¢d 1d
M OA

—_ o 91 61 &, €2 23 11 01
T SSANLHY 1 MG WL Q3SdY 13-

—— > APPLIED VOLTAGE



US 7,505,021 B2

Sheet 4 of 11

Mar. 17,2009

U.S. Patent

Fig. 4

4




US 7,505,021 B2

Sheet 5 of 11

Mar. 17,2009

U.S. Patent

0L WY3L 3NIT 31V |

S1

90 (b)

50 (9)
va (0)
ea (W
¢a (w)
ia

9N ()

6N (D

N (D

——\
{_('wy »

G

-

A G

IN &)

13 NI (o

EILL)

430-2€S

3340-GES

330-V€S

3J0-€€S

440-1€8

9ES~ (p)

m[330-9€s

LES

uo-|1s

uo-G|S

uo-y18

uo-£18

uo-118

U0-773!

Uo—|zs!

U0-9zs!

U0-Gzs |

Uo—p7s |

Uo—g7s !

uo—¢s

J10HM

) EUNEDFD NN\ GIADEED

(z'wp X

'wy X

(1L wg X

Qwo X

(L wy

G 514




U.S. Patent Mar. 17,2009  Sheet 6 of 11 US 7,505,021 B2

‘] LTATETTRRIIIIIIcescazacee-- WH | TE
- A
o
i
=
A I VU P10, S N S N GRAY
&
G1 | B1 | R2 [ G2 | B2
. \j
i ' 0 BLACK
o il APPLIED VOLTAGE V (1) DT D2 D3 D4 D5 D6 (o)
= o—4
) ©
& =
&+
— w
| a
b=
2
]
2
D
a
=
gl ® (a)

>
— - APPLIED VOLTAGE



US 7,505,021 B2

Sheet 7 of 11

Mar. 17,2009

U.S. Patent

o~
e by
r — — N
B~ |~ - N
| T
- —— === fi======= I S8 \ ==
] L1
L T =
= |
_ T A Al
_Pwﬂ_ 2 [«©
. 2|8
=~ [ L4
| %1 mn =
SY 2 3% =)
2 < |< < |t
L (=] -— _-—
~ b {d
p. [ = ] fe=—] o
L = e | |
~ L4 e ]
P. | = ] (e b=
82| ™ 2% = - -
- NMMM ] b= |=
o .
_w. _||dl a2 B e B
AN, ~ | ] < <
MN
- X A
P o =
2SS = —od
=
—| o] | = 1| © | & o] | in| © ] | ﬁﬂ
| ] A | Al » w| ) Al ol | &b o~ O r~

Vel



US 7,505,021 B2

Sheet § of 11

Mar. 17,2009

:

Tt

A

o} 111 14

f 11118

91—
r— 1
| —_ T
7 7

_IM. lllll | _Ilh ||||| I - WO\OM WO\O
e el
TS TSI g T =
A R 1R P
S SN E L T
A 151 M
| D IS R T
= Lﬁi o Nig
= TSN e LN
L MR AN
> [ D N LY i
il i.----L" Mbm S |
¢ | e e M
<~ 1\
\

1

U.S. Patent



0l W¥3L INIT 3LYD |
5]

US 7,505,021 B2

Sheet 9 of 11

Mar. 17,2009

U.S. Patent

(L 1+ y

ceepemmmmeeecaa-

("

&)

(1 'wy

smepememetateee-

(N
(M
(w

eedaabaaoo..

(@'1-wmg

uo-1¢s

uo-£¢s

710 928 (o)

—_—————=

e e Bt

i0uu 22918y 7s

Uo—¢i|§|  Uo-LI§

X (L y

uo-g1s

(Q)

c
iy
N
—
w

(wa X

o ST

R

Tio}

T3
(' 1-wg (@)
WNDIS 3WNL0Id



U.S. Patent Mar. 17,2009  Sheet 10 of 11 US 7,505,021 B2

B 77 _-__//WHLTE
i
5 sl oA/ GRAY
% MmN
'R14 61 [BI1R2 62 B2
¥ - o% i %BJCK
o gAPPLIED VOLTAGE V () DI D2 D3 DA DS Ds(c)
? =

t4

<t
[an]

t3

(2]
(=]

t2

[}
[an)

t1

-—
[}

(a)

to
0

>
— > APPLIED VOLTAGE



US 7,505,021 B2

Sheet 11 of 11

Mar. 17,2009

U.S. Patent

/

|11
|E— 61
IC

IL

66

=16
I

1

=15
|P— 65

IC
10-
1

|e— 74

13

L

np + 19
p 111 ¢4

F—12

IL

gm+1
gm

|11
|E—61

S1

S2
83
54
S5
S6

ST
4
S5’
S6'
2
6—

L




US 7,505,021 B2

1

CAPACITIVE LOAD DRIVING CIRCUIT AND
DISPLAY PANEL DRIVING CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a capacitive load driving
circuit and a display panel driving circuit. More particularly,
the present invention relates to the capacitive load driving
circuit and the display panel driving circuit which can
improve a display performance.

2. Description of the Related Art

A flat-panel display has been widely known, which can be
able to downsize its thickness and weight. The flat-panel
display is an indispensable display apparatus for our modern
life. Especially, a liquid crystal display (LCD) has been
greatly improved in a picture quality, a high resolution and
cost-performance because of aresult of competitive efforts by
enterprises. Generally, the liquid crystal display apparatus is
mainly composed of a liquid crystal display panel and a driver
IC. Tt is highly desired to increase the number of display
pixels in recent years. Therefore, it is necessary to increase
the number of outputs for the driver IC. Responding to this,
the downsizing of the chip may be achieved by refining the
driver IC design rule. However, a simply downsizing of the
chip causes the connection pitch between the driver IC and
the display panel to be narrow. This may possibly lead to
decrease of the manufacturing yield. Additionally, because
drive voltage depends on the property ofthe liquid crystalline
in the display panel, it is hard to lower the voltage consider-
ably to a large degree. Therefore, it is difficult for the output
circuit having a large area in the driver IC to adopt the refined
design rule as a low-voltage circuit. This means that the
downsizing of the chip in the driver IC is impossible and the
cost for the driver IC in entire liquid crystal display can not be
lowered. This is why the another approach is necessary for the
downsizing of the chip.

Japanese Laid Open Patent Application (JP-A-Heisei
4-52684 discloses a technique of a driving method of the
Liquid crystal panel to reduce the chip size of the driver IC. In
the conventional method, source lines are extended to the Y
direction in the liquid crystal panel of an active matrix type.
The source lines are arranged in the X direction to be driven
by adriver IC. The driver IC has a plurality of data lines, and
each of first switching elements is provided in each of the data
lines. In addition, each of second switching elements is pro-
vided in each source line of the above-mentioned liquid crys-
tal display panel. The outputs of the above-mentioned driver
1C connect the plurality of the source lines, which correspond
to the data lines, of the liquid crystal display panel. Then, each
of the first switching elements of the driver IC is sequentially
switched on and off synchronizing with each of the second
switching elements of the liquid crystal display panel. Then,
the source data from the data line is time-shared to be supplied
to the source line corresponding to the above-mentioned data
line from the one output of the driver IC. Such configuration
of the circuit in the liquid crystal display panel contributes to
reduce the circuit scale of the driver IC.

FIG. 1 is a circuit diagram showing a configuration of a
driving circuit of the conventional display panel in which the
technique in JP-A-Heisei 4-52684 is applied. A driving cir-
cuitofthe display panel includes a liquid crystal display panel
104 and a driver IC 101. A plurality of data lines 121 and a
plurality of gate lines 122 are formed on the liquid crystal
display panel 104. Pixels 110 are connected to parts of rect-
angular grids by these lines. The pixel 110 includes a pixel
switch 112 and a liquid crystal cell 111. Six data lines D1 to
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D6 configure a data line array. One end of each switch ele-
ment connects with a drive-side end of each data line. The
other ends of the switches are commonly connected with each
other and connected with an output circuit 102 of the driver IC
101.

The driver IC 101 includes at least a data register 107, a
latch 106, and an output circuit 102. The data register 107
sequentially stores digital picture signals of n bits inputted
from an outside. When the data register 107 stores digital
picture signals for one gate line, then transmits those signals
to the latch 106. The latch 106 outputs the stored digital
picture signals to the output circuit 102 sequentially. For
instance, digital picture signals R1, G1, B1,R2, G2, and B2 of
n bits from an outside are stored in the data register 107
sequentially. These signals are transmitted to the latch 106 at
the same time. Then, the picture signals R1 G1, B1, R2, G2,
and B2 stored in latch 106 are outputted in this order. The
output circuit 102 converts the input digital picture signal into
analog picture signals, and drives data lines D1 to D6. At this
time, the switching elements are selected and turned on in
order 0f191, 192, 193, 194, 195 and 196 synchronizing with
the output timing of the latch 106. The picture signal R1, G1,
B1, R2, G2, and B2 are written in the data lines D1 to D6
respectively. The adjoining data line array is also driven in
parallel in the similar timing.

The liquid crystal display panel 104 and the pixel 110 are
considered as a capacitive load in the light of the driver IC
101. Therefore, the electric charge of the picture signal (here-
inafter referred to as the picture signal charge) is stored in
each data line by the above-mentioned serial operation. Due
to a scanning selection of gate lines 121, the pixel transistor
112 becomes ON state and the picture signal charge is trans-
mitted to the liquid crystal cell 111 respectively, then pixel
transistor 112 becomes OFF state after all writing operation
in the data lines is completed. As a result, the writing opera-
tion of the picture signal in the liquid crystal cell 111 for one
gate line is completed.

Due to the above-mentioned configuration, the output cir-
cuit 102 can be shared in six data lines. Therefore, it is
possible to reduce the scale of the output circuit to one-sixth
(V6) of ausual configuration in this example. As aresult, itcan
be possible to downsize the chip of the driver IC. Moreover,
the circuit scale can be reduced by increasing the number of
the sharing data lines.

In the above conventional technique, brightness uneven-
ness in a vertical direction (hereinafter referred to as a vertical
unevenness ) might be highly visible in a single-color halftone
display and a two-color halftone display. Here, the single-
color halftone display means the display in which brightness
of only one of RGB three primary colors composed of a pixel
is a halfione. The two-color halftone display means the dis-
play in which brightness of two of RGB three primary colors
is ahalftone. The vertical unevenness indicates an unevenness
of dark and light in brightness appearing in the direction
parallel to the gate line.

Unevenness in the display such as the vertical unevenness
occurs by a change of the picture signal voltage maintained in
the data line 121 when the picture signal is the written to the
liquid crystal cell 111. One of the reasons of this voltage
change is that the writing electric charge in the data line 121
is released toward the driver IC 101 due to the leakage current
of the switching elements 191 to 196. It should be noted that
the switching elements 191 to 196 are transistors in general.
The leakage current of the transistor tends to become higher
as the voltage between drain and sources becomes higher.

FIG. 2 is a graph showing a general relation between a
brightness and applied voltage of the liquid crystal display
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cell (in a normally white mode). A vertical axis is brightness
L. The brightness [=1 is white, and [.=0 is a black. A hori-
zontal axis is a voltage V applied to the liquid crystal cell 111.
It is assumed that the voltage change of the picture signal
written in the data line 121 should be stable. The change ratio
(AL2/AV2) of the brightness in the halftone of the gradation
is larger than the change rate (AL1/AV1, AL3/AV3) of the
brightness in other gradation. Therefore, when the voltage of
the picture signal in the halftone of the gradation is applied,
the change of the picture signal voltage leads to remarkable
enlargement of the change of brightness. Therefore, the
unevenness in the display becomes highly visible.

FIG. 3 is graphs showing the change of the brightness of the
driving circuit in the conventional display panel. FIG. 3(a)
shows the drive voltages (the picture signal voltages) and
their voltage changes. Here, the drive voltages (the picture
signal voltages) are respectively applied to the data lines D1
to D6 by the six time-sharing drive. The voltage changes is the
changes of voltage in the data lines when the data lines are in
the non-selection state and maintain the written picture signal
voltage after the driving. A vertical axis indicates elapsed
time, and a horizontal axis indicates the picture signal voltage
(the applied voltage). A line chart is described for each data
line D1 to D6. FIG. 3(4) shows the relation between the
brightness and the applied voltage of the liquid crystal cell. A
vertical axis indicates the brightness L. and a horizontal axis
indicates the voltage of the picture signal (the applied volt-
age). FIG. 3(c¢) shows the change of the brightness of the
liquid crystal cell according to the voltage change of the
maintained picture signal voltage (the applied voltage) in
each data line. A vertical axis indicates the brightness [ and a
horizontal axis indicates the data line. The liquid crystal cell
in this example is operated in normally white mode.

Here, a following operation shown in FIG. 3(a) is assumed
as an example. That is, at t=t0, a picture signal R1 having the
applied voltage V2 of the highest gradation 1s written in the
data line D1. At t=t1, a picture signal G1 having the applied
voltage V1 of halftone is written in the data line D2. At t=t2,
a picture signal B1 having the applied voltage V2 of the
highest gradation is written in the data line D3. Then, at t=t3
to t5, the same signal pattern of the data lines D1 to D3 are
repeated to the data lines D4 to D6 for wiring of the picture
signals.

As shown in FIG. 3(a), ina dataline D2 selection term (that
is, “D2”: t=t1 to t2), the voltage V2 (the applied voltage)
written in the data line D1 becomes in a maintenance state.
However, the voltage of the data line D1 is changed by a
leakage current of a switching element 191, being gradually
pulled to the voltage V1 that is the writing voltage of the data
line D1. In a data line D3 selection term (that is “D3”: t=t2 to
t3), the voltage of the data line D2 is changed by a leakage
current of a switching element 192, being gradually pulled to
the voltage V2 that is the writing voltage to the data line D3.
At this time, the voltage of the data line D1 tries to return the
voltage V2 that is an original writing voltage. However, the
voltage between the drain and source of the switching ele-
ment 191 is smaller than that at the data line D2 selection
term. Therefore, the voltage of the data line D1 does not return
to the voltage V2 enough. Thus, the difference is larger
between the writing voltage of the following data line selec-
tion term (the applied voltage) and the maintenance voltages
that has already been written, the more the voltage change in
the data line grows. Moreover, the voltage change becomes
larger according to the enlargement of the maintenance time.
Here, the maintenance time is the time period after writing in
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the data line to turning off the pixel transistor 112. Therefore,
the change of brightness becomes large according to the
enlargement.

In this way, in the six time-sharing drive of the conven-
tional technique, for instance, in the case that the picture
signal with halftone at the same level V1 in the lines D2 and
D5, the voltage change in the data line D2 becomes larger
than that in the data line D5. Therefore, the brightness of the
liquid crystal cell by the data line D2 is different from that by
the data line D5. Especially, in the case of the halftone, as
shown in FIGS. 3(a) and 3(5), the brightness is greatly dif-
ferent even if the voltage change is slight. Then, as shown in
FIGS. 3(b) and 3(c), the brightness changes AL D2 larger than
the original brightness in the case of the liquid crystal cell of
the data line D2. Also, the brightness changes ALD5 larger
(ALD2>ALDS) than the original brightness in the case of the
liquid crystal cell of the data line D5.

Generally, RGB pixels are arranged in the shape of stripe in
acolor liquid crystal display panel. In this case, the data lines
D2 and D5 execute the displaying of G color. At this time, in
the case of displaying a picture by the combination of the
white level and the halfione level as shown in FIG. 3, the color
is changed in each adjoining RGB pixels. It is obvious that
these changes never occur in the display by the same picture
signal voltage in three colors of RGB. The above-mentioned
change of the maintenance voltage becomes more remarkable
as the number of the time-sharing drive increases in order to
downsizing of the chip in the driver IC. Because the differ-
ence of the maintenance times after the writing in the same
data line array becomes large. Thus, if the brightness uneven-
ness is seen between the data lines, it is recognized as the
vertical unevenness as an entire display. As a result, the pic-
ture quality may acutely decreases.

The technique is desired, which reduces factors of the
decrease of the picture quality and achieves a high-resolution
picture. Also, the technique is desired, which reduces the
brightness unevenness such as the vertical unevenness. Also,
the technique is desired, which reduces the brightness
unevenness between the data lines. Also, the technique is
desired, which maintains the voltage of the picture signal in
the data lines stably. Also, the technique is desired, which
restricts the leakage current in the data lines.

In conjunction with the above-mentioned technique, Japa-
nese Laid Open Patent Application (JP-A 2002-149125) dis-
closes a data line driving circuit of the panel display. The data
line driving circuit of this panel display includes a selection
means, an analog buffer, a distribution means, a pre-charge
means, and a control means. The selection means receives a
plurality of voltages that corresponds respectively to each of
a plurality of data lines in lots of data lines of the panel
display. The analog buffer is commonly provided to a plural-
ity of the data lines that receive the voltage that is selected by
the selection means selectively to output. The distribution
means receives the output from the analog buffer to distribute
it to the one of the plurality of data lines selectively. The
pre-charge means is provided to each of the lots of the data
lines respectively. And the pre-charge means executes a pre-
charge of the corresponding data line on any one of high drive
voltage or low drive voltage according to the at least the first
bit signal of the digital data corresponding to the correspond-
ing data line. The control means controls the selection means,
the distribution means and the pre-charge means. A scanning
line selection term includes a pre-charge term and a plurality
of writing term following. Then, in each scanning lines selec-
tion term, the control means controls the distribution means
so as to separate an output of the analog buffer from all of the
plurality of data line in the pre-charge term. The control
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means operates all the pre-charge means to pre-charge all the
plurality of data lines. In the plurality of writing terms, the
control means lets all of the pre-charge means a non-opera-
tion state. The control means operates the selection means
and the distribution means such that the voltage correspond-
ing to the first data line in the plurality of data lines is supplied
to the analog buffer and the output of the analog buffer is
supplied to the first data line in a first writing term within the
plurality of writing terms. Also, in the second writing term
within the plurality of writing terms, the voltage correspond-
ing to the second data line in the plurality of data lines is
supplied to the analog buffer, and the output of the analog
buffer is supplied to the second data line.

In conjunction with the above-mentioned technique, Japa-
nese Laid Open Patent Application (JP-A-Heisei 11-133462)
discloses a liquid crystal device and an electronic device. In
the liquid crystal device, a liquid crystal is held being sand-
wiched by a couple of substrates. One substrate of the couple
of substrates includes a pixel electrode, a seal material, and a
shading member. The pixel electrodes is formed in matrix.
The seal material surround the liquid crystal sandwiching the
couple of substrates in surroundings of the screen region,
which is defined by the plurality of pixel electrodes on the one
substrate. The shading member is formed on the another
substrate of the couple of substrates along an outline of the
display region between the seal material and the display
region. The peripheral circuit is formed of a thin film transis-
tor. The driver circuit is arranged on the one substrate in the
counter position of the shading member which is formed on
the another substrate.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide a
capacitive load driving circuit and a display panel driving
circuit which reduce factors of the decrease of the picture
quality to achieve a high-resolution picture, in a single-color
halftone display and a two-color halftone display.

Another object of the present invention is to provide a
capacitive load driving circuit and a display panel driving
circuit which reduces the brightness unevenness such as the
vertical unevenness and the brightness unevenness among the
data lines, in a single-color halftone display and a two-color
halftone display.

Still another object of the present invention is to provide a
capacitive load driving circuit and a display panel driving
circuit which maintains the voltage of the picture signal in the
data line stably, in a single-color halftone display and a two-
color halftone display.

Yet still another object of the present invention is to provide
a capacitive load driving circuit and a display panel driving
circuit which restricts the leakage current in the data lines, in
a single-color halftone display and a two-color halftone dis-
play.

This and other objects, features and advantages of the
present invention will be readily ascertained by referring to
the following description and drawings.

In order to achieve an aspect of the present invention, the
present invention provides a display panel driving circuit
including; a plurality of gate lines, a plurality of data lines, a
first selector, a second selector, a plurality of liquid crystal
cells and a drive section. The plurality of gate lines is config-
ured to extend to a first direction. The plurality of data lines is
configured to extend to a second direction different form the
first direction. The first selector is configured to select a
selection gate line from the plurality of gate lines. The second
selector is configured to select a selection data line from the
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plurality of data lines. The plurality of liquid crystal cells is
configured to be placed in positions corresponding to cross-
over points between the plurality of gate lines and the plural-
ity of data lines. The drive section is configured to output
drive signals which drive the plurality of liquid crystal cells
through the second selector based on inputted picture signals.
Each of the plurality of liquid crystal cells includes a transis-
tor and a capacitive element. The transistor is configured to be
connected with associated one of the plurality of gate lines at
a gate electrode, and associated one of the plurality of data
lines at one of other two electrodes. The capacitive element is
configured to be connected with the transistor at another of
other two electrodes. The second selector includes a plurality
of main switch sections and a switch control section. The
switch control section is configured to control switching on
and off of the plurality of main switch sections. Each of the
plurality of main switch sections includes a plurality of
switch elements in series. The each of the plurality of main
switch sections is connected with associated one of the plu-
rality of data lines at one electrode. The each of main switch
sections is connected with an output electrode of the drive
section and others of the plurality of main switch sections at
another electrode.

In the display panel driving circuit, the each of the plurality
of main switch sections may be configured to include a first
switch element and a second switch element connected with
each other in series as the plurality of switch elements. The
second switch element may be connected with associated one
of the plurality of data lines at one electrode as a fourth
electrode. The second switch element may be connected with
the first switch at another electrode as a third electrode. The
first switch element may be connected with the second switch
element at one electrode as a second electrode. The first
switch element may be connected with the output electrode of
the drive section at another electrode as a first electrode.

In the display panel driving circuit, the first selector may
select the selection gate line. The switch control section may
select the selection data line by switching on a selected one, as
a selection main switch section, of the plurality of main
switch sections. The drive section may output the drive signal
through the selection main switch and the selection data line
to selection liquid crystal cell selected by the selection gate
line and the selection data line from the plurality of liquid
crystal cells.

In the display panel driving circuit, the each of the plurality
of main switch sections may be configured to further include
a capacitive element connected with at least one of plurality
of wiring which connects adjacent ones of the plurality of
switch elements.

In the display panel driving circuit, the first selector may
select the selection gate line. The switch control section may
select the selection data line by switching on a selected one, as
a selection main switch section, of the plurality of main
switch sections. The drive section may output the drive signal
through the selection main switch and the selection data line
to selection liquid crystal cell selected by the selection gate
line and the selection data line from the plurality of liquid
crystal cells. The switch control section may switch off pre-
determined one of the plurality of switch elements of the
selection main switch section. The predetermined one may be
placed in the side of the drive section from a position where
the capacitive element is connected. And then the switch
control section may switch off others of the plurality of switch
elements of the selection main switch section.

Inthe display panel driving circuit, the second selector may
be configured to further include a plurality of sub-switch
sections as a switch. A plurality of wiring may connect adja-
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cent ones of plurality of switch elements of each of the plu-
rality of main switch sections. Each of the plurality of sub-
switch sections may be connected with at least one of the
plurality of wiring of corresponding one of the plurality of
main switch sections at one electrode, and a power source at
another electrode.

In the display panel driving circuit, the switch control
section may switch on ones of the plurality of sub-switch
sections in order to apply a predetermined voltage by the
power source to associated one of the plurality of wiring. The
ones of the plurality of sub-switch sections are associated
with ones, which is switched off, of the plurality of main
switch sections.

In the display panel driving circuit, the first selector may
select the selection gate line. The switch control section may
select the selection data line by switching on a selected one, as
a selection main switch section, of the plurality of main
switch sections, and may switch off one, which is associated
with the selection main switch section, of the plurality of
sub-switch section. The drive section may output the drive
signal through the selection main switch and the selection
data line to selection liquid crystal cell selected by the selec-
tion gate line and the selection data line from the plurality of
liquid crystal cells.

In the display panel driving circuit, a voltage which the
power source applying to the plurality of wiring may be
approximately a half of a maximum voltage of the drive
signals.

In the display panel driving circuit, a voltage which the
power source applying to the plurality of wiring may be
around a voltage in which a ratio of a change of transmittance
to a change of an applied voltage to each of the plurality of
liquid crystal cells is maximum.

In the display panel driving circuit, each of the plurality of
switch elements may include a thin film transistor. The thin
film transistor may be formed on a substrate where the plu-
rality of liquid crystal cells are formed.

In order to achieve another aspect of the present invention,
the present invention provides a capacitive load driving cir-
cuit including: a plurality of capacitive loads, a plurality of
main switch sections, a drive section and a switch control
section. The drive section is configured to output drive signals
which drive the plurality of capacitive loads, based on input-
ted signals which control the plurality of capacitive loads. The
switch control section is configured to control switching on
and off of the plurality of main switch sections. Each of the
plurality of main switch sections includes a plurality of
switch elements in series. The each of main switch sections is
provided with associated one of the plurality of capacitive
loads. The each of main switch sections is connected with the
associated one of plurality of capacitive loads at one end
electrode. The each of main switch sections is connected with
an output electrode of the drive section and others of the
plurality of main switch sections at another end electrode.

In the capacitive load driving circuit, the each of main
switch sections may be configured to include a first switch
element and a second switch element connected with each
other in series as the plurality of switch elements. The second
switch element may be connected with associated one of the
plurality of capacitive loads at one electrode as a fourth elec-
trode. The second switch element may be connected with the
first switch at another electrode as a third electrode. The first
switch element may be connected with the second switch
element at one electrode as a second electrode. The first
switch element may be connected with the output electrode of
the drive section at another electrode as a first electrode.
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In the capacitive load driving circuit, the each of main
switch sections may be configured to further include a capaci-
tive element connected with at least one of the second elec-
trode and the third electrode.

In the capacitive load driving circuit, the each of main
switch sections may be configured to further include a sub-
switch section as a switch, connected with at least one of the
second electrode and the third electrode at one electrode, and
a power source at another electrode.

In the capacitive load driving circuit, a voltage which the
power source applies to the each of main switch sections may
be approximately a half of a maximum voltage of the drive
signals.

In order to achieve still another aspect of the present inven-
tion, the present invention provides a display panel driving
method including: (a) providing a display panel driving cir-
cuit; (b) selecting one of the plurality of data lines; (c) apply-
ing a predetermined voltage to selected one of the plurality of
data lines; (d) connecting the selected one of data lines with
associated one of the plurality of liquid crystal cells; (e)
outputting a picture signal to the one of selected data lines
during stopping the step (¢). The display panel driving circuit
includes a plurality of gate lines, a plurality of data lines and
aplurality ofliquid crystal cells. The plurality of gate lines is
configured to extend to a first direction. The plurality of data
lines is configured to extend to a second direction different
form the first direction. The plurality of liquid crystal cells is
configured to be placed in positions corresponding to cross-
over points between the plurality of gate lines and the plural-
ity of data lines.

In the display panel driving method, the display panel
driving circuit may further include a plurality of capacitive
elements, each of which configured to be connected with
associated one of plurality of data lines, in the step (a). The
step (c) may include (c1) applying the predetermined voltage
to the selected one of data lines and the associated one of
plurality of capacitive elements.

In the display panel driving method, the predetermined
voltage may be approximately a half of amaximum voltage of
the drive signal.

In the display panel driving method, the predetermined
voltage may be around a voltage in which a ratio of a change
of transmittance to a change of an applied voltage to each of
the plurality of liquid crystal cells is maximum.

In order to achieve another aspect of the present invention,
the present invention provides a display panel, including: a
plurality of data lines; a terminal which receives an image
signal, and a plurality of switch sections each coupled
between a corresponding one of the data lines and the termi-
nal, the switch section. The switch sections each has a plu-
rality of transistors formed on an insulating substrate. The
plurality of transistors of the switch section is coupled in
series between the corresponding one of the data line and the
terminal.

In the panel, a connection node of the transistors is selec-
tively supplied with a predetermined voltage.

In the panel, the transistor is a thin film transistor (TFT).

In the panel, the transistor is an organic transistor.

In the panel further including an output circuit which out-
puts the image signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing a configuration of a
driving circuit of the conventional display panel;
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FIG. 2 is a graph showing a general relation between a
brightness and applied voltage of the liquid crystal display
cell;

FIG. 3 is graphs showing the change ofthe brightness of the
driving circuit in the conventional display panel,

FIG. 4 is a circuit diagram showing a configuration of the
display panel driving circuit of the present invention;

FIG. 5 is a timing chart showing the operation of the first
embodiment of the display panel driving circuit according to
the present invention;

FIG. 6 is graphs showing the change of the brightness of the
driving circuit in the display panel of the first embodiment
according to the present invention;

FIG. 7 is a circuit diagram showing a configuration of the
second embodiment of the display panel driving circuit
according to the present invention;

FIG. 8 is a circuit diagram showing a configuration of the
third embodiment of the display panel driving circuit accord-
ing to the present invention;

FIG. 9 is a timing chart showing the operation of the third
embodiment of the display panel driving circuit according to
the present invention;

FIG. 10 is graphs showing the change of the brightness of
the driving circuit in the display panel of the first embodiment
according to the present invention; and

FIG. 11 is a circuit diagram showing a configuration of the
forth embodiment of the display panel driving circuit accord-
ing the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of a capacitive load driving circuit, a display
panel driving circuit, a display, and a display panel driving
method of the present inventions will be described below with
reference to the attached drawings.

First Embodiment

Firstly, the display panel driving circuit (the capacitive load
driving circuit) in a first embodiment of the present invention
will be described bellow with reference to attached drawings.

FIG. 4 is a circuit diagram showing a configuration of the
display panel driving circuit (capacitive load driving circuit)
of the present invention. A driving circuit 50 in the display
panel of the present invention includes a data driver IC 1 and
a liquid crystal display panel 4. The liquid crystal display
panel 4 includes a plurality of data lines 51, a plurality of gate
lines 52, a plurality of pixels 40, a data line control unit 55,
and a gate driver 3.

The plurality of gate lines 52 extends in a X direction (a first
direction) in parallel to each other being placed in a predeter-
mined length apart. One end of each gate line 52 connects the
gate driver 3. The plurality of data lines 51 extends in a Y
direction (a second direction) in parallel to each other being
placed in a predetermined length apart. One end of each data
line 51 connects the data line control unit 55. Each set of six
data lines D1 to D6 configures a data line array.

The plurality of pixels 40 is provided in each position
corresponding to each of crossover points between the plu-
rality of gate lines 52 and the plurality of data lines 51. Each
pixel 40 has a pixel switch 41 and a liquid crystal cell 42. The
pixel switch 41 switches ON or OFF an electric connection
between the data line and the liquid crystal cell 42. The pixel
switch 41 is exemplifies as a transistor. The transistor may
include a gate connected with the gate line 52 and a source
connected with the data line 51, and a drain connected with
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the liquid crystal cell 42. However, the transistor may be
another kinds such as a switch circuit element. The liquid
crystal cell 42 is a capacitive element including a liquid crys-
tal to configure a pixel of the liquid crystal display panel 4.
One electrode is connected with the drain in the above-men-
tioned. Another electrode is positioned on the opposing sub-
strate.

The gate driver 3 selects one gate line 52 as a selected gate
line 52 from the plurality of gate lines 52. The pixel switch 41
on the selected gate line 52 turns on by the selection.

The data line control unit 55 selects one data line 51 as a
selected data line 51 from the plurality of data lines 51. The
data line control unit 55 includes a first switch unit 8-1, a
second switch unit 8-2, a third switch unit 8-3, and a switch
control unit 5. As for the data lines D1 to D6 in each data line
array, each end in the side of the data line control unit 55
connects one end of each switch 21 to 26 of the second switch
unit 8-2. The other end of the switches 21 to 26 connects one
end of each switch 11 to 16 of the first switch unit 8-1
respectively in series. The other end of the switches 11 to 16
is commonly connected, and the common connection is con-
nected with an output circuit 2 of a data driver IC 1.

The selected data line 51 is selected by ON/OFF of the
switches 11 to 16 connected in series and the switches 21 to
26 corresponding to the switches 11 to 16. The ON/OFF by a
switch row composed of the switches 11 to 16 is controlled
respectively based on control signals S11 to S16 outputted
from the switch control unit 5. Also, the ON/OFF by a switch
row composed of the switches 21 to 26 is controlled respec-
tively based on control signals S21 to 26 outputted from the
switch control unit 5.

Middle points N1 to N6 are on wirings that connect the
switches 11 to 16 and the switches 21 to 26. One end of each
switch 31 to 36 of the third switch unit 8-3 is connected with
the middle points N1 to N6 respectively. The other ends of the
switches 31 to 36 are commonly connected. The common
connection is connected with a DC bias voltage source Vc.
ON/OFF of'the switch row composed of the switches 31 to 36
is controlled based on control signals S31 to S36 of the switch
control unit 5.

The switches 11 to 16 and the switches 21 to 26 are exem-
plified as the transistors. The transistors may be thin film
transistors, organic transistors, thin film organic transistors
and the like. The transistors are formed on an insulating
substrate such as a glass substrate, a plastic substrate and the
like. The above-mentioned transistors formed on the liquid
crystal display panel 4 (the insulating substrate) tend to leak
an electric current more easily than those formed on a semi-
conductor substrate. The present invention can avoid the leak-
age of the electric current.

The driver IC 1 includes a data register 7, a latch 6, and the
output circuit 2. The data register 7 stores sequentially digital
picture signals of n bits that are outputted from the outside in
the time series. The latch 6 maintains the digital picture sig-
nals outputted from the data register 7. Then, the latch 6
outputs the digital picture signals to the output circuit 2 in the
time series. The output circuit 2 converts the digital picture
signals into analog picture signals in response to the digital
picture signal. Then, the output circuit 2 outputs the analog
picture signals to the liquid crystal display panel 4 in a pre-
determined timing. The analog picture signals are the signals
that drive the data line 51.

In FIG. 4, the output circuit 2 is formed on the driver IC 1.
However, the output circuit 2 may be formed on the liquid
crystal display panel 4.
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Next, an operation of the first embodiment of the display
panel driving circuit (the capacitive load driving circuit)
according to the present invention will be described.

Firstly, an input operation of display data to the driver IC 1
will be described with reference to FIG. 4. The data register 7
receives the digital picture signals of n bits from the outside
sequentially in the time series. After receiving the digital
picture signals for one gate line, the data register 7 forwards
the digital picture signals to the latch 6. Here, suppose that the
latch 6 stores digital picture signals R(m, 1), G(m, 1), B(m, 1),
R(m, 2), G(m, 2) and B(m, 2) to drive six pixels 40. The six
pixels 40 are placed in the positions corresponding to the
crossover points between a gate line gm and the data lines D1
to D6.

FIG. 5 is a timing chart showing the operation of the first
embodiment of the display panel driving circuit (the capaci-
tive load driving circuit) according to the present invention.
FIG. 5(a) shows the picture signals (R, G, B). FIG. 5(b) shows
the control signals (S21 to S26). FIG. 5(c) shows the control
signals (S11 to S16). FIG. 5(d) shows the control signals (S31
t0 S36). FIG. 5(e) shows the signals in the gate line gl. FIGS.
5(f) to 5(k) show the potential of the nodes N1 to N6. FIGS.
5(1) to 5(q) show the signals in the data line D1 to D6. The
latch 6 outputs the stored digital picture signals of R(m, 1),
G(m, 1), B(m, 1), R(m, 2), G(m, 2) and B(m, 2) to the output
circuit 2 in this order with time-sharing manner. The follow-
ing explanation is mainly focused on an operation with
respect to the data line D1.

(Term T1)

In an initial state, the switches 11 to 16 and the switches 21
to 26 are in OFF state, and the switches 31 to 36 are in ON
state according to the control of the switch control unit 5. As
aresult, DC bias voltage Ve is applied to the nodes N1 to N6.

(Term T2)

The switch control unit 5 turns on the switch 21. As a result,
the DC bias voltage Vc is applied to the data line D1. The
voltage level of the bias voltage Ve is assumed to be a level
around the middle of the amplitude of the picture signal
voltage. The voltage level is preferably around such voltage
that the most rapid change occurs in the brightness corre-
sponding to the change of the voltage applied to the liquid
crystal cell 42. It should be noted that the gate driver 3 may
select the gate line gm, and turn on the pixel transistor 41
connected with this gate line gm in this term.

(Term T3)

The output circuit 2 outputs the analog picture signal R(m,
1) for the data line D1 in response to the operation of the latch
6. The switch control unit 5 let the switch 31 in OFF state and
the switch 11 in ON state, synchronizing with the output of
the analog picture signal R(m, 1). Thus, the picture signal
R(m, 1) is written in the data line D1. Moreover, in the case
that the gate line gm has been already selected in the term T2,
the picture signal R(m, 1) is also written in the liquid crystal
cell 42 via the pixel transistor 41. Here, the ON state of the
switch 11 is controlled so as not to coincide with the ON state
of the switch 31 at the same time.

(Term T4)

The switch control unit 5 turns off the switch 21 before the
output picture signal of the output circuit 2 changes from
R(m, 1) to G(m, 1). As a result, the picture signal R(m, 1)
written in the data line D1 is maintained because the data line
D1 is a capacitive load in the light of the output circuit 2.
Continuously, the switch control unit 5 turns on the switch 22
after turning off the switch 21.
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(Term T5)

The switch control unit 5 turns off the switch 11 and turns
on the switch 31 in order to apply the DC bias voltage V¢ to
the node N1 again. In this time, the voltage of ((the picture
signal voltage of R(m, 1))-(the DC bias voltage Vc)) is
applied between both terminals of the switch 21. Continu-
ously, the switch control unit 5 turns off the switch 32 and
turns on the switch 12 in order to execute the writing opera-
tion for the data line D2 same as the term T3. Here, the DC
bias voltage Vc may be applied to the node N1 through a
resistive element having a resistance negligible for writing
operation. As a result, an excessive electric current can be
restricted when the DC bias voltage is applied to the node N
at the turning on the switch 31. The picture signals are written
in the data lines D3 to D6 similarly in following processes.
Then, letting the gate line gm in the non-selection state before
the switch 26 is turned off. The process of writing the picture
signals is completed in the liquid crystal cells 42 correspond-
ing to the data lines D1 to D6.

The above-mentioned operation is executed at the same
time concurrently on another data line array that is next to the
data line array of the above-mentioned data lines D1 to D6.

The timing of selecting of the gate line gm is not limited to
the term T2. That is, the timing may be any timing from
turning on the switch 21 to turning off the switch 16. More-
over, the timing of non-selecting of the gate line gm may be
any timing from selecting of the gate line gm to turning on the
switch 21 again when selecting of the next gate line gm+1.

The liquid crystal cell 42 can be considered to be a capaci-
tive load. Therefore, in the case of the data line D1, the data
line D1 maintains the applied voltage corresponding to the
written picture signal R(m, 1) in the terms T4 and T5 because
the switch 21 is in OFF state. Among these, a potential dif-
ference is not generated between both terminals of the switch
21 in the term T4. In the term T 5, the DC bias voltage V¢ is
applied to the node N1. As mentioned above, the DC bias
voltage Ve is preferably around such voltage that the most
rapid change occurs in the brightness corresponding to the
change ofthe applied voltage of the liquid crystal cell 42. This
is the applied voltage that AL/AV becomes maximum (=AL2/
AV2)in FIG. 2. Therefore, when writing picture signals hav-
ing such the applied voltage (for example, a halftone), the
voltage between both terminals of the switch 21 can be mini-
mized. That is, the leakage current of the switch 21 can be
reduced most at this time.

FIG. 6is graphs showing the change of the brightness of the
driving circuit in the display panel of the first embodiment
according to the present invention. FIG. 6(a) shows the drive
voltages (the picture signal voltages) and their voltage
changes. Here, the drive voltages (the picture signal voltages)
are respectively applied to the data lines D1 to D6 by the six
time-sharing drive. The voltage change is the changes of
voltage in the data lines when the data lines are in the non-
selection state and maintains the written picture signal volt-
age after the driving. A vertical axis indicates elapsed times,
and a horizontal axis indicates the picture signals voltage (the
applied voltage). A line chart is described for each data line
D1to D6. FIG. 6(b) shows the relation between the brightness
and the applied voltage of the liquid crystal cell. A vertical
axis indicates the brightness L and a horizontal axis indicates
the voltages of the picture signal (the applied voltage). FIG.
6(c) shows the change of the brightness of the liquid crystal
cell according to the voltage change of the maintained picture
signal voltage (the applied voltage) in each data line. A ver-
tical axis indicates the brightness I and a horizontal axis
indicates the data line. The liquid crystal cell in this example
is operated in normally white mode.
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Here, a following operation shown in FIG. 6(a) is assumed
as an example. That is, at t=t0, a picture signal R1 having the
applied voltage V2 of the highest gradation is written in the
data line D1. At t=t1, a picture signal G1 having the applied
voltage V1 of halftone is written in the data line D2. At t=t2,
a picture signal B1 having the applied voltage V2 of the
highest gradation is written in the data line D3. Then, at t=t3
to t5, the same signal pattern as the data lines D1 to D3 are
repeatedly written in the data lines D4 to D6 for wiring of the
picture signals.

As shown in FIG. 6(a), in a data line D2 selection term (that
is, “D2”: t=t1 to 12), the voltage V2 (the picture signal volt-
age) written in the data line D1 becomes in a maintenance
state. The voltage of the data line D1 is changed by a leakage
current of a switching element 21, being pulled to the bias
voltage Ve that is the applied voltage of the node N1. In a data
line D3 selection term (thatis “D3”: t=t2 to t3), the Voltage V2
(the picture signal voltage) written in the data line D1 is
further changed being pulled to the bias voltage V. At this
time, the voltage V1 (the picture signal voltage) written in the
data line D2 has the almost same voltage as the bias voltage
Ve. Therefore, the voltage V1 (the picture signal voltage)
hardly changes because the leakage current of the switch 22
becomes very small. Thus, the maintenance voltage of the
dataline (for example: D1), to which the picture signal having
the different voltage (for example V2) from the bias voltage
Ve is written, is being changed toward the bias voltage Vc.
However, the maintenance voltage of the data line (for
example: D2), to which the picture signal having the writing
voltage (for example: V1) close to the bias voltage Ve is
written, is not changed. That is, the change of the maintenance
voltage is extremely small.

FIG. 6(c) is corresponded to the above-mentioned voltage
change shown in FIG. 6(a). That is, in the gray gradation (the
halftone) corresponding to the picture signal voltage around
the bias voltage Ve (for example: V1), the brightness change
can be extremely reduced rather than the conventional case
shown in FIG. 3 without depending on the maintenance time.
Because, the change of the maintenance voltage is small in the
data line with the gray gradation. On the other hand, in the
white or black gradation corresponding to the picture signal
voltage (for example: V2), the maintenance voltage is chang-
ing comparatively large according to the time elapse. How-
ever, because of the characteristic of the liquid crystal cell
shown in FIG. 6(b), the brightness is hardly influenced by the
applied voltage. Therefore, the change of the brightness can
be reduced.

Moreover, as shown in a timing chart in FIG. 5, the data
lines D1 to D6 are written so as to be in the DC bias voltage
Ve level immediately before writing the picture signals. As a
result, the voltage change due to the picture signal voltage in
each of the liquid crystal cells and the data lines can be
reduced. Thatis, the present inventionalso has an effectas the
pre-charge circuit. As aresult, the efficiency for writing to the
data lines can be improved, even when writing picture signals
of which the voltage changes greatly in each display frame.

According to the present invention, the leakage current of
the data line can be restricted in each data line by the switch-
ing element connected in series. As a result, the picture signal
voltage in the data line can be stably maintained in the single-
color halftone and the two-color halftone. That is, it is pos-
sible to reduce the unevenness brightness between the data
lines, and reduce the unevenness display such as the vertical
unevenness in the single-color halftone display or the two-
color halftone display. It is also possible to improve a display
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picture quality more than the conventional sharing drive
method. It is possible to enjoy merits of downsizing of the
chip of the data driver IC.

Second Embodiment

Hereinafter, the second embodiment of the display panel
driving circuit (the capacitive load driving circuit) according
to the present invention will be described bellow with refer-
ence to the attached drawings.

FIG. 7 is a circuit diagram showing a configuration of the
second embodiment of the display panel driving circuit (ca-
pacitive load driving circuit) according to the present inven-
tion.

The difference with the first embodiment is that the
switches 11 to 16, the switches 21 to 26, and the switches 31
to 36 are configured by thin film transistors (Hereafter
referred to as TFTs). By using the TFTs, these switches and
the pixel switches 41 can be formed on the same substrate at
the same manufacturing process of the liquid crystal display
panel 4. As for the switch control unit 5, it is possible to form
a circuit by using TFTs in the same process as the above-
mentioned.

In this embodiment, TFTs 61 to 66 of a first switch unit 9-1
are arranged corresponding to the switches 11 to 16 of the first
switch unit 8-1. TFTs 71 to 76 of a second switch unit 9-2 are
arranged corresponding to the switches 21 to 26 of the second
switch unit 8-2. TFTs 81 to 86 of the first switch unit 9-1 are
arranged corresponding to the switches 31 to 36 of the third
switch unit 8-3. In this time, the control signals S1' to S¢'
correspond to the control signals S11 to S16 of the switch
control unit 5, the control signals S1 to S6 correspond to the
control signals S21 to S26, and the control signals S1' to Sé'
correspond to the control signals S31 to S36.

It should be noted that the TFTs 61 to 66 and the TFTs 71
to 76 are configured by N-ch TFTs, and the TFTs 81 to 86 are
configured by P-ch TFTs in the second embodiment. How-
ever, the present invention is not limited to this configuration.
Opposite conductive type TFTs can be used or a N-ch TFT
and a P-ch TFT can be combined as a complementary type
device.

The configuration and the operation other than the above-
mentioned in the second embodiment are the same as those of
the first embodiment. Therefore, the explanations for them
are omitted.

The same effect as in the first embodiment can be also
obtained in the second embodiment.

Additionally, according to the second embodiment, the
TFTs 61 to 66, the TFTs 71 to 76, and the TFTs 81 to 86 are
possible to be manufactured in the same process as the liquid
crystal display panel 4. Therefore, the above-mentioned
effect can be achieved without increasing the number of the
processes in the manufacturing of the liquid crystal display
panel 4.

The number of switches for the sharing drive of the data
lines is needed three times larger than that of the conventional
technique as well as the first embodiment. However, a wire
pitch of the data line of the liquid crystal display panel 4 is as
large as 150 um to 300 pum in a direct-view type liquid crystal
display. Therefore, even though the switches needed in the
present invention are arranged, the area of the entire display
panel increases a little. As a result, the above-mentioned
effect can be obtained almost without increasing area of the
display panel and cost of the display panel. Then, it is possible
to enjoy merit of downsizing the chip (miniaturizing the chip
size) of the data driver IC.
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Third Embodiment

Hereinafter, the third embodiment of the display panel
driving circuit (the capacitive load driving circuit) according
to the present invention will be described bellow with refer-
ence to the attached drawings.

FIG. 8 is a circuit diagram showing a configuration of the
third embodiment of the display panel driving circuit (the
capacitive load driving circuit) according to the present
invention.

The difference with the first embodiment is that the
switches 31 to 36 and the DC bias voltage source Ve are
deleted. The configuration of the third embodiment is same as
that of the first embodiment other than the above-mentioned.
Therefore, the explanation is omitted.

Next, an operation of the third embodiment of the display
panel driving circuit (the capacitive load driving circuit)
according to the present invention will be described.

Firstly, an input operation of display data to the driver IC 1
will be described with reference to FIG. 8. The data register 7
receives the digital picture signals of n bits from the outside
sequentially in the time series. After receiving the digital
picture signals for one gate line, the data register 7 forwards
the digital picture signals to the latch 6. Here, suppose that the
latch 6 stores digital picture signals R(m, 1), G(m, 1), B(m, 1),
R(m, 2), G(m, 2) and B(m, 2) to drive six pixels 40. The six
pixels 40 are placed in the positions corresponding to the
crossover points between a gate line gm and data lines D1 to
D6.

FIG. 9 is a timing chart showing the operation of the third
embodiment of the display panel driving circuit (the capaci-
tive load driving circuit) according to the present invention.
FIG. 9(a) shows the picture signals (R, G, B). FIG. 9() shows
the control signals (S11 to S16). FIG. 9(¢) shows the control
signals (S21 to S26). FIG. 9(d) shows the signals in the gate
line g1. FIGS. 9(e) to 9(/2) show the potential of the nodes N1,
N2,N3, N6. FIGS. 9(i) to 9(/) show the signals in the data line
D1, D2, D3, D6. The latch 6 outputs the stored digital picture
signals of R(m, 1), G(m, 1), B(m, 1), R(m, 2), G(m, 2) and
B(m, 2) to the output circuit 2 in this order with time-sharing
manner. The following explanation is mainly focused on an
operation with respect to the data line D1.

(Term T1)

In an initial state, the switches 11 to 16 and the switches 21
to 26 are in OFF state according to a control of a switch
control unit 5.

(Term T2)

The switch control unit 5 turns on the switch 11. It should
be noted that the gate driver 3 may select the gate line gm and
turn on the pixel transistor 41 connected with the gate line gm
in this term.

(Term T3)

The output circuit 2 outputs the analog picture signal R(m,
1) for the data line D1 in response to the operation of the latch
6. The switch control unit 5 let the switch 21 in ON state
synchronizing with the output of the analog picture signal
R(m, 1). Thus, the picture signal R(m, 1) is written in the data
line D1. Moreover, in the case that the gate line gm has been
already selected in the term T2, the picture signal R(m, 1) is
also written in the liquid crystal cell 42 via the pixel transistor
41.

(Term T4)

The switch control unit 5 turns off the switch 11 before the
output picture signal of the output circuit 2 changes from
R(m, 1) to G(m, 1). As a result, the picture signal R(m, 1)
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written in the data line D1 and the node N1 is maintained
because the data line D1 is a capacitive load in the light of the
output circuit 2. Continuously, the switch control unit 5 turns
on the switch 12 after turning off the switch 11.

(Term T5)

The switch control unit 5 turns off the switch 21. In this
time, the electric charge of the written picture signal R(m, 1)
is maintained in a parasitic capacitance Cn 47 of the node N1.
Here, a capacitative element may be connected with the node
N1 besides the parasitic capacitance. Continuously, the
switch control unit 5 turns on the switch 22 in order to execute
the writing operation for the data line D2 same as the term T3.
The picture signals are written in the data lines D3 to D6
similarly in following processes. Then, letting the gate line
gm in not-selection state before the switch 26 is turned off.
The process of writing the picture signals is completed in
Liquid crystal cells 42 corresponding to the data lines D1 to
Dé6.

The above-mentioned operation is executed at the same
time concurrently on another data line array that is next to the
data line array of the data lines D1 to D6.

The timing of selecting of the gate line gm is not limited to
the term T2. That is, the timing may be any timing from
turning on the switch 11 to turning off the switch 26. More-
over, the timing of non-selecting of the gate line gm may be
any timing from selecting of the gate line gm to turning on the
switch 11 again when selecting of the next gate line gm+1.

In this embodiment, the switch 21 is turned off after the
switch 11 is turned off. Therefore, any picture signal voltage
written in the floating (parasitic) capacitance Cn (or a pro-
vided capacitative element 47) of the node N 1 can be main-
tained until the switch 21 is turned on again when the gate line
gm+1 is selected by the gate driver 3. As a result, a potential
difference between both terminals of the switch 21 is not
generated. Therefore, a leakage current of the switch 21 can
be minimized anytime without depending on the level of the
picture signal voltage.

A potential difference between the both terminals of the
switch 11A is generated, while the operation proceeds to the
term T5. Therefore, it is possible to leak the maintained
electric charge of the node N1 to the side of the output circuit
2. However, the time constant of the leakage of the electric
charge from the node 1 can be lengthened by connecting the
capacitative element 47 having a suitable capacitance value
with the node N1. Moreover, the voltage at the node N1
changes gradually based on the written picture signal voltage.
Therefore, the potential difference generated between both
terminals of the switch 21 can be reduced to all the driving
signal voltages compared with the conventional technique.
Thus, the leakage can be reduced.

FIG. 10 is graphs showing the change of the brightness of
the driving circuit in the display panel ofthe first embodiment
according to the present invention. FIG. 10(a) shows the drive
voltages (the picture signal voltages) and their voltage
changes. Here, the drive voltages (the picture signal voltages)
are respectively applied to the data lines D1 to D6 by the six
time-sharing drive. The voltage change is the change of volt-
age in the data lines when the data lines are in the non-
selection state and maintains the written picture signal volt-
age after the driving. A vertical axis indicates elapsed times,
and a horizontal axis indicates the picture signals voltage (the
applied voltage). A line chart is described for each data line
D1 to D6. FIG. 10() shows the relation between the bright-
ness and the applied voltage of the liquid crystal cell. A
vertical axis indicates the brightness L and a horizontal axis
indicates the voltages of the picture signal (the applied volt-
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age). FIG. 10(c) shows the change of the brightness of the
liquid crystal cell according to the voltage change of the
maintained picture signal voltage (the applied voltage) in
each data line. A vertical axis indicates the brightness L and a
horizontal axis indicates the data line. The liquid crystal cell
in this example is operated in normally white mode.

In this case, as well as FIGS. 3 and 6, a following operation
shown in FIG. 10(a) is assumed as an example. That is, at
t=t0, a picture signal R1 having the applied voltage V2 of the
highest gradation is written in the data line D1. At t=tl, a
picture signal G1 having the applied voltage V1 of halftone is
written in the data line D2. At t=t2, a picture signal B1 having
the applied voltage V2 of the highest gradation is written in
the data line D3. Then, at t=t3 to t5, the same signal pattern as
the data lines D1 to D3 are repeatedly written in the data lines
D4 to D6 for wiring of the picture signals.

As shown in FIG. 10, the leakage current of the switches 21
to 26 can be remarkably reduced in the third embodiment.
Therefore, the voltage change in any writing voltage within
the applied voltage at the liquid crystal cell can be restricted
very small. As a result, the change of the brightness can be
reduced further in all the gradations.

According to the present invention, the leakage current of
the data line can be restricted in each data line by the switch-
ing element connected in series. As a result, the picture signal
voltage in the data line can be stably maintained in the single-
color halftone and the two-color halftone. That is, it is pos-
sible to reduce the unevenness brightness between the data
lines, and reduce the unevenness display such as the vertical
unevenness in the single-color halftone display or the two-
color halftone display. It is also possible to improve a display
picture quality more than the conventional sharing drive
method. It is possible to enjoy merit of downsizing the chip
(miniaturizing the chip size) of the data driver IC. Conse-
quently, the display quality in the third embodiment improves
further compared with the first and second embodiments.

Fourth Embodiment

Hereinafter, the forth embodiment of the display panel
driving circuit (the capacitive load driving circuit) according
to the present invention will be described bellow with refer-
ence to the attached drawings.

FIG. 11 is a circuit diagram showing a configuration of the
forth embodiment of the display panel driving circuit (capaci-
tive load driving circuit) according the present invention.

The difference with the third embodiment is that the
switches 11 to 16 and the switches 21 to 26 are configured by
TFTs. By using the TFTs, these switches and the pixel
switches 41 can be formed on the same substrate at the same
manufacturing process of the liquid crystal display panel 4.
As for the switch control unit 5, it is possible to form a circuit
by using TFTs in the same process as the above-mentioned.

In this embodiment, TETs 61 to 66 of a first switch unit
10-1 are arranged corresponding to the switches 11 to 16 of
the first switch unit 8-1. TFTs 71 to 76 of a second switch unit
10-2 are arranged corresponding to the switches 21 to 26 of
the second switch unit 8-2. In this time, the control signals S1'
to S6' correspond to the control signals S11 to S16 of the
switch control unit 5, the control signals S1 to S6 correspond
to the control signals S21 to S26.

It should be noted that the TFTs 61 to 66 and the TFTs 71
to 76 are configured by N-ch TFTs in the forth embodiment.
However, the present invention is not limited to this configu-
ration. Opposite conductive type TFTs can be used or a N-ch
TFT and a P-ch TFT can be combined for complementary
type device.
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The configuration and the operation other than the above-
mentioned in the fourth embodiment are the same as the third
embodiment. Therefore, explanations for them are omitted.

The same effect as in the third embodiment can be also
obtained in the forth embodiment.

Additionally, according to the forth embodiment, the TFTs
61 to 66 and the TFTs 71 to 76 are possible to be manufac-
tured in the same process as the liquid crystal display panel 4.
Therefore, the above-mentioned effect can be achieved with-
out increasing the number of the processes in the manufac-
turing of the liquid crystal display panel 4. The number of
switches for the sharing drive of the datalines is needed twice
larger than that of the conventional technique as well as the
third embodiment. However, in the case of the direct-view
type liquid crystal display, the area for the switches needed in
the present invention increases little in the entire panel. As a
result, the above-mentioned effect can be obtained almost
without increasing area of the panel and cost of the panel.
Then, it is possible to enjoy merit of downsizing the chip
(miniaturizing the chip size) of the data driver IC.

What is claimed is:

1. A display panel driving circuit, comprising:

a plurality of gate lines configured to extend to a first
direction;

a plurality of data lines configured to extend to a second
direction different from said first direction;

a first selector configured to select a selection gate line
from said plurality of gate lines;

a second selector configured to select a selection data line
from said plurality of data lines;

a plurality of liquid crystal cells configured to be placed in
positions corresponding to crossover points between
said plurality of gate lines and said plurality of datalines;
and

a drive section configured to output drive signals which
drive said plurality of liquid crystal cells through said
second selector based on inputted picture signals,

wherein each of said plurality of liquid crystal cells
includes:

a transistor configured to be connected with an associ-
ated one of said plurality of gate lines at a gate elec-
trode, and an associated one of said plurality of data
lines at one of other two electrodes, and

a capacitive element configured to be connected with
said transistor at another of said other two electrodes,

wherein said second selector includes:

a plurality of main switch sections, and

a switch control section configured to control switching
on and off of said plurality of main switch sections,

wherein each of said plurality of main switch sections
includes a plurality of switch elements in series,

wherein said each of said plurality of main switch sections
is connected with an associated one of said plurality of
data lines at one electrode, and

wherein said each of main switch sections is connected
with an output electrode of said drive section and others
of said plurality of main switch sections at another elec-
trode.

2. The display panel driving circuit according to claim 1,
wherein said each of said plurality of main switch sections is
configured to include a first switch element and a second
switch element connected with each other in series as said
plurality of switch elements,

wherein said second switch element is connected with an
associated one of said plurality of data lines at one elec-
trode as a fourth electrode,
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wherein said second switch element is connected with said
first switch at another electrode as a third electrode,

wherein said first switch element is connected with said
second switch element at one electrode as a second
electrode, and

said first switch element is connected with said output

electrode of said drive section at another electrode as a
first electrode.

3. The display panel driving circuit according to claim 1,
wherein said first selector selects said selection gate line,

wherein said switch control section selects said selection

data line by switching on a selected one, as a selection
main switch section, of said plurality of main switch
sections, and

wherein said drive section outputs said drive signal through

said selection main switch and said selection data line to
a selected liquid crystal cell selected by said selection
gate line and said selection data line from said plurality
of liquid crystal cells.

4. The display panel driving circuit according to claim 1,
wherein said each of said plurality of main switch sections is
configured to further include a capacitive element connected
with at least one of a plurality of wirings which connects
adjacent ones of said plurality of switch elements.

5. The display panel driving circuit according to claim 4,
wherein said first selector selects said selection gate line,

wherein said switch control section selects said selection

data line by switching on a selected data line, as a selec-
tion main switch section, of said plurality of main switch
sections,

wherein said drive section outputs said drive signal through

said selection main switch and said selection data line to
a selected liquid crystal cell selected by said selection
gate line and said selection data line from said plurality
of liquid crystal cells, and

wherein said switch control section switches off a prede-

termined one of said plurality of switch elements of said
selection main switch section, said predetermined one is
placed in a side of said drive section from a position
where said capacitive element is connected, and then
said switch control section switches off others of said
plurality of switch elements of said selection main
switch section.

6. The display panel driving circuit according to claim 1,
wherein said second selector is configured to further include
a plurality of sub-switch sections as a switch,

wherein a plurality of wirings connects adjacent ones of a

plurality of switch elements of each of said plurality of
main switch sections, and

wherein each of said plurality of sub-switch sections is

connected with at least one of said plurality of wiring of
a corresponding one of said plurality of main switch
sections at one electrode, and a power source at another
electrode.

7. The display panel driving circuit according to claim 6,
wherein said switch control section switches on ones of said
plurality of sub-switch sections in order to apply a predeter-
mined voltage by said power source to an associated one of
said plurality of wirings, and

wherein said ones of said plurality of sub-switch sections

are associated with ones, which is switched off, of said
plurality of main switch sections.

8. The display panel driving circuit according to claim 7,
wherein said first selector selects said selection gate line,

wherein said switch control section selects said selection

data line by switching on a selected one, as a selection
main switch section, of said plurality of main switch
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sections, and switches off one, which is associated with
said selection main switch section, of said plurality of
sub-switch section, and

wherein said drive section outputs said drive signal through
said selection main switch and said selection data line to
a selected liquid crystal cell selected by said selection
gate line and said selection data line from said plurality
of liquid crystal cells.

9. The display panel driving circuit according to claim 6,
wherein a voltage which said power source applies to said
plurality of wirings is approximately a half of a maximum
voltage of said drive signals.

10. The display panel driving circuit according to claim 6,
wherein a voltage which said power source applies to said
plurality of wiring is approximately a voltage in which a ratio
of achange of transmittance to a change ofan applied voltage
to each of said plurality of liquid crystal cells is maximum.

11. The display panel driving circuit according to claim 1,
wherein each of said plurality of switch elements includes a
thin film transistor, said thin film transistor is formed on a
substrate where said plurality of liquid crystal cells are
formed.

12. A capacitive load driving circuit, comprising:

a plurality of capacitive loads;

a plurality of main switch sections;

a drive section configured to output drive signals which
drive said plurality of capacitive loads, based on inputted
signals which control said plurality of capacitive loads;
and

a switch control section configured to control switching on
and off of said plurality of main switch sections,

wherein each of said plurality of main switch sections
includes a plurality of switch elements in series,

wherein said each of said plurality of main switch sections
is provided with an associated one of said plurality of
capacitive loads,

wherein said each of said plurality of main switch sections
is connected with said associated one of plurality of
capacitive loads at one end electrode, and

wherein said each of said plurality of main switch sections
is connected with an output electrode of said drive sec-
tion and others of said plurality of main switch sections
at another end electrode.

13. The capacitive load driving circuit according to claim
12, wherein said each of said plurality of main switch sections
is configured to include a first switch element and a second
switch element connected with each other in series as said
plurality of switch elements,

wherein said second switch element is connected with an
associated one of said plurality of capacitive loads at one
electrode as a fourth electrode,

wherein said second switch element is connected with said
first switch at another electrode as a third electrode,

wherein said first switch element is connected with said
second switch element at one electrode as a second
electrode, and

said first switch element is connected with said output
electrode of said drive section at another electrode as a
first electrode.

14. The capacitive load driving circuit according to claim
13, wherein said each of said plurality of main switch sections
is configured to further include a capacitive element con-
nected with at least one of said second electrode and said third
electrode.

15. The capacitive load driving circuit according to claim
13, wherein said each of said plurality of main switch sections
is configured to further include a sub-switch section as a
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switch, connected with at least one of said second electrode
and said third electrode at one electrode, and a power source
at another electrode.

16. The capacitive load driving circuit according to claim
15, wherein a voltage which said power source applies to said
each of said plurality of main switch sections is approxi-
mately a half of a maximum voltage of said drive signals.

17. A display panel driving method, comprising:

providing a display panel driving circuit which includes:

a plurality of gate lines configured to extend to a first
direction;

a plurality of data lines configured to extend in a second
direction different from said first direction; and

a plurality ofliquid crystal cells configured to be placed
in positions corresponding to crossover points
between said plurality of gate lines and said plurality
of data lines;

selecting one of said plurality of data lines;

applying a predetermined voltage to a selected one of said

plurality of data lines;

connecting said selected one of said plurality of data lines

with an associated one of said plurality of liquid crystal
cells; and

outputting a picture signal to said one of said selected one

of said plurality of data lines during stopping said apply-
ing said predetermined voltage to said selected one of
said plurality of data lines.

18. The display panel driving method according to claim
17, wherein said display panel driving circuit further includes
aplurality of capacitive elements, each of which is configured
to be connected with an associated one of said plurality of
data lines, in said providing a display panel driving circuit,
and
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wherein said applying a predetermined voltage to said
selected one of said plurality of data lines includes:

applying said predetermined voltage to said selected one of
said plurality of data lines and said associated one of
plurality of capacitive elements.
19. The display panel driving method according to claim
17, wherein said predetermined voltage is approximately a
half of a maximum voltage of said drive signal.
20. The display panel driving method according to claim
17, wherein said predetermined voltage is approximately a
voltage in which a ratio of a change of transmittance to a
change of an applied voltage to each of said plurality of liquid
crystal cells is maximum.
21. A display panel, comprising:
a plurality of data lines;
a terminal which receives an image signal; and
a plurality of switch sections each coupled between a cor-
responding one of said data lines and said terminal,

wherein said switch sections each has a plurality of tran-
sistors formed on an insulating substrate, said plurality
of transistors of said switch section being coupled in
series between said corresponding one of said data line
and said terminal.

22.The panel as claimed in claim 21, wherein a connection
node of said transistors is selectively supplied with a prede-
termined voltage.

23. The panel as claimed in claim 22, wherein said transis-
tor is comprises a thin film transistor (TFT).

24. The panel as claimed in claim 22, wherein said transis-
tor is comprises an organic transistor.

25. The panel as claimed in claim 21, further comprising an
output circuit which outputs said image signal.
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