A METHOD OF -DRI VI NG AN ACTI VE MATRI X PANEL OF A LI QUI D CRYSTAL DI SPLAY
DEVI CE This invention relates to a nethod of driving an active ;@at\‘@\@p'@og’fr

of aliguw d crystal display device, utilising thin filmtransistors. Liquid
crystal@ spl ays have been used for small displays for instance in a
tinmepiece, but it is nowdesired to use a liquid 5 crystal display for ?\

| arge di spl ay device such as a conputer termnal or a pocket TV where the
liquid crystal display needs to have a Ian"e capacity. In a conventional
general i sed AC anplitude selected nultiplexing driving method, the limt of -

driving duty is 1/30 - %&@a&f‘@riﬁnﬁﬁ I £ Je 5 m 8‘?' arge capacity
10 driving duty of, Tor ins : DI E;}‘ALQ‘%/I 0 I nprove the
driving duty, it has been sugg‘g%ro—m such as a thin film
transistor (TFT) or ggiAghiéfticherBAtes Ut adfetholBifkiriditgUbRlRELFR At rix
(MM elenent (strictly speaking, MMis-not active but in this
specification it peferleffi aeriqhod hayatanaisyrayeleviet, ) utiiisind @rin igiidg and
hol ding data in every picture el enent of the display device. According to
the present invemtawsisthese is provided a circuit for driving an active
matri x panel of a liquid crystal display device in which a video signal
suitabl e for a cat hoddandy crubeal displags2Bave been wsed fornsmaladndispd aes tfonf
the device via a transistor which during a selected period is turned ON by
a gate |ine, theipstancetin of tiprpleege/busfit He JevHdesiyegnt? Ysei agimnidrt ed

alternately every field_ 25 N
5 crystal display for a large display device such as a computer

~— : terminal or a pocket TV where the liquid crystal display needs to
kave a large capacity. In a conﬁentioﬁal geﬁeralised AC amplitude
selected multiplexing driving meﬁhod, the limit of driving duty
is 1/30 - 1/50 and it is diffiéult to realise a large capacity

10 driving duty of, for instance, i/SOO. In'o;der to improve the
driving duty, it has been sﬁgqested to use a transistor such as
a thin film transistor (TFT)br an active element such as a metal-
insulator-metal (MIM) element Iéfrictly speaking, MIM is\not active
but in this specification it is defined to be an active element)

15 for writing and holding data in every picture element of the display (;
device. |

Accorxding to the present invention tﬁere is provided a circuit

fsr driving an active matrix panel of a liquid crystal display device
in which a video sigral suitable for a cathdde ray tube is used

20 to write irto an elément of the device via a transistor which dﬁring
a selected pericd is turned ON by a gate line, the polarity of the

level of the video signal keing inverted alternately every field

25



-2- and witten into the elenent froma data line, and the |evel of the
video signal in the element is held during a non-sel ected period during
whi ch the transistor is turned OFF, the transistor being constructed as-.a
thin filmtransistor and the voltage applied to 5 the gate of the D
trangistor during the non-selected period being biased fromzero level and
set Wwthin the range of the voltage | evel ef-the power source for driving
the video signal. Advantageously, the |level of the video signal is

non-synmetri cal aQQ twr@agt 5 %hgcélrein P L&D | 8lea %:Qne, and thep.{e%f gr‘?pl Y

the gate voltage applie gate o the trans- istor auri

non-sel ected peri ege ivgaed fsf;Srr:ﬁmind&Hé Qgenﬁ'ﬂni:e{ﬁ%fd le?ix;g' !encﬁxﬂgeﬂﬁzgéé |0e%i0d
fields. This invention wll "now be 1llustrated, nerely by way of exanple,

with reference tOd&mgaﬂmﬁp@ww&sigw 'lgstuﬁn@d%t'rqhthe tBansistor befflggure 1
shows an n x mmatrix of a liquid crystal display device;, Figure 2 shows

the structure of péeidtraéted ARt itNirs Film aFahdinitos NGIaNthe vElHgecapblibd Gidr € 3
shows wavefornms of signals applied to a matri x such 20 as that shown in
Figures 1 ands2 i hhe garefodr theel tratdistoncihwiny nhe tnont-érdeptes Patiddnbeingi binsed
Fi gure 4 shows vol qmge current characteristics of two types of transistors;

Figure 5 shows wa¥EPbARE 3fVet \?f‘ﬂeﬁftsﬁ"g‘?ﬁf‘ STy at é’@ﬂ(ﬁ‘]‘&f"‘%‘* Jgvel ofpthe

may be used in the owe rreLngrcgdfor:TCE q.hg the video signal.

Advantageously, the level of the video signal is non-symmetrical
L.; : about a common electric potential.

10 _ Preferably, the gate voltage applied to the gate of tﬁe trans-
istor during the non-selected period is different during alteinate
positive and negative fields.

This invention will now be illustrated, merely by way of
example, with reference to the accompanying d:éwings, in which:-

15 Figure 1 shows an n x m matrix of a liquid crystal display
device; |

Figure 2 shéw; the structure of part of a matrix such as that
4 shqwn in Figure 1}
Figure 3 shpws waveforms of signals applied ﬁo-a matrix sucﬁ
.20 as that shown in Figures 1 and 2 in a preferred method accordlng
to the present invention;
' Figure 4 shows vo;tage-current characteristics of two types
of trans;stors;
Figure 5 shows waveforms of a video:signal and of gate signals

25 - which may be used in the preferred method;



-3- Figure 6 shows further voltage-current characteristics of a transistor
of the type used in the preferred nethod; Figure 7 is a block diagramof a
circi);whi ch may be operated in accordance with the preferred nmethod; 5

Fi gu -8 and 9 are graphs showi ng effects of using the preferred method;
Figure 10 shows a waveform of a video signal used in a further preferred -
met hod according to the present inventipn; and Figure 11 shows waveforns “
used in a yet further preferred 10 enbodi ment according to the present

i nvention. Figure 1 shows an active matrix in which picture elenents are
arranged in an n x Fiowte bxshowiscfuntber|wibades cianrentcehdragteriseiestogda by
selecting signals'on mgate lines G to G and data signals are then :
witten into th&r¥HiEEeRQfpihe G¥Re aisedein she ipyefdrred metdada |ines [err] to
[err] and held there. Figure 2 shows the structure of part of an active
matri x using TFT reCaf¥ing it firdarL] pnelqspit (KhiFk tmavebe joparatied

Pil-Pimare arranged in a col connected to.the data line DI as shown in
Figure 2. A traﬁgf‘q"s‘:t‘:S’l:‘:{1 eo‘f"tgn&eclpﬁfgeré‘ﬁgm"‘i"s turned 20 ON by a

sel ecting sjgnal on r ngli _li,ne.and di spl ay data Qn a data
line is theh witten nt% §S‘%|Qc€u4r1% g’laa%?f‘gn?ho\ﬁ%g teﬁge?tr%aﬁgiﬁlﬁﬁ “%re Af t er

witing data, tphfederallfimatia,Tr is turned OFF again and the witten data is
held until the next tine the transistor is selected. Each picture el enent

includes a |iquid 2pigureCIyshoks 4 wRVEBSrHON GCvIMACE:dna1 M GINECSENY @G-
resistance RL and o _ | _
preferred method according to the present invention; and
Figure 11 shows wéveforms used in a yet further preferred -/
10 embodiment accotding to the present invention.
Figure 1 shows an active 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 gate lines G, to Gh and data

1
signals are then written into the selected picture elements via
45 n data lines D, to D and held there.
Figure 2 shows the structure of part of an active matrix
using TFT receiving data from a data line Di. m picture elements
Pil-Pim are arranged in a column connected to the data line Di as o
shown in Figure 2., A transistor T of-a picturé elqnenﬁ is turned
20 'Oq by a selecting Signéi on a correspdnding gate line and display
data on a data line is_then written into a picture element via the
transisto¥ Tr. After'writing data, the transistor Tr is turned
OFF again and the written data is held until the'next.time the
transistor is selected. Each picture element includes a iiquid

25 crystal display device which is represented by a resistance RL and

a capacitance CL connected to the transistor Tr. The data line Di



a capaC|tance CL connected to the transistor Tr. The data |ine D -4- is
connected to"a data driver 3. In the data driver 3, a video signal VS is
sanpled by a transistor 2 in syhchronisn1mﬁth a selecting signal S
produced by a shift register | and held in a capacitor Csi on the data

Di. ThIS driving nethod is known 5 as a point-at-a-tine nethod. Figure 3
showd™wavef orms applied to picture el enentg.in a point-at-a-tine driving
method in a preferred embodi ment of the invention. According to Figure
3(a), one franme is _divided into two fields where a ative video signal

VS1 in an odd numb&f JoPBESFefote 2 dAtt §THERH ?rvé‘“v?*tﬁaﬂg’éﬁ grares/s2 3 yid8P even

mber field to a_data |ine Di VS di
Lo the |evel of t REPHCYS dbaFutIPd e HASITTS 08 Pl HRLEMPLPEN verted

alternately in th%eiéé&g.ﬁ? eéiﬂﬁaf“%?“ rdaab &Y & 3nal Y éf"" %gif&e&:h? 4 0 xé%\'D to

VDD. Figures 3(b) ow sca ning si I nes and

[err] which are appbifdot Csihsn @8kt Ride B0S! shiy demL;nmé&%dC?sS?m&in an N
type TFT, + VDG is applied to the gate when selecting a picture el enent

Pil:- Pim and GBID wasna iphentdatlaltdne ! miEmB4. i s not sel ected. Accordingly, the
voltage bet ween the gate and source of the transistor during an odd field

termis relatively 20 FigudeoW siempawa ot appidieddty pbcruae €lemenés @ndaterm
since a negative video signal is applied to the source of the transistor in
- the odd 3 field. Ppeint-et3d-timeldrisirg metteoimal/prefercdd ieabafimente it tha

pi cture : :
invention. According to Figure 3(a), one frame is divided into

— two fields where a negative video signal VS! in an odd number field
10 and a positive video signal VS2 in an even number field are applied
to' a data line Di. Video signals VS vary according to the level
of the grey scale pf the image to be formed and are inverted
alternately in the two fields about a level Vch within the range
of GND to VDD. ¥Figures 3(b) and (c) show scann:_l.ng signals of data
15 lines G1 and Gm which are applied to the gate of a transistor Tr.
In the case of an N type TFT, + VDG is applied to the gate when
selecting a picture element Pil-Pim and GND when the picture element
\ : is not selected. Accordingly, the voltage between the gate and
source of the transisfor during an odd field te:;m is _relatively
20 _ low compared with that during an even field term since a negative
v:.dec signal is applied to the source of the transistor in the odd
field. Figure #4(d) shows a waveform Vc which is applied to a picture
element in each fieid. - This voltage is written into the picture

element and kept therein during a non-selected period. Waveform Vcl

25._ - is written into a cell Pil and waveform Vcm into a cell Pim as shown



elenent in each field. This voltage is witten into the picture el enent and

kept jAherein during a non-sel ected period. Wveform Vel 25° IS written
into (g¥ell Pil and waveformVcminto a cell Pimas shown in Figure 2.
Figure-4 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 conposed of a silicon 5 monocr yst al N
substrate. The curve T shows a thin filAtransi stor conposed of a

pol ycrystalline or anorphous thin film Curve B has a favourable
characteristic da Fhgarm#rain current IDrises steeply with an increase in
the gate-source voltage VGS in the positive region, and the |leak current ID
is extremely smal | 10gurgfd shevwss Vahtchagacteriswios of twegtitriescof aghandistors
However, if a conventional transistor is used for an active matrix displ ay,
it is di sadvant dGEdiRs CHETIMTIP | UBAELISPRXQE Vekiiagri WS - ustie phaxtacberistid he
guest - host type or dynamc scattering type since a nono- crystalline
silicon substrat®TYs Bbgﬁ teg ta &°?‘(/ﬁ%§§"é'tﬁlnéﬁ’tsilﬁt?§/6@m%ed ¢f qusitiepyst al

Is used, then a trate is required in order _to produce the
hi ghest qual Pt ymé%spiiagf;f%gf’%?%%ﬁl er?hrsvleg#j a1::Va Bg”brf&%‘f‘oté%nf)‘r?t&rgl ass
substrate or ancgﬁlg- d rt ?”:Q,g t | st : .ng a silicon thin
filmsuch as poly- che?gét’gﬁé? I C %1£%rﬁg%(rlp%%?§%? ?gg’hﬁ'ﬂé been

devel oped. However, cidve g R8s TfEap&&aﬁlQicﬁggy&tgﬁg&ggu§s AR AGli G !csv.;[rirgntcur ve

T as shown in Figure 4. As this Figure shows, rain current increases
only gradually &p #idRspeEebly ritRUAHDAndFthsk CAKARE JalbLlLIUrcd Hd185qd Pas

o
in the positive region, and the leak current ID is extremely small -/
10 and COnétant in the zero or negative region. However, if a

'conventional transistor is used for an active matrix display, it
is diéadvantageous aé the liquid crystal materials used must be
of the guest-host type or dynamic scattering type since a mono-
crystalline silicon subétrate is opaque. - if a twisted nematic type
15 'liquid crystal is used, then a transparent substrate is required
in order to produce the highest qualitf'display. A thin film
transistor may be provided on a glass substrate or an Sio2 quartz
substrate and transistors using a silicon thin film such as poly- ;;j
crysf;l-silicon or amofphous silicon have been de&eloped. However,
20 the TFT has a disadvantageous characteristic curve T as shown in
'Figure 4. BAs this Figure shows, the drain current increases only
gradually in the pbsitiVe region and leakage current varies in
dependence upon the negative bias ﬁoltage‘VGs and is relatively
large“eééh at the minimum point in the.negative region. Theiefore,

25 the use of this type of transistor for driving liguid crystal

devices in the manner shown in Figure 3 has the following



dependence upon the negative bias voltage VGS and is relatively |arge even
at the mnimumpoint in the negative region. Therefore, 25 the use of
this type of transistor for driving liquid crystal devices in the mannep
shown in Figure 3 has the follow ng di sadvant ages: (1) During a .
non<sel ected period, electric charge in each picture el ement |eaks away to
a dat4 line via the transistor, or charge-en a data line flows into the
picture el enment since the | eakage 5 | evel is relatively large in the OFF
state of the transi3a@fantadbils, the quality of contrast in the display is
deteriorated. (2) The rangé R shown in Figure 4 is the operating range of

the transistor duri{mng suriag-$orciAdchd pofiod]Ne1dceaka@Rafyd L8 Machpilchtre
even field, is, of course, relatively large conpared with-that 10 in the

odd field since thaeioxt Teakaphy tiede ddtat himeviie@nhsitgaakidtor har eNeamyefi el d
approaches VDD. Furthernore, in the final scanning line of the even field,

| eakage current acpusdatiaedinshélevst hstpaharpicyucd elémenti siowestignakalaiget he
data line is inverted in the next field, since the potential difference

bet ween t he pi 6t urkevel ekfefelafiyels large dngthen OFF (fEafR &EnkRe Srpishemm vEse
and the voltage between the source and the drain is also-at a maximum In

Figure 4, TA TB ai Tealdfyph arrtesbne Fhe GAapiadt &9 iSOtrRITaFeE T in

dependence on the djfferent values of, the voltage between the sourc nd
drain (TA T8 and R O ERIRBI TEvPoin ETiige i £oF GREERELO8 SWISRF 418 20

i | eamecL el ) oo G JRbH AR B AL O AC b SRR T
i,; A the even field, is, of course, re;atively large compared with that
| 10l 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 cu:rent accumulaﬁes where the polarity
of the video signal of the data line is inverted in the next field,
since tbe potentia; difference between the_picture element and
15 the data line reaches a maximum value and the vdltgge betwegn the
source and the drain is also at a maximum,_ In Figure 4, TA; TB
and TC show variations in éha;acteristic curve T in dependence
on the.different values of thé voltage betweén the source and drain
(TA,.TB and TC correspondiﬂg to voltage differences of 2V, 4V and
20 8v, ;espectively)ﬁ The éfféctive_vpltage apélied to the picture
eiement in thg ichx end pértion decrease§ and this causes the
display to be non-uniférm. |
{3) A gate voltagé VG has #o be.relatively large in prder to obtain
the sameulével of drain cu;;ent campafed with that of a monocrystal
25 substraté transistor. _Th;s means tﬁat ﬁDG.has to be larger ﬁnd

sometimes exceed the break-down wvoltage of the driver integrated



display to be non-uniform (3) A gate voltage VG has to be rel atively large
ef to obtain the sane level of drain current conpared with that™ of a
gptal 25 substrate transistor. This means that VDG has to be
#and someti mes exceed the break-down voltage of the driver integrat ed
-7- circuit or increases the power consunption.- This enbodi nent seeks to -
elimnate the above di sadvant ages and phoduce a high quality display. Thl’x‘
embodi ment provi des neans for biasing the voltage level of the gate to sone.
degree during the non-selected periods within the voltage range of a power
source of the dettmzulit e dnineases rthe-pqyeat exhsupptdgnt . In prior art
arrangenments, the potential level during non-selected periods is set to be
the zero |evel (G\lDl‘lhfeﬂvélﬂ}mﬁfnet‘%éeﬂhf! &ol FH@iﬂ?¢Q/éPe|q‘¥PEgr‘1§15é@V@tPE%ﬁt
t hereof. 10 : gure 5 shows the waveformof a video signal (a) and
of a gate signadnd Wﬁ%‘?"éev\&\fg-ﬁBr‘iﬁa(lb}Y i%sP}¥ used in the prior art, and

c d or (e ma be us in the eferred_enbodi nent: of this |nvention.
Sﬁ zjeo(si) gnal Eag i s dg'@e’é \Hé@'é? PR ngf:?;ﬁingbf))&ﬁ Vaiﬁ?ﬁn?)‘ﬁ’ﬁ tevel

Vines s e@ 1 b aL*g B a8 S8 E 3o HHE oot S BT 0
applied Lo @ 9ol Lhiagdurid e I0Be i LBGRoPEl Bikdl 3158 bl AuBn @l OUNG

VCOM as shown in Figure a result, the operating range R of the
transistor durifGedan@ieuit. In prior art arrangements, the potential level

during non-selected periods_is'sét ﬁo be the zZero level (GND level)
of the data line driver integraﬁéd circuit thereof.
10 Figure 5 shows the waveform of a video signal (a) and of a
géte éignai, where ﬁaveform (b) is that used in the prior art,-and
(¢), (d), or (e) may be used in the'preferred embodiment of this
invention. |
Video signal (a) is set to be a waveform Symmetrical about
15 a common level VCOM in each field. The source voltage of the driver
circuit of the data lines is set to be within the range GND to VDD.
The level of onset voltage épplied to a gate line during a non-
selected period is set to be around VCOM as shown in Figure 5({c).
AS a result, the operating range R of the transistor during a non-
* 20 sglebtéd period is shifted to the range R'l which is centred around
the zero level, ﬁs shown in Figure 6. This bias shift contributes
towards a decrease in leakage current. Fﬁrthermbre, the dependency
of leakage current on source drain voltage described before can
" be avoided by biasing the non-selected level of the gate voltage.

25 By this means, the accumulation of leakage current at the final



20 sel ected period is shifted to the range R 1 which is centred around
the zero level, as shown in Figure 6. This bias shift contributes towards
a decrease in | eakage current. Furthernore, the dependency of |eakage &
current on source drain voltage described before can be avoi ded by bi asi@
the Ron-selected level of the gate voltage, 25 By this nmeans, the

accunmul ati on of | eakage current at the fi Y line of the even field and
deterioration in image contrast fromthe upper portion to the |ower portion

of a field b ' THUS, Q041 wal it ti
O P LS 0, AN 88 Tl e300l TRO8 I URIOE TANELLY Loiale 1

r
field can be obtaine e gate vo I'S

VCOM 5 . which i schleow@gpebyﬁg\gg?@g?ume YSM bhAN hhaE Useddl Bad Er@eﬁ%i(tgéd.

art, but produces the sane ON current. As shown 1 n Figu

(d), and (e), themgwal endifdiRr 60GRS R tﬁ-@i‘n‘éy' oFHRBAENRLISEL €/ can be
particularly in relation to mninmumpoints of drain current, due to

variations in condbthimed.duKliseg the ampliilbeddredUe bhtd RYLEIgRCES YDBY- Wabe h
the transistors are nade. WI is the operating range of a transistor

havi ng t he char actwhicktiisclowexrvby che dioRnt VaOMetlmpetlsti nged dngeheopridr art,
transi stor having the characteristic curve e . R 3 is the operating range
of a transistor h&dutnprodueemthetsapestavel of 9N @frrgnt. Thus, there is a need

for 15 conpensation to reduce these differences. - If, for exanple, the
non-sel ected | evel of AfafBoWRoiP FEUFe SFhs @) by2nPvER /( Sherevary daggmenm

as shown in Figure 5(d) _or (e), the mnimmpoint _of the drain current is
| ocated in the pogﬁeﬂg?fgevr'égé*\?%ia?t&r""ﬁtéjéri%tgﬁ‘b]iab'ﬁyfid‘r relpsapn &9 THIRHR by
chyracteristics dlpo?.‘gt(:js %If 'erQLScut%irg‘gti.,ngug % variations in coﬂdifions during
10 the manufacturiné process by which t':he transistoré are made. R'1
is the operating range of a transistbr having the characteristic
curve ¢*. R'2 is the opeﬁating raﬁgé 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
15 coﬁpensa,tioh_to reduce these differences. If, for example, the
non-selected ievel of gate voltage is 'biased. by +VGB (br -VéB) ahox_:_t
VCOM as shm in Figure 5(d) or (e), the minimum point of the drain
A | current is located in the positive region (or negative region for
-VGé) as shown by characteristics 4' and e'; This biasing can
20 'cbntribute further to the éecrease of leakage current.
i Figure 7 shows a blocic diagram of a driving circuit for driving
an active matr:'._x' in the manner describéd above.ﬂ in Figure 7, a
driver 111_ fér data lines ahd a driver 112 for gate lines are

connected to a panel 113 comprising an n x m matrix substrate. In

25 the above construction, the driver 111 has a driving output of



20 contribute further to the decrease of |eakage current. Figure 7 shows
a block diagramof a driving circuit for driving an active matrix in the

mann escri bed above. In Figure 7, a driver 111 for data lines and a
driv 12 for gate lines are connected to a panel 113 conprising an n X m
matri x substrate. In 25 t he above construction, the driver 111 has a

driving out put of VD1 - VDn, and the driver 112 has a driving output of
VGL - VGn A power circuit 110 generates®a power voltage, VDD and G\D bei ng
applied to a sanple and hold circuit of driver 111 for data lines and to a
shift register. e | i of, Nj.dep; -Si ' LSl DI L By - range
of VDD - G\D. T éppo€§B g%?gﬁftéﬁ%%gafgihggﬁg§§¥§§hﬁ% f&géﬂiSSEIsbgg? t he
gate lines, VOOM DGiRO-1R8:00005gdReheel heybleratsh DG WBE SRl &Mt edihgvel
VCOM i s al so the potential of the common el ectrode on the opposite side of
the active matripgpinadclo aFs&iple &hd hoRd ¢iaphi tderistéAli DordrN@a®d fiegds of
using the 10 . driving nethod described above. In Figure 8, the average
root - mean-squaami ¢al AGhYER rebietal.y TheC bmpH tedeENtided Ppignaliedrsagaiwithihhe
bi as value V@B for a video signal of specified |evel applied to one picture
el ement ands st otlsxl rahgs @£ @D +66ELC. THh@ovancinwet- 1 ) adse geaktate¥YGR litage
taken relative-to a mninumat the tine when 15 V@B is equal to zero as
in a convent i oni¢veist frxd the rgathclides ¢ (VO cbeingvihegnonstsiedectedGevel aod t o be
around the value of VOOM and this corresponds to a maxi num of the

r oot - mean- squar P& &hacSefertes 1evhnn  YEPMFLE 1Al@o sthenmotansdrt &F the CRBERD
di splay of high ualitgn In Figure 9, vcmaés t he val ue oI %Pte-source
voltaage VGS whi © ctrode on the o po;ite side of the active matrix panel.

Figure 8 is a graph demonstrating the effects of usin§ the

J

</

10 driving method described‘above. In Figure 8, the average root-
mean-square value ?CR.of evéry picturé.elemént is plotted against.
the bias value VGB for # video sigh&l of specifiéd level applied
to one picture elemeht and stored there for 16méec. .The rootfmean-
séuare'value VCR.is taken relativé fo.auminimum'at the time when

15 . VGB is_qual to zexro as in a coﬁvenﬁicnallméﬁhod. In the described
ariving method, VGB is.set to be around the value of VCOM and this
corresponds to a maximum of the.root;mean-square value VCR as shown
in Figure 8 gnd producés an imﬁge display of higﬁ qualitﬁ. \«/

in Figure 9, vaM is'the value of gate-sourée Qoltage VGS which

20 pfoduces thé_minimum value of current.having TFT characteristics.

Figufe 9 shows the.range of non-seiected levels of VGB against VGM,
VGB is the value which minimises the decrease in the root-mean-
_square_value VCR so providing good_éontraét in the liéuid crystal
_ displﬁy. As shcwﬁ in Figufe.ee; it is necessafy to'adjust the non-
25 selected level of VGB in accordance with VGM depending on TFT

characteristics.



20 produces the mnimum val ue of current having TFT characteristics.
Figure 9 shows the range of non-sel’'ected | evels of V@ against VGM V@B is
t ke val ue whi.ch mni m ses the decrease in the root-nmean- square val ue VGR
so pxoviding good contrast in the liquid crystal display. As shown in .
Figuxe 9, it is necessary to adjust the non- 25 sel ected | evel of VGB
accordance wi th VGM depending on TFT characjgristics. Figure 10 shows a
wavef orm of a video signal which may be used in anot her- enbodi ment of a
driving nethod according to this invention. In this case, the
characteristic T of TFFidurenfishywd Rl whketoriidtNarB86Cighl VWatben SRy LRE usea
vol tage level for driving a data line is 5 set to be non-symetrica
with respect to V GOunothEY emldinagenEnd dezavirgenetiodi steoeding) tb Vihi vayifrentia: .
is that a level is set so that only the anplitude or the bias of the video
signal VS is non- Iyrohks rdasal thet¢harespmustio TVOLAET| i eautsyimmetmichby with
controlling the gain of the anplifier or controlling the TC output |evel of
the 10 anpl i fi erespegh@foVGor sp sthehyeltage leved|forsdgiming® dhta Uihe isower
source electrical potentials are non- SYnnetrlcaI with respect to VCOM It
is nore suitabte tfRft tPrRe &%‘E‘éYP‘F?Fé‘iFE §"éf‘ht‘i?55%°'°m5ﬁ V'%efrﬂ%aﬂrrﬁﬂement
accordance with the c aract hlcs of the TET. I s al so possible

for the non-sel ect@? %\Fé‘]“s e"b&’f’% ¥&¥%be °§§tlst 5%%% ab?'ﬂéeédif)fe ?ﬂﬁhﬁﬁ:t h
respect to V' COM Fllgu{:.e 1lﬁfi3: gﬁgrll:& swafvghe vigeo s:.?x!ijaieg J.s no et
- 3ccor

further enbodi nment present rnvention. In this
Co symmetrical with respect to V'COM in each field by controlling the

~ gain of the amplifier or cont;olling the TC output level of the
10 amplifier. .The other is that the level is set so that the power
source electrical potentials are non-symmétrical with respect to -
vCOoM. |
It is more suitable that the data line is set to_be non-
symmetrical.in accordance with the characteristics of the TFT. It
15 is also possible for the_non—selected'level of the éate to be set

to be biased by : VGB with respect to V'COM.

' Figure 11 shows a sigﬁal 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
20 every field as the polarity of the video signal is inverted. This
can reduce the range of variation of VGS (gate-source voltage)
according to the variation of level of the video signal by approx-
imately one-half. 2s a result, a root-mean~square value of a picture
element is more suitable. - In this embodiment, a non-selected level

25 of the gate voltage is VCOM in an odd field and +VDS in an even field.



enbodi ment, the non-selected | evel of the gate voltage is changed 20
every field as the polarity of the video signal-is inverted. Thi's can-
r_educe@ range of variation of VGS (gate-source voltage) according to the ;
vari at i’ of level of the video signal by approx- imately one-half. As a
result, a root-nmean-square value of a picture elenent is nore suitable. Iny
this enbodi nent, a non-selected | evel 25 of the gate voltage is VCOM iY
an odd field and +VDS in an even field~'1" -11- The method described above
produces the following effects and thereby enables a Iiquid crystal
television having asfi g, “a"‘:ah Sries PlrdYe L QoRG-d2r 99{%@91041% O5eLDE JBst

sui tabl e root-mean-square value of a pl CEdFe eremsn 'S provi déd. a

.di splay corresp i : oK Qi i i . 0 i .
Therefore, the ?r%g{egguéln% eadlﬂ'ks%igié rg\élﬁtgfgse%‘g%%%g‘%g% ’?ggraegi.&ﬂ( %égh'ltﬁe
decrease in thegfp9by RABe SHd@h&a 2l ue of a picture element in the side of
the |l ast scanning line, acconpanied with an increase 10 in the OFF -
current with a megahs Whebhdtt beitsdes Watenadndsfiante GR1G3NHHA Picuedtddment
Accordingly, a uniformvoltage can be witten into the picture elenent in
any scanni rgy | i fe paodidedyin fdisplayocdrrespamiisguar ¢he alriigirgfl viviecpsidnate

el ements can be obtained in any scanning |ine thereby elimnating uneveness
in the display.cambbe ohtdinedds Therefond.,i thel@ost suibakjet dijplee crokragfe can be
reduced, the driver integrated circuit can be designed nore easily and
power consunptiea® Rayiferedduced. ' '

(2) The decrease in the root-mean-square Vaiue of a picture element L;)
in the side of the last scanning line, accompanied with an increase
10 in the OFF current with a negative bias between gate and source
' can be prevented. Accordingly, a uniform voltage can be written
into the picture element in any scanning line and a uniform root-
' ﬁean—square‘value of the picﬁure elements can be obtained in any
scanning line thereby eliminating uneveness in the display.
‘15 (3) As.the amplifude of the gate line voltage can be reduced, the
driver integrated circuit can be designed more easily and power
consumption may be reduced. . i -
The method of driving an active matrix panel of a liquid crystal \,f

 :61591ay device described herein alsb forms the subject matter of

20 . British Patent Application No. 8308763 (Serial No. 2121584).



T,“he met hod of driving an active matrix panel of a liquid crystal display
devi ce described herein also forns-the subject matter +tish
Pat ent Application No. 8308763 (Serial No. 2121584). CLAI M5 1. A '

met hod of driving an active matrix panel of a |iqui mﬂ“mmﬂ)ﬂ devi
in which a video signal suitable for a cathode ray Hj\m“m . ite@
into~an el enent of the device via a transiat or whi ch *dufinf a" sél ect ed
period is turned ON by a gate S line, the polarity of the |evel of the
video signal being inverted alternately every field and witten into the
elenment froma data line, and the | evelcmfimyi deo signal in the elenent is
hel d during a non-sel ected periad, during which the transistor is turned
OFF, the transistor being constructed as a thin filmtransistor and the 10
vol tage applied to the gate of the transi-stor during the non-selected
peri od being bi aded frodneshed |ofyvériving arcactivehnatrineranghrf aflignédvol t age
| evel of the power source for driving the video signal. 2. A nethod '
accordi ng to cl aici¥atali gispipy Jevife peWiiichor vifeo \4 Spiipble| &or a cathode
non-symetrical about a %omm el ectri ot ent.i al A net hod

i i

o1 3 s

according to cl ai*A¥ 16F Wi T ehEga R 9\}8?’?%1“98?5;5‘& fodCEe@R gate of
the transistor dyring LRe Ron: Seke) alaPREhof il 1l Shshla QW iPY gldernate
positive and negatrve-Trelds. :
5 1line, the polarity of the level of the video signal being inverted

alternately every field and written into the element from a data

line, and the level of video signal in the element is held during

a non-selected period during which the transistor is turned OFF,

the transistor being constructed as a thin film transistor and the
10 voltage applied to the gate of the transistor during the non-selected

period being biased from zero level and set within the range of the

voltage level of the power source for driving the video signal.

2. A method according to claim 1, in which the level of the video
signal is non~symmetrical about'a common electric potential.
15 3. A method according to claim 1 or 2, in which the gatélvoltage
o/ applied to the gate of the transistor during the non-selected period

is different during alternate positive and negative fields.




