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AlLiquid Crystal Driving Device, Liquid Crystal Display Device, Analog Buffer, and
Li?uid Ciystal Driving Method

\
Eield of Technology _
This favention pertains to a driving method for a liquid crystal panel and, in particular, a
driving method for a TFT liquid crystal panel.

Background Technology .
" A number of different driving mathods for TFT liquid crystal panels are already

known. For example, as.stated in"Doraiba LSI no kadai wa teiden'atsu tan'itsu dengenka
de kaiketsu” ("Driver LSI problems solved by low voltage single power supply"), Flat
Panel Display 1991 (November 26, 1990, Nikkei Business Publications, Inc., p.' 168 to p.
172), TFT liquid crystal panel drivers (liquid crystal driving devices) can be broadly
divided into two types: digital and analog. The typical structure of a conventional analog
' line sequential driver is shown in Figure 38. This conventional driver contsins shift
register 2000, level shifter 2002, switches (analog switches) 2004 to 2018, sampling
capacitors 2020 to 2026, hold capacitérs 2028 to 2034, and analog buffers 2036 to 2042..
. - Shift register 2000 shifts in synchronization with the shift clock, the output is input into
level shifter 2002, and the voltage is shifted. Switches 2004 to 2010 are sequentially
turned off (opened) based on the output of level shifter 2002, re'sulting in the sequential
sampling of video signals by capacitors 2020 to 2026. When video signal sampling is
finished, the output enable signal becomes valid and switches 2012 to 2018
simultaneously turn on (close). When this happens, the sampled voltages are held by
capacitors 2028 to 2034 through capacitive coupling between capacitors. The voltage
that is held is then buffered by analog buffers 2036 to 2042 and is output to the signal
lines of the liquid crystal panel as display signals. Analog buffers 2036 to 2042 are
constructed, for example, by connecting operational nimpliﬁers to voltage followers.

The configixration of the pixel region of the liquid crystal panel is shown in Figure
39. Signal line 2050 is connected to the source region of TFT (thin film transistor) 2054,
scan line 2052 is connected to the gate electrode of TFT 2054, and pixel electrode 2054 is
connected to the drain region of TFT 2034. When TFT 2054 is sclected by scan line
2052, the voltage difference between the voltage applied to pixel electrode 2056 and the
counter voltage (common voltage) applied to the counter electrode is supplied to liquid
crystal element 2058, thereby driving liquid crystal element 2058.
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Liquid crystal elements degrade when direct current volrage is applied to them for

extended periods. This property makes necessary a driving means in which the polarity
of the ‘voltag'e applied to the 1iqufd crystal elements is inverted after a specified period of
time.. As shown in Figure 40 A to Figure 40 D, such known driving methods include
frame inversion driving (hereafter referred to as "1V inversion driving" for the sake of
convenicnce), scan line inversion driving (hereafter referred to as “1H inversion driving”
for the sake of convenience), signal line inversion-driving (hereafter referred to as *1S
inversion driving“ for the sake of convenience), and dot inversion driving (hereafter
referred to as "1H + 1S inversion driving" for the sake of convenience).

In 1V inversion driving, as shown in Figure 40 A, the polarity of the applied
voltage in all pixelsis the same within a single vertical scanning period (1 field, 1 frame);
and the polarity of all pixels is inverted after each vertical scanning period. While 1V
inversion driving has the advantage of having driver circuits that are simple and easy to
control and, moreover, does not suffer from line nonuniformity, this driving means does
suffer from extremely conspicuous screen flicker, _

In 1H inversion driving, as shown in Figure 40 B, the polarity of the applied
voltage differs for each scan line; and, under these conditions, polarity is inverted after
each vertical scanning period. The advantage of 1H: inversion driving is that flicker is not
conspicuous and cross-talk in the vertical direction is inhibited. Conversely, however, it

suffers from the drawbacks of susceptibility to horizontal cross-talk and visible horizontal

stripes in video displays. This driving method is particularly effective when employing
non-linear active elements (such as polycrystalline TFT's and MIMs, for example) with
large off leakage currents. Large liquid crystal panels, however, suffer from a brightness
gradient problem caused by parasitic resistance of the interconnect electrodes. The
brightness gradient problem cannot be solved by means of 1H inversion driving.

In 1S inversion driving, as shown in Figure 40 C, the polarity of the zipplied
- voltage differs for each signal line; and, under these conditions, polarity is inverted after
each vertical scanning period. The advantage of 1S inversion driving is that flicker is not
conspicuous and cross-talk in the horizontal direction is inhibited. Conversely, however,
it suffers from the drawbacks of susceptibility to vertical cross-talk and visible vertical
stripes in video displays. Although it is possible-solve the brightness gradient problem
mentioned above, using elements which have large off leakage currents leads to
undesirable effects. _ '

In 1H + 1S inversion driving, the polarity of the applied voltage differs for each
pixel: and, under these conditions, polarity is inverted after each vertical scanning period.

1H + 1S inversion driving is disclosed in, for example, "Dotto hanten kudou de gashitsu
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wo koujou shita 13 inchi EWS-you kousaldo TFT ekishou paneru” ("A 13-inch EWS
high-definition TFT liquid crystal panel with improved picture quality by means of dot
inversion driving" ), Flat Panel Display 1993 (December 10, 1992, Nikkei Business
Publications, Inc., pages 120 to 123). This method has the advantages of both 1H
inversion driving and 18 inversion driving; it also has the drawbacks of both. Further, the
realization of this mcthod means that the configuration and control of the driver circuits
become extremely complex, thus creating the disadvantages of longer design times and
higher device costs.

As described above, each of the said four dnvmg methods has both advantages
and dxsadvanbages. Hence, the question of which of these four driving methods to use is -
determined by considering such things as the type and performance of non-linear active
elements, the size of the liquid crystal panel, the targeted display quality, the cost of the
device, and a variety of other design conditions. However, these design conditions are
sometimes changed in the development process; and a change in any of the said design
conditions after one of the said four methods has already been adopted will also
. necessitate a change in the driving method, a matter that requires tremendous labor for
circuit changes and such. Therefore, a liquid crystal dnver that can easily accommodate
these types of design changes is desirable. '

If a liquid crystal driver is to be supplied as a standard device, it should have a
high degree of general versatility so that it may accommodate all users. Users of liquid
- crystal drivers, however, employ a variety of driving methods, such as those above. In
addition to the variety of driving methods, moreover, is a wide variety of performance
(operating speed, number of signal lines, etc.) requirements for liquid crystal drivers.
Consequently, it has been difficult to supply a highly versatile, standard liquid crystal
driver capable of answering the demands of all users. Yet this problem could also be
. solved if one were able to offer a liquid crystal driver that realizes all four of the said

driving.methodé on one device without unduly enlarging the circuit.
' In addition, analog buffers 2036 to 2042 (see Figure 38), which are used in the
liquid crystal driver, need to have a wide output v'oltage range (operating range). This is
because a wide output voltage range facilitates the making of a liquid crystal panel
capable of displaying multiple gray-scale levels. To obtain a wide output voltage range,
it is necessary to widen the range of the supply voltage that is supplied to the analog
buffers. However, to achicve this, 2 manufacturing process whose breakdown voltage is
high must be used, which leads to the problems of increased circuit size and higher costs.
For example, Japanese Unexamined Patent Application Heisei 6-222741 discloses
technology of the prior art which generates a high quality display in multiple gray-scales
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levels using low voltage drivess. In the technology of-the prior.art, however, liquid
crystal drivers and other peripheral circnits are not integrated on the liquid crystal panel,
and analog buffers are comprised not of TFTs but of single crystal CMOS transistors. In ’
addition, the characteristics of analog buffers comprised of TFTs, and those of analog
buffers comprised of single crystal CMOS transistors differ in various respects, including
such things as the width of the linear region in input-cutput characteristics, allowablc
supply voltage ranges, and offset values. Therefore, even if the said technology of the
prior art were applied to an analog buffer comprised of TFTs, a high quality display
having multiple gray-scales could not be obtained. In addition, there has been absolutely
no disclosure in the said technology of the prior art regarding the idea for a liquid crystal
driver capable of using the four driving methods iogether; and, moreover, the said '
technology of the prior art is related to digital liquid crystal drivers, not to analog line
sequential drivers.

. In addition, analog buffers contained in liquid crystal drivers are provided for
each individual signal line of the liquid crystal panel, making the number of buffers
extremely large. For example, a 480 x 640 dot full-color liquid crystal panel requires a
minimum of 640 x 3 analog buffers. Also, since analog buffers pass electric current from
integrated constant current supplies, there is the additional problem of finding a way to
hold the current consumption of the analog buffers at a low level in order to reduce the
power consumption of the overall device.

_ The present invention was designed to resolve the problems described above, and
it is aimed at the realization of multiple driving methods which can invert the polarity of
voltage applied to liquid crystal elements without unduly inéreasing the size of circuits in
the liguid crystal driving device.

Another of the aims for the present invention is the realization of an analog buffer
which is comprised of TFTs and which can switch between posmve polarity and negative
polarity by means of a shift in the supply voltage. . '

Yet another of the aims for the present invention is to hold the cun'ent

- consumption of the analog buffers to a low level and achieve low power consumption.

Description of the Invention :

. In order to resolve the problems mentioned 2bove, the liquid crystal driving
~ device of this invention drives liquid crystal clements arrayed in a matrix by supplying a
voltage to a liquid crystal element. to the other side of whxch is supplied a counter
voltage; :
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" and 1s characterized by the inclusion of 1 1o N (N is an integer) signal driving’
means, which include a means for sequentially samplmg and holding video signals;
muitiple analog buffers, to which are applied high and low supply voltages, for buffenng
the sample and hold voltages; and selection means for selecting any output from the said
multiple buffers;

a supply voltage control means both for controllmg the valucs of the said high
potential supply voltage and the said low potential supply voltage which are supplied to
the said analog buffers, as well as for shifting the range of the output voltage of the said
analog buffers to cither high potential or low potential, using the said counter voltage as a
reference; - .

. and a selection control means for controlling the selection by the said selection
means of any output of the said analog buffers in which the output voltage range was
shifted by said supply voltage control means. |

According to this invention, the range of output voltage of the multiple analog
buffers is shifted to either high potential or low potential, using the counter voltage as a
reference. Then. any of the outputs of these multiple analog buffers is selected; and
liquid crystal elements are driven. Therefore, depen_dmg on the combination of the
polarity of the output voltage range of the analog buffers and the method of selection, it
becomes possible to change the polarity of voltage applied to the liquid crystal with each
scan line, each signal line, each horizontal scanning period, or each vertical scanning '
period, thus enabling the realization of multiple driving methods in a single liquid crystal
driving device; and thereby realizing, without undnly increasing the size of the circuits,
the optimum liquid crystal driving device in the form of a highly vérsatile, standard '
device which is capable of casily accommodating such things as design changes.

This invention is a liquid crystal driving device that drives liquid crystal elements
arrayed in a matrix by supplying a voltage to 2 liquid crystal element, to the other side of
which is supplied a counter voltage; - ' :

and is characterized by the inclusion of 1 to N (N is an integer) signal driving
means which include a means for sequentially sampling end holding video signals, a first
and second switching means, a first analog buffer which buffers and outputs voltage
which is transmitted via the said first switching means, a second analog buffer which
buffers and outputs voltage which is transmitted via the said second switching means, a
third switching means which is connected to output of the said first analog buffer and
which turns on and off in conjunction with the said second switching method. and a
fourth switching means which is connected to the output of the said second analog buffer
and which turns on and off in conjunction with the said first sthchmg method;
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a supply voltage control means which controls the values of the high potential
supply voltage and the low potential supply voltage which are supplied to the said first
anid second analog buffers and which shifts the range of the output voltage of the said first
and second analog buffers to either high potential or low potential, using the said counter
voltage as a reference;

and a switch control mecans which controls the on-off opcrations of the said first

' through fourth switching means. ---

According to this invention, the sampled video signals are input and held in the
first and second analog buffers via the first end second switching means. Then, the range
of output voltage of the ﬁrst and second analog buffers is shifted to either high potential
or low potential, using the counter voltage as a reference. Next, either of the outputs of
the first and second analog buffers is selected and driving is performed with respect to the
liquid crystal elements. Therefore, depending on the combination of the polarity of the
output voltage range of the first and second analog buffers, it becomes possxble to change
the polarity of voltage applied to the liquid crystal with each scan line, each stgnal line,
each horizontal scanning period, or each vertical scanning period, thus enabling the
realization of multiple driving methods in a single liquid crystal.driving device. Also
according to this invention, it is possible to perform sample-and-hold operations using the
entire horizontal scanning period, thus making it possible to raise the accuracy and speed
of sample-and-hold operations. ' .

This invention is also characterized by the fact that frame inversion driving is
performed by switching the shift directions of the said output voltage range of the satd
first and second analog buffers every vertical scanning period by conu-oiling the said
supply voltage control means. '

According to this invention, the polarity of the voltage applied to all the liquid
crystal elements is inverted each vertical scanning period (1 field, 1 frame), thereby
making frame inversion driving possible and enabling suppression of line nonuniformity.

This invention is also characterized by the fact that scan line inversion driving is
performed by making the shift directions of the output voltage range of the said first and

second analog buffers, which are included in a single said signal driving means, differ

from one another via control of the said supply voltage control means and by switching
the on-off sequence of the said first through fourth switching means each vertical
scanning period via control of the said switch control mcans.

This invention is also characterized by the fact that scan line inversion driving is
performed by making the shift directions of the output voltage range of the said first and
second analog buffers, which are included in a single said signal driving means, differ
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from onc another via control of the said supply voltagc control meaus and by switching
the shift directions of the output voltage range of the said first and second analog buffers
each vertical scanning period. ' '

According to these inventions, the polarity of applied voltage differs with each
scan line and polarity inversion takes place under these conditions each vertical scanning
- period, thereby reahzmg scan line inversion driving. This is capable of preventing liquid
crystal panel flicker and vertical cross-talk and, moreover, can prevent vertical stripes
from occurring in video display. This invention is particularly effective when employing
nonlinear active elements (such as polycrystalline TFTs and MIMs, for example) with
large off leakage currents. In addition, flicker can also be suppressed to a lower level
than is possible in signal line inversion driving.

This invention is also characterized by the fact that signal line inversion driving is
. performed by making the shift directions of the output voltage range of the said first and
second analog buffers, which are included in a single said signal driving means, the same
while making the shift directions of the output voltage range of the said first and second
analog buffers, which are included in the adjacent said signal driving means, different,
and by switching the shift directions of the output voltage range of the said first and
second analog buffers each vertical scanning period.

According to this invention, the polarity of applied voltage differs for each signal
line and polarity is inverted under these conditions each vertical scanning period, thereby
realizing signal line inversion driving. This enables the prevention of liquid crystal panel
flicker and horizontal cross-talk and, moreover, can prevent horizontal stripes from
. occurring in video display. In particular, this invention solves the brightness gradient
problem caused by pt'u"asitic resistance of the interconnect clectrodes, and, thus, achieves
a liquid crystal driving device that is optimally suited to large liquid crystal panels.

This invention is also characterized by the fact that dot inversion driving is
performed by making the shift directions of the output voltage range of the said first and
sccond analog buffers, which are included in a single said signal driving means, differ -
from one another via control of the said supply voltage control means; while also making
the shift directions of the output voltage range of the said first and second analog buffers,
which are included in the adjacent said signal driving means, differ from one another; and
by switching the on-off sequence of the said first through fourth switching means each
vertical scanning period via control of the said switch control means.

This invention is also characterized by the fact that dot inversion driving is
performed by'making the shift directions of the output voltage range of the said first and
second analog buffers, which are included in a single said signal driving means, differ
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from one another via control of the said supply voltage control means; while also making
the shift directions of the output voltage range of the said first and second analog buffers,
which are included in the adjacent said signal driving means, differ from one another; and
switching the shift directions of the output voltage range of the said first and second
analog buffers each vertical scanning period.

This invention is also characterized by the fact that dot inversion driving is
performed by making the shift directions of the output voitage range of the said first and
second analog buffers, which are included in a single said signal driving means, differ
from one another via control of the said supply voltage control means; making the on-off -
sequence of the said first through fourth switching means, which are included in the
adjacent said sxgnal driving means. differ via control of the said sw:tch control means;
and switching the on-off sequence of the said first through fourth switching means each
vertical scanning period. .

This invention is also characterized by the fact that dot i mversxon driving is
performed by making the shift directions of the output voltage range of the saxd firstand -
second analog buffers, which are included in a single said signal driving means, differ
from one another via control of the said supply voltage control means; switching the shift
directions of the output voltage range of the said first and second analog buffers each
vertical scanning period; and making the on-off sequences of the said first through fourth
switching means, which are included in the adjacent said sighal driving means, different
from one another via control of the said switch control means.

According to these inventions, the polarity of applied voltage differs for each
pixel and polarity is inverted each vertical scanning period under these conditions,
thereby realizing dot inversion driving, which can prevent liquid crystal panel flicker as
well as horizontal and vertical cross-talk. This invention also solves the brightness
gradient problem caused by parasitic resistance of interconnect electrodes, and, moreover,
can decrease power consumption of the circuit which generates the i:_ounter voltage since
there is little exchange of current with external circuits. -

This invention is characterized by the fact that the said supply voltage control
means includes a means for controlling

a first supply line, which supplies high potential supply voltage and low potential
supply voltage to the said first analog buffer, which is included in the (2K-1) (K is an
integer) signal driving means;

a second supply line, which supplies high potential supply voltage and low
potential supply voltage to the said second analog buffer, which is included in the (ZK-1)
signal driving means;



o

. -9-' .

a third supply line, which supplics high potential supply voltage and low potential -
supply voltage to the said first analog buffer, which is included in the 2K signal driving
means;

a fourth supply line, which supplies high potential supply voltage and low
potential supply voltage to the said second analog buffer, which is included in the 2K
signal driving means;

and the values of the high potential supply voltage and low potennal supply
voltage which are supplied to the said first through fourth supply lines; '

and by the. fact that the said switch control means includes a means for controlling

. switch control line 1, which céntmls the switching of said first and third switching
means;

switch control line 2, wh1ch controls the swnchmg of the sa1d second and fourth

‘switching means; :

and the switch signals, which are supphed to the said switch control lines 1 and 2.

According to this invention, power is supplied to the first and second analog
buffers, which are included in the odd-numbered signal dnvmg means, by the first and
second supply lines, respectively; and is supplied to the first and second analog buffers,
which are included in the even-numbered signal driving means, by the third and fourth

‘supply lines, respectively. Switching control of the first and third switching means is '
achieved by switch control line 1, and switching control of the second and fourth
switching means is achieved by switch control line 2. This enables the realization of a
liquid crystal driving device for combined frame inversion, scan line inversion, signal
line inversion, and dot inversion driving.

This invention is also characterized by the fact that the said supply voltage control
means includes a means for controlling '

a supply line which supplies high potential supply voltage and low potential
supply voltage to the first and second analog buffers

and the values of the high potential supply voltage and low potennal supply
voltage which are supplied to the said supply line;

and that said switch control means includes a means for-controlling

switch control line 1, which controls the switching of the said first and third
switching means; : : ’

switch control line 2, which controls the switching of the said second and fourth
switching means;

and the switch signals which are supplied to the said switch control lines 1 and 2.
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According to this invention, a single channel voltage is supplied to the first and
second analog buffers using 2 supply line, while switching control of the first and third
switching means is achieved by switching control line 1 and switching control of the
second and fourth switching means is achieved by switch control line 2. This enables the
realization of a liquid crystal driving device dedicated to frame inversion driving.

' This invention is also chearecterized by the fact that the said supply voltage control
means includes a means for controlling

a first supply line, which supplies high potential supply voltage and low potential
supply voltage to the said first analog buffer;

a second supply line, which supplies high potential supply voltage and low
potential supply veltage to the said second analog buffer;

and the values of the high potential supply voltage and low potential supply
voltage which are supplied to the said first and second supply lines;

and by the fact that said switch control means includes a means for controlling

switch control line 1; which controls the switching of the said first and third
switching means;

switch control line 2, which controls the switchinig of the said second and fourth
switching means; -

and the switch signals which are suppued to the said first and second switch
control lines. :

. According to this invention, power is supplied to the first analog buffer by the

first supply line and to the second analog buffer by the second supply line, while
switching control of the first and third switching means is achieved by switch control line
1 and switching control of the second and fourth switching means is achieved by switch
control line 2. This enables the realization of a hqmd crystal driving device dedicated to
scan line inversion driving.

This invention is also characterized by the fact that the said supply voltage control
means includes a means for controlling

a first supply line, which supplies high potential supply voltage and low potentxa.l
supply voltage to the said first and second analog buffers, which are included in the (2K-

[) (K is an integer) signal driving means;

_ a second supply line, which supplies high potent:al supply voltage and low
potential supply voltage to the said first and second analog buffers, which are included in
the 2K signal driving means;

and the values of the high potential supply voltage and low potential supply
voltage which are supplied to the said first and second supply lines;
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and by thé fact that sald switch control means includes 2 means for controlling

switch control line 1, which controls the switching of the said first and third
switching means; _ :

switch control line 2, which controls the switching of the said second and fourth
switcliing means; ' - '

and the switch signals which are supplied to the said switch control lincs 1'and 2,

According to this invention, power is supplied to the first and second analog
buffers, which are included in the odd-pumbered signal driving means, by the first supply
line, and to the first and second analog buffers, which are included in the evenTnumbered
signal driving means, by the sccond supply line. In addition, switching control of the first
and third switching means is achieved by switch control line 1; and switching control of
the second and fourth switching means is achieved by switch control line 2. This enables
the realization of a liquid crystal dﬁving device dedicated to'signal line inversion driving.

This invention is also characterized by the fact that the said supply voltage control
means includes a means for controlling

a first supply line, which supplies high potential supply voltage and low potential
supply voltage to the said first analog buffer;

a second supply line, which supi:lies high potential supply voltage and low
potential supply voltage to the said second analog buffer;

and the values of the high potenﬁal supply voltage and low potential supply
voltage which are supplied to the said first and second supply lines;

and by the fact that the said switch control means includes a means for controlling

switch control line 1, which controls the switching of the first and third switching
means, which are included in the (2K-1) (K is an intcger) signal driving means, and the
switching of the second and fourth switching means, which are included in the 2K signal
driving means; _ :

switch control line 1, which controls the switching of the first and third switching
means, which are included in the 2K signal driving means, and the switching of the
second and fourth switching means, which are included in the (2K-1) signal driving
means; .

and the switch signals which are supplied to the said first and secorid switch
control lines. ' ' . _

Accord.'mg to this invention, power is supplied to the first analog buffcr by the
first supply line and to the second analog buffer by the second supply line. In addition,
switching control of the first and third switching means, which are included in the odd-
numbered signal driving means, and switching control of the second and fourth switching
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means, which are included in the cven-numbered signal driving mcans, are achieved by
switch control line 1; switching control of the first and third switching means, which are
included in the even-pumbered signal driving means, and switching control of the second
and fourth switching means, which are included in the odd-numbered signal driving
means, are achieved by switch control line 2. This enables the realization of a liquid
crystal driving device dedicated to dot inversion driving. _

This invention is also characterized by the fact that the said supply voltage control
means includes 2 means for controlling

a first supply line, which supplies high potential supply voltage and low potential
supply voltage to the said first analog buffer;

_a second supply line, which supplies high potential supply voltage and low’
potennal supply voltage to the said second analog buffer;

and the values of the high potential supply voltage and low potential supply
voltage which are supplied to the said first and second supply lines;

and by the fact that the said switch control means includes a means for controlling

switch control line 1, which controls the switching of the first and third switching
means, which are included in the (2K-1) (K is an integer) signal driving means;

switch control line 2, which controls the switching of the second and fourth
switching means, which are included in the (2K-1) signal driving means;

switch control line 3, which controls the switching of the first and third switching
means, which are included in the 2K signal driving means;

switch control line 4, which controls the switching of the second and fourth
switching means, which are included in the 2X signal driving means;

the switch signals which are supplied to the said switch control lines 1 through 4.

According to this invention, power is supplied to the first analog buffer by the
first supply line and to the second analog buffer by the second supply line. In addition,
switching control of the first and third switching means, which are included in the odd-
numbered signal driving means, is achieved by switch control line 1; switching control of
the second and fourth switching means, which are included in the odd-numbered signal
driving means, is achieved by switch control line 2; switching control of the first and
third switching means, which are included in the even-numbered signal driving means, is
achieved by switch control line 3; and switching control of the second and fourth
switching means, which are included in the even-numbered signal driving means, is
achieved by switch control line 4. This enables the realization of a liquid crystal driving
device that can be used for both scan line inversion and dot inversion driving.

i
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This invention is also characterized by the inclusion of a scan driving means
which outputs select voltage to the scan lines in order to select whether or not to apply
said apphed voltage to said liquid crystal elements; .

and by the fact that the said scan driving means enables the said selection voltage
by sequentially delaying the select voltage by exactly one horizontal scanning period so
that the said selection voltage becomes effective when the said third switching means or
said fourth switching means becomes conductive after completion of the sample-and-hold
in the first horizontal scanning period of the vertical scanning period.

According to this invention, an incorrect voltage is prevented from being applied
to the liquid crystal element via the signal line at the start of the vertical scanning period
and, thus, an erroneous display is prevented

This invention is also characterized by the fact that the said supply voltage control
means includes a means for fixing at a prescribed value the said high potential supply
voltage and low potential supply voltage at the time of the vertical blanking period. -

According to this invention, the voltage of the analog buffer’s high potential side
and low potential side is fixed at a prescribed value during the vertical blanking period.
thereby halting the flow of current via the constant current supply in the analog buffer
and achieving reduced power consumption: Because this processing takes place during
the vertical blanking period, power consumption is reduced without affecting the screen
display in the liquid crystal panel.

This invention is also characterized by the fact that it is an analog buffer
comprised of thin film transistors which is supplied both 2 high potential supply voltage
and a low potential supply voltage and which buffers input voltage and outputs output
voltage;

that it has a linear region in which the relationship of the said output voltage to the
said input voltage is approximately linear;

and that it includes a supply voltage control means which controls the value of the
said high potential supply voltage and said low potential supply voltage so that the
amplitude of the said input voltage is included in the said linear region when the
amplitude of the said input voltage shifts.

According to this invention, the value of the supply voltage on the high potential
side and low potential side is controlled in accordance with the amplitude of the input

" . voltage, thereby enabling the buffering of input voltage in the lincar region and makmg

such things as precise gray-scale display possible.
This invention is also characterized by the fact that it includes a differential stage
in which the said input voltage and said output voltage are input and in which the voltage
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difference between the input voltage in question and the output voltagc in question is
amplified and output;

and a driving means which has, at a minimum, an n-channel driving transistor in
which the output of the said differential stage is input to the gate electrode and wh1ch
outputs said output voltage from the drain region; -

" and that the said supply voltage control means performs control which shifts to
the low potential side the value of the said high potential supply voltage and said low
potential supply voltage so that when the amplitude of the said input voltage shifts to the
low potential side the said amplitude is included in the said linear region which is located
on the high potential side. :

According to this invention, the linear region is located on the high potential side.
So, by performing control so that the supply voltage is shifted to the low potential side
and the amplitude of the input voltage is included in this linear region, it is possible to
perform buffering of the input voltage in the linear region.

This invention is also characterized by the fact that it includes a differential stage
in which the said input voltage and said output voltage are input and in which the voltage
difference between the input voltage in question and output voltage in question is
amplified and output;

and a driving means which has, ata xmmmum, a p-channel dnvmg transistor in which
the output of the said differential stage is input by the gate electrode and which outputs
said output voltage to the drain region;

_and that the said supply voltage control means perforips control which shifts to
the high potential side the value of the said high potential supply voltage and said low
potential supply voltage so that when the amplitude of the said input voltage shifts to the
high potential side, the said amplitude is included in the said linear region which is
located on the low potential side.

_ According to this invention, the linear region is located on the low potential side.
So, by performing control so that the supply voltage is shifted to the high potential side
and the amplitude of the input voltage is included in this linear region, it is possible to
perform buffering of the input voltage in the linear region.

This invention is also characterized by the inclusion of a means for canceling the
said analog buffer's offset value by adjusting the value of the said counter voltage.

In this invention, the polarity of the analog buffer is switched mercely by
controlling the supply voltage using an analog buffer of the same type. Therefore, the
offset value can be made the same value when the analog buffer has positive polarity and
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when it has negative polarity. In this way the offset value can be canceled by adjusting
the counter voltage, without distorting the video signal. . o
_ In addition, the liquid crystal display device associated with this invention is

characterized by the inclusion of at least one of the said liquid crystal driving devices as
well as multiple signal lines which are connected to a signal driving means of the said
liquid crystal driving device, multiple scan lincs which intersect the said signal lines,
liquid crystal elements which are arrayed in a matrix, and multiple thin film transistors
for transmitting applied voltages to the said liquid crystal elements in quesuon
. In this mstance, one may include two liquid crystal driving devices in the liquid

" crystal display device, connect the (2L-1) (L is an integer) signal lines to the signal
driving means of one of the said liquid crystal driving devices while connecting the 2L
signal lines to the signal driving means of the other said liquid crystal device, and make it
so that the output voltage range of the analog buffers selected in theé signal driving means
connected to the (2L-1) signal lines is shifted in the opposite direction, with reference to
the counter voltage, with respect to the output voltage range of the analog buffers selected
in the signal driving means connected to the 2L signal line. This implementation makes
it possible, for example, to achieve signal line inversion driving using a liquid crystal
driving device that is capable of frame inversion driving, or achieving dot inversion
driving using a liquid crystal driving device that is capable of scan line inversion driving.

Further, in a liquid crystal display device associated with this invention it is

. desirable that the said liquid crystal driving device be integrated on the liquid crystal

_ panel which is comprised by the said thin film transistors, thereby enablmg the dxsplay
device to be made more compact and at Jower cost.



rief Expl i : Figurcs .

Figure 1 is an example of the configuration of a liquid crystal driver associated
with Example I of this invention. .

Figure 2 is an example of a specific configuration of the liquid crystal driver
shown in Figure 1. . | '

Figure 3 is an example of a spec:ﬁc conﬁguratzon of the liquid crystal driver
shown in Figure 1. .

Figure 4 is a timing chart for 1V inversion driving in Example 1.

Figure §is used to explam the operation of the liquid crystal driver for 1V
inversion driving.

Figure 6is a tumng chart for 1H inversion driving in Bxample 1.

Figure 7 is used to explain the operation of the liquid crystal driver for 1H
inversion driving.

Figure 8 is used to explam the operauon of the hqmd crystal driver for 1H
inversion driving.

Figure 9 is a timing chart for 18 inversion driving in Example 1.

Figure 10 i is used to explain the operanon of the liquid crystal driver for 1S
inversion driving.

Figure 11 is a timing chart for 1H + 1S inversion driving in Example 1.

Figure 12 is used to explain the operation of the llqmd crystal driver for 1H + 1S
inversion dnvmg '

Figure 13 is used to explain the operation of the liquid crystal driver for 1H + 1S
inversion driving. '

Figurc 14 is an cxamplc of the configuration of Examplc 2 of this mventmn.

Figure 15 is a timing chart for 1V inversion driving in Example 2.

Figure 16 is an example of the configuration of Example 3 of this invention.

Figure 17 is a timing chart for 1H inversion driving in Example 3.

Figure 18 is an example of the configuration of Example 4 of this invention.

Figure 19 is a timing chart.for 1S inversion driving in Example 4.

Figure 20 is an example of the configuration of Example S of this invention.

Figure 21 is a timing chart for 1H + 1S inversion driving in Example 5.

. Figure 22 is used to explain the operation of the liquid crystal driver for 1H + 1S

inversion driving. - .

Figure 23 is used to explain the operation of the liquid crystal driver for 1H + 1S
" inversion driving.
Figure 24 is an examplé of the configuration of Example 6 of this invention.
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Figurc 25 is a timing chart for 1H inversion driving in Example 6.

Figure 26 is a timing chart for 1H + 1S inversion driving in Example 6.

Figure 27 is used to explain the configuration of other liquid crystal drivers.

.Figure 28 is a timing chart for 1V inversion driving in a combined 1V/1S driver.

Figure 29 is a tlmmg chart for 1V inversion driving in a combined 1V/ 1H/1H +
18 driver.

Figure 30 is an example of the configuration of a control circuit which controls a
liquid crystal driver.

Figure 31 is an example of the overall conﬁgurauon of a liquid crystal panel
containing a liquid crystal driver. )
. Figure 32 is an example of the input-output characteristics of an analog buffer.

Figure 33 A and Figure 33 B are examples of the configuration of a p—type analog
buffer and an n-type analog buffer, respectively.

Figure 34 A, Figure 34 B, and Figure 35 C are used to explain the method for .
shifting supply voltage.

Figure 35 A and Figure 35 B are an example of thc input-output characteristics of
a p-type analog buffer and an n-type analog buffer when the supply voltage is shifted.

Figure 36 is used to explain the operation of an example in which 1S inversion
driving Is achieved using rwo liquid crystal drivers.

Figure 37 is used to explain the operation of an example in which 1H + 1S
inversion driving is achieved using two liquid crystal drivers.

Figure 38 is an example of the configuration of an analog line sequential driver of
the prior art.

Figure 39 shows the configuration of the pixel region of a liquid crystal panel.

Figure 40 A, Figure 40 B, Figure 40 C, and Figure 40 D are used to explain 1V,
1H, 18, and 1H + 1S inversion driving.
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The Best S for mol ine the [ .
Using the accompanying figures, specific examples of the present invention will be
described in detail below.

. (Bxample 1) ,

Figure 1 shows an example of the configuration of a liquid crystal driver (liquid
crystal driving device) according to the first example of this invention. The first example
concerns a combined. 1V/1H/1S/1H + 18 liquid crystal driver. This liquid crystal driver
is known as a source driver which drives the signal lines and includes multiple (1 to N)
signal driving means: For example, the first signal driving means includes switches
(analog switches) 104, 110, 120, 130, 140; capacitors 150 and 152; and analog buffers
170 and 172. The second signal driving means includes switches 106,-112, 122, 132,
142; capacitors 154 and 156; and analog buffers 174 and 176. Additionally, the number
of signal lines in Figure 1 driven by the liquid crystal driver is, for the display of color on
a 640 x 480 dot liquid crystal pane], for example, 640 x 3. In this case, it is acceptable to
provide multiple liquid crystal driver devices to drive these éignal lines, or it is also
acceptable to locate liquid crystal driver devices on the top and bottom edges of the liquid
crystal panel and alternately connect the signal line columns to the top and bottom '
drivers. Alsé, when displaying-color, it is acceptable either to provide three video signal
lines for RGB use and connect these three video signal lines individually to sampling
switches, or to use time-division of the RGB video signals on one video line.

Shift register 100 shifts in synchronization with the shift clock, and the output is
fed into level shifter 102 for level shifting. Switches 104 to 108 are turned off
sequentially (opened) based on the output of level shifter 102, and sampling of the video
signal is accomplished. The sampled voltage is held in capacitors 150 to 160 after
passing through the switches that are on among switches 110 to 114 and 12Gto 124. In
this way, switches 104 to 108 and capacitors 150 to 160 in the present example provide
means to sequentially sample and hold the video signal.

Analog buffers 170 to 180, in the form of an operational amplifier connected to a
voltage follower for example, have the function of buffering and outputting the sampled
and held voltages from capacitors 150 to 160. For example, analog buffers 170, 174, and
178 (the first analog buffer) buffer and output the voltages transmitted by switches 110 to
114 (the first switching means) while analog buffers 172, 176, and 180 (the second
_analog buffer) buffer and output the voltages transmitted by switches 120 to 124 (the
" second switching means).
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In order to sclect the outputs of analog buffers 170 to 130, switches 130 1o 134
(the third switching means) and switches 140 to 144 (the fourth switching means) which
compose the selection means are connected to the outputs of analog buffers 170 to 180. -
Then, the outputs of analog buffers 170 to 180 are transmitted to the signal lines through
the switches that are on among switches 130 to 134 and 140 to 144.

Now, in this example, the high potential and low potential supply voltage to
analog buffers 170 to 180 is controlied: and, using the counter voltage as a reference,
shift control is achieved by shifting the range of the output voltage of analog buffers 170
to 180 to either high potential or low potential. This shift control is achieved by
controlling, by means of voltage supply controller 202 (see Figure 30), the high and low .

‘voltages applied to supply lines Vi+ to V&* and V1- to V4-, respectively, which are
connected to analog buffers 170 to 180.

Further, in this example, selection control of the output of the analog buffers, the
output voltage range of which has been shifted, is carried out through selection by
switches 130 to 134 and 140 to 144 (selection means). This seleétion control is achieved
by controlling, by means of switch controller 206 (see Figure 30), the voltages supplied
to switch control lines L1 and L.2.

Next, control of switches 110 to 144 will be explained i in detail. In thxs example,
the on-off operation of the first switch 110 (SW11) and the fourth switch 140 (SW22) are
coupled as are the on-off operation of the second switch 120 (SW21) and the third switch
130 (SW12). The control of the on-off operation of these switches is achieved through
the switch controller 206 (see Figure 30) connected to the first and second switch control
lines L1 and L2. For example, in Figure 1, when the second switch 120 is on (closed),
the third switch 130 is also on. Consequently, at this time, the video signal voltage
sampled by switch 104 is held by capacitor 152 after passing through switch 120. Also,
the voltage held in capacitor 150 duﬂng the previous period is buffered by analog buffer
170 and then output to the signal line by way of the third switch 130. On the other hand,
in the reverse case of that described above, when the second switch 120 is off, the third
switch 130 is also off; and, at this time, the first and fourth switches 110 and 140,
respectively, are on. _

In the example of the prior art shown in Figure 38, capacitors 2028 to 2034 could
be charged with sampling voltages only during the period when the output enable signal
was in effect and switches 2012 to 2018 were on. Additionally, it was necessary to have
separate capacitors for sampling, 2020 to 2026, and holding, 2028 to 2034. In contrast, in
the present example, as explained above, by turning the switches on and off alternately,
the capacitors can charge using an entire horizontal scanning period thereby allowing the
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output of a precise d:splay signal voltagc Addmonally, itis possible to use the same
capacitors for both sampling and holdmg

Figures 2 and 3 show examples of specific configurations of the liquid crystal
driver shown in Figure 1. In Figures 2 and 3, however, shift register 100, level shifter
102, and switches 104 to 108 shown in Figure 1 are omitted. As shown in Figures 2 and

.3, switches 1 10 to 124 are composed of transmission-type transistors while switches 130
to 144 are composed of n-type transistors. Through the establishment of inverter circuits
182 to 187 in Figure 2 and the establishment of inverter circuits 188 and 190in Figure 3,
the configuration of the drivers guarantees that the first switch 110 and the third switch
130 (or the second switch 120 and the fourth switch 140) cannot be on simultaneously.
The construction of Figure 2 is advantageous in that the number of wiring connections to
switch control lines L1 and L2 can be decreased, and the construction-of Figure 3 is
advantageous in that the number of inverter circuits can be decreased.

Next, the control of the supply voltage.to the analog buffers will be explained in
detail. As shown in Figure 1, in the present example, a four-channel supply voltage can
be suﬁplied through four channels using supply lines V1+ to-V4* for high potentials and
supply lines V1~ to V4- for low potentials. In other words, voltages are supplied to the
first analog buffers 170 and 178 included in the odd-numbered signal driving means (the
first and third signal driving means) through the first supply liries V1* and V1-; voltages

 are supplied to the second analog buffers 172 and 180 included in the' odd-numbered

signal line driving means (the second signal driving mieans) through the second supply
lines V2t and V2-; voltages are supplied to the first analog buffer 174 included in the
even-numbered signal driving means through the third supply lines V3* and V3:; and
voltages are supplied to the second analog buffer 176 included in the cven-numbered
signal driving means through the fourth supply lines V4+ and V4-. The supply voltages
correspohding to these supply lines are controlled by means of the supply voltage
controller 202 (see Figure 30) connected to the supply lines. By such control of the
supply voltages, analog buffers 170 to 180 can switch from use ‘as positive polarity
analog buffers to use as negative polarity analog buffers. Here, positive polarity analog

. buffers are buffers in which the output voltage range has been shifted to high potential

using the counter voltage (common voltage) as a reference; and negative polarity analog
buffers are buffers in which the output voltage range has been shifted to low potential
using the counter voltage as a reference. As mentioned previouslfw, the liquid crystal
elements degrade under direct current driving so that it is necessary to invert the polarity
of the voltage applied to the liquid crystal elements at regular intervals. In the present
example, this polarity inversion is realized by controlling the values of the supply
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voltages to the analog Buffelfs through supply lines V1* to V4* and V1-to V4~ and '
switching between positive polarity analog buffers and negative polarity analog buffers.
In this example, it is possible to realize 1V, 1H, 1S, and 1H + 1S inversion driving from a
sirigle liquid crystal driver using control of supply voltages to supply lines V1+ to V4+ '
and V1~ to V4- and the control of switch control lines L1 and L2 described above. How
- 1V, 1H, 18, and 1H + 1S inversion driving can be realized using liquid crystal drivers
having the configuration shown in Figure 1 will be explained below.

(1) 1V Inversion (Frame Inversion) Driving

1V inversion driving is a driving method as shown in Figure 40 A discussed
previously. Using this driving method, it is possible to suppress the generation of line
- nonuniformity. Figure 4 is a timing chart for achieving 1V inversion driving with the
liquid crystal driver of Figure 1, and Figure S explains the liquid crystal driver operation
in such a case. In Figure 4, on and off conditions are shown for switches such as SW11
and SW31; but, for the circuit configurations in Figures 2 and 3, the on and off conditions
shown in Figure 4 correspond to high level and low level, respectively.

First, as shown in Figure 4, during the vertical blanking period, switches SW11,
SW31, and SW51 as well as SW21, SW41, and SW6] are all on while switches SW12,
SW32, and SW52 as well as SW22, SW42, and SW62 are all off. Accordingly, the
displey signal voltage is not supplied to the signal lines. |

Additionally, during the vertical blanking period, supply lines V1+ to V4+ and
V1-to V4 are 2ll fixed at ground potential (GND). As a result, the high potential supply
. VDD and the low potential supply VSS of analog buffers 170 to 180 are fixed at ground
potential. Analog buffers 170 to 180 have integrated constant current supplies; and, when
there is a potential difference betweer VDD and VSS, current flows via this constant
current supply. As in the present example, however, the potential difference between
VDD and VSS vanishes if VDD and VSS are fixed at ground poténtial; and, since no
current flows via the constant current supply, it is possible to decrease power
consumption. During the vertical blanking period, even if the analog buffers are not in
operation, switches 130 to 144 are off so that there is no effect on the liquid crystal panel
screen display. Meanwhile, since the analog buffers are arranged to correspond to each
signal line, if the power consumption of analog buffers 170 to 180 is decreased, the
power consumption of the entire liquid crystal panel can be decreased substantiafly. As.a
result, in the reverse case under normal operating conditions, it is possible to increase the
amount of current flowing through the constant current supplies'in analog buffers 170 to
180 with the result being that the performance of the analog buffers can be improved and
improvements in the liquid crystal panel display quality are also possible. Further, in this



case, the power supply which fixes VDD and VSS at ground potential can also be used
when analog buffers 170 to 180 are in normal operating condition. Therefore, this
example also has the advantage that it is not necessary to generate a néw supply voltage
to set VDD and VSS to fixed values. Further, in this example, the reason this type of .
treatment can be easily realized is that it is possiblc to use supply voltage controller 202
which is already present for polarity inversion in analog buffers 170 to 180. The choice
of fixed potentials for VDD and- VSS is not limited to ground potential, and it is possible
to use various other potentials.. .

Next, entering the vertical scanning period, during the first honzontal scanning
period, switches SW11, SW31, and SW51 as well as SW22, SW42, and SW62 are on
while switches SW21, SW41, and SW61 as well as SW12, SW32, and SW52 are off. -
Under these conditions, switches 104 106, and 108 sequentially tum off during one
" horizontal scanning period. Thus, video signal voltages sequentially sampled through

switches 104, 106; and 108 are sequentially held by capacitors 150, 154, and 158 by
passing through “on" switches SW11, SW31, and SW51.

At this point, since switches SW12, SW32, and SW52 are off, the transient state
sample and hold voltages are not output to the signal lines through analog buffers 170,
174, and 178. Further, although switches SW22, SW42, and SW62 are on, for this case
in the present cxample, becausc the scan lines (SCAN in Figure 4) are unselected during
the first horizontal scanning period as shown in Figure 4, an erroneous display does not
appear on the liquid crystal panel. In other words, in the present example, after the
sample and hold during the first horizontal scanning period of the vertical scanning
period.is finished, when the third switches 130 to 134 or the fourth switches 140 to 144
become conducting, the select voltage (voltage to sclect whether or not the applied
voltage is supplied to the liquid crystal element) is effective afier a sequential delay of
one lorizontal scanning period. As a result, the circuit configuration as shown in Figure .

- 1is able to pi'event an erroneous display even when sample and holding is active.

' The control of the select voltage output corresponding to the scan lines is
performed by the scan line drivers (gate drivers, scan driving means) not shown in the
figure.

In the present example, prior to entering the vertical scanning period, the supply -
lines V1+ and V3* as well as V2* and V4t are set to a level of Vb while V1- and V3- as
well as V2- and V4- are set to ground level. As a result, all of analog buffers 170 to 180
are negative polarity analog buffers. In other words, it is possible to establish the analog,
buffers such that the output voltage range is shifted to lower potentials using the counter
voltage (common voltage) as a reference.
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Next, entering the second horizontal scanning period, this time switches SW11,
SW31, and SW51 as well as SW22, SW42, and SW62 are off while switches SW21.
SW41, and SW61 as well as SW12, SW32, and SW52 are on. Under these condmons,
switches 104, 106, and 108 sequentially turn off during one horizontal scanning period;
and the sampled video signal voltages are sequentially held by capacitors 152, 156, and
160. . _ '

At this time, since switches SW12, SW32, and SW52 are on, the voltages held in
capacitors 150, 154, and 158 during ‘the first horizontal scanning period are output to the
signal lines through analog buffers 170, 174, and 178. In this ¢ase, as shown in Figure 4,
because the first scan line is effective (select), normal display operation is achieved in the
first scan line. Also, because switches SW22, SW42, and SW62 are off at this time, the
transient state hold voltages are not output to the signal lines.

_ The switching action of the switches as described above is repeated until alf the
scan lines are scanned; and once the last scan line is scanned, the vertical blanking period
is again entered and all of V1+to V4* and V1-to V4 are set to ground potential.
Following this, prior to entering the next vertical scanning period, supply lines VI+ and
V3+ as well as V2+ and V4+ are set to a level of Va while V1- and V3- as well as V2- and
V4- are set to alevel of Vd. As a result, all of analog buffers 170 to 180 are positive
polarity anslog buffers. In other words, it is possiblo to establish the analog buffers such
that the output voltage range is shifted to higher potentials using the counter voltage
(common voltage) as a reference. Thus, the analog buffers which were set to negative
polarity during the previous verucal scan period are set to positive polanty and 1V
inversion driving is achicved.

Here, the relatlons betwccn Va, Vb, and Vc are, for example,

'Va-Vd=Vb-GND
Ya>Vb
Vd> GND.

Additionally, if the analog buffers are p-type, the common voltage Vcom can be set in the
neighborhood of Vd for example (see Figure 34B). In this case, Va, Vb, and Vd, are, for
example, 20 V, 15 V, and § V. On the other hand, if the analog buffers are n-type, the
common voltage Vcom can be set in the neighborhood of Vb for example (see Figure
34C). Of course, the supply voltage shift, as shown in Figure 34A is also possible, as
long as the supply voltage is controlled such that at the least the output voltage range of
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the analog buffers is shifted to higher potentials or lower potentials using the counter
voltage as a reference.

A schematic representation of the operation of 1V inversion driving for the
present example is shown in Figure 5. The following occurs during the first vertical
scanning period. First, the voltage held dunng the first horizontal scanning period is
buffered in analog buffer 170 and output via switch 130 during the sccond horizontal -
scanning period. Here, because anaiog buffer 170 is negative polarity as a result of
supply voltage control, the output voltage range of analog buffer 170 is also negative; and
n;:gativ'e voltage with respect to the counter voltage reference level is applied to the liquid '
crystal element. Next, the voltage sampled and held during the second horizontal
scanning period is buffered by negative polarity analog buffer 172 and output through
switch 140 during the third horizontal scanning penod This negative voltage is applied
to the liquid crystal element.

Upon entering the second vertical scanning period, analog buffers 170 to 180 are
all positive polarity as a result of supply voltage control. Consequently, hold voltages are
buffered and output by means of positive polarity analog buffer 170 during the second
horizontal scanning period-and positive polarity analog buffer 172 during the third

- horizontal scanning period. As a result of the above process, 1V inversion (frame
inversion) driving can be achieved. In Figure S, although an effective display signal
voltage is output for the first time during the second horizontal scanning period, even in
such a case, as mentioned previously, the scan lines are effective after a single horizontal
scanning period delay and no ill effects result.

(2) 1H Inversion (Scan Linc Inversion) Driving

- 1H inversion driving is a driving method as shown in Figure 40 B discussed
previously. ‘Using this driving method, liquid crystal panel flicker and cross-talk in the
vertical direction can be prevented. Additionally, the appearance of vertical stripes
during the display of moving images can also be prevented. In particular, this method is
effective when employing non-linear active elements (such as polycrystalline TFTs and -
MIMs for example) with large off leakage currents. Flicker can be suppressed to a lower
level using this driving method in comparison to 1S inversion driving. Figure 6 shows
the timing chart for achieving 1H inversion driving with the liquid crystal driver of
Figure 1. The differences _betweén 1V inversion driving of Figurc 4 and 1H inversion
driving of Figure 6 are as described below. First, in contrast to the fixed on-off sequence
of switches in Figure 4, the on-off sequence of switches in Figure 6 differs with each
vertical scanning period. In other words, in Figure 6, during the first vertical scanning
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period, switches SW11, SW31, and SW51 as well as SW22, SW42, and SW62 are
initially on, then switches SW21, SW41, and SW61 as well as SW12, SW32, and SW52
- turn on. During the second vertical scanning period, however, switches SW21, SW41,
and SW61 as well as SW12, SW32, and SW52 are initially on, then switches SW11,
SW31, and SW51 as well as SW22, SW42, and SW62 tumn on. The on-off sequence of
switches alternates in this fashion after each vertical scanning period.

Additionally, the control of supply voltages to analog buffers 170 to 180 differs as
described below: In Figure 4, supply voltages to supply lines V1+ to V4+ and V1- to V4~
switch after every vertical séanning period from Vb level and ground level to Va level
and Vd level. In contrast, in Figure 6, V1+ and V3+ are fixed at Va level, V1- and V3
are fixed at Vd level, V2+ and V4 are fixed at Vb level. and V2- and V4- are fixed at
ground level. Consequently, analog.buffers 170, 174, and 178 are fixed at positive
polarity while analog buffers 172, 176, and 180 are fixed at negative polarity.

The operation described above is shown schematically in' Figure 7. As Figure 7
shows, one of the analog buffers which forms half the pair which outputs a display signal
to a single signal line is of positivé polarity while the other analog buffer is of negative
polarity. That is, analog buffer 170 is positive and analog buffer 172 is negative. During
the second horizontal scanning period, the voltage applied to the liquid crystal is positive
since the buffering is eccomplished by positive polarity analog buffer 170; and, during
the third horizontal scanning period, the voltage applied to the liquid crystal is negative
since the buffering is accomplished by negative polarity analog buffer 172. As 2 result,
the voltage applied to the liquid crystal changes between positive and negative polarity
aftcr cach scan line. I a _

Further, during the first vertical scanning period, the sequence of switching is
such that initially switches 110 and 140 are on, then switches 120 and 130 turn on. In
contrast, during the second vertical scanning period, the sequence of switching is such
that initially switches 120 and 130 are on, then switches 110 and 140 turn on. Thus, the
polarity of the liquid crystal epplied voltage inverts between the first vertical scanning
period and the second vertical scanning period.

In the manner above, 1H inversion driving can be achieved.

In order to invert the polarity of the voltage applied to the liquid crystal after
every vertical scanning period, not only the method of alternating the on-off sequence of
switches after each vertical scanning period as shown in Figure 7, but also the method of
changing the polarity of all the analog buffers 170 to 180 after each vertical scanning
period as shown in Figure 8 is acceptablé. 1H inversion driving can be achieved through
this second method as well. '
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(3) 1S Inversion (Signal Line Inversion) Driving

18 inversion driving is a driving method as shown in Figure 40 C discussed
previously. Using this driving method, liquid crystal panel flicker and cross-talk in the
horizontal direction can be prevented. Additionally, the appearance of horizontal stripes
during the display of moving images can also be provented. This method is particularly
effective for remedying the brightness gradient problem caused by parasitic resistance of
the interconnect electrodes, and is an appropriate driving method for large liquid crystal
panels. - Figure 9 shows the timing chart for achieving 1S inversioﬂ driving with the
liquid crystal driver of Figure 1. The differences between 1V inversion driving of Figure
" 4 and 18 inversion driving of Figure 9 are as described below. Namely, the switch on-off
sequence is the same in Figures 4 and 9, but the control of supply voltages to the analog
buffers is different. In Figure 4, the supply voltages switch after each vertical scanning
period, but the same supply voltage is provided to all analog buffers within a single
vertical scanning period. In contrast, in Figure 9, the voltage supplies for V1* and V2*
are both at Jeve] Vb, and the véltage supplies for V1- and V2- are both at ground level.
Further, the voltage supplies of V3+ and V4* are both at level Va, and the voltage
supplies for V3- and V4- are both at level Vd. Accordingly, analog buffers 170, 172, 178,
and 180 become negative, and analog buffers 174 and 176 become positi've. In other
words, when considering the analog buffers in pairs which output display signals toa
single signal line, both analog buffers have the same polarity, but the analog buffers of
the adjacent pair are both of opposite polarity to that of the first pair. As a result, it is
possible to invert the polarity of the analog buffers after every signal line. Further, as
shown in Figure 9, since the supply voltages shift after cach vertical scanning period, the
polarity of all the analog buffers is inverted after each vertical scanning period.

The operation described above is shown schematically in Figure 10. As Figure 10
shows, the pair composed of analog buffers 170 and 172 is negative; and the adjacent pair
composed of analog buffers 174 and 176 is positive. Consequently, the polarity of the
voltage applied to the liquid crystal is reversed after every signal line. Also, the polarity
of the analog buffers is reversed betweéen the first vertical scanning period and the second
vertical scanning period. In the manner above, 1S inversion driving can be achieved.

(4) 1H + 18 inversion (Dot Inversion) Driving
1H + 18 inversion driving is a driving method as shown in Figure 40 D
discussed previouély; Using this driving method, liquid crystal panel flicker and cross-
talk in the horizontal and vertical directions can be prevented. Additionally, the
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brightness gradient problem causcd by parasitic resistance of the interconnect electrodes
can be solved; and, since there is little current exchange with external circuits, it is '
possible to decrease the power consumed by the counter voltage generating circuit.
Previously, in order to achiéve 1H + 1S inversion driving, complicated circuits and
complicated control was necessary; but, in the present mvenuon, it can be realized by a
simple circuit such as that shown in Figure 1. :

Figure 11 shows the timing chart for achieving 1H + 1S inversion driving with the
liquid crystal driver of Figure 1. The differences between 1V inversion driving of Figure
4 and 1H + 18 inversion driving of Figure 11 are as described below. First, in Figure 11,
the switch on-off sequence changes after each vertical scanning period. For example, in
Figure 11, in contrast to the first vertical scanning period in which switches SW11,
SW31, and SW51 are initially on, switches SW11, SW31, and SW51 are initially off
during the second vertical scanning period.

Additionally, the control of supply voltages is also d.tfferent In contrast to the
case for Figure 1 in which the supply voltages switch after every vertical scanning period,
in Figure 11, V1* and V4+ are fixed at level Va; Vi- and V4 are fixed at level Vd: V2+
and V3+ are fixed at level Vb; and V2 and V3- are fixed at ground level. As aresult,
analog buffers 170, 176, and 178 are fixed at positive polarity while enalog buffers 172,
174, and 180 are fixed at negative polarity.

The operation described above is shown schematically in Figure 12. As Figure 12
shows, analog buffer 170, which forms half the pair which outputs a display signal to a
single signal line, is of positive polarity while the other analog buffer 172 is of negative
polarity. The positive and negative polarities are transposed for each signal line. For the
next signal line, analog buffer 174 is negative, and analog buffer 176 is positive.

Also, during the first vertical scanning period, the sequence is such that switches
110 and 140 are initially on, and then switches 120 and 130 turn on. In contrast, during
the second vertical scanning period, the sequence is such that switches 120 and 130 are
initially on, and then switches 110 and 140 turn on. In this fashlon, the polarity of the
voltage applied to the liquid crystal is reversed from the first vertical scanning period to

the second vertical scanning period. )
' In the manner above, 1H + 1S inversion driving can be achieved.

In order to invert the polarity of the voltage applied to the liquid crystal after each
vertical scanning period, not only the method of alternating the on-off sequence of
switches after each vertical scanning period as shown in Figure 12, but also the method of
changing the polarity of all the analog buffers 170 to 180 after each verticat scanning
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period as shown in Figure 131s acceptable. 1H + 1S inversion driving can be achieved
through this second method as well. '

As described above, by means of the present invention, it is possible to achieve all
four types of driving methods with the single circuit configuration shown in Figure 1. As
aresult, itis possible to easily cope with design changes; and it is possible to realize a
highly conventional optimum liquid crystal driver as a standard device in which the scale
of the circuits is not excessively large. '

(Example 2)

The configuration of a second example of this invention is shown in Figure 14.
The second example relates to a liquid crystal driver for dedicated 1V driving. In this
example and those which follow, the shift register, level shifter, and sampling switches
are omitted from the explanations. As in the first example, there are two switch control
lines in the second example. Switching control is achieved through switch control line
L1 for the first and third switches including 110, 130, 112, 132, 114, and 134 while
switching control is achieved through switch control line L2 for the second and fourth
switches including 120, 140, 122, 142, 124, and 144. Although there was a four-channel
supply in the first example, in this second example there are only V+ and V- supply lines
forming a single channel system. In other words, ‘all analog buffers 170 to 180 are
connected to common supply lines; and the supply voltages applied to the common
supply lines are controlled by supply voltage controller 202 (see Figure 30).

Figure 15 shows the timing chart for achieving 1V inversion driving with the
liquid crystal driver of Figure 14. The second example operates similarly to the
operations cxplaincd in Figures 4 and 5. Thatis, 1V inversion driving can be achieved in
the second example if the supply voltage simply changes after each vertical scanning
period such that the polarity of analog buffers 170 to 180 reverses after each vertical
scanning period. ' ' '

Although, in contrast to the first example, only 1V inversion driving is possible in

- the second example, the number of supply lines can be decreascd; the supply voltage
control is simple; and the scale of the circuit can be decreased.

(Example 3)

" The configuration of a third cxample of this invention is shown in Figure 16. The
third example relates to a liquid crystal driver for dedicated 1H driving. As in the first
example, there are two switch control lines in the third example. Although there was a
four-channel supply in the first example, in this third example there are Vodd* , Vodd-,
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Veven* , and Veven- supply lines forming a two-channel system. The first analog buffers |
170, 174, and 178 receive supply voltages from the first supply lines Vodd* and Vodd*
whereas the second analog buffers 172, 176, and 180 receive supply voltages from the
second supply lines Veven* and Veven-. As a result, analog buffers 170, 174 and 178
can be made to differ in polarity from analog buffers 172, 176, and 180.
Figure 17 shows the timing chart for achieving 1H inversion driving with the

liquid crystal driver of Figure 16. The third example operates similarly to the operations

‘explained in Figurés 6 and 7. In other words, in this third example, by preparing a two
' channel supply voltage, the two analog buffers which form a pair which outputs 2 display
signal to a single signal line can be made to be of different polarity. Further, the switch
on-off sequence changes after eacli’vertic_:al‘scanning period. As a result of these
mechanisms, 1H inversion driving can be realized. In comparison to the first example,
the number of supply lines can be decreased; the supply voltage control is simple; and the
scale of the circuit can be decreased in the third example. Further, using 1H inversion
driving, it is possible to produce high-quality liquid crystal displays.

(Example 4) , . .

The configuration of a fourth example of this invention is shown in Figure 18.
The fourth example relates to a liquid crystal driver for dedicated 1S driving. As in the
first example, there are two switch control lines in'the fourth example. Althbugh there
was a four-channel supply in the first example, in this fourth example there are V12+,
V12-, V34+, and V34- supply lines forming a two-channel system. ‘The first and second
analog buffers 170,172, 178 and 180 included in the odd-numbered signal driving means
receive supply voltages from the first supply liqe§ V12+ and V12° whereas the first and
second analog buffers 174 and 176 included in the even-numbered signal driving means
receive supply voltages from the second supply lines V34* and V34-. As aresult, analog
buffers 170 and 172 as well as 178 and 180 can be made to differ in polarity from analog
buffers 174 and 176. | '

Figure 19 shows the timing chart for achicving 18 inversion driving with the
liquid crystal driver of Figure 18. The fourth example qperate's similarly to the operations
explained in Figures 9 and 10. In other words, in.this fourth example, first, by preparing
a two-channel supply voltage, when considering the analog buffers in pairs which output
dis;;lay signals to a single signal line, both analog buffers in a pair have the same polarity;
but the analog buffers of the adjacent pair are both of opposite polarity to that of the first
pair. Additionally, the supply voltages are shifted after each vertical scanning period, and
the polarities of all the analog buffers are reversed after every vertical scanning period.
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As a result, 1S inversion scanning can be realized. In comparison 1o the first example,
the number of supply lines can be decreased; the supply voltage control is simple; and the

scale of the circuit can be decreased in the fourth example. Further, using 1S inversion
driving, it is possible to produce high-quality liquid crystal displays.

(Example S) . .

The configuration of a fifth example of this invention is shown in Figure 20.
The fifth example relates to a liquid crystal driver for dedicated 1H + 1S driving. As in
the first example, there are two switch control lines in the fifth example although the
means of connection are different from the first example. The switching control of the
first and third switches 110, 130, 114, and 134 included in the odd-numbered signal
driving means as well as the switching control of the second and fourth switches 122 and
142 included in the even-numbered signal driving means are controlled by the first switch
control line L1. The switching control of the first and third switches 112 and 132
included in the even-numbered signal driving means as well as the switching control of
the second and fourth switches 120, 140, 124, and 144 included in the odd-numbered
signal driving means is controlled by the second switch control line L2. Although there
was a four-charinel supply in the first example, in this fifth example there are Vodd*,
Vodd-, Veven*, and Veven- supply lines forming a two-channél system. The first
analog buffers 170, 174, and 178 receive supply voltages from the first supply lines
Vodd+ and Vodd- whereas the second analog buffers 172, 176, and 180 receive supply
voltages from the second supply lines Veven* and Veven-. As aresult, analog buffers-
170, 174, and 178 can be made to differ in polarity from analog buffers 172, 176, and
. 180. : ' )

Figure 21 shows the timing chart for achieving 1H + 18 inversion driving with
the liquid crystal driver of Figure 20. In addition, Figure 22 schematically shows the
operation of this example. First, in this fifth example, by preparing a two channel supply
voltage, the two analog buffers which form a pair which outputs a display signal to a
single signal line can be made to be of different polarity. For example, the polarities in -
pair 170 and 172 and pair 174 and 176 are different. And, grouping the four switches
corresponding to a single signal line into one group, the switch on-off sequence can be
made 1o differ for the neighboring group of switches. For example, the switch on-off
sequence for switches 1 10, 120, 130, and 140 is different from that of switches 112, 122,
132, and 142. Additionally, the switch on-off sequence changes after each vertical
scanning period. As a result, 1H + 1S inversion scanning can be realized.
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In order to invert the polerity of the voltage applied to the liquid crystal after
each vertical scanning period, not only the method of alternating the on-off sequence of
switches after each vertical scanning period as shown in Figure 22, but also the method of
changing the polarity of all the analog buffers after each vertical scanning period as
shown in Figure 23 is acceptable. 1H + 1S inversion dnvmg can be achieved through this
second method as well.

' Tn comparison to the first example, the qumbes of supply lines can be decreased;
the switch and supply line control is simple; and the scale of the circuit can be decreased
in the fifth example. Further, using 1H + 1S inversion driving, it is possxble to produce
high-quality lxqmd crystal dstlays

(Example 6)

The configuration of a sixth example of this invention is shown in Figure 24. The
sixth cxample relates to a liquid crystal driver for combined 1H/ 1H + 1S driving. In
. ‘contrast to the first example, there are four switch control lines i in the sixth example.
Switching control of the first and third switches 110, 130, 114, and 134 included in the
odd-numbered signal driving means is achieved through the first switch control line L1;
and switching control of the second and fourth switches 120, 140, and 124 included in the
odd-numbered sigunal driving means is achieved through the second switch control line
L2. Switching control of the first and third switches 112 and 132 included in the even-
numbered signal driving means is achieved through the third switch control line L3; and
switching control of the second and fourth switches 122 and 142 included in the even-
numbered signal driving means is achieved through the fourth switch control line L4.
Consequently, it is possible to change the switch on-off scquence after each vertical
scanning period. When the four switches corresponding to a single signal line are
grouped together, it is also possible to make the switch on-off sequences for neighboring
groups of switches different. Although a four-channel voltage supply was used in the
first example, the sixth example has two channels including supply lines Vodd*, Vodd-
and Veven+, Veven-, respectively. Supply voltages are provided to the first analog
buffers 170, 174, and 178 by means of the first supply lines Vodd* and Vodd- while
supply voltages are provided to the second analog buffers 172, 176, and 180 by means of
the second supply lines Veven* and Veven-. Consequently, it is possible for analog
buffers 170, 174, and 178 to be of different polarity than analog buffers 172, 176, and
180. ' ' '

Figure 25 shows the timing chart for achieving 1H inversion driving with the

liquid crystal driver of Figure 24. Since the timing chart in Figure 25 is identical to the
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- timing chart in Figure 17 described previously, a description of the operating method will -
be omitted. Further, Figure 26 shows the timing chart for achieving 1H + 18 inversion
driving with the liquid crystal driver of Figure 24. Since the timing chart in Figure 26 is
identical to the timing chart in Figure 21 described previously, a description of the
operating method will be omitted.

In Examples 1 through 6 described above, explanations about the configurations
of drivers for combined 1V/1H/1S/1H + 18 driving, dedicated 1V driving, dedicated 1H
driving, dedicated 1S driving, dedicated 1H + 1S driving, and combined 1H/1H + 1S
driving have been presented. Liquid crystal drivers aside from these can also be achieved
using the various configurations presented in Examples 1 through 6. For example, as
shown in Figure 27, a driver for combined 1V/1S driving (#6) has the same configuration

" as that shown in Figure 18 (#3). Figure 28 shows the timing chart for achieving 1V

inversion driving using a combined 1 V/1S driver (which has the same configuration as a

dedicated 1V driver). As shown in Figure 28, 1V inversion driving can be achieved by

simply providing the same supply voltages to all the analog buffers, shifting the supply

voltages after each vertical scanning period, and reversing the polarity of the analog

buffers. Similarly, 2 combined 1V/1H driver (#5) has the same configuration as that

shown in Figure 16 (#2); and a combined 1V/1H + 1S driver (#7) has the same
configuration as that shown in Figure'20 (#2). "

' Further, a combined 1V/1H/1H + 18 driver (#12) has the same configuration as

that shown in Figure 24 (#9). Figure 29 shows the timing chart for achieving 1V

inversion driving using a combined 1V/IH/IH + 1S driver (which has the same
configuration as a combined 1H/1H + 1S driver). As shown in Figure 29, 1V inversion
driving can be achieved by simply'v providing the same supply voltages to all the analog
buffers, shifting the supply voltages after each vertical scanning period, and reversing the
polarity of the analog buffers.

Additionally, drivers for combined 1H/1S dnvmg (#3), combined 1S/1H + 18
driving (#10), combined 1V/1H/1S driving (#11), comblned 1V/1S/1H + 1S driving
(#13), and combined LE/1S/1H + 1S driving (#14) have the same conﬁguratxon as that
shown in Figure [ (#15). This is because at least a four-channel voltage supply is
necessary in order to achieve both 1H inversion driving and 1S inversion driving, or both
1S inversion driving and 1H «+ 1S inversion &riving.

(Example 7)
The seventh example relates to liquid crystal driver control circuits. Figure 30
shows an example of the conﬁguratlon of control circuits for controlling combined
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1V/1H/1S/1H + 18 driver 200. The control circuits in this example include supply
voltage generator 201, supply voltage controller 202, counter 204, switch controller 206,
and video signal generator 208. Supply Qroltage generator 201 includes buffers 210
through 216 and resistances 218 through 222. Voltages VA and VB are voltage divided
by resistances 218 to 222, the divided voltages are then buffered by means of buffers 210
to 216, and then output to supply voltage controller 202. In this manner, four-channel
supply voltages are generated for sipplying supply lines V1+ to V4+ and V1-to V4-.
Signais DRyv, DR1g, DRVy, and DRVyg,s are provided for determining which
driving methods of 1V, 18, 1H, and 1H + 1S are to be selected. Based on signals DR;v,
DR}s, DRV y, and DRVjg.is, supply voltage controller 202 controls the values of the
supply voltages provided to supply lines V1+to V4* and V1-to V4-. By control of thesc
supply voltages, the polarity of the analog buffers can be controlled. Similarly, based on
signﬂs DRyv, DR1s, DRViy, and DRVj1415, switch controlier 206 controls the switch
on-off functions usin'g switch control lincs L1 and L2. By this type of control, it is
possible to control the switch on-off sequences. |

Based on signals VSYNC, HSYNC, and EXTCLK, counter 204 controls. the on-
off functions of switches 230 to 236.

Video signal generator 208, in addition to generating the video sxgnals which must
be input to combined 1 V/1H/1S/1H + 18 driver 200 also performs level shifting and other
functions of the generated video signals. For example, when the analog buffer output
voltage range shifts, it is also necessary to shift the video signal voltage level. Video
signal generator 208 can also perform this type of level shift function.

Figure 31 shows an cxample of the configuration of an entire liquid crystal panel
250 including the combined 1V/1H/1S/1H + 1S driver 200. Gate driver 242 drives scan
lines 252 to 258 which are connected to the gate electrodes of TFT 266. Additionally,
combined 1V/1H/1S/1H + 18 driver 200 drives signal lines 260 and 262 which are
connected to the source regions of TFT 266. These drivers are controlled by control
circuits 240, and this control makes possible a liquid crystal display using liquid crystal
268. In this case in the present example, combined 1V/1H/1S/1H + 18 driver 200,
contro] circuits 240, and gate driver 242 are integrated upon liquid crystal panel 250. By
means of such integration, it is possible to dramatically decrease the size and cost of a
liquid crystal display. In this case, it is neceséary to have these liquid crystal drivers
composed of TFT's as well. Therefore, in this case, particularly, it is desirable to have
. liguid crystal drivers composed of relatively high mobility poly (polycrystalline) silicon
TFTs. '
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Although Figures 30 and 31 show the configuration of control circuits and Equid
crystal panels corresponding to a combined 1V/1H/1S/1H + 18 driver, the configuration
of contyol circuits and liquid crystal panels for other combined drivers or dedicated
drivers is the same. Also, although Figure 31 shows liquid crystal drivers and control
circuits all integrated on liquid crystal panel 250, it is also acceptable to have only one
part integrated. It is also acceptable to have the combined 1V/1H/1S/1H + 1S driver
composed of single crystal CMOS transistors and provided on the periphery of the liquid
crystal panel. '

(Example 8) - : :

When the liquid crystal drivers are integrated on the liquid crystal panel as in
Figure 31, the analog buffers are comprised of TFTs (thin film transistors). The eighth
example relates to analog buffers composed of TFTs.

There are differences between TFT analog buffers and single crystal CMOS
analog buffers as described below. First, for TFTs compared to single crystal CMOS, the
region over which the output voltage is roughly linear with respect to the input voltage is
extremely narrow. In comparison to the case for single crystal CMOS in which the linear
range with respect to supply voltage is about 70%, the range is only about 40% for TFTs.
The reasons for this include the fact that for TFTs, the AIDS/AVDS value (IDS is the
current between the drain and source, and VDS is the voltage between drain and source)
in the saturation region of the transistor characteristics is large, and the performance of
the constant current supplies integrated in the buffers are worse than for single crystal
CMOS. Additionally, the threshold voltage for TFTs is higher than for single crystal
CMOS leading to the need for a high voltage of 12Vor higher for the driving voltage.
Finally, the offset values for TFT buffers are larger than for single crystal CMOS buffers
and can be around 500 mV in the worst case (the offset is about 20 mV for single crystal
CMOS). o ' .

Figure 32 shows examples of the input and output characteristics for p-type and n-
type analog buffers comprised of TFTs. Figurcs 33A and 33B show examples of the
configuration of p-type and n’type analog buffers, respectively. As shown in Figure 334,
the p-type analog buffer consists of the differentiator 300 (differential stage) and the
driver 310 (driving means), and the driver 310 includes p-channel driving transistor 312.
In diffcrentiator 300, the voltage difference between the input voltage and the output
voltage is amplified. The output of the differentiator 300 is connected to the gate
electrode of the p-channel driving transistor 312, and the output _voltagé of the p-type
analog buffer is output from the drain region. The output of the p-type analog buffer is
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input into the minus terminal of differentiator 300 (gate clectrode of transistor 308). In
other words, this analog buffer is composed of a source follower connected to an
operational amplifier. Transistors 309 and 314 are constant current sources (or
resistances).

As shown in Figure 33B, the n-typc analog buffer consists of the dxfferenuator
320 and the driver 330, and the driving region 330 includes n-channel driving transistor
334. In this fashion, in the p-type analog buffer the output voltage is driven by p-channel
transistor 312; and, in the n-type analog buffer, the output voltage is driven by n-channel
transistor 334. :

As can be understood from the input-output charactenstxcs in Figure 32, the linear
region of TFT analog buffers is extremely narrow. This linear region occurs at low
voltages for p-type analog buffers and at high voltages for n-typé analog buffers. Also,
again as shown in Figure 32, the value of the offset voltage Voff is very hxgh for TFT -
analog buffers.

As mentioned previously, when driving a liquid crystal using analog buffers, it is
necessary to invert the voltage applied to the liquid crystal with respect to the counter
voltage (common voltage). When using a single buffer to cover the entire voltage range,
however, it is necessary to fabricate the analog buffers with a high break-down voltage
thereby leading to an increase in scale and price. On the other hand, it is also possible to
. consider a method in which a p-type analog buifer is used for negative polarities as
shown in Figure 33A, and an n-type analog buffer is used for positive polarities as shown
- in Figure 33B. Using this method, it is possible to fabricate analog buffers with 2 low
break-down process. In this ethod, however, because of differences in the
characteristics of p-type and n-type analog buffers, the problem of display quality
degradation arises. This is a result of the difference between the offset values for p-type
and n-type émalog buffers which gives rise to display signal distortion. Additionally, in
such a method which mixes p-type and n-type analog buffers, the realization of liquid
crystal drivers which can combine multiple driving means as in Examples 1 to 6 is
- difficult.

In order to solve the problems mentioned above. a method whlch shifts the supply
voltage from VDDH and VSSH to VDDL and VSSL, or, conversely from VDDL and"
VSSL to VDDH and VSSH as shown in Figure 34A can be considered. In this case, the’
video signal also is Ievel shifted to match these shifts in supply voltage. Conscqucntly,
by shifting the supply voltage to VDDH or VSSH and VDDL. or VSSL, it is possible to
make the analog buffers positive or negative, respectively. As a result, it is possible to
apply a voltage whose polarity switches between positive and negative with respect to the
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count& voltage to the liquid crystal element. This method is similar to the prior art
described in Japanese Unexamined Patent Application Heisei 6-222741. In this method,
VDDH VDDL, VSSH, and VSSL are symmetric about Vcom.

This method, however, is good when the analog buffers consist of single crystal
CMOS transistors, but not so good when the analog buffers consist of TFTs. This is
because TFT analog buffers heve narrow linear rcgions as shown in Figure 32 with the
result being that it is necessary to carry out buffering in the method shown in Figure 34A
using the nonlinear regions. Buffering with nonlinear regions leads to extreme decreases
in display quality.

Consequently, in this example, keeping in mind the input and output
characteristics of TFT analog buffers as shown in Figure 32, a method which shifts the
supply voltage as shown in Figure 34B when using p-type analog buffers and which
shifts the supply voltage as shown in Figure 34C when using n-type analog buffers is
employed. In other words, in this example, the supply voltages provided to analog
buffers, composed of TFTs, and having linear regions in which the relationship between
the inpﬁt and output voltages is approximately linear, are controlled. When the input
voltage amplitude has been shifted, this supply voltage control can be realized by
controlling the high potential and low potential supply voltage so that the voltage
amplitude is included in the linear region.

More specifically, in Figure 34B, let the supply voltages provided to the analog
buffers shift between, for example, Vdd = 15V, VSS=0Vand VDD =20 V,VSS=5
V. The counter voltage Vcom is about § V. Therefore, when Vdd = 15 V and VSS = 0
V, the analog buffer output voltage range is negative with respect to Vcom as a reference
and the p-type analog buffer becomes a negative polarlty analog buffer. Conversely,

.when VDD = 20 V and VSS =5 V, the analog buffer output voltage range is positive
with respect to Vcom as a reference and the p-type analog buffer becomes a positive
polarity analog buffer. By alternately switching the analog buffer polarity between
positive and negative, alternating current driving with respect to the liquid crystal is
possible. In Figure 35A, the p-type analog buffer input/output characteristics are shown
when the supply voltage shifts as described above. When the p-type analog buffer is used
with negative polarity, the supply voltage range is as shown by X in Figuré 35A. Ascan
be clearly seen from the figure, because the input voltage range from 1 V to 4 V is linear,
it is possible to buffer video signal 340 in Figure 34B using a linear region and a precise
gray-scale display is possible. Further, when the p-type analog buffer is used with
positive polarity, the supply voltage range is as shown by Y in Figure 35A. Here, as can
be clearly seen from the figure, because the input voltage range from 6 V to 9 V s linear,
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it is possible to buffer video signal 342 in Figure 34B using a linear region and a precise
gray-scale display is possible.

Additionally, in this case, the offset values Voffa and Voffb shown in Figure 35A
are the same value. This is because the curves X1 and Y1 in Figure 35A are curves from
the same p-type analog buffer with only a supply voltage shift. When the offset value
Voffa when the anelog buffer has negative polerity and the offset valuc Voffb when the
analog buffer has positive polarity-are identical, by adJustmg the counter voltage Veom
value by only Voffa = Voffb, the effect of the offset voltage can be canceled and it is
possible to prevent distortion of the video signal arising from buffering by analog buffers.

As shown in Figure 34C in which the analog buffer is used as an n-type device, it
is again possible to buffer the video signal with the linear region in exactly the same way
as described above. The analog input/output characteristics for this case are shown in
Figure 35B. When using an n-type analog buffer, however, a -10 V supply voltage is
necessary as can be seen clearly in Figure 34C. Also, when the analog buffer supply
voltage VDD = 10 V and VSS = -5 V, video signal 344 swings between 6Vand9V. At
this point, in order to transmit this video signal to analog buffers 170 to 180 via switches
104, 106, and 108 in Figure 1, for example, it is necessary to increase the output of level
shifter 102 to higher than 10 V--for example, a voltage of around 15 V is necessary. The
reason for this is that switches 104, 106, and 108 are normally composed of n-type
transistors and the threshold voltage of n-type transistors increases as a result of an effect
known as the “body effect” whe_n the 'video signal is in the range of 6 Vo 9 V.
Consequently, in this case, the'liiluid crystal drivers require supply voltages of -10 V to
15 V Jeading to a situation in which the TFTs comprising the liquid crystal drivers cannot
withstand the voltages. In contrast, when p-type analog buffers are used, with VDD = 20
V and VSS =5V, since the video signal 342 swings within the range of 9 Vto 6 V, a
supply voltage of 20 V or more is not necessary and switches 104, 106, and 108 can turn
on and off by means of the output of level shifter 102 without difficulties. Additionally,
when VDD = 15 V and VSS =0 V, since video signal 340 swings between 1 Vand 4 V,

switches 104, 106, and 108 can turn on and off by means of the output of lcvel shifter 102 7

without difficulties. As a result, a supply voltage range of 0 V to 20 V is necessary for
the liquid crystal driver and the problem of TFT breakdown can be prevented. Therefore,
in this respect, it is advantageous to use p-type analog buffers rather than n-type analog
buffers. ' :

. The present invention is not limited to Examples 1 to 8 described above. Various
modified examples are also possible within the range of the main points of this invention.
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For example, although the configuration-of this example has two analog buffers
and four switches for each sigﬁal line, the present invention is not limited to this; and it is
possible to use various other configurations. For example, switches 110 and 120 in
Figure 1 can be substituted by 2 single switch or a configuration with three or more
analog buffers could also be used. Additionally, the analog buffer output selection means
are not limited to configurations such as thosc with switches 130 and 140.

_ Further, as for the case in which the select voltage (SCAN in Figure 4) becomes
effective (select) when the applied voltage from the signal driving means takes effect, the
method in which the select voltage becomes effective after sequentially delaying by a
single horizontal scanning period is not limited to liquid crystal driving devices having a
configuration as described i in Figure 1 and others, but is eppliceble to hquxd crystal
d.nvmg devices with various configurations.

In this invention, it is also acceptable to place the liquid crystal drivers described
in the precedmg examples at the top and bottom edges of the liquid crystal panel and
alternately connect the signal lines to the top and bottom drivers. For example, in Figure
36, the first and second drivers 400 and 402 are located at the top and bottom of liquid
crystal panel 404 (it is also acceptable to have the liquid crystal drivers integrated on the
liquid crystal pane]). Here, combined drivers described in Examples 1 and 6 and Figure
27 operated in the 1V inversion driving mode, or dedicated 1V drivers described in
Example 2 are used as the first and second liquid crystal drivers 400 and 402. Odd-
numbered signal lines are connected to the signal driviné means of the first liquid crystal
driver 400, and even-numbered signal lines are connected to the signal driving means of
' .the second liquid crystal driver 402. The output voltage range of the analog buffers
selected by the signal driving means of the first liquid crystal driver 400 are shifted in the
opposite direction from the output 'voltage range of the analog buffers selected by the
signal driving means of the second liquid crystal driver 402 using the counter voltage as a
reference. By so doing, as shown in Figure 36, during the first vertical scanning period, '
the output of the first liquid crystal driver 400 is positive; and the output of the second
liquid crystal driver 402 is negative. Then, during the sccond vertical scanning period,
the output of the first liquid cfystal driver 400 is negative; and the output of the second
liquid crystal driver 402 is positive. In other words, it is possible to achieve 1S inversion
driving as shown in Figure 40C using the 1V inversion driving first and second liquid

crystal drivers 400 and 402. '
' On the other hand, Figure 37 differs from Figure 36 in that the combined drivers
described in Example 1 and Figure 27 operated in the 1H inversion driving mode, or
dedicated 1H drivers described in Example 3 are used as the first and second liquid
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crystal drivers 410 and 412. By so doing, as shown in Figure 37, during the second
horizontal scanning period of the first vertical scanning period, the outputs of the first and
second liquid crystal drivers 410 and 412 are positive and negative, respectively. During
the third horizontal scanning period, the outputs are negative and positive, respectively.
During the second horizontal scanning period of the second vertical scanning period, the
outputs of the first and second liquid crystal drivers 410 and 412 are negative and
positive, respectively; and, during the third horizontal scanning period., the outputs are
positive and negative, respectively. In other words, it is possible to achieve 1H + 1S
inversion driving as shown in Figure 40D using the 1H i inversion driving first and second .
hqmd crystal drivers 410 and 412,

When using analog buffers in hqu.td crystal drivers as explained in Examples 1 to
6, for example, it is also not absolutely necessary to shift the supply voltage using the
method shown in Figures 34B and 34C. For example, it is also permissible to shift the
voltage supply by the method shown in Figure 34A, and alternate the polarity of the
analog buffers. Especially when the lxqmd crystal drivers are composed of single crystal
" CMOS silicon, use of the method in Figure 34A is appropriate.

' The configuration of the analog buffers, too, is not limited to those shown in
Figure 33A and Figure 33B. For example, it is'pennissible to use configurations of the
differontiator and driver different from those in Figures 33A and 33B.

The shift range of the supply voltage supplied to the analog buffers is also not
restricted to that shown in Figures 34B and 34C, and can change depending on the TFT -
characteristics and the analog buffer circuit configurations.

Further, this invention is not restricted to polycrystalline silicon TFTs, but may
also naturally be applied to amorphous.(non-crystalline) silicon TFTs.
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.Claims

(1) Aliquid crystal driving device which drives liquid crystal elements arrayed
_ in a matrix by supplying a voltage to a liquid c:ystal element, to the other side of which is
supplied a counter voltage;

and is characterized by the inclusion of 1 to N (N is an integer) signal driving
" means, which include a means for sequentially sampling and holding video signals;
multiple-analog buffers, to which are applied high and low supply voltages, for buffering
the sample and hold voltages; and selection means for selecting any output from the said
multiple buffers; :

a supply voltage control means both for controlling the values of the said hlgh _
potential supply voltage and the said low potential supply voltage which are supplied to
the said analog buffers, as well as for shifting the range of the output voltage of the said
analog buffers to ¢ither high potential or low potential, using the said counter voltage as a
reference; o

and a selection control means for controlling the selection by the said selection
means of any output of the said analog buffers in which the output voltage range was
shifted by said supply voltage control means.

(2) A liquid crystal driving device that drives liquid crystal elements arrayed in 2 -
matrix by supplying a voltage to a liguid crystal clement, to the other side of which is
supplied a counter voltage;

and is characterized by the inclusion of 1 to N (N is an integer) signal driving
means which include a means for sequentially sampling and holding video signals, a first
and second sw1tchmg means, a first analog buffer which buffers and outputs voltage
. whxch is transmitted via the said first switching means, a second analog buffer which
buffers and outputs voltage which is transmitted via the said second switching means; a
third switching means which is connected to output of the said first analog buffer and
which turns on and off in conjunction with the said second switching means, and a fourth
switching means which is connected to the output of the said second analog buffer and
which turns on and off in conjunction with the said first switching means;

a supply voltage control means which controls the values of the high potential
supply voltage and the Jow potential supply voltage which are supplied to the said first
and second analog buffers and which shifts the range of the output voltage of the said first
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and second analog buffers to either high potential or low potential, using the said counter
voltage as a reference; . ' '

and a switch control means which controls the on-off operations of the said first
through fourth switching means. |

. (3) InClaim 2, -
the liquid crystal driving device which is characterized by the fact that frame
inversion driving is performed by switching the shift direction of the said output voltage
range of the said first and second analog buffers each vertical scanning period
by controlling the said supply voltage control means.

(4) InClaim 2,

the liquid crystal driving device which is characterized by the fact that scan line
inversion driving is performed by making the shift directions of the output voltage range
of the said first and second analog buffers, which are included in 2 single said signal
driving means, differ from.one another

via control of the said supply voltage control means and

by switching-the on-off sequence of the said ﬁrst through fourth swntchmg means

h vertical scanmng period
via control of the said switch control means.

(5) InClaim 2,
~ the liquid crystal driving device which is characterized by the fact that scan line
inversion driving is performed by making the shift directions of the output voltage range
of the said first and second analog buffers, which are included in a single said signal
driving means, differ from one another and by switching the shift directions of the ou(pﬁt
voltage range of the said first and second analog buffers each vertical scanning period
via control of the said supply voltage control means.

© In Claim 2.
the liquid crystal dnvmg device which is characterized by the fact that signal line

inversion driving is performed by making the shift directions of the output voltage range
—__———————‘_‘_—/_—— -
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of the said first and second analog buffers, which are included in a single said signal
driving means, the same while making the shift direction of the output voltage range of
the said first and second analog buffers, which are included in the adjacent said signal
driving means, different, and by switching the shift direction of the output voltage range
of the said first and second analog buffers each vertical scanning period

‘via control of the said switch control means.

(7) InClaim 2, . '

the liquid crystal driving device which is characterized by the fact that dot
inversion driving is performed i

by making the shift directions of the output voltage range of the said first and

second analog buffers, which are included in a single said signal driving means, differ
from one another . '

via control of the said supply voltage control means; while also making the shift
directions of the output voltage range of the said first and second analog buffers, which
are included in the adjacent said signal driving means, differ from one another; and

by switching the on-off sequence of the said first through fourth switching means
each vertical scanning period

via control of the said switch control means.

(8) In Claim 2,

the liquid crystal driving device which is charactenzed by the fact that dot
inversion driving is performed by making the shift directions of the output voltage range
of the said first and second analog buffers, which are included in a single said signal
driving means, differ from one another; while also making the shift directions of the
output voltage range of the said first and second analog buffers, which are included in the
adjacenf said signel driving means, diffcr from one another; and switching the shift
directions of the output voltage range of the said first and second ana10g buffers each
vertical scanning period :

via contro] of the said supply volcagc control means.

(9) In Claim 2,
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the liquid crystal driving device which is characterized by the fact that dot

inversion driving is performed
" by making the shift directions of the output voltage rarnge of the said first and

second analog buffers, which are included in a single said signal driving means, differ
from one another '

vid control of the said supply. voltage control means; and

by making the on-off sequence of the gaid first through fourth switching means,
. which are included in the adjacent said signal driving method, differ; and switching the
on-off sequence of the said first through fourth switching means each vertical scanning
period .

via control of the said switch controi means.

(10) In Claim 2,

the liquid crystal dnvmg device which is charactenzed by the fact that dot
inversion driving is performed

by making the shift directions of the output voltage range of the said first and
second analog buffers, which are included in a single said signal driving means, differ
from oné another and by switching the shift directions of the output voltage range of the
said first and second analog buffers each vertical scanning period

via control of the said supply voltage control means

and by making the on-off sequences of the said first through fourth switching
means, which are included in the adjacent said signal driving means, different from one
another

via the control of the said switch control means.

(11) In Claim 2,

the liquid crystal driving device which is characterized by the fact that the said
supply voltage control means includes a means for controlling o

the first supply line, which supplies high potential supply voltage and low
potential supply voltage to the said first analog buffer, which is included in the (2K-1) (K
is an mteger) signal driving means;

the second supply line, which supplies high potential supply voltage and low
potential supply voltage to the said second analog buffer, which is included in the (2K-1)
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the third supply linc, which supplies high potential supply voltage and Jow
potential supply voltage to the said first analog buffer, which is included in the 2K signal
- driving means; '
the fourth supply line, which supphes high potential supply voltage and low
potential supply voltage to the said second analog buffer, which is included in the 2K
signal driving means;
and the values of the high potenual ‘supply voltage and low potential supply
voltage which are supphed to the said first through fourth supply lines;
and is also characterized by the fact that the said switch control means-inciudes a
means for controlling »
switch control line 1, which control§ the switching of said first and third switching
means; . .
' switch control line 2, which controls the switching of the said second and fourth
switching means; _
and the switch signals, which are supplied to the said switch control lines 1 and 2.

(12) In Claim 2,

the liquid crystal driving device whxch is characterized by the fact that

_the said supply voltage control means includes a means for controlling

the supply line which supplies high potential supply voltage and low potential .

" supply voltage to the first and second analog buffers and

the value of the high potential supply voltage and low potential supply voltage
which is supplied to the said supply linc;

and which is further characterized by the fact that

the said switch control means includes a2 means for controlling

~ switch contro] line 1, which controls the switching of the said first and third

switching means; .

switch control line 2, which controls the switching of the said second and fourth
switching means; '

and the switch signal which is supplied to the said switch control lines 1 and 2.

{13) In Claim 2,
the liquid crystal driving device which is characterized by the fact that
the said supply voltagé control means includes a means for controlling
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the first supply line, which supplies high potential supply voltage and Jow
potential supply voltage to the said first analog buffer;

the second supply line, which supplies high potential supply voltage and low -
potential supply voltage to the said second analog buffer;

and the value of the high potential supply voltage and low potential supply
voltage which is supplied to the said first and sccond supply lines;

and which is further characterized by the fact that

the said switch control means includes a means for controlling

switch control line 1, which controls the switching of the said first and third
switching means; '

switch control line 2, Wh.lch controls the switching of the said second and fourth
switching means;

and the switch signal which is supplied to the said first and second switch control
lines.

(14) In Claim 2,

the liquid crystal driving devxce which is characterized by the fact that

the said supply voltage control means includes a means for controlling

the first supply line, which supplies high potential supply voltage and low
potential supply voltage to the said first and second analog buffers, which are included in
the (2K-1) (K is an integer) signal dnvmg means; ' :

the second supply line, which supphes high potential supply voltage and low
potential supply voltage to the said first and second analog buffers, which are included in
the 2K signal driving means; .

and the value of the high potential supply voltage and low potential supply
voltage which is supplied to the said first and second supply lines;

and which is further characterized by the fact that

the said switch control means includes a means for controlling

switch control line 1, which controk the switching of the said first and third
switching means; .

switch control line 2, which controls the switching of the said second and fourth
switching means;

and the switch signal which is supblicd to the said switch control lines 1 and 2.
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(15) In Claim 2,
the liquid crystal driving device which is characterized by the fact tl;at
" the said supply voltage control means includes a means for controlling

the first supply line, which supplies high potential supply voltage and low
potential supply voltage to the said first analog buffer;

the second supply line, which supplies high potential supply voltage and low
potential supply voltage to the said second analog buffer;

and the value of the high potential supply voltage and low potential supply
voltage which is supplied to the said first and second supply lines; .

‘and which is further characterized by the fact that

the said switch control means includes a means for controlling

switch control line 1, which controls the switching of the first and third switching
means, which are included in the (2K-1) (K is an integer) signal driving means, and the
second and fourth switching means, which are included in the 2K signal driving means;

switch control line 1, which controls the switching of the first and third switching
means, which are included in the 2K signal driving means, and the second and fourth
switching means, which are included in the (2K-1) signal driving means;
and the switch signal which is supplied to the said first and second switch control

lincs.

(16) In Claim 2,

the liquid crystal driving device which is characterized by the fact that

the said supply voltage control means includes a means for controlling

the first supply line, which applies high potential supply voltage and low potential
supply voltage to the said first analog buffer;

the second supply line, which applies high potential supply voltage and low
potential supply voltage to the said second analog buffer;

and the value of the high potential supply voltage and low potcntial supply
voltagc which is supplied to the said first and second supply lines;

and which is further characterized by the fact that

the said switch control means includes a means for controlling

switch control line 1, which controls the switching of the first and third switching
means, which are included in the (2K-1) (K is an integer) signal driving means;

switch control line 2, which controls the switching of the second and fourth
switching means, which are included in the (2K-1) signal driving means; |
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switch control line 3, which controls the switching of the first and third switching
means, which are included in the 2K signal driving means;

switch control line 4, which controls the switching of the second and fouxth
switching means, which are included in the 2K signal dnvmg means; and.

the switch signal which is‘supplied to the said switch control lines 1 through 4.

(17) In Claim 2

the liquid crystal driving device which is charactenzed | by

the inclusion of a scan driving means which outputs select voltage to the scan '
lines in order to select whether or not to apply said applied voltage to said liquid crystal
element; : '
and by the fact that the said scan driving means enables the said selection voltage
by sequentially delaying the select voltage by one horizontal scanning period so that the
said selection voltage becomes effective when the said third switching means or said
fourth switching means becomes conductive after completion of the sample-and-hold in
the first horizontal scanning period of the vertical scanning period.

(18) In Claim 1, :

the liquid crystal driving device whtch is characterized by the fact that the said
supply voltage control means includes a means for fixing at a prescribed value the said
high potential supply voltage and low potential supply voltage at the time of the vertical
blanking period.

" (19) InClaim 2,

the liquid crystal driving device which is characterized by the fact that the said
supply voltage control means includes a means for fixing at a prescribed value the said
high potential supply voltage and low potential supply vdltage at the time of the vertical
blanking period. . '

(20) In Claim 1,
the said analog buffer in a hqu1d crystal driving device which is charactcnzed by

the fact that
R 0O T
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it is comprisod of thin film transistors and that it has a linear region in which the
relationship of the said output voltage to the said input voltage is approximately linear;

and that the said supply voltage control means controls the value of the said high
potential supply voltage and said low potential supply voltage so that the amplitude of the
said input voltage is included in the said linear region when the amplitude of the said
input voltage shifts. ' ’

(21): In Claim 2,

the said analog buffer in a liquid crystal driving device which is characterized by
the fact that A

it is comprised of thin film transistors and that it has a linéar region in which the
relationship of the said output voltage to the said input voltage is approximately linear;

and that the said supply voltage control means controls the value of the said high
potential supply voltage and said low potential supply voltage so that the amplitude of the
said input voltage is included in the said linear region when the amplitude of the said =
-input voltage shifts.

(22) In Claim 20, ._
the said analog buffer in a liquid crystal driving device which is characterized by

the fact that

it includes a differential stage in which the said input voltage and said output
voltage are input and in which the voltage difference between the input voltage in
question and the output voltage in question is amplified and output;

and a driving means in which the output of the said differential stage is input to
the gate electrode and which has, ata minimum, 2n n-channel driving transistor which -
outputs said output voltage from the drain region; ‘

and that the said supply voltage control means performs control which shifts to
the low potential side the value of the said high potential supply voltage and said low
potential supply voltage so that when the amplitude of the said input voltage shifts to the
low potential side the said amplitude is included in the said linear region which is located
on the high potential side. .

(23) InClaim 2],
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the said apalog buffer in a liquid crystal driving device which is characterized by
the fact that :

it includes a differential stage in which the said input voltage and said output
voltage are input and in which the voltage difference between the input voltage in
queéstion and the output voltage in question is amplified and output;

and a driving means in which the output of the said differential stage is input to
the gate electrode and which has, at a minimum, an n-channel driving transistor which
outputs said outpui voltage from the drain region;

and that the said supply voltage control means performs control which shifts to
the low potential side the value of the seid h1gh potential supply voltage and said low
potential supply voltage so that when the amphtude of the said input voltage shifts to the

low potential side, the said amplitude is included in the said linear region which is located

on the high potential side. '

24 In Claim 20, :
. the said analog buffer in 2 liquid crystal dnvmg device which is characterized by

the fact that

it includes a differential stage in which the said input voltage and said output
voltage are input and in which the voltage difference between the input voltage in
question and the output voltage in question is amplified and output; _

and a driving means in which the output of the said differential stage is input to
the gate electrode and which has, at a minimum, an p-channel driving transistor which
outputs said output voltage from the drain region;

' and that the said supply voltage control means performs control wluch shifts to
the high potential side the value of the said high potential supply voltage and said low
potential supply voltage so that when the amplitude of the said input voltage shifts to the
high potential side, the said amphtudc is included in the said linear region which is
located on the low potential side. )

(25) In Claim 21,
the said analog buffer in a liquid crystal driving device which is characterized by

the fact that
I
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) it includes a differential stage in which the satd input voltage and said output
voltage are input and in which the voltage difference between the input voltage in
question and the output voltage in question is amplified and output;

and a driving means in which the output of the said differential stage is input to
the gate electrode and which has, at a minimum, an p-channel driving transistor which
Outputs said output voltage from the. drain region;

and that the said supply voltage control means performs control whmh shifts to
the high potential side the value of the said high potential supply voltage and said low
potential supply voltage so that when the amplitude of the said input voltage shifts to the
high potential side, the said amplityde is included in the said linear region which is
located on the low potential side.

(26) In Claim 20,

a liquid crystal driving device which is charactenzed by the mclusmn of ameans
for canceling the said analog buffer’s offset value by adjusting the value of the said
counter voltage. :

~ (27) In Claim 21

a liquid crystal driving device which is charactenzed by the inclusion of a means
for canceling the said analog buffer's offset value by adjusting the value of the said
counter voltage.

(28) A liquid crystal display device which is characterized by the inclusion of at
least one of the said liquid crystal driving devices of any of Claims 1 to 27 as well as
multiple signal lines which are connécted to a signal driving means of the liquid crystal
" driving device in question, multiple scan lines which intersect at the signal lines in
question, liquid crystal elements which are arrayed in 2 matrix, and multiple thin film
transistors for transmitting applied voltage to the liquid crystal elements in question.

- (29) A liquid crystal display device which is characterized by the inclusion of
two of the said liquid crystal driving devices of any of Claims 1 to 27 as well as multiple’
signal lines which are connected to cither the signal driving means of one of the liquid

N O A A DA




-

51-

crystal driving devices or to the signal driving means of the other of the liquid crystal
driving devices, multiple scan lines which intersect at the signal lines in queéstion, liquid
crystal ‘elements which are arrayed in a matrix, and multiple thin film transistors for
transmitting applied voltage to the liquid crystal elements in question; |

' the connection of the (2L-1) (L is an integer) signal line to the signal driving
means of one of the said liquid crystal driving devices as well as the conncction of the 2L
signal line to the signal driving means of the other said liquid crystal device.

and the shifting in the opposite direction, with reference to the counter voltage, of

the output voltage range of the analog buffer which is selected in the signal driving means
connected to the (2L-1) signal line with respect to the output voltage range of the analog
buffer which is selected in the signal driving means connected to the 2L signal line.

(30) In Claim 28,

a liquid crystal display device which is characterized by the fact that the said
liquid crystal driving device is integrated on the liquid crystal panel, which is comprised
by the said thin film transistors. ' '

(31) InClaim 29, -

a liquid crystal display device which is characterized by the fact that the said
liquid crystal driving device is integrated on the liquid crystal panel, which is comprised
by the said thin film transistors.

(32) An analog buffer, comprised of thin film transistors, to which high potential
supply voltage and low potential supply voltage are supplied and which buffers input
voltage and outputs output voltage;

which has a linear region in which the relationship of the said output voltage to
the said input voltage is approximately linear;

and which is characterized by the inclusion of a voltage supply control means
which controls the value of the said high potential supply voltage and said low potential
's.upply voltage 6o that the said amplitude is included in the said lincar region when the
fluctuation range of the said input voltage shifts.

(33) InClaim 32,
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an analog buffer which is characterized by the fact that it includes

a-differential stage in which the said input voltage and said output voltage are
input and in which the voltage difference between the input voltage in questidn and the
output voltage in question is amplified and output;

and a driving means in which the output of the said differential stage is input to
the gate electrode and which has, at a minimum, an n—channel driving transistor which
" outputs said output voltage from the drain region;

and is further characterized by the fact that the said supply voltage control means
performs control which shifts to the low potential side the value of the said high potential
supply voltage and said low potential supply voltage so that when the amplitude of the
said input voltage shifts to thc low potential sidc the said amplitude is included in the said
linear region which is loc_atéd on the high potential side. :

349 In Claxm 32,
an analog buffer which is charactznzed by the fact that it includcs
it includes a differential stage in which the said input voltage and said output
- voltage are input and in which the voltage difference between the input voltage in
question and the output voltage in question is a.mphﬁed and output;
and a driving means in which the output of the said differential stage is input to '
the gate electrode and which has, at a minimum, an p-channel driving transistor which
outputs said output voltage from the drain region; ' '
and is further characterized by the fact that the said supply voltage control means
_ performs control which shifts to the high potential side the value of the said high potential
supply voltage and said low potential supply voltage so that when the amplitude of the
said input voltage shifts to the high potential side, the said amplitude is included in the
said linear region which is located on the low potential side. '

(35) In Claim 32,
an analog buffer which is charactenzed by the inclusion of a means for canceling
the said analog buffer's offset value by adjusting the value of the said counter voltage.

(36) A liquid crystal display device which is characterized by the inclusion of an
analog buffer of any of Claims 32 to 35, at least one liquid crystal driving device
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containing the said analog buffer, as well as multiple signal lines which are connected to
a signal driving means of the liquid crystal driving device in question, multiple scan lines
which intersect at the signal lines in question, liquid crystal elements which are arrayed in
a matrix, and multiple thin film transistors for transmitting apphed voltage to the liquid
crystal elements'in question. :

(37) In Claim 36,

a liquid crystal display device which is characterized by the fact that the said
liquid crystal driving device is integrated on the liquid ctystal panel, which is comprised
by the said thin film transistors.

e

(38) A liquid crystal driving method which is characterized by the fact that it is a
liquid crystal driving method which drives liquid crystal elements arrayed in a matrix by
supplying a voltage to a liquid crystal element, to the other side of which is supplied a
counter voltage;

which sequentially samples and holds video signals, buffers the sampled.and held
voltage by means of multiple analog buffers which are supplied 2 high potential supply
voltage and a low potential supply voltage, and selects either output of the multiple
. analog buffers in question;

. which, by controlling the value of the said high pmendal supply voltage and said
low potential supply voltage supplied to the said analog buffers, shifts the range of the
output voltage of the said analog buffers to either the high potential side or the low
. potential side, using the said counter voltage as a reference, and controls the selection of
either output of the said analog buffers in which the output voltage range shifted.

(39) A liquid crystal driving method which is characterized by the fact that it is a
liquid crystal driving method which drives liquid crystal €lements arrayed in 2 matrix by
supplying a voltage to a liquid crystal clemcnt, to the other side of which is supplied a
counter voltage; :

which sequentially samples and holds video signals; transmits the sampled and
held voltages by the first and second switching means; buffers the voltages which are’
transmitted via the said first switching means by the first analog buffer; buffers the
voltage which is transmitted via the said second switching means by the second analog
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buffer; transmits the said first analog buffer's output by the third switching means, which
turns on and off in conjunction with the said secand switching means; and transmits the
said second anzalog buffer's output by the fourth switching means, which tums on and off
in conjunction with the said first switching means;

which, by controlling the value of the said high potential supply voltage and said
) low potential supply voltage supplied to the said first and second analog buffers, shifts .
the range of the output voltage of the said first and second analog buffers to cither the
high potential side or the low potential side, using the said counter voltage as a reference,
and controls the on and off operation of the said first through fourth switching means.

(40) A liquid crystal driving method which is characterized by the fact that it is a
liquid crystal dri{zi‘ng method which drives liquid crystal elements arrayed in 2 matrix by
supplying a voltage to a liquid crystal element, to the other side of which is supplied a
counter voltage; .

and is further characterized by the fact that it outputs the said applied voltage to
the signal line by the signal driving means and, where it outputs to the scan line by the
. scan driving means the select voltage for selecting whether or not to supply the applied
voltage in question to the said liquid crystal element, when the applied voltage from the
said signal driving means becomes valid sequentially delaying it by exactly one
horizontal scanning period so that the said selection voltage becomes effective once the
applied voltage from the said signal driving means becomes valid.
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