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LIQUID CRYSTAL DISPLAY AND DRIVE CIRCUIT
THEREOF

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display and a drive circuit thereof that is suitable for placing
a data line drive circuit having D/A conversion circuits only
on one side of a panel for dot inversion drive.

[0003] 2. Description of Related Art

[0004] Inawell-known liquid crystal display, a polarity of
a voltage applied from a data line to a pixel via a TFT
(hereinafter referred to as a pixel voltage) is inverted after
each prescribed period. That means that pixels are AC
driven. The polarity here indicates a positive or negative
polarity of a pixel voltage with respect to a voltage of a
common electrode of the liquid crystals (com voltage) as a
reference. Such a drive method uses for inhibiting the
degradation of liquid-crystal material.

[0005] For the drive method, there are known methods
such as dot inversion drive method and 2H dot inversion
method. In the dot inversion drive method, polarities of pixel
voltages are inverted by adjacent data lines and scan lines so
that adjacent pixels have different polarities each other. In
2H dot inversion drive method, polarities of pixel voltages
are inverted by each adjacent data line and by two scan lines.
These drive methods help reduce flicker, thereby improving
picture quality.

[0006] Japanese Unexamined Patent Application Publica-
tion No. 8-129362 discloses a circuit in which one D/A
conversion circuit drives a plurality of data lines in a
time-sharing manner. In the drive circuit disclosed in this
technique, odd-numbered data lines are connected to an
upper data line drive circuit, while even-numbered data lines
are connected to a lower data line drive circuit. In a given
horizontal period (also referred to as a scanning period), a
positive polarity analog video signal is outputted from the
upper data line drive circuit at the same time when a
negative polarity analog video signal is outputted from the
lower data line drive circuit. Then, during a next horizontal
period, a negative polarity analog video signal is outputted
from the upper data line drive circuit at the same time when
a positive polarity analog video signal is outputted from the
lower data line drive circuit. This is how the dot inversion
drive method is achieved. The drive circuit further includes
an initialization circuit for initializing data lines to a com
voltage during a horizontal blanking period, in order to drive
in a time-sharing manner by controlling writing time and
order. A gradation voltage provided from outside the data
line drive circuit is inverted by each horizontal period.
Therefore switch groups for selecting gradation voltage are
constituted of high-voltage devices. Japanese Unexamined
Patent Application Publication No. 2004-258485 discloses a
configuration for RGB time-sharing drive.

[0007] However we have now discovered that there are
some problems in the conventional circuit described as
above. A first problem is that an area is required for placing
data line drive circuits on an upper and a lower side of a
panel. This causes a size of the panel to be larger. Conse-
quently the number of panel to be retrieved from one sheet
of mother glass is reduced. Moreover a larger area is needed

1. Field of the Invention
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for a flexible substrate wiring that supplies signals and
power to the data line drive circuits.

[0008] A second problem is that a circuit area is expanded
because switch groups for selecting gradation voltage are
constituted of high-voltage devices. Having a high power
supply voltage usually requires withstand pressure of
devices constituting a circuit to be high. For this reason, a
thicker gate oxide film Tox and a longer gate length L are
needed, requiring a larger circuit area.

SUMMARY OF THE INVENTION

[0009] According to an aspect of the present invention,
there is provided a liquid crystal display that includes a
plurality of scan lines, a plurality of data lines, a plurality of
pixels provided at each intersection of the plurality of scan
lines and the plurality of data lines, a plurality of pixel
groups comprised of the plurality of pixels, and a drive
circuit driving the plurality of scan lines and the plurality of
data lines, wherein one of the plurality of pixel groups is
comprised of some of the plurality of pixels provided at each
intersection of some of the plurality of data lines and a scan
line, and the drive circuit output signals of one polarity to all
data lines contained in each of the plurality of pixel groups
by a time-sharing drive, alternated polarity signals to the
plurality of pixel groups adjacent to each other, and polari-
ties of signals which are inputted to the data lines included
in the plurality of pixel groups are inverted every each
frame.

[0010] According to another aspect of the present inven-
tion, there is provided a drive circuit of a liquid crystal
display that outputs positive polarity analog video signals
and negative polarity analog video signals with different
polarities in regard to a reference voltage to data lines of a
liquid crystal display, in which the positive analog video
signal is consecutively outputted to a first plurality of data
lines in time-sharing manner during a prescribed period of a
horizontal period, and the negative polarity analog video
signal is consecutively outputted to a second plurality of
data lines in a time-sharing manner during the prescribed
period.

[0011] According to yet another aspect of the present
invention, there is provided a drive circuit of a liquid crystal
display that includes a positive polarity drive circuit formed
on a first continuous region on a substrate for outputting a
positive polarity analog video signal to an output terminal of
a display unit, a positive polarity precharge circuit that is
provided between the positive polarity drive circuit and the
output terminal, for precharging a data line of the display
unit near a reference voltage before a polarity of the data line
changes into a negative polarity with different polarity from
the positive polarity relative to the reference voltage, a
negative polarity drive circuit formed on a second continu-
ous region different from the first continuous region on the
substrate, for outputting the negative polarity analog video
signal to the output terminal, and a negative polarity pre-
charge circuit provided between the negative polarity drive
circuit and the output terminal, for precharging the data line
near the reference voltage before a polarity of the data line
changes from the negative polarity to the positive polarity.

[0012] The present invention reduces a size of a data line
drive circuit in a liquid crystal display.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objects, advantages and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings, in which:

[0014] FIG. 1 is a block diagram showing a liquid crystal
display according to a first embodiment of the present
invention;

[0015] FIG. 2 is a detailed diagram showing a time-
sharing selection circuit § according to the first embodiment
of the present invention;

[0016] FIG. 3 is a correlation diagram between a digital
video signal and an analog video signal according to the first
embodiment of the present invention;

[0017] FIG. 4 is a detailed diagram showing a switching
circuit for digital video signals according to the first embodi-
ment of the present invention;

[0018] FIG. 5 is a block diagram showing a data line drive
circuit 10 according to the first embodiment of the present
invention;

[0019] FIG. 6 is a detailed diagram showing a positive
D/A conversion circuit 31 according to the first embodiment
of the present invention;

[0020] FIG. 7 is a detailed diagram showing a negative
D/A conversion circuit 32 according to the first embodiment
of the present invention;

[0021] FIG. 8 is a schematic diagram showing a polarity
of a pixel according to the first embodiment of the present
invention;

[0022] FIG. 9 is a timing chart according to the first
embodiment of the present invention;

[0023] FIGS. 10A to 10D are detailed diagrams showing
precharge operations according to the first embodiment of
the present invention;

[0024] FIG. 11 is a cross-section diagram showing a
semiconductor integrated circuit according to the first
embodiment of the present invention;

[0025] FIG. 12 is a detailed diagram showing an output
portion of the data line drive circuit 10 according to a second
embodiment of the present invention;

[0026] FIG. 13 is a detailed diagram showing a time-
sharing selection circuit 8 according to the second embodi-
ment of the present invention,

[0027] FIG. 14 is a timing chart according to the second
embodiment of the present invention;

[0028] FIG. 15 is a block diagram showing a liquid crystal
display according to a third embodiment of the present
invention;

[0029] FIG. 16 is a detailed diagram showing a charge
recyeling circuit 9 according to the third embodiment of the
present invention; and

[0030] FIG. 17 is a timing chart for a charge recycling
according to the third embodiment of the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] The invention will be now described herein with
reference to illustrative embodiments. Those skilled in the
art will recognize that many alternative embodiments can be
accomplished using the teachings of the present invention
and that the invention is not limited to the embodiments
illustrated for explanatory purpose.

First Embodiment

[0032] FIG. 1 is a block diagram showing a liquid crystal
display 100 of this embodiment. The liquid crystal display
100 of this embodiment includes a plurality of scan lines 4,
a plurality of data lines 3, and pixels 5 provided at each
intersection of the plurality of scan lines 4 and the plurality
of data lines 3. The liquid crystal display 100 further
includes a plurality of pixel groups comprised of pixels 5
which is provided at each intersection of the consecutive
plurality of data line 3 and one of the plurality of scan lines
4. Signals of the same polarity are outputted to all data lines
included in each of the plurality of pixel groups by a
time-sharing drive that sequentially outputs signals, and
reversed polarity signals are outputted to the plurality of
pixel groups adjacent to each other, and signals with
inversed polarity are outputted to the data lines included in
the pixel groups.

[0033] That is, as illustrated in FIG. 1, a plurality of data
lines 3 and a plurality of scan lines 4 are formed on a
substrate 2 of a liquid crystal panel, in a way that the
plurality of scan lines 4 are placed orthogonal to the plurality
of data lines 3. At each intersection of the data line 3 and the
scan line 4, a TFT (Thin Film Transistor) as a switching
device and a pixel 5 including a liquid crystal are formed. A
display electrode and a common electrode that apply an
electric field to a liquid crystal are formed in the pixel 5. An
analog video signal for controlling a pixel luminance
(amount of optical transmission) is provided to the display
electrode from the data line 3, while a com voltage of a DC
voltage is provided to the common electrode from a com-
mon electrode line 7. Furthermore on a substrate 2, there are
formed a scan line drive circuit 6 that drives scan lines 4 and
a time-sharing selection circuit 8 that converts analog video
signals provided from a data line 90 of the data line drive
circuit 10 in time-sharing manner.

[0034] Further, a driver IC1 is placed only on one side of
the substrate 2, on which the data line drive circuit 10 as a
drive circuit, a signal processing circuit 11, and a power
supply circuit 12 are mounted. The data line drive circuit 10
provides an analog video signal to the data line 3 and the
pixel 5 in response to a digital video signal. As stated in the
foregoing, the data line drive circuit 10 is placed only on one
side of the substrate 2. Considering an output voltage
accuracy of an analog video signal outputted from a D/A
conversion circuit, which is described later, it is preferable
to integrate the data line drive circuit 10 as the driver IC1 on
a semiconductor substrate such as silicon having a high
relative precision. It is also preferable to integrate the signal
processing circuit 11 on a semiconductor substrate that
allows easy multi-layer wirings because the signal process-
ing circuit 11 is automatically laid out using a macro block.

[0035] FIG. 2 is a detailed diagram showing a time-
sharing selection circuit 8, which is a part of a drive circuit
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of a liquid crystal display of this invention. For an output
terminal Xn (data line 90), three of the data lines 3 are
connected via time-sharing switches 81, 82, and 83.
Although this example drives by dividing into three, the
number of division may be four or more. Note however that
if the number of division is four when a display unit is three
colors, each RGB signals making up a color can be split off.
In such a case, each RGB signals constituting a color passes
through different paths. That induces a subtle difference due
to characteristics of the paths, affecting to generate a gap in
a balance among RGB and consequently causing color
shading. With a fact that a display unit for making up a color
is three colors of RGB, and the number of pixels constituting
a display unit is three, it is preferable to divide by a multiple
numbers of three, such as 6 or 9.

[0036] In this embodiment, pixels and data lines that are
outputted from one output terminal Xn of the data line drive
circuit 10 and supplied with analog video signals divided by
the time-sharing circuit 8 are respectively defined as a pixel
group and a data line group. In FIG. 2, three data lines for
R1, G1, and B1 are referred to as one data line group, D_Gn,
furthermore a data line group for each lines of Y1, Y2, and
Y3 is referred to as a pixel group P_Gm.

[0037] As described above, the time-sharing selection
circuit 8 is formed on the substrate 2, and controlled by the
signal processing circuit 11 inside the driver IC1. A control
circuit of the time-sharing selection circuit 8 may be formed
on the substrate 2, it is preferable to directly use the signal
processing circuit 11 inside the driver IC1, so that a syn-
chronization of a control signal with the data line drive
circuit 10 is easier.

[0038] The power supply circuit 12 is described hereinaf-
ter in detail. The power supply circuit 12 generates a voltage
from a DC power supply VDC that is supplied from outside
of the driver IC1 for supplying the voltage to the data line
drive circuit 10 and the scan line drive circuit 6. The power
supply circuit 12 is comprised of a DCDC converter, irregu-
lator and so forth, generating a positive polarity high power
supply voltage VPH, a negative polarity low power supply
voltage VNL for the data line drive circuit 10 and positive
polarity high power supply voltage VPH, negative polarity
low power supply voltage VNL for the scan line drive circuit
6. A positive polarity low power supply voltage and a
negative polarity high power supply voltage for the data line
drive circuit 10 is hereinafter referred to as system ground
GND, where VPH=5V, VNL=-5V, VGH=10V, and VGL=-
10.

[0039] The power supply circuit 12 has higher mobility
than the TFT formed on the substrate 2 because of output
impedance characteristic of power supply. Accordingly it is
preferable to integrate the power supply circuit 12 on a
silicon substrate which allows easy multilevel wiring. In this
embodiment, the circuit is integrated along with the above
data line drive circuit 10 and the signal processing circuit 11
as the driver IC1.

[0040] The power supply circuit 12 also generates a volt-
age for a common electrode-(com voltage) of liquid crystals.
Com voltage can be a DC voltage higher than a low-level
voltage of a negative polarity drive circuit, or a DC voltage
lower than a high-level voltage of a positive polarity drive
circuit. A feed through error is generated when switching off
TFTs in a liquid crystal panel. To correct this error, a voltage
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for a common electrode of liquid crystals must be DC
voltage such as —1V. An amount of feed through error differs
depending on a panel. For instance if a TFT is n-type, feed
through error tends to be negative, thus a fine-tuning in a
range from GND to =2V would be required, for example. If
aTFT is p-type, feed through error tends to be positive, thus
a fine-tuning in a range from GND to +2V would be
required. TFT hereinafter refers to n-type TFT as there are
generally more n-type TFT than p-type TFT.

[0041] Com voltage may be generated by a buffer oper-
ating with a positive polarity high-level voltage VPH and a
negative polarity low-level voltage VNL, and output a
voltage from 2V to -2V as a com voltage. The buffer is
formed from high-voltage devices. Although operating the
buffer with GND and a negative voltage VNL inhibits GND
voltage to be outputted, the buffer may be formed with
middle-voltage devices if not guaranteeing a voltage adjust-
ment range to GND.

[0042] Com voltage may be generated by a circuit with a
simple configuration in which a resistance voltage dividing
circuit is provided between GND and VNL, and a bypass
condenser at a junction point of resistances.

[0043] FIG. 3 shows a relationship between a positive
gamma curve (Positive), a negative gamma curve (Negative)
and a com voltage. Fine-tune the con voltage in a range of
-1x1V so that the positive gamma curve to be not less than
GND as well as not more than VPH, while the negative
gamma curve to be not less than VNL as well as not more
than GND. Although the range of fine-tuning here is
explained as +1 for convenience, when the com voltage is
generated with GND and the negative polarity low-level
voltage VNL as described in the foregoing, the con voltage
can be fine-tuned in that range. Adjusting the com voltage
close to GND reduces the number of boosting a DCDC
converter in the power supply circuit 12, improves an
efficiency of the power supply circuit 12, and eventually
reduces power consumption.

[0044] The signal processing circuit 11 is described here-
inafter in detail. Signals to be inputted to the signal pro-
cessing circuit 11 at least includes digital video signal Dx,
clock signal CLK, vertical synchronizing signal Vsync, and
horizontal synchronizing signal Hsync, with these signals
generating desired timing signals such as start signal STH,
latch signal STB, polarity signal POL, time-sharing switch
controlling signal, and vertical start signal STV, in order to
control each circuit in the data line drive circuit 10, time-
sharing selection circuit 8, scan line drive circuit 6 and such.
Since circuits on the substrate 2 are operated with power
supply voltages of VGH and VGL, signals to be supplied to
the substrate 2 provides signals of level-shifted VGH and
VGL.

[0045] The signal processing circuit 11 includes latch
circuits 11a and 115 for latching digital video signals Dx
(DR, DG, and DB) respectively at timings of a clock CK1
and CK2, and a switching circuit 11¢ for switching between
data buses DRo, DGo, DBo, and data buses DRe, DGe, DBe,
depending on a polarity signal POL. As illustrated in FIG.
4, the signal processing circuit 11 first bundles two clocks of
one pixel digital video signal Dx (DR, DG, and DB)
supplied from outside, which makes two pixels (36 bits) in
a latch circuit 11a and a latch circuit 115 before outputting
to the data line drive circuit 10. As shown in the figure, a
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digital video signal Dx is outputted to the data buses DRo,
DRe, DGo, DBo, and DBe. Moreover, the switching circuit
11c switches an output according to a polarity signal POL
between the data buses DRo, DGo, DBo and the data buses
DR2, DGe, and DBe. This is because an output to a data bus
of a digital video signal Dx is replaced to correspond with
a switch between a positive and negative analog video signal
inside the data line drive circuit 10. By supplying two pixels
to the data line drive circuit 10, a frequency for clock signals
in the data line drive circuit 10 is cut down by half, as well
as preventing high-frequency electromagnetic waves from
being generated.

[0046] The data line drive circuit 10 of this invention
outputs a positive polarity analog video signal and a nega-
tive polarity analog video signal to each output terminal Xn
of the data line drive circuit 10 at the same time.

[0047] The positive and negative polarities here indicate a
positive or a negative pixel voltage in regard to a voltage of
a liquid crystal common electrode (com voltage) for liquid
crystals as a reference. However in this embodiment, the
positive and negative polarity indicates a positive or a
negative polarity of a pixel voltage where the reference
voltage is the system ground GND (0V).

[0048] FIG. 5 is a block diagram showing the data line
drive circuit 10, hereinafter explaining configurations of
each part in detail. The data line drive circuit 10 outputs
positive polarity analog video signals and negative polarity
analog signals with different polarity in regard to a reference
voltage to data lines of the liquid crystal display 10. During
a given period of a horizontal period, the data line drive
circuit 10 consecutively outputs positive polarity analog
video signals in a time-sharing manner to a first plurality of
data lines at the same time when consecutively outputting
negative polarity analog video signal in a time-sharing
manner to a second plurality of data lines.

[0049] Therefore the data line drive circuit 10 is at least
comprised of a data latch circuit 17, a positive polarity level
shift circuit 21, a negative polarity level shift circuit 22, a
positive polarity D/A conversion circuit 31, a negative
polarity D/A conversion circuit 32, a positive polarity gra-
dation voltage generating circuit 41, a negative polarity
gradation voltage generating circuit 42, and a precharge
circuit 60 as an output control portion. The data line drive
circuit 10 may further include a digital video signal time-
sharing circuit 50, a shift register circuit 15, a data register
circuit 16, and a frame memory (not shown).

[0050] The data register circnit 16 includes a positive
polarity data register circuit 16a and a negative polarity data
register circuit 16b. The positive polarity data register circuit
16a is connected to the data buses of digital video signals
Dx, which are DRo, DGo, and DBo. The positive polarity
data register circuit 16a latches digital video signals from
the data buses DRo, DGo, and DBo in response to sampling
signals SPn that are inputted from the shift register circuit
15. The negative polarity data register circuit 16a is con-
nected to the data buses of digital video signals Dx, which
are DRe, DGe, and DBe. The positive polarity data register
circuit 16a latches digital video signals from the data buses
DRe, DGe, and DBe in response to sampling signals SPn
that are inputted from the shift register circuit 15.

[0051] The data register circuit 16 is connected to a data
latch circuit 17. The data latch circuit 17 includes a positive
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polarity data latch circuit 17a and a negative polarity data
latch circuit 175, once again latching the digital video
signals Dx that are latched in the data register circuit 16. The
data latch circuit 17 is connected to the digital video signal
time-sharing circuit 50. The digital video signal time-shar-
ing circuit 50 includes time-sharing switches 51, 52, and 53,
chronologically and sequentially outputting a digital video
signal Dx which is latched in the data latch circuit 17 by
turning on and off the time-sharing switches 51, 52 and 53.
The operation of time-sharing conducted by the digital video
signal time-sharing circuit 50 is controlled by a control
signal inputted from the signal processing circuit 11.

[0052] The precharge circuit 60 at least includes precharge
switches 63 and 64 for precharging data lines to a reference
voltage, D/A conversion circuits 31 and 32 and connecting
switches 65 and 66 between output terminals Xn. In this
embodiment, the precharge circuit 60 further includes
charge recycling switches 61, 62 and charge recycling
capacities 67 and 68, for driving with low power consump-
tion. These switches are formed with medium-voltage
devices, which are described later. It is preferable to provide
the charge recycling capacities 67 and 68 outside the driver
IC1 because the larger a capacity value, the higher a charge
recycling effect would be. The charge recycling switch 61,
the precharge switch 63, and the connecting switch 65
operate in a voltage range from GND to VPL (5V), while the
charge recycling switch 62, the precharge switch 64, and the
connecting switch 66 operates in a voltage range from VNL
(-5V) to GND. Despite that these switches are provided to
each of the output terminals Xn, they are controlled together
by the signal processing circuit 11 through positive and
negative polarity level shift circuits 21 and 22. The pre-
charge switches 63 and 64 may be other than analog
switches constituted of MOS transistors, for example pn
junction devices such as diode.

[0053] A polarity switching circuit 70 is provided between
the precharge circuit 60 and the output terminals Xn. The
polarity switching circuit 70 includes polarity switching
switches 71 and 72 for each output terminal Xn, selecting a
positive or a negative analog video signal depending on a
polarity signal POL. The polarity switching circuit 70 selects
a positive polarity analog video signal for an odd-numbered
output terminal Xn at the same time when selecting a
negative polarity analog video signal for an even-numbered
output terminal Xn. Alternatively, the polarity switching
circuit 70 selects a negative polarity analog video signal for
an odd-numbered output terminal Xn at the same time when
selecting a positive polarity analog video signal for an
even-numbered output terminal Xn. In this way, the selec-
tion 1s made so that the polarities of odd-numbered output
terminals Xn and even-numbered output terminals Xn differ
from each others. The polarity switching switch 71 and 72
are also controlled together by the signal processing circuit
11 via high voltage level shift circuits 21 and 22.

[0054] The gradation voltage generating circuits 41 and 42
are resistance voltage dividing circuit in which a plurality of
resistances are connected in series, generating desired volt-
ages so as to match gamma characteristics. In this invention,
a positive polarity graduation voltage generations circuit 41
and a negative polarity graduation voltage generating circuit
42 are provided for simultaneously outputting a negative and
a positive analog video signals, respectively having 64
positive polarity graduation voltages (VP0 to VP63) and 64
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negative polarity gradation voltages (VNO to VN63) and
capable of outputting a plurality of gradation voltages fine-
tuned for each RGB color in a time-sharing manner. There
are two gradation voltage generating circuits 41 and 42 for
positive and negative polarities, each storing correction
values of RGB colors in fine-tuning registers and generating
fine-tuned positive and negative gradation voltages.

[0055] A positive polarity D/A conversion circuit 31 out-
puts a positive polarity analog video signal relative to a
reference voltage, in response to a digital video signal Dx.
A negative polarity D/A conversion circuit 32 a negative
polarity analog video signal relative to a reference voltage,
in response to a digital video signal Dx. The positive polarity
D/A conversion circuit 31 and the negative polarity D/A
conversion circuit 32 are formed with middle-voltage
devices, which are described later.

[0056] FIG. 6 is a detailed diagram showing the positive
D/A conversion circuit 31. The positive polarity D/A con-
version circuit 31 is comprised of an amplifier 33, a selector
35 that includes 64 switches, and a decoder 37, each circuit
operating in a voltage range from GND to VPL (5V).
Positive polarity gradation voltages (VPO to VP63) are
supplied from the positive polarity gradation generating
circuit 41 to each switch of the selector 35. One gradation
voltage is selected by the decoder 37 from 64 positive
polarity gradation voltages depending on a digital video
signal Dx, and then the selected gradation voltage is out-
putted through the amplifier 33.

[0057] FIG. 7 is a detailed diagram showing the negative
polarity D/A conversion circuit 32. The negative polarity
D/A conversion circuit 32 is comprised of an amplifier 34,
a selector 36 that includes 64 switches, and a decoder 38,
each circuit operating in a voltage range from VNL (-5V) to
GND. Negative polarity gradation voltage (VN0 to VN63) is
supplied from the negative polarity gradation generating
circuit 42 to each switch of the selector 36. One gradation
voltage is selected by the decoder 38 from 64 positive
polarity gradation voltages, depending on a digital video
signal Dx, and then the selected gradation voltage is out-
putted through the amplifier 34.

[0058] Logic parts of the signal processing circuit 11 and
data latch circuit 17 and such are operating from GND to
VDD (2.5V). Accordingly a positive polarity level shift
circuit 21 and a positive negative level shift circuit 22 are
provided between the data latch circuit 17 or the digital
video signal time-sharing circuit 50, and the positive polar-
ity D/A conversion circuit 31 and the negative polarity D/A
conversion circuit 32. The positive level shift circuit 21 and
the negative level shift circuit 22 are formed with middle-
voltage devices and high-voltage devices, which are
described later.

[0059] As described in the foregoing, the time-sharing
selection circuit 8 connects the output terminals Xn of the
data line drive circuit 10 with a plurality of data lines 3 via
a plurality of switches. Specifically as shown in FIG. 2,
time-sharing switches 81, 82, and 83 are provided between
an output terminal X1 and data lines R1, G1, and B1. That
is, time-sharing switches 81, 82, and 83 are provided
between an output terminal Xn and data lines Rn, Gn, and
Bn. The time-sharing drive circuit 8 operates in the same
VGH and VGL power supply voltages of the scan line drive
circuit 6.
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[0060] To drive color display QVGA (240 RGBx320)
pixels in three division, 120 each of the positive polarity D/A
conversion circuit 31 and negative polarity D/A conversion
circuit 32 are provided to the driver IC1. In a six division
driving, 60 each of the positive and negative polarity D/A
conversion circuits are required. However only one each of
the charge recycling capacities 67 and 68 need to be pro-
vided in a liquid crystal display. Circuit configuration can
therefore be simplified by performing time-sharing opera-
tion to every positive and negative drive circuit and by
inverting polarities by each data line group to be driven in
a time-sharing manner.

[0061] An operation is described in detail hereinafter.
When a horizontal start signal STH is inputted to the shift
register circuit 15, a sampling signal SPn which is synchro-
nized to an internal clock signal CK is generated in turn. A
digital video signal Dx is latched to the data register circuit
16 in response to a sampling signal SPn. The digital vide
signal Dx latched in the data register circuit 16 is latched in
parallel to the data latch circuit 17 in response to an input of
a latch signal STB. The data latch circuit 17 is connected to
the positive polarity level shift circuit 21 or the negative
polarity level shift circuit 22. The digital video signal Dx is
inputted to the positive polarity D/A conversion circuit 31 or
the negative polarity D/A conversion circuit 32 through the
positive polarity level shift circuit 21 or the negative polarity
level shift circuit 22. After that the digital video signal Dx
is converted to a positive polarity analog video signal or a
negative polarity analog video signal in a positive polarity
D/A conversion circuit 31 or a negative polarity D/A con-
version circuit. Then the positive or negative polarity analog
video signal is supplied to each of the data line 3 through a
polarity switching circuit 70 for selecting a positive or
negative analog video signal depending on a polarity signal
POL and the time-sharing selection circuit 8.

[0062] Further detail of the operation is described herein-
after. To elucidate the explanation, the case will be consid-
ered where there are six data lines (R1, G1, B1, R2, G2, and
B2) and two scanning lines (Y1, Y2), as shown in FIG. 8.
Digital video signals corresponding to each data line (R1,
G1, B1, R2, G2, B2) are represented by (DR1, DG1, DB1,
DR2, DG2, DB2) respectively. Further, an example will be
explained in which a RGB pixel inversion drive is conducted
such that the polarity of each element in a first scanning line
Y1 becomes (+, +, +, =, =, =) and a polarity of each element
in a second scanning line Y2 becomes (-, —, -, +, +, +). As
shown in FIG. 8, each pixel is driven so that the pixel is
inverted after each frame.

[0063] A digital video signal is switched to match with a
pixel to be displayed in the signal processing circuit 11
which is illustrated in FIG. 4. When a polarity signal POL
is L, digital video signals (DR1, DG1, and DB1) are
supplied to the data buses (DRo, DGo, and DBo), and then
latched to the positive polarity data register circuit 16a. The
digital video signals (DR2, DG2, and DB2) are supplied to
the data buses (DRe, DGe, and DBe), and then latched to the
negative polarity data register circuit 165. On the other hand
when a polarity signal POL is H, digital video signals (DR1,
DG1, and DB1) are supplied to the data buses (DRe, DGe,
and DBe), and then latched to the negative polarity data
register circuit 165. The digital video signals (DR2, DG2,
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and DB2) are supplied to the data buses (DRo, DGo, and
DBo), and then latched to the positive polarity data register
circuit 16a.

[0064] FIG.9 isa timing chart showing operations of each
part with control signals outputted from the signal process-
ing circuit 11. According to the timing chart FIG. 9 and
charge recycling operation schematic views FIGS. 10A to
10D, during the first precharge period T1 in a first horizontal
period, charge recycling switches 61, 62, a polarity switch-
ing switch 72, time-sharing switches 81, 82, and 83 are
turned on (as shown in FIG. 10A). Then positive polarity
charges of data lines (R2, G2, and B2) which are driven to
positive polarity in a previous horizontal period are charged
to the charge recycling capacity 67, and similarly negative
polarity charges of data lines (R1, G1, and B1) which are
driven to negative polarity are charged to the charge recy-
cling capacity 68.

[0065] The operation is further described in detail herein-
after. After a voltage is applied as a picture signal to the data
line 3 via an output terminal Xn from a positive polarity D/A
conversion circuit 31 and a negative polarity D/A conversion
circuit 32, a charge is retained between TFT included in a
pixel 5 from the positive polarity D/A conversion circuit 31
and the negative polarity D/A conversion circuit 32, until
precharge switches 63 and 64 are closed. However after
applying a voltage of a pixel signal to the data line 3 via an
output terminal Xn, by leaving the polarity switching
switches 71 and 72 as they are, closing the time-sharing
switches 81, 82, and 83, and further closing the charge
recycling switches 61 and 62, the charge retained in the data
line 3 can be collected to the charge recycling capacities 67
and 68.

[0066] Then, during a second precharge period T2 in the
first horizontal period, precharge switches 63, 64, polarity
switching switch 72, time-sharing switches 81, 82, and 83
are turned on (as shown in FIG. 10B). Then the data lines
3 (R2, 32, and B2), which are driven to positive polarity in
a previous horizontal period, are precharged to a reference
voltage (GND), similarly the data lines 3 (R1, G1, and B1),
which are driven to negative polarity to a reference voltage
(GND), are precharged in order to neutralize them. At this
time, the charge recycling switches 61 and 62 and pre-
charged in a state in which they are opened, charges are
retained in the charge recycling capacities 67 and 68.

[0067] Then, during a third precharge period T3 in the first
horizontal period, charge recycling switches 61, 62, polarity
switching switch 71, time-sharing switches 81, 82, and 83
are turned on (as shown in FIG. 10C). Then positive polarity
charges are discharged from the charge recycling capacity
67 to the data lines 3 (R1, G1, and B1) which are precharged
to a reference voltage in the second precharge period T2,
similarly negative polarity charges are discharged from the
charge recycling capacity 68 to the data lines 3 (R2, G2, and
B2). In other words, by switching the polarity switching
switches 71 and 72 and discharging charges collected and
retained in the charge recycling capacities 67 and 68 during
the first precharge period T1, charges are discharged to other
data lines 3 than data lines that have collected the charges.
This operation realizes charge recycling and reduces a
power consumption required for a voltage applied to data
lines 3 as a pixel signal to reach a voltage applied by the
positive polarity D/A conversion circuit 31 or the negative
polarity D/A conversion circuit 32
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[0068] Then, during a drive period in the first horizontal
period, by turning on connecting switches 65, 66, and the
polarity switching switch 71 (as shown in FIG. 10D), an
analog video signal is outputted to the data line 3. That is,
during a first drive period T4 in the first horizontal period,
connecting switches 65, 66, the polarity switching switch
71, and the time-sharing switch 81 are turned on, a positive
polarity analog video signal is outputted from an output
terminal X1 to a data line R1, and a negative polarity analog
video signal is outputted from an output terminal X2 to a
data line R2. Then, during a second drive period T5 in the
first horizontal period, connecting switches 65, 66, the
polarity switching switch 71, and the time-sharing switch 82
are turned on, a positive polarity analog video signal is
outputted from the output terminal X1 to a data line G1, and
a negative polarity analog video signal is outputted from the
output terminal X2 to a data line G2. Then, during a third
drive period T6 in the first horizontal period, connecting
switches 65, 66, the polarity switching switch 71, and the
time-sharing switch 83 are turned on, a positive polarity
analog video signal is outputted from the output terminal X1
to a data line B1, and a negative polarity analog video signal
is outputted from the output terminal X2 to a data line B2.

[0069] After that during a first precharge period T11 in a
second horizontal period, charge recycling switches 61, 62,
the polarity switching switch 71, time-sharing switches 81,
82, and 83 are turned on. Then positive polarity charges of
the data line 3 (R1, G1, and B1) which are driven to positive
polarity in the first horizontal period are charged to the
charge recycling capacity 67, and similarly negative polarity
charges of the data line 3 (R2, G2, and B2) which are driven
to negative polarity in the first horizontal period are charged
to the charge recycling capacity 68. Then, during a second
precharge period T2 in the second horizontal period, pre-
charge switches 63, 64, polarity switching switch 72, time-
sharing switches 81, 82, and 83 are turned on. Then the data
lines 3 (R1, G1, and B1), which are driven to positive
polarity in the horizontal period, are precharged to a refer-
ence voltage (GND), similarly the data lines 3 (R2, G2, and
B2), which are driven to negative polarity to a reference
voltage (GND), are precharged in order to neutralize them.
Then, during a third precharge period T13 in the second
horizontal period, charge recycling switches 61, 62, polarity
switching switch 72, time-sharing switches 81, 82, and 83
are turned on. Then positive polarity charges are discharged
from the charge recycling capacity 67 to the data lines 3 (R2,
G2, and B2) which are precharged to a reference voltage in
the second precharge period T12, similarly negative polarity
charges are discharged from the charge recycling capacity
68 to the data lines 3 (R1, G1, and B1). Then, during a third
precharge period T13 in the second horizontal period, charge
recycling switches 61, 62, polarity switching switch 71,
time-sharing switches 81, 82, and 83 are turned on. After
that positive polarity charges are discharged from the charge
recycling capacity 67 to the data lines 3 (R2, G2, and B2)
which are precharged to a reference voltage in the second
precharge period T12, similarly negative polarity charges
are discharged from the charge recycling capacity 68 to the
data lines 3 (R1, G1, and B1).

[0070] Then, during a first drive period T14 in the second
horizontal period, the connecting switches 65, 66, the polar-
ity switching switch 71, and the time-sharing switch 81 are
turned on, a negative analog video signal is outputted from
the output terminal X1 to the data line R1, and a positive
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polarity analog video signal is outputted from an output
terminal X2 to a data line R2. Then, during a second drive
period T15 in the second horizontal period, the connecting
switches 65, 66, the polarity switching switch 71, and the
time-sharing switch 82 are turned on, a negative analog
video signal is outputted from the output terminal X1 to the
data line G1, and a positive polarity analog video signal is
outputted from an output terminal X2 to a data line G2.
Then, during a third drive period T16 in the second hori-
zontal period, the connecting switches 65, 66, the polarity
switching switch 72, and the time-sharing switch 83 are
turned on, a negative analog video signal is outputted from
the output terminal X2 to the data line B1, and a positive
polarity analog video signal is outputted from an output
terminal X2 to a data line B2.

[0071] According to the operations described in the fore-
going, the positive polarity D/A conversion circuit 31, the
charge recycling switch 61, precharge switch 63, and the
connecting switch 65 are only applied with positive polarity
voltages, while the negative polarity D/A conversion circuit
32, the charge recycling switch 62, precharge switch 64, and
the connecting switch 66 are only applied with negative
polarity voltages. Accordingly these devices can be formed
with middle-voltage devices (5V), which is described later.
With middle-voltage devices, a circuit area can be reduced
with a thinner a gate oxide film and a shorter gate length.

[0072] To prevent flicker from being generated, restrain-
ing a fluctuation of com voltage is an effective way. As in
this embodiment, even though pixels are not adjacent as with
aR1 pixel and a R2 pixel, ifa total charge amount of positive
and negative polarity analog signals to be written to pixels
are the same in one writing, positive and negative charges
cancel out each other, resulting a subtle fluctuation of com
voltage.

[0073] By a series of precharge operations, positive and
negative polarity charges that are accumulated to data lines
can be collected and recycled, creating 50% charge recy-
cling effect at most as well as reducing power consumption.

[0074] An example of manufacturing a driver IC1 of this
embodiment is described hereinafter in detail. In this
embodiment, an example of manufacturing low-voltage
devices that operates with low-voltage (2.5), middle-voltage
devices that operates with middle-voltages (5V), and high-
voltage devices that operates with high-voltage (20V)
through diffusion processes. The above voltages are merely
an example and can be other voltages as long as retaining a
relationship of low voltage<middle voltage <high voltage.
However there are middle-voltage devices used for positive
polarity and for negative polarity, while high-voltage
devices can be used for both of the voltage ranges.

[0075] Generally for a device like a transistor in a semi-
conductor integrated circuit, it is known that a device area
becomes large when having a higher voltage. The relation-
ships among a gate length Lmin, gate width Wmin, gate
oxide film thickness Tox 1is; Lmin (low-voltage
device)<Lmin (middle-voltage device)<ILMin (high-voltage
device), Wmin (low-voltage device)<Wmin (middle-voltage
device)<Wmin (high-voltage device, and Tox (low-voltage
device)<Tox (middle-voltage device)<Tox (high-voltage
device). Therefore a chip size of a driver IC1 can be reduced
by adopting a circuit configuration with as little high-voltage
devices as possible.
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[0076] In this embodiment, logic parts of the signal pro-
cessing circuit 11 and the data latch circuit 17 and such are
formed with low-voltage devices, the positive polarity D/A
conversion circuit 31, the negative D/A conversion circuit
32, and the precharge circuit 60 are formed with middle-
voltage devices, the polarity switching circuit 70, a part of
the negative polarity level-shift circuit 22, and a part of the
signal processing circuit 11 are formed with high-voltage
devices. Because control signals to the scan line drive circuit
6 and the time-sharing selection circuit 8 are inputted via
level-shift circuits, high-voltage devices are used for a part
of the signal processing unit 11.

[0077] FIG. 11 is a cross-section diagram showing a
substrate and a configuration of devices on the substrate in
a semiconductor integrated circuit. A n-type transistor and a
p-type transistor formed with high voltage (20V) as a
reference are respectively referred to as Qln and Qlp, a
n-type transistor and a p-type transistor on a Nwell-2 formed
with middle voltage (5V) as a reference is respectively
referred to as Q2n and Q2p, a n-type transistor and a p-type
transistor on a Nwell-3 are respectively referred to as Q3n
and Q3p, and a n-type transistor and a p-type transistor on
a Nwell-4 formed with low voltage (2.5V) are respectively
referred to as Q4n and Q4p.

[0078] With a voltage for a substrate (Psub) is at least
VGL=-10, place a signal processing circuit 11 on the
Nwell-4, place a positive polarity D/A conversion circuit 31
on the Nwell-3, a negative polarity D/A conversion circuit
32 on the Nwell 1-2, a polarity switching circuit 70, a part
of a negative polarity level shift circuit 22, and a part of a
signal processing circuit 11 are placed on the Psub and the
Nwell-1. Although devices other than a transistor such as a
resistance, condenser, and a diode are also provided in the
driver IC1, withstand pressure for the devices are secured.

[0079] The data line drive circuit 10 includes a plurality of
D/A conversion circuits for driving a plurality of data lines,
each circuit being placed depending on an operation voltage
to a continuous region of each Nwell. As several dozens pm
are required between Nwells with different potentials, a size
of a circuit having the same voltage range is reduced when
placing such circuit in a continuous Nwell.

[0080] In this invention, the polarity switching circuit 70
is formed with high-voltage devices (20V). Accordingly a
voltage for operating the polarity switching circuit 70 can be
a voltage range between VGL=-10V and VPH=5V, VGL=-
10V and VPH=10V and a voltage for Nwell-1 is defined as
VPH=5 or VGH=10V.

[0081] Though the substrate is assumed as P-type semi-
conductor in this embodiment, the substrate may be n-type
semiconductor (Nsub) In such a case, a voltage for Nsub will
be at most VGH=10V.

Second Embodiment

[0082] In the first embodiment, the polarity switching
circuit 70 is formed on the driver IC1 and the time-sharing
selection circuit 8 is formed on a panel. However a selection
circuit having polarity switching function along with time-
sharing switch function may be formed on the panel. FIG.
12 is a detailed diagram of a D/A conversion circuit portion
and a precharge circuit portion of a driver IC1 according to
this embodiment.
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[0083] In the first embodiment, the polarity switching
circuit 70 is provided between the precharge circuit 60 and
output terminals Xn. However in this embodiment, the
precharge circuit 60 is directly connected with output ter-
minals Xn. As illustrated in FIG. 13, a time-sharing selec-
tion circuit 8 is comprised of two switches for each data line
3. Each switch is connected to an odd-numbered output
terminal and an ever-numbered output terminal, including a
polarity switching function. Consequently, the number of
switches constituting the time-sharing selection circuit 8 on
the panel 2 doubled compared to the first embodiment. For
example an output terminal X1 is connected to the three data
lines (R1, G1, and B1) via switches 81, 82, and 83 as well
as being connected to three data lines (R2, G2, and B2) via
switches 84, 85, and 86. An output terminal X2, adjacent to
an output terminal X1, is connected to the three data lines
(R2, G2, and B2) via the switches 81, 82, and 83 as well as
being connected to the three data lines (R1, G1, and B1) via
the switches 84, 85, and 86.

[0084] Also in the first embodiment, a positive or negative
polarity analog video signal are outputted from an output
terminal Xn of the driver IC1. However this embodiment, a
positive polarity analog video signal is outputted from an
odd-numbered output terminal, while a negative polarity
analog video signal is outputted from an even-numbered
output terminal. Not to mention that a circuit may be
configured in a way that a negative polarity analog video
signal to be outputted from an odd-numbered output termi-
nal, and a positive polarity analog video signal to be
outputted from an even-numbered output terminal.

[0085] In this embodiment, high-voltage devices such as
the power supply circuit 12 is formed on the panel 2, while
the data line drive circuit 10 and the signal processing circuit
11 are formed on the driver IC1. In the first embodiment, an
analog video signal from a positive or negative D/A con-
version circuit is outputted to each data line via three
switches, which are a connecting switch 65 or 66, a polarity
switching switch 71 or 72 and a switch included in the
time-sharing selection circuit 8. On the other hand in this
embodiment, by outputting an analog video signal to each of
the data line 3 via two switches which are a connecting
switch 65 or 66, and a switch included in the time-sharing
selection circuit 8, on-resistance of a switch can be lowered,
thereby shortening a driving time.

[0086] High-voltage devices included in the driver IC
makes up only apart of the negative level-shift circuit, thus
the size of driver IC1 chip can be smaller.

[0087] Insimilar manner as the first embodiment, switches
(61 to 66) constituting the precharge circuit 60 are formed
with middle-voltage devices. Manufacturing the switches of
the precharge circuit 60 on a semiconductor substrate leads
to an ability of a transistor to be superior to the case when
manufacturing the switches on the panel 2, a glass substrate
etc, by more than one digit, accordingly shortening a pre-
charge time. Shorter precharge time relatively leads to a
longer driving time, thus it is possible to increase the number
of division and to reduce the number of D/A conversion
circuit.

[0088] An operation of the second embodiment is
described hereinafter in reference to a timing chart shown in
FIG. 14. During a first precharge period T21 in a first
horizontal period, charge recycling switches 61, 62, time-
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sharing switches 84, 85, and 86 are turned on. Then positive
polarity charges of data lines (R2, G2, and B2) which are
driven to positive polarity in a previous horizontal period are
charged to the charge recycling capacity 67, and similarly
negative polarity charges of data lines (R1, G1, and B1)
which are driven to negative polarity are charged to the
charge recycling capacity 68. Then, during a second pre-
charge period T22 in the first horizontal period, precharge
switches 63, 64, time-sharing switches 84, 85, and 86 are
turned on. After that the data lines (R2, G2, and B2), which
are driven to positive polarity during a previous horizontal
period, are precharged to a reference voltage (GND), simi-
larly the data lines (R1, G1, and B1), which are driven to
negative polarity, are precharged to a reference voltage
(GND) in order to neutralize them.

[0089] Then, during a third precharge period T23 in the
first horizontal period, charge recycling switches 61, 62,
time-sharing switches 81, 82, and 83 are turned on. Then
positive polarity charges are discharged from the charge
recycling capacity 67 to the data lines 3 (R1, G1, and B1)
which are precharged to a reference voltage in the second
precharge period T22, similarly negative polarity charges
are discharged from the charge recycling capacity 68 to the
data lines 3 (R2, G2, and B2). This is how a collection and
a recycling is achieved for the charges applied as pixel
signals to each data lines 3.

[0090] Then, during a first drive period T24 in the first
horizontal period, connecting switches 65, 66, and the
time-sharing switch 81 are turned on, a positive polarity
analog video signal is outputted from an output terminal X1
to a data line R1, and a negative polarity analog video signal
is outputted from an output terminal X2 to a data line R2.
Then, during a second drive period T25 in the first horizontal
period, connecting switches 65, 66, and the time-sharing
switch 82 are turned on, a positive polarity analog video
signal is outputted from the output terminal X1 to a data line
G1, and a negative polarity analog video signal is outputted
from the output terminal X2 to a data line G2. Then, during
a third drive period T26 in the first horizontal period,
connecting switches 65, 66, and the time-sharing switch 83
are turned on, a positive polarity analog video signal is
outputted from the output terminal X1 to a data line B1, and
a negative polarity analog video signal is outputted from the
output terminal X2 to a data line B2.

[0091] After that, during a first precharge period T31 in a
second horizontal period, charge recycling switches 61, 62,
time-sharing switches 81, 82, and 83 are turned on. Then
positive polarity charges of the data line 3 (R1, G1, and B1),
which are driven to positive polarity in the first horizontal
period, are charged to the charge recycling capacity 67, and
similarly negative polarity charges of the data line 3 (R2,
G2, and B2), which are driven to negative polarity in the first
horizontal period, are charged to the charge recycling capac-
ity 68. Then, during a second precharge period T32 in the
second horizontal period, precharge switches 63, 64, time-
sharing switches 81, 82, and 83 are turned on. After that the
data lines (R1, G1, and B1), which are driven to positive
polarity during a previous horizontal period, are precharged
to a reference voltage (GND), similarly the data lines (R2,
G2, and B2), which are driven to negative polarity, are
precharged to a reference voltage (GND) in order to neu-
tralize them. Then, during a third precharge period T33 in
the second horizontal period, charge recycling switches 61,
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62, polarity switching switch 71, time-sharing switches 84,
85, and 86 are turned on. After that positive polarity charges
are discharged from the charge recycling capacity 67 to the
data lines 3 (R2, G2, and B2), which are precharged to a
reference voltage in the second precharge period T12, simi-
larly negative polarity charges are discharged from the
charge recycling capacity 68 to the data lines 3 (R1, G1, and
B1).

[0092] Then, during a first drive period T34 in the second
horizontal period, connecting switches 65, 66, and the
time-sharing switch 84 are turned on, a positive polarity
analog video signal is outputted from an output terminal X1
to a data line R2, and a negative polarity analog video signal
is outputted from an output terminal X2 to a data line R1.
Then, during a second drive period T35 in the second
horizontal period, connecting switches 65, 66, and the
time-sharing switch 85 are turned on, a positive polarity
analog video signal is outputted from the output terminal X1
to a data line G2, and a negative polarity analog video signal
is outputted from the output terminal X2 to a data line G1.
Then, during a third drive period T36 in the second hori-
zontal period, connecting switches 65, 66, and the time-
sharing switch 86 are turned on, a positive polarity analog
video signal is outputted from the output terminal X1 to a
data line B2, and a negative polarity analog video signal is
outputted from the output terminal X2 to a data line B1. As
shown in FIG. 8, each pixel is driven so that the pixel is
inverted after each frame.

[0093] In the first and the second embodiment, a write
order to a pixel is explained as R—=G—B for convenience.
However it is preferable to write G at the end such as in
R—+B—G or B—=R—G because G (Green) has higher sen-
sitivity than R (Red) and B (Blue), considering a leak current
of the TFT when the time-sharing switches 81, 82, and 83
are formed with TFTs. Furthermore though the number of
division is explained as 3, it does not necessarily have to be
3. However in this case, the number of division is preferably
multiple numbers of 3 because RGB is three colors. For
example if divided into 6, it is preferable to write pixels with
the same color together such as the order of R1—-R2—B1—
B2—-=G1—G2 in one D/A conversion circuit. Writing in an
order of R1-B1—+G1—-R2—+B2—+G2 could result in a
display shading because a voltage of pixel R1 fluctuates due
to a leak current of a time-sharing switch formed with TFT
during a writing time of B1 and G1 between R1 and R2.

[0094] Despite that the number of D/A conversion circuit
can be reduced as more division is performed, display
shading of a panel can be easily identified. To solve this
problem, it is preferable to change a write order of pixels
with the same color in frames, with four frames as one unit.
An example of an application of the write order is for
instance; 1st and 2nd frames as (R1—-R2—+B1—-B2—»G—
G2) and 3rd and 4th frames as (R2—=R1—+B2—=B1—-G2—
a1).

Third Embodiment

[0095] In the second embodiment, a selection circuit hav-
ing a polarity switching function and a time-sharing switch-
ing function is formed on a panel. A charge recycling circuit
may further be formed on the panel.

[0096] FIG. 15 is a block diagram showing a liquid crystal
display 200 of this invention. A charge recycling circuit 9 is
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further formed on a liquid crystal panel substrate 2. A charge
recycling circuit 9 is controlled by a signal outputted a the
signal processing circuit 11 on a driver IC1. The charge
recycling circuit 9 is described hereinafter in detail in
reference to FIG. 16. In the charge recycling circuit 9, two
charge recycling switches 91 and 92 are provided in parallel
to each data lines 3, and other end of the charge recycling
switches 91 and 92 are connected to a collection line 95 or
a collection line 96 by each data line group. The collection
lines 95 and 96 are respectively connected to a charge
recycling capacities 93 and 94. The charge recycling
switches 91 and 92 are controlled by a polarity signal POL
during a first precharge period in a horizontal period. The
charge recycling circuit 9 is also operated with VGH and
VGL power supply voltages as with the scan line drive
circuit 6 and the time-sharing drive circuit 8.

[0097] An operation of the charge recycling is described in
detail in reference to a timing charge of FIG. 17. A polarity
signal POL is H in a first horizontal period. During a first
precharge period T41 in a first horizontal period, switches
81, 82, and 83 are turned off, the switch 92 is turned on, and
charges accumulated in data lines 3 are moved to a charge
recycling capacity 93 to collect the charges. Then, during a
second precharge period T42 in the first horizontal period,
the switch 92 is turned off, the switches 81, 82, and 83 are
turned on, precharge switches 63 and 64 a returned on and
then precharged to a reference voltage. Then, during a third
precharge period T43 in the first horizontal period, the
precharge switches 63 and 64 are turned off, the switches 81,
82, and 83 are turned off, the switch 91 is turned on and then
charges are moved from a charge recycling capacity 94 to
the data lines 3 in order to recycle the charges.

[0098] 1Inasecond horizontal period, a polarity signal POL
becomes L. During a first precharge period T51 in the
second horizontal period, the switches 81, 82, and 83 are
turned off, the switch 91 is turned on and charges accumu-
lated to the data lines 3 are moved to the charge recycling
capacity 94 to collect the charges. Then, during a second
precharge period T52 in the second horizontal period, the
switch 91 is turned off, the switches 81, 82, and 83 are turned
on, precharge switches 63 and 64 inside a driver IC1 are
turned on and then precharged to a reference voltage. Then,
during a third precharge period T53 in the second horizontal
period, the precharge switches 63 and 64 are turned off, the
switches 81, 82, and 83 are turned off, the switch 92 is turned
on and then charges are moved from a charge recycling
capacity 93 to the data lines 3 in order to recycle the charges.
The operations in drive periods (T44 to T46 and T54 to T56)
are same as the first embodiment.

[0099] As with the first and the second embodiment, this
embodiment may have a configuration in which a drive
circuit having a D/A conversion circuit only on one side of
a panel, so that the size of a data line drive circuit can be
reduced. Only positive polarity voltage can be applied to the
positive polarity D/A conversion circuit 31, while only
negative polarity voltage can be applied to the negative
polarity D/A conversion circuit 32. Accordingly these
devices may be formed with middle-level voltages (5V),
allowing to have thinner gate oxides, shorter gate length, and
eventually smaller circuit area, as compared to when using
high-voltage devices.

[0100] In this embodiment, by providing the charge recy-
cling circuit 9 outside a driver IC1, noise to GND inside the
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driver IC1 can be reduced as well as preventing the noise
from spreading to the power supply circuit inside the driver
IC1, thereby resulting in a stable com voltage and a satis-
factory display.

[0101] A reference voltage does not necessarily have to be
system ground, although a reference voltage is assumed to
be system ground in the first, second, and the third embodi-
ment. It can be a shifted voltage for a feed through error of
TFT (thin Film Transistor). More specifically, if the feed
through error of TFT is -1V, com voltage will be a system
ground and a reference voltage of a driver IC1 will be 1V,
with the reference voltage being a virtual GND of the driver
IC1. That is, it may be defined as; a positive polarity high
power supply voltage VPH=6V, a positive polarity low
power supply voltage (virtual GND)=1V, positive polarity
high power supply voltage (virtual GND)=1V, and negative
polarity low power supply voltage VNL=-4V.

[0102] Tt is apparent that the present invention is not
limited to the above embodiment and it may be modified and
changed without departing from the scope and spirit of the
invention.

What is claimed is:
1. A liquid crystal display comprising:

a plurality of scan lines;
a plurality of data lines;

a plurality of pixels provided at each intersection of the
plurality of scan lines and the plurality of data lines;

a plurality of pixel groups comprised of the plurality of
pixels; and

a drive circuit driving the plurality of scan lines and the
plurality of data lines;

wherein one of the plurality of pixel groups is comprised
of some of the plurality of pixels provided at each
intersection of some of the plurality of data lines and a
scan line, and the drive circuit output signals of one
polarity to all data lines contained in each of the
plurality of pixel groups by a time-sharing drive, alter-
nated polarity signals to the plurality of pixel groups
adjacent to each other, and polarities of signals which
are inputted to the data lines included in the plurality of
pixel groups are inverted every each frame.

2. The liquid crystal display according to claim 1 further

comprising;

a charge store portion charging a charge of a data line

before polarities of the data line change.

3. The liquid crystal display according to claim 1, wherein
each of data lines contained in a pixel group is selectively
connected to a signal line that supply a time-series signal to
the data lines contained in the pixel group.

4. The liquid crystal display according to claim 1, wherein
the number of the data lines contained in each of the
plurality of pixel groups is an integral multiple of the
number of pixels constituting a display unit.

5. A drive circuit of a liquid crystal display comprising:

a data latch circuit that latches a digital video signal;

a level shift circuit that level shifts a digital video signal
latched by the data latch circuit;
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a D/A converter that converts a digital video signal that is
level shifted by the level shift circuit into an analog
video signal, and

an output control portion that outputs a positive analog
video signal and a negative video signal with a different
polarity from a reference voltage to data lines of a
liquid crystal display based on an output of the D/A
converter,

wherein the output control portion consecutively outputs
the positive analog video signal in time-sharing manner
to a first plurality of data lines during a prescribed
period of a horizontal period, and consecutively out-
putting the negative polarity analog video signal in a
time-sharing manner to a second plurality of data lines
during the prescribed period.

6. The drive circuit of the liquid crystal display according
to claim 5, wherein the output control portion precharges the
data lines near the reference voltage before polarities of the
data lines change.

7. The drive circuit of the liquid crystal display according
to claim 5, wherein the output control portion precharges the
data lines to the reference voltage before polarities of the
data lines change.

8. A drive circuit of a liquid crystal display according to
claim 5 wherein

the D/A converter comprises:

a positive polarity D/A converter operating in a first
voltage range specified by the reference voltage and
a first voltage which is higher than the reference
voltage and outputting a positive polarity analog
video signal relative to the reference voltage; and

a negative polarity D/A converter operating in a second
voltage range specified by the reference voltage and
a second voltage lower than the reference voltage
and outputting a negative polarity analog video sig-
nal relative to the reference voltage, and

the output control portion comprises:

a time-sharing selection circuit that is provided
between the positive polarity D/A converter and the
data lines, and between the negative polarity D/A
converter and the data lines, operates in a third
voltage range specified by a voltage higher than the
first voltage and a voltage lower than the second
voltage, selectively connects an output terminal of
the positive polarity D/A converter with one of the
first plurality of data lines, and selectively connects
an output terminal of the negative polarity D/A
converter with one of the second plurality of data
lines; and

a precharge circuit that is provided between the positive
and the negative polarity D/A converter, and the time-
sharing selection circuit for precharging the data lines
near the reference voltage before polarities of the data
lines change.

9. The drive circuit of the liquid crystal display according
to claim 6, wherein the output control portion controls the
data lines to be precharged to the referenced voltage before
polarities of the data lines change.

10. The drive circuit of the liquid crystal display accord-
ing to claim 8 further comprising a polarity switching circuit
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for operating in the third voltage range and selecting the
positive polarity analog signal or the negative polarity
analog video signal based on a polarity signal.

11. The drive circuit of the liquid crystal display accord-
ing to claim 10, wherein the precharge circuit includes a
plurality of switches, a first and a second capacities,

wherein the precharge circuit controls the plurality of
switches, the time-sharing selection circuit or the polar-
ity selection circuit for connecting the first capacity
with the first plurality of data lines in a first period of
a precharge period at the same time when connecting
the second capacity with the second plurality of data
lines, precharging the first and the second plurality of
data lines near the reference voltage in a second period
of a precharge period, and connecting the first capacity
with the second plurality of data lines in a third period
of a precharge period at the same time when connecting
the second capacity to the first plurality of data lines.

12. The drive circuit of the liquid crystal display accord-
ing to claim 8, further comprising a positive and a negative
gradation voltage generating circuits that are connected to
the positive and the negative D/A converter and adjustable
for each color constituting a color unit.

13. The drive circuit of the liquid crystal display accord-
ing to claim 8, wherein the time-sharing selection circuit is
formed on a panel substrate on which the data lines are
placed, and

the positive polarity D/A converter, the negative polarity
D/A converter, and the precharge circuit are formed on
a semiconductor substrate which is different from the
panel substrate.

14. The drive circuit of the liquid crystal display accord-
ing to claim 8, wherein the time-sharing selection circuit and
the precharge circuit is formed on a panel substrate on which
the data lines are placed, and

the positive polarity D/A converter and the negative
polarity D/A converter are formed on a semiconductor
substrate which is different from the panel substrate.
15. The drive circuit of the liquid crystal display accord-
ing to claim 8, further comprising a power supply circuit for
generating a DC voltage whose voltage adjustment range is
lower than a system ground and higher than a low-level
voltage of the negative polarity D/A converter, or a DC
voltage higher than a system ground and lower than a
high-level voltage of the positive polarity D/A converter,
and supplying the DC voltage to a common electrode of the
liquid crystal display.
16. A drive circuit of a liquid crystal display comprising:

a positive polarity drive circuit formed on a first continu-
ous region on a substrate for outputting a positive
polarity analog video signal to an output terminal of a
display unit;

a positive polarity precharge circuit that is provided
between the positive polarity drive circuit and the
output terminal, for precharging a data line of the
display unit near a reference voltage before a polarity
of the data line changes into a negative polarity with
different polarity from the positive polarity relative to
the reference voltage;

a negative polarity drive circuit formed on a second
continuous region different from the first continuous
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region on the substrate, for outputting the negative
polarity analog video signal to the output terminal; and

a negative polarity precharge circuit provided between the
negative polarity drive circuit and the output terminal,
for precharging the data line near the reference voltage
before a polarity of the data line changes from the
negative polarity to the positive polarity.

17. The drive circuit of the liquid crystal display accord-
ing to claim 16, further comprising a polarity switching
circuit for selecting between the positive polarity analog
video signal and the negative polarity analog video signal
based on a polarity signal.

18. The drive circuit of the liquid crystal display accord-
ing to claim 17,

wherein the positive polarity drive circuit and the positive
precharge circuit are formed on the first continuous
region operating in a voltage range specified by a first
voltage that satisfies a relationship of the first
voltage>the reference voltage and the reference volt-
age,

the negative polarity drive circuit and the negative pre-
charge circuit are formed on the second continuous
region operating in a voltage range specified by a
second voltage that satisfies a relationship of the ref-
erence voltage>the second voltage and the reference
voltage, and

the polarity switching circuit is formed on a third con-
tinuous region operating in a voltage range specified by
a voltage higher than the first voltage and a voltage
lower than the second voltage.

19. The drive circuit of the liquid crystal display accord-
ing to claim 18, wherein the first continuous region, second
continuous region, and the third continuous region each
have a MOS transistor formed therein, and

a thickness of a gate oxide film of the MOS transistor in
the first continuous region and the second continuous
region is thinner than a thickness of a gate oxide film
of the MOS transistor in the third continuous region.

20. The drive circuit of the liquid crystal display accord-

ing to claim 18, wherein the first continuous region, second
continuous region, and the third continuous region each
have a MOS transistor formed therein, and

a length of a gate length of the MOS transistor in the first
continuous region and the second continuous region is
shorter than a length of a gate length of the MOS
transistor in the third continuous region.

21. The drive circuit of the liquid crystal display accord-
ing to claim 16, further comprising a power supply circuit
for generating a DC voltage whose voltage adjustment range
is lower than a system ground and higher than a low-level
voltage of the negative polarity drive circuit, or a DC voltage
higher than a system ground and lower than a high-level
voltage of a positive polarity drive circuit, and generating
the DC voltage to a common electrode of the liquid crystal
display.

22. A drive circuit of a liquid crystal display comprising:

a positive polarity drive circuit formed on a first continu-
ous region on a substrate for outputting an analog video
signal of a positive polarity to an output terminal that
outputs to a data line of a display unit;



US 2006/0232539 A1

a negative polarity drive circuit formed on a second
continuous region which is different from the first
continuous region on the substrate, for outputting an
analog video signal of a negative polarity with different
polarity from the positive polarity relative to a refer-
ence voltage to an output terminal that outputs to the
data line;

a positive polarity precharge circuit connected to the data
line for precharging the data line near the reference
voltage before a polarity of the data line changes from
the positive polarity to the negative polarity; and

a negative polarity precharge circuit connected to the data
line for precharging the data line near the reference
voltage before a polarity of the data line changes from
the negative polarity to the positive polarity.

23. The drive circuit of the liquid crystal display accord-
ing to claim 22, further comprising a polarity switching
circuit for selecting between the analog video signal of the
positive polarity and analog video signal of the negative
polarity based on a polarity signal.

24. A drive circuit of a liquid crystal display comprising:

a data line drive circuit including a D/A converter for
converting into an analog video signal; and

a power supply circuit for supplying the data line drive
circuit with power,

wherein the data line circuit outputs a positive polarity
analog video signal and a negative polarity analog
video signal with different polarity relative to a refer-
ence voltage to data lines of the liquid crystal display,
is formed on a semiconductor substrate, and has an
output control portion that supplies a control signal
with broader voltage range than a voltage range of the
positive and the negative polarity analog video signal to
a circuit formed on a substrate different from the
semiconductor substrate.

25. The drive circuit of the liquid crystal display accord-
ing to claim 24, wherein the circuit formed on the substrate
different from the semiconductor substrate is a time-sharing
selection circuit for selecting and outputting a consecutive
analog video signals of the same polarity that are outputted
from the data line drive circuit in a time-sharing manner to
the data lines.
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26. The drive circuit of the liquid crystal display accord-
ing to claim 24, wherein the circuit formed on a substrate
different from the semiconductor substrate is a charge recy-
cling circuit for accumulating charges of the data lines to a
charge storing portion before polarities of the data lines
change.

27. A drive circuit of a liquid crystal display for dividing
one horizontal period into at least the number m and
outputting a positive or negative polarity analog video signal
with different polarities in regard to a reference voltage to
data lines of a display unit comprising:

a positive polarity buffer for outputting the positive polar-
ity video signal;

the data lines for the number of 2xm;

first switches between a positive polarity buffer and the
data lines;

a negative polarity buffer for outputting the negative

polarity video signal;

second switches between the negative polarity buffer and

the data lines for the number of 2xm.

28. The drive circuit of the liquid crystal display accord-
ing to claim 27, wherein the first and the second switches are
controlled by control signals for the number of 2m.

29. The drive circuit of the liquid crystal display accord-
ing to claim 28, wherein the positive and the negative
polarity buffer are formed on a first substrate, and the first
and the second switches are formed on a second substrate
which is different from the first substrate.

30. The drive circuit of the liquid crystal display accord-
ing to claim 27, wherein

the positive polarity buffer operates in a first voltage range
that is specified by the reference voltage and a first
voltage which is higher than the reference voltage,

the negative polarity buffer operates in a second voltage
range that is specified by the reference voltage and a
second voltage which is lower than the reference volt-
age, and

the first and the second switches operate in a third voltage
range specified by a voltage higher than the first voltage
and a voltage lower than the second voltage.
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