- 1- 38 A METHOD AND CI RCUI T FOR

DRI VI NG-AN ACTI VE MATRI X OF A PCSI TI VE TYPE LI QUI D CRYSTAL E%L DEXEQE
This invention relates to a nethod and circuit for driving anka

of a positive type liquid crystal display device. Liquid crystal dlsplays

have been used for small displays for instance in a tinepiece, but S ~
now desired to use 5 a liquid crystal drs$play-for a large displ ay devi ce 38
such as a conputer termnal or ‘a pocket TV where the liquid crystal display
needs 'to have a large capacity. In a conventional generalised AC anplitude
selected nul tipl exi ng METHWWFWT N?eDFWﬁNF B\' AGFIVA MBTRIZt9Fis 1/30 -
1/50vand it is difficul A PREIEE XR HED) d DEYIER i ng duty of

for instance, 1/500. In order to |nprove t he. dr|V|ng duty, it has been
suggested to use a transistor such as a thin filmtransistor (TFT) or an
active el enment such as a maiglinvensidnarelateeit@ a(ddthdpd elndneircuistfiorcddiying
speaking, MMis not active but in this specification it is defined to be

an active el enentap damivdSmatrix iofi agosmtiveokybendiakidacrystal cdipphay dgvice.

el enent of the display device. According to a first aspect of the present

i nvention, there i s provi dédTeiderrdlofisplays nfavh bast u5ed FRrr Fueldf a

positive.type liquid crystal display device in which a video si
suitable for a cAiRdkysr /R dREEaNEe ([ed FiPERITTS PHR dtaiF é?‘érﬁ?ﬁfg%at? hee

di.spl ay device via_a tranS|stor durin sel ect e d. and held in the
el enent during a2nbidg) essat &F?%ad’ g%ﬁ; gg%‘ﬁ? Y B %pon i gt o

Shiies in the gr egmpv.?tal etet?c%lixq rev r%ggetzﬁ'v where the liquid crystal display

s 2t

needs to have a large capacity. 1In a conventional generalised AC
amplitude selected multiplexing driving method, the limit of .
driving duty is 1/30 - 1/50 and it is difficult to realise a large
10 capacity driving duty of, for instance, 1/500. 1In order to improve
| the driving duty, it has been suggested to use a trahsistor such as
a thin film transistor_ {(TFT) or an active element such as a metal-
insulator-metal (MIM) element (strictly speaking, MIM is not active
but in this specification it is defined to be an active element) for
15  writing and'holding data in every picture element of ‘the
et display device.
| According to a first aspect of the present invention,
there is prbvided a method of driving an active matrix of a positive
type liqu'id. ciyst'al' display device in which a video signal .
20 suitable" for a cathode raytube is used to write into an element
of the display device via a transistor during a selected pericd

and is held in the element during a non-selected period, voltage

levels corresponding to shades in the grey scale being reversed

25



-2- by inversion of the video signal about a selected voltage level to
produce a.reversed voltage | evel video signal, symetrically anplifying the
reversed voltage | evel video signal to produce two negative video signals, .
the secondgaf which is obtained as the 5 inversion of the reversed voltage

| evel Vi deo *si gnal about another sel ectgd voltage level, and applying the
negative video signals alternately to wite into the elenent. Preferably, a
gate voltage applied to a gate of the transistor during the non-sel ected
period lies within the voltage range of the 10 negati ve vi deo signal.
Preferably, bieinvekéigeof attgevided Begmeigaboute avsalieeted grrdkagorleespondi ng t o
shades in the lighter end of the grey scale.i's extended. In one enbodi nent
t he ot her seteciredusela zgeedsedevolitage Hiewvel Srideqpgiidnadl, tsymmetiizadiy el ect r ode
of the display device. In another enbodinent, the other selected voltage

| evel differ 3mBlsniag dheFRyeraes (volhagnARvel Fideq sdgrabtor PROGYCS piwey

device. A gate volta%? applied to.the gate of the transistor when the
negative vi dBeFasiyRideg &8 (Hhe ?%R%B‘fls whiFR d§eoPtarard \asy&Be 20

signal, may differ fr hat applJed. thereto.when the negative_video signa
conpri ses t ht™EEELRY He ?ir\;geg%)egeggga&ﬁaﬁve'&cggé]e& ﬁgﬂ‘g AV NP Fect of
the present Lov | 8l rQXli i | g\ ctive
X of o B JRAkRst kB fleR Slying i blostole Wil MAREC U0,

signal suitalgrdacery 6 writat iRderhdlerdB.i s used to wite into an
el enent of the ' L A .

Preferably, a gate voltage applied to a gate of the transistor o~
during the non-selected period lies within the vbltage_range of the ~
10 negative video.signal.. |
Preferably, the voltage range in the nggative yideo signal
. corresponding to shades in the lighter'end of thg grey scale is
-.extended.
In one embodiment, thé other selected voltage lever,is that
15 applied to a common electrode of_the disp;ay device.
In another embodiment, the other selected voltage levgl differs
from that applied to a common electrode of the display device.
A gate voltage applied to the gate of the transistor when the o
. negative video signal comprises the reversed voltage level video
- 20 signal, may differ from that applieﬁ thereto when the negative
| video signal comprises the second negatiye video signal.
According to another aséect_pf the present inventiog there is
provided a circuit for driving an.active matrix of a positive
‘type liqui§ crystal display_device in which a videq siggal suitable

25 for.a cathode ray tube is used to write into an element of the



40 -3- display device via a transistor during a selected period, and is
“held in the el enent during a non-selected period, the circuit conprising
imput neans for receiving the video signal, an inverter for reversing the
voltage | evels of the video signal 5 corresponding to shades in thQ_greyég
scal e by inversion about a selected volizage | evel to produce a reversed
vol tage | evel video signal, symretrical anplifier neans for the reversed
voltage | evel video signal to produce two negative video signals, the
second of which is obtained-as the inversion of the reversed 10 wvoltage

| evel video sagspllayaderiiceanis letraslistiredurigigt ageelleevesl peaimdl,oatdus neans

f or™appl yi ng the negative video signals alternately to wite into the

el enent. Pref beldlip, thhelenentufuring arncangekecsed tmegiodr Fheeciyshitage appl i ed
to a gate of the transistor during the non-selected period 15 lies within
the vol tage r SPRRFiSEng HOPHE ARG FOF BRRpivighihe VRO $4@att 3fay furt her
conpri se neans for extending the voltage range.in _the neqgative vjdeo signa
cor r espondi ngiPEREREJERF Fﬁv‘???énﬁi'ﬁ??t‘é‘?ﬂ@ﬁﬁajﬁge}%é’?g B vggﬁ? &t s

e o0 4 Bt 3 AT B e S o R SR
matrix of a | Isgi‘gchS rw)(:%.ttgj;e d]!e%g.ll. 896 gfé@u%g;a %’éversed voltage level video
signal, symmetrical amplifier means for the rever#ed voltage
level video siénal to produce two negat;ve video signals, the
second of wﬁich is obtained as the inversion of the reversed
10 voltage level_video signal about another selécted voltage level,
| and éutput means for applying the negative video signals alternately
- to write into the element. | .
Preferably, the circu;t'is arranged so that a gate voltage
appliéd to a gate of the transistor during the non-selected period
15 lies within the voltage range of the negative viaeo signal.
The circuit may further comprise means *or extending the voltage
range in the negative video signal corresppnding to shades in the
%_J ' lighter end of the §rey scale, ! .
This invention will now be illpstrated,jmerely by way of
20 example, with reference to the accompényingfdfaﬁings; in which:-
Pigﬁre 1 s_howé an n x m matrix of a liquid crystal display

device;

25



- 4 - Figure 2 shows the structure of part of a matrix such as that shown
in Figure 1, Figures 3 and 4 show waveforns of signals applied to a matrix
such as that shown in Figures 1 and 2, 5 Figure 5 shows a

typi cal videos signal applied to a matri x such as that shown in Figures 1
and 2, Figure-6 shows the illum nance-voltage characteristic of a video
signal such as that shown in Figure 5 Figure 7 shows the contrast-voltage
characteristic of 10 a positive type liquid crystal display device,
Figure 8 shows a video signal such as #tmat produced by a nethod according
to the present invention, Figure 9 is-a bloock diagram of a circuit for
produci ng the video signal shown in Figure 8, 15 ' Figure 10 is aF

circuit diagramof pa cir Ult sh ur ure 11 shoms'
wavef or ms of signals %‘ r%t% war KesasF %ﬁﬁe(f & gf ﬁag SBP  Figure
12 shows contrast Shics 20 - correspondlng to signals
such as those shom%%geg&ébﬁpa{rﬁfksﬁ g?jfe 13 is a diagram showi ng the

relationship between ipdpilesa8 AUl Uow\WPdvedofs BF AghhedIbaila £07 M ng part
of the circuit shown 1n Figure 10, Figure 14 shows waveforns of S|gnals

applied to a Matrimaddix suchSihnas shbak 1mhp¥fures Fiagures 1 and 2 in a
preferred nethod
5 Figure 5 shows a typical video’ signal applied to a matrix
-such as that shown in Figures 1 and 2,
Figure 6 shows the illuminance-voltage-characteristic Q;)
of:a video signal sueh as that shown in'Figure 5, o
:Figure'7 shows'the contrasr4voltage oharacterisric of
10  a posiuivenrype liquid crpstal display’dewice; o
Figure 8 shows a video signal such as that produced
”by a method acoording.ro the present invention,
Figure 94is a block diagram of a circuit for producing
the video signal shown in Figure 8,
-15: Figure 10 is a circuit diagram of part of the circuit
'shown in Figure 9,
Figure 1l shows waveforms of signals at'points marked
.in the diagram of Figure lO, | ”
. Figure 12 shows contrast-voltage characteristics
zo o corresponding to signals such as those shown in Figure 11,
Figure 13 is a diagram showing the relationship between
input and output voltages of a transistor forming part of
the circuit shown in Figure 10,

Figure 14 shows waveforms of signals applied to a matrix

25 such as that shown in Figures 1 and 2 in a preferred method



v

according.to-the present invention, Figure 15 shows vol tage-current
characteristics of two types of transistors, Figure 16 shows vaveforns of a

vi deo signal and of 5 gate signals which nmay be used in the preferred 42
nmet hod, Figure 17 shows further voltage-current characteristics of a
transistor to the type used in the preferred nethod, Figure 18 is a bl ock
diagramof a circuit which may be operated in accordance. with the preferred
met hod, 10 Figures 19 and .26 are graphs showi ng effects of using
the preferred nmethod, Figure 21 shows a waveform of a video signal used in

a farther preferred nethod according to the present invention, and 15

Fi gswr'e 22 shows waveforns used in a yet further preferred enbodi nent

according to the prese i nvention. Figuyre shows an active matrix in
which picture el erréﬁ?%’gé’?%qﬁr &éﬁé’@ﬁs‘f%ﬁggﬂﬁ{&"%"ﬂﬁ matrix. Picture elements im
a cell are selected by | ect | Si I e l] 0
data signals are then m?ﬁﬁxgnig%[hgw?%@g?%&%ﬁﬁ éﬁh&%@&éﬁt&ﬁ s‘?{/ﬁ:ggn dat a
lines Dto D and hg Ig tggr&mﬂs@&@ 2 shows the structure of part of an

active matri x usin recerving data froma data line Di. a picture

O | ) e P18 e VaTRofi GE ) d0 sy of 2 |11
5 gate signals which may be used in the preferred method,
Figure 17 shows further voltage-current characteristics
\-“ | of a transistor to the type ﬁsed in the preferred method,
) | !‘igu:e..la,is a block diagram of a circuit which may be

operated in acéordanee with the prefezfed method,

10 Figures 19 and 20 are graphs showing effects of using
the prefemd method, ' |

r:l.gu:e. 21 shows a waveform of a video signal used
in a further preferred nethod according to the present
invention, and _ |

15 Figure 22 shows waveforms used in a yet further preferred
Ul embodiment according to the present invention.

Figure 1 shows an ac:iyﬁ matrix in which picture elements
are arranged in an n x m matrix. Picture elements in a cell
are selected by selecting signals on m» gatg lines G, to G and

20 data signals are then ﬁritt_en into the seiected_ picture elements

‘-1.r1a n. data lines D, to Dn and held there.

1
Figure 2 shovs the structure of part of an active

matrix using TFT receiving data from a data line Di. = picture

elements Pil-Pim are arranged in a ‘column connected to the

25 ‘data line Di as shown in Figure 2. A transistor Tr of a picture



element is turned ON by a selecting signal on a corresponding.gate |ine and
di splay  data on a data line is then witten into a picture elenent via the
transistor Tr. After witing data, the transistor Tr is turned OFF again
and the watten data 5 is held until the next tinme the transistor is
sel ected ¥ ach picture elenent includes a liquid crystal display device
which is represented by a resistance RL and a capacitance CL connected to

the transistor Tr.

The data |ine p is connected to a data driver 3. In the

data driver 3, a video signal 10 VS is sanpled by a transistor 2 in

synchronismwth a

sel ecting signal Si produced by a shift register 1 and

held in a capacitor Csi onthe data line Di. This driving nmethod i s knowni_g¢

as a point-at-a-ti rR3eARAhAS. Brmgdr Byia Iseiﬁ?fd-f‘ﬂssm%f‘@r Ascenrespaditg

picture elements 15 in a point-at-a-time driving method. According to
Figure 3(a), one f@&ke ]1’-§e(ﬁ"'ﬂ Gb%PlPﬂt‘??thﬁP R 6% lime Hsaﬂpﬁ!ﬁswnttsnvmtem

signal VSl in an odd nunbe Ida tive video si V2|n
even nunmber field eﬂ(}é’ ﬁfﬁ)le E’B“t oyéiggfatﬁ 1:ISF T ‘q'g%ﬁt 2 spl ay

devi ce produces nm

V\?ﬁ!n l_eyel, o Y o signal

reaches VDH and pro uces no con%r ast © #g\&elaﬁxf I'ri'kgeocliag"lagnaI

falls bel owo/DL. Tmlsshegal %hfrheitgtﬁé $Sa R ebe B3 QalticRdain a Liquid
eo signa

crystal di sp'r1 ay when-vi

VS'is within the range VDH to VDL. Figure

3(b) shows scanni ngeashgnRlaretiichert Sndfudes a 184bid Seyvadueniphal !y W th
respect to each other fromVGL to VGmand whi che‘gre applied toa%at es .of

transistors from t avged &hh&nas%ﬁz@sémdgm @ késintanive RL il aecapacltdite

l[ines in

10

15

CL connected to the transistorl Tr. The data line Di is connected
to a data driver 3. | In the data driver 3, ; video signal

Vs is sampled by a transister 2 in synchronism wit.h a selecting
signal si produced by a shift register l and held in a capacitor

CSi on the data line Di. This driving method is ‘known as a

| point—at-a-time method.

Figure 3 illustrates waveforms applied to picture elements

in a pLint-at-a—time driving method. According to Figure 3(a),

one frame is divided into two fields with a positive video
signal VSl in an odd number field and a negative video signal v

vsz in an even number field are applied to a data line Di.

. A liquid crystal display device produces maximum contrast

20

when the level of the video signal reaches VDH and produces

'no contrast when the level of ‘the video signal falls below

VDL. Thus, an image in a grey scale can be produced ia

a liquid crystal display when video signal VS is within the

range VDH to VDL. Figure 3 (b} shows scanning signals which are

5

:shifted se'cjuentially‘with’ respect to each other from VGl.

to VGm and which are applied to gates of transistors from the

gate line Gl to the gate line Gm. If there are 200 lines in



-7- ‘'one TV inmage a period TS of scanning on one gate I|ne Is 60 [err] ar}‘d
the time for the formation of one field of an inmge is |6msec. Thus,.

wi deo signal can be witten into a picture element within [err] sec by
appl ying a scanning 5 signal to a gate of the transistor Tr and is
held in the picture elenent for 16nsec. Figure 3(c) shows a waveform VC
applied to a picture elenent in each field and kept in a picture el enent
during a non-sel ected period. Wavefo i)m VC1 i's forned on a picture el enent
Pil during one field 10 and waveformVCmis fornmed on a picture
elepent Pim Fi gure 4 shows waveforns fornmed during a period of one
horizont al  scanni ng line. Video signal VS is sanpled at transistor 2, shown
in Figure 2, in synohe GiVi tmagei &lpegiiot [TSsof)mepnSiigden iong 93te pimei b8l a gate
signal VG is 15 applied to gate line G. Voltage levels VDL - VDn
sanpl ed fromthe vi 8@0s8egans the &ipe| fprothel fommatina LIpPofiedd 9&ct i vel y
during one period of horizontal scanning. Figure 5 shows a typical video

signal applied to a2piiRgecelemss:, THHEr & Vhdeq Ghanalacap Peg¥4F5PR age | evel

20 @ nanen Lve to,Lhe esstal dhersl Lepte °{‘%Zbé.°aaﬁa b S

| um nance | eyel corr§§ 1ng’ tahis&h%Ea&;[ e[-.i%a’iﬁt&é’ %f 18 h\éllgeﬂ1 §,+€nal used
ube. .

to drive a cdthode shown 1 n gure eS|gnaI age Vto

L he power of y 25 picn&amm Sob' Rk | F38krd & () SrbME 98GO ENSi T Y

: vC épplied to a picture element in each field and kept
~ " in a picture element during a non-selected period. Waveform
VvCl is formed on a picture element Pil during one field
10 and waveform VCm is formed on a picture element Pim.
Figure 4 shows waveforms formed during a period of
one horizontal scanning line. Video signal VS is sampled
at transistor 2, shown in Figure 2, in synchronism with
clock signal SH during the period a gate signal VGj is |
15 | applied to gate line Gj. Voltage levels VD1 - VDn sampled
| from the video sigrnal are held on data lines Dl-Dn respectively
\.«/ o during one period of horizontal scanning.
Figure 5 shows a typical video signal applied to .
. @ picture element, where in signal A a high voltage level
20 velative to the pedestal level corfesponds to a high level
of luminance intensity. This relationship between the signal
level and luminance level comes from the characteristic
- curve of a video signal used to drive a cathode ray tube.
as shown in Figure 6, the signal voltage V to the power of Y

25 “(gamma) is proportional to the luminance intensity B.



-8- Figure 7 shows the relationship between contrast and onset voltage for
a twisted nematic , positive type liquid crystal device. In such a device,
the contrast approaches 100% i.e. there is a high degree of blackness,
wi th incgdasi ng 5 onset voltage of the liquid crystal. Thus, a video
signal reproduced by a twsted nematic positive type liquid crystal
di splay device driven by a video signal for a CRT is inverted, that is a
‘negative image in which black and white areas are reversed is produced.
Such inversion 10 does not occu® when a guest-host negative type
liquid crystal device is used. However, the quality of inmage reproduced by
usi ng a guest-host negative type liquid crystal device is inferior to thai_ﬂ;f-.
produced by. a tw sted Figapd i7CspaE the el ¥fidnkhip betwdens tontrdey iana. '
Furthernore, in order 15 to drive a liquid crystal device by an AC
drive signal, a winseb wilgageé fBras tyhsved | neRatigr o pbsitilvectydes Lppwdduced by
inverting the 'signal A has to be used. Video signals A and B are then
applied to the | icyustekdpvicd. dBvisuch A devireethe icantxestt dppyiodchest is, of
course, disadvantageous that the 20 grey scale of a video inage
reproduced in a I#%ﬁ'r di-erythege 8§ Sphigh Sporeseof fleckepssnevidh éncysgsing ve
type is inverted. This invention seeks to proyide a nethod of driving a
positive type |i QA RFSEE °ffo§‘er SS‘F‘H@UE 2l eTife? JEEFR S6F78L vi deo
| Mage, Mo e M3 U A oadRa by a twistea” Wafsd | LLURLISG3 A RLET O m PPl i ed
crystal display device driven by a video signal for a \;/
CRT is inverted, that is a negative image in which black

"and white areas are reversed is produced. “Such inversion

10 does not occur when a guest-hést-négative type liquid
crystal device is used. However, the quality of image
rep¥oduced.by using a guest-host negative type liquid crystal
device is inferior to_that produced by a twisted nematic .
positive type liénid.crystal_device. Furthefmore,_in ordexr
15 to drive a liquid crystal device by an AC drive signal, a

video signal B as shown in Figure 5, which is produced by

inverting the signal A, has to be used. Video signals A and g_;
B are then applied to the liquid érystal device alternately
._1h eﬁch field. It is, of course, disadvantageous that the
20 - grey s;ale of a video image,reproduced in a_liquid crystal
.display of the_twisted_.nehatic positive type is inverted.

- This invention seeks to provide a method of driving
a positive type liquid crystal for reproducing the grey

scale of a video image more naﬁuxally.

25 _ Figure 8 illustrates a waveform applied to a liquid



3 .
-9- crystal i,n a nethod according to this invention. First, a negative#d.‘
video signal Cis produced by inverting the | evel of whiteness, grey a

bi ackness of a video signal A such as that shown in Figure 5. Secondly, a
video signal Dis 5 formed by inverting the negative video signal C
these signals being symmetrical aboyt. a voltage level VCOM Finally, a
conposite video signal is fornmed by synthesising signals C and D so that
they alternate in each field. A bias voltage VB and anplitude | evel Av are
al so adjusted to | I 0 lse | 0. accgr.dance with e

vol t-age- cont r ast %ﬁ*%/%gs o%nm?%ho i%%ro%dif,‘g 38 %’si 5t onvﬁf’gdh"tﬁfekgrs&i'spl ay havi ng

‘the\gesired qual i bynedat Wl &iJesd QQ&Qalacbié)(b%?&uc%Qr iﬂte&iﬁhg%w feded"

generating a negative conposite video signal use na ne according 15
to this inventionof Antietsssi @al add. b1o0RE3HELX! 18! sGnb €Ul kuéhOt shown)
is supplied to an inverter 20 where the signal is inverted to produce a
negative vi deo si gnahatTéHennbyTique 8L deeosdly)ak videdibhed o s a
symmetrical anplifier 21 which generates two different types of negative
vi deo signal 3 Thefouped byiiavexting ates negutiseplidecdegnal a, hetssenepmbiye
video signals are symmetrical with respect to the comon | evel VCOM Both
types of negati veb?/%/%ewe&ﬁﬁqalaﬁ@‘&pﬁl‘rcé&aﬁ) lgvek|VeOMoFin@llgher e t he
signals are selected alternately in each field in synchronismwith a frane
signal Sf so as t 5GP %V&S‘Fﬁ)éﬁ@' 35 formpd by pYREhepiRiGgstigmals The
conposite negativg viddgo sitgnal VS iﬁefi nal L}/ eggglfiiggd.t%gi I cture el-ement

via a buffer anpli T at they alternate s voltage
N’ VB and amplitude level Av are also adjusted to suitable
10 levels in accordance with the voltage-contfast curve shown

in Figure 7, so as to produce a disélay having the desired
quality.
Figure 9 shows a block diagram of a circuit for generating

a negative composité,videc signal used.in a method according

15 to this inven;;on. A video signal VIF from an external circuit
(not shown) is supplied to an inQérter 20 where the signal
is inverted to produce a negative video #ignal. This negative
video signal is applied to a symmetricél amplifier 21 which
generates two different types of negative video signai. The

2d b;as voltages and amﬁlitudes of these negative vide§ signals
are symmetrical ﬁith“fespedt to the common level VCOM. Both
types of'hegative video signal are applied to a selector 22
where the signals are selected alternately in each field
in synchronism witp a frame signal S£ so as to fcrm'a composite

25 negative video signal. The composite negative video signal

VS is finally apélied to a pictﬁre element via a buffer amplifier

23
83,



- 10 - Figure 10 is a diagramof a circuit for generating a negatjve
conposite video signal, and Figure 11 shows waveforns of signals at points
marked in the diagram A video signal VIF froman external circuit (not
shown) is supplied 5 to an inverter 20 through a capacitor 33. A

p; stal clanp level VB of the video signal at a point | shown in Figure

1% fcan be adjusted by a transistor 32, a variable resistor 30, and a
capacitor 31. This clanp |evel VB' determ nes the bias voltage VB of the
‘conposite negative video signal- ¥o.- 10 The inverter 20 is conposed of
the transistor 35, a collector side |load resistor 34, and emtter side | oad
resistors 36 and 40. The anplitude Av' of a negative video signal at poidgé

E can be varied by c ”%,'ligﬂgs éhgﬁ?ilqu’%gfj% icecgrfcu'gg teorp' %én%&igl'%?- circuit

. a .
conposed of a capacit S o resistor . °Thi s nmeans

that the anplitude %a'ug;_écpg?&gpg%rgegy%%g? ﬁiﬂ?@%ﬁ%ﬁf%ﬂw@ controlled

by adjusting var i%ah " Tesis rica I'er 21 i s conposed

of a transistor 43.effis/&5s4HRNS ggégﬁﬁéhﬂa $nSeHABidgras! ARadd | er

generates two types of: video Signal G 20 - which, as shown in

Figure 11, are iRyghdegriM f20m!£5RREérral €QFALO (MOE . shbvAIF SSprllegat €s 46
and 47 conposed of CMOS bi-lateral. . swtches select video signals F and G

al ternately ever \of a®lifivertery 8C hehzniagmaniegaciher Blant spdparel Silampnd
generate the conposite negative video signal VS. This conposite 25
negative video silgmel VBS ofs theptiake cxlgbyl atyadednb U fsbewrndpl Figuse 23
- 11 can be _adjusted bg a trans_istoi: 32, a_wfagi_able resistor WV
35, and a capacitor 31. This clamp level V_B_' deﬁem;ges the
bias voltage .VB of the composite negative video signal VS.
10 The inverter 20 is composed of the transistor 35, a collector
side load resistor 34, and emitter side load ;esistors 36 and
_ 40. The amplitude Av' ..of a negativé video signal at point E
can be varied by controlling the impedance of an enitter
side circuit composed of a capacitor 41 and a va;'i_able
15 | resistor 42. This means thg.t. the amplitude .Av'_ of the
| composite video signal vs. can. be oqnt:clled by _a.djust.ing '
variable r§si3tor 42, The symet_rica_i_ amplifier 21 is composed
of a transistor 45_, and res::l.stors_ 43 and 44. This symmetrical
‘amplifier generates two type_s of video signal_ F and G
20 which, as shown in Figu:e 11, a_re_i_.nverte_d with regpect to
each_ other. Transmission gates 46 and 47 cqmpos,ed_ of CMOS
bi-lateral switches select video signals F and G alt_ernately
every field in synchronism witiz the frame s'ignal Sf. and
generate the composite negative video signal VS. frhié' composite

25 negative video signal VB is amplified by a video buffer amplifier 23
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conposed of transistors 48, 49, 52, 53 and resistors 50 and 51. The video
signal VIP froman external circuit is produced to drive a CRT so its
polarity is different fromthat of the negative conposite video signal. Jhe
waveform 5 of the negative conposite video signal has to be furthetd
adj ust ed because of the difference between the voltage |um nance curves of
the liquid crystal display and a CRT display. As shown in Figure 6, the
voltage | evel of the video signhal I1E #+0 the power of y (gamm) i's .
proportional 10 to | um nance when this video signal is designed to
dri.ve a CRT. The video signal VIP thus has a vol tage-contrast

ChMCt eristic as shomBell of Cl4n¥EsdoRs 49) I JuRe é'azamBM:eHléidzi' ng this
vi deo signal VIP, a négative conposite vi ‘ded’ si gnal VS can be generated and

the vol tage- contrasfo dha 51. THOILAES SLisdl eIOferbhish ex@rakl idrehvasby the
curve (b) in Figure 12 when the bias. level VB and anplitude Av are set

appropriately. A ccpmtxcemmoodritvbea ORTVSD (b3 poilakityhes QifsereRtofram t W St ed
nematic liquid crystal as shown in Figure 7, shows that the curvatures of
t hese curves 20 thateefartbeelmttwe)tchwoﬁ@e\mideo tdigndl.gfhe wWawefdzm of
contrast, and differ fromeach other towards the | ower |evels of contrast.
The reproducBi on ofof Ithe regabivei gerposite (vAdeesdgraloRes divePy fyathen n t he
li.ghter end of the grey scale, that is between |ight grey and white, if a
vi-deo signal havi nga‘%jﬁé%becausec%r“%t%‘rﬁfﬁwec?ﬁ%ée’( tFhei witpgect | y

applied to the li qu]'.ucxininance curves of the liquid crystal display and a CRT

e display.' As shown in Figure 6, the voltage level of the
video s:l.gnal VIF to the power of Y (gamma) is proportional
10 | to 1uminance when this video signal is designed to
| drive a CR'I‘ The video signal VIF thus has a voltage-contrast
characteristic as shcwn by a curve (a) in Figure 12, By
utiliéinq this video sign;]. VIF, a riegative .compcii:e
video 'signal VS can be generated and the vo.ltage-contrest
15 .cﬁa:acﬁeristic of this signai is shown by' the curve (b) in
Figure 12 when..the bias level IV_B and Entplituae Av are set
Y -app:op:iately. Ii comparison of the curve (b) with the
| curve P of a twisted nematic liquid crystal as shown in
Figure 7, shows that the curvatures of these curves
26 ﬁsemble eech ocher towards .t.he. higher '.levels.of contrast,
and differ from each otlaei' tawaids .. the .- lower levels of
'cont.ra‘st. The tei:ioduction of the video Isigna]'. is therefore
extreinely poor in. ..the lighter emi of. the grey scale, that
is between light grey and white, if a video signal having the

25 characteristic curve (b) is directly applied to the liquid



- 12 - crystal device. It is thus desirable to "stretch” the voltage in

this range particularly around point Le shown in Figure 7 to inprove the
reproduction of the video inmage, that is the range of voltages used to >
correspond to the 5 lighter end of the grey scal e should be expanded.

By this nmeans, the characteristic curve (b) can be adjusted so as to. have
the formof,a characteristic curve (¢) shown in Figure 12. Thus, the

vol t age dif4§rence appl i ed-across the liquid crystal in order to produce a
specified contrast in the 10 Lighter end of the grey scale is °

I ncreased by reducing the voltage]1evel of the signal VS. A variable :
reS|stor 37 and diode 38 .in the circuit shown in Flgure 10 are used to ¥

"stretch" the voIt g_f d&&% wﬂ__e? s%gagegl%gﬁm SR Ieve Flﬂggre 13 shows

the 'rel ati onshi p Ween.an I npu applied-.to

transi stor 35 and Qf'ta@ét ?Htthl.i.ﬁvféngé/'-:pa[ﬁ%&%fr YT%guﬁ&”P\Q%WIQ Aol ve VD S

affect ed by adjustnent” of -the resi'stor- .37 an out'put. I-&vel VE is

"stretched” in thenhdQhréerab {1§380e Ofhe! PeprbBREiN] of Ihasviasbqaaeuage
characteristic curve (c) can be obtained by .utilizing the. .2

non-linearity of dhaflas3theardngodier @dlltaggs tdsedr'ﬁSbSiﬁéﬁend)ftoVﬂ‘fé abl e
resistor 37. Therefore, high level of anplitude; nanely:the range.of
whiteness -Sside, olightes endled sheggaty issaborsboiill bet eipaddednBpothiisnegati ve
and positive regions. The nethod described above may be used to drive a 25
positive tw sted memﬁ% thaqm%reﬁdg ailr‘\Ge\@beta!lcbﬁolaémﬁﬁed so as to.

have the form of a characteristic curve (c) shown in Figure W/
.12. Thus, the voltage difference applied across the liquid
crystal in order to produce a specified contrast in the
10 lighter end of the grey scale is increased by reducing the
| | voltage level of the signal.!;. A variable resistor 37
and diode 38 in the circuit shown in Figure 10 are used
- . . to "stretch“ the voltage of the video signal in this manner.
Figure 13 shows the relationship between an input voltage
lS Ilevel Vi applied to transistor 35 and an output level VE
thereof. The curvature of curve VD is affected by adjustment
of the resistor 37 and the output level VE is “stretched“
in the high 1evel range of the input VI. Thus, the voltage
."characteristic curve (c} can be obtained by utilizing the
26 _ non-linearity of diode 38 and controlling the resistance
| | of variable resistor 37. Therefore, high level of amplitude,
namely the range of whiteaess -side, of the video signal is
.more “stretched“ on both negative and positive regions.
The method described above may be used to drive a

25 | positive twisted nematic liquid crystal device to produce



v

- 13 - a high quality display in which the natural grey scale of the image
I s reproduced. Such a display is. particularly suitable for use in a codﬁ ct
tel evision. Figure 14 shows waveforns applied to picture elenents 5 in
a point-at-a-tinme driving nethod in a preferred enbodi nent of the

i nvention. According to Figure 14(a), one frame is divided into two fields
where a negative video signal VS1 in an odd nunber field and a positive
video signal VS2 in an even nunber field are applied to a data line Di. 10
Video signals VS vary according to-tige-l evel of the grey scale of theée inmage
to .be fornmed and are inverted alternately in the two fields about a |evel
VCOMW thin the range of G\ND to VDD. Figures 14(b) and (c) show scanning

signal s of data |ingsgHSkuaiid Cﬁléﬁihf"h@&ﬁ‘i&oﬂié e ebfhil Bee,lgéaaew of a

transistor Tr. In the caseo ype TFT, + Is applied to the gate
when sel ecting a pigCing Q.m&%é?'iﬁniepgbhud@dmm Q@sﬁ'f'@f'i&%x@i@ﬁl‘é’r@ya enment

I's not selected. Accordin the voltage between the gate and source of
the transistor dursubgakie edkjuéeeﬂzﬂatﬁxﬂgsaes tekéaisivel y | ow 20 conpar ed
with that during an even field termsince a negative video signal is
applied to the source Riutédit sovsi sdveforms pplieddtd ipdbthreFelpmeatd 4( d)
shows a waveform Vc which is applied to a picture elenent in each field.
This vol tagé is winteaeinhtas-ahtingi driviag alethediinaadrréprredhentodipentr i ng a

W 25 non- sel ected period. Waveform Vel is witten into a cell
of the invention. According to Figure 1l4(a), one frame is

\~) divided into two fields where a negative vi§ee signal Vsl
in an odd number field and a positive video signal Vs2
in an even nember_field are applied to a data line Di.

10 Video signals VS vary according to the levei.of the grey
scale of the image to be formed and are irverted alternately
in the two fields about a level VCOM within ‘the range of
GND to VQD. Figures 14(b) and (c) show scanning signals
of data lines Gl-and’gg which are applied to the gate

15 " of a transistor Tx. In the case of an N type TFT, + VDG
is applied to the gate when selecting a picture element
Pil-Pin

_-a&-nin-and GND when the picture element is not selected.

Accordingly, the voltage be;ween the gate and source of
~the transistor during an odd fiela term is relatively low

20 compared with that during an even field term since a negative
video signal is applied_te the source of the transistor in
the odd.field. Figure 14(d5 shows a waveform Vg which is
aéplied to a picture element in each field. This voltage is

written into the picture elemes;iend kept therein during a
- : e :
.25 non-selected period. Waveform ¥€* is written into a cell



51 ) - 14- Pil and waveformVcminto a cell Rimas shown in
Figure 2. Figure 15 shows V-1 characteristics of two types of transistors
(drain current 1D to gate source voltage VGS). The characteristic curve B

i ndi cates a conventional transistor 5 conposed of a silicon
nmonocrystal substrate. The curve T shows a thin filmtransistor conposed of
a polycrystalline or anorphous thin film Curve B has a favourable
characteristig¢.,as the drain current IDrises steeply with an increase in

the 10 tke- source voltage IMGS in the positive region, and the |eak
current IDis extrenely small and constant in the zero or negative regiorn.-.
However, if a conventional transistor is used for an active matrix displ axs
it is disadvantageous as the liquid crystal nmaterial s.used nust be of the
guest - host 15 Pill apd wvavefhamaMem igtatd eelhPibype sbpwre dnaFimwe-2r ystal | i ne
silicon substrate is opaque. If a twsted nematic type liquid crystal is
used, then a transpar efitgusabk® shows VsIrdgupetarishics d€rtwootymesdee t he

hi ghest quality display. A thin .filmtransi st&!f"‘_'-rray be provided on a gl ass
substrate or an [trenpigtprs (dradpapurxent D £ HLaTROEFe fOLERM 8k ng a

silicon thin filmsuch as po]ycrystal-silicon or anorphous silicon _have
been devel oped. HBtfeFRIractREisftis ?f%@’easdinggﬂ?ﬁ?ﬁt 39"@8‘6%"%5?§c?8ﬁj55tt% curve

oni'y aradufi Iy | Esgosed of § Sifiien rorael bukil e EUNRCR | T0T20SPT
dependence ' shows a thin‘film transistbr composed of a ééchryStalline
or amorphous thin £ilm. R " v
:Curve.B'has a fa;ourable characteristic as the
drain”cﬁrrent ID rises steeﬁly wiﬁh an ihcreaée in the

10  gate-source voltage VGS in the pééitive region, and the
leak current iD ié éxtfémely éméll and cbnstant in the

'ééro oflneéative région. However, if a coﬁveﬁtional transistor
is ﬁsed'for an active matrix display, it is disadvantageous
és.tﬁe 1iquid crystai materialé used ﬁnsﬁ be df.the guest-host

15 . ' type or dyhamic scattéting.type since a.mcno-cfystailine- |

" gilicon substrate is opaque. If a twisted nematic type liquid
'ciystal is uséd,'then a.trahspérent éubstraie is reéuired in
6£6er fo produce the highest quality dispiay; A thin film
“transistor may bé'proviééd'on'a giass substrate or an si0,

20 quartz substrate ﬁnd transistors using a silicon thin film
such as polyérystél—silicoﬁ or a@orphous.silicoﬁ.have
béeh’deﬁeiépéd; Howéﬁér, ﬁhe TPT has a disadvéhtagébus

'charaéferiétic éuiQé T as shown in Figure 15. AE‘Ehis
Figure shows, the drain current increases only gradually iﬁ

25 the positiﬁe region and leakage'cufrént varies in=dependence



- 15 - upon the negative bias voltage VGS and is relatively |arge even at
the m ninmum point in the negative region. Therefore, the use of this type
of transistor for driving liquid crystal devices in the nmanner shown in 52
Figure 14 has the foll ow ng di sadvantages: (1) During a non sel ected
period, electric charge in each picture elenent | eaks away to a data |ine
via the transistor, or charge on a data line flows into the picture el enent
since the | eakage level is relativ§%y |large in the OFF 10 - - state of the
transi stor. Thus, the quality of "cohfrast in the display is deteriorated.
15 (2) The range R shown in Figure + is the operating range of the
trafsi stor during a non-selected period. The | eakage current in the even
field, is, of cours t] o] ed i hat in the
%05% hé’&‘én}(v& Ei:ré’gso‘gtﬁtt iy Vi LS v aé{r%'eé%gl%%n field

odd field since the maxi mum anplitu I'de0 signal |

appr oaches VDD, - FUT (eR@h Y @he inlnl i BbIAL (ACAINhIGehbd S elod NEnSNE0-) ol d

| eakage current accunul ates where the polarity of  the video signhal of the

data line is invertatleiuse be s type 82%irahéftdr firNgLilg RQLEMIrdleal
di fference between the picture elenent and the data |ine reaches a nmaxi num

val ue and the vol t agevbeis\ésnthehearseur steowanth Fhgurl ad masStitd $61Rdwidg
maxi mum I n Figure 15, TA, TB and TC show variations in characteristic
curve T in _deﬁ)enden@ésiﬁvapheﬁ#fferent

(1) ‘During a non selected periéd, electric charée in each
picture element leaks away to a data line via the transistor,
or charge on a data line flows igéaftﬁe picture elemént
since the leakage level is relatively large in the OFF
10 state of the transistor. Thus, the quality of contrast
in the display is deteriorated.
(2) The range R shown in Figure ‘: is the operating range
of the transistor during a non-selected period. The leakage
‘current in the even field, is, of course, relatively large
15 compared with that in the odd field since the maximum
amplitude of the video signal in the even field approaches
% VDD. Furthermore, in the final scanning line of the even
field, leakage current accumulates where the polarity |
- of the video signal of the data line is inverted in the
20 next field, since the potential difference between the
picture element and the data line reaches a maximum value
and the voltage between the source and the drain is also
at a maximum. In Figure i5, TA,'TB_and TC show variations

in characteristic éurva T in dependence on the different

25 = values of the voltage between the source and drain



25 val ues of the voltage between the source and drain . -16: (TA, TB
and TC corresponding to voltage differences of 2V, 4V and 8V,
respectively). The effective voltage applied to the picture elenment in the
| ower end portion decreases and this causes the display to. be non-uniform

5 (3) A gate voltage VG has to be relatively large in order to

obtain the sang | evel of drain current conpared with that of a nonocrysta
substrate-trandiostor. This means tthat VDG has to be larger and sometines
exceed t he break-down voltage of ﬂhe driver integrated circuit or increases

t he power 10 consunption. This enbodi nent seeks to elimnate the above,

di sadvant ages and produce a high quality display. This enbodi nent providég,

means for biasi ngrahersy ahé 38e chfrpodindgheo Gatleaded asOraretiegy €€ during the
non-sel ected 15 periods within the voltage range of a power source of
the data |ine dri2wgr4v rindgswt edspectively) .| Mhar ebfecaive anltaygeapsliised t he
potential |evel during non-selected periods is set to be the zero | evel
(GN\D l'evel) of the tbd pikctwe diement imttbgr lawed eid portionhésaehses?0

Figure 16 shows the waveform of a video signal (a) and of a gate signal,
wher e wavef or m ( [#ndi thishgausescbhe dispayptpdre appwidfiery.c), (d), or (e) may
be used in the preferre@®8®%bodi ment of this invention. Video signal (a) is
set to be Bwavef@ @ m S%/Iﬁﬁ?r“l%ﬁ?ge VG has to be relatively large in order .

to cbtain the same level of drain current compared with that
of a monocrystal substrate transistor. This means that VDG
has to be larger and sometimes exceed the break;down voltage
of the d;iver integrated circuit or increases the power
10 consumption. . |
This'embodihenf seeks to eliminate the above disadvantages
. and produce a high quality display.
This embodiment providés means for biasing the voltaée
level éf.the gate toc some degree during_the non-selected
15  periods within the voltage range of a power source pf the
data line driver integrated circuit. In prior art arrangements,
the potential level during non~selected periocds:is set to ;./
, ée the zero level (GND level) of the data line driver integrated
.circuit thereof. -
20 - . Figure 16 shows the waveform of a video signal (a):
and of a gate signal, where waveform (b)_is that used in the
prior art, and (¢}, (4), or (e) may be used in the preferred
embodiment of this invention.
. Video signal (a) is set to be a waveform symmetrical

25 about a common level VCOM in each field. The source voltage



25 . about a conmon level VCOMin each field. The source voltage - 17
- of the driver circuit of the data lines is set to be within the range G\D
to VDD. The | evel of onset voltage applied to a gate line during a

non-sel ected period is set to be around VCOM as shown in Figure 16(c). As a
result, the 5 operating range R of the transistor during a-

non- selected period i's shifted to thé&7range'R 1 which is centred around the
zero level, as shown in Figure 17. This bias shift contributes towards a
decr ease in | eakage current. FurthernDre t he dependency of Ieakage current

d I ) bef b bi
hewaon. sel ect od | H oSS RS °d‘é’f P+ o B LTS LAckAts o (e Bimal at | on
of | eakage currentgat ﬁg‘t‘% Lne glfle 1Q9ef\é%nortée‘?_l &%ﬁg% qlg:e{efdoratlon in

pper por

i mge contrast fromt i'on"to the lower eld can

be avoided. Thus, @il a BRAL 19he Hrin auﬁux{—gémﬁﬂalﬂéﬂfo@\i@r séhgnid re field
can be obtained. Al so, the anplitude of the gate voltage is VDG - VCOM

which is |ower by ifnanmuont as/GEMd Ranriduae 16xefl. iaz hhespit pknart, but
produces the sanme |evel of ON current. As shown in Figure 17(c), (d) and
(e), there ase 20 operatidd eamye @8SobHaheceansidtorhdurday et nsh+dectE@ ticul arly
inrelation to mnimumpoints of drain currelf,due to variations in
condi ti ons durjng perdoduirushifted tq) the orange Bl whichhis mentyeshereindrs are
made. R1is the o ratln% range of a transistor having the characteristic
curve ¢'. R2ist zero level, as shown in Figure 17. This bias shift .
\;/' contributes towards a decrease in leakage currxent. Furthermore,
the dependency of leakage current on source drain voltage
10 described before can be avoided by biasing the non-selected
level of the gate voltage. By this means, the accumulation
of leakage current at the final line of the even field and
deterioration in image contrast from the upper portion to the
lower portion of a field can be avoided. Thus, an image of
\ 15 - uniform quality over an entire field can be cbtained. Also,
the amplitude of the gate volfage is VDG -~ VCOM which is
lower by the amount VCOM than that used in the prior art,
N\ . but produceé the same level of ON current.
As shown in Figure 17(c), (d) and (e), there are
20 - -differences between V-I characteristics, particularly in
relation to minimum points of drain current,due to variations
in conditions during the manufacturing process by which the

R’y
transistors are made. ®RY' is the operating range of a

R'2
- transistor having the characteristic curve gfb Ra¥ is the
25 operating range of a transistor having the characteristic
R3
curve e'. R3d is the operating range of a transistor having

a characteristic curve of 4'. Thus, there is a need for



25 operating range of a transistor having the characteristic curve e'.
R 3 is the operating range of a transistor having a characteristic curve of
d' . :Thus, there is a need for conpensation to reduce these differences.
If, for exanple, the non-selected | evel of gate voltage is biased by +VGB
(or -VGB) about VCOM as shown in Figure 16(d) or (e), the mninmum point of
the drain curreySis located in the positive 5 region (or negative
region for -VGB) as shown by characteristics d and e'. This biasing can
contribute further to the decredst of | eakage current. Figure 18 shows a

bl ock diagramof a driving circuit for driving an active matrix in the P
manner described above. 10 “In Figure 18, a driver 111 for data Ilnesh:~

and & driver 112dlenf@ltn L¢80l LA BEIALh ot BRY Tor ldcdnf P! 1S 10 2

matrirx substrate t he above construction e driver S 'a driving

output of VDI - MnoRndibbealiivar oélg?,taasoﬁagéli\sl Bl D%Lmveﬁ VGL - VGm

A power circuit 110 15 generates a power Vol tage, and GN\D bei ng

applied to a sanple-ogs) BBbEk GCoK Wst swndih ¥Euded 164 oatd | bes and to a
shift register. The anplitude of video signals VSis within "t he range of

VDD - GN\D. The poilsimusigodottofltie @rsin gameert €8 Mehted)dnl eheebssitavet he gate
| i nes, VCOM bei ng 20 t he non-sel ected | evel and VDG t he sel ect ed
| evel . VCOM i s ategdonhrppegative|region forcdigBhnaseisbovr byectmratterispimsi t e
side of the active naterTEanel Figure 19 is a graph denonstrating the
ef fects of usi ngﬁ and e is bias:.ng can contribute further to the decrease
of leakage current. : o : U
;‘-i-g.ure 18 shows a block diagram of a dfiving eircuit_
for driving an active matrix in the manner described above.
10 - In Figure 18, a driver 111 for data lines and a driver 112.
‘for gate lines are connected to a panel 113 comprising a
.matrix substrate. In the above construction, the driver
111 has a driving output of VDl - VDg,. and the driver 112
has a driving output of VGl - VGm. A power circuit 110
is generates a power voltage, VDD and ?‘!;i’being applied to a
‘sample and hold cireuit of driver lll for data lines and
to a shift register. The amplitude of video signals VS
~ is within the range of VDD - GND. The power cj.rcuit 110
also generates voltage levels for the gate lines, VCOM being
20 . the non-selected level and VDG the selected level. VCOM is also
. the potential of the common electrode on the eppcsite side of
the active matrix pé.nel. |
| Figure 19 is a graph demonstrating the effects of using
the driving method described above. In Figure 19, "the average

25 root-mean-square value VCR of every picture element is plotted



the driving method descri bed above. In Figure 19, the average 25
r oot - mean-square value VCR of every picture elenent is plotted -19-
agai nst the bias value V@B for a video signal of specified |level applied to
one picture elenent and stored there for 16nsec. The root-nmean-square val ue
VCR is taken relative to a mninumat the tinme when V@B is equal to zero as
in5 a conventional nethod. |In the described driving nethod, V@ is
set to be around the value of VQOyand this corresponds to a maxi mum of thSn
root - nean-square value VCR as shown in Figure 19 and produces, an i mage o
di spkay of high quality. In Figure 20, VGMis the value of gate-source
voltage 10 VGS whi ch produces the m ni nrum val ue of current having TFT
characteristics. Figunst2theshdas value VERgEoR visieossignel etf bpeciifiedf VGB
against VGM V@B is the value which mnimses the decrease in the '
r oot - mean- squar e vapyrRl veRlisd b‘?d’FPoﬁﬂrﬁ%(ﬁi%ﬁm pad tstpred FBere dafd cryst al
di splay. As shown in Figure 15 : It 1S necessary to adjust the
non-sel ected | evel 16pse%eB Taf aﬁ?ﬂﬁr’ﬂé?fbéqb\ﬁen"m YED ridFiFRoRe AT ve
characteristics. ure.l.sho ef o g Vi de nal Whl ch may be
used in anot her enﬁgdi‘ r'f’é‘ﬁ%m@fmg %F:NS‘]Y T Wfr:\%'t &85 03‘5‘?331 %ﬁ 5ot #i 4% nventi on.
In this case, the ghﬁ&@g’ An%!il et];oﬁo fdl@ﬂﬁd%{}&‘v &H cal~wi th

for dat a

respect to vés so t he vo tage eve lving a I'ne 1s set to be

non-symetrical w yis r1S BEE leol Be \UrEhAd tiarg'\ﬁalaér@geﬁ?ﬁhdcﬁﬁsb@oﬁggﬁdnqgr ed
in two ways. One is that a level is'set so that only t

. to a maximum of the root-mean-square value VCR as shown in
~ Figure 19 and produces an image display of high quality.
In Figure 20, VGM is the value of_gate—source voltage
10 VGS which produces the minimum value of current h;ving TFT
characteristics. Figu:e 20 shows the rénge of non-selected
levels of VGB against VGM. VGB is the value which minimises
the decrease in the root-mean-square value_YCR so providing
- .goed contfast in the liquid crystal display. As shown in Figure
15 20, .it is hecessary to adjust the non-selected level of VGB
in accordance with VGM depending on TFT characteristics.
\_/ : Figure 1 shows a waveform of a video signal which may
be.used in another gmbodiment of a driving method according
.to this invention. In this case, the characteristic T
20" of TFT is non~symmetrical with respect to VGS, so the
voltage levél'for driving a data line is set to_be non-symmetrical
with respect to V'COM. This arrangemen; can be considered
in two ways. One is that a level is set so that only the

amplitude or the bias of the video signal VS is non-symmetrical

25 ﬁith respect to V'COM in each field by controlling the gain



anplitude or the bias of the video signal VS is non-symetrical 25 wth
respect to VCOMin each field by controlling the gain - 20 - 7 of the
anplifier or .controlling the TC output |level of the anplifier. The other is -
that the level is set so that the power source electrical potentials are
non-symetrical with respect to VCOM 5 _ It is nore suitable that
the data line is 'set to be non-symgetrical in accordance with the
characteristics of the TFT. It is also possible for the non-selected |evel
of*'‘the gate to%§ set to be biased by [err] VGB with respect to V' COM 10
Figure 22 shows a g3 gALNBNG e Boktirod$E5 ithe arey Bhegdud! iR &fbodi ment  gf-

a nethod according to the present invention. In this enbodi nent, the AW
non-sel ect ed | evelengf adgierOat.eThd bkAGE sStidtatne deoveriy $dled afatt he '
polarity of the video signal is inverted. This can reduce the range of 15
variation of VGS (tgatmwepusarcy Gleage)calapatendidls hpe trloa-syameaticad of | evel
of the video signal by approximtely one-half. As a result, a

r oot - mean- squar e wdkhieresbect Eocv@Me el enent is rore suitable. In this

enbodi ment, a non-selected | evel of the gate voltage is VCOMin an odd

field and 26 +VDS i%t &% moversuwitable thnk thetdrfe dinecis ey B®ove- produces

the followi ng effects and the_r_ebf_/ enables a liquid crystal television
be non-symmetrical in accordance with the characteristics

" of the TFT. It is also possible for theé non-selected level

of the gate to be set to be biased by ¥ vGB with respect to

C

| V'coM.
10 " 'Figure 22 shows a signal wave which is used in a
" yet further embodiment of a method according to the present
" invention. In this embodiment, the non-selected level of the
gate'voltage is changed every field as the polarity of the
video signal is inverted. This can reduce the range of
15 variation of VGS (gate450urce.voltage)"aécording to the
variation of level of the video signal by appioximately
one-half. As a result, a root-mean-square value of a picture
element is more suitable. In this embodiment, a non-selected o/
"level of the gate voltage is VCOM in an odd field and
20 . +VDS in an even field.
The methcd described above produces the following
effects and thereby enables a liquid crystal television
" having a high quality display to be produced.
(1) © As the most suitable root-mean-square value of

25  a picture element is provided, a display corresponding to



having a high quality display to be produced. (1) As the nost suitable
r oot - mean-square val ue of 25 a picture element is provided, a display
corresponding to -21- 58 the original video
signal “can be obtained. Therefore, the npst suitable display contrast can
be offered. (2) The decrease in the rgg#_ mean-square val ue of a phgure
elenment in the side of the last scanning Tine, acconpanied with 5 an |
increase in the OFF current with a negative bias between gate and source,
can be prevented. Accordingly, a uniformvoltage can be witten into the”
pi cture el ementhel Brffihal CRidb &l dnlall EcadN e BbEALACH. MTERQECHE,28hS Gidate val ue
of e picture el ements can be obtained in any scanning 1ine thereby

el i mnati ng unkiieaBEs displdye contxalstycan]Be offéyed. As the anplitude of the
.gate line voltage can be reduced, the driver integrated circuit can be
desi gned nore @asi |Theaddeyraserin she upgtroganraguidre vyaldgwecetl.a Pheturet hod
descri bed above is al so the subject of co-pending divisional plication
for Letters Palementgr ghg Frde qfsthe d{asfisscanwg gi @?esmpaniefgzif-uN VS 1.
A met hod of driving an active matrix of ositive t ¢ Ilbgwd crystal

di spl ay devi ce®® LRCTRFSENLDY the RIFT EF"g'?‘P&F élﬂeé""‘?% Bfas bdtween gite

and source can be prevented. Accordingly, a unifcrm voltage can be :
. written into the picture element in any scanning line and a uniform
' root—mean-square value of the picture elements can be obtained in
any scanning line thereby eliminating uneveness in the display.

10 (3) ~ as the amplitude of the gate line voltage can be reduced, the
driver integrated circuit can be designed more easily and power
consumption-may be reduced.

The method described above is also the subject of co-pending
divisional application for letters Patent Nc. 851071b (Serial

15 No. 2161970).



a cathode ray tube is used to wite into an el enent of the display devi ce
via a transistor during a selected period and is netd Tmthe 5 el enent
during a non-sel ected period, the voltage Ie - dlng t o shades $
in the grey scale being reversed by inversio ml, @&iﬁﬂﬂﬁﬂ &llgnal about a

sel ected voltage |l evel to produce a reyggsed deo signal,
symetrically anplifying the reversed voltage | evel video-signal to produce

t wo nqutlve vi deo 10 signals, the second of which is obtained as the

inversion of the reversed vol tage | evetangsdeo si gnal about anot her sel ected
vol tage | evel,. and appl ying the negatTve video signals alternately to MW|;e

into the elenent 2. A method as clained in claim1, in which a gate \
voltage 15 applied to a gate of the transistor during the non-sel ected
period |ies Wethina mnethed| 9§g3e,=iwamg@no¢cnihe wedghriofe avparisive gvee. 3. A
met hod as clainmed in claim1 or 2, in which the voltage range in_the

negative Vi dééq‘éjr‘%;ﬁ&'lys?ﬂr F‘é%lib’tﬁifdﬁi'h‘ﬁ-"ﬁo js‘hHH%%h 2nvidee pigmedetuidallefforhe

grey scale is ext

t di
dlatm in whicha of%#’geﬁécteﬁwawﬁgs 2 fhsonnl depdad 0220 BASTEY."
O b ° 5 Suh "C R e (RIIGS o se15da Boniod %eggf‘beﬁgf%ef%r? Fom

toclaim1l -rn mhl

that appl %ie:jntlc %aﬁ?{(g&)g &4:?—9, m%?&%dgﬁeﬁgg cuﬁam@ea §ViciB1s. Q:orée A met hod
gate vol tage applied to the
gate of the tpbﬁd‘:ﬁ'igstersﬁﬂdﬁg ixh@hé‘%&' s’&lw B8Qg reversed by inversion
of the video signal about a selected voltage level to produce a \_)
reversed voltage level video signal, symmetrically amplifying the
reversed voltage level vxdeo signal to produce two negative v1deo
10 signals, the second of which is obtained as the inversion of the
reversed voltage level video signal about another selected voltage
level, and applying the negative video signals alternately to write
into the element. | | |
2. - A method as claimed in claim 1, in which a gate voltage \
15 applied to a gate of the transistor during the non-selected period
lies within the voltage range of the negative video signal.
I A method as claimed in claim { or 2, in which the voltage
range in the negative video signal corresponding to shades in the
lightér end of the grey scale is extended. -
20 4. A method according to any preceding claim, in which the

other selected voltage level is that applied to a common electrode

of the display device.



signal conpri.ses .the reversed voltage |evel vinromthat
applied thereto when the negative video signal rises the nd
rnegative video signal. 7. A nmet hod as cl ai med | m WQ claim
in which the 10 vol t age | evel appliedtothem W“ Si stor,
which is'a thin filmtransistor, during,_non-se \per"i od is differéng

during alternate positive and negative fields. 8. A circuit for driving
an active matrix of a positive type liquid crystal display device, in which

a video signak, suit gbi& b acksraindt6 1AM 81 [ @Yol WDEn WhitiR GGhel ety t€ i NtO
an ehenment of the display device via a transistor during a selected period

and-+s hel d i geidtte@l WRAke Mieve D G1iE L8068 56k Ahatlagii édP o ML cBlmbidrlli t
conprisi-ng i nput nmeans-for receiving the video signal, an inverter for
reversi ng t heeledtirage dfctkeé slisplishdeviakeo signal corresponding to the
shades in the 20 grey scal e by inversion about a sel ected voltage |evel
to produce a Bever sddmethbd cape cleimed im ddeimidgpals, spmmhdchi x gatamplliéger
nmeans for the reversed voltage | evel video signal to produce two negative
vi deo si ghal sappMedste dhe grtennf dihej tragsistarcwhen thpanegatistesvédenf t he
reversed vol tag%tal evel video_signal about another. selected 25 vol t age

| evel , and oufPRINERRFIFR? thPpTSyienged NeltRafalPYR: VidRGostTirtal S &frtRr natel y

bSO i g | EETLERRS SPRM o SUERES YRR the JRSREUR TAYS SRTLEPIRREa o of
P sy obad it WigOR schater 00 |2 WL Lhe oLt age range
f (=t'her conpr{sing a method as claimed in any preceding claim, in which the |
10 voltage level applied to the gate of the transistor, which is a

thin.film transistor, during a non-selected period is different

-during alternate positive and negative fields.

8. A circuit for driving an active matrix of a positive type

liquid crystal display device, in which a video signal suitable for
15. a cathode ray tube is used to write ingé an element of.the display

dévice via a transistor during a selected period and is held in the

element during a non-selected period, the circuit comprising input

means for receiving the video signal, an inverter for reversing the

voltage levels of the video signal corresponding to the shades in the
20  grey scale by inversion aﬁout-a selected“voltage level to produce

a rev;rsed voltage level video signal, symmetriéal amplifiér means

for the reversed voltage level video signal to produce two negative

video signals, the second of which is obtained as the inversion of
the reversed volfage level video signal about another selected

25 voltage level, and ocutput means for applying the negative video

signals alternately to write into the element.



5 neans for extending'the vol tage range in the negative vi deo signal

corresponding to shades in the |lighter end—ef—the grey scale A
met hod according to claiml, substantlally as her e scrlbed W th
reference to the acconpanyi ng draw ngs. mmﬁu i i‘ d| ng to claim
8,. substantially as hereinbefore 10 descrl e to the
acconpanyi ng draw ngs. 15

)&

9. .A ciréuit'as'claimed in claim 8, arrénged so that a gate Af*\

voltage applied to a gate of the transistor during the_non-selected

period lies within the voltage range of the negative videé'signal.

...... 16;~;_;3,circuit as claimed in claim 8 or 9 further comprising
5 nmeans fof exténding;the voltage fange in the negative video signal

éérresponding to éhades'in the Iighter end of thé”grey scale.

11. a ﬁethod'ééécraihg to claim 1, substantially as hereinbefore

described with reference to the accoﬁpanying'drawings.” \_)

12, A circuit according to claim 8, substantially as hereinbefore

10 described with reference to the accompanying drawings.
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