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Sj>ecification 
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A~quid prystal Driving Device, Liquid Crystal Display Deviee, Analog Buffer, and 

Ilr' (Driving Method 

field of Technology; 
.. • .· . 

This mvention pertains to a driving method for a liquid crystal panel and. in particular. a 

driving m~od for a TFr liquid crystal panel. 

Background Technolos;y 
A number of different driving m~~ods for TFf liquid ciystal panels are already 

known. For ex.ample, as.stated 'in "Doraiba LSI no kadai wa teitlen'atsu tan 'itsu dengenka 
de kaiketsu" (''Driver LSI problems solVed by low voltage single power supply"), Flat 
PanelDisplay.1991(November26,1990, Nikkei Business Publications, Inc., p~ 168 top. 

172), TFT liquid crystal panel drivers (liquid ccystal driving .devices) can be broadly 
divided into two types: digital and analog. The typical strncture of a conventional analog 

line sequential driver is shown in Figure 38. This conventional driver contains shift 
~egister 2000, level shifter 2002. swit~bes (analog switches) ~004 to 2018, sampling 

capacitors 2020 to 2026, bold capacitors 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 s°Cquentially 
. . 

tuqied off (opened) based Qn the output of level shifter 2002, resulting 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 tum 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 11mplifiers to voltage followers. 

The configuration of the pixel region of the liquid crystal panel is shown in Figure 

39. Signal line 2050 is connected to th~ source region ofTFf (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 TPT 20:54. When TPT 2054 is selected by scan line 

2052, the voltage difference between che voltage applied to pixel electrode 2056 and the 

counter vol~ge (common voltage) applied to che counter electrode is supplied to liquid 

crystal element 2058, thereby driving liquid crystal element 2058. 

I 
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Liquid ~cystal elements degrade when direct current voltage is applied to them for 
extended. ·periods. This property makes necessary a driving means in which the polarity . . . 
of the voltage applied to the liquid crystal elements is inverted after a specified period of 
time .. As shown in Figure 40 A ·ro Figure 40 D, s~ch known driving methods include 

frame inversion driving (hereafter referred to as "1 V inversion driving" for the sake of 
convenience), scan line inversion clJ::i~g (hcrcaft.cr ICfcacd to as 11 lH inversion driving" 

for the sake of convenience). signal line jnve~ion-driving (here8fter referred to as "1 S 
inversion driving" for the sake of convenience), and dot inversion driving (hereafter 
referred to as "lH +IS inversion driving" for the sake of convenience). 

In IV inversion driving, as shown in Figure 40 A, the polarity of the applied 
voltage in all pixele·:is the same wiqilii a single vertical scanning period (1 field, 1 frame); 

and the polarity of all pixels is inverted after each verti'?81 scanning period. While 1 V 
inversion driving has the advantage of having driver circuits that are simple and easy to 
con~l and, moreover. does not suffer from line nonuniformity, this driving means does 
suffer from extremely conspicuous screen flick.er. 

In lH 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 invened after 

each vertical scanning period. The advantage of !ff-inversion ~ving is that flicker is not 

c9nspicuous and cross-talk in the vertical direction is inhi~ited. Conversely, howev~. it 

s~fers 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 (sµcb as polycryst.alline TFrs 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 lH inversion driving. 

In lS inversion driving, as shown in Figure 40 C, the polarity of the applied 
· voltage differs for each signal line; and, under these conditions, polarity is inverted after 

each veltical scanning period. The advantage of IS 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 ieakage currents leads to 

undesirable effects. 
In lH + lS inversion driving. the polarity of the applied voltage differs for each 

pixel; and, under these.conditions, polarity is inverted after each vertical scanning period. 

lH + lS inversion driving is disclosed in. for example • . "Dotto hanten kud.ou de gashitsu . 
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wo koujou .shita 13 tncht EWS-you ko.usaldo TFT ektihou ptmeru" ("A 13-inch BWS 

high-definition TFI' liquid crystal panel with improved picture quality bl( means of dot 

inversion driving" ), Flat Panel Display 1993 (December 10, 1992, Nikkei Busineaa 
I < • 

Publications, Inc., pages 120 to 123). This.method bas the advantages of both lH 

inversion driving and .ts inversion driving; it alSo has the drawbacks of both. further, the 
realization of this method means ihai the configuration and ~ntrol of the driver cm:uits 

become extremely complex. thus creating the disadvantq:es of longer design times and 
higher device costs. 

As descnDed above, each of the said four driving methOds has both advantages 

and disadvantages. Hence, the qu~tion of which of these four driving methods to use is · 
determined by considering such things as the type and performance of non-linear active 

elements, the size of the liquid crystal panel, the targeted display quality, the cost of the 

device. and a variety of other design c90-ditions. However, these design conditions are 
sometimes changed.in the development process; and a change in any of the said design 

conditions after one of the said four methods has already been adopted will also 

necessitate a change iii the driving method. a matter that re<iuires tremendous labor for 
circuit changes and such. Therefore, aliquid crystal driver 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 de~ 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 s,ignal lines, etc.) requirements for liquid ciystal drivers. 
Consequently, it has been difficult to supply a highly versatile,- stmdard liquid ~rystal 

·driver capable of answering the demands of all users. Yet this problem could also be 

s~lved if one were able to offer a liquid ccystal driver that realizes all four of the said 

(iriving. methods on one device without unduly en~ing the circuit. 
In -addition. analog buffers 2036 to 2042 (~ee ~igure 38), which are used in the 

liquid crystal driver, need to have a wido output voltage range (operating range). This is 

because a wide output voltage range facilitates the making of a liquid crystal panel 

capable of displaylng 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 ac;hicvc this, a. ~ufacturitig proecss whose bicakdown voltage is 

high_ must be used. which leads to the problems of iD:c~ed circuit size and higher costs. 
For example, Japanese Unexamined Patent Application Heisei 6-222741 discloses 

technology of the prior art which generates a high quality display in multiple gray-scales 
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levels using low voltage drivers .. In the technology of-the prior. an, however. liquid 
crystal drivers and other peripheral circuits are not integrated on the liquid ciystal panel, 

and analog b~fers are comprised not of TFfs but of single crystal CMOS transistors. ·1n 
addition, the characteristics of analog buffers comprised of TFTs, and those of analog 

buffers comprised of single crystal CMOS transistors differ in various respects. including 
such things as the width of the linear region in input-output charact'Cristics, allowable 

supply voltage ranies. and offset values. Therefore. even if the said technology of the . . 
pi;ior art were applied to an analog buffer comprised of TF'fs. a high quality display 
having multiple gray-scales could not be obtained. In addition, there has been absolutely 

no disclosure in the said ~ology of the_ prior~ regarding the idea for a liquid crystal 

driver capable of u&ing the four driving methods together; and,_ moreover, tho said 

technology of the prior art is related to digital liquid crystal drivers, not to analog line 
sequential drivers. 

. In addition, analog buffC? 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~lor liquid crysf.al panel requires a 

minimum of 640 x 3 analog buffers. Also, since analog buffers pass electric current from 

integrated constant current sup~lies, there is the additional problem of" finding a way to 
hold the current consumption of the analog buffers at a low level in order to reduce the 

power consumption of the overall device. 

T~e 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 
vol~ge applied to liquid crystal elements without unduly increasing the size of circuits ~ 
the liquid ccystal driving device. 

Another of the aims for the present invention is the realization of an analog buffer 

which is comprised of TFTs and which~ switch between positive 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 current 
consumption of the analog buffers to a low level and achieve low power consumption. 

Descriptipn of the Invention 

. In order ~o resolve th~ problems mentioned above, the liquid crystal driving 
device of this invention dri vcs liquid ciystal clements arrayed in a matrix by supplying a 

volta&e to a liquid crysial element. to the other side of which is supplied a counter 
voltage; 
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and ls characterized by the inclusion of 1 t0 N cN is an integer) signal driving · 

means, which include. a means for sequentially samPiing and holding video signals; . . . 
multiple analog buffers, to which are applied high and low supply voltag~. for buffering 

t:11e 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 high 

potential supply voltage and the said low potential supply voltage which are supplied to 

the said analog buffers. as well as for shifting the ran~ of the output voltage of th~ said 

analog buffers to either high potential or low potential, using the said counter voltage as a 

reference; 

· and a selection control means for controlling the ~election by the said selection 

means of any output of the said analog buffers in which the output voltage range was 

shifted by said supply voltage control means. 

According to this invention, the range of output volq.ge of the multiple analog 

buffers is s~~ to ~ither high potential or low potential, using the counter voltage as a 

reference. Then. any ofthe·outputs of these multiple analog buffers is selected; and 

liquid crystal elements ~driven. Therefore, depeD:ding on the combination of th~ 

polarity of the output voltage range of the analog buffers and the meth~ of selection, it 

becomes possible to change the polarity of voltage applied to the liquid crystal with each 

scan line, eacli 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 fonn of a highly ~ersatile, standard 

device which is capable of easily accommodating· such things' as design changes. 

This invention is a liquid crystal driying device that_ drives liquid crystal elements 

arrayed in a matrix by supplying a voltage to a liquid crystal element. to the other side of 

which is supplied a counter voltage; . _ 

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 hol~in~ v.ideo signals, a. first 

and secon~ 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 tur~s on and off in comunction 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 switching method; 
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a supply voltage control means which controls the values of the high potential 
supply ~oltag~ and the low potential supply voltage which are suppli~ to the said f"ll'St 

arid second analog buffers and which shifts the range of the output voltage of the said first 

and second analog buffers to either high po~ential or low potential. using the said counter · 

voltage as a ~ference; 
and a. switch. control means which controls the on-off operations of the said first 

through fourth switchinl m~s ... · ·· 
According to this invention, the sampled video signals are input and held in the 

first and second analog buffers via the first and second s:witching 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 ccystal elements. Therefore, depending on the combination of the polarity of the . . 
output voltage range of the first and second analog buffers. it becomes possible to change 

the polarity of voltage applied to the liquid cryst.al with each scan line, each signal line, 

each horizontal scanning period. or each vertical s~anning period. thus enabling the 

realization of multiple driving methods in a single liquid ccystafdriving de.vice. 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 said 
first and second ~alog buffers every vertical sc~ing period by controlling the said 
supply voltage control means. 

According to this invention, the polarity of the voltage applied to all the liquid 

crystal elemen~ is inverted each vertical scanning period (1 field. 1 frame), thereby 

making frame inversion driving possible and enabling suppression of line nonunifonnity. 

This invention is also charact.erized by the fact that scan line inversion driving is 

performed by making the shift directions of the output voltage range of the s~d first and 

'second analog buffers. which are includCd 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 peri~d via. control of the said switch control mc;ans. 

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 bu~fers. which are included in a single said signal driving ~cans. differ 
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from one another via. control of the said supply voltage control means and by sWicchlng 

the shift directions of the output voltaie range of the said first and second analog buffers 
each vertical scanning period. 

According to these inventions, the polarity of applied voltage differs with eac~ 

scan line and pol~ty inversion takes place under these conditions each vertical scanning 
period, thereby realizing scan line inversion driving. This is capable of preventing liquid 

ciystal panel flicker and vertical cross-talk and. moreover. can prevent vertical stripes . 
from occurring in video display. This invention is particularly effective when employing 
nonlinear active .elements (such as polycrystalline TFTs and MIMs, for example) with 

large off leakage currents. In addition, flicker can also be suppressed to a lOwer le~l 
than is possible in si&nal line inversion dri~~· 

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

second analog bufferS, which are included in a single said signhl driving means, the same 

while making the shift directions of the output voltage range of the said first and second 

analog buffers, which are included in the adjacent said signal driving means. different, 
and by switc~ the shift directions of the ou!-Put voltage iange 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 gra~ent . . 
problem caused by parasitic resistance of the interconnect electrodes, and, thus, achieves 

a liquid crystal.driving device that is optimally sui~ to large liquid crystal pan~ls. 

This invention is also characterized by the fact that dot inversion driving is . . 
perfonned by making the. shift directions of the output voltage range of the said first and 
second analog buffers, which are'included in a single said signal driving means, differ · 

from one another via control' of the said supply voltage control means; while also ma.Icing 

the shift directions of the output voltag~ 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 ~he said first through fourth switching means each 
vertical scanning period via control of the said switch control means. 

This i~vention is also characterized by the fact that dot inversion driving is 

performed by· making the shift directions of d1e output voltage range of the said first and 
second analog buffers, which are included in a single said signal driving means, differ 
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from one another via control of the said supply voltage control means; while also making 

the shift directions of the output voltage range of the said first and second analog buffers • 
. which are included in the adjaceht said signal driving means, differ from one another; and 
switching the shift directions of the o~tput voltage range of the said first and second 

analog buffers each vertical .seanning period. 
This invention is also cbaract~rized by the fact tha:t dot inversion driving is 

performed by maldng the shift directions of the output voltage range of the said iJrSt and 
second analog buffers, which are included in a single said signal.driving means, differ. 
from one another via control of the said supply voltage control means; making the on-off 
sequence of the said fmt through fourth switching means, which~ included in the 

.·· . 
adjacent ~d signal ~ving means. differ via control of the said switch control means; 

and switching the on-off sequen~ of the said t"':lrst through fourth switching means each 
vertical scanning period . 

. This invention is also cllaracterizeQ by the faet that dot inveaion 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 ~s. differ 
from one another via control of the said supply voltage control means; switching the shift 

directions of the output voltage range of the ~aid first _and second analog buffers each 
vertical scanning period; and making the on-off sequences of the said first through founh 
switching means, which are inclu~ed in the adj~nt said signal driving means, different 

froID: one another via control of the said switch control means. . 
Aceording 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 oan prevent liquid crystal panel flicker as 

well as horizontal and vertical cross-talk. This invention also solves the brightness 

gradient proplem caused by.parasitic resistance of interconnect electrodes, and, moreover, 

can _decrease power consumption of.the circuit which generates the ~ounter voltage since 
there is little exchange of current with external clrculc8. · · 

This invention is characterized by the fact that the said supply voltage control 

means includes a means for controlling 
a ij.rst supply line, wbi~h supplies high potential supply voltage and low potential 

supply voltage to _the said first analog buffer, which is included in the (2~-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 sec_ond analog buffer, which is included in the (2K-1) 
signal driving means; 
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a third supply line, which supplies high potential supJ?lY voltage and low potential 

supply voltage to the said first analog buffer. which is included in the 2K signal driving 

means; 

a f~urth supply line,.w~ch supplies high potential supply voltage and low 

potential supply voitage to the said second analog buft'er, which is included in the 2K 
signal driving meansi 

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

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

. switch control line 1 t which controls the switching of said first and third switching 

means; .-
SWitcb control line 2, "".hiCb controls the switching of the said second and fourth 

switching means; 
and the switch signals, which are supplied to the said switch control lines l and 2. 

According to this invention, power is supplied to the first and second analog 

buffers; which are included in the odd-numbered signal drivini 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 $e third and fourth 
supply lines, respectively. Switching conttol of the first and third switching means is 

achieved by switch .control line l, and switching control of the second artd fourth 

switching means is achieved by switch control line 2. This enables th~ realization of a 
liquid crystal ~ving device foi: combined frame inversion, ican line inversion, signal 
line inversion, and dot inversion driving. 

This invention is also characterized by the fact that the said supply voltage contJ:C?l 

means includes a means for controlling 

a supply line which supplies high potential supply voltage and low potential 
supply voltage to· the fust. and second analog b~fers 

and the values of the high potential supply voltage and lo~ 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 l, which controls the switching of the said first ahd third 

switching means; 
switch control line 2, which controls the switching of the said second and four:th 

switching means; 

~d the switch signals which are supplied to the said switch control lines 1 and 2. 
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Acconling to this invention, a single channel voltage Js supplied to tbe first and 

second analog buffers using a supply line, while switching control of the first and third 
switching means is achieyed by switching control line 1 and switching control of the 
second and fourth switching means is acbieyed by switch control line 2. This enables th~ 

realization of a liquid crystal driving device-dedicated to frame inversion driving. 

Thie invention is ~so charecterized by the fact that the said supply voltage control 

means includes a means for c0ntr0lling 
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 big~ potential supply voltage and low 
potential supply voltage to rhe said .second _~alog f?uffer; 

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 t which controls the ~witching of the s~d first and third 

switching nieans: 
switch control line Z. which controls the switchitig of the said second and fourth 

switching means; 
and the switch signals wbich are supplied to the said ·first and second switch 

control lines. 

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

first supply line and to the .second analog buffer by th~ second supply line, whil.e 
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 ls achieved by "switch 

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

scan line inversion driving. 

This inventio~ is ~so characterized by the fact that the said supply v~ltage 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 and second analog buffers, which are included in the (2K­

l) (K is an .integer) signal driving means; . 
a second supply line, which supplie5 high potential supply voltage and low 

potential suppiy voltage to the said first and second analog buffers, which are included in 

th~ 2K signal driving means; 

~d the values of the high potential supply voltage ~d low potential supply 

voltage which are suppli~ to the said first and second supply lines; 
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and by the fact tbat said swttch control means includes a means for controlling 

switch control line l, which controls the switching o~ 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 I "and 2. 

According to this in1?ention, power is supplied to the first and Second analog 

biiffers, which are included in the odd-numbered signal dri~ means. by the first supply 

line. and to the first and second analog buffers, which are included in the even-numbered 

signal dri~ng means, by the secon4 supply line. In addition, switchirig control of the first 

and third switching means is achieved by switch control line 1; and switching control of 

the ~nd and fourth switching ~ans is achieved by switch control li_ne 2. This enables 

the realization of a liquid ~rystal driving device dedicated to·signal line inversion 4r1ving. 
This invention is also characterized by the fact that ~ 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 supp~y line, which supplies high potential supply voltage and low 

potential supply voltage to the said_s~nd analog butter; 

and_ the values of the high potential supply voltage and low potential supply 

voltage which are supplied to the said first and ~ond supply li~es; 

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 arc included in ~e (2K--1) (K is an integer) signal driving means, and the 

switching Qf 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 sw~tching of the 

second and fourth switching means. which are included in the (2K-l) signal driving 

means; 

and the switch signals which are supplied 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. In addition. 

switehing control of the first and third switching means, which are included in the odd­

numbered signal driving means.· and switching c0ntrol of the second and fourth switching 
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means, which are included in the even-numbered signal driving means, are achieved by 

switch control line~; switching control of the first and third switching means. which are 

included in the even-numbered signal driving means, and switching control of the second 
and fourth switching means, which are included in tlie odd-numbexed signal driving 

~eans, are achieved by switch control line ~- This enal>les the realization of a liquid 
crystal driving device dedicated to dot inversion driving. 

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

a first supply µne, which supplies high potential supply voltage and low potential 

supply voltage to the said first analog buff~; 
. a second supply fuie. which supplies high potential supply voltage and low· 

potential supply voltage to the said second analog buffer; 
and the values of the high potential supply voltage and low potential supply 

voltage whicb 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 switchllig of the first and third switching 
means, which are included in the (2K·l) (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·l) signal drlvlng 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 2K 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 s~nd 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 dri\ring. 

I . 
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This invention is also characterized by the inclusion of a scan drlVing means 

which outputs select voltag~ to the scan lines in order to seJ.Cct whether or not to apply 

said ~pplied voltage to Said liquid crystal element8; 
and by the fact that the said scan driving means enables the said selection -voltage 

I • • • 

by sequentially delaying the select voltage by exactly one horizontal scanning period so 
that tho said sele~tion voltage beco~ effective when the said third switching means or 

said fourth swit.ching 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 µiconect voltaie 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 ~neous display is preventea. 
This invention is also characterized by the fact that the said supply voltage control 

means includes a means for fixing at a prescribed value ~e 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 redµced 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 w~h is supplied both a high potential supply :voltage 
and a low potential supply voltage and which buffers input voltage and outputs output 
voltago; 

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 in.put 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 linear region and making 

such things as precise gray-scale display possible. 
This invention is also characteriZed by the fact that it includes a differential stage 

in which the said input voltage and said output voltage are input and in which the voltage 
. . 
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difference between the input voltage in question and che output volrage in question is 

amplified and output; 

and a driving means which has, at a min·imum, an n-channel driving transistor in 
which the c;>utput of the said differential stage is input to the gate electrode and 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. 
According to this invention~_ the linear region is located· on the high potential side. 

So, by peiforming control so that the supply voltage is shifted to the low potential side 
and the amplitude of the input voltage is included in this lliiear region. it is possible to 
perform buffering of the input voltage in the linear region. 

This invention is also characterized by .the fact that it includes a differential stage 
in which the said input voltage and said output voltage are input and in which the voltage 

difference between the input voltage in question and output voltage in question is 

amplified and Qutput; 
and a driving means which has, at a minimum, a p-channel driving transistor in which 

the output of the said differential stage is input l?Y the gate electrode and which outputs 
. . 

said output voltage to the drain region; 
. and that the said supply voltage control means perfo~ control which shifts to 

the high potential side the value of the said high potential supply voltage and said low 
po~nti.al supply voltage so that when thc 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 regio~ is located on the low potential side. 

So, by performing control so that the supply v~ltage is shifted to the high potential side 
and the amplitude of the input voltage is included in this linear region, it is possible tC? 

perform buffering of the input voltage in the linear region. 
This invention· is also charactei:ized by the inclusion of a means for canceling the 

said analog ~uffer's offset value by adjusting the. value of the said counter voltage. . . 
In this invention, the polarity of the analog buffet is switched mezcly by 

controlling. the supply voltage using an analog buffer of the same type. Therefore. the 
offset value can be made the saine value when the analog buffer has positive polarity and 

't· 
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when it has negative polar!ty. Iri this way Che.offset v~ue can b_e canceled by adjusti~g 

the counter voltage, without distorting the. video signal. 

In addition, the liquid crys~ display device associated ~ith this invention is 
characterized by the inclusiOn Qf . at least one of the said liquid crystal driving devices as 

well as multiple signal lines which are connected to a signal driving means of the said 
liquid crystal driving d~ce, multiple scan lines 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 question. 
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 Ii~~d crystal driving devices while conn~g the 2L 

signal lines to the signal driving means ofihe other said liquid crystal device, and make it 
~o that the output voltage range of the analog buff~ selected in the signal driving means 
connected to the (2L-l) signal lines is shifted in the opposite direction, with reference to . . 
the count.er 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 achjeving dot inversion 
driving using a liquid crystal driving device that is capable of scan line inversion driving. 

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

desirable that the said liquid crystal driving device be integrated on the liquid cr.vstal 
. panel which is comprised by the said thin film transistors, thereby enabling the display 

device to be made more compact and at lower cost 
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Brief Explanation of the Figures 

f'igure 1 is an example of the configUra.tion of a liquid crystal driver associa~ 

with Example I of this invention. . 
Figure 2 is an example of a specific eonfigoration of ~e·liquid aystal driver 

shown in Figure 1. 
Figure .3 is an example of a specific configuration of the liquid crystal driver 

shown in Figure 1. 
Figµre 4 is a timing ~hart for 1 V inversion driving in Example 1. 
Figure 5 is used to explain the operation of the. liquid crystal driver for 1 V 

inversion dtj.ving. 
F.igure 6 is a timing ~for l.H inversion driving in'Bxample 1. 

Figure 7 is used to explain ~e operation of the liquid ciystal driver for lH 

inversion driving. 

Figure 8 is used to explain the operation of the liquid cr:ystal driver for lH 

in'.'ersion driving. 

Figure 9 is a timing chart for IS inversion driving in Example· i. 
Figure 10 is used to explain the operation of the liquid cr:ystal driver for IS 

inversion· driving. 

Figure 11 is a timing charc for .lH + 15 Inversion drlvlng in Example 1. 

Figure 1.2 is used to explain the operation of the liquid. crystal driver tor lH + IS 

inversion driving. . 

Figure 13 is used to explain the operation of the liquid crystal driver fo:i; lH + lS 

inversion driving. 
Figure 14 is an example of the configuration of Example 2 of this invention. 

Figure 15 is a timing chan for IV inversion driving in Example 2. 
. . 

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

Figure 17 is a timing· chan for 1H inversion driv~ng in Example 3. 

Figure 18 ls an example of the configuration ofExampl~ 4 of this invention. 
Fig~ 19 is a timing chart.for 1s·inversion driving in Bxample 4. 

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

Figure 21 is a timing chart for lH +. ~S inversion driving in Example S. 

Figure 22 is used to explain the ~peration ~f the liquid crystal driver for IH + IS 
inversjon driving. 

Figure 23 is used to explain the operation' of the liquid crystal driver for lH + lS 

inversion driving. 

Figure 24 is an example of the configuration of Example 6 of this invention. 

:a:·. 
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Figure 25 is a timing chart for lH inversion driving in Example 6. 
. . 

Figure 26 is a· timing chart for lH + lS inversion driving in Example 6. 

Figure 27 is used to explain the configuration of other liquid aystal drivers • 
. Figure 28 is a timing chart for 1 V inversion driving in a combined l V/IS driver. 

. . 
Figure 29 is a tiniing chart for 1 V inversion driving in a c(>ID.bined 1 V /lH/lH + 

lS driver. 

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

Fi~ 31 is an example of the overall configuration of.a liquid crystal panel 

containiI;lg a liquid cryst.al driver. 
Figure 32 is an example of the input-output_ characteristics of an analog buffer. 

Figure 33 A and Figure 33 B are examples of the configuration of a p-~ 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 the 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 0peration of an example. in which IS inversion 
driving ls achieved-using two liquid czystal drivers • . . 

Figure 37 is used to explain the OIJC?rati.on of an example in which lH + IS 

inversion driving is achieved using two liqujd crystal drivers. 
· Fipre 38 is an example of tJle configuration of an analog line sequential driver of 

the prior art. 

Pigrire 39 shows the configuration of the pbtel region of a liquid crystal panel. 

Figure 40 A, .F~gure 40 B, Figure 40 c. and Figure 40 Dare used to explain 1¥, 

lH~ lS, and lH + lS inversion driving. 
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The Best Systems for Implementina the Inyentjon 

Using the accompanying figures, specific examples of the present invention will be 

described in detail below . 

. (Example I) 

Figure 1 shows an example of the configuration of a liquid crystal driver (liquid 

crystal driving device) according t~ the first example of this in~ention. _The first example 

concerns a combined.1 V/lH/lSflH + IS liquid crystal driver. This liquid crystal driver 

is known as a source driver which ~ves the signal lines and includes multiple (1 to N) 

signal driving means: For example, the first signal driving mean' includes switches 

(analog switches) 104, 110, 120. 130, 140; capacitors 150 and 152; and analog buffers 

170 and 172. The second slgnal 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 panel. for example. 640 x 3 .. In ·this case. it is acceptable to 
. . 

provide multiple liquid :crystal driver devices to drive these signal lines, or it is also 

acceptable to locate liquid crystal driver devices on _the top and bottom edges ofthe.liqui~ 

crystal panel and alternately connect lhe signal -line columns to the top and bottom 

drivers. Also, 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 

switch~s. 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 accomp~ished. ~e sampled voltage is held in capacitors ISO to 160 after 

passing through the switches that are on among switches 110 to 114 and 120 to 124. In 

this way, switches 104 to 108 and capacitors 1!50 to 160 in the present ex~ple provide 

means to sequentially s~ple and hold the vi~o signal. 

Analog buffers 170 to 180, in the fom1 of.an operational. amplifier connected to a 

voltage follower for ex: ample, have the function of buffering and ~utputting the sampled 

and held voltages from capacitors 150 to 160. For example, analog buffers 170, 174, and 

178 (the first analog buffer) buffer and outpu~ the voltages transmitted by switches 110 to 

114 (the first switching means) while analog buffers 172, 176. and 180 (the second 

. analog buffer) buffer and output the voltages transmitted by switches 120 to 124 (the 

second switching means). 
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In ordor to solcct the outputs of analog buffers 170 t<? 180, switches 130 to 134 

(the third switching means) and switehes 140 to 144 (the fourth switching means) which 

compose the selection means are connected~ the (?utputs of analog buffers 170 to 180. · 

Then. the outputs of analog buff en· 170 to 180 are transmitted to the signal lines through 

the switches that are on among switches 13Q to 134 and 140 to 144. 

Now, in this example, the· ~h potential and-low potential supply voltage to 

analog buffers 170 to 180 is controlled; and, using the counter voltage as a reference, 

shift control is achieved by shifting the range of the output voltage of analog b~ffers 170 

to 180 to either high potential or low potential. This shift control is achieved by 

controlling, by means of voltage supply controller 202 (see Figtire 30), the high and low . 

voltages applied to supply lines v{+ to V4'1" and Vl- to V4-. respectively, which are 

connected to analog buffers 170 to 180. 

Further, in this example, selection control of the output of the analog buffers. the 

output voltage range of wbicli has been shifted~ is carried out through selection by 

switches 130 to 134and140to144 (selection means). This selection control is achieved 
. . . 

by controlling. by means of switch controller 206 (see Figure 30), the voltages supplied 

to switch control lines Ll and L2. 

Next, control of s~tches 110 to 144 will be explained ~ detail. In this example, 

the on-off operation of the ~t switch 110 (SW! 1) and the founh 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 ~d second switch control 

lines Ll and L2. For example. in Figure 1, when _the second switch 120 is on.(closed), 

the third switch 130 is also on. Consequontly, a.t this time. the video signal voltage 

sampled by switch 104 is held by capacitor 152 after passing through switch 120. Also, 

the voltage held in capacitor ISO during the previous period is b~ered by analog buffer 

170 and then output to the signal line by way of the third switch 130. On the other hand, 

i~ 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 t~e example of the prior art shown in Figure 38, capacitors 2028 to 2034 could 

be charged with sampling voltages only during the period when the output enable_ signal 

was in effect and switches 2012 to 2018 were on. A:dditionally, it wu nccessmy to have 

separate capacitors for sampling,.2020 to 2026, and holding, 2028 to 2034. In contrast. in 

the present example, as explained above, by turning the switches on and off alternately, 

the capacitors can charge using an entire horizontal scanning period thereby allowing the 
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output of a precise display signal voltage. Additionally. it is possible to use the same 

capacitors for both sampling and holding. 

Figures 2 and 3 show examples of specific configurations of the liquid ~iystal 
driver shown in Figure 1. In Figures 2 and 3, however, shift register 100, level shifter 

102. and switches 104 io 108 shown in Figure 1 are omitted. As shown in Figures 2 and . . ' 

· 3, switches 110 to 124 ar~ composed of transmission-type transistors while switches 130 

to 144 are composed of n·type transistors. Through th~ establishment of i.pyerter. circuits 

182 to 187 in Figure 2 and the establishment of inverter circuits 188 and 190 in Figure 3. 

the configuration of the dri'vers 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 adiantageous in that the number of wiring connections to 

switch control lines LI and L2 can be decreased, and the constructionJ~f 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 supplied through four channels using supply lines Vl + to-V4+ for high potentials and 

supply lines Vl • to V 4- for ~o~ 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 ~d third sign~ driving means) through the fltst supply lliies Vl + and VI·; voltages 

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

signal line driving means (the second signal driving means) through the second supply 

lines v2+ and V2-; voltages. are supplied to the first analog buffer 174 included in the 

even-numbered signal driving means through the third supply lines VJ+ and V3:; and 

voltages are supplied to the second analog buffer 176 included i~ the even-numbered 

signal driving means through the fourth supply lines V 4 + and V 4·. The supply voltages 

corresponding to these ~upply lines are controlled by means of the supply voltage 

contr0lle~ 202 (see Figure 30) eonnected 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 sh~fted to high potential 

using the counter voltage (conunon voltag~) as a reference; and negative polarity analog 

buffers are buffers ln which the output voltage range has been shifted to low potential 
u'sing the counter voltage as a reference. As mentioned previously, the liquid crystal 

elements degrade under direct current driving so that it is necessary to inveit the polarity 
of the voltage applied to the liquid ciystal elements at regular intervals. In ~e present 

example, this polarity inversion is realized by controlling the values of the supply 
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voltages to the analog buffc~s through supply lines Vl-t- to V4 ... and VI- to V4- 81\d 
switching between positive polarity analog buffers and negative polarity analog buffers • . 
In this example, it is possible to realize IV, lH, IS, and·IH +IS inveision driving from a 
single liquid ciystal driver using co.ntrol of supply voltages to supply lines VI+ to V 4 + 
and Vl- to V4- and the control of switch control lines Ll and L2 described above. How 

· IV. lH. lS. and lH + IS inversion driving can be realized using liquid ciystal drivers 
having the configuration shown~ F'"i.gure 1 will be explained below. 

(1) IV Inversion (F~am.e Inversion) Driving 
1 V inversion driving is a driving method as shown in Figure 40 A discussed 

previously. Using this driving method, it is possible to suppress the generation of line 
· nonunifonnity .. Fi&ure 4 is a timing chart.for achieving IV inversion driving with the 

liquid crystal driver of Figure 1, and Figure S explains the liquid ciystal driver operation 
in such a case. Jn Figure 4, on and off conditions are shown for switches such as SW 11 
and SW31; but, tor rile circuit confiFdtions in Figures 2 and 3, the on and off conditions 
shown in Figure 4 correspond to high level and low· level, respectively.· 

First, as shown in Figure 4,.$luring the vertical blanking period, switch~ SWl 1, 
SW3l, and SWSl as well as SW21, SW41. and SW61 are all o~ while switches SW12, 
SW32, and SW52 as well as SW22, SW42, and SW62 are all off. Accordingly, the 
display signal voltage is not supplied to the signal lines. 

Additionally, during the vertical blanking period, supply lines Vt+ to V4+ ~d 
VI- to V4- are all 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 between VDD and_ VSS, current flows vi~ this constant. 
cUirent supply. As in the.present example, however, the potential difference between 
VDD and VSS vanishes if VDD and VSS are fixed at ground potential; and, since no 
c1,1rrent flows via the constant current supply, it is possible to decrease power 
consumption. During the venlcal 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 
sc~en display. Meanwhile, since the analog buffers are arranged to correspond to each 
signal line, if. the power consumption of an~og buffers 170 to 180 is decreased, the 
power consumption of the entire liquid crystal panel can be ~reased substantially. As.a 
result. in the rev~e case under ponnal operating conditions, it is possible to inc~e the 
amqunt 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. Fwther. in_ this 
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case, the power supply whieh fixes VDD and VSS at ground potential can also be used 

when analog buffers 170 to 180 are in nonnal operating condition. Therefore, this 

example also has the advantage that it is not necessary to generate a new supply voltage 

to set VDD and VSS to fixed values.. Further, in this example, the reason this type of . 

treatment can be easily realized is that it is possible to use supply voltage controller 202 

which is already present for polarity inversion in analog buffers 170 to 180. The choice 

of fixed potentials for VDD and· VS$ is not limited to ground potential. and it is possible 

to use various other potentials.· 

Next, entering the vertical scanning period, during the first horizontal scanning 

period, switches SWl l, SW31, ·and SWSl as well as SW22, SW42, and SW62 are on 

while switches SW21, SW41. and SW61 as well as SW12, SW32, and SWS2 are off. · 

Under these conditions, switches iM, 106: ·~d 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 SWll, SW31, and SW51. 

At this point, since switches SW12, SW32, and SW~2 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 example, because the scan lines (SCAN in Pigure 4) are unselected during 

the first horizontal ~period as shown i~ Figure 4, an eITOneous display does not 

appear on the liquid crystal panel. In other words, in the present example, after the· 

sample and hold during the first horizontal scanning period of the vertical scanning 

period.is finis~ed. when the third switches 130 to 134 or the fourth.switches 140 to 144 

become conducting, the select voltage (voltage to select whether or not the .applied 

voltage is supplied to the liquid crystal element) 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 erroneous display even when sample and hol~g is active. 

· Tho 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 e~ple, prior to entering the vertical scanning peridd, the supply . 

lines v1+ and VJ+ as well as v2+ and V4+·are set to a level of Vb while Vt- and V3- as 

well as V2- and V4- are set to ground lev:el. As a result, ell of e.nalog buffers 170 to 180 

are negative polarity analog buffers. In other words, it is possible to establish the analog. 

buffers such that the output voltag~ range is shifted to lower potentials using the counter 

voltage (common voltage) as a reference. 



" 

-23-

Next. entering the second horizontal scanning period, this time switches SWll. 

S\'V3l. and SWSl as well as SW22, SW42, and SW62 are off while switches SW2L 

SW41, and SW61 as well as sw12. SW32, and SWS2 are on. Under these conditions, 

switches 104, 106, and 108 sequentially tum off 4uring one horizontal scanning period; 

and the sampled video signal voltages are sequentially held by capacitors 152, 156, and 

160. 

At this time, since switches SW12, SW32. and SWS2 are on, the voltages held in 

capacitors 150. 154, and 158 duri~g the first horizontal scanning period are output to the 

signal lines through analog buffers 170. 174~ and 178. In this ease, as shown in Figure 4, 

because the first scan line is effective (se~ect), 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 outputto the si_gnal lines. 

. The switching action of the switches as ~eScribed above is repeated until all the 

scan lines are scanned; and once the last scan line is scanned, the vertical blanking period 

is again entered and all of VI+ to V4+ and VI- to V4· are set to ground potential. 

Following this, prior to entering th~ next vertical scanning period, supply lines Vl + and 

VJ+ as well as v2+ and V4+ are set to a level of Va while VI- and V3· as well as V2- and 

v 4- are set to 8: level of v d. As a result, all of-analog buffers 170 to 180 are positive 

polarity analog buffers. In other words. it is possible to establish the analog buffers such 

that the output voltag~ range is shifted to higher potentials using the coun~r voltage 

(common voltage) as a reference. Thus, the analog buffers which were set to negative 

polarity during the previous vertical s~ period are set to positive polarity and IV 

inversion driving is achieved: . 

Here, the relations between Va. Vb. and Ve are, for example, 

Va-Vd=Vb-GND 

Va>Vb 

Vd>GND. 

Additionally, if the analog buffers are p-type, the common voltage Vcom can be set in the 

neighborhood ofVd for example (see Figure 34B). In this case. Va, Vb, and Vd, are, for 

example,.20 V, IS V, and S V. On the othef hand, if the analog buffers are n-type. the 

common voltage V coni. can be set in the neighborhood of Vb for example (see Figure 

34C). Of course, the supply ~oltage shift, as shown in Figure 34A is also possible, as 

long as the supply voltage is 'Controlled· such that at the least the output voltage range of 
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the analog buffers is shifted to higher potentials or lower potentials using the counter 

voltage as a reference: 
A schematic representation of the operation of 1 V inversion driving for the 

present example is shown in Figure S. The following occurs during the first vertical 

scanning period. First. the voltage held during the fll'St horizontal scanning period is 
buffered in analog buffer 170 and output via switch 130 during the second horizontal · 

scanning period. Here, ~ause analog buffer 170 is negative polarity as a result of 

aupply .voltage control, ~ output voltage ~of analog bUffer 170 is also negative; and 
n~gative voltage with respect to the counter vol~e reference level is applied to the liquid 

crystal element. Next, the voltage sampled and held during the second horizontal 

scanning pe~od is buffered by negative po:larity analog buffer 172 and output through 

switch 140 during the third horizontal scanning period. This negative voltage is applied 

to the liquid crystal element. 
Upon ~ntering 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 bufft?r 172 during the third 

. horizontal scanning period. As a result of the above process, 1 V inversion (frame 

inversion) driving can be achieved. In Figure 5, 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) lH Inversion (Scan Linc ·Inversion) Driving 

lH 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 
dur~ng the display of moving images can also be prevented. In particular, this method is 

effective when employ.ing non-linear active elements (such as polyciystalline TFTs and . 

MIMs for e~ple) with large off leakage currents. Flicker can.be suppressed to a lower 
level using this driving method in comparison to lS inversion driving. Figure 6 shows 
the timing chart for achieving lH inversion driving with the ~iquid"crystal driver of 
Figure 1. The differences ~tween 1 V invcraion driving of Pigurc 4 and lH inversion 
driving of Figure 6 are as described below. First, in contrast to the fixed on-off sequence 

of switches in Figure 4, the on-off sequence of switches in Figure 6 differs with each 

vertical scanning period. In other words, in Figure 6, during the first vertical scanning 
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period. switches SWll, SW31, and SWSl as well as SW22, SW42, and SW62 are 
initially on, then switches SW2l, SW41, and SW61 as well as SW12, SW32, and SWS2 

turn on. During the second vertical scan~ng period, however, switches SW21, SW41, 
and SW61. as well as SW12, SW32, and SW52 are initially on, then switches SWU, 
SW31, and SW51 as well a5 SW22. ·SW42, and SW62 tum on: The on-off sequence of 
switches alternates in this fashion after each vertical scanning period. 

Additionally, the control of,upply voltages to analog buffers 170 to 180 differs as 
described below; In Figure 4. supply voltages to supply lines VI+ to V4+ and VI· to V4~ . . 
switch after every .vertical scanning period from Vb level and ground level to Va le~l 
and Vd level. In contrast, in Figure 6, VI+ and V3+ are fixed at Va level, Vl ·and V3· 
are fixed at Vd level, V2+ and V4f" are fD!;ed at Vb level. and V2- and V 4:- 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 ls 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 positive polarity while the other analog buffer is of negative 
polarity. That is, analog buffer i70 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 accomplished by positive. polarity analog butter 170; and, during 

the third horizontal scanning period, the voltage applied to the liquid ccystal is negative 
since the buffering. is accomplished by negative polarity analog buffer 172. As a result. 
the voltage applied to the liquid ccystal __ changes between positive and negative polarity 
aft.,r each scan line. 

·Further. during the fimt vertical scanning period, the .sequence of switching is 
such that initially switches 110 and 140 are on, then s~tches ~20 and 130 turn on. In 
contrast, during the second vertical scanning peri4?d, the ~uence of switching is such 
that initially switches 120 and qo are on, then switches 110 and 140 turn on. Thus. the 
polarity of the liquid crystal applied voltage invens between the first vertical scanning 
period and the second vertical scanning period. 

In the manner above, lH 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 me· 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 bu~fers 170 to 180 after each vertical scanning · 
period as shown in Figure 8 is acceptable. IH inversion driving can be achieved through 
this second method as well. 
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(3) lS Inversion (Signal Line Inversion) Driving 

IS inversion driving is a driving method as shown. in Figure 40 C discussed. 

previously. Using this driving method, liquid crystal panel flicker and cross-talk in the 

horizontal direction can be prevented. Additionally. the appearance of horizontal stripes 

during the display of m.oYi~ images can also be prevented. This method is panicularly 

effective for remedying the brightness gi-a.dient problem caused by parasitic resistance of 

the interconnect electrodes, and is an appropriate driving method for large liquid ~iystal 

panels. · Figure 9 shows the timing chart for achieving lS inv~on driving with the 

liquid cry~ driver of Figure 1. ~ diffe.iences between IV inversion dri~ng of Figure. 

4 and IS 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. ~ Figure 4, the supply .voltages switch after each vertical scanning 

period, but the same supply voltage is provided io all analog buffers within a single 

vertical scanning period. In contrast, in Figure 9, the voltage supplies for v1+ and v2+ 

~both at Jevel Vb, and the voltage supplies for VI· and v2- are both. ill ground level. 

Further, the voltage supplies of v3+ and V4+ are both at level Va, and the voltage 

supplies for V3- and V4· are both at level Vd. Accordingly, -~og buffers 170, _ 172, 178, 

and 180 become negative, and analog b\lffers 174 and l 76 become positive. In other 

words, when considering the analog buffers in pairs which output display signals to a 

single ~ignal line, both analog buffers haye th~ same polarity, but the analog buffers of 

the adjacent pair are both of opposite polarity to that of the first pair. As a result, it is 

p4>ssible to invert the polarity of the analog buffers after every signal line. Further, as 

shown in Figure 9, sin~ the supply voltages ~ft after each vertical scanning period, Che 

polarity of all the. analog buffers is inverted af'.t.er each vertical scanning period. 

The operation de~cribed 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 butters 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 rev~rsed between the first vertical scanning period and the second 

vertical scanning period. In the manner above, lS. inversion driving can be achieved. 

(4) lH + lS inversion (Dot Inversion) Driving 

lH + IS inversion driving is a driving. method as shown in Figure 40 D 

discussed previously~ Using this driving method, liquid crystal panel flicker and cross­

talk in the horizontal and vertical directions can be prevented. Additionally. the 
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brightness gradient problem caused by parasitic resistance of the interconnect electrodes 

can be solved: and. since there is little current exchange ·with external circ::uits, it is 

possible to decrease the po~er consumed by the counter voltage generating circuit. 

Previously, in order to acbieve. lH + lS inv~rsion driving, complicated circuits and 

complicated control was necessary; but, in the present invention, it can be realized by a 
simple cireui.t such as that shown in ~gme 1. 

Figure 11 shows the timing chart for achieving lH + lS inversion driviq with the 

liquid ccystal driver of Figure 1. The differences between 1 V inver5ion driving of Figure 

4 and lH + IS inversion driving of Figure 11 are as described below. First. in Figure 11, 

the s~itch on-off sequen~ changes after each verti~ scanning periQd. For example, in 
•r" • • 

Fig\µ"e 11. in contrast to the first vertical sc.anning period in which switches SWl 1, 

SW31, and SWSl are initially on, switches SWll, SW31, and SWSl ~initially off 
during the second vertical scanning period. 

Additionally,.the control of supply voltages is also different. In contrast to the 

case for Figure 1 in which the supply voltages switch after every vertical scanning period, 

in Figure 11, VI+ and V4+ are fixed at level Va: Vi-~d V4- are fixed at level Vd~ v2+ 
and V3+ are fix¢ at level Vb; and v2· and V3- are fixed at ground level. As a result, 

analog buffers 170, 176, and 17~ ~fixed at positive polarity while analog 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, whiC?h fonns half the pair which outputs a display signal to a 
Single signal line, is or positive polarity while the other analog buffer 172 is of negative 
polarity. The positive and negative polarities are ~posed 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 i30.tum on. In contrast, during 
the second vertical scanning period,.tbe sequence is such that switches 120 and 130 are 

initially on, and then switches 110and_140 twn on. In this fashion, the polarity of the 

voltage applied to the liquid crystai is reversed from tl.>.e first vertical scanning period to 

the second vertical scanning period. 

In the manner above, lH + IS inve~ion 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 altema~ng 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 vertical scanning 
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pedod as mown in Figure t3 is acceptable. lH + IS inversion driving can be achieved 

through this second method as well. 

As de~bed above. by means of the present invention, it is po$sible to achieve all 

four types of driving methods with th~ single circuit configuration shown in Figure 1. As 

a result, it ls possible to easily cope with design changes; and it~ possible to realize a 

highly conventional optimum liquid .crystal driver as a standard device in which the scale 

of the circuits is not excessively large. 

(Bxample2) 

The configuration of a second example of this invention is shown in Figure 14. ,. . . 

The ~rut example relates to a liquid crystal driver for dedicated 1 V driving. In this 

example and those which follow, the shift register, level shifter, and sampline; switches 

are omitted from the explanations. As in the first example, there are two switch control 

lin~ in the second example. Switching control is achieved through switch control ~ine 

Ll for the flISt and third switches including 110, 130, 11~.132, 114, and 134 while 

switching control is achieved throuih switch control line 1..2 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 comm.on 

supply lines are controlled by supply voltage controller 202 (see Fiiure 30). 

Figure lS ·shows the timing chart for achieving ·1v inversion driving with t~ 

liquid crystal driver of Figure 14. The second ~p~e operates similarly to the 

operations explained in Figures 4 and 5. That is, IV tnverslon driving can be achieved in 

the second example if the supply voltage simply changes after each vertical scanning 

period such that the polarity of an&:Iog buffers 170 to 180 reverses after eac~ vertical 

scanning period. 

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

· the second example, the number of supply lines can be decreased; the supply voltage 

control is simple; and the scale of the circuit can be decreased. 

(Example 3) 

The configuration of a third exan1plc of this invention is shown in Plgure 16. The 

third example relates to a liquid crystal driver for dedicated lH driving. As in the first 

example, there are two switch control lines in the third example. Although there was a 

four-channel supply in the first example, in this third example there are Vodd+, Vodd-, 
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Veven"'" , and Veven· supply lines forming a two-channel system. The first analog buffers 

po, 174, and 178 receive supply voltages from the first supply lines Vodd+ and Vodd· 

whereas the ~ond ~og buffers 172. 176, and 180 receive supply voltages from the 

second supply lines Veven+ and Veven·. As a result, analog buffers 170, 174and178 

can be made to differ in polarity from analog buffers 172, 176, and 180. 

Pi~ 17 shows the timing ~hart for achievlng lH inversion driving with the 

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

·explained in Figures 6 and 7. In other words, in this third example, by preparing a two 

chan_nel supply voltage. the two analog· buffers which fonn a pair which outputs a display 

signal to a single signal line can be _made. to be of different polarity. Further, the switch 

on-off sequence changes after eacli verti~at·scanning period. As~ ~suit of these . 

mechanisms, lH inversion driving can be realized. In comparison to the first example. 

the number of supply lines can be decreased; the supply voltage control ~ simple; and the 

scale of the circuit can be decreased in the third example. Further,, using lH inversion 

driving. it is possible to produce high-quality liquid ciystal displays. 

(Bxample4) 

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 IS driving. As in the 

first example, there are two switch control lines iJi" the foQrth example. Although there 

was a four-channel supply in the first example. in this fourth example there are V12+ • 

v12- , VJ4+ , and V34- supply lines fanning a two-channel system. ·The first and second 

analog b~ffers 170, '172, 178and180 included in the odd-numbered signal driving means 

~ive supply voltages from the first supply li~es y12+ _and 'V12· whereas the first and 

secon4 analog buffers 174 and 176 included in th~ even,-numbered signaldriving means 

receive supply voltages from the second supply lines" v34+ and V34·. As a result, analog 

bilffers 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 achieving IS inversion driving wieh the 

liquid crystal driver of Figure 18. The fourth example ~pera.teS similarly to the operations 

explained in Figures 9 and 10. In other words. in.~is fourth example. first, by preparing 

a tw:o-channel supply voltage, when considering the analog buffers in pairs which ou~put 

display 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 o'f the f"ust 

pair. Additionally. the supply voltages are shifted after each vertical scanning period, and 

the polarities of all the analog buffers are reversed after every vertical scanning period. 
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As a result, lS inversion scanning can be realized. In comparison to Che first example, 

the number of supply lines can be decreased; the supply voltage control is simple; and the 

scale of the circuit can be decreased in the fourth example. Further, using IS inversion 
driving, it is po~le to produce high-quality liquid crystal displays. 

{Example 5) 

The configuration of a fifth example of this invention is shown in Figure 20. 
rhe fifth example relates to a liquid crystal driver for dedicated lH + lS driving. As in 
~ first example, there are two switch control lines in the fifth example although the 

means of connection are different from the first example. ~e switching control of the 

first and third switches 110. 130. tl4. and .134 included in the odd-numbered signal 

driving means as well ~ the switching control of the second and fourth switches 122 and 
142 included in the even-numbered ~ignal driving means are controlled by the first switch 
control Un~ Ll. The sWitching control of the fust 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-channel supply in the first ex~ple. in this fifth ex~ple there are Vodd+, 

Vodd· , Vevcn+, and Vevcn- supply lines forming a tw~-channel system. The first 

analog buffers 170. 174, and 178 receive supply voltages from the first supply lines 

Vodd+ and Vodd· whereas the second analog buffers 172, 176, and 180 receive supply 

voltages from the second supply lines Ve~en+ and Veven· . As a result, analog buffers· 
170,. 174, and 178 can be made to differ in polarity from analog buffers 172, 176, and 

. 180. 

Figure 21 shows the timing chart for ~hieving lH +. lS inversion driving with 

the liquid crystal driver of Figure 20. In addition, Figure 22 schematically shows t~e 
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 polariti~ in · 

pair 170 and 172 and pair 174and176 are different. And, grouping the four switches 
corresponding to a single signal line into o~_e group, the switch on-off sequence can be 
made to dlffer for the neighboring group of switches. For example, the switch on ... off 
sequence for switches 11.0, 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, lH + lS inversion scanning can be realized. 
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In order ~ invert the pol~ty of th~ voltage applied to the liquid ccystal after 

each vertical scanning period, not only the method of alternating the on-off sequence of 
switches after each vertical scanning period as shown in Figure 22, but also the method of 
changing the polarity of all the analog buff~ after each vertical scannfug period as 

shown in Fi~re 23 is acceptable. IR+ lS inversion driving can be achieved through this 
second method as well 

In comparison to the first example, the number of supply lines can be decreased; 

the switch and supply line contro~ is simple; and the scale of the circuit can be decreased 
in the flfth example. Further, using IH + lS inversion driving, it is possible to produce . 

high-qualio/ liquid crystal displays. 

(Bxample6) 
The configuration of a sixth example of this invention is shown in Figure 24. The 

sixth example relates to a liquid crystal driver for combined lH/ lH + IS driving. Jn 

. ·Contrast to the first ~ample, there are four switch control lines in the sixth example. 
. ' . 

Switching control of the first and third switches 110. 130. 114. and 134 included in the 

odd-numbered sign~ driving means is achieved through the first switch control line LI; 

and switching control of the seeond and (ourth switches 120, 140, and 124 i_ncluded in the 
odd-numbered signal 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 thC third switch control line L3; and . . 
switching control of th~ second and fourth switches 122 and 142 included in the even­
numbercd signal driving means is achieved through the fourth switch control line IA. 
Con8equently. it is possible to change the switch on-off sequence 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 ~f switches different. Although a four-channel vol• 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 linesVodd+ and Vodd· while 
supply voltages~ provided to the second ~~alog 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 polari~y than analog buffers 172, 176. and 

180. 

Figure 25 shows the timing chart for achieving lH inversion driving with the 

liquid crystal driver of Figure 24. Since the tirhing chart in Figure 25 is identical to the 
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timing chart in Figu~e 17 described previously, a. description of the operating method will 
be omitted. Further: Figure 26 shows the timing chart for achieving 1H + 1S inversion 

driving with the liquid crystal driver of Figure 24. Since the timing chart in Figure 26 is 
ldencical to the timiiig chart in Figure 21 described previously, a description of the 
operating method will be omitted. 

In EXamples 1 tbroUih 6 described abo'(re, explanations about the configurations 

of drivers for combined lV/lH/lS/lH + lS driving, dedicated lV driving, dedicated lH 
driving, dedicated lS driving, dedicated lH + lS driving, and eombined- lH/lH + lS 
driving have been presented. Liquid crystal ~vers aside from these can also be achieved 

using the various configurations presented in Examples 1 through 6. For example, as· 
shown in Figure 27, adriv~ for combin,edJV/lS driving (#6) has the same configuration 

as that shown in Figure 18 (#3). Figure 28 shows th~ timing chart for achieving lV 

inversion driving usmg a combined 1 V/lS driver (which has the same configuration as a 

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

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

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

buffers. Similarly, a combined 1 V /IH driver (#S) has the same configuration as that 

sho~n in figure 16 (#2}; and a combined 1 V/lH + IS driver (#7) ~as the same 

confi&Uration as that shown in Figure'20 (#2). 

further, a combined lV/lH/lH + lS driver (#12) has the same configuration as 
that shown in Figure 24 (#9). Figure 29 shows the tin;tlng chart for achie\ring IV 
inversion ~iv.ing using a combined 1 V/lH/lH + lS Qriver (wbi~h has the same 

configuration as a combined lH/lH + IS driver). As shown in Fig~re 29. 1 V inversion . 
driving can be achieved by simply providing the same supply voltages to all tbC? analog 

buffers, shifting the supply voltages after each vertical scanning period, and reversing the 
polarit)'. of the analog buffers. · 

Additionally, drivers for combined lH/lS driving (#8)~ combined lS/lH -1- lS . . . 
driving (~10). combined 1 V/1WIS driving (#11), combined I V/lS/lH ~ IS driving 

(#13), and combined. lH/lS/IH + IS driving (#14) have the same configuration as that 

shown in Figure 1 (#IS). This is because at least a four-channel voltage supply is 

necessary· in order to achieve both lH inversion driving and 1 S inversion driving, or both . . 
lS inversion driving and lH + lS inversion driving. 

(Example?) 

The seventh example relates to liquid crystal driver control circuits. Figure 30 

shows an example of the configuration of control circuits for controlling combined 
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l V /lWlS/lH + 1 S driver 200. The control circ~its in this cxampie Include supply 
voltage generator 201, supply voltage c~ntroller 202. counter 204, switch controller 206, 
and video signal generator 208. Supply voltage generator 201 includes buffers 210 
through 216 and resisl8Jlces 218 thiough 222. Voltages VA and VB are voltage divided 

by resistances 218 to 222, the divided voltages are then buffered by means of bJ,lffers 210 

·to 216, and then output to supply voltage controller 202. In this manner, four-channel 
supply voltages are generated for supplying supply lines Vt+ to V4+ and Vl· to V4-. 

Signals DR1v. DR1s, DRV1u. and DRV1u+1s are provided for determining which 
driving m~thods of lV, IS, lH,_ and lH + lS are to be selected. Based on signals DR1v. 

DR1s. DRV lH· and DRV iH+1s, supply ~oltage controller 202 controls ~e values of the 
supply voltages provided to supply lines VI+ to V4+ and v~- to V4·. By control of these . . 
supply voltages, the polarity of the analog buffers.can be controlled. Similarly, based on 

signals DR1v. DR1s, DRV 1H, and DRV rn:+1s, switch controller 206 controls the switch . . 
on-off functions using switch control lines Ll and L2. By this type of control, it is 

possible ·to control the switch on-off sequences. 

Based on sign~s VSYNC, HSYNC, and EXTCLK, counter 204 controls.~e on­
oft fUnctions of switche$ 230 to 236. 

Video signal generator 208, in addition to generating the video signals which must 

be input to combined IV/lH/lS/lH +ts driver 200 also perfonns levei shifting and other 

functions of the generated video signals. For example, when the analog buffer outpu~ 

voltage range shifts, it is also necessatj to shift the video signal voltage level. Video 

signal generator 208 can also perform this type of level shift function. 
Figure 31 &hows an example of the configuration of an entire liquid crystal p'anel . . . 

250 including the combined lV/lH/lS/lH + lS driver 200. Gate driver 242 drives scan 

lines 252 to 258 which are connected to the gate electrodes ofTFI' 266. Additionally, 

combined 1 V/lH/lS/lH + IS driver 200 drives signal lines 260 and 262 which are 
connected. to the source regions ofTFf 266.·These drivers are ~ntrolled by control 

circuits 240, and this control makes possible a liquid crystal display using liquid crystal 

268. In this case in the pre~ent example, combfaed lV/lH/lS/lH +IS driver 200, 

control circuits 240, and gate driver 242 are integrated upon .liquid crystal panel 250. By 

means of such integra~ion. it is possible to dr_~atically decrease the size and cost of a 
liquid crystal display. In this oase, it is necessary to have these liquid crystal drivers 

composed of TFI's as well. Therefore. in this case, particularly, it is desirable to have 
liquid crystal drivers composed of relatively high mobility poly (polycrys~line) silicon 

TFTs. 

't• 



.34. 

Although Figures 30 and 31 show the configuration of control circuits and liquid 
crystel panels coaesponding to a combined lV/lH/lS/lH + lS driver, the configuration 

of control circuits and liquid crystal panels for other combined drivers or dedicated 

drivers is the same. Also, although Figure 31 sh~ws liquid crystal drivers and control 

circuits all integrated on liquid cijstal panel 250, it-is also acceptable to have only one 
pan integrated. It is also acceptable-to have the combined lV/lH/lS/lH + lS driver 

composed of single crystal CMOS transistors and provided on the periphery of the liquid 

crystal panel. 

(Example8) 
..• 

.-
When the liquid crystal drivers are integrated on the liquid crystal panel as in 

Figure.31, the analog buffers are comprised ofTFfs (thin film transistors). The eighth 

example relates to analog buffers composed of TFTs. 
There are differences between TFT analog bUffers and single cryst81 CMOS 

analog buffers as described below. First, for TfTs compared to single crystal CMOS~ the 

region over which the output voltage is roughly linear with respect to the input voltage is 

extremely narrow. In comparison to the cai;e for single crystal CMOS in which the linear 

range with respect to supply voltage is about 70%, the range ls only about 40% for TFTs. 
The reasons for this inclu~ the fact that for TFfs, the AIDS/t.VDS 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 cmrent supplies integrated in the buffers are worse than for single crystal 

CMOS. Additionally, the threshold voltage for Tf!s is higher than for single crystal 
CMOS leading to the need for a high voltage of 12 V or higher for the driving voltage. 

Finally, the offset values for TFr buffers are larger than for single crystal ·CMOS buffers· 

and can be around 500 m Vin 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 comp~sed of TFfs. Figures 33A and 33B show examples of the 

configuration of p-type and n.:.type analog buffers. respectively. As shown in Figure 33A. 
the p-type malog buffer consists of the differentiator 300 (differential stage) and the . 

driver 310 (driving qieans), and the driver 310 includes·p.channel driving tranSistOr 312. 
In differentiator 300, the voltage difference between the input voltage and the output 

voltaa:e is amplified. The output of the differentiator 300 is connected to the gate . . 
electrode of the p-channel driving transistor 312, and the output .voltage of the p-type 

analog buffer is output from ~e di-ain region; The output of the p-type analog buffer i~ 
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input into the minus terminal of differentiator 300 (gate electrode of uansistor 308). In 
other words, this analog buffer is composed of a source follower connected to an 
operational amplifier. Transistors 309 and 314 are constant current sources (or 
resistances). 

. . 
As shown in Figure 33B, the n-type analog buffer consists of the differentiator 

320 and the driver 330. ·and the driving region 330 include& "n-channel driving transistor 
334. In this fashion, in the p-type analog buffer the output voltage is driven by p-channel 
transistor 312; and, in~ n-type analog buffer, the output voltage is driven by n-_channel 
transistor 334. 

As can be understood from the input-output characteristics in Figure 32, the linear 
region of '.fF'f analog buffers is extremel1-_nam>w. This linear region occur& at low 
voltages for p·typ«? analog buffers and at high voltages for n·type analog buffers. ~so, 
again as shown in Figure 32, the value of the offset voltage Voff is very high for TFT · 
analog bu(fen. 

As mentioned previously. when driving a liquid crystal using analog buffers, it is 
necessary to ipvert the voltage appli~ to the liquid ccystal 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 ls also possible to 
consider a method in which a p-type analog buffer is used for negative polarities as 
shown in Figure 33A. and an n-type analog buffer is used for positive polari~es as shown 

· in Figure 33B. Using this method, it is possible to fabricate analog buffers with a low 
break-down process. In this medlod, however, because of differences in the 
characteristics of p-type and n-type analog buffets, the problem of display quality . 
degradatio~ arises. This is a reSult bf the difference between the offset values for p-type 
and n-type analog buffers which gives rise to display signal distortion. Additionally, in 
sucJt 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 l to 6 is 
difficult. 

In order to solve the problems mentioned above, a method which shifts the supply 
voltage from VDDH and VSSH to VDDL and VSSL, or, con:versely from VDDL and· 
VSSL to VDDH and VSSH as shown in Figure 34A ~n be considered. Iil this case, the . . 
video signal also is level shifted to match these shifts in supply voltage. Consequently, 
by shifting the supply voltage to VDDH or VSSH and VDDL or VSSL, it is possible to 
make the an3Iog buffers positive or negative, respectiv.ely. As a result, it is possibl~ to 

apply a voltage whose polarity s~itches· between positive and negative with respect to the 
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counter voltage to the liquid crystal element. This method is similar to the prior art 

described in Japanese Unexamined Patent Application Heisei 6-222741. In this method, 

VDDH, VDDL, VSSH, and VSSL are symmetric about Vcom. 
This method. however. is good when the analog buffers consist of single crystal 

CMOS transistors, but not so good when the analog buffers consist of TFI's. This is 
because TFI" analog buffers have narrow linear regions as shown in Plgure 32 with the 

result being that it is necessary to c&rry out buffering in the method sho~ in Figure 34A 

using the nonlinear regions. Buffering with nonlinear regions leads to extreme cleereases 
in display quality. 

Consequently, in this example, k~ing in mind the input and output 
characteristics of TFI' analog buffers as shown in Figure. 32, a method which shifts the 
supply voltage as shown in Figure 34B when·using p-typC anafog 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 relations~p between 
the input ~d output voltages is approximately linear, 31.'e controlled. When the input 

voltage amplitude has been shifted, this supply voltage control can bC realized by 

controlling the high potential and low pc>tential supply volta:ge so that the voltage 
amplitude is included in the Hnear region. 

More specifically, in Figure 34~, let the supply voltages provided to the analog 

buffers shift between, for example, Vdd ~ 15 V, VSS = O V and VDD = 20 V~ VSS = 5 

V. The counter voltage VCQm is about S V. Therefore, when Veld = 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 polarity 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 buff~. By alternately switching the analog buffer polarity between 
positive and negative, al_tematlng current dri~ng with respect to ~e liquid crystal is 
possible. In Figure 35A, the p-type analog buffer input/output ~haractcristics are shown 

when the supply voltage shifts as described above. When the p-type analog buffer is used 
with negative p0larity, the supply volt~ge 11l:iige is as shown by X in Figure 35A. A$ can 
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 ~ 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 3SA. Here. as can 
be clearly seen from the figure, because the input voltage range from 6 V to 9 V is linear, 
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it is poHible to buffer video signal 344 in Figure 34B using a linear region and a precise 
2fay-scale display is possible. 

Additionally, in this case, the offset values Voffa and Voffb shown inFigure.3SA 
are ~e ~ame value. Thi~ is because the curves Xl and YI in Figure 35A are curves from 
the same p-type analog buffer with only a supply voltage ~ft. When the offset value 
Voffa when the analog buffer ha8 n~gative polarity ~d the offset value Voffb when the 

analog buffer has positive polarity· are identical. by adjusting the counter vol~ Vcom 
value by only Voffa = Voffb, the effect of the offset voltage cai1. be canceled and it is 
possible to prevent distortion of the video signal arising from buffering by analog buffers. 

As shown in Figure 34C in which the analog buffer is used as an n-type device. it 
.r 

is again possible to buffer the video signal"with the linear regio~ in exactly the same way 
as described above. The analog input/output characteristics for this case are shown.in 
Figure 3SB. 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 6 V and 9 V. At· 
this point, in order to transmit this video signal to analog buffers 170 to 180 via switches 
~04. 106, and 108 in Figure l, for example, it is necessaiy to increase the output of level 
shifter 102 to higher than 10 V--for example, a voltage of around 15 Vis 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 effeet" when the video signal is in the range of 6 V to 9 v: ·. 
Consequently, in this case, the· liquid c.cystal drivers require supply voltages of-10 V to 
15 V leading to a situation in which the TFrs comprising the liquid crystal drivers cannot 
withstand the voltages. In contrast, when p-type analog butters are used, with VDD = 20 

V and VSS = S V, since the video signal 342 swings ~ithin the range of9 V to 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 oi level shifter 102 without difficulties. Additionally, 
when VDD = IS V and VSS = 0 V. since .video signal 340 swings between I V and 4 V, 
s~itches. 104, 106. and 108 can tum on and off by mean.8 of the output oflcvcl 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 TFf breakdown c~ 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 l to 8 described above. Various 

modified examples are also possible within the range of the main points of this invention. 
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For example, although the configuratlon·of this example has two analog buffers 

and four switches for each signal line, the present invention is not 1imitBd to this; an:d it is 

possible to use various other configurations. For example, switches 110 and 120 in 

Figure 1 can. be substituted by a single switch or a confJ.gUration with three or more 

analog buffers could also be med. Additionally, the analog buffer output selection means 

are not limited to confi:gurations such as those with switches 130 and 140. 

. Further. as for the case in which the select voltaae (SCAN in Figure 4) becomes 

effective (select) when the applied voltage from the signal drivhig means talces 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 
~ r ·-- . 

configuration as described in Figure 1 and others, but is applicable to liquid crystal: 

driving devices with various configurations. 

In ~s inventio~ it is also .acceptable to pla.Oe the liquid crystal drivers described 

in the preceding examples at the top and bottom edges of the liquid crystal panel and 

altetnately 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 liqui~ crystal drivers integrated on the 

liquid crystal panel). Here, combined drivers described in Examples 1 and 6 and Figure 

27 operated in the 1 V inversion driving mode, or dedicated 1 V drivers deScrlbed in 

Example 2 are ~ed as the first and second liquid crystal drivers 400 and 402. Odd­

numbered signal lines are connected to the signal driving means of the ~st 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 ~e 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 oucput of the first liquid crystal driver 400 is positive; and the output of the second 

liquid crystal driver 402 is negative. Then, during the second vertical scanning period, 

the output of the first liquid crystal drive~ 400 is negative; and the output of thC? second 

liquid crystal driver. 402 is positive. In other words: it is possible to achieve lS inversion 

driving as shown in Figure 40C using the 1 V 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 IH inversion driving mode. or 

dedicated lH drivers described in Example 3 are used as the first and second liquid 
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ciystal driycrs 410 and 412. By so doing, as shown in Figure 37, during the second 

hori~ntal scanning period of the first vertical scanning period, the outputs of the first and 

second liquid crystal drivers 410 and 412 are positive and negative, respectively. During 
the third horizontal scanning period,.the outputs are negative and positive, respectively. 

Dwing the second horizontal scanning period of the second vertical· scanning period, the 
outputs of the first and second liquid crystal drivers 410 and 412 are negative and 

positive, respectively; and, during the third horizontal scanning period. the outputs are 
positive and negative, respectively. In other words, it is possible to achieve lH + IS 
inv~ion driving as shown in Figure 400 using the lH inversion driving first and second 

liquid crystal drivers 410 and 412.,.. -. 
Whe~ using ~alog buffers in liquid ciystal drivers as explained in Exmnplcs 1 to 

6, for example, it is also not abs~lutely necessary to shift the supply voltage ·using the 
method shown in Figures 34B and 34C. For example, it is also permissible to:shift the 

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

analog buffers. Especially when the liquid ci:y$tal 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 permiss~le ~use configurations of the 
differmtiator 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 cari change depending on the TFT 
characteristics and the analog buffer circuit configurations. 

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

(1) A liquid crystal dri:ving device. which drives liqui~ cryst.al elements arrayed 
in a matrix by supplying a voltage to. a liquid crystal element. to the other side of which is 

supplied a counter voltage; 
and is charactcrlzcd by the ~l11sion of 1 to N (N ls an integer) signal driving 

means: which include a means for sequentially sampling and holding video signals; 

multiple-analog buffers, to which are applied high and low supply voltages, for buffering 
the.sample and hold voltages; and selection means for selecting any output from the said 

multiple buffers; .-
a supply voltage control means both for controlling the values of the said high 

potential supply voltage and the said low potential supply voltage which are supplied to 

the said analog buffers, as well as for shifting the range of the .~utput voltage of the said 
analog buffers to either high potential or lo'Y potential, using the said counter voltage as a 

reference; 

and a selection control means. for controlling the· selection by the said selection 

means of any output of the said analog buffers in which the output voltage range was 
shifted by said supply voltage control means. ··· 

. . 
(2) A liquid crystal driving device that drives liquid CJYStal elements arrayed in a 

matrix by supplying a voltage to a liquid crystal element, to the other side of_ which is 
supplied a counter voltage; 

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 

~d second switching m~s. 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 ~hich is transmit~ via the said secQnd 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 buffur and 
which turns on and off in conjunction with the said first switching means; 

8. SUpPly voltage control means Which controls the Values Of the high potential 

supply volta2e and the low potential s~pply voltage which are supplied to the so.id first· 

and second analog buffers and which shifts the range of the output voltage of the said first 

111111111111111111111111111111 
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and seeond analog butters to either high potential or low potential, using the said counter 
voltage as a reference; 

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

through fourth switching means. 

. (3) In Claim 2. 

the liquid crystal driving device wbich is characterimi by the fact that frame 
inversioQ. driving is performed by switching the shift directi~n of the said output voltage 

range of the said first and second analog ·buffers each vertical scanning period 
r 

by controlling the ~aid supply voltage control mc8:115· 

( 4) In Claim 2, 

the liquid Cl}'Stal 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 
via control of the·said supply voltage cont.rol means and 

by switching· the on-off seq~nce of the said first through fourth switching means .. 
each vertical scanning period . . 

via control .of the said switch control means. 

(S) In Claim 2, 

the liquid Cl}'S~ driving device which is characterized by the fact ~at scan line · 
inversion driving is performed by making the sh~ clliecti~ of the output voltage range 
of the said first and second analog buf~ers, which are included in a single said signal 
driving means, diffor from one anothor and by switching th~ sliifc directions of the output 

voltage range of the said firs.t and second analog buffers each vertical scanning period 
via cont:i'ol of th.e 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 

' lll\1111\11\1111\\ \11111\ \Ill 
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of the said first and second analog buffers, which are included ~ a single said signal 

driving means, the same while making the shift direction of the output voltage range of 

the said first and second analog buffers, which .are included in the adjacent said signal 

driving means, different, and by swi~hing the shift direction. of the o~tput voltage range 

of the said first and second analog buffers each vertical scanning period 

·via control of the said switch control means. 

(7) In Claim 2, 

the liquid crystal driving device which is characterized by the fact that dot 
.. -

inversion driving is performed 

by making the shift ~tions of the output volta&e range of the said first and 

second an~og 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 llqu~d 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, diff~r frOm one another; while also making the shift directions of lh;e 
output voltage range of the said first and second analog buffers, which are included in the 

adjacent said signal driving mcana, differ from one another; and switching the shift 
. . 

dir~tions 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. 

(9) In Claim 2, 

111111111111111111111111111111 
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the liquid crystal driving device which is characterized by the fact that dot 

inversion driving is performed 

· by making·the shift directions of the ouiput voltage rari.ge of the said first and 
second an~og 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 making the on-off seq~ence of the ~aid first tbrou2h fourth switching means, 

which are include<f in the adjacent said signal driving method, differ; and switching the . . . 
on-off sequence of the said first through fourth switc~g means each vertical scanning 

period .. r 
·-. 

via control of the said switch control means. 

(10) In Oaim 2, 

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

inversion driving is perfonned 

by making the shift directions _of the output vol~ge range of the said first and 

second ~alog buffers, which ate included in a single said signal driving means, differ 

from one 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 voJtage control means .· 

and by making the on-off sequences of~ said first through fourth switching 
means. which are ~ncluded 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 "'!hich is characterized by the fact that the.said 

supply voltage control means includes a means for controlling 
the first supply line, which supplies high potentiai supply voltage and low 

potential supply voltage to the said first analog buffer, which iS included in the. (2K-i) (K 
is an integer) 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-l) 

signal driving means; 
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the third supply line, which supplies high potential supply voltage and low 

potential supply voltage to the said fust analog buffer. which is included in the 2K signal 

. driving means; 
the fourth supply line, which supplies high potential supply voltage and low 

potential supply voltage to the said ~d analog buffer, which is included in the 2K 
signal driving means; 

and the v~ues of the high potential ·supply voltage and low potential supply 
voltage which are supplied to the said first through fourth supply lines; 

and is also characterized by the fact that the said switch control means ·includes a 

means for ~ntrolling 
·-. 

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

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

switching means; 
and the swit.ch signals. which are supplied to the said switch control lines 1 and 2. 

(12) In Claim 2, 
the liquid crystal driving device which is cbaracterized by the fact that 

the said supply voltage control means includes a means for controlling 

the supply line which supplies high po~tial. 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 ~upplied to the said supply line; 

and which is further characterized by the fact that 

the said switch control means includes a means for controlling 
switch control line 1. which controls the switching of the said first and third 

switching means; 

switch control line 2, 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 ~ and 2. 

{13) In Claim 2. 

the liquid ccystal driving device which is ch~terizcd by the fact that 

the said supply voltage control means includes a means for controlling 

111111111111111111111111111111 
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the f':arst supply line, which supplies high potential supply voltage and low 
potential supply voltage to the said first analog buffer;· 

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

and the value of the high potential supply voltage and low potential supply 
voltage which is supplied to the sud 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 co11:trol line l, which controls the switching of th~ said first and third 

switching means; 

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

switching means; 

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

(14) In Claim 2, 

the liquid crystal driving deyice which is characterized by the fact th.at 

the said supply voltage control means includes a means for controlling 

the first supply lin~. which supplies high potential supply voltage and low 

potential supply voltage to the said first and second analog b~ers. which are included in 
the (2K-1) (K is an integer) signal dri~ng means; . 

the second 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 signal driving means; 

and the value of ~e high potential supply voltage and low potential supply 

voltage which is supplied to the said first and second supply lines; 
and which is further characterized by the fact that 

the said switch control means includes a means for controlling 

switch control line 1, which controls the switchiiig 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. 

111111111111111111111111111111 
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C 15) In Claim 2, . 

the liquid crystal driving device which i:s characterized by the fact ~at 

the said supply voltage control means includes a means for controlling 
the. first supply line, Wbi<?h supplies high potential supply voltage and low 

pot~tial supply voltage to the said first analog buffer; 
the second supply line, wbic~ supplies high potcnti~ supply voltage and low 

potential supply voltage to the said second analog buffer: 
and the value of the high potential supply voltage and low potential supply 

voltage which is supplied to the said first and second supply .Jines; . 
·and which is further characterized .by the fact that 

.. r 

the said switch control means incluaes a means for controlling 
switch control line l, which controls the switching of the first and third switching 

means, which are included in the (2K-1) (K is an integer) signal driving means, and the 
second and fourth switching means, which~ included in the 2K signal driving means; 

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

line:s. 

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

( 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, ~hich applies high potential supply voltage and low 

potential supply voltage to Che said SCCQnd analog buffer; 
and the value of the high potential supply voltage and low potential supply 

voltage which is supplied to the said first and second supply lines; 
and which is further characterized by- the fact that 
the said switch cont~ol means includes a means for controlling 
switch control line 1, which controls the switching of the flrst and third switching 

means, which are included in the (2K-1) (K is an int~ger) 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; 

.. 111111111111111111111111111111 
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switch control line 3. which controls the switching of the first and third switching 

means. which are included in the 2K signal driving means;· · 

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

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

(17) In Claim 2, 

the liquid crystal driving -device which is characterized: by 

the inclusion of a SCIU1 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 seguen~ally 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 beoomes conductive after completion of the sample-and-hold in 

the ilrst horizontal scanning period of the vertical scanning period. 

(18) In Claim l, 

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 lo~ potential supply voltage at the time of the vertical 
blanking period. 

(19) In Claim 2, 

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

supply vol~e 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 ~e vertical 

blanking period: 

(20) In Claim 1, 

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

the fact that 

I 11111111111111111111111111111, 
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it is comprised of thin film transistors and chat it has a linear region in which the 

relationship of the said output voltage to the said input voltage is approximately linear; 

and that the said supply voltage control means controls the value of the said high 

potential supply voltage and said low_ potential supply voltage ~o that the amplitude of the 

said input voltage is included in the said linear region when the .amplitude of the said 

input voltage shifts. 

(21)· In Claim 2, 

the said analog buffer in a liquid crystal driving device which is clmacterized by 
.r 

the fact that 

it is comprised of thin film transistors and that it has a linear region in which the 

relationship of the said output voltage to the said input voltage is approximately linear; 

and that the said supply voltage control means controls the value of ~e said high 

potential supply voltage and said low potential supply voltage so that the amplitude of the 

said input vol~ge is included in the said lin~ region when the amplitude of the said 

· input yoltage shifts. 

(22) In Claim 20, 

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

the fact that 

it includes a differential stage in which thC? 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 differe~tial stage is input to 

the gate electrode and which has, at a minimUm. an n-channel diiving transistor whi~h . 

outputs said output voltage from the drain region; · 

and that the said supply voltage con_trol means perfonm 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) In Claim 21, 

111111111111111111111111111111 
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the said analog buffer in a liquid czystal driving device which is characterized·by 

the fact trult 
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 iii question is amplified and output; 

and a driving means in which the C?Utput of the· said ditf'erential stage ls input to 

the gate electrode and which has. at a minimum. an n-channel driving transistor which 

outputs said output voltage from the drain region; 

and that the said supply voltage control means performs control which shifts to 

the low potential side the value of the said high potential supply vol~ge 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 lin~ar region which is located 

on the high potential side. 

(24) In Claim 20. 

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

the fact that 

it includes a differential stage in which the said input'voltage and said output 

voltage are input and in which the voltage difference bet.ween the input voltage in 

question and the output voltage in question is amplified and output: 

and a driving means in which the output of th«? said differential stage is input to 

the gate electrode and which has, at a minimum, an p-channel driving transistor which 

outputs s.aid output voltage from the drain region;· 

· and that the said supply voltage control means performs control which shifts to 

the high potential side th~ value of the said high potential supply voltage and said l~w 

potential supply voltage so that whe~ 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. 

(25) In Claim .21. 

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

the fact that 
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lt 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 }H:hannel driving transistor which 

outputs said output voltage from the.drain region; 

and that the said supply volta2e 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 ampl~t9cle 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 characterized by the inclusio~ of a means 

for canceling the said analog buffer's offset value by adjusting the value of the said 

counter ".'Oltage . 

. (27) In Claim 21, 

a liquid crystal drivipg device which is 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. 

(2.8) A liquid cry~tal .display device which is characterized by the i~cl~ion of at 

least one of the said liquid crystal driving devices of any of Oaims 1 to 27 as well as 

multiple signal lines which are connected to a signal driving means of the liquid crystal 

driving device in question, multiple scan lines which intersect at the signal lines in 

question, liquid crystal elements which are arrayed in a matrix, and multiple thin film 

transistors for transmitting applied voltage to the liquid crystal elements in question. 

. (29) A liquid ccystal 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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crystal driving devices or to the signal driving means of the other of the liquid crystal 

driving devices, multiple sean lines which intersect at the signal lines in question, liquid 

crystal 'elements which are arrayed in a matrix, and multiple thin film transistors for 
transmitting applied voltage to the liquid crystal elements in question; 

the connection of the (2L-l) (Lis an integer) signal ljne to the signal driving 

means of one of the said liquid cr)rst;al driving devices as well as the connection of the 2L 

signal line to the signal driving means of the other said liquid ccystal device. 
and the shifting in the Qpposite direction, with reference to the counter veltage, of 

the output voltage range of the analog ~µffer which is selected in the signal driving ·means 

connected to the (2L-1) signal line._y.rith respect to the output voltage range of the analog 

buffer which is ~lee~ in the signal drivh;.g means connected to the 2L signal .line. 

(30) In Claim 28, 

a liquid crystal display device which is characterized by the fact that the said 

liquid ccystal driving device is integrated on the liquid ciystal 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 th&t 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 b~ffer, comprised of~n film transistors, to which high potential 

supply ~oltage 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 

1t_Vhich controls the value of the said high potential supply voltage and said low pote~tial 
supply voltage so that the said amplitude is included in the said linear region when the 

fluctuation range of the said input voltage shifts. 

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

a·differential stage in which the said in.put voltage and said outpU:t voltage arc 
. . 

input and in which the voltage difference between the input voltaae 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 n-channel driving transistor which. 

outputs said output voltage from the drain region; 

and is further charact~ by the fact that the said supply voltage control means 

~rforµis 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 th~ said amplitude is included in the said 

linear region which is loc.ated on the high potential sid~. 

(34) In Claim 32, 

an analog buffer whicp. is characterized by the fact that it includes 

it includes a differential stage in which the said input voltage and said output 

· voltage are input and in which the voltage differe~ce between the input voltage in · 

question and the output voltage ~ 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 is further characterized by the fact that the said supply voltage control means 

perfonns control which shifts to the high potential side the value of the said high potential 

supply voltage and said low potentiai supply voltage so that when the amplitude of the 

said input voltage shifts to the high potential side, the said amplitude is included in the 

said linear region which is located on the low potential side. 

(35) In Claim 32, 

an analog buffer which is 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. 

(36) A liquid crystal display device which is characterized by chc inclusion of an 

analog buffer of any of Claims 32 to 35, at least one liquid crystal driving device 
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containing the said analog buffer, as well as multiple signal lines which are connected to 

a signal driving mean$ of the liquid crystal driving device in question, multiple scan lines 

which intersect at the signal lines in question, liquid crystal elements which are arrayed in 

a matrix, and multiple thin film transistors for tr~mitting applied voltage to the liquid 

crystal elements.in question. 

(37) In Claim 36, 

a liquid crystal display device which is chara,eterized by the fact that the aaid 

liquid crystal driving ~vice is integrated on the liquid crystal panel, which is comprised 

by the said thin film transistors. . 

r 

(38) A liquid cxystal driving method which is characterized bf the fact that it is a 

liquid crystal driving method which drives liquid crystal elements arrayed in a matrix by 

supplying a voltage to a liquid crystal element, to the other side of which is supplied a 

counter voltage; 

which sequentially samples and holds video signals, buffers the sampled. and held 

voltage by means of multiple analog buffers which are supplied a hi&h potential supply 

voltage and a low potential supply voltage, and selects eithe~ output of the multiple 

analog buffers in question; 
. which, by conttolling the value of the said high potential 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 }?uffers to either the high p0tential side or the low 

potential side. using the said counter voltage as a reference, and controls the selection of 

either output of the said analog buffers in which the output voltage range shifted. 

(39) A liquid crystal driving method which is characterized by the fact that it is a 

liquid ccystal driving method which drives liquid crystal elements arrayed in a matrix by 

supplying a voltage to a liquid crystal element, to the other side of which is supplied a 

counter voltage; 

which sequentially samples and hol~s video signals; ~Smits the sampled and 

held voltages by the first and second switching means; buffers the voltages which are· 

transmittod via the said first swllChing means by the first an~og buffer; buffers the 

voltage which is transmitted via the said second switching means by the second analog 
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buffer; transmits the said first analog buffer's output by the third switching means. which 
turns on and off in conjunction with the said second· switching means; and transmits the 
said second ~alog buffer's output by the fourth switching means, which tums on and off 
in conj~ction with the said first switching means; 

which, by controlling the value <?f the said high potential supply voltage and said 
low potential supply voltage suppli~ to the said fust and Se90nd analog buffers, shifts 
the range of the outpuf voltage of the said first and second analog buffers to ei~er the 
high potential side or the low potential side, using the said counter voltage as a ref~rence, 
and controls the _on and off operation of the said first through fourth switching means • 

. -

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

and is· further ~haracterized by the fact that it outputs the said applied voltage to 
the signal line by the signal driving m~ns 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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