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Tec‘hnol ogy This i nventi on pertains to a driving method for a liquid crysta P y
panél and, ‘in partieular: a driving nethod for a TFT liquid crystal panel.

A nunber of differgnt driviing nethods for TFT liquid crystal panels are

al ready known. For?exarrpl e, as.stated i ”®*Dorai ba LSI no kadai wa

teiden' atsu tan' Itfu denpgenka de kai ketsk' ("Driver LSI problens sol ved by

| ow vol tage si ngl ¢ power supply"), Flat Panel Display 1991 (November 26,

1990, Ni kkei Business Publications, Inc. 8 168 to p. 172), -TFT liquid
crystal panel drl}/ers (liquid crysta$PQ§iﬁ°@ ?y devices) can be broadly

A;Liquid ,.Crystal Driving Device, Liquid Crystal Display Device, Analog Buffer, and
Li?uid Ciystal Driving Method
{

ljig,]d Q[Iechgology
This fnvention pertains to a driving method for a liquid crystal panel and, in pamwlar a

driving method for a TFT liquid crystal panel.

Background Technology :
" A number of different driving methods 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 problcms solved by low voltage single power supply"), Flat
Panel Display 1991 (November 26, 1990, Nikkei Business Publications, Inc. ,p- 168 top.
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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inversion driving has the advantage of having driver cn'cuxts that are szmple 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



-2+ Liquid crystal elenents degrade when direct current voltage
S applled to them for extended periods. This property nakes necessary a
driving neans in which the polarity of the voltage applied to the liquid
crystal elements is inverted after a specified period of tinme. As shown in
Figure 40 Ato Figure 40 D, such known driving nethods include frane
inversion driving (hereafter referred tovas "1V inversion driving" for the
sake of. conveni ence), scan line inversion driving (hereafter referred to as
"1H inversion driving" for the sake of -#onveni ence). signal line inversion
driving (hereafter referred to as "1S inversion driving" for the sake of-
convenlence) and dot i nversion driving %? ereafter referred to_as ©1S
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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.methods 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



| arge off | eakage currents. Large liquid crystal panels, however, suffer
froma brightness gradi ent problem caused by parasitic resistance of the
I nterconnect el ectrodes. The brightness gradi ent problem cannot be sol ved
by :means of 1H inversion driving. In 1S inversion driving, as shown
in Figure 40 C, the polarity of the applied voltage differs for each signal
|l ine; and, under these conditions, polarity is inverted after each verti cal
scanni ng period. The advantage of 1S inversion driving is that flicker is-
not conspi cuous and cross-talk in the hprizontal direction is inhibited.
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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 together; 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 buffess 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 increasing 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 TFT's 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; :



hi gh-definition TFT liquid crystal panel with inproved picture quality by
méans of dot inversion driving" ), Flat Panel D splay 1993 (Decenber 10,
1992, N kkei Business Publications, Inc., pages 120 to 123). This nethod
has the advantages of both 1H inversion driving and 1S inversion driving;
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' 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 unduly 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;




because -a wi de output voltage range facilitates the making of a liquid
crystal panel capabl e of di splaying multiple gray-scale |levels. To obtain a
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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



having nul tiple gray-scales could not be obtained. In addition, there has
been absolutely no disclosure in the said technol ogy of the prior art
regarding the idea for a liquid crystal driver capable of using the four
driving nethods together; and, noreover, the said technology of the prior

art is related to digital |IC]UId crystal drivers, not to analog line
sequential drivers. I n additi on_~anal og buffers contained in |iquid
crystal drivers are provided for each Indi vi dual si gnal line of the liquid

crystal panel, making the nurrber of buffers extrenely large. For exanple, a
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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 parasitic resistance of the interconnect electrodes, and, thus, achicves
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



-5-
integer)
sanpl i ng
applied

vol t ages;

mul tiple
control l

and is characterized by the inclusion of 1 to N(Nis an
signal driving neans, which include a neans for sequentially
and hol ding video signals; nultiple anal og buffers, to which
hi gh and | ow supply vol tages, for buffering the sanple and ho
and sel ection neans for selecting any output fromthe said
buffers; a supply voltage control neans both for
ing the val ues of the said hi g -potential supply voltage and

said | ow potential supply voltage which are supplied to the said anal

buffers,

as well as for shifting the range of the output voltage of t

sai d analgg, Bid F:%tﬁert\ﬂa St meq&dae{,ﬁp%ﬂige%n&meam@hw

said cou
for cont

nt er ref ere{l

the $h'ﬂghﬂ§ﬁ%°l!§é2f ébﬁ oulputypltageran

S of e i B A0l O C°€uf%mp

are
| d

%s -
the -~
0g
he
t he
neans
ut of

the said wzmai 2 ielided ia theadjidenbsdid sigaid deivin \tﬁéah@.gnffemﬁ oneancther; agdl by

said sup
range of
hi gh pot

Ul B0 3iob s Hum r'gltwrt&j Y e BT ert
a@nsloglbuffiers each pertiealtscaniningperiod. t he counter voltage as a

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

n, the
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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 (2K-1)
signal driving means;



reference. Then. any of the outputs of these nultiple analog buffers is
selected: and liquid crystal elenents are driven. Therefore, depending on

t he conbination of the polarity of the output voltage range of the anal og
buffers and the nethod of selection, it becones possible to change the
polarity of voltage applied to the liquid crystal wth each scan |ine, each
signal line, each horizontal scanning period, or each vertical scanning =
period, thus enabling the realization of nultiple driving methods ina
single liquid crystal driving deviceé; and thereby realizing, wthout unduly
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vi deo si gnal s,@aj@i)@t and se,cgnd swi t chi n% means,.a fTirst anal og buffer

whi ch buffers Pes of thehigh patepjial supply Voltage apg low gotential sHepIN i g £ r st
swi t chi nyoltegewhich asesuppliedtvathe gaid fist eiroughi fobrth sdpply Bnespd out puts vol t age
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whi ch turns orswitsh controljlinedo mhisheoniels the switchingofisaid fissand thivd switching

met hod. apdng fourth switching means which is connected to the output of

t he sai d second anal o ffer and whieh turns. on _and off in_copjunction
with the said smiwbtcbgq%plt b i2m ¥ hibqeBtols the switclsming of the said second and fourt

switching means; . : : :

and the switch signals, which are supplied 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 driving 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 potential 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.



- 6- a supply voltage control neans which controls the val ues of
the high potential supply voltage and the | ow potential supply voltage

whi ch are supplied to the said first and second anal og buffers and which
shjfts the range of the output voltage of the said first and second anal og
buffers to either high potential or |ow potential, using the said counter
vol tage as a reference; . and a switch control means which control s '
the on-of f operations of the said firstOthrough fourth switching means.
According to this invention, the sanpled V|deo signals are |nput and held
in the first cond analo uffers fi L t chi ng
neans. Then, ‘ﬂ §& W‘Bu‘f‘&?f‘ %}Pglgﬁ Y‘ﬁ@g?;srs??&g Sﬁ%ﬁ V\‘ﬁ?ﬁal og
buf f ers isecasidi dnaleg huﬁfeeﬂ using 2 $1pply lve, while switching contgobofiheifinbt, andshuwy t he
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uffers, it rres 0SSJ ange t ta | to
the liquid cr ??ln‘gg‘i:sﬁ g‘%ﬁﬁ“{w‘%eb @35%@5%5% ﬁs %’E‘F?gnt al
scanni ngqmmmludasaMSMnudﬂl08cannl ng period. thus enabl I ng the
real i zati on of, sqriving
device. Al sq acﬁﬂ& ﬂwﬁ&%um%@%]ﬁ@aﬁsﬁgﬁ#lﬁ% to pe]?}':gir"'ln%‘i

sanpl e- aﬁBPPllSI"G P pRjog beffesinti re horizontal scanni ng period,

thus maki ng 'tasl&&%fd gl lmd%ﬁhshﬁﬂleﬂﬁfgh til Sapplyoskagé aslan) & and- hol d
oper ations S alas_logguéracterl zed by the fact that

venti,gn I
frame i nP@@Pﬁlrf"aﬂyv‘Mﬁs? g’ the said second an
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 sivitchirig 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;



performed by switching the shift directions of the said output voltage
range of the said first and second anal og buffers every vertical scanning
period by controlling the said supply voltage control neans.

According to this invention, the polarity of the voltage applied to all the
li'quid crystal elements is inverted each vertical scanning period (1 field,
1 frane), thereby nmeking franme inversiefi driving possible and enabling *
suppression of line nonuniformty. .. This invention i-s al so
characterized by the fact that scan lille inversion driving is perforned by
meking the shift directions of the output voltage range of the said first

and second anal og buffers, which are included in a singlge said nal
driving means andpyiias fact Wk ﬁ?#’es"é%t"ﬁewl\m%néquﬁ? Wﬁ%@"%’i‘“&"@ﬂ%m y

vol tage cont r@&:ﬂaﬁemmuymmmwdwzmmmmmmue sai d
first thro fourth swi t chi ng neans each vertical scanning period via
contr ol &F38WSiswi t ch control neans. This_invention is also
char act er| zed shytchlcenﬁ‘ddinet%aiﬂu@@&nmkﬂmﬁ“ﬁvm of thecseid sepond apdfourthr ned by
maki ng t ections of the output voltage range of the said f| rst

arivi ﬁ;"ﬂeaﬁé‘%&% rhoh sgosls wHikh SrospRGAS SrseH P FORBHRIRSS 19Pddne sai
suppl y vol t ages&apdin@to thisdntentiof, pisves i¥ supplietito 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 second 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 supplies 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 signqls which are supplied to the said first and second switch
control lines. .

Accordmg 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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the shift directions of the output voltage range of the said first and
second anal og buffers each vertical scanning period. According to
t hese inventions, the polarity of applied voltage differs with each scan
I‘i ne and polarity inversion takes place under these conditions each
vertical scanning period, thereby realizing scan line inversion driving.
This is capable of preventing liquid crystal panel flicker and vertical =
cross-tal k and, noreover, can prevent vertical stripes fromoccurring in"
video display. This invention is partipularly effective when enploying
nonl i near active elenents (such as polycrystalline TFTs and M Ms, for
exanple) with large off |eakage currents. In addition, flicker can also be
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switch control line 2, which controls the switching of the second and fou:th '
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



the shift directions of the output voltage range of the said first and
second anal og buffers, which are included in the adjacent said signal
driving neans, differ fromone another; and by switching the on-off
sequence of the said first through fourth swi tching neans each verti cal
scanning period via control of the said switch control neans. Thi s

I nvention is also characterized by the fact that dot inversion driving i
performed by making the shift directiong of the output voltage range of the
said first and second anal og buffers, fch are included in a single said
signal driving neans, differ from one anot her via control of

the said suppl volt e contr il s t“g
[ [ #‘ ofusv%ﬁ%’mn?&pwdbmuﬁd éﬁ) HS?’da second anal og

di rections of ran
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are included 1n a‘sing esa nal age
said fourth swm:hmg 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



ffom one another via control of the said supply voltage control neans;
maki ng the on-off sequence of the said first through fourth sw tching
means, which are included in the adjacent said signal driving neans. differ
Vi a control of the said switch control nmeans and switching the on-off
sequence of the said first through fourth sw tching neans each verti cal
scanni ng peri od. Thi s inventionags al so characterized by the fact
that dot inversion driving is performed™ ™y naking the shift directions of"-

t he output voltage range of the said first and second anal og buffers whi ch

are incl qﬂﬁg ' | u{é‘?ﬁ e anot her
via contr *‘Qfﬁ%‘wég’?g‘%‘ﬁé)‘% Oﬁ%qﬁgg%héér#(?o n&%ﬁg&ugﬁq{‘gﬁl ng t e shift
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bri ght ne | £ b | C (HeSi sta.nce of J t er cpnnect
el ect rodég gﬂﬁ’i’d‘ aﬂﬁflg%ép%maégﬁﬂg% é'é%‘@%ﬂ&\gf’ said $i0R Y3 uit -
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the fact that % supply VO neans | n neans for

cont r ol | iS¢y by performingicontsel soihasithe supnle' voltagein shifted ro tie lwyntepualesma al
suppl y V%H@H@aﬁﬁﬂmhew matlﬁsm 'véitag%‘iPﬂklﬁMi& i Qirear kgﬁa,zg ishdssibfitoanal og

buf f er, ncl u I'n Kis anln signal driving
neans; pert%rm BEg A gﬁ*&awtyt’f'%&(?én %’V? Bti es high potential supply
vol tage and | mht\reﬂﬁd»:aisaﬁo@hhmmﬁidcﬂg&héﬁdﬂ&thﬁdh&&&dﬁﬂar&&tﬁl@ggbuffer,

whi gh is lllfl Qﬁ,',éﬂj &:g sLi'a ﬁguet vgﬁgg'elgnﬂségﬂ%%kpug (ri)l\(:«ig@%ﬁﬁ&sénd 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 regien;

_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



-9- a third supply line, which supplies high potential supply
voltage and | ow potential supply voltage to the said first analog buffer,
which is included in the 2K signal driving neans; a fourth supply
Iine, which supplies high potential supply voltage and | ow potential supply
voltage to the said second anal og buffer, which is included in the 2K

signal driving neans; and the yalues of the high potential suppl
voltage and | ow potential supply voltage which are supplied to the said -
first through fourth supply |ines; and by the fact that the said

switch c Qﬂicrnq{ h tibé‘ﬁdlhﬁ@s IRUIEREp e tesEARIUYah bB Ganceled by acﬁﬁ&tﬁ-n

control |jne ch cQ olsthetﬁwtcmg of said first and thifd

swi t chi ndLﬁE voltage ‘"‘&M“’E‘E‘ﬁw&&ﬁ ®Video 5ighal.  \which controls the switching
of the said sdnmddxtmndthbdiqnidh:rysmltcﬁdp envizanssociated with thivintvémionis t ch '
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anal og buwelbassmultiplesigeal dineswhich are donnedted todcsignahdriving meanwef the saidi ng
means, bm@f@c&béﬁﬁnﬁﬂg 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 instance, 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.




second supply lines, respectively; and is supplied to the first and second
anal og buffers, which are included in the even-nunbered signal driving
nmeans, by the third and fourth supply lines, respectively. Sw tching
¢antrol of the first and third swi tching neans is achieved by switch

control line 1, and switching control of the second and fourth sw tching
means is achieved by switch control 1in& 2. This enables the realizationxof
a liquid crystal driving device for cojined franme inversion, scan line

i nversion, signal line inversion, and dot inversion driving. Thi s

i nvention is also characterlzed by the fact.that the said supply voltage
control IPeEs Yex Rpadpss for controlling a supply line which
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pot ent i alwimlﬁmpledldfa:tp imvedtibmw potential supply voltage which are

supplied to t rlarﬁ,g trol neans
i ncl udes a maan or Con?&ﬁflko?ﬁsmﬂcmﬁ%ﬂﬁﬁ@f(%?ﬁgﬁd%ﬁ%&ﬁ i ch
controlsshh%?nmﬁmhg of the sald first and third sw tching neans;

swi tch cont rolplga@% Qm\éﬁhﬁﬁe%ﬂfsﬁ&h‘fc Mag&ws&mmgnq&dt&ﬁaa@meﬁecond and
fourth svvbtchl n and the swtch signals which are supplied to
!ﬁﬁ'l‘i? 'oI

the saidS$ lines 1 and 2.
Figure 4 is a timing chart for 1V inversion driving in Example 1.

Figure § is used to explain 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
xnwnmondnvug '
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 + 18 inversion driving in Example .
. 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.



-<10- According to this invention, a single channel voltage is
slpplied to the first and second anal og buffers using a supply line, while
switching control of the first and third switching nmeans is achi eved by
Switching control line 1 and switching control of the second and fourth

swi tching neans is achieved by switch control line 2. This enables the
realization of a liquid crystal driving“device-dedicated to frame inversizon
driving. This invention is aIsg characterjzed by the fact that the
said supply voltage control neans incl'hes a nmeans for controlling

a first supply line, which supplies high potential supply vol tage and | ow

potential supgk . [ a second
supply I|ine, %?“%qssu’%gﬁ“ésghﬁhﬁlﬁ‘ﬁi’ fm J&H@ge and | ow potenti al
suppl y vol tag&%et%ssmnsmféﬁaﬁ b%metsmdnwnsm Examplgi6.t he val ues of
the high pot ermgﬁh mea&ea tBQkiﬁﬁQh@B&nﬂgﬁﬁtﬁﬁbﬁBﬁ!bﬂhqtﬁﬂ BB/stal 48Vérgge . whi ch

are supplied t and by the
fact that sai giFR'P%F )

5E% L ViAot 4Rnk im  5Pne SIS g
switch cont r oIFxgnméZ%s atiming ckartfor dV<sinvdrsior diivinp img corhbinbd 1 VAIHY1IH + st and -

third svm nmeans; . switch control line 2, which controls the
sw t chi ng o ie said second and fourth switching neans; ‘and the

swi tch signal fxmeém is pe example of the configusatinm of ardontrel cireuit schichnerntgis & h
control ligiRPerystal driverAccording to this invention, power is supplied to the

(st anaon T L S Aeubhd s RRH chofti A SR °%, o
third swicontainigg aliquid orgstalcitiveed by switch control line 1 and sw tching
control of tNhg;36e08qs A0 OHE b s Wt Bhihe FaARSrlsfc iSRS g Bhs  CN
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.



control line 2. This enables the realization of a liquid crystal driving

devi ce dedicated to scan line inversion driving. This invention is
al so characterized by the fact that the said supply voltage control neans
t ncl udes a neans for controlling a first supply line, which supplies

hi gh potential supply voltage and | ow potential supply voltage to the said
first and second anal og buffers, which~are included in the (2K- 1) (K is#an
i nteger) signal driving neans; ' a second supply line, which supplies
hi gh potential supply voltage and | ow-Btential supply voltage to the said .
first and second anal og buffers, which are included in the 2K signal

driving neans; and the values of the high potential supply voltage
and Iom/potentlal suppl y voltage whi ch are supplied to the said first and
second sumelBest Svstém mplementing the Inventiognd by the fact that said switch
control ans |ncIu for | trol line
1 whi ch USO8 thg age ‘f‘ﬁ%"“ﬁﬂ&%‘%g "fcheg‘g@ﬁ‘ of fhe pressnt fnjdof uf ching
~means;  described in detail below. ‘

. (Bxample 1)

Figure 1 shows an example of the configuration of a liguid 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).



switch control line 2, which controls the switching of the said second and
fourth sw tchi ng neans; and the switch signals which are supplied to
the said switch control lines 1 and 2. According to this invention,
power is supplied to the first and second anal og buffers, which are

i hcluded in the odd-nunbered signal driving neans, by the first supply
line, and to the first and second anal o§ buffers, which are included in the
even- nunbered signal driving neans, by_the second supply line. In addition,
switching control of the first and t hit switching neans is achi eved by
switch control line 1; and switching control of the second and fourth
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fact thatstﬁﬂ%oﬁﬁd:lcis asiéveld byohiffing thisaane oftid oulps voltagecofandlog buffets 10l | ng
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sx t chi ng n@@ﬁg |lggh3% t|“fli FP&’&‘?‘HHP @%ﬂiﬁwgﬁéé@ﬁéﬁnﬁger) Si glnal '
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Illne 1, wh %%eggﬁ%q%%y%&lt‘gﬁa{ng ofa\ﬁtdhr‘gl ?gr%sﬂfr%s utvrﬂyr’cﬁuvl\f%ghl ng
nmeans, wh¢anneeted to analogibuffars, 1700 18Q. sj gnal- driving neans, and the sw tching
of the second Féteher Ol thig eiampl@hsemaﬂmolwthebuqmome laudeg buffers)the ( 2K- 1)
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switches 130 to 134 and 140 to 144 (selection means). This selection control is achieved
by controllmg, 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 vidco signal voltage
sampled by switch 104 is held by capacitor 152 after passing through switch 120. Also,
the voltage held in capacitor 150 during 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, éapacitors 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




eontrol |ines. According to this invention, power is supplied to
tthe first anal og buffer by the first supply line and to the second anal og
buffer by the second supply line. In addition. switching control of the
first and third switching neans, which are included in the odd- nunbered
signal driving nmeans, and switching control of the second and fourth

swi t chi ng -12- #
means, which are included in the even- ?Hnbered si gnal dr|V|ng nmeans, are
achieved by switch control line 1; switching control of the first and third

swi t chi ng nmeans. which are-included in the even-nunbered signal driving
neans, angy w&%:aas&@iaﬁwk &1 Jol\Be s EARNGorRNY, & BUdsfibRWD LsdthdGareans,

whi ch are |nclud | red signal dr|V|ng nmeans, are achieved
by switch® ?8?\‘59‘8& }?%saénplﬂﬁ@gg\?ngg%s the realization of a liquid crystal
driving devi ceFipudésaamB showiexamplesef sperificicanfignrtions of the liq@idicsystalvent i on’

rmans | nolv shewh HFighe 1 h@oﬁg&f PARd 3/ e, iRt B YOO IORFIBRBE )
suppl i es %m@gwmqsémg shoyen inJigure i are omitisd: Asshewn 1esoindage to

the sai d.4skiichanplooe mfafr@éomposed of transmission-type transistors while switches 130
to 144 are composed of n-type transistors. Through the establishment of i inverter circuits
182 to 187 in Figure 2 and the establishment of inverter circuits 188 and 190in F1gure 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
correspondmg to these supply lines are confrolled 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



@ second supply line, which supplies high potential supply voltage and | ow
potential supply voltage to the said second anal og buffer; and the
val ues of the high potential supply voltage and | ow potential supply
yoltage which are supplied to the said first and second supply |ines;

and by the fact that the said switch control nmeans includes a neans for

controlling switch control line”l, which controls the switching of
the first and third switching nmeans, wilh are included in the (2K-1) (Kis
an integer) signal driving neans; . switch control line 2, which

controls the switching of .the second and fourth switching neans, which are
i ncl uded ivelteges to 2 drialog tyffers dirdughisgppiy tines; V1t to V4* and VdhtocWrtaml | i ne 3,
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driving. 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 SW61 are all or 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



= 13- This invention is also characterized by the inclusion of a
scan driving neans which outputs select voltage to the scan lines in order
to sel ect whether or not to apply said applied voltage to said |iquid

crystal el enents; and by the fact that the said scan driving neans
enabl es the said selection voltage by sequentially delaying the select
vol tage by exactly one horizontal scangyng period so that the said *

sel ection voltage becones effective when the said third swtching neans or-
said fourth swi tching nmeans becones conductive after conpletion of the
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the vertitoaise bﬁmﬂsmﬁ’@prmotanuds t hereby halting the flow of current via the
constant Ccurr eniyel R %éb&u@ﬂ@éﬁmxggeh 84, duiilg A FiShdtizohfl sca@flingower
S U o o witahes SW1L, SWAL and SW1 a5 well b SW2, g’d&iz” Jnd 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 chrstal 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 -
lincs V1+ and V3+* as well as V2+ and V4+ 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.



the vertical blanking period, power consunption is reduced w thout

daf fecting the screen display in the liquid crystal panel. Thi s
invention is also characterized by the fact that it is an anal og buffer
tonprised of thin filmtransistors which is supplied both a high potenti al
supply voltage and a | ow potential supply voltage and which buffers input

vol tage and outputs output voltage; -23- that it has a linear region it
which the relationship of the said output voltage to the said input voltage
i's approxi mately |inear; and that it includes a supply voltage
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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 vertical scan period are set to positive polarity and 1V

inversion driving is achieved. o

Here, the relations between Va, Vb, and Ve 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



-:14- di fference between the input voltage in question and the output
vbltage in question Is anplified and output; and a driving neans
whi ch has, at a mninum an n-channel driving transistor in which the
output of the said differential stage is input to the gate el ectrode and
whi ch out puts said output voltage fromthe drain region; and t hat
the said supply voltage control neans pé€fforns control which shifts to the
| ow potential side the value of the S‘?g hi gh potential supply voltage and
said | ow potential supply voltage so tfiat when the anplitude of the said
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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



ocated on the | ow potential side. According to this invention, the
I'i near region is |located on the | ow potential side. So, by performng
control so that the supply voltage is shifted to the high potential side
and the anplitude of the input voltage is included in this linear region,
it is possible to performbuffering of the input voltage in the Ilinear

regi on. This invention is al so“tharacterized by the inclusion of*a
means for canceling the said anal og buf2fer' s of fset val ue by adjusting the
val ue of the said counter vol tage In this invention, the polarity
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described below: In Figure 4, supply voltages to supply linies V1+ to V4+ and V1- to V4~

switch after every vertical scanning 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 hqmd cxystal changes between posmve and negative polarity
after cach scan line.

Further, during the first vertical scanning period, the aequenoc 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. '




Liquid crystal elenents which are arrayed in a matrix, and nultiple thin
filmtransistors for transmtting applied voltages to the said liquid
crystal elenments in question. In this instance, one may include two
iiquid 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 crystat”driving devices while connecting
the 2L signal lines to thé signal driving neans of the other said liquid
crystal device, and nmake it so that th@&6output voltage range -of the anal og
buffers selected in the signal driving neans 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 anal og buffers
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panels. - Figure 9 shows the timing chart for achieving 1S i mverslon 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 leve] Vd. Accordingly,analog buffers 170, 172, 178,
and 180 become negative, and analog buffers 174 and 176 become posmve 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 adj-acent 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



Brief Explanation of the Figures Figure 1 is an exanple of the
configuration of a liquid crystal driver associated with Exanple | of this

i nventi on. Figure 2 is an exanple of a specific configuration of
tthe liquid crystal driver shown in Figure 1. Figure 3 is an
exanple of a specific configuration of the liquid crystal driver shown in
Figure 1. Figure 4 is atimng chart for 1V inversion driving in =
Exanpl e 1. Figure 5 is used to_explain the operation of the liquid
crystal driver for 1V inversion drrvidg‘ Figure 6 is a timng chart
for 1H inversion driving in Exanple 1. Figure 7 is used to explain
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+ 1% inversion dnvm% of Figure 11 are as
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



Figure 17 is a timng chart for 1H inversion driving in Exanple 3.
Figure 18 is an exanple of the configuration of Exanple 4 of this

i nventi on. Figure 19 is atimng chart for 1S inversion driving in
Exanpl e 4. Figure 20 is an exanple of the configuration of Exanple 5
of this invention. Figure 21 is a timng chart for 1H + 1S inversion
driving in Exanple 5. Figure 22-ts used to explain the operation bf
the liquid crystal driver for |H+ 1S jnversion driving. Fi gure 23
is used to explain the operation of tﬁ@iliquid crystal driver for 1H + 1S

i nversion driving. Figure 24 is an exanple of the configuration of
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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 hqmd 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
Ll.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-,



1S driver. Figure 30 is an exanple of the configuration of a control

Circuit which controls a liquid crystal driver. Figure 31 is an
exanple of the overall configuration of a liquid crystal panel containing a
tiquid crystal driver. Figure 32 is an exanple of the input-output
characteristics of an anal og buffer. Figure 33 A and Figure 33 B are
exanpl es of the configuration of a p-type anal og buffer and an n-type o
anal og buffer, respectively. F|ﬂ%re 34 A, Figure 34 B, and Figure 35
C are used to explain the nmethod for ifting supply voltage.

Figure 35 A and Figure 35 B are an exanpl e of the input-output
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‘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 each vemca.l 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.

e operations

(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. Although 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 lines 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
bisffers 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.



= 18- Usi ng the acconpanying figures, specific exanples of the present
iI'nvention will be described in detail bel ow (Exanpl e 1)

Figure 1 shows an exanple of the configuration of a liquid crystal driver
fliquid crystal driving device) according to the first exanple of this
invention. The first exanple concerns a conbined 1V/1H 1S/ 1H + 1S liquid
crystal driver. This liquid crystal driver is known as a source driver *
whi ch drives the signal lines and inclwtes nmultiple (1 to N) signal drivi ng
means. For exanple, the first signal driving nmeans includes swtches

(anal og swtches) 104, 110, 120, 130, 140; capacitors 150 and 152; and
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i ndi vid uat@wﬁtsoemupié itheye are two switch control lmes 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.



.Swtches, or to use tine-division of the RE& video signals on one video
4ine. Shift register 100 shifts in synchronization with the shift
clock, and the output is fed into |l evel shifter 102 for |evel shifting.
:Switches 104 to 108 are turned off sequentially (opened) based on the
output of level shifter 102, and sanpling of the video signal is
acconpl i shed. The sanpl ed voltage is hegld in capacitors 150 to 160 after”
passi ng through the swi tches that are,gg anong switches 110 to 114 and 120
to 124. In this way, switches 104 to 108 and capacitors 150 to 160 in the
present exanpl e provide nmeans to sequentially sanple and hold the video

si gnal . An akdeg thitiver tie pol&ity of hidGroltage @bﬁedmrthcbﬁmdmmpﬂra&et onal

Bt 1 or | ngeRAER pu?ﬂ?*ﬂl%&‘ﬁ%%?°{*‘8§'@*‘§ﬁﬁﬁﬁd %ﬁ‘%\;gs iy pa%*r’?oﬁ <150

to 160. Fewitehesefireeachyarticgl mnmesperpﬂoas qwnl or qme fog
buf fer) bgfdngingodié euhwfmmeu@dlé %&0 to 114

Second andhd wﬁ%ﬁa%ﬂﬁ#ﬁsﬁf Séf&eb”f ‘ ; ”2 ”ﬁw&‘ﬂz e
Swi t ches %dmeﬂ% dstwedl. second swit chi ng rreans)
-19- In comparison to the first example, the aumber 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



In order to select the outputs of analog buffers 170 to 180, sw tches 130
“to 134 (the third switching neans) and switches 140 to 144 (the fourth
swi t chi ng neans) whi ch conpose the sel ection neans are connected to the
.outputs of analog buffers 170 to 180. Then, the outputs of analog buffers
470 to 180 are transmtted to the signal Ilnes through the switches that
are on anong switches 130 to 134 and 140 to 144. Now, in this
exanpl e, the high potential and Iom/poﬁéﬂtlal supply voltage to anal og
buffers 170 to 180 is controlled; and, using the counter voltage as a
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hand, buffers. Similarly, a 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), combined 1V/1S/IH + 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
nccessary in order to achieve both 1H inversion driving and 1S inversion driving, or both
18 inversion driving and 1H «+ 1S inversion dnvmg

(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



in the reverse case of that described above, when the second switch 120 is
coff, the third switch 130 is also off; and, at this tine, the first and
fourth switches 110 and 140, respectively, are on. In the exanpl e of
the prior art shown in Figure 38, capacitors 2028 to 2034 coul d be charged
-wi th sanpling voltages only during the period when the output enable signal
was in effect and switches 2012 to 20¥8 were on. Additionally, it was
necessary to have separate capacitors ;ggr sanpling,.2020 to 2026, and
hol di ng, 2028 to 2034. In contrast, in the present exanple, as expl ai ned
above, by turning the switches on and off alternately, the capacitors can
charge usiVIiQHHDSAN + 18 drives 2000 The conteolvimatyie thio cixande dixjudz!shpplyng t he
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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 cese, itis neceséary 1o 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. '



182 to 187 in Figure 2 and the establishnent of inverter circuits 188 and
190 in 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 sinultaneously. The construction of Figure
2 i s advantageous in that the nunber of wiring connections to sw tch
control lines L1 and L2 can be decreased; and the construction of Figure 3
i s advantageous in that the nunber of inverter circuits can be dec¢reased. "
Next, the control of the supply voltagg4to the analog buffers will be
explalned in detail. As shown in Figure 1, in the present exanple, a
four-channel supply voltage can be supplled t hrough four channel s. usi ng
supply lines VAiﬂlbogh/ErgufeerOhngBIpbmsethelmﬁgmﬂomoﬁmny'ol¢msmdhqwdv4- for-
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si gnal drﬁVﬂﬁb ns through the fourth supply lines V4+ and V4 . The
supply voltages corresponding to these supply lines are controlled by neans
of the supply |'ta esiontroller 202 (see Figure 30).connected to the
supply I|ines. ontrol of “the supply vol tages, anal og buffers 170 to
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In the presen
P 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).

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




exanple, this polarity inversion is realized by controlling the val ues of
the supply -21-
voltages to the anal og buffers through supply lines VI+ to V4+ and V1- to
V4- and sw tching between positive polarity analog buffers and negative
polarity analog buffers. 1In this exanple, it is possible to realize 1V,

1H, 1S, and.1H + IS inversion driving ffoma single liquid crystal driver
usi ng control of supply voltages to supf¥y lines Vi+ to V4+ and V1- to V4--
and the control of switch control |ines L1 and L2 descri bed above. How 1V.
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bel ow.  other wt(td$. thiy ahalog bafferis compoved ofix edstﬁrté)fo)loﬁ_ét wmitgd,tb\o%in 1v g
i nver si on I iYnBd (%qag | i scusse
previ ousl ﬁh\{"bﬂg&%@e&r?‘w ngtogrf{:'% 0 da‘ﬁ" %smw{%"ﬁfﬁﬁ?ess t he

generatloﬁ' gtam nonuni formty. Figure 4 is atimng chart for achieving

éV I nver sion drAs/smd/i'ntFig‘irbsstlﬁuhc{ Mﬁlotﬁbnﬁrek m1s&{10ﬁhgwﬁéquf@d Fi gui1 e
expl ai n er operati.on in.syuc case i gure

on aP\d of gzﬁﬁﬂﬁ dqucgrh\gergﬁé,sagaé%&# i ?ﬁp %@%fﬂé{m t9’4!5'5101'Qbut

for the ci384uin thiofashignyiatthepsyperantlog buffer tﬂe@ ubvolfa F@lsthv%ﬂ%y Qf-éhannel

condi ti Ongﬁaﬁgi%?ﬂf‘ aﬁhgﬂrﬁeé&&r&%@%ﬂﬁ& el Vm Mage i dtiven b V\f'll-ei(xgtlmel

respectiv
transmor 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 betwoen the offset values for p-type
and n-type analog 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



First, as shown in Figure 4, during the vertical blanking period, swtches
SWL1, SWB1, and SWh1l as well as SW21, SWI1, and SWs1 are all on while
switches SW2, SWB2, and SWh2 as well as SW22, SWI2, and SW62 are all off.
<Accordi ngly, the display signal voltage is not supplied to the signa

I'i nes. Additionally, during the vertical blanking period, supply
lines V1+ to V4+ and V1- to V4- are alt fixed at ground potential (G\D).*

a result, the high potential supply VDBgand the | ow potential supply VSS of
anal og buffers 170 to 180 are fixed at ground potential. Analog buffers 170
to 180 have integrated constant current supplies; and, when there is a
potenti al célintérevobiage tdhe igeid crikinl alethedSSThis methodtis itnilas tovthe ptibi art const ant
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oper-at’i ngm:&gﬂh it is possible to increase the amount of current
flow ng throughl the Copnstant curr sypp)ies.in anal og buffers 170 to 180
wi th the resulE"Bﬁ‘?‘l‘fﬁ“ ”ﬁ@i?’i? in rgind the ingut B OUPWE f or s can be
i nproved Glﬁhiadtéﬁ)s’tn’s Qmmﬂhgbbﬁ’eﬂslaﬁ] shatvicinyPigurt 3R admbthdd syictyshifisdhict y ar e
al'so poss 1supp y Vgﬁ’aéerlg rshodvﬁ'mt Igigare 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,




case, the power supply which fixes VDD and VSS at ground potential can al so
be used when anal og buffers 170 to 180 are in nornmal operating condition.
Therefore, this exanple also has the advantage that it is not necessary to
yenerate a new supply voltage to set VDD and VSS to fixed values. Further,
in this exanple, the reason this type of treatment can be easily realized
is that it is possible to use supply vo[tage controller 202 which is *
al ready present for polarity inversi on.4 n anal og buffers 170 to 180. The
choi ce of fixed potentials for VDD and”VSS is not limted to ground
potential, and it is possible to use various other potentials.
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fi ni shed as fgssibed above. khednaloginput/oytput charasteristics for this)case AresshoMarins 140 to

144 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 level shifter 102 .
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.



beconme conducting, the select voltage (voltage to sel ect whether or not the
applied voltage is supplied to the liquid crystal elenent) is effective
after a sequential delay of one horizontal scanning period. As a result,
the circuit configuration as shown in Figure. 1 is able to prevent an
érroneous di splay even when sanple and holding is active. The
control of the select voltage output cofresponding to the scan lines is #®
performed by the scan line drivers (gate drivers, scan driving neans) not
shown in the figure. 1n the pr88ent exanple, prior to entering the
vertical scanning period, the supply lines V1+ and V3+ 'as well as V2+ and
V4+ are set to a level of Vb while V1- and V3- as well as %P VA are
set to ground Feresample althpugh fhe configurasion:of thiv,exagple Rasswe £5alog Sar e

negative ﬁﬁi’&%t&%'f&geaﬁﬂﬁf &ldine] fhe pid? aiumdsﬂ:smothm@dw&m and dt is
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referenc eF: 1 canbe substttuted by a single switch or a configuration with three or more
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SWi t ches Semot hmxtesmgonfmaut@mguebgs\mSF with swijtches lgm 4Bd SWs2 are on.
Under t hese copgithérO8sfor 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 in Figure 1 and others, but is eppliceble to hquxd crystal
dnwngdamxswuhvmumsamﬁ@umumm
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-
oumbered signal' lines are connected to the signal driving 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



sw tches 104, 106, and 108 sequentially turn off during one horizontal
§canni ng peri od; and the sanpl ed video signal voltages are sequentially
hel d by capacitors 152, 156, and 160. At this tine, since

swi tches SW2, SWB2, and SWb2 are on, the voltages held in capacitors
150, 154, and 158 during the first horizontal scanning period are output to
t he signal lines through anal og buffé€rs 170, 174, and 178. In this ca%e,
as shown 4 n Figure 4, because the first scan line is effective (select),
normal display operation is achieved if#89%he - first scan line. Al so,
because switches SW2, SWI2, and SW52 are off at this tine, the

transient state hold voltaggs are not output to the signal |ines.

| .
The swi t chiystal dovéns410-nd #12.s Biyrsonieingaas shesayip Figpre 3t during hesseendd unt i |

?lhla t gret _ ggnliiﬁﬁﬂaﬂshﬁhﬁﬁn@b&im%t Péttlc A REMningepetias, the GaPulsiofehd firsbamnned,
\' |

lL.ankj n erod ain eptered and all of .Vl+ to .vV4+, and
VS 1o visekond 1A st dsiiets 419 a0l giare postlisg and ppREvExppecrpyely, Digite
ent eri ng theethird hbrizvental scaining period) thepatputsiare negative and pesitivé] respextively. V3+ as
wel | as Vgt VA+ . ' -y .\/3- | a
Ve and  Dugits Y sebol ipnudl Sodtplo ol or 48 s Sl Fap pei 2 7,
170 to 180utputs ofdhe firsy and secpod ligquid prysted drverp 410 ands412|are pegiveapd ds, it is
Pgﬁ;ieb!g ﬁ?fﬁ?ée'ggo hia*}?fla'oote ttibéjfmﬁgjgi'n ths.e CO %éifh'etgle;éh%s*el(zg%ion
vol tage) BEStive awmcl:?fe&#ég?h rﬁnsﬁfm éiﬁ&@r%ﬁ lswossiple ﬁa%éegleiﬁg 18,
negati ve invepsiomdiiving dsish i mn dmlersiomdriying fivst and second t 0
pogi tive B %@%‘%\Q:@ hq\é?:i on dr ig\\fiheng i S achi ev“!e“(;.g . Here,
the rel ations ween Va, O\%‘ and Vc are, for exanple,
Va- Vd=Vb- GND When using apglogbuffers in liquid oppstal@rjvers as expldinied imEagmples lfto t he

o WL Sy B bt TR G Mfelabp e
vd, are, od shown in E’lguresr?JB andS 34C. 150% example, It Is also penmssﬁ:?e to shift the

voltage supply by the method shown in Figure 34A, and alternate the polarity of the

analog buffers. Especially when the liguid 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.




exanple, 20 V, 15V, and 5 V. On the other hand, if the analog buffers are
n-type, the common vol tage Vcom can be set in the nei ghborhood of Vb for
exanpl e (see Figure 34C). O course, the supply voltage shift, as shown
in Figure 34A is also possible, as |l ong as the supply voltage is
controll ed such that at the least the output voltage range of

- 24- the anal og buffers is shifted to”hi gher potentials or |ower 3
potentials using the counter voltage as:a reference. A schematic
representation of the operation of 1V #Bversion driving for the present
exanple is shown in Figure 5. The follow ng occurs during the first
vertical scanning period. First, the (\éla{tage hel d during the first

hori zontal - scanning period js bufferé B anal og buffer 170 and output via
switch 130 during the second horizontal scanning period. Here ‘because -

Contr o b“ILiroﬂﬁlﬂﬁ%‘“??Q‘*ea“?gﬁﬂé%?‘ R S RIS neggf. ve;

and negat inamg Bﬂlmﬂ@@?@@@@é‘l‘ﬂl é‘l'i@&lﬁleé'lﬁn%@ﬂ@& Gther sideiof which isvel i s
appl i ed tglp?ngdhlcgﬁmgr@d] el.enent. Next, the voltage sanpled and held
during the

pol ar i ty anal OQ“WM\’PH&%MIQP? lf?fr &I,(Iéibalgi];t%rge si%a{' at ' ve

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 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 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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swi tch 140 during the third horizontal scanning period. This negative
voltage is applied to the liquid crystal elenent. 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 neans of positive polarity analog buffer 170
during the second horizontal scanning périod and positive polarity anal oy
buffer 172 during the third horizontal scanning period. As a result of the
above process, 1V inversion (frane i nvetlsi on) driving can be achieved. In
Figure 5 although an effective display signal voltage is output for the

cace, as AEACFORAgRE DRBRR Y Sther b Rrerar bR bobit binf Wl dbold, 7,

hor i zont alvobagenas awgfqzendep d delay and no ill effects result. (2) 1H
| nversion (Sca c'herS nkblf bpgic cm,ﬂ_rgayd is a
driving net hod%ggagﬁ%'!v‘\:g\élsﬁ | gur% ‘l;rgléuthsesoed pPew oussl y. Usi ng&tthl S

driving néhfﬁﬁﬂ?fqmm%ﬁ“spanel flicker and cross-talk in the verti cal
direction can be prevented. Additionally, the appearance of vertical
stripes during the display.of noving i mages can ‘al so be prevented. In
particular, this nethod is effective when enpl oying non-1linear active

el ements (such 3k IpQlaimy3istal | i ne - TFTs and M Ms for exanpl e) with [arge off

| eakage C‘”re”ﬁﬁeh@ﬁz&%@%&lﬁﬁg{ng%ﬁfd?%ﬁ%?&&m ) hlm_éﬁk.‘ﬁha g this

driving nmethod I'n nver.si on ure oms the

tining chanvyersion damges/pw&mmdlbﬁ\mtsh@& theyshif} digectip @n th?éalduqm?l%! veltggs:

driver of g Wf@helsm&’h&:dhdie%ﬁwm ﬂ&@&cﬁVcﬁﬁﬂ%ﬂ:ﬂﬁ%ﬁéﬁdﬂ ng of i gure
4 and IHinve 2’5’ drivin EyeBarea descri bed below. First, in
f

contrast to th®yreREalipg: ealtage BY&%-in Figure 4, the on-off
sequence of swtches in Fi gur e 6 differs with each vertical scanning
peri.od. In other words, in Figure 6, during the first vertical scanning
(4) In Claim 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
each 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.

(6) In Claim 2. .
the liquid crystal driving 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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-25- period, switches SW1 , SWB1, and SWb1l as well as SW22, SW2, and
SW2 are initially on, then switches SW1, SW1, and SW1 as well as SWi2,
SWB2, and SWb2 turn on. During the second vertical scanning period,

however, sw tches SW21, SW1, and SW1 as well as SWL2, SWB2, and SWh2 are
initially on, then switches SW1, SWB1, and SWbl as well as SW22, SW2, and
SW62 turn on. The on-of f sequence of- switches alternates in this fashion =
after each vertical scanning period. 49 - Additionally, the control of"
supply voltages to anal og buffers 170 to 180 differs as described below 1In
Figure 4, supply voltages to supply lines V1+ to V4+ and V1- to V4- switch

Tevel and ot giitald it actFOOMDbaldY s, BAMEL e o B e e ot Vi
evel an .level. In contrast, in Fiqure. 6, .Vl + ani + are fixed.at.Va
| evel , V1driying meansytha sfme Fhile sl c&%rftm%o%v At ™ 1 evel,
and V2- arige sdid fiest end second analog buffes, iwehich are fiwhuded iretheladjacent shidsignal f er s
170, 174, L X ey il Whi f 172,
176, and P50ty bbbt BeelchE indby RaRiithy oflePdidotioll BF i GABRY S rafge

descri bed ofthe\said first anshsecerdansing buffers each vertigalseanningiperiodgur e 7 shows, . one

of the anal og Rgd E&suol vhiteRalddwikh Badtol anhai r whi ch out puts a di spl ay
signal to a singl.e signal line is-of positive polarity while the other

anal og buffer is of negative polarity. That is, analog buffer 170 is
positive and anal og buffer 172 is negative. During the second horizontal
scanni ng perio I:;_ age applied to the liquid crystal is positive :
since the buff r% ng 1s acconplished by %qsi tive polarity anal og buffer 170;
and, during the liquid crystal driving device which is characterized by the fact that dot

inversion driving is performed
by making the shifi 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 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 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
adjac_enf said signel driving means, diffcr from one another; and switching the shift
directions of the output voltage range of the said first and second ahaJOg buffers each
vertical scanning period - '

via control of the said supply voltage control means.

(9) In Claim 2,
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the third horizontal scanning period, the voltage applied to the liquid
¢rystal is negative since the buffering. is acconplished by negative
polarity anal og buffer 172. As a result, the voltage applied to the liquid
trystal changes between positive and negative polarity after each scan

l'i ne. Further, during the first vertical scanning period, the
sequence of switching is such that initfally switches 110 and 140 are ont
then switches 120 and 130 turn on. In contrast, during the second vertical
scanni ng period, the sequence of swite48-ng is such that initially swtches
120 and 130 are on, then switches 110 and 140 turn on. Thus, the polarity
of the liquid cr stal applied voltage inverts bet ween t he flrst vertical -

scanni ng peri dbe detqw@mm“déﬁ is charagterizeg dyithrifact thatdot | n t he
nmanner algv@sios drivihsas pe@okntbdi Vi ng can be achi eved. In or der to

i nvert the polarlt of t he. vol Iledt the |i after
every verti calP¥® %@HB?F 035951@399Wh‘é°%§?m§68€¢&| ‘P\ﬁ‘g t he
on- of f ssqmmwgm&asmm&emlmdhwmghsaﬁs@ﬂﬁmggmmdm shown in
Fi gure 7%%’ a e method of changing the polarity of all the anal og.

g8 ety

buffers fter each vertical scanning period as shown in Figure 8
i s accept abl e.vid pprtrol of thepaidhupplyvgltagecdptrobmeansiand t hr ough this second -

met hod as wel lpy making the on-off sequence of the said 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)

AR




- 26- (3) 1S Inversion (Signal Line Inversion) Driving 1S
fnversion driving is a driving method as shown in Figure 40 C di scussed
previously. Using this driving nethod, liquid crystal panel flicker and
cross-talk in the horizontal di rection can be prevented. Additionally, the
appearance of horizontal stripes during the display of noving i mages can

al so be prevented. This nmethod is parti€ularly effective for remedying tte
bri ght ness gradi ent problem caused by parasitic resistance of the

i nterconnect el ectrodes, and is an app4dpriate driving nethod for | arge
liquid crystal panels. Figure 9 shows the tinming chart for achieving 1S.

I nversion driving with the liquid crystal driver of Figure 1. The
di fferences bethaghird supplyhling, sihish supplicshéghpowntigl supplyvaliage agl law er si on

driving Sordrtfal sboly doleagd o R S6id HSChnibp BifehRHs iddhed th BRI Bighal

sequencedtf e same in Figures 4 and 9, but the control of supply voltages
to the a P§A®%rs is different.- In Figure 4, the supply voltages

switch after aheﬁoutﬂrmppbdhrmcwhmhmgppisshghpdmmﬁdnppmu}taguﬂmhwol tage is

Cont r ast  Petoel sy GShaglsd Gl o) g B, VI E R QBR AT WRDRET” 0% 1

| evel Wugnadnms\manage supplies for V1-, and V2-- are both at ‘ground

| evel . Furtherggngt 1\@5& I evel Va,

and the \L/Hohtage igﬁp |es %g%gg%&p J% tﬁ\i{aJI @ngve K]ccor di ngly,
anal og botagewh ﬁﬂ throu QHPPV&“‘“And anal og buffers . -
%7;1f and 176 bﬁahdﬁﬁaboahimuenzdd(rjbyahlélﬁctﬂ@tmslsam/@wltcl@mofﬂmmblfnﬂle;ﬁﬂm og ]
uffers i | out put displ.ay signals to a single signal l|ine, bot
anal og bﬁ?@?éﬁ%‘iﬁgoﬁﬁg sane polarity, but the analog buffers of the

adj acent pai r switchirontroldineols which eongrolsahe switching dfspiddfirst 4nd third switghiing. As a
result, p055|ble to invert the polarity of the analog buffers after '
every si gn Furt, as ,shown jn Figqure 9,, since the su(i)gl y _vol t ages

shift after ee&}‘ﬁ Cbéaomre nes?eé‘fm nielsithrsswitdhing ofithe saiq sespndipnd favethanal og
buf fers iswitchin@théhsaf t er each vertical scanning period.

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

R




The operation descri bed above is shown schematically in Figure 10. As

Fi gure 10 shows, the pair conposed of analog buffers 170 and 172 is
negative; and the adjacent pair conposed 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
anal og buffers is reversed between the-Ffirst vertical scanning period an#
t he second vertical scanning period. In-the manner above, 1S inversion
driving can be achieved. - (4) 4% + 1S inversion (Dot Inversion)
Driving 1H + 1S inversion driving is a driving nethod as shown in
Fi gure 40 D discussed previously. Using this driving nethod, liquid crystal
panel flicker '&H(ﬁl‘ttrsﬁﬂﬁlyllﬂai whig 3‘!9?@%8‘&?‘?6@9&41 sgPRIY velttgeamd JoWr ect i ons can

be prevergdéhtial\upply Ooltdge o tHeftgid first analo gpl;uffer,

-27- brightn I ent obl cau 1tig i stance of the
i nt er connect e‘?‘SS?@&ge‘EP@X @gﬁ'%ﬁ < PE%P,@% ."Wé’gﬁ P® current
exchange mtmnaésupplymoltagemchetsmdmondsanpbgbuﬁbn to decrease the power

consuned by t dctﬁU%ﬁEoYﬁi %%Pﬁgv Hﬁdlo gﬂtﬁyﬂgjb in order to
achieve 1H_+ 1 3 nver5| Qn r| co I"'cat el cCI rcw and n%l | cat ed
control weltag yupplied to qod speondigypply lises; it can be realized by
a and whlch is further charactznzed 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 sald 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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sinple circuit such as that shown in Figure 1. Figure 11 shows the
fimng chart for achieving 1H + IS inversion driving with the liquid
crystal driver of Figure 1. The differences between 1V inversion driving of
Figure 4 and 1H + 1S inversion driving of Figure 11 are as descri bed bel ow.
First, in Figure 11, the switch on-off sequence changes after each vertical
scanni ng period. For exanple, in Figure®11l, in contrast to the first .
vertical scanning period in which smnéﬁges SWL1, SWB1l, and SWh1 are
initially on, switches SW1, SWB1, an Wbl are initially off during the

second verti cal scanni ng peri od. Additionally, the control of
supply voltag? ﬁ Hifferent.. In contrast to the case for Figure 1 in
whi ch t he supg jvo ages switch after every vertical scanning period, in

Figure 11, V1 ehqmtymseal driving dgvige whichds chasactayized by thefact thete i xed at
| evel dVId V|2+tnélsh1d/§1pp@yeo1ial &%dn@élnhc%]yﬁincmgs@ﬁﬁ%%ﬁ du}‘%n g e ;Ixeg a:
ground |eve a res er,s a gre fixed a
posi tive pol afﬁswlm E‘/fi%‘@écbo@w Qo]tex%ﬂsupg}ydv@%em o xed at
ne%ati;/eppﬁhaaiimpplyvolmgeto'ﬁhesaﬁﬁrslhnaiugﬂuffm| bed above is shown i o
schematical ly : ic
forms half théwsgbwmﬁﬁgyhﬁétﬁ%ﬁ E’@i‘éé’l‘ S| gna %g‘é&ég:g{‘e signal I|ine,
i s of poeptepvelsaapla{rwd@gmthesmﬁmﬁenal sbuffer 172 is of negative
pol arity. The ap@thd vale 6¥tHe Righ tey.ﬁambﬂsrlvbnfg% A oW peRARASAHD lgor _each
o ek Mgtk R B SO 1 L v o
scanni ng peri aﬂdwhmhsé!mhmcharnaenudlbytthmfacsﬂmt ches 110 and 140 are -
initially on, 4‘&9 chsé/& hﬁpﬁﬁa&%gd@%%ajﬁ mgy&rlog@émgg contrast, during
c

t he second ver uence 1 s h that switches 120

scanni n
and 130 are i ﬁW!thWI}&Q!ﬂimednﬂglchéﬁnm tb@rse'stcmg ofithe firstand shird switching t hi s
f ashi on, gidags, rﬂﬂhéﬁa&){nﬂﬁdédhﬁ 2@9)6(1@9@{15:& eips; dtiviag 'rﬂeaﬁﬁ?ﬁ&%e's

reversed fro ertica n r|o the verti cal
scanni ng%FeP ?‘urthswx ’Hﬁanﬁ’a‘ﬁ]@ Hg‘%} éﬁg’mﬂsw ng can
be achi eved. sw1tchco:itm1dmdérwhmhlcommls tlieiswltplnhgbf the firét anldehivdbswingtingpp! i ed -

tﬁgthgg 'Op{lg.ﬁ éifér@'m@}]&e%dﬂﬁgeﬁk %&ﬁgﬁ@@gf{p&%'aﬂﬂ&ewﬁdanﬁouﬁﬂ' y the

switch mg means, wh:ch are included i (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; |

AT




switches after each vertical scanning period as shown in Figure 12, but
al so the nethod of changing the polarity of all the analog buffers 170 to
180 after each vertical scanning :
:28- period as shown in Figure 13 is acceptable. 1H + 1S inversion
driving can be achieved through this second nethod as well. As
descri bed above, by neans of the presenf invention, it is possible to *
achieve all four types of driving nethgzs with the single circuit
configuration shown in Figure 1. As aréSult, it is possible to easily cope
~with design changes: and it is possibleto realize a highly conventional
optimum | 1 ui dGiiohladtroffibe % wiiiSh @on%ﬁ'lﬂ@&wgit&ﬁz‘{% Sfftht Birstahé thifd Woifchige Of
the circuits is not excessively rge. ... Exampl e 2) The
confi gur a;mm.wh@%wh@eém%ﬁfwaﬂﬁngmzmmzron is shown in-Figure 14.
The second exagwit¢h donltrol hife 4,avliich ciitiolh theé ywitcinglof the second and foweth ed 1V

Ghi ftor, SPirEmERRoPhEIA welipTinh £ setel dbind BRallR { T0ne s 7 he

first exanpl e, thelswitoh signal whick is'suppliadsn theodaid switch control lines 1 through 4.

(17) InClaim 2, _

the liquid crystal driving device which is 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 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 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 voltage at the time of the vertical
blanking period. ) '

. (19) InClaim2, : o
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 liquid crystal driving device which is characterized by

the fact that
R 0O T




Lines in the second exanple. Switching control is achieved through switch
tontrol 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 sw tches including 120, 140, 122,
142, 124, and 144. Al though there was a four-channel supply in the first
exanple, in this second exanple there afe only V+ and V- supply lines *
form ng a single channel system In other words, rall analog buffers 170 to
180 are connected to common supply |in€S; and the supply voltages applied
to the common supply lines are controlled by supply voltage controller 202 .

(see Figure 30y comprisod Gl @ wgﬁs 5 afd\Bat 1 HhS WNSdiR g1 ot vASEh @6 0 1

i nversion dri Vi r|ve of, Figure .The second
exanpl e dpbﬂﬂ!ﬁ@@ﬁhﬁlséﬁiloymvtﬂﬁ?@eé?) &Hddﬁ%“‘é'ﬁ 85;iif, Pﬁ‘“ﬁ‘fé&r“égafn and 5.
ThatI I's, I1V | ratrciatqhe shid wipply Csltagh eorted) inwdngicontrolsithe sﬂueoﬂthexaﬂﬂhghl f the
supply vao h t hat
he’ pol amergia) gy YorludB anE sl I borBARY sHRAY LiBlpe S5 AR I dnifebd e © 1
scanni ng spmhnpul; voltage is inclndedinabsaid hnmmgmswhqndhc mphmdg of thesaid e, only

1V i nver ;}ggés possi ble in the second exanpl e, the nunber of
supply I;%néis1 canéb ecreased; the supply voltage control is sinple; and

the scale of the circuit.can be decreased. (Exanpl e 3) The
configuration of a third exanple of this invention is shown in Figure 16.
The third exag&hﬁ ﬁlatef to aliquid crystal driver for dedicated 1H
driving. As i Jn ’exarrple there are two switch control lines in the
third exanpl e.thékaid anglog bhfferinwediuid drpstal-drivingdeivicewlpcly isichazabterized by
exanpl e, tﬁé‘fatcphisatthi rd exanple there are Vodd+ , Vodd-,
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 whlch 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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~29- Veven+ and Veven- supply lines form ng a two-channel system The
first analog buffers 170, 174, and 178 receive supply voltages fromthe
first supply lines Vodd+ and Vodd whereas the second anal og buffers 172,
176, and 180 receive supply voltages fromthe second supply |ines Veven+
and Veven-. As a result, analog buffers 170, 174 and 178 can be nade to
differ in polarity fromanal og buffers -172, 176, and 180. Fi gure®17
shows the timng chart for achieving 1H inversion driving with the liquid
crystal driver of Figure 16. The third4®xanpl e operates simlarly to the
operations explained in Figures-6 and 7. -In other words, in this third
exanpl e, by preparing a two channel supply voltage, the. t anal buffers
whi ch form a peiesaiganalogdmiisninsa Hauid WE&&Y‘@&Q‘F"“%‘"B‘%F@ ]b Y'ine
can be negg i@ thit of different polarity. Further, the switch on-off
seqguence changes er h vertical ni erio t. of these
nechani sms, Wﬁjgﬁi%ﬁﬂcﬂei?fcwvﬁﬁ&g‘é v B’@ﬁ[ﬁ&ﬁa&zﬁa tvioﬁa%%m%gc&\#p?to t he
first exawpi armpumndanvdﬁctsohppbl;ageldd‘ﬁqemrbebmdehempemlmge]m supply
vol tage %|ﬁ R%g eauﬂi t can be decreased in
the thi r é%fdﬁd%u lﬂg&?ﬁsl nversi on f? S p055| ble to
produce hi gh qmdadx;xﬂnsqmaaswyblphihcmumtapﬂlcsaiddiffe %)?38?) sdinpyt to
The confn%g[awa&memwmasxam finfi{m, A Bclisnueldiviniy transBheWhicl Fi gure
18. The four | at.es ihcfl &l{ld_ crystal driver for dedicated 1S
dri ving. %Ppﬁsﬁﬁé’ éﬁ‘ﬂ? B8 9Me two switch control lines in the
fourth exanpl eandlthahthnghmtshpply 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
S
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was a four-channel supply in the first exanple, in this fourth exanple
there are V12+ . V12-, V34+, and V34- supply lines formng a two-channel
system The first and second anal og buffers 170, 172, 178 and 180 i ncl uded
in the odd-nunbered signal driving neans receive supply voltages fromthe
first supply lines V12+ and V12- whereas the first and second anal og
buffers 174 and 176 included in the evefi-nunbered signal driving neans *
recei ve supply voltages fromthe second supply lines V34+ and V34- As a
result, analog buffers 170 and 172 as-5el| as 178 and 180 can be nade to
differ in polarity fromanal og buffers 174 and 176. Figure 19 shows
the timng chart for achieving 1S .inversion driving wwth the liquid crystal
dri.ver of _Fi gdtlaCllBeSﬂ'ﬁié'MW&@W@@ﬁWQM‘V&WIa&FF?dPHQ%e

operati 0%1t§é‘d°$.r@ iRl ahd) irwBidh @5 \Q:lﬁgéidﬁﬁtenbﬂb&ﬁ/é&i thetnsis voltagetihi s fourth
exanple, first, ”é‘%h‘? aﬁr‘f@gﬁ% t WO- channel fage, when consi dering
t he anal GYeHoR '85 1%%'%11%&?‘“8 als to a single signal
| i ne, both anandg driviigmearisrin svhich the butpat ofithe ntial stgge isinput b= anal og

?:J];fster;alr é%i@a%egﬁdmbﬁhﬂﬁtﬂ_ afnt'ag are gﬁhﬁ%hﬁﬂsqtt&eﬁﬂggcﬁf the

verti cal oymﬁnﬂaw@owm tagrafrentmdwmqnp es of all the.anal og buffers are
reversed aft eran@YRitthe/fiid sdpply $ol@BE botiirol fichf¥berforms control which shifts to

-30- 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 either the signal driving means of one of the liquid
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As a result, 1S inversion scanning can be realized. In conparison to the
first exanple, the nunber of supply lines can be decreased: the supply
voltage control is sinple; and the scale of the circuit can be decreased in
the fourth exanple. Further, using 1S inversion driving, it is possible to
produce high-quality liquid crystal di spl ays. (Exanmpl e 5)

The configuration of a fifth exanple of~“this invention is shown in Figure .
20. The fifth exanple relates to a liquid crystal driver for dedicated 1H +
1S driving. As in the first exanple, tf&re are two switch control lines in
the fifth exanple al t hough the neans of connection are different fromthe

first exa The vmtchln con qQf thef Lrd swtches 110.
130. 114.© ﬁ‘&l drivigg ?‘ﬁ?f’%?o%‘d s&ﬂ@? g %‘r&ﬁ%f‘@ﬁ%‘?{‘ﬁ? F‘G?@&Wéﬂgns' as
wel | as tMvmgndbwbesamﬂﬁpiescdn lnfestzthe:hsmemact anthe: signal likesdniqbedtion, ligeidand 142
- i ncluded | V. I by the
first sw Cmﬁx}é@?v{lﬂﬁ%’ﬁ%‘%ﬁaﬁ%@ﬂ dnaq%on?ﬂ%?lﬁfgmctﬁﬁyfgl rst ané third
swi t ches qmsnuﬁmsm lied koltage do the ‘EW%#— B4auestidRal driving means as
wel | as the smﬂecd&.hﬂ&u@amw(wnt(n@smwg&)a 191¢/th fhessigat BAOIng20, 140,

con r ol | cBeRgp AReSE A TR AR IRarE Arviecsos W o s TP T 2L

f our - chanslghalshmmd)yhas:gﬁahdnﬁmgsﬂean«eﬁthéethermdhqmdbry&tahdmmpl e there are

Vodd+, Vodd-, t
T(r)le ]:I-I rs? anal 0 @Q@ﬁgwgﬁpﬁjﬁgaﬂ%&ﬁgﬁﬁﬁééﬁg&;ﬂ vo taﬂgé Pr)c/)?n tehme
first supihe pumq%ag mmngeaqfdhwuépgm&rm I if, el afm mmsnz

176, and é&ﬁie&tﬁ&%&ﬂ LAY sin¥Qidedigtbres thE oBEOVags ¥ Fi %niégVen”
and Veve- a resé Iil'm%tgnl b fferés&gi%h o&g a§ % 8 tH%e made to

s:an pe
differ i nb‘f:féqfa‘Yl?lflgrlsst ﬁ‘é friyiag ppesns TFB“'%{%? t_hL% line. rigyre 21
shows the timng chart for achieving 1H + 1S i nversion dI’IVI ng with the
liquid crystal driver of Figure 20. In addition, Figure 22 schematically
shows the operation of this exanple. First, in this.fifth exanple, by
preparing a twe30HaHaim28,ppl y

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) In Claim 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 so that the said amplitude is included in the said lincar region when the
fluctuation range of the said input voltage shifts.

(33) InClaim 32,

N O A R



vol tage, the two analog buffers which forma pair which outputs a display
signal to a single signal line can be nade to be of different polarity. For
exanple, the polarities in pair 170 and 172 and pair 174 and 176 are
different. And, grouping the four switches corresponding to a single signal
l'ine into one group, the switch on-off sequence can be made to differ for

t he nei‘'ghboring group of switches. For “€xanple, the switch on-off sequen&e
for switches 110, 120, 130, and 140 is different fromthat of switches 112,
122, 132, and 142. Additionally, the sggtch on-off sequence changes after
each vertical scanning period. As a result, 1H + IS inversion scanning can
be reali zed. : | - 31-

I'n ordler ]EO-i na&aﬁalégmmlvftﬁéﬂucniraﬁcb@zewyétnaﬁcami}mw&sthe li qui d
crystal after e vertical, scannj,n eri not_qnl. f
al ternating th%'g%F‘P-“Eﬁ %téﬁfé‘n@@‘r’}b*‘mg%ﬁtlﬁ??ggbg?gfearngégcﬁ?’p\)pert thC q'§‘£é)anni ng
per i od. asinptwoasd inwhichythe svoR@ge differentechetwénn the inputivaltage imausistion amdtheol arity
of all t : i Sitbiecal scanning period as shown in
Fi gure 22&} acoﬁg?giﬁgéﬁgﬁpgﬁ%{%%@{%n’ drivi n%can, e achi,eved t hrough
this second meandbridaeingandans in which theiogtpu phibe said diffcrental siage SInEdRp| e, the
nunber Ofmégagl dlectiode ind ¥hidhthal G h afARim, dne-clithhel drivig trangistor whicle contr ol
is sinple; and the scale of the cijcuit .can be decreased
outputs said output voltage mtheernreg:on; _
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 side the said amplitude is included in the said

linear region which is loc_atéd on the high potential side.

(34) In Claim 32, ]

an analog buffer which is characterized 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 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-chamiel 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. '

(33) InClaim 32, i
an analog buffer which is characterized by the inclusion of a means for canceling
the said analog buffer's offset value by adjusting the value of the saic_l 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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is;n the fifth exanple. Further, using 1H + 1S inversion driving, it is
possi bl e to produce high-quality liquid crystal displays.

(Exanpl e 6) The configuration of a sixth exanple of this invention
ks shown in Figure 24. The sixth exanple relates to a liquid crystal driver
for conbined 1H/1H + 1S driving. In contrast to the first exanple, there
are four switch control lines in the sr#+h exanple. Switching control of?®

the firs iy ' e SiAhl 1i8és whith4secbninected o

odd- num%?%ﬂé%%t{gga@%nﬁgﬂé%W%gq%%ﬂﬁdlltgp\}ﬁd.@% br ou E tgg ﬁt{g%%ﬁ m’l%ch
control Ristgnal detving aneaps oF K@“@cﬁﬁﬁ‘ﬂl 1yngy (‘ché‘b%qu o gliple; aIiWI Cches’
12% 148,w1ﬁadinla§edth 'r]pﬂhudmdlm&hequwdemmhﬂr' 'opyktadb@nwlntsg)wﬁohngamnéxtlksf
achi eved t hr.aug e, Secon r A : [ ol o
The. f1 e EHER i T B b f sl e PR IRERIG D 0
si gnal drrystal glementsiniguestidn. eved t hrough the third switch control line L3;
and switching control of the second and fourth sw tches 122 and 142

i ncl uded in the even- nunbered signal driving means is achieved through the

fourth switch control line L4 Consequently. it is possible to change the
switch on-of f (3%keCte#m:B6, er each vertical scanning period. Wien the four

o . her cach Vel scal ; or )
'S0 posst bl o AR EEAa Gisfled UBHLE whIcHIthatdcliip8d By Bi- W BOGIAC| | L 1O
swi t ches liginid enystat driving ﬂguwantamwd@nmmcbm@bmhﬂﬂn& iggempaised i n t he

first ex%hgsaialﬂﬁnqjmtﬁnggwl e 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 nmeans of the first supply
| i nes Vodd+ and Vodd- while supply voltages are provided to the second
anal og buffer

and Veven-. Ciﬁéfeéhg%?l?ﬁfﬁw dﬁg‘gﬁ%ﬁ‘gﬁfﬂéi" %‘H‘S‘F%g utf %rggmlt%}itwl}g?i V:\rﬁm
178 to bdiquid ciystabdriving pusthad which dayesdiquidsgyssaleleapentsiarpayed inpa matrik o,
tF'h gure 23upP9i 4 Véltapk B & ﬁqﬁhwstil elermRA) kS thie Behet bidh 6F which@supplied ag Wi t h
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 potendal 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 ;he 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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l.iquid crystal driver of Figure 24. Since the timng chart in Figure 25 is
fdentical to the - 32-
timng chart in Figure 17 described previously, a description of the
operating nmethod will be omtted. Further, Figure 26 shows the timng chart
for achieving 1H + 1S inversion driving with the liquid crystal driver of
Figure 24. Since the timng chart in Fiure 26 is identical to the tim ng
chart in Figure 21 described previousL%r=a description of the operating
method will be omtted. In Exanples 1 ough 6 descri bed above,

expl anati ons about the configurations of drivers for conbined 1V/1H 1S/ 1H +

1S drivi edi cat. 1V .del Vi ' pYs di ed.L
driving, nguefé% b%%lgs&m %(}!hﬁyTglhggr{ |aviﬂ%g&tgér¥§%gl§’%ﬁ8§ tﬁ# %t@qﬁ%m%%s% i"vﬁ’é':%nave
been pr es@imsen and off injconiynstion withithesaid sechndiswitehing means: sud trasautsithe
achi eved g5d Bébohd an¥ag bafer'scoufic By il fo tSH8 nBShs] A ough
6. For ex‘%{@ ﬁE g's Shl% i Eiggljry 27 ggﬁéﬁ ver~ for s&gﬁned ?\ﬂ/la%gtogi vi ng
(#6) has n OR B %‘afaé‘? § }l"l’gi{m%l??om in Figure 18 (#3). Figure 28
sh;)vvs Id he ti m whiclydytcohtrolling ihhecvaluecpfthé Said/ﬁghponndzlgugflg voRa eI )ned
1V/ 1S dri 'E:‘tg\m . | .on .as_a.dedl cat 1V.driver).
As shown ll\!;ﬁf | gur“gg‘é@’yﬁ%\?@?@?ﬁ%ﬁﬁ nctl:j Stcaé‘ﬁ sg%ongéaﬁ 0 SHBY S y -
provi di ngthe Rangeaftheopputvolage offbe said fisst end sesondhanabag bufferetosithenthiet i ng t he
supply  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.

L)

(40) 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 2 matrix by
supplying a voltage to a liquid crystal element, to the other side of which is supplied 2
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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vol tages after each vertical scanning period, and reversing the polarity of
the analog buffers. Simlarly, a conbined 1V/1H driver (#5) has the sane
wconfiguration as that shown in Figure 16 (#2); and a conmbined 1 V/1H + 1S
driver (#7) has the same configuration as that shown in Figure 20 (#2).
Further, a conbined 1V/1H 1H + IS drives=_(#12) has the same configuration
as that shown_in E r9§%ﬁL (D%%}INd:bMCﬁ ﬁﬁﬁ\@zﬂ?,‘m birgPrag oHEVECE, f or 2

achi eving 1V SHEET A BURTRR, URNDTS, 100D DRYSIGE DRIVIRE MAMoD S dr i ver (which
has the same confi guf %P aS—d COMOT NEC TH + 15 dr| ver) As shown in

Figure 29, 1V inversion driving can be achl eved b q%r ovij di ng the
sane supply vol Aajdeo signahiis sanipledehyaiequrntial svdtches @ %Pﬁcngldc e valiags

vol t ages %tc%[;?&l%?é‘(rs@i £ﬁ£r uga sﬂﬁ&ﬁé@félmnmmey@nate@mzd)e(lao) mt y of

the analog b drivers riving

d
(#8): conmnaéhplz@ﬂ;f_ﬂcapmt%(l )mf uit, ang teat Pfelﬁagf\b“ 4}1&1‘5’ feri1)
conbi ned 1\705dn cutp. dihie\¢éivitgh 61%&‘)cpnaans ty InHai:Sbfhheb 11Sardr L2 ng

Eﬁiiﬁsgaéf’fﬁt’%%@mf of @ﬁﬁ‘*&ﬁiﬁﬁ%‘#ﬁi}?ﬁ?‘s&g‘ 4 g{&%ﬂ#ﬁ@gﬁé’gﬁ‘#ﬁ} 3t apald 0 ' ©
achi eve bobuffers(170) o f15i2hretel is santrglleds ithe yvitchy rqnwfﬁgontmlaném 1S
i'nversion ﬁ{nga n_ﬁrge‘éoﬂ%ﬁfoﬁxsdhﬂﬁ hﬁ:ﬂﬁﬂs ﬁEr'a}tbﬁﬂtmgh uid crystabF3aviRE @ar be -

Fi gur o, 30 wlbted. IR 48 il wakerce KRNI G e ORISR

control | i ngolaMiyinvésion can be performed through supply voltage shift.




- 2%3- 7 1V/1IH 1S/IH + 1S driver 200. The control circuits in this exanpl e
I ncl ude supply voltage generator 201, supply voltage controller 202,
counter 204, switch controller 206, and video signal generator 208. Supply
vol tage generator 201 includes buffers 210 through 216 and resistances 218
t hrough 222. Voltages VA and VB are vol tage divided by resistances 218 to
222, the divided voltages are then buffered by neans of buffers 210 to 216
and,Lhen output to supply voltage controller 202. In this nmanner,

. four-channel supply vol tages are generatedl/f4® suppl yi ng supply lines Vi+
to V4+ and V1- to V4- Signals DRl[err], DR err], DRV[err], and
DRV[err]+[err] are provided for deternining whi ch driving nmethods of 1V,
1S, 1H, and 1H + %? are to be selected. Based on signals DR err], DR err]
DRV[err], and DRV] err], supply voltage controller 202 controls the
val ues of the supplyy v@ltages provided to supply lines V1+ to V4+ and Vi-
to V4-. By contrgt ‘ ase suppgy vol th es' t he p?lpﬁIEF{Of t he anal og
buffers can be cdnt S|n1larly, bhaed|on S|gna!§ err], DR err],
DRV[ err] and DRV[|er switch controflier 206!codttols the switch
on-of f functions jus ch coptrol ljneg|L1l and|LR} By this type of

=

-
-~
=t —

i
control, it is pdss tjo conty I the pwWwi fd¢h on-o f 4eguences.
Based on signal s {VS HSYNC, fa d EXICLKU QOUHEFV 4 pontrols the on- off
functions of switjch dto 236 deo &:g generator 208, in
addition to gener|at He vi dejod e & o c@rbined
1V/ 1H 18/ 1%@? 1S |dr 200 al s perfog qf it inE d3:0t hes
functions of-.t he |ge gd ( e ahblog _
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+Figure 31 shows an exanple of the configuration of an entiré liquid crystal
panel 250 including the conbined 1V/1H 1S/ 1H + 1S driver 200. Gate driver
242 drives scan lines 252 to 258 which are connected to the gate el ectrodes
of TFT 266. Additionally, conmbined |V/1H 1S/ 1H + 1S driver 200 drives
signal lines 260 and 262 which are connected to the source regions of TFT
266. These drivers are controlled by coritrol circuits 240, and this cont rol
makes possible a liquid crystal display-using liquid crystal 268. In this
case in the present exanple, conmbined | V/-1H 1S/ 1H + 1S driver 200, contro
circuits 240, and gate driver 242 are i Dngated upon liquid crystal panel
250. By neans of such integration, it iS°poSsible to dramatically decrease
the size and cost ,ofi a liquid crystal displaynln thiscase, it is

necessary to havejtHBese liquid crystal dr{vei& conpesed of TFTs as well .
Therefore, in thi{ VAR K SRRTE ' ve liquid
crystal drivers cqmposed ati @i it |y (pol @rystalline)
silicon TFTs. = 34-
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< Crystal panels corresponding to a conbined 1V/ 1H 1S/ 1H + 1S driver, the
configuration of control circuits and liquid crystal panels for other

conbi ned drivers or dedicated drivers is the sane. Al so, 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 conbined 1V/ 1H 1S/ 1H + 1S driver conposed
of single crystak CMOS transistors and provided on the periphéery of the =~ v
| i gohrd crystal panel. (Exanpl e 8) . When the liquid crystal
drivers are integrated on the liquid crgggj panel as in Figure .31, the
anal og buffers are conprised of TFTs (thi QI mtransistors). The eighth
exanpl e relates to amal agibuffers conpos¢d of; TTs. i | | H There are

di fferences between TFT :aa/al og buffers ahd silnde cfysidl CMOS anal og
buffers as descri bed}bello®—FrTst, T0r LFIS[Q stngl g crystal

CMOS, the region ove I gh the out.gpltag y r wth
respect to the input{vpljtdgge is ex %’y |nar 9 to the case
for single crystal I} wni ch_the near | r equct to supgy

vol tage i s about 79% I He|range &s”ar Ts. glTh¢ reas for

y dlaed %S b
this include the facl{ tHatl for TFTs_Jthe I&Sﬁar S va8l ug (IDS i*s the
current between griifn Jand source, an [ P [vpl|t age bgtween dy ain
and source) in the}sat uroa-t-i—e-n—v—eg-i—eTﬁ:' Hgherpcierisyicg is
| arge, and the perfoflnpricg of the comsti@l pplli es| i teg in
the buffers are wofs¢ thHan for singie E‘s \dHijt 1 & he~
threshol d voltage tof ITBTY is hig 32 C ),5@ e(;}‘png
to the need for a high| jolltage of 3 ~ 0 tpe driving Itx@e.
Finally, the offset Val Ueg for TEF B felfs | jan #or sikgl ex
crystal CMOS buffers d-g4an-be-around SJ wprist case (:ﬁ}e S} f set
i s about 20 nV for singliejcrystal CMOS). O Fi el 32 shows ?np s of
t he i nput and out put charmor. = o
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H

type énalog buffers conprised of TFTs.
the configuration of p-type and n-ype anal og buffers,

shown in Figure 33A,

differentiator 300 (differenti al
and the driver 310 includes p-channel
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and the output v
regi on;

300,

308). In other
connected to an
current sources

n-type anal og buf e§§coﬂs$ ts o '

330, and the drlvxnggr i
In this fashyon, XN th rJ
by p- channel % transisto
voltage is &ﬁlven by n-

The out pufyof the
t he m nus tern1na§ of def
hi s {a
nal

Vourand
,zrl"a/ /l/

)
&

: 4

r

n

ype
2.-

entizaj or:
ﬁalog
@.n‘p' i

30 ii |

Vbrtiad Scavm
% a8 e 4t Xg ]

.
[

F1G.4

buffer

SW22
SW42

{

sefect -r—\- ™ h-

W2 OFF

m-3m-Zm-{

SCAN

Fi gures 33A and 33B show exanpl es of
respectively. As
the p-type anal og buffer consists of the
stage) and the driver 310 (driving neans),
driving transistor 312.
the voltage differente between the input voltage and ,,
is anplified. The output of the differentiator 300 is

ate el ectrode of the p-channel

driving transistor 312,

tage of the p-type anal 4g'4fffer
Lype |nal og duff

0010415 S

M1

Al

unselect |

Al
(al

Y1° V3

GND  sevimesecee

S outﬁut fromth
Do ;1npu

W

v2t vat

i nt
or
the

tior
drl\

LV/IH/IS /LH+ 1S KB4 S Ef vz Mo | v&iz&?faﬁ%

IV Tongesion ;2? Pe Ao mgz w Combinnl /V//////_r////,u_(

river

e drain

(0]

qllomer
const ant

33¢.
eng

P

Ve ve
GND



transi stor 334. As can be understood fromthe input-output

- characteristics in Figure 32, the linear region of TFT anal og buffers is
extrenely narrow. This |inear region occurs at |ow voltages for p-type
anal og buffers and at high voltages for n-type anal og buffers. Al so, again
as shown in Figure 32, the value of the offset voltage Voff is very high
for TFT anal og buffers. As nenti-oned previously, when driving a ,,
l'iquid-crystal using analog buffers, it is necessary to invert the voltage
applied.to the I|qU|d crystal with respect to the counter voltage (conmon
vol tage). Wen using a single buffer to cover the entlre voltag ange
however, it is necessary to fabricate the aBat4Q buf f ef & wlirthen 221

br eak- down vol t age yhy bx;leadlng to an increase ip7scale and prit€. On
the other hand, it 1g 3 bmoscibhpAsn donR B8RS ERRt hod in which a p-type
anal og-buffer is use §539%£¥j?éblarltles as shown in Figure 33A, and
an n-type anal og buff I s use 09§g05|t|ve pol agities as shqwn in Figure
33B. Using this nethod, it is posglible te,fab

| ow br eak-down pr ocess;%ﬁq;,}@qs
the characteristics of

di spl ay quali adati,on arises.
bet ween t he 0?¥§Q1 Fﬂ%é for p-t

rise to display Swanal Aiadortion.

m xes p-type and n- e anal og buffer crystal
drivers which can conbine nultipl to 6 is
difficult. In @&\ AoFsol a net hod
whi ch shifts the supply Bﬁﬁﬂ L, _or,
conversely fé?nthgh an SL" t'o 4A can
be consi der ed?®r 1€ se, the A

mat ch these shiffarsq n4§ pIy vol t e supply

vol tage to VDDH o SSH and VDDL or VSSL, it is pOSSIb|e po
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“36- counter voltage to the liquid crystal elenment. This nethod is simlar
to the prior art described in Japanese Unexam ned Patent Application Heisei
6-222741. In this nethod, VDDH, VDDL, VSSH, and VSSL are symetric about
Vcom Thi s method. however, is good when the anal og buffers consi st
of single crystal CMOS transistors, but not so good when the anal og buffers
consi st of TFTs. This is because TFT anal®og buffers have narrow |inear )
regions as shown in Figure 32 with the result being that it is necessary to
carry out buffering in the nethod shown in Figure 34A using the nonlinear
regi ofiss Buffering with nonlinear regions |eads to extreme decreases in
display quality. Consequently, in %p?chxanple, keeping in mnd the
i nput and output fharactgrigtics gof TFT apal og buffers as_shown in Eigure
32, a method whi shift] tT ' gui & 34Bwhen
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. voltage anplitude has been shifted, this supply voltage control can be
‘realized by controlling the high potential and | ow potential supply voltage
so that the voltage anplitude is included in the |inear region. Mor e
specifically, in Figure 34B, |l et the supply voltages provided to the anal og
buffers shift between, for exanple, vdd 15V, VSS = 0 V and VDD = 20 V,
VSS =5 V. The counter voltage Vcomis about 5 V. Therefore, when Vdd = 1% V
and VSS =0 V, the analog buffer output voltage rangefd stiaegat e it h
respect tG™Vcomas a reference and the p-type anal og buffer bec a
negative polarity anal og buffer. Conversely, 7vdéh VDD = 20 V and VSS =5V,
t he anal og buffer outpn7670}7t age range is positiy ith respect to Vcom as
a reference and thﬁi Laper anal.geZ b f er bedoHe%?&%i tive polarity anal og
buffer. By alter nat e Y S¥S LEmnal og buffer polarity between
positive and negative, alternating drivj h respe Q the
liquid crystal nsf.-,pbsm.uué‘/ In Fig 185A, P @

i nput / out put har .g‘zl sﬂﬁ:ﬁdﬂk{‘ shpwn wh t heg suppl ¥ vol ffage shiffts as
descri bed ab "?"7 en t he g "]a o[%@b fer ¥'s use vvltnegaté"
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it is possible to buffer video signal 342 in Figure 34B using a |inear
region and a precise gray-scale display is possible. Addi tional ly,
in this case, the offset values Voffa and Voffb shown in Figure. 35A are
the sane value. This is because the curves X1 and Y1 in Figure 35A are
curves fromthe sane p-type anal og buffer with only a supply voltage shift
Wien the of fset val ue Voffa when the anafl og buffer has negative polarity s
and the offset value Voffb when the anal og buffe qg_p05|6%ve polarity are
identical, by adjusting the counter voltage Veom! (al e Voffa =

Vof fb, theseffect of the of fset voltage can be canceled and i¥ is possible
to prevent distortion of the video signal ari8hﬁ§0f?@ﬁ?buffering by anal og
buffers. As shown _in _Figure 34C in which tHe analog buffer is used
as an n-type device, &/i(®.&ain possible to B %gﬁ%ﬁgﬂg%ldeo signal with
the |inear regi om iR g&daid Yeihe Zamd way as ove. The anal og

i nput / out put char act er i gt-§fo Mlase are shown in Figure 35B. VWen
usi ng an n-type, anal og buffer, howey

as can be 69‘@’9 Ktiga'y i n Ej gure 34
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wi'thstand the voltages. In contrast, when p-type anal og buffers are used,
with VDD = 20 V and VSS = 5 V, since the video signal 342 swngs wthin the
range of 9 Vto 6 V, a supply voltage of 20 V or nore is not necessary and
switches 104, 106, and 108 can turn on and off by nmeans of the output of
| evel shifter 102 without difficulties. Additionally, when VDD = 15 V and
VSS-= 0 V, since video signal 340 sw ngs~between 1 V and 4 V., switches
104, 166y and 108 can turn on and off by -meahs of the output of |evel
shifter 102 withoug dlfflculties As a res@l/ttOa supply voltage range of 0
Vito 20 Vis neces%ary fOTé # id crystal Jirlv r and Lhe probl of TFT
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Figure 1 can be substituted by a single switch or a configuration with
three or nore anal og buffers could al so be used. Additionally, the anal og
buffer output selection nmeans are not limted to configurations such as
those with switches 130 and 140. Further, as for the case in which
the select voltage (SCAN in Figure 4) becones effective (select) when the
applied voltage fromthe signal driving-feans takes effect, the nethod in,,
whi ch the sel ect voltage becones effective after se()#enzt—ial |y gelaying by -a
singl e howi zontal scanning period is not limted to'T] qu’f'ﬂ”&?ystgﬁdri vi ng
devi ces having a configuration as described i‘g/ﬁpgw/ke}l and ot hers, but is

applicable to liquid W@a}tojri vi ng devi ces %5%\*%&}@ configurations.
J age. | atethe TTqu

id.crystal

In this invent gppFgisd 8 £l egtable to p
drivers described in the BRBIpl es at the

the liquid crystal panel and altern

top and boFtoth Mebwér/'s. For exanpl e,
drivers 400 @nd. 422, are | ’%\
panel 404 (f'r?' UZ a s%r acc%% H

integrated on the liquid crystal panel).
in Exanples 1 and 6 and Figure 27 o
node, or dedicated 1V drivers described in Exanple 2 are used as the first
and second liquid crystal drivers 40 2. (¢ 1 7
are connectSedd oMrlres) gng [ g ng\rears o
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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 fromFigure 36 in that the conbined drivers described in
Exanple 1 and Figure 27 operated in the 1H inversion driving node, or

dedi cated 1H drivers described in Exanple 3 are used as the first and

second l'i quid -39-,,
crystal_drivers 410 “and 412. Byso doi ng, -as shown in Figure 37, during the

second’xbrlzontal~§cann|ng peri od of the fIi? vertical scanning period,
the outputs of th§$f|rst and_second I|qU|d éﬁ%a] drlvers 410 and 412 are
positive and negat p Dyr i omtal sdﬁnnlng
period, the output&Xsre n : the
second horizontal gcafhin
the outputs of thexfi
negati ve and positwv
scanni ng period. t N1t
other words, it isfpo¥s
in Figure 40D usingthe
crystal drivegs 410 and
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YWen using analog buffers in liquid crystal drivers as explained in
Exanples 1 to 6, for exanple, it is also not absolutely necessary to shift
t he supply voltage using the method shown in Figures 34B and 34C. For
exanple, it is also permssible to shift the voltage supply by the nethod
shown in Figure 34A, and alternate the polarity of the analog buffers.
Especi al | y. when the Iiquid crystal dri ver's are corrposed of _singl € crystal
CMCS silicons~use of the nethod in Figure 34A is appr’o’br Hatgersio @ ;’Caﬂ
configuration of the analog buffers, too, is nqp A4Qn Q/ed to those own in
Figure 33A and Figure 33 arrpl e, It is perp 0 use
configurations of the di fFfén{?z;tor and dri \/@r*dg}'g;"‘g% romthose in

Fi gures 33A and 33B. @e@t@}ﬁmge of the supply voltage supplied
to the anal ogﬁlmrfmss/is., 2.pgt rest
and 34C, and can change @®pendi ng_on
anal og buffer circuit confid TS .
restricted ta oncrystallln
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(1) Aliquid crystal driving device which drives liquid crystal elenents
arrayed in a matrix by supplying a voltage to a liquid crystal elenent, to
the other side of which is supplied a counter voltage; : and is
characterized by the inclusion of 1 to N(Nis an integer) signal driving
means, which include a neans for sequentially sanpling and hol di ng video
signals; nmultiple analog buffers, to which are applied. high and Iom/supplx,
vol t ages, “Tor buffering the sanple and hol d vol t ages; nd sel ection neans

for selecting any output fron1the said nul ti phg Ao S; a supply
vol tage control means bgt, ;Fontrolllng t he val u€s of the said high
potenti al gﬁpgy ngdage and the said Iom/potédﬂﬁaﬂssﬁﬁﬂhv vol t age whi ch
are supplie the ﬁﬁgg , as well as for shifting the range
of the out put 1 sai d analo u to ntia
or Iom1potent|al ng the said coupter v ;

and a sel efritni an ol mt@'lﬁd:hﬁ‘t copt rol | i ai d

sel ecti on nesnexpiemly out pErEMARh&/sai d i ich t\e=—"
out put vol tagec®ange was shifted by\8aid s

(2) Aliquid crystal driving device nts
arrayed in a matrix by supplying a voltage to a I|q |d crystal element, to
t he ot her si | h is supplied a i
characterlzéd"ﬁgﬁ? f;mlus on of 1

means whi ch f#et de £ meaR Yequent i al

signals, a fir and secon @ﬁl

swi t chi ng neans a second analog’buf er_whi i\ vol t age
whi ch is transnitted via the said seco SW t chi g° pans; a th&'d switching

means mhich_%iﬁfgyn§&&¢d to output of tRhe said f E sy aqalog buf fler fnd
S ey it :;\ -Su'"y &ﬂvz 3§HQ* ;
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which turns on and off in conjunction with the said second sw tching neans,
and a fourth switching neans which is connected to the output of the said
second anal og buffer and which turns on and off in conjunction with the
said first sw tching neans; a supply voltage control nmeans which
controls the values of the high potential supply voltage and the | ow
potential supply voltage which are supplied to the said first and second ;.
anal og buffers.and which shifts the range of the output voltage of the said
first : : -41- and
second anal og buffers to either high poisnhisl or low potential, using the
said counter voltage as a reference; and a switch control neans

whi ch controls the on-off operations of the said first through fourth
swi t chi ng neans. (3) In daim 2.
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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 anal og buffers
each vertical scanning period by controlling the said supply voltage
control neans. (4) - In Adaim 2, the liquid crystal driving
devi ce which is characterized by the fact' that scan |ine inversion driving
|s performed by making the shift directions of the output voltage range of
thé said first arsecond anal og buf fersygwhgoh are included in a single

said signal drivi meansy differ fgpn1one apot h vi a gontrol of
the said supply vottage contr means and : 'tchln%;?he on- of f
sequence of the s firs vertica
scanning period ¢ : % id_dwi bontir @l i neans.
(5) In Caim 2, °§4Jh Sdrfi fing d ¢ Wi ghiis
characterized by the t- : it \n ¢ i

? id performed by -
Pot it Beisaid first
:aildisi gnal

ghift

maki ng the shift digr &gt Ql
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driving neans, difTeryfrof
directions of {he output
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(6) In Caim 2. the liquid crystal driving device which is
characterized by the fact that signal line inversion driving is perforned
by making the shift directions of the output voltage range of
the said first and second anal og buffers, which are included in a single
said signal driving neans, the sane whi | e meki ng the shift direction of the
out put vol tage range of the said first arfid second anal og buffers, which ake
included in the adjacent said signal driving means, different, and by

sw't chi ng the shift direction of the ougmoltage range of the said first
and second anal og buffers. each vertical scanning period via control
of the said switch control neans. - (7)) In daim2, t he
liquid crystal driving device which is characterized by the fact that dot
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Fnversion driving is perforned by making the shift directions of the
out put voltage range of the said first and second anal og buffers, which are
included in a single said signal driving nmeans, differ from one another.
via control of the said supply voltage control means; while al so naking the
shift directions of the output voltage range of the said first and second
anal og buffers, which are included in the adjacent said signal driving 4

means~~di ffer from one anot her; and - by switching the on-off sequence
of the said firsg through fourth swi t chi ng{ f’é40s each vertical scanning
peri od Vi'lg contral g cr: g (8)
In Caim?2. ; : eri zed
by the fact that§ i Ny i Py ngkingithe shfft

di rections of thé ;. | 1 s nal og
buf fers, which afe Muded . .' le_sai: .' fi vilng me s,;d ffer

] P POl . : bt

fronlone anot her s

AoS el (61 Dyiver

(U Trvewsion «g-‘g ”Z‘ﬂﬂd& mems T o

vol t age range of Q.ja
i ncluded in the
anot her; and sw h|ng ge of
the said first and sec d
via control In,
Claim2,
x g
R
8
X
S
X
X
~ Y
. “
"y
£
.v
N
-
%)
i
S
X
N E
* € :t'?
) — :Ed bt ox
~ 3 . pﬁ '
- Y & i E% I
B i £t s8 3 %8
£ "LES 8 s 2

SCAN




3 43- the liquid crystal driving device which is characterized by
the fact that dot inversion driving is perforned by maki ng the
shift directions of the output voltage range of the said first and second
anal og buffers, which are included in a single said signal driving neans,
differ from one anot her via control of the said supply voltage
control neans; and by maki ng the“on-of f sequence of the said first,
t hrough fourth sw tching means, which are included in the adjacent said
signal driving nethod, differ; and swi tching the on-off sequence of the
sard first through fourth switching neans each vertical scanning period
via control of the said swtch control e840 (10) In daim 2,
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thé liquid crystal driving device which is characterized by the fact that
" dot inversion driving is perforned by making the shift directions
of the output voltage range of the said first and second anal og buffers,
which are included in a single said signal driving neans, differ from one
anot her and by switching the shift directions of the output voltage range
of the said first and second anal og buffers each vertical scanning peridd
via control of the said supply voltage control neans and by maki ng
t he on-of f sequences of the said first thrQugh fourth sw tching neans,

whi ch are includgd in the adjacent said sﬂéﬂ

from one anotherE vigadhe gontrol af the.
(11) In daim2X : | :
characterized bygfige fagct
i ncl udes a neansif & ¢o

suppl i es hi gh pofierii 3l

the said first | &g b
i nt eger) signalagiiﬁfig
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-44- the third supply line, which supplies high potential supply
vol tage and | ow potential supply voltage to the said first anal og buffer,
which is included in the 2K signal driving neans; the fourth supply
| i ne, which supplies high potential supply voltage and Iom1potent|al supply
voltage to the said second anal og buffer, which'is included in the 2K

signal driving neans; and t he vaPUes of the high potential supply,
voltage and Iom/potentlal suppl y voltage whi ch are supplied to the said
fiTst through fourth supply |ines; and is also characterized by the
fact that the said switch control means 2@f140es a neans for controlling
switch control line 1. which controls the switching of said first and third
swi t chi ng neans; switch control 'line 2, which controls the
switching of the said second and fourth sw tching neans; and the
switch signals, which are supplied to the said switch control lines | and
2. (12) In Jaim 2, . s -the, Ijquid crystal driving device
which is characterlzbd'by t he fac‘ }hat I
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_the said supply voltage contro

means i ncludes a neans for controlling

the supply line which supplies high potential supply voltage and | ow
potential supply voltage to the first and second anal og buffers and

t he val ue of the high potential
vol tage which is supplied to the said supply |ine;

further characterized by the fact that -~

nmeans i ncludes a nmeans for controlling -

control s the switching of the said firs f

supply voltage and | ow potential supply

and which is
the said switch control *
switch control line 1, which

third sw tching nmeans;

switch control line 2, which controls the smnichlng of &be sqi.d; @gcond and
fourth sw tching mean&’\‘ SR =pplled to
the said swtchgcontrolf Ii
the liquid crystgl%fri\ing : flact t hat
the said supplykié qpé (o] 3 I ling
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-45- the first supply line, which supplies high potential supply
“voltage and | ow potential supply voltage to the said first anal og buffer;
t he second supply line, which supplies high potential supply voltage and

| ow potential supply voltage to the said second anal og buffer; and
t he value of the high potential supply voltage and | ow potential supply
voltage which is supplied to the said ffrst and second supply |ines; +
and which is further characterized by the fact that the said switch
control means includes a-nmeans for controlling . A*% Zwteh?tstrol |ine
1, which commols the switching of the said first and third sw t€hi ng
means; switch control line 2, which c@Rf4D0s the sw tching of the

said second .and fourth sw [ ans, i tch signal which
is supplied to tpgg;akgkpgyg$'g%€n§econd sﬂﬁ{gﬁ+§gﬂ ro I'nes.

(14) In d ai n2, t g E5apdakie B8

characteri zed bﬁiﬁgy'ﬁ%h% t hat

i ncl udes a neans

r controlLi
suppl i es hi ghrpet gRskahs Supp ?ﬁ
the said first-.and segcond an f

(K is an integ%??’ igtv44’ driving neanyg:
whi ch supplies hiéﬁ potential supply OWf pO y
voltage to the said first and second analog buffers,,whigbsare ijncluded in

feomé Iﬁ':m/ 2%8 7)*’;‘
Jau8716ﬂmt .}Ejﬁaﬁﬁﬂ \
1307¢

~ 5;Mmyﬁaml £EWAR
: C

585
g S 8
9{33’5

o

-

 Soadl Vordud
i Friod, DEEEEARIRM

= F it VBEOKE
Frer Hesze™ R RIAR

“

,@¢Llﬁﬂ&ﬂ“, 28H oK}
’{"07 o AEWR

- -

S

A Tl Heiwhl 3EBAE
_Q,,.;? Foriodd )&ﬁﬁﬁ 75'3

o
{

{3

s



the 2K signal driving neans; and the value of the high potenti al
supply voltage and | ow potential supply voltage which is supplied to the

said first and second supply |ines; and which is further
characterized by the fact that the said switch control neans

i ncludes a neans for controlling switch control line 1, which
controls the switching of the said first~and third sw tching neans; .
switch control line 2, whith controls the switching of y4he mal.gd ggcond and
fourth sw tchmg neans; and the switch signal which is suppt¥ed to
the said switch control lines 1 and 2. /4

- 46- (15) In Clai/m? t he quu?é ci al driving device
whi ch i's char geterizad/by tr( f 0 t hat IR + He X81&edmppl y vol t age
control means igpcl.udes.a mepdsybeng ROREH ling the first supply

i ne, which suppli#s high potential sup

voltage to the_said first anal og bufferg

whi ch sUppIieéiﬁ?dgﬁwﬁﬁéntiaﬂgﬁ%ggg v
Sunnin il Lt

vol

tage and | ow potentjal supply
e sec@nd sypp jne,
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\poténtial supply voltage to the said second anal og buffer: and the
val ue of the high potential supply voltage and | ow potential supply voltage

which is supplied to the said first and second supply Ilines; and
which is further characterized by the fact that the said switch
control neans includes a neans for controlling switch control line

1, which controls the switching of the ffrst and third swi tching nmeans,
which are included in the (2K-1) (K is an integer) signal driving neans, -
and the second and fourth switching nmeans, which are included in the 2K
signal driving neans; switch co 9, élne 1, which controls the
switching of the first and third smﬁtch?%g ﬁ% mhlch are included in the
2K si gnal driving neans, and the second and fourth swi t chi ng neans, which

are included in the (2K—1) si'gnal driving neans; and the switch
signal which is supplied to the said first and second switch control |ines.
(16) In daing, the liquid crystal driving device which is
characteri zed by the fa¢tjthat - 1 + the sqi ¢ supply voltage control neans
i ncl udes a nmeans for tontlohllng t thetfrrst supply line, which
applies high potentlaf pupp y vol tdgé and | dwipotential supply voltage to
the said first anal ogjbufte the segohd supply line, which applies

v potenti pl supply voltage to the said

hi gh potential supply|vpl aje and l{o
ﬂe val ue ofjthe high potential supply
I

second anal og buffer;| and t

vol tage and | ow potenti al sprIy V( t8ge whicp is supplied to the said
first and second suppf V. nes: and whi s further characterized by
t he fact that hg pa}ld slj;it;ch s ¥ncl udes a means for
control ling sw tghf cpnt roF 3 orgrols the swtching of
the first and third[sSW{c g}/) :
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means, which are included in the (2K-1) (Kis an integer) signal driving
nmeans; swtch control line 2, which controls the switching of the
second and fourth swi tching nmeans, which are included in the (2K-1) signal

driving neans; : -47-
switch control line 3, which controls the switching of the first and third
swi tchi ng neans, which are included in tfie 2K signal driving neans. ;
switch control line 4, which controls the switching of the second and
foupeh swi tching neans, which are included in the 2K signal driving neans;
and. the switch signal which is yppjied to the said swtch
control lines $§through 4. (f% the_liquid
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el ement ;

and by the fact that the said scan driving neans enabl es

the said selection voltage by sequentially delaying the select voltage by

one hori zont al

scanning period so that the said selection voltage becones
effective when the said third switching neans or said fourth sw tching

means becones conductive after conpletion of the sanple-and-hold in the
scanni ng peri od.

first horizontal
(18) Lln daim1 ,

scanni ng period of the-¥ertical
the liquid crystal

characterized by the fact that the said ®p3@ voltage contro

includes a neansyfor fixing at a prescribed yalug the said high pgtential
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- 48- it is conprised of thin filmtransistors and chat it has a

| inear region in which the relationship of the said output voltage to the
said input voltage is approxinmately |inear; and that the said
supply voltage control neans controls the value of the said high potenti al
supply voltage and said | ow potential supply voltage so that the anplitude
of the said input voltage is included i n”"the said |inear regi on when the s
agpl itude of the said input voltage shifts. (21) In daim2, )
the said analog buffer in a liquid C2¥i%2 driving device which is
characterized by the fact that | s conprised of thin film
transistors and that it has a linear region in which the rel ationship of
the said output voltage to the said input voltage is approximately |inear;

FIG. 27
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and that the said supply voltage control neans controls the value of the
said high potential supply voltage and said | ow potential supply voltage so
that the anplitude of the said input voltage is included in the said |inear

regi on when the anplitude of the said input voltage shifts. (22)
In C aim 20, the said analog buffer in a liquid crystal driving
device which is characterized by the fact”that it includes a 4

differential stage in which the said input voltage and said out put voltage
are input and in which the voltage difference between the input voltage in
guestion and the output voltage in questi%g I s anplified and out put;

and a driving neans in which the output AS{fe said differential stage is
input to the gate E£ectro§e d wWRi ch hass . atea mnimumgan, n-chagnel
driving transistor «ghi ch jout ‘qaid i { : ae frigf i ]
and that the said sy Vol { & ' H r g €onfriol {whi ch
shifts to the | ow pé i F i ¢ {hi

supply vol tage and\§aRyd T
anplitude of the saidsgd}F
said anplitude is i cﬁhﬁq
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the high potential i de. ERE
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- 49- 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 anplified and out put, and a
driving neans in which the output of the& said differential stage is input
to the gate el ectrode and which has, at.a mninmum an n-channel driving
transi stor which outputs said output voltage fromthe drain region;

and that the said supply voltage control .means perforns control which
shifts to the | ow potential side the value of the said high potenti al
suppl y voltagg and said | ow potenti al Zgpdey voltage so that when the
anpl i tude of gt he sai,d ijnput veltage sfiftskt.o the | ow tentlal:élde t he

said anplitute is |ﬁ%|u d infthe Sal I|n ar ioh i ligkat ed on
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_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 di fference between the input voltage in question and the output
voltage in question is anplified and output: and a driving neans in
whi ch the output of the said differenti-dl stage is input to the gate @
el ectrode and which has, at a m ninum an p-channel driving transistor

whi ch out puts said output voltage fron1;$€Bg#§in regi on; and t hat

t he said supply voltage control neans p g control which shifts to the
hi gh potential side the value of the said high potential supply voltage and
said | ow potential supply V _ litude of the said

i nput voltage shifts to thg high potential. side, thp said anplitude is
included in the said |inearf region which is |ocated pn the | ow potenti al

si de. : (25) In Cfaim.21, 9. “W the saidf anal og buffer in a
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.-50- it includes a differential stage in which the said input

vol tage and said output voltage are input and in which the voltage

di fference between the input voltage in question and the output voltage in
guestion is anplified and output; and a driving neans in which the
output of the said differential stage is input to the gate el ectrode and
whi ch has, at a mnimm an p-channel driving transistor which outputs s&id
outgg;;voltage fromthe drain region; : - and that the said supply

vol t'age control means perforns control mhggz Srifts to the high potenti al
side the value of the said high potential ﬁ y vol tage and said | ow
potentjal supply voltage so that when the anplitude of the said input
voltage shifts to the high potential side, the said anplitude is included

in the said linear region which is |ocated the | ow potential side.
(26) In daim 20, aliquid cr é?, ving device which is
characterized by the inclusion of a neans f rﬁﬁﬁ elj,ng the said anal og
buffer's of fset val ue by adjusting the val t g%id counter voltage.
(27) I'n daim21, a liquid crystal driving device which is
characterized by the inclusion of a_ . Lng.the said anal og
buffer's of fset val u¢ by adjusting the val ue of Ahe said
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_counter voltage. (28) Aliquid crystal display device which is
characterized by the inclusion of at |east one of the said liquid crystal

driving devices of any of Clains | to 27 as well as nultiple signal lines
whi ch are connected to a signal driving neans of the liquid crystal driving
device in question, multiple scan |ines which intersect at the signal |ines
in question, liquid crystal elenents whith are arrayed in a matrix, and =
multiple thin filmtransistors for transmtting applied voltage to the
liquid crystal elenents in question. (29) Aliquid crysta

di spl ay device which is characterized by the inclusion of two of the said
liquid crystal driving devices of any of Clains | to 27 as well as nultiple
signal lines which are connected to eith&2{f€ signal driving means of one
of the liquid . -51-
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crystal driving devices or to the signal driving means of the other of the
liquid crystal driving devices, nmultiple scan lines which intersect at the

signal lines in question, liquid crystal elenments which are arrayed in a
matrix, and nultiple thin filmtransistors for transmtting applied voltage
to the liquid crystal elenents in question; t he connection of the
(2L-1) (L is an integer) signal line to“the signal driving means of one &f
the said liquid crystal driving devices-as well as the connection of the 2L
skgnal line to the signal driving neans of the other said liquid crystal
devi ce. and the shifting in the 3pgdte direction, with reference
to the counter voltage, of the outpu voltaag,rang t he anal og buffer

which is selected i S drivin to the (2L-1)
signal line with res&igt 3«% out tptj}vylﬁag;%a of the anal og buffer

which is selected in the signal dr|V|ng means connected to the 2L signal

l'i ne. (30) In Caim?28, a—iquidcrygtal—digV B device
which is characterized by t acL_lhai_i aid | i igddceystal driving
device is integrated |I2¥Id drystal panel, ichlis donprised by the
said thin fllnttran5|ster 31) Ind ai g9, aliquid

crystal display device whi iacharacte ize§ by the fadt tHat, the said
ald

liquid crystal driving devijc t#n& 30 |iquild c ,yQBuD panel ,
which is conprised by the s nifil mtrapsi storg.
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(32) An anal og buffer, conprised of thin filmtransistors, to which high
potential supply voltage and | ow potential supply voltage are supplied and

whi ch buffers input .voltage and outputs output voltage; whi ch has a
| inear region in which the relationship of the said output voltage to the
said input voltage is approximately |inear; and which is

characterized by the inclusion of a voltédge supply control neans which '
controls the value of the said high potential supply voltage and said | ow"
pokential supply voltage so that the said anplitude is included in the said
| i near region when the fluctuation range3<f/8i(¢ said i nput voltage shifts.

(33) In daim 32=
-52- a?é@l' o?%fer whi ch‘ i s characterized by the fact that it
i ncl udes a differenti g stzg'et‘-ﬂ—w’ﬂ ch the said input voltage and
said output voltage are Vad Velvo *Signed
UWV.%W?

VssH . :

VddL

VssL

0

FIG 348 | Pﬁf}a;‘)x".,vro,;;,é\
y ) FTpe Anely Cffor Case
tH

20

15} ; VDD ' N

N=Fape. Arada Ltfor Case
FlG. 346 N#E Tuzj\fggrw%é\

v IH | 344 346
l |
10 | '

Vs

=

W\ - WW VYcom

-5 VSS

time /o



tnput and in which the voltage difference between the input voltage in
question and the output voltage in question is anplified and output;

and a driving nmeans in which the output of the said differential stage is
input to the gate el ectrode and which has, at a mininum an n-channel
driving transistor which outputs said output voltage fromthe drain region;
and is further characterized by the fact”“that the said supply voltage 1
control neans perfornms control which shifts to the |ow potential side the-
val ue of the said high potential supply voltage and said | ow potenti al
suwpply voltage so that when the anplitude of the said input voltage shifts
to the I ow potential side the sa}p npl BEWEOi s i ncluded in the said |inear
regi on which is |ocaied on. the h %géggtéh#’ | #be. Cacer (34) In

Clai m 32, afﬁn&é ffPr W&?ﬂmé&e@ﬁzed by the fact that
it includes it includesp i lal_stage in which the said

i nput voltage_and said put voltage are input and in f
difference betireen the i pqw]vol age in question and thé€ oytput voltage in

guestion i i fied apgont put} and a driviAg ne@ns in which the
out put of %&%ﬂ d di ffggn%als «| el ectrode and
whi ch has, ¥t a ni ni rum>angp- channel i st 1L§h outputs said
out put vofﬁ%g fromthe Yra r €gi on; ¢ br Yehar act eri zed
by the factyt®ft the sai ABppl ornms contr ol

whi ch shi f&g theig' hSpot enti i ¢ thi gh

pot enti al Sdp vol.ggé and sai age so that when
the anplitide of X potential side,

the said anplitude

¢ 7 nput
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(35) In daim 32, an anal og buffer which is characterized by the

I ncl usion of a neans for canceling the said anal og buffer's offset val ue by
adj usting the value of the said counter voltage. (36) Aliquid
crystal display device which is characterized by the inclusion of an anal og
buf fer of any of Clains 32 to 35, at |least one liquid crystal driving

devi ce containing the said analog buffer, as well as nultiple =
signal |ines which are connected to a si-gnal driving neans of the |iquid
crystal driving devic quests on, mul ti pl e scan lines which intersect at
t he 5|gnalf¢|nesfvﬁ*ﬁﬁe§F BTl qU|d crystal elements which are arrayed in
a matrix, and nultlple th|n f|In1tranS|st066/ﬁ0x transnlttlng applied
voltage to the Ilquldfsyéfag%;elenents i N QUESIHLB. FFir (37) In
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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 conprised by the said thin filmtransistors.

(38) Aliquid crystal driving nethod which is characterized by the fact
that it is a liquid crystal driving nethod which drives liquid crystal

el ements arrayed in a matri x by supplying a voltage to a liquid crystal =
el ement.,, to the other side of which is supplied a counter voltage; '

whi ch sequentially sanpl-es and hol ds vi deo signals,

buffers the sanpl ed.

and hel d voltage by ans of nultiple anal og buffers which are supplied a
i Yo

hi gh potential s

whi ch, by controlling t
and said | ow potenti al ‘s

tgﬂﬁd’ | ow pot Snti4a supplﬁx vol t age, and
sel ects either output %—J(Jge | tiple anal og /st st
e of the said hHgh SoR¥A supply voltage
"auppl ied to the said anal og buffers,

stion;

shifts the range of the %@ of_t_he_sa.l cL.anaL.o _bu-f.fers to e|ther
t he hi gh potenti al de o he ; p Foiriiet 8ai d count er
voltage as a refer nc ’ﬂ-he’r‘ Qutput of the

sai d anal og buffer p% Ve
(39) Aliquid cry taI HVl"ﬁG
that it |sal |d crystal dr|V|ng rretho
el ements array® %r'amhét ¥ X b«?-wppl yi ngld
el ement, to the other mde@? which is supp
whi ch sequentl ally sanples and hol ds vi detfi:

the f act
I cryst al

~. t , : | i q“r‘f""l %.«yﬁéywﬂ"”b |
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transmtted via the said first switching neans by the first anal og buffer;
buffers the voltage which is transmtted via the said second sw tching

means by the second anal og

transmts the said first analog buffer's output by the third
whi ch turns on and off

-54-

fourth sw tching fneans,
first sw tching nmeans;
hi gh—pot ent i al

t he high potenti al
vol tage as a reference,
first through four
driving nethod whi
driving ne

crystal
natpix by

buf fer;
swi t chi ng neans,

swtc
i's ch

in conjunction with the said second
switching neans; and transmts the said Second anal og buffers output by the

whi ch turns on and off

in conjunction with the said

whi ch, by controlling the value of the said

side or the | ow potenti al
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supply voltage and said | @gpgienti al
supplied to the said first and second anal og buffers,

supply vol tage

shifts the range of
the output voltage of the said first and second anal og buffers to either

side, using the said counter
and controls the on and off operation of the said
ng nmeans.
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,supblying a voltage to a liquid crystal elenment, 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 neans and, where it outputs to the scan |line by the scan
driving neans the sel ect voltage for selectlng whet her or not to supply the
applied voltage in question to the said”liquid crystal elenent, when the®
applied voltage fromthe said signal drtving neans becones valid
sequentially delaying it by exactly one horizontal scanning period so that
t he said selection voltage becones effective once the applied voltage from
the said signal driving neans becones valid.
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