; WKYZe3eZEZB| B6T5L 1 DI SPLAY' 1. Field of the Invention They present
invention relates to a display adapted to display an image by using |ight
.emtted froma light source. Mdrre particularly, the present invention
relates to a display capable of turning OV OFF the |ight SOMW
appropriate timngs. 2. Description of the belated Art Inr Wmlm
active matrix type liquid crystal displays (hereinafter sinply 4gfgrred to
as liquid crystal. displays ) have been W dely used as displays for use in
personal conputers or the like fromthe viewpoint of space i
generalized nethod for colour display conductor by the Ilqmmmmmmmml
displays is a color :filter nmethod in which white |ight em

| i ght sources is adapted to travel thr&%&&al or filters of thr¥®808t| mary

colors, ~-.e. , red) green, and blue provided for respective pixels,
t her eby conducting solar display. On the other hand, attention has been

focused on a field sequential color nethod in which a plurality of Iight
sour ces capwﬁatﬂnw-@w’—‘different prisms are turned ON (
lighted) by tinme gh¥igredantiiif/edRYofFedUebtRS & @18p1ay Hlaptedd® AisPLSF

di splay nmethod for the'liquid crystal displays for oohing generation. hn

t he above- neant iiowae Lol esing tight enhbpd Fnemeaohlyht agunaeni ¢ MeFrel engt h
spectrum co ' elgect | r ' of hey.

pect rum comiaaruEEr e G pXEuihl "ARIRGLE Lalitds forh WantBPLERTY | .
travel s t hr oo turindngoON/OFE |tdher 1ight | ghircay aitl apprepyiagtid itdmdngs.is | ow
On the other hand, the field sequentiai solar nethod has an advantage in
that since the lights emtted fromthe |ight sources of the respective
colors can be, di r epbk¥ripficibE the Rébateyiang | mage w t hout traveling

t hrough the color filters, high Tight availability efficiency igs achieved,
and consequet rt | y INSEREPBheFetShs ARbLTS MAEFEFPRoLiapid "‘.’rfvﬁﬁgifi eld
sequenti al Q?i@glﬁgt(heéeh@&f@:f AR reebididiatgat 1151188 cRiygbataibpiaps pu Ls
achi eved because display is conducted far every pixel, although display is
conduct ed foraendieenewidely maad Pisx dilaplkass &om VéPyihaEW?ﬁfqaéeGngﬂg‘éFﬁ and

blue filters =~ e o) i rgg‘éﬁﬁgm r e he o £l § al
col our et ho%])" %Iaéstﬁ?é :?Iégéljﬁgg Pecause to&aﬁé%ﬁéces%;flnpﬁe %ﬁfg(rgné???g%d
Figs . 14A -ridthat foticulug dhsplay shodiatedbyekbedliqudfl crestaly ddgpiays on
of the liquigd crystal di.splay .accordin (o] e nyent | L. 1

sequent i al cg’i’@rxﬁ'@?ﬁggﬁ%dxet%fi %‘ﬁ&h\g G i%ﬁ%%iggﬁghﬁ%%gaékﬁ g'n%f'gh%r e
out put to gageutde®s ddapred tdtrével WhirahgHi sqlcay fphtets ofi tigred pBimizows
change in transmttance in_pixels on resgecti ve rows included in ng | i quid
crystal di spFadPEfmete: £Fr§d- 19RE0y ARA PRYA FFavideR FemPRsReetiys Btr

| um nance) Ofn&RIRLEINURing B0 IRALHN Q. 6l thelRer dith DhttenticdShas 1AA
-1l4C illustrate that the liquid crystal display panel has N-row pixels and
N-row gate |Persfesnsespnufinla searentdad cetar methed dpsfiick 3 pdpaeithy
I1lustrated Herg dnt Sblkbogs ddhdvial ofCafdl ity Wabhes SoL @GR AAL pHioms OF
13 as third enbodi nent i n Publl cat xon of UneXam ned Patent Application Na .
Hea. . ~.1 -and$08n@d ONAEIdidwed)i by Riipe division] Gihepehy cordueting colioxnf

Gor oves (1 EQL o7 69T PR niipbH or THE PEEOEeloJCRIGRINT

period). Furféerdontingsgeseatficane peri ods are each divided into wite
period Ta, hold period Th, and erase period Tc. first _of_all, as shown in
F~.g. 14A, in the Mrthe pheys-meetionpfccalon Hilley) Lethed s fipge onty| §

out put to t hepdid d waRSLéythSspd Srhint Borpgifen tasl s3Qeet 88y itahisil 8884 Of
this out put operation, )
and the other wavelength spectrum component is absorbed when the

light emitted fromthe 1ight source travels through the colorfilters,
light availabillity efficiency is low. On the other hand, the f£ield
sequential color method has an advantage in that since the lights

emitted fromthe light sources of the respective colors canbedirectly



3 video signals corresponding to red, green or blue are witten onto pixels
on the respective rows. Consequently, the liquid crystal ~.n the pixels on
the rows responds and transmttance of the liquid crystal display panel
varies to have a value according to the video signals in such a manner that
it gently rises as shown i.u Fig. 14g because a certain tine is needed for
reaching target transmttance due to viscosity of the liquid Crystal
Subsequently, in the hold period Tbh, the 3can signal are not output to the
gate lines. Therefore, no signals are witten onto the pixels and the video
signals witten in the wite period ma are held in the respective pixels.
Then, in the erase period Tc, in the same manner as the wite period 'fa,

s -and: oo BBPRERE G HT{Hd hade PR, vl S pd ¥k ol MR tot yaRat. |
(reset si gnahsynfnrghte&ﬁﬂmmhg éﬂﬂ@i@hbﬁraﬂ:acniew‘rm languishsdguehghy,

di spl ay panel to a predeterm ned val ue , ., resetting the witten video
signal s, arel@FiPOWER WHPWPH@%P?Q?@%HWW%%S p&ge ﬁ@glfl(ﬁﬁguep\%@l CPROF hi s

case, due tOmbBRoyn8GaS 'fwtﬁértéa%ahbcsawﬂ £ahEralon &8 JIBRNTL LRRGRVRE the
l'iquid crystal display paz~.el gently falls as shown in Fg. 14B Fig. 1.48

i lustrates bhapushdispiayia condectad for every pAxelhadthowghi @:Lsm ishe

respective | t ~ Wr.in

or 8- per i od TERGRER S8%, BAEn %0\ thtoB DI CedlBorLSlny Ml pilc

| ~.quid cr ysgabeni; mdaylnparﬁjltesud:n aher ablex fidterapetidicdl | Motdw@rer, in
respective sub-fra erio bl ue) thereby conducti ng
ol br di spl aphe ALt sBamshiahenl et cedt La serares Regrurn s anieoce
crystal di spbﬁyth@sccﬂ_tmu[fglbgrynder stood fromFigs. 14A -14C) with regard

to the pixels corresponding to the gate lines to which the scan signals are
out put rel ati ve~. 43 -e}4A rh4C prgfiinipgrdarits shawiag an expmpls of dispday

transnitt ancaggkl&{i{o;[ @@Eﬁ@héﬁﬁd&rﬁﬂ Ve dfay dtdrdihbt of cérmstnté.laﬁal

| um nance of tput light 1Is propt~rt|ona7 to integral value o
transmtt anc@lﬂhd shauertidldcaley ngthwd c hFige 13A-shyws tioumngs answmph Bhene

Ceapoct i vol v LeRepere ik R el A Sl SRR ERURELY Rebr

bet ween t ?~eFjgelldBasisnE ehatga\ih triahemgbtande nnspjt:relsrdm reébpboties abws

signals are ivel arli & d |x S assomated Wth the
gate lies togﬁﬁlg‘é% C{ﬁlé%g %‘ilé &F%ﬁ‘%"ﬂﬁt ar"@?'at iKAd. $4¢ shays change
sol ution to amopW 1umehahesi (rlamﬁiggam:ﬂman%bwa Qf@a&oe@:rta%emgnt tgeRrbbght
source could be turned ON after the traynSmttance in the p~. ~eels

cor respondi n§Ed- nEEeeR -cand Rdugy \FHigsh 14~ §6Gﬁ]§|"gﬁﬁﬁtelf§‘a§ut=%tllﬂﬂéﬂl Y,
a . , therpsiel sii%ﬁlyyt?aﬁ@ﬂvﬂh%shlbﬂeﬁr?ﬁ(ﬂg fan@X A0y 46D Anes\ien the

sub frame period, the waic~.te period, and the response tine of the |iquid
crystal era P@’ﬁ?%ﬁlﬂiéa ¥y thegp Pipsdst e Thendisplay qmpéépn\ﬂéllyﬂstrhéeﬁl me

Tl um during e Est gﬂt}]iw% %RH{H um@g%@& WikH %gh;é&acﬂo Fiym o & Ui’s

(2Twite + Tic) _ I's case ecreases w an 1ncrease Tn
response tinas Tbordfenbbéiﬁent duirhbdhipystiovn ofiflinexaminad fateat Hdpe.matmuﬁ

| ~.ght corre i ngl s. Consequently, i.t is inpossible to ensure
sui ci ent brlgﬁtn 1¥'n ﬁ'?@ cases, (2Twxlte + Tlc) m ght be larger than

Tsub ( correspondlm showhhen Rt whane- IAC, iond Trane poafod biiRkne Fideo
To~rite)). In such i S inpossible to turn ON the |ight source

whi | e keepi n§PRLS +%§%ﬁ%@?%e§° tHEee pubnrer s BpE1pdmrfdespechivagoleeyyi d
crystal di splaya RaBeErahe Hedliod) dldi SH0! Franll HBL-2¥a Ofanld "B Wl bhf}g&hé orm

| unmi nance and chronme beoornes .inpossible. As a further solution
liquid czXstBeTigdh smtfeﬁlentthysqmlthcftrempons-’em@ @re, each-diodided: Lhto

liquid Crys'[@l:‘ité; %équ.oﬁe g.sel'gold perlod Tbh, and exrase period Tc.

First of all, as shown in Flg. 14A, in the write period Ta,
the scan signals are sequentially output to the gate lines on lst
to N-th rows, and according to timings of this output operation,



5 to reduce the response tine T1C However) a.t |laWtenperatures of not
hi gher than O "C, the response of such quick-response liquid crystal

. becones extrenely slow due to increased viscosity of the liquid crystal ,
whi ch nakes it inposs~.ble to prevent the generation of the |um nance
gradient or the Girama gradient . TYus problemis very serious, because,
inn parti.cu7.ar) cellular telephones, portable termnals, and the lie
wou~. d be used outdoors in cold district.3The ferrdeleGr3C lit~uid
crystal. i.r~volves a further problemthat it is quick. in response but
| ess resistive to shock, and therefore, this liquid crystal i.s net
suitable far use in the aellu~.ar tel ephones or the portable terninals _

There has b hod h £ the i
oot 1 oa iRy OBRY e RRarBPRRRS W P aREn, O AR SN HG-EER SRkPnos

of output apehabésWh dhet bespsctive §6RsS, vaselrhantlpl athel Nidhed ?c&%ltél
enbod~. nen~t di sclosed in Publication of Unexam ned Patent g%pl ication No )

Hei . 11 - 139 8w pixals anefhe moys reipends ppd ranspdtiance FhgHdquid

em . ss~. on apdyLegildss ugy*ya&@lf@me%a&b Bhveas a1k HeebABY nFt ol Ee WAMENT! ON
The present invention R been nmade under the circunstances. and an obj ect
of the presemstighalydm saqhﬂ manoepr&hntdttaged!tg-prl rysempabskowt innPiovildg

uniforonity of | um nance chro a nd.ens r|n suffl i.ent
bri ght ness’ weERBHT® & cas w5188/ Febded sBr Aol B Fratma sttt 1
present i nvemhlaoaolﬁiéohamtqvnoﬂetneohﬂpimyc@gpahie of ensur| ng suffici Ent
bri ghtness while sut%)resm xxg | um nance _gradi ent and chrone gradi ent even
at |ow tenperatureS aletg"fé'rﬁlgvel{‘hgh% L REELPR pRY JiBee PR AL are

provided a dipgRl SYtHATRL EhéGatd LigE . NDHLbAdfdH ,Che BiTna1AChHdivid ttiedht
madul ati oz~ medi um i nt er posed between a pair_of opposed substrates

and, havi ng a opitar the Pixets pndthes vrdep $ERGER At eRatR thenwritamatdoing
devi ce havi n@aaagbggél‘ﬁq_w q:ge ReSpb ‘;g)lﬂjkg@sfor driving the l|ight

nodt ~l at 3. on noai . ~um by sec~tant~.ali1~r “re~ppating wit-ng and exssing of
vi deo signals for 'Elamh pecthe evage rerihdrBhy 1o thegeane maonertamthe siritieght

emtted fromthe ourcelnth | i_ght _nD t, d

illum nating P§&IP g %ontt ol® Borﬁl%rr'l oraq'.tcéorslffnqiglil hg’hl%gﬁgmt%gﬂ?%{é&&g’vi ce
to cause the lingbtors astces N therdws naﬂa@d:odrdﬁhg mw&mmg& off thilg @ftput
transmttance in a pixel included in ae(ﬂplxe Hgﬁiﬁg nto which the video
signals are FRERGEIrR ¢ fEfen sigpalantyenaty st Of FAIEBIRg they i e

period duri ng:x%hﬁhti&tﬁ:é/bflQﬁe&!ﬂﬁih%x@&@aﬂdihb&&yfp@ﬂelhﬁ aprgddtsaunea to
be turned OFF in the course o a~.lalng o the transmttance in the pixel.

Wth such cof@peut Lof: - Fespiting §PBI‘E‘1ttGe§n‘éjtﬂ°é’ s19m9 1 oAFe MELEKER QREOf o7 ~

sat i sfact or y yslieSpl 4 #'Bh! ehes E&QE{:SE&L\F@ roWEL NANGR , 0{ R dnAR! cA4Y, GRECFR the
gradient in the display region of the i nage_ zz~ the d~. splay, the

i |l um nati ngvdeepsdtty oft the pbawidberyapabe %ﬁréasmbtmqer of the llquld
i1lum nating . e |r
course of ri fqﬁ f&tl(rgg‘%gﬁﬁ%%cgg {%é@ %g’gpﬂdﬂg aﬂé x$ roup

ont o whi ch ttl&luaﬂmteﬁ grhmltstheetbmsng.hnambbemsssﬂ)lstmta ally at start p0| nt
othe wite perlod an t he ht e to_be in the co

Pal ling of Ct Comxms spakbin b 156, RS seBonatdié 1i5nE ourleb SEeciinieay
whi ch the ~rtodaoos bﬂ&iﬁ&iﬁé.@' Bet iy thé hioll @ her1o8 T Whéh tiieatideo signallison
point o the wite ggrlod This makes it possible to prevent m xed color ~.n

the field sed¥enbpaf ¥bIdt fBenbicett afndge 1ideid igysind Sieplay panel.
Mavi .. X~g | Megeni Shddit1Bh! DKiraheRRbH! 1d RE %ﬁu&ivbnswﬂfwbaﬂoam@

paint at which the light sourcé is turned ONIs represented by T
transnittancEeda dreen.aynde@ilun. obherati @I@ntihetwme@lsnrgﬂécﬁplare bel ng

witten at thp poi fxtl tpnle aEb%erlﬁgﬁgfo%de&splgy operationof the 1iguid cxystal

display, as should be understood from Figs. 14A -14C, with regard

to the pixels corresponding to the gate lines to which the scan
signals are output relatively later, the light source 1is turned



by M ( paint at which the 3.ight source is turned OFF is represented by
TZ, trans~nittance in display region onto which the video signals are being
.witten at point T2 is represented by M ( a ma_~~ ~~~ m val ue of the
transmttance ire the display ~cegi o~n oaf the |ight nodul ation el enent in
a period during which the light source is ONis represented by MO, and the
w~.te period is represented by Twite , the illum nating device control.
portion may be adapted to control the illdm nating dev~.Ce so as to satisfy
a formula given by [ ~ M-ML ~ Twite ] / [MO(T2-.T2 ) ] ~0 . 92 . Al so,
in the display, when response tinme of the liquid crystal is represented by
Tic, the ilium .nating device control portion is adapted to control the
i1lum nating i S Lsfv, TLe, Tyt hi vi.de ec of
suppressi ng t0 ﬁ?‘%ﬁ%én%ﬁ%et%%é I eén arQé:r?dEQ ]r%lrr#éa %Pg i '!ie'?l p"{?g‘iqe%egﬁﬁ'%' I EH)%P he
di spl ax, oaetofthdEapti that thebithhiascaayf Gebput aighy i3Ubsbpateidimal g a
plurality of te ljnes and source lines arrgnged so as_to cross each

ot her; pi xel igfé'@%’f yadvpsd, iW"'BFGWB‘ég“aEh%W CAARFING YRR tRes at
whi ch the pl usght kbuebe da3idN,| RS 386 gbhSrPtel 4bidan10fa RAMTER e J19%16HESS
each other: a plurality of 'switching gew ces respectively prov.~ded as

cor r espondi n§PoChEeMG)| FTAALent cvhich Lespectively i idt ddERegenehdict i ve

state and a Rl GlhlaV, eiNesiomid® W iRlent A

source |i nes&igﬁigccor %ﬁc@%ﬁéﬁg&drl ve Sf“gna‘fgéﬁﬁéﬁ #Ig%tp{l%rqgég%%%gggfle
lines , and whéhdihecgate linhespx whbth dhbsteat sigmels bee amtpmboseletively
substrcate hay- a_counter, electrod i sposed posite.to the r.a
substrate. Tﬁ?&?gﬁa&@ ﬁg?/ %ﬁﬁﬂ-ﬁe‘?sﬁfﬁﬁgﬁ_&g&&iﬁtﬁgrﬂ% Narinn §:é’n§€$°9 éPe
measuri ng tespahasidwaly ateVoatput yrélfatiibellyl vhtesrpdul ation el enent , and

the illum nating device control portion may be ad%tg_}ed to oox~trol the
i lum nating devi c®%td SEAoPhEC| 3R soghc duninggics gragddenly ex-ohroga

accordi ng tograastheBRs 198hRiseadcEkoliNg v acaloN SF 18NS Eraddihis talnlaVs
the light source to be ON-controlled at appropriate t~l.mngs according to

t enpp~cat ur edndhe RiXels coRrRIRONAIRAGC the Jatediap towhighythegean sdgnag
accordi ng My qf I rigse.: I\ )Qh L) L.\V4 . hgput
or setting oP BPLELAEsTR; 138, - rHfifeXk 8 RAa i P bel SFpE AR RR Y
devi ce contr sitabdet i #hendhedub-édamepeninvd othe vl td periadatanig Iderespense

cause the light_sourge t turned OV OFF accordi to _the setting

i ndi cat ed bygg'ﬁg 'i?%pu e rlegg'ﬁ\%ﬁr%ﬁg%]hear &8 Wﬁ%"d'b%?tb?oﬁ"?uﬁhi@%ﬁ?es apd
possi bl e for Tacussispeetdosly plthar time Floum digritly witbcH itRBt1igMiY s6udde can
des~.red tin. ngs zn the di sp7.a~r, the light nodul ati on nmedi um may be
liquid crystaF. ; 1% Sven P¥Gui derystal is the | east expensive and superior
in productivity, timRufli=Sfisay Of (dferitleeSeRichnventi on can be fabricatesd
easily. The liquid_crystal of the display map be OCB-node(Optically

Sel f - Conpensat ed BI% éﬁw FRSSe T HEHESCFeRRATIVEEY §ngjncregsesin the nespepse
source may Deihb e 8 {hd N9ti806ryAa1C! £hé OluiinRRE8 6N Che b@tPueTabhti N9

el ement .

correspondingly decreases. Consequently, it is impossible to
ensure sufficient brightness. In extremea cases, (2Twrite + Tlc)
might be larger than Tsub (corresponding to the case where Tlc is
larger than (Tsub - 2 Twrite)). In such cases, it is impossible
to turn ON the light source while keeping the transmittance in all
the pixels included in the liquid crystal display panel stable,
and therefore, dlsplay of image with uniform luminance and chroma
bacomes impossible,

As a further solution, the liquid crystal with sufficiently
quick response, e.g., ferroelectric liquid crystal, could be used



In the display, the illum nating device may have a J.ight source for
ernittirng lights of different prisns, one frane period of the v~.deo

. signals :nay be conposed of a plurality of sub~frane periods. and the
X7.~.u:n3. nat~. ng device control portion nay be adapted to control the

I 1lum nating device to cause the |light source for emtting light of a
specified prismin the course of rising of the transmttsnCe in the pixel

i ncluded in the pixel gra~xp onto ~hiCh the t~idea signals ere be~.ng
witten at substantially ~teznmediate tine in the wite period and the |ight
source to be turned OFF in the course of falling of the transmttance in
the pixel in each sub-frame period. This constitution can realize the

di spl ay of the pwdieenthe mapones tink &0¢0r Hawgves, SOk Aakl ednperdtthres of
sequential color. method. In the display, one of the Bair of substrates may

have col or fPPEERET thgn R ,}{g,t%%eg grfe o Fuche AUickrefRCRSENSIERE ce

control portspps @l nedomdsRixatem@1§HldP! addad Lhdbsidd RAsE8¥16f dEotrRaguUSe
the light source to be tuz~ned ON1n the course of rising of the .

transm tt ancélawld geystakl vhich nakasiit Lmpogsiibde &y pupvenit showenerabdoni deo
signals are [ ' [ ' r ls ti [ Lte
period and tﬁg %g%%ﬁbceg&f%%%ﬁtﬁg%n@é ét%% g?ﬁghgéﬁ'r sgﬁgf é]%‘fti}'%ﬁ“\é\i%f

t he transm t veny serious hbepausd, impeatihcdlaecqgkiulead eldphonede positgbabds .

This constitutio an realjze the dis of the esent s.nvent~.an
T ozoathy Eeriina BRALHES IS kaibe N Renll Setoore dp s i Ay atRdot.
present i nvemhé OferridedeetiSe a Sfid evysesh anvolives al fudkRBb oo IGIPERSE NS

t he above-identified display, and the cellular telephone .may bE adapted to
out put vi deol&iigharick dniFrepposephul; leag Iesdstive 5o FROPF < 8BAthexeERtPon,

there is furiheg1P5QYa gﬂgs’@aja ponst @lﬁi:ifaiglfé BbP @Ls_e%lrﬂ?fei (.%lggila{xj:%le hones

above-identified display, and the portable term nal nmag be adapted tv
out put vi deoosithegiortapletermioplay . Thitks hels besgrpraposed 4 methad hephdphect s

) features a a f i i@mri.ii e [ Q%Qq~gﬁ~i to
t hose skill egﬂiﬁﬁ?\ﬁ%?sagfsﬁh%or#pﬁte ﬁ%\é%%%w ng efstgrafp | 6’%9? en w fika
ref er ence t odisplayx regpeon picegrdiny te. tysingsBht bt PECGREFPAL OHh OF HhdEscan
DRAWNGS Fig.,1 is a cr -sectj opal Lew schemati cal | y. showin
constituti onsﬁ?n%f%.%spﬁijuﬁg’c’ﬁ%‘fﬂd' ;%_‘aas???‘é‘f %ﬁ?ﬁ%&“ﬁéﬁt%ﬂ%@ﬁpﬁ'@sent

i nvent ~. on:  PuEEicatfton/Bf Yrex@indfisd It NYpMicavsof WoV-HED. ali gnienasy, 10
states of liquid crystal filled in a liquid crystal |ayer included in the

di spl ay accorBthdFediras a pheraldiyoef Fegiong fog light emisghan.pnd reghlsm

showi ng a Copgthidl i@hQbkatBigdésdd .2y according to the first enbodi ment;
Figs . 4A - 4C are timng charts show ng an exanpl e of display

SUMMARY OF THE INVENTION

The present invention has been made under the circumstances,
and an object of the present invention is to provide a display capable
of improving uniformity of luminance and chroma in a plane and
ensguring sufficlent brightness without an increase in fabricating
cost.

Another object of the present invention is to provide a display
capable of ensuring sufficient brightness while suppressing
luminance gradient and chroma gradient even at low temperatures.

To achieve the above-described object. there is provided a
display comprising: a light modulation elel'nent including light
nmodulation medium interposed between a pair of opposed substrates



operation of the display of the first enbodiment, in which Fig. 4A shows
timngs at ~rhioh scan signals are output to gate lines in a liqu~.d
crystal display panel, Fig. 4B shows change is transmi.ttanoe 3.n pixels
on respective ro~c~rs included in the liquid crystal display panel, and
Fig. 4C shows change in ON | um nance of respective |light sources of red,
green and blue: Figs . 5A 5B are explanatory views showing the ONtimng
of the light source, in which Fig. 5A shoégs change in transmttance of the
liquid crystal display panel in a pixel on NZ-th row, and Fig. 5H shows
change in ON |l um nance of the |light source; Figs. 6A, 6B are explanatory
views showing ON timng of the Iight source i n Which Fig. 5A shows change

mtransmttaneof the |i crys di.spl.a a el on N 2-th
row, and Fi g@® I‘Pz#’f@‘gi ’ﬁe&ﬁl ﬁg%ccgfsﬁlatyﬂ.@q Pﬁhi“‘%‘b% &8 Figs |,
~A - ~Hare &mhﬂﬁ@ng/awmaﬁm\gnmgumml RrRiedbrithenlfogidrisatgce

can continue to be ON in one sub-frame period, in which Fig. 7A shows

timng at whithp Hiehtsmadulaiion “‘P@i‘éiﬁtbduﬁeﬁ‘éﬁﬂqﬁ'@%&t rengadnghwRl-bing ando,y,
Fig. 7B showg r PREEL

pi xel on N 2- fhg%g%r%%éﬁ ?ggig%?s ff%ure%g%e I val pcﬁﬁo?vxa\l Zurﬁl}n%rtl{&ggg
th$ |ight sortlraaﬁmﬂtﬁlqe $A L1t embtboad [ fromt blnq Mgb.ﬂvssdwrcaaipl the d4ghy pN

| um~xance o th uzc i_n.one n i ch_Fl

shows t nat -t FaELRFRn SH8RREEL sBa i s TR LIAIRLEEH ool B8-bloh 280
the ON | um naeaerbitindg amiel 111\&&11'&&.1@ndeﬁ@a ﬁCcShQﬁ\Btﬁehath’ﬂes&l‘tce to

| um nance has a-plurality o g 9 is a block diagram shovm ng

a oonstitoti & SprRediHigyt ‘Et(iﬁ"c}'sﬁg"{foﬂaf‘%Bﬁd e thanceoin 1 #1x
pz~esent i nvqpkhAfed @IS pikéy -grltp aheow&n%hewidé&mgﬁawaga Gdihigm ng
of the light source in one sub-tanme~ period, in which Fi 10A shows timng
at whi ch t he wrdgheniagnsybstantdadly imemedg@t%tfmﬂéncm pe meTies durigg | 08
shows trans | | on
N2th ron  AnaehesdPel it Eesintttion oiln B8 BN od B bETaLR

| i ght sourceOFFi ig. thid atmzaaebbﬁciabll:ag; amﬁ shemtnglsan:idxt:mpe~tut'eh@miafela

di splay according to..2 third e the ent inventi Fi

12A -- 22C are ti nbh(ﬁ%l Eo%ﬁ%trh{é an exa i?‘ dE%pnésyrgp%&?ido%ggf

t he di sp~. ay vaaghtiesy foxr SatAsfabtarpaisplray oﬁiléleszmpﬁ:seanng Nasktinanee | N
which F~.g. 12A shows tinb.ngs at which scan S|1%nal s are out gut toiﬂ%ge

| anes in the FPEIFRT @R RO pspradient,ip the dispday Jpaton.q

transmittance iu prpadR-agsplay e%@%lﬂﬁi&ﬁmyr}réﬁ(éedcéﬁtﬁ&lepbrmﬂma
crystal. display panel, and fig 2C shows change in ON | um nance of t

lig~.t sourc®e pfaeted @AGOEBBDEZW@ dlivminasing, deuper i FaBsef t%#@%
I, nG udirrg tG-dhSpl Y QUrnkBEoR £5 ¥He JOUEBE! O ri A nd bEhtFhflsm1 titiice

in a pixel includad in a plxel group onto which the video signals

are being written substantially at start point of the write period
and the 1ight source to be turmed OFF in the course of falling of
transmittance in a pixel included in a pixel group onto which the
video signals are being written substantially at completion point
of the write perilod.

This makes it possible to prevent mixed color in the field
sequential color method and image retention and bHlur in a moving
image in the blinking backlight method.

In the display, when point at which the light source is turned
ON is represented by T1l, transmittance in display reglion onto which
the video signals are being written at the point T1 is represented



shawl a Cellular tel ephone and Fig_ 138 shows a portable ternminal: and Figs
14A - 14C are timng Charts showi ng an exanpl e of display operati.vn of 8
liquid crystal display aGCOrding to the conventional field sequential color
nmet hod, in wh~lck~ Fig. 14A show$ tim ngs at which the scan signals are
output to the gate lines in the liquid crystal display panel, Fig. 14B
shows change in transmttance in p~.xels on the ra~sppC~.ve rows included
in the liquid crystal display panel, and Fig. 14C Shows Change~~.n ON
| um nance of |ight $ourCas of red) green and bl ue. 12 DETATLED
DESCRI PTI ON OF THE PREFBRR~D EMBCDI MENTS Now, preferred enb4di nents of the
present invention will be described with reference to acconpanyi ng draw ngs
Di spl ays of .t I r~t Jjnventi re t ( e l. i i on
el ement for F’Xa‘glg g??%?aaf w ?%F%‘Bg'ﬁﬂ%ft ﬁég%gexggféu%?§§p?% %g%}%%"{ﬁé%%%rgést al
di spl ay panebyiTs, tsansmittidiel ig Al sphay ireyi o ontbediaih thdRvhado mgnals
Fig. 1 is a cross-sectional view schematicaii~r show ng‘?a constitution of a

di spl ay aocofFPRpIMY written ak R EALSFeRTRSGNTELINE M2y A RExiHum valye

2A, 2B are CogSeneé eehh8fiStt i \en HIMISp By Tegish OF t1td ALght Hhodd1d¥HEn
crystal f~.1led in a, liquid crystal |axer ~. nciuded in the display

accor di ng t oetpment igm pemind during which the dight geweee 1s O¥ls yepregeated
conveni ence Yol M Walell ~ hockiscat . de
of o di oo atTHO GREON ORER R PheRRo Al iy 1P B BLuMBARY 18l
i quid cryst device piatnednpoériibns maydie addpted o hentpul hezilbdibarieg

bonded to both sides of | iquid.crystal ce7.7. ~.2 . The liquid crystal
cell 12 conplﬂﬂ"é‘get% as%%sc\ Fggég?yi%/efogmu;ﬁ g%%%‘? Wibstrate 27 and a | ower
substrate 29 [qusPaspH-ORROYI[MO (To-BEFE=0L 82l as spaced by a spacer ( not
shown ) between them A liquid crystal |ayer 29 contains liquid crystal 26

filled into a gap Bbi%edh Hwdifiay - shan Fegronse tine ehihe (BFstate

28. The |iquisd £EpsdsintdaSBy MRANBhe |1Q19M1 62EBLY devebe | Sor@caabbeeidd isnode
liquid crystal display panel ) in which a given voltage is applied across

the upper su@dephed t cantrolethewkbklumipatingcdeglae sgaasete heatistwTig
crystal 26 te.trangition from spr aldgnunen Fig. 2A) to, bend aliagnment
(Fo. 28, asi AHREhs s Brp R Cates oF aiprhes g, Pug cindpaste
backl i ght 20 gredpenteahdahgwmbhgradigntd notiseablyi spl ay panel 10. The
backl i ght 20 corrprig ec%eadis! F.Ey,ggrlxg Iol}gtlg)el.‘. %%&20 sut]ig’trates may be an array

substrate having a plurality of gate lines and source lines arranged

&0 as to cross each other; pixel electrodes respectively provided
as corresponding to points at which the plurality of gate lines
and the plurality of source lines cross each other; a plurality
of switching devices respectively provided as corresponding to the
pixel electrodes, for switching between a conductive state and a
non-conductive state between the pixel electrodes and the source
lines in accordance with a drive signal supplied through the gate
lines, and the other of the palr of substrates may be an opposing
substrate having a counter electrode disposed opposite to the array
substrate.

The display may further comprise: a temperature sensor for
measuring temperature of a vicinity of the light modulation element,
and the 1lluminating device control portionmay be adapted to control

the illuminating device to cause the 1ight source to be turned ON/OFF



conprised of transparent rectangul ar synthetic resin plate, a |ight source
21 placed in the ~ricinity of an end face 22a of the light guiding plate 22
as opposed to the end face 22a, a reflector 23 placed below the |ight
guiding plate Z2, and a |.~.ght diffusing sheet 24 provided on err upper
surface of the light guid3~ng piste 22. The |light source 21 of the
backlight 20 is conprised of hED$ (Iight-%nitting di odes) or the like for
emtting light of three primary colors ~ red, green, and blue. That is, the
backl i ght 20 has the light source 2Z for emtting lights of different
prisns. rn this enbodinent) thus, the backlight 24 has fiha |light source 21
for erni.tting lights of three colors( a..a. , red, green, and blue, but

t he col ors arazcosfiihgt o deshstrelnent | shtzicheklobiyhtlse temperetnztei sehgoxt he

backl i ght 20 may have a |l.i ght urce 2~, for itting.lights o three colors
of yel ow, it 4LL0KE TRRN1oRE SRBEAY e PROPRCCTHEOISR Phe PRY S (o1
natural col orgidiisghAbcoradig Ot empé Rt E@ls0ls envifdhmditERherd ttheldlsp1a3" €
preferably used. Further, the nunber of the colors is not necessarily three
but |ight of ¥8w¥86f-four or nore Colors may be used for color disQay, xn
brief , the |ight r o Tk “(‘)Etfﬁn i

prisns is sati sfac?ggy&sg § %??géiggﬁugggmgggng ;gr?é %795{"%?-6% of

| i ght sour cepdntdbndixg: receeingakinght £0f settingvef ONctwing ok itieslighitor

[ , d ligh | i.ah bl
ot Sour codoroe: vhEe IR, (S et R beva e peh R Sy R et

respect ~. ve ctd @onktirght thaayllvmihhgbhg dwdlces togbausaitlecldght soukee [taser
beam ar otherwise ) may bs |i ghts havi ng wi de wavel e‘ggttfh reqi eper at ed

by Conbi nat | P GATEBRANAGER: aroarding, te the (oY hio6; 1aatrated &v, b8 APYY ght
source 21 capaideAveh lbfit'i& EHE&M@%QEE&.&L a fhid nmaneedit %d‘@iiﬁl%bk@r d he

above-identified LED or el ectrolumne$cence(EL)Iight-emtting el enent is

suitable.  MEeFhto sopkred|ipn Heswane QN thenlight EORFRe &t red Eimingfe

i norgani ¢ and or gagi,.c e ' iﬂgq}.ﬂ U $8v bhk N1 i@t
source 21 may be cgﬁpF%e%y%itafrys%r. ur?ﬁgp?'a%%'q.éegﬁ soufce 2~.‘5ﬂ'
~.tsei f rnay doystddpt dince herXiguidownystal dg thpdeast expbnsiveeandauperiar-n
and non-em ssj on r her wi | ook |4 as_if i1 were

on/ of f - cont r of't #&° ch%ﬁg{%atst?’gg%éfip%ﬁh# é%?t g?a,se’?%tianr‘g/engo Br PP %%r or
the |ike intcddrachitglteasimye.e which is always ON. The rotary color filter
refers to a filter structured such t?at a cirgul ar filter is _divi df((?:l#rnto

three sector forns TReshH4 eFYStb o dtRe FLER1AE FaYPe SrBimodedPREIFI MY, 5

The rotary galf0compbhSitéd m%&i—gﬂ?é@c@w&_t)anqum SpEaIconi ~ation Wth
frame periods for emtta.ng |lights of respecti~te Colars. Publication of

Unexam ned Patent ALEp~. Fhaitd REureemay; be ifghhsemptitding ddoden @F ecti on
type display diidigollifihedddnbe” Ui8ht b {@ing bllehbit. case, the conbination
of the Iight source and the |ight shutter of the rotary color ~.lte~r
correspond to a |i @htthegliapd afverthsl ildiumigatingdeviee pvhrhgyem Lightsoupras
availability LCl (yar i it LS | ralhy { he
| i ght source %Ig gﬂ‘t Sg?r{? o@rﬂhgs%\%v?% h‘?ir%?%?ggrrtagl on" adetbﬁ/%eﬁgg?% .pgts}:} Pgnagﬁ%l ®
non- em ssi on.vildeot &bgroElek inagde 20mposadosta pluealitef] suinifsme pediddom
the | .~ ght source xl.is, 731cident on the |ight quidin ate 22 t hrough
the end face #¥athe FHLOPRatIRg: q‘f.igﬁthngrﬁiﬁ%ﬁtf;gw?g@%? PRP TREQAETST ¢ he
a.j.ght gu~. dinenfn Rimiin@atdAgdtd1eBRRERssd tRH AL @dhgch Torlamett iy foa
thereof . In this case%_zﬁthe | i ght | eaking downward fromthe |ight guiding
plate 22 and 9@ TRefifked RELFR N Ehe rearses of risdngeat hhe fEapsnlt 23
and ret urned h L5 i16he 444 ye e R R-thEheidddBignal
emanat 9. ng fr%ﬁtghgi?:i gF}t g]jgé‘iadi ng [fﬁ‘g%,é Zggélf&god#??ﬁééd ttl)ly thdeécﬁigg tEl S
di f fusi ng shewste Paiaganitdensst-subishgntid¥ls ddtermedidte thoe dintthorwrike

liquid crxsta ergﬁgpw F§$ %q{?h%osidur%e{oegg *tugggdeng':jqé dtﬁé %%Bﬁsegéf g%%‘%u?ga”e'

10 is entirel uni ~Trradrate reen,
light. Fig. 3of the tiamdmititagtanis thel pixel dansach whibofrahe teriidspl Phylsl
according to the ~~l.rst enbodiment. Referring to liquid

Figs. 1, 2, 3, th
crystal di splERP§iatatien ?@Pefqaﬁqz9kﬁBﬁndﬁﬁﬁﬂﬂ?TRFntﬁgIQFQ§9ﬂFﬂ¥?F8PfE??pe
di spl ay panel conpr~.sed of an oppas~.ng substrate ( not shown ) provided
with counter electrodes ( not shown ) on an inner surface thereof, and an
array substratE (not shown) provided w3.th pixel electrodes 39, gate |ines
31, source lines 32) and swi tching devices 33 on an inner surface of
thereof ( which are di sposed opposite to each otherwith the liquid crystal
7.ayer z9 interposed ~herebetween . In the array substrate, tk~e gate |lines
31 and the source lines 32 are arranged to cross each othez~, and the
pi xel . electrode 39 and the switching dEVice 33 are prov~.ded for every

. o o o o S e



The switching devices 33 may be conpz~i.sed of , es , g _ , anorphous
silicon ) polycz~stal siliCOn, single Crystal. silicon, SO ( silicon on

. insulator) , as prgani G SFam COnduCtor, or the like, or otherw se nay be
conprised of another devices so long as their have function for sw tching
bet ween conducti on and non- COnduCti on between the pixel electrodes 39 ar;d
tixe source li.r~es 32, as npnt~.oned later. In the display 1 so
constituted, the control cirvuit 36 outpue$ a control signal to a backlight
control circuit 37 to cause the LEDS to sequentially emt respective col or
lights as the light source 2~. in a given cycle. TO performdisplay in |,
synah~coni zation with this light emssion, tt~e Control C~.roui.t 36 also
converts a video sjgnal 38 ext.er ly.input intq a tield sequential collar
vi deo si gnal af??ﬁ%&%@nﬁ?'ﬁ%i&%?&@édi fi ﬁ%tjf% §°EPFe'B?€lb'ﬂf‘f or the 16
pur pose of di ~pi ayifgne dRAay) QRS bEStHe batitetbsthiated MayQuitd 6bLlor
ctrcu~l.t 36 outputs the oon~rerted v~.deo signal to the source driver 35)

and out puts EdAEPER ofirghalivee ANLIFRAT A thoddlyminabing deudee CenFeler
35, accord Port fod gy G UBAL Ll ol Bhe 1140ndnk RN Bovi1EBGJBhise
driver 34 outputs scan signals to the gate lines 31, thereby sequentially
turni ng pn t khesWaldhisoyrdeviedse 3propdt OF i dhec coursei ok Tising ofuthet he

pi ~eel el ectod > 0 |yl 0 uctive, d

accordi ng toEfﬁég%i%%%%g%?%%egé’g% ciléﬁg?‘figér{rﬁggge%%ﬁt %P¥§ W ‘e'!su‘t’%e

vi deo si gnal gsheniidedoheignadd aeb duingiesiBSenatt ubstanpeal 1y elntiermedibbe ough
the source lines 32. . To be a groaéer debajl 3 t he ﬂate driver 3~4 outBHts
the scan si gk&fecdt tBeprtheh BEFLod ARty fBer HHofty SAPRGe &P PRt utRed FRy

devi ces 33 t @nbhowi¥e ol RE1PInP bl the ¥animertdiitel YNNG Pikdin@nSvhérhi ng
devi ces 33 connected to the gate line 31 on 1st row. Tn this 4N state, the
vi deo si gnal §rage ReTipAoes tthe vhdpe signpler Ihisconatitatieop: can reghize
lines 32 ar et%gﬁﬁssmagg,&qmﬁew iﬂe%%ﬁeamoé&ﬂ%;s%-wﬁ%abq $hg ! OW.
Then, the gate driver 34 outputs a signal corresponding to voltage for

t uzw~. ng of f babklight agiedbrgd.devi ces 33 to cause the pixel electrodes 39 and

the source |ines Q r sou-con i g i W,

t her eby turning o%ccg%re‘ﬁ%\% F%ﬁihﬁgp g%%%%?‘@%n%gﬁﬁégh:#et ggt%%s%raafré%&?%(g 31
on 1st row &icallvilafraniiephpne teonpaisinyi the dvbvestipensifisml dtaplay gand t o
the gate line 31 o nd row, .thereby turnn n_the switching devices 33
connect ed to%f‘ﬁe"%’gl["é'alri helephone E‘ﬁ}d{ ’P%\ﬁ%&ﬂ%gﬁeﬁﬂ},mﬂ?“itnvf‘h%gc?ﬁmgﬁ by
row, the vi depesage@sy.out put fromthe source driver 35 to the respective
source iies 32 are wxitten~ onto the pixel electrodes 39 of the pixels on

2nd rows. Ther eaf tAfcondiagsmhe pEPBER ANESREI e horms Fugkhes prrutded, o
sequenti al | y aWsdttlefdl eCPdAnitdd. LonifitiAnge! 50 ABoved1@in 19 i ALSF1ay,08nd

respective rows, which operation generates potential difference between the
count er el ecthedeertanle ferpinal maveber adeptad Yo ontpubyvidesisignpis to

i~ qgtxid cryﬁxgl %@_be driven az~d transmttance of the light emtted
fromthe bac |g%t to ba changed. As a result. inage corresponding to

t he video signal 38hiissolpsdr,vedws)l aswtherrobisclisefeatttygs aodadviantagesnf

the display %fo'ghé Qh\srex?@o%dbﬁf tbt;-.vé'.llollnle. nl?oeredg%[gyrgx?g to those skilled in the

art from the following description taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a cross-sectional view schematically showing a
constitution of a display according to a first embodiment of the
present invention;

Figs. 2A. 2B are cross-sectlonal views showing alignment



Figs . 4A - ~C are tim-.ng charts showi ng an exanpl e of display operation
of the display of the first enbad~. nent. Fig. 4A shows timngs at which
scan signals are output to gate lines in a |liquid oxysta3~ display panel
Fig _ 4B shows change in transm .ttance in pat.xels on respective rotes
included in the liquid crystal display panel. Fig. 4C shows change in ON

| um nance of respective |ight sources of red, gz~een and bl ue_ These
Figures illustrate that the liquid crystal0display panel has N-raw p~..xels
and N-row gate lines corresponding to these pzxels_ As shown ~.r~ Fig. 4A
th$ timngs at which the scan signals are output are identiaai to those of
the conventional exanple. Speo3fS.aaliy, in the wite period Ta, the gate

driver 34 se i n g I on
st o Nt hEacaE  1ufeflidhtal AT A BrhpfafThfer Atita
vi deo si gnal sinddthpedpspithingcrordfnyg o dhe dlrbt uentmdimentfr om t he source
driver 35tdthesurc lin re sequentially witten on th i.xel
el ect z~odes 39 of i E%?ﬁfg?gfﬁm ?W?%%Jogﬁ%gﬂgﬁ?ﬁP&%hﬁf%ﬁﬁ’&aﬂol d
period Th) t@ﬁunﬁlg@a&m‘a FhesBoémbbdiMent;and therefore, the video
signals witten in the w3.te pez~idd Ta are held in the reﬁéctlve pi xel s.

Than, in the eraseF$esi d@ TAC axeantining chartsshpwilng qsbm LiHesrdexn
Si gnal s are to:t n raw
and reset oi GRatatibniod s Abfty bk i Ve iiSSuugbnd), B8 wifallrd,

wite period ﬂashawe Ehoglnast Iaan Wixioh i sdean sdghabst dxe p:'utmt tel eue dde@es39

on 1st to N-t [ 1 s t hat el C t he
liquid crysta 1:}, 3‘ sp a@%’a‘ﬁﬂﬁ% d#gﬁ%%eq eg’ ‘A"agao%ﬁ s'h Cﬁ%ﬂ Si gl}'lal
witing, the tiraansittinog dnopitdies bﬁqﬂéspbmyatnbwmlu.&ph.agte@&mehemmﬂti | r
rises or falls a hown . rnent ~. oned pre t he

L orem Lt ancavyaraL, v 14k baflaty o2 Frki A0 Shvs.CHANGS ShcY Linkhange

shown in Fi g,oﬂ%sﬁéét:b?&klig@ﬂt 56@PEEP | ofCiredlli hréen Caid rullué the backl i ght
z4 so that the light source 21 of the backlight x0 is turned ON (starts

lighting) in the cS&E%efl?f FBare pypldaratory viawsmhowingethe, OhElpingefon
N 2-th row asg, Ei§§£ %e%{z\f;}w e & Rl ﬁq.geosp?'s%%s Ef_éj?heer%éﬂ%% an

internediate tinme i'te period and turne rm nat es
l'ighting) inathgheolkpadofrystal didsplaytpanell far mm&m N/ZFicht row, @ndhe

| ght sour ce disy { 4RNERON BeLere s NGy CRIBLELLgN 1ol 1% /bl D800 L e

transmttance. |n Fhgs. GisesBarnehenphandtorsy veewgmmﬂngham tilmanust rchece

gradi ent or chr e radi ent wo Id e gener ted in displa on of th
l'i qui d crystgﬁgg'i g‘é&ep'arfé\ s\%ﬁ S; FagnRge %‘ g‘“’b

chronmes gr aditgief 1fqiLderestas fﬂﬁﬁﬂ&y Im&unﬁf assaeb1byn &mzt-rtngc@p PaRa rmgte ON
timngs . This will be described with reference to Fig. 5. Figs. 5A 5B are

expl anat ory PleRBo¥HohFRgOI™ PHi ﬁ‘é‘"’b‘fa‘{% °if~tbﬁt15§ﬂ}'r SOUXCeE| g  5A shows
Change ~t.n transnp§{§angl Ohptdi@ bboitdhtoryStfbwslsRow g Qﬂlﬂéldu!rﬂng vﬂii’éﬁl 01

N 2-th rpw_ Fig_ 5B shows Chang$ in ON | um~. nance of the |1 ght source.
Fi g. SA, ti ne-ther iight heangree #a!lheoﬂmqot hecoN|in tdne gnbefr@ne I‘#eg:ioﬂh row

in an arbitr Hgﬁf%iy:g Reéllx éﬁp\?ﬁﬁ@é%{iﬁ%@ Qxe a?tI @né-ll_ @f orm

A2, and tine-Serie e~ 1n sm t ancevm ngs ~p|t3ng
19 of the vi deothe gatiesl e ayxeﬂl/myttdrﬁwwmtg.r esmmstnrammmcerﬁ the

f Al A2 Bl1, B2 t
Y and GRE. pod AL FtaT, GLRhaw ABE OF BRF RikpLam /35 FE At 808 P18 and
T2 respecti velcy -i ndli s8dsbtiyredgsERe |oNQskihanked . of Nehe NAGRE &é@m‘@ in the

pi xel on V2 -th row atﬁgm nt T1 and the transmttance in the pi~e~. on

N 2-th row at poi nFig%- §f¢c §Carpexplanatory pramsfinteermaiping Qhlysipanches
representing Jengge l‘&l.lﬁ;ﬁﬂ Ssdutgbaﬂ%ﬁe'\@um N aite o ARECLA VR ¥R Fig. 8A show

repr esent edbydashed ['i nes L~. Furt the transmttance |n a stable
aondi ti oa, i .that)thé®N jngbeance ansrmmet‘:anoeulm twayes shape aFd gpedB chows

repz~esent edt% B4 1uminance that gently varies, and Fig. 8C shows that the
ON luminance has a plurality of pulses;




Regi on defined by the waveforms Ax, Bl and the line L3 is represented by Rl
and region defined by the lines L1, L3, and the wavefor nB~.

. a.srepreSent edbyR2 ( whil eregi ondef ~. nedbyt hewaveforns A2, B2 and the |ines
L2 3s represented by R3 and region de~f~.ned by the lines L2) L4) and the
waveform B2 is represented by R4. When areas of tk~.e regions Rl, R2, R3,
R4 are respectively r$presented by S1, 8211 S3, $4, difference 8 S in output
| um nance between the transmttance of AL;"A2 and the transmttance of B1,
B2 is given by ~ S a S3 - ( S1 + S2 ) . Hereinbelow, the value d S wlll be
calculated. First, wth regard to the area sl of the region R, since the
waveform HL i s obtained by horizontally noving the waveform Al by $ T) the
hori zontal w dth ofighe LeGHbDGCIRA1aGr&y shbwing a donsiitidlion-wica, dispilagr ea
S1is$ given by: SI ~ (MO~ M ) ~ T Second, with z~egard to the area S2 of
the regi.on RACCOREIpEGHY P rEeGoRd prbodiment, of - the yresend, dn¥aftloPs i angl e
shape and the har “’F%&Q.t aloasLdeor &R Qxﬁiaﬁmxég%gas Rehdwin00R! tiwily be
When the sl ope of the waveformin the region (value at point T1 of tinme
di f f ez~ent i attihendight seircet Imcwe BybrEpanes parded bhyngwhich Fdgar 10D £hows| de

So(102) X s TArage R BRad s deabs anapls plibot € cHE debr ol Uil on 0K
the area S3 afow,h@igeglol slicwsatrdnshttiames 54 the thiguidgicowstdl  diSplays4 =

MO - W2 ST, as.in.the case of ,the area S t he regi R . because the
et of m b2 MEnSleEh RBERER B MAtr T S a 3 T8t ndOEne DberRe A, o
T. Further, haeRroR LiRLSnds of thubsi Isturseli ght - angl ed triangl e shape

as in the case of the area S2, S4=(1/2) ( u~~ ('~T)a-(1/22 1.~2( =T)z where
a2 ss atime diff &igntilahsad gL pRowing & sopgtitu i%°§@rﬂ’a‘% RHAYR S
is given by t i ' f JimEh St i Sonod ) ~S4--
( S1.+S2 ) :(%ovl%ﬁ?\g{té??/%ﬁz%g%% Z - ?(&Ngotﬁ/lg) %ér%(nﬁ Z?XE?(Ea%i aJ

=(M -M2) aT+(1/2) ( Fipsk|IRA(- 37 axe timipg)chpnts ghowlng apexappdp|of display
timngs of wjti Vi ' I ' Cankid B2
than in the R e ori?r’s i?%}ﬁﬁigﬁgégq%wﬁﬁﬁgt%%égggr%ere t egth?'nrsﬁ)ﬁébgmof
witing of viplementgiatrentien.cdnl weich Fighel il \sHomsntilingdtatt which redane

R

Fig. 12B shows change in transmittance in pixels on respective rows

included in the liquid crystal display panel, and Fig. 12C shows
change in ON luminance of the light source;

Figs. 13A, 13B are views showing appearance of devices
including the displays of the present invention, in which Fig. 13A
shows a cellular telephone and Fig. 13B shows a portable terminal:
and

Figs. 14A ~ 14C are timing charts showing an example of display
operation of a liquid crystal display according to the conventional
field sequential color method, in which Fig, 14A shows timings at
which the scan signals are output to the gate lines in the liquid
crystal display panel, Fig. 14B shows change in transmittance in
pixels on the respective rows included in the liquid crystal display
panel, and Fig. 14C shows change in ON luminance of light sources

of red, green and blue.



in Fig. 5. Also, region defined by the v~e.~reforns Hl, Al and the line L1
Is represented by RI' axxd region defined by the lines L1) L3, and the

waveform HL is represented by R2' , while region defined by the waveforns
A2, H2 and the line L~ is represented by R3" and region defined by the
| ~.nes L2 ( L4 , and the wavefozm B2 is represented by R4' . The areas of
the regions R' , R2" |, R3'" ( R4' are respet3.vely represented by S1',

S2') S3', S4'. The tinme difference of theitsvaveforrns H, B2 with respect to
the wavefarnms Al, A2, is represented by bT sim.larly to Fig. 5, which has
a neg8~.tive Value in Fig. 6. Simlarly to the CE~Se 4f Fig. 5, 2X
$1' +S2' =(MO-M) ) $T~, S2'=(1/2) ~L1~ sT~ a, S3' =(k~0-M2) ~ ST~ ) 5~
=-(1/2)u2 $x~a Therefore t he change anount 8 s of | unb. nQ_Xxr of the
waveforns H , B2 L P REERRRED EMRODIMENTS _ ven by
the follow ng fo~. juh8iprefefred dRbodimbsts bE/thd presént Shventdon(wiilbé )
=(MO> ~41) ~ $T~-(1/2)~Lf~ | ~T~2 -[(MO-M2) ~ $T~-(1/2)Lt2'~ $' ~,"'"12] =(M2-M) ~
$T~+( 1/ 2) ( L~Aesueiped @ithreferpne Logoaonpanying drawings. Spisplays of fherr om
the fornmulae (1 2) . dt.d $ Lor e
given in thepé' an('o%fr‘r‘{ééteiﬁg‘z-ggg\.,\%%%d e%lﬁgrggiriasﬁl{gl’ F%ééalg?/%f%lre?r"s?% 7.,
B2 are Earl i efort heayd dibsptagel otamsifibeldR, iby wadeoHertmplef atlierudidspriymtal
regi on. Subsequently, referring.to Fig. 5, the .0 between f{he a.~eea Sl
of the regio l&ﬁdpﬂ%{ a?rseélsgg Bf Jf‘??e 155@6‘;5 '8?&‘?#9:‘% I eﬁlgn%iescri bed.
Wh$n t he respamipaiingBeof) the liquid crxstal is represented by Tlc, it is
considered that the slope a i of the waveform approxi mtes MJYTIc. Al so )
t

when tk~e wite peFi8d bfl§ 1fe cFrgeosesienal view gehemallpally,ghowing @y

of ~$ T ~ i ] 1S hE S LSt ldMbodaRBht! éflithe | S
g3.ven by th?"?’%’{tﬁtgﬁm&%‘énf%?#u?ﬁg‘?iaé‘g%%gg}égigﬁ(~. Fz)fﬁt 'éfgm’zutpf} M. ) <T]

vl (1/2) (MO TIRReEmti infenitiph ./ IRius. M3 .T3Braxe; grggs-sectional views showing
=(1/ 4) [ MO (MR M) 1 (Twr it elTl . in AR e M
of the ON ti r?é" %P\e{%tgqielgg% 1%‘%%%%5‘?&%%?&%(3%‘%?%&&?&?% Iarqg'eist

t ranscni t t ancendifidethin e Qesphay-acdoddirid o ithe iftrsb erpodimbpt ¢ e Iporteset | N

Tlo of the liguid czysta7. is bnsea) S2/ Sl - (1/4), X 2. X ( ea ./ [J0)

T001% that 1 S lgrens i the GKe SHaFPRTeRIERres e SirsoEine HEEEAtsA BE B o

S4 and S4 f. s & §hiliSaEdd ein LppBrSSiadl b sadaksplsw pyoes for both 22
Referring now to Fig. 1, the display 1 comprises a liguid

crystal display panel 10 structured such that polarizers 11 are
bonded to both sides of a liquid crystal cell 12. The liquid crystal
cell 12 comprises two substrates, i.e., an upper substrate 27 and
a lower substrate 28 disposed opposite to each other as spaced by
aspacer (not shown) between them. Aliquidcrystal layer 29 contains
liguid crystal 26 £illed into a gap between the upper substrate
27 and the lower substrate 28.

The liquidcrystal displaypanel 10 soconstitutedis so-called
OCB-mode liquid crystal display panel, in which a given voltage l1s
applied across the upper substrate 27 and the lower substrate 28
to cause the ligquid crystal 26 to transition from spray alignment
(Fig. 2A) to bend alignment (Fig. 2B), and in this bend alignment
state, image is displayed.

A backlight 20 is placed below the liquid crystal display
panel 10. The backlight 20 comprises a light guiding plate 22



of S1' and S2' and S3' and S4' . Taking these ~.nto account, in the
| ower nost expression of the formula (1) or (2), the first term associ ated
-wWith S1, S3 or S1' , S3' is dee~ndd to be nore predom nant than the second

tarln associated with S2, S~ or S2' , S4' . For this reason, the second
teen may be neglected in the oz~nuia ( 1) or ( 2 ) , which is reduced to
the followwing fornula (4). Ss = (ML -M2) ~T ... (4) CGonsidez~ t#~e case

where the backlight 20 is control~. ed so tgat the transmttance ML 3, ~n the
pi xel on N2-th row at point T7. when the light scarce is turned ONis
equal to the transmttanCe M2 in the pixel at point T2 when the |ight
source is turned OFF _ In this case, in accordance with the formula ( 4 )

8 S=0. This neans th th$ | um~. nance gr.adi ent..and chrone gradi e usea
by" the fact SOMRALEALOD tABSLR T Eoarendliian SYPtHotdo Ter ahpLry Agkishts
N0t gener at coined . basdl G Whiedl1di 80t PbHARCka ThdodliZd BRI e Light
illustrated in fig. 4C Corresponds to this case. The condition far

perfectly el PW-QERT P22 AFRRRIRENCE Ghagrdrfacmi?a he XefiertogZaianed s
M = M, and,Mod iMe) 158t ffidasng bhdes 2008 fla § 1545 SRLELRRInGS=h&s 24
condition is satisfied. "For  the purpose of establ~.sk~nent of

above- ment i opeevidesbiop ant wppaex erakaget of Fthys 1ight-guidine pleteed2above, it
is essential that e l,l.owi ng. cqonditi.ons shou-~.

satisfied in the piXs| L@?P‘i\f%‘:"?%e IR [‘3‘% ?L'ﬁlélpjlth,tg%? ?1§]oﬁ?c TS §r$nl'eg “oN
before conpl . elightienfl tting "Aiodesh ot s rMikd Fofcemittimy [lighitdof ryinted

di splay panel in the pixel on I 2-tax row.slhlz ] The light squrce is turned
OFF after thePSimATy GPLZF | AEdor9nand -+ 204 HUe: o R A S nERS RRGRLeR Y A% |

di spl ay panel n&gl_t&x@ew'%xﬁlso%&cw 21t @il tEQhg adéme st et fredent! Briswms.
desirable to satisfy the follown 2~ condi tions as well. ( 3]

! ) 3. [~1)
The 1ight source it ¥isRumbadiugpt e thithe WW*&F%‘%@LH@‘WQMM source
transm ttance, pleotNGuldrduigth { 3 thitbS RIAbB2NEle |, N8 gﬁ!?eii,e?andoﬂlde‘%t
row. 4 ) The light source’is turned OFF before conpletion of fa7.~.9.ng of
the transni t tbwctheceberd axpnot dnpended te bpliplpedto thase he Aditeyhabivelit.h

row. The reas It .S ' =6t ti t he, C i1l is
that the tran@prﬁ }tﬁyaér]%yelgi& %‘ﬂgﬁﬁ (%leg %r'gi a "%i ngaglpa%cejle“ii%?f%hef#eﬁ( vn
1st row m ghtostidreer ¢aioxy bef paEldvemagepte] iand &anai Kitnghmild be noted
transmttance of the liquid crystal display paneq i.n . the pixel on N-th
row, as can bERRLERF thgRuEpgse of ppturalcolor qis htlirgé'ézﬁ‘lct‘g( Hhrep.colars

color. For instyagegrédn ! Raacemes VaekeptdierabdyOasdd ANeartRér | Btk
crystal display panel in a |ower portion of the d~.spiay region in 9. r$d

Y

sub- frame perPHdheasoRors chipiah dgcpafpThy (toreg bphelhhiofiwR pRefour
transrni tt ancgr glorbNColdintly Wey k88 £dx1Boibe dlish@hy 0N EShridl, Thal ifght
rising in a green sub-frame period, if the green h.ght source 1s turned ON
earlier than souzresapablegree emitgdng bight dievipgeaifferpnl owisme 15 ght
source beforeglhe completion of the response of the liquid czystal ~.n they
p3xel on Nth row to red. Also, in the case whore the transmttance o tkxe
liquid crystal di splscy mashet dincolmsq xeme of st plomalitw olfl Lighdubodrdesre

iod h | r eady. st d. risj th int when the t titt f
Phe Tiqura oriisiiaed LHS vagRLishelo ha¥ pRve g sud st cort peBRIR1) ng
~. N a green st reanightsoRtces| tgoafiben THYhtSOoULRY Sahd ted Fiuedligra Nt

~.ater tk~an this point, then %reen light is sli ghtly emtted fromthe
| i ght sour ce HBISEE t Ae®conpietilghtoforrees dihiraloray e m@yrdedr ystal in

the pixel on lst r%e%&é‘pé&%iwfcoherbii@nfsﬂxha&hSE?lE@%@é,n&':e‘éﬁn yght is
m xed in the case where pure red or pure blue 1.9 intended to be displ 9yed,
and Consequerwavelengst like laser beam, or otherwise, may be lights having wide

wavelength region generated by combination of color £ilters into
a white light zource. Since the light source 21 capable of being
turned ON/OFF at a high-speed 1s desirable, the above-identifiled
LED or electroluminescence (EL) light-emitting element is suitable.



24 color is observed. Furthernore, it is believed that, in the state of
Figs. 4A 4C, if the OFF tamng of the red |ight source and the ON tinfng of

the green ~.ight source are class to each other or the OFF tim ng of the
green light source and the O-1 timng of the blue light source era close to
each other, color breaking ( a . g . , p#-enonenan in wh~.ch periphery of a

white noving object in a screen is observed as colored] tends to occur (

and the conditions ~ 3] , ( 4] az~e helb¥ul in reducing such col or

br eaki ng. Subsec~uentl x) under the above-identified candit~.ans, how | ong
the Iight source can continue to be ONrNii be described. Figs. 7A - 79
are explanatory views for explaining tine during which the |light source

contil xues t e ' = - eLi ' g Xl

W okl the a5gne P thnggtticd TTEnRREnSE il Srolnd (A b L e
shows t ~r az~andidryaatc B ltigbt - el i g ¢ldmen tdi. s PEfcqparse, the Joigbd scarce
N2-th row Figs . 7G - 78 shaow ON | um nance of the |igk~t source. Fa.g. 7C
iilustratos @Y Ma¥i e RAALISLHOL RelQFffe M. (=1~12j is as close to M as

passi bie. Fig_ 7D phitisds atRe 19ht WdhrderNne t581£ hRyoRs aaubes® thdrEoimoser
to M/ 2. Fig. 7E illustrates ONlum nance in a case where M is as close to
0 as possi bl ewikshingeperationbetygen eplawion apdmen - ¢l ssijofyon etheravisgg: o
line 31 an N _2- i i i nt
of the sub- 1 "Eed bR 8k Fe 38 Tr05Ee Nn/BRE-ESAEILITS by bROESLA o7
ont o t he peellighiteshut:tede scai@ryfeqienl §1btar dof thehlikednte theildghtisamroean

signal is outpuyt to t ate line. 31 _on N 2-th_r t_th i fo )
Twitel/ 2 ear I"ﬁ’éﬁght ﬁﬁngf seg’g'poiq?l? (0 Q?‘Fr‘é CsolL]l‘g-rf ?Q'gﬁ'ngerp)elfe?f()e%% ?he%%lée%
causi ng the rfaseictergdauehithat &dirculgrifid teri Kedieidebiataithiedyseutort en
onto the pixel electrodes 39 of the pixels op NN2-th r to witt to
the sane pi xéi°@|se’é?9r%§'f’elifp’§§'.idﬂg ‘Q’Me?‘n gELGn ai'%ffwflﬂﬁ Sitr t taifce
of the 7.i. migtaahyebobr CEﬁFHe%YiBaQ&é%tzéa ity beeretxedd ah NydchbohDaktion

rising for the reSponse time Tlc of the Ii%ijiid crystal fromthe point of
I

writing of thelth feameipprirds deg eultwing |Lighysief ¥erpacddysnselerhts Tic
tromthe pol fhaflsctibh Wk Vheklfihed PardnBhotiddtioniNo. heh. 375)1dfas! he

sake of sinplicity, transient response of the transmttance o:f the liquid
crystal displdysqiases a projectidny tibe dhispaerdising the modary galgr fiktermd

the falling tJ are al_.fvr I I Qi t e i of
fromeach ot hienrnﬁ:hgg gggrréxsl‘t ttélfr CS& ggggtr:gégpp%s q%ﬁo%’ig‘?ﬁ %ﬁlg{c%”%id%? :jir?'EJh\;q\:Ar dth
Tlum (=T2 - Tshutdkert b thghotaayr eolés Hilwr kyrfesporsl isula 1igksryourse
Tlc _ Meanwhile, as shown 3.rt Fi 7E, the tjpe width JTlumis.|arger
Chanthat | Of SeapLinkiighg Erop i vigmmainh of faaht svardppr ity sEiio R
ON-ti e W dt Iy ol bsher SoA i) ¢St 19 abratife ansk £ho 1aaasiuics Feqpid

As shown in Fig. 7b, the ON-tame width Tlumis given by Tltutt = Tsub -
Tovrite, whi GeTEeTEqEHltching operating dielieeh enigsion And 8o ABLGEIR: of

Fig 7C and the val g5 fle FAc#11dRt - 20°S05BOHLEL A RPPERS| Pidih oRY BPed N&rom

smal lest ON-tine Gidth Tltun, is larger than the upper l1mt (Tsub -
2Trarite + Tlthe lighif s@ared Ad 1w ididehtidrethe dhght gyiding glagptdd thoey

uni f orm di spl ' Venkd l.-di.spl " %,Iijer ' eis
obtained in ttﬁ%’ é?%tpﬁ&g:? of 't h@??%gf%ﬁg.@#aﬁs tgﬁgﬁiwﬁétﬂ%& nvgnitl? onal .

di splay _ zn dthéheohight igmidling-plypte 22, and aegmtes. fram diley entire xppesper
limt of the z~esponge wi dth Tl or obtai.ni pg unifo i e W t hout the

| um nance gr af’d*réft‘i‘f:eaﬁ't?r&? owel'bﬁgﬁﬁ' é"ﬁ‘?ei'gtthg‘ggnt Eﬂﬁ%ﬁ%ﬂaﬁ%’wh o
hand, in thi s yogiifNg phits o Wid thdlidént da théeelator i2811s Péfldtted
response Wdth Tlc for obtaining the uniformimge ~.s Tsub - Twite, which

i mge ~.
has ari ai ~, Wakbe ZpfdacteT AhAnd Fetugnedrie EbnddiaAg Rl thediaht guiding
Accor di ngl Y, ﬂl%ttehhi emgdim ’en'%halt% from the light guiding plate 22 is

diffused by tha light diffusing sheet 24 and the resulting diffused

light is incident on the liquid crystal display panel 10. Thereby,
the liquid crystal display panel 10 is entirely and uniformly



26 tenperatures) u~n~.formdisplay oan be~ conducted with all owance even if
the response of the i~ quid crystal is slow. In other words , in

| ower -t enper at ure environnment, uniformdisplay w thout |um n~nee gradi ent
and ohroma gradi ent can be achieved. Further, by tur~ ng ON the |ight
source as shown in Figs. 7D, 7B, brighter image is atta~ed and the

pezm ssibility to the | ow tenperatures (C:)%r}’tbe further ~. tnpz~oved . Wile
it is the nost desirable t0O adjust the imng and OFF t~m .ng so as to
satisfy M = M2 , these timngs nmay be set without p$~cfect nmatching.

Her ei nbel ow, such allowable difference will be described. As shown in Figs
. 5A, SB, 6A, 6B, the value of the output lum naz:ce at the central portion
of the displ ayraegiaa @ﬁmhesaandméem t b Blea lighthe portion between the

points T1, T2 of the re |on defi ned t he raWeforr , t her
words , the wavef didfs ck%a%r W%F°P?ﬁ£§“ér‘§‘?€§§§td&§8 ¥y om
the point T1;t gcqFdiing’€e RS wiiBg éﬂwﬁhaﬁttrm&ﬂh n@@ﬂi@sal yays HD as
rough approxi nate val ue between the points Tl , g e area |s iven b

MO (T2 - Tithe lipwddeexyshalcdhsplay paged hko asoﬁweﬂ rkpevn TFZ (Thin Film

677 [ND{ To- T PAGRereal sy PP Fprsy i clifex % sf bl Cppobhay sribetate

upper limt Qhotfﬂomb@nov&dédmmarmrdatf@eeztwedes (gpotazhdwp )t dreah dinnewi ng

[t pf - -shreate tafpah. gna pn Ay BHbeta%e KRG o B oREsed PaEha,

regi on) and phebefdledtrbias\¥l,ugatd 11hesi3W "Bbarédlines ¥DNandeswad chang
represent [ (lum nance of pixel on 1st or NJ2~th ro | um nance of pixel
on NV2-th r O\WP]";‘GW aﬁpﬁé‘\’l’cg“tﬂm efacent wperact . hgeh “%éi’i%qu"éﬂﬁf”yy S
results (i n‘tQ'e‘Hcﬂ%tﬁubh&Qh'tﬁ% 1‘3}6%1:1%%&!;@95. 18fet B8 1hRLPEHESP LR rdndtwdeRance
rati o between the pixel row and the pixel on 1st or Nth row
t hat is visudnl fhe @éwgm §@Qﬁﬁi§aﬁﬁ:em¢ gate %Wﬁa?ﬂcéngrﬁéﬁ @aoures Lingsed2-~ n-

ot oo Ry sElogod,sp grbP p 8epipo g, b Sl a5BAERD o9, gua

descri bed onthagswitidsing mw.&& 3% éx&)mrbmdemmr Iewfary@ﬂuearﬂeﬂma bige

percentage of the nanc pi xel a w to th

| um nance of tPﬁeQ%{:?(éqi *tﬁ&ﬁ'@rq& %‘f % &%ﬁg? 580t
recogni ze it tas bb&émmﬂmcezgaﬁdlﬁnpe&hvammdmw hhgatelﬁiv«eﬁ: 34

| um nance ratio ~ | um nance of the pixel az~ xst or (
| uni nana$ of F"E“F}eal [ﬁ%’é‘\ceoﬂrwef £/ redehare genfnedled br & ﬁ’@“ﬁ?"’l °.“15n
N 2-th row) Rei.s 46: 100, and therefore, for preventing the |um nance
gradi ent fram bei n%hreco nized, the ON timngs of the |ight source are
det ezmi ned so as tBhe sVLEFYING AeTFeDRR PV RR FOPREISEL PEge Gt-heANpnbous
Sl e { Quuban EhivblAdr M MEs ey hold bMPLTZ: Fikoon 05 (ssaichh
~M-MZ ~Twrite]/] Bx Setti.~ng the value of tae
| eft side [ onl\ztnmﬂtom igneorganiq/Senigondyctor.,] op thieclike oz, @tt(er)viﬁe

| ess than of Lviewers. do not, fec 1 ce
gooadxent . ey, EmbREPen e phoriof WacRS 10 di RS, boGe AGRIBRC
fozmul a (7) fof Seitdhiny beteeeh esandudtibiuand Mgn-condndtibe lbantedrha:he

| um nance gradient with the |um nance ratio of 54 : 100 is not detected by

hal f of the PrEREreteqiTodes i frd Ahe IPWrs 1BfEctt ngsaprpEicyed oty -

human beings Wth tg¢R6ek spPay 1 BocdiEtitateddZhadontrblidirichetBeshltputs
region ~.9 net sa h~.gh. Coz~vez~sely, the v~.sual detecting ability w-.th

respect to t BeCOREEN amalehe T*sbi‘@ﬂs'llgé?@r santEobcinaqudst By EP g‘hﬂse the
I nstance, if %bﬁ'ﬂ&%eﬁu@ﬂkﬁhiﬁﬂit QREBLBEH D¥o 12X DgN L akHHEA it B kce

col ors of

21 in a glven cycle. To perform display in synchronization with
this light emission, the control circuit 36 also converts a video
signal 38 externally input into a field sequential collar video
gignal (video signal compressed 1n time-axis directlon for the



red, blue, and green is displayed and 10% i n-plane gradient is gi'v' en only
to the Ium nance of green conponent, then the chrone gradi ent m ght be
recogni zed. Accordingly, to be nore str~.ct, it is nore preferable that the
|l eft side of the fornula ( 6 ) is set to O _ 1 or less and the left side of
the formula (7) is set to 0.2 ar less. As supplenentary explanatia~r, the
rel ati onship between the response tine Tlc and the wite period THrrita of
the liquid crystal will be described in niée detail _ Prev~.onsly, when the
formula ( 4 ) as an approximate formula is der~.ved fromthe farrnula ( 1)
(or formula ( 2 ) ) , the second te~nmof d T in the formula ( 1 ) has been
negl ected. When M~ =l ~z ss set far t he purpose of suppressing the | um nance

grad~.ent and the ohr4 ra azsS = en_the seco t erm of T ~Ls
negl ect ed, bH™&IFF qfh‘g&}gfgr’r ed'fneacclz“? HHmeReTIg r% f or it 2% J:f.":") of
a S wk~e~n tha %Rgensk batpuss thelcdrveltied FES s&EnADtDERE I sdres. akiargar ed

to the first termof 8 T ) the indication indicative of the size of the -

second t er m G¥5.a2Md PYtEREScopkrohsigppha te theggpte dpjyernid ndithersages
3.s, the smald,8l,ekNad, G §a&9&dt3 th eén&h%asﬂ&w Ll3aLe! 0% LGt

smaller the l'um nance gra |ent and the chrone g~eadient are Si nge the
formul a ( 3 )thengatesdxivéw 34 auitpntsisciprsignalsitg thegataldaesBl tlgenﬂtarn

Twite, the nore t f n

and chrones gt ani ep'%%alfgygﬁga"l néd’f’:n ﬁ%& Sﬁggﬂéﬁ‘?ougﬁc’%andg’% {%Ss’gé@%i t1on
under which tgieeifs| ugnemsdoymeh@memoaﬂadiﬂ:romessshahﬁaomd esmreb Limes 32

i nfluence by the first term becones 1/z or lLess in the formula

(3), will be ‘F%HﬁM“ﬁBPt%Y?erP&Bc“;P"’-‘Q&Egrﬁ%b“?mFiMmﬁ% TR FYrCRdriyes e

condi tion is $XBEgeeREi Ay wIMddLihbGrited signal® anto el pBel ELEct Aoy
Twite ~ plc, the |lum nance gradient and chronme gradi ent can be not~. aeably

suppr essed. TR afoithe respprtizie pAzelsHwquahatbe 8Pu¥sR) 34M¢SF d2cr yst al
display panel starig bé gridrar aeifis] e dats BV OLRpis Ve Sban 29
the transnittance exceeds 10% oOf the max~. mim val ue MO in the correspondi ng
sub- frane pers-‘cmlalﬁcrwesphadpm o va:tltvwe I:f@hr tumingansthe suhtehiig deralces

| ~.qutid cry s I

poi . at why 5 tpr g pake ARG, E AIPLEE B Sisite " rRENR Bhthe Srbbclitl |

t he coz~espozaeialcerag3s ulorrarted perth@d;_atlel xﬁnes:m, drhdsporod. alinwhhté aMhe
transm ttance of theI| |d cryst di s anel starts_falling |s

consi dered t S nERHOTS %Rafﬁkf’“ttt?é&t %éwgrﬁqet §ﬁ8§°ﬁe§ﬁ?@e%égot\?m of

t he maxi mum %d{%&@vh%&ﬁﬁ:&@.&ﬁ@§ P GireJwiibtdr diRtoPehé QshxeAl 80pctheadoi nt
at which the transmttance of the |iquid czystal d~.spiay panel conpletes
falling i s codh®f EBpcBlXlHOn RELPEPWL at which the transmittance becones
bel ow 10% of the naxiMURLRLALHEe MLivert B] &@Eﬁnﬁ“soﬁngwﬂaf%:fxr m%%nafifg% As
ment ~. oz~ed previously, the elapsed t~.me (rising time) from

transmi t t ancevaditagector guroing §°§€a#h€tip‘3b¥‘é¥§ﬂ-l¥ﬂaﬁevi%@%§ﬁt%° cauge the Rined. |

it conpletes Y. e €f b aqal
to the el apseédi%t% ??aﬁ)?#a {fhéq;§ hegin% hb %dtégﬂgﬁs%‘?lﬁda}%(’:i\g st&érts
failing untilgate tibmgldt es ﬁ%townghetéb?fﬂmiﬁgrqff ithee sunbtchingf déﬁ.aags
time differ f omeach o

and set as th FREBBRLY ql"nﬁh%%eab tﬁﬂ °PuH‘ eﬁé’ﬁ'\égr%ﬂmﬁﬁ R ﬁon

i s not intendpitd arieet 39 badphs Mheobohh aiigekilang Uty g\amselfrtmm eﬁ Hidq.
8A as iilustr,~ted in th~.s ernbod~i.ne~nt, for _instance, the 4N | um-. nanae

may gently x-FUE ERETPRY tuxring Rt the W’gt‘:hiﬁ‘g deyires33 E%%‘éec"%‘é%‘a%t
at which the gl¥d 49h83C BnCERE&CHRr. 1/ Enefety)C aBRh "BHE CakHCo Ndth@ow, the
correspondi ng sub-frame period is consi dered to be the ON point of { he

| i ght sour ce viklea Baopalstowdpufhfrem ithe epureeridriivex BBctodhehrpappativepf

t he maxi num vy i Si d b0t h OYkKC

Further, a sh%d\/\‘#%enif—'ﬁég %,Egl%ng& gﬁgg?rq;ﬁ:eda%% gg;n%yg}%l‘%:‘gbgei 45 g%) the

pl urali ty of pixels sasgndrrdvat case the rising of the initial ON pul se i's

cons3.dered to be the oi n htin art i,n of t ht . so
o T he T ot o shogaebt e, Uhel eul orpntl ih clitiubsy ehd Yadet s dRals
lighting ter ra'mbéqmmoiﬂuy)wﬂtﬁdwoht@ Inheweaeeledﬁrdae&sas 3& thedpixdhe

points indicated by TI are the ON points o the light source and the point$
ind~.ca' ~ed by T2 are the OFF points of the |ight source. ( Snbadi aent




A second enbodinent .illustrates a display adapted to control ON timngs of
a light source according to tenperatures. Fig . 9 is a block diagram

. showi ng a constitution of a display according to the second enbodi nent of
the present invention. Referring to Fig _ 9, the display of this

enbodi ment conprises a tenperature sensor 41 connected to a control circuit
3~. The tenperature sensor 41 is provided on the |iquid crystal display:
panel | Ofor detecting tenperatures of theifiquidcrystal. The sensor 47. may
be provided at any position where it can detect the tenperatures of the
liquid crystal _ The tenperature sensor 41 may be conprised of a collecting
sensor utilizing electric~.ty co~.lect~.ng eects, thernocouple ) or the

like ut~. 1~ z~. th | ectri ffects, ., Ox otherw the t t 41
may be corpr | BLHOBROCH e T RhbELOF CUETAELON EPRPTRTAP BRLABELATLF Errarce

property sucheifee@Stid 856t X 6068t FldPah® FRE ALY SSLectiFoldBS W Bierdby
nmetal, or an infrared ray sensor for detecting radiation spectruns. Since

th$ ot her e, |causinmgsthe Hguid spvayabi26¢ ko hecdrdvenvand frepsyltiance of
~.dentic8,1t LISt i , or '
parts are r efélrée%]g@gt %{ll‘ii:ﬁgd fgg%é %&?@%Mﬁ\t %Sgsbu%g ,a'rgees&c'r i %tg%gﬁ%q? be

omtted. ' Sulmsmuectiegpomddngttmbhefvidee sigpllays vis dbservidsby iaretewdm t he
di splay O this enbodi nent SSin e se.of thg fi.rs 31

embod: i . nont, t hesygﬁ%‘ﬁu%'f i ."ge’é?ér%’ég%eﬁ{‘?a#ﬁ?%\ﬂyi ?‘t%%ﬁ TS, erRRIHeRY ay
regi on of theyiixiwedaexysiwda.di splay panel 10 fromthe upper portion to the
| ower portion, and in accordance with this witing operation

transmttaz~co i nFifE. diispl 4y aregFUmng, ChpEts shewlnganpxprple GFAL1spiaY

the backlightg 10h 8k hi@?lag AR £5 7Rl Ampaidhe . eFIQdi ERNEndws
adapted to control the backlight 20 to oausa the |ight source to be t~xrned

ON at tim ngstiekngs dedhdebosran Eignals FgR ogtpntte gate ddaesrin a-lbgwid
showing timn I | i ght r i r i =

eriod. Fig. PR HoAeRIY Baneds BRTES, pllokd ol uh bRl EE T
gate |ine on pi:EIsh onorespeactive0Bosh cums:ludedsin tthenddqold tdrystajudiisplasst al

di splay panel in the pjxel _on N2-th ro figs. 10C - 1QE res tiv show
o T e esptet e Ty ot changStn N Fpmitinge, ¥ Grai e, fldhne
transm t t ancesowfcdsher lhe@yi gredmysi@ibidaspl anepazagared @ 10heerabe that the
t enper at ures npeasur ed b%lﬁ‘:]hp tenperature sensor 41 are D1, O 23((%% 3 (0O
1 <0 2 ~ 4 dquidgrystal,AigRiay Daogldhes ¥-rey pixedfand ¥spae g pes

l'iquid czyst aboeigionlilidg PES oRsses paWBisas the tenperature decreases, tl-a
re~$ponse time (rising tine, and falling tinme) is the sk~ortast in_a3 and

increased in the &sdeowss imFig. ¢Ap theorimimgreat whigh: the gean signalsmks
OV OFF at tim o] L e {4 | 7D in
t he case of rg, lg%ug{lg@gt i??‘rzn%%&bgaﬁtg.aégg% n%eﬁe’c oggggtg%%%gx%ﬁ%g,efby
perform .rig Seemifdicaldys hnfthevisl teNpe@RPOA T3 blys gate dopver ghseguentially
according to at yre red r d ok, 4.1, e
condition (I\/B‘%‘hﬁp‘%&)@g%ré%rﬂ ? %ﬁﬁ%l‘%pltgé %%e%gﬁggsvﬁ %%o&?glniomhngﬁcléém
gradi ent or ch¢asreliggatsh eniminganobetinia iontpet apulataionsf tlvd miyiedi spdmwalscan
be achi eved at an tegggrature as in the case of the fi rié enbodi n&)g% rt
shoul d be not SRFRETROPALRY ;19 ERAr ITRAT 9F-DIUA SPERYT TR TR AWISE FHHFTs

the foxmul a (38 toStRdldoiircadlfled &PPashi sRmuenddal BpRAHTeneon Y itheupitdle
condition M = M So long as '"the formula ( T ) 1s satisfie$, one of the

~N and OFF t 3e}pqtgedes Ihef-thgmixedaren 16inted-tharjed SeRfementlye 1n

t enper at ur es. 41. 1 LoV~ i i

enmbodi ment , V\ﬁq%ﬁoggg}séﬁggl%agﬁgﬁgmt%%éﬁ%g a€ n%:‘é? e fﬁi'pasl%&ghn%g%?%en't
cannot deal wthé widepesignals eirdtgenatn dible wripe quki@d TFhareliheddagn the
00' ~. t hout thxe éeerag%gat%eelgensor 41 can attain uniformd Lsplay with the
formula ( 7 ) TRICTT 8dP e t he tenperature Change falls in a certain
range . Thez~ef or $hehhelmdhe efasafpdimnd @apesmillaa-lyensothel Wrtitet beriod

di splay isles_this enbodi nent can greatl x esctend avai |l abl e tenperature
range Ta, the scan signals are sequentially output to the gate lines 31

on 1lst to N-th row and reset slgnals for resetting the Ivideo signals



while in this enboda. nent, the backlight control Circuit 37 perforns

el ectronic control) this is only il~ ustrative_|~rlternativexy, a control.
. portion for controlling the baalrl5.ght 20 may be provided with a nmateri al
having el ectric resistance varying according to tenperatures. Wth this
constitution, RC tinme constant conprised of this res3.stance R and a
certain capao~i.tanoe Cis varie8, thereby allowing the |light source to be
4N-control | ed as shown in Fig. 10. In thaigcase, the material haring
resistance increasing with tenperature decrease ~.s enpl4ye$. Wiile in this
enbodi mrent ON and OFF timngs of the |light source are del ayed according to
the tenperature decrease, as a matter of course, the sauna effects can be

provi ded bx putting forward the tlmnqré’at which the co~xtroi Circuit 36
out puts the CGHELER IR Jh8i wite perigdiTa gare feqentiplly pErikigpcanth ither 35

Wi th tenper atﬂiﬁld@fémes"‘b§ *Bamse hangeei &o@y C a8 OF kB i1 TusReatof ttlﬁQ

| i ght source.” Moreover ) the F timngs of the I'tght source nay be
changed accorlmengraosmmyt«md?erofcbhdl ligng crybual ndismdian peeplahdikniset
brightness, giJPressure, v-~leather, earth magnetism etc, ~. astea$ of the

t enper at ures é)ESCI’I bed i.n this enbodl ment . 33 (gnbodinent 3) Athird
enbodi nent il ust rMMcﬁr@ spl m;cm(ﬂgnani mmlﬂgowtm msﬂifttahoértgs tbe t he

| i ght souz~ce to he set s a, bl ock ram show a
bomot i Lo oS e ePeneal alepTiynaned 10 haktny Sinaoncrel 30 hSH I8,
invention . Refgrim ngabqu&iﬁonah,pﬁéwoﬁamyr QheCOtardildittaibe Yenthg wHrARlsay
of this enbodi nent Conprises ROM 43 having given storage areas. The ROM 43

cont8.ins plulua e TABIOBILY rrfo that 1@t d iFv§§atnf or mati on) ~dicative of ON
and OFF tim ngs (hbrgiﬁohilﬂs ¥35t RO Phe HAdh LG bBHtI:@:E HALBALE A @éﬂfltdis()f

the light source play of thrs enbodinent further conprises a node
setting portitdre dackdbighkc2q wosthat r@leoﬂigatl&mu-‘qmaésoﬁs@mcbapbhiwit 2OON

timngs of t u tiy edto
t he control (I}Es Zt&g &3@9 e rmdleiggﬂ?.lgf%’se%or a~ on%%grbsﬁgibiago

conpri sed of ﬂ*ad!spu.ttanbah.,n thé qoied. mwahthara}: as-a plaeltdwetd which the

Al ternatively h sett ort| e adapt ed orm
switch~ing a e%r?)b gﬁ XPE e?j[é??eﬁfé&'ﬁfw’fw

di spl ax of tfﬁ&:iwqul ARt tifrad OeRt (ﬁ@im:tratugongﬂﬂﬁd»e ihi thb esbesk Jgrent,
the same or corresponding parts are referenced to by the sane references,

and as such, TEHdEE 9f thhs finapspatbange ¢gThat ife %41%16 SPUrEe 1gstanpd
di splay so CQﬂFttJeTfBB:Sdthé | diipretibR! 8¢ atl{@q:@.sﬁﬁé()Gf afisd WahBmileshh&s 4

timng wth the node setting portion 42 . The nbdes Capabl e of being
ent er ed wit h tdrnedp@EF saf e theostpsh o4 %fmémgleof ddled typnemittanasde” (

' standard nmode” , ygt gy SiDGG, Y gtﬁgégﬁ’n.&e 1§ r&léo?ﬁnedﬂ%‘lt%étﬂhnﬁ%%a' 'y

becorres sl ower asp t enper at ur'e decreases as nent previously, 1n the
‘cold d~. strigtadiedt" oX ctlimnﬂ\lgaudliﬁﬁwau&ddgs geﬁxet‘héedlightdispmazer@i@n

accor ding 1 0 TerBE RS e s L bBRo hacorpdve LEBuRRbegaradpnt e
or the chroma gradient can be satisfactorily suppressed by setting
appropriate ON timings. Thisg will be described with reference to
Plg. 5.

Figs. 5A, SB are explanatory views showing ON timing of the
light source. Fig. 5A shows change in transmittance of the liquid
crystal display panel in apixel onN/2-th row. Fig. 5B shows change
in ON luminance of the light source. 1In Filg.5A. time-series change
in the transmittance in the pixel on N/2-th row in an arbitrary
sub-frame period is represented by waveform Al and waveform A2,

and time-serlies change in the transmittance with timings of writing



to conditions includi.ngnoisture, anbient brightness , a~.x-pressure,
wreat her, earth magnetisn) etc. ~teCeiv3.ng the entered node, the nobde

. setting portion 42 outputs a signal indicative of the received node to the
control circuit 36. Receiving the signal fromthe node setting portion 42,
the control circuit 36 selects one timng information anong the plural

pi eces of timng information stored in the ROM 43 in accordance with the
received s~.gnal. To reah.xe ON tiraing ixgi cated by the selected timnm ng
information, the control circuit 36 outputs a control signal to the
backl i ght control circuit 37 . As a resu~.t ) the light5.ng source is
turned ON OFF according to the node set by the user. Wile in this

enbodi ment one node is se~. ected_anong the Iura~ ~.ty of nodel s, deS|red

condi ti on nayfhéhecyileq signahs Helay; BYoﬁ cWAER RRARECE, bRy PROSE o The

Besi des , thgaReW¥ofms MY AP13 raprbabhCedBWLY BUChoRHoERERMghadgistateby,
the tjmng informati on nay be suitab~.y changed, added, or otherw se erased

by opea~ati oPodhtd and OFF painth{ 3ightdng te Hignepe Nt} BEe EepTasentedat
desired modesy bf Lhedr Tl eéri%g]g, absbata WY WdeRBROLIABNLS, 1 ¢ rhibS! d
sequential co I|qU| cryst plrays fave Been e~ap~.oyed as the

di spl ays . OtthMthmcdnaind fthe pigel hredly@dthrtow [dtupoiatetl candl dhleqy

per form i - sgrapeny* BT ine R s RE e e p0th b2 ardblp iy

di spl ay panelrelp&ehudeda oy Mg l-ﬂ’."aﬁ@uial)ésofeﬁﬂ‘ds%n&:&‘ﬁgdtl{m trmﬂdaﬂces
filters of red, green and blue, differ entlghfromthe fiel g sequenti.al
-F

col or met hod. M&i a’f?l'é‘*%%%‘k‘i’i"gﬂt’”?%ﬁﬁ@ﬁe Y Aashgd 449 Lgr Iy SRS nent

includes a | vl -aAMRERie AW bt oG Mhidaditabh, 114 | et 15pgese may be
LEDs as in the case of the first enbodi ment, or may be) of course, any

other |ight d&a@ansasdttan¢edimdghe 98bf £XAse PeFAPd| hﬁmeﬂﬁﬂ%“@aﬂh%émanp and
i ncandescent | anp Mgat | i gh
different prisns, Rﬁ%ﬁ%ﬁéﬁg%rg%lf%@%ﬁré@e%ﬁ slat'elqt?g%t :tg? %ﬁTéi\gng'?hod
may be tur necbe(ﬂ%@ﬁﬁteamj Ranand 'vegiipnrdgfiged hpntteedasasila | Y3t vand ddhe0~1

o ngl o col or TrgReEREIIsEerrRgonced Bl LS ELaLE] So S rdaégm{“’%‘a%‘f%ﬁ"ged

not be white Amt Blzeamd)e:hbem_nblnmisgfqmiaseyﬂibdw!r &3 dnd hfednloklEdefmédle)y

di splay so constituted, the backllg is controlled so that \%ﬂ é%
dN during a o4 F'ﬁeﬁeq'q oftarfP SRR HRYSRPIL BE 12 REPTRERRTER Mol s 1 f

frame period.arliashoB! txKiregiehst®e, R2ghR3 S eReVédidttaRR 1Y 2B rdidted can
reduce blur in a noving 3.mage in contrast with the case where the |ight
source is corty Slou82y N Ga differencdisS ' inyautpuhi huniiancet heteeen the = 4
. Trial tor lyin t ya9f . Y. t I kKu
G hou Techni ca asllﬁeport %AI%:R a2 El D 2%()&%53&@5%58@ ogﬂp(ggobﬁg‘r&ig%?
Since the o' Yyed soé smer(tsu 052) hel{ebrephhglmf tie gabudd Siwtiltbeacal qulided.i cal
to those of the fj r [ 0 1t

Subsequent | vy, opeir?a |o‘n o?ﬂ eé%c gay O?B%%?gsl é%b Leﬁjq'on ’ nggee the
descri bed. Fivgsrefoi@/B1 i%k26htaindd Byrlg:ﬂfmtalwlomvrigngahhexmlfemfAﬁprl ay
operation of 3he di splay of the fourth enbodi nent. :119? 12A sho¥vs t ~. m ngs
at which scan® % gtbe hoxizoptap vidth of &hej Fegion R dsqaapat Trai

d~..~pi ap panel . fhérefodd, Shaasatéange ishgiyenspyitance in pixels an

X~ espeCtxve rows included in the liquid crystal display panel . Fig . 12C
shows change a.n 8N Fuhandd)oP R he |ight source . Here, one frane period
i s composed of wrigfg, mrwéhlaeqaba'& PRE i29da oért%eeféqi%noﬁé' e Kegibhese
Figures illustrate that the quid cry$tai di splay panel has N-row pi xel s
and N-row gatR2 |disne§ eowmmmgyt vighicoagdedetriangle shape and the

horizontal side length of the region R2 is equal todT. When the

slope of the waveform in the region R2 (value at point Tl of time
differentiationof transmittance) isrepresentedby (1, thevertical
side length of the region R21su1 -+ O6T. So, the area 52 is given



3~ As shown in Fig. 1~A, i.~n the wite period Ta, the scan signals are
sequent~.ally output to the gate lines on 1st to Nth row According to

. timngs of the output operat~.on, the video signals are sequentially
witten onto the pixels on 1st to Nth row_Subsequently, in the hold
period Tb, the scan signals are not outp~xt. and therefore, the video
signa~.s witten in the wite period '~a are held in the respective pixels.
Then, in the erase per~.od Tc, 3n the sar® nmanner as the wite period Ta,
the scan signals are sequentially output to the gate lines on 1st to N~th
vows) and reset signals for resetting the video signals wk~.tten in the
incite period Ta, are sequentially witten onto the p~e7.s on 1st to N-th
rows. Fig. 12B illustrate that the transmttance of the liqu~.d crystal

di spl ay paneP¥is set to 0) as irr the case of Fang. 4B. As shown in Fig.

1. 2C, the baoki ~.gﬁg(i'cﬁpo@t-lmlujlecbmﬂmmihe-ﬂ)iQght source of the
baCkl S. ght is turned in the cour8e of rising of the transm ttanae i

pixel on N 2-th r&¥%hd “with, zggerd 1i‘h_“th!"'i‘e5[’1"Bu‘f’ e arep Pﬁg"%fﬂf%é:egilt’g
transm ttanc?w a;[gltsh S akt o P ;g:lgiggﬁ?t&'SugBr €S8, t41_emoum 12969, as

gradi ent and chronmes gradient 1n t ay region, as in the case of the
first eu~bodimetbe caGecCFfilem arey Sk f thgregiom B, hpqapsgcEheWayefore t he

conpletion of the rjsing of the transmttanee and,turned F.after,t

start of thpB2affi #4%9 té?‘jt“regn??nﬁ?’fg%?&gaqi! m?ﬁi??(je}‘ec 5’% 3831’? hﬂa2 ftlnlg d
sequenti al cal.or EackRdr pf bédewuded ritie edddi rehtsubsthhtially eslighibiangled
satisfp the secondary conditigns described in the fiyrst enbodinent: [3] The

|ight source Yrdapglecthane 2% dp the @sg PLEhp; 8F¢R %% the transmittance of

the liquid crystak,di$ Ve BRE 6@y 2L Q1) DL BipseEy 20N 1st raw. 4 ] The |ight
souz~e ~.sS tuxned CFL }b&eﬂolﬁe?gorrgl et@i %nﬁof (f aI)I i ng of the

transmi, tt2iwhere B2 i%e timpiddfEeyentialivapne pfbrmsnitiange g% ¥ar od™N-th
row. It shoul e af,..t j o} field sequ$nti. al
kb ggg?fg Hloeithy ! 5 FoRIhEOEERIE )

color nethod i's ess m xe mal n pu.rpase of this
enbodi nent is to ErSAEIH(SIIAEYE=(S3TN)i-S4-081PB2LX ~. z~ tk~e nov~. ~ng i

TEOR Subsequent PRt RarEUHTIR B POl RGN, el SR R e
gradi ent from bei aguxemyprirecs ) (he- wilgWds) £s .gi(inen by the formula ( 7
) 5 LA e voge 0h 0 4 b SRR VIR o a S B ol
are later in the waveforms Bl, B2 than in the waveforms Al, A2.
Subsequently, the case where the timings of writing of video signals
are earlier in the waveforms Bl, B2 than in the waveforms Al, AZ,
will be described with reference to Fig. 6.
InFig. 6, MO, M1, M2, T1, T2, L1 - L.4 represent the same contents
in Fig. 5. Also, region defined by the waveforms Bl, Al and the
line Ll is represented by R1' and region defined by the lines L1,
L3, and the waveform Bl is represented by R2°, while region defined
by the waveforms A2, B2 and the line L4 is represented by R3' and
region defined by the lines L2, L4, and the waveformB2 is represented
by R4°. The areas of the reglons R1’, R2', R3', R4’ are respectively
represented by S1°, S2’', 83°', 84’. The time difference of the
waveforms Bl, B2 with respect to the waveforms Al, A2, 1s represented
by 6T similarly to Fig. 5, which has a negative value in Fig. 6.
Similarly to the case of Fig. 5,



of suppressing the lum nance gradient is attained as ~.n the case of the
first enbodinment. In addition, the |ight source may be adapted to emt

. light as shown in Fig. $B err $C, as s.n the case of the first enbodi nent.
Further, the display of this enbodi nent may include the ternper~ture sensor
simlarly to the second enbodi nent, for switching ONtjmi.ng of the |ight
source according to neasurenents obtained by the tenperature sensor. This
enabl es tk~e light source to be turned O¢mt appropriate timngs according
to tenperatures in the environnent where the display is used. Mreover, as
in the case of the third enbodi nent, the desired ON tinings can be set by
the user. (An4dther 8nbo8lnent) The di splays of the above-descri bed

embodi nents may be used as dis E ¥~ 4f v81li Ous téﬁe% O _d9Vr ~. C~ﬁ gt Y~Gh
83 MO i 1101CS 1 orShHBAAMOCHAbL0&ls, S 8043 bk 1l el vof3, ribpd) ]| 5l
displays,hea%qnugg(fvfphgi%ﬂ,and projectors. In particular, because the
di spl ays of the present 1 nvention are capable of satisfactory display eaten
i n | owt enper at ur'there¥®renvihonhenge ambort of ¢ Guluniigneesst theWaresophs

Cel lul ar tel gNapes, gAK@ Rb &b el Uah 5 FDALBPLIVIY edd Uil

Assistant) whidh are o use OW t enperature environ
formula (2)-

68=81"-(S3'+S4")

=(S1'+82')-82'-(83'+S4")

=(MO-M1) | 6T|-(L/2) 1| 6T|% -[(MO-M2)]|dT|-(1/2)u2]|b7|2)

=(M2-M1) | 6| +(1/2)(12-11)} 6| ?

=(ML-M2) 6 T+(1/2)(£2-1£1)(8T) 2 .. (2)

From the formulae (1), (2)., it is known that the formulae
(1), (2), are given in the same form. regardless of whether or not
the waveforms Bl, B2 are earlier than the waveforms Al, A2 in the
center of the display reglon.

Subsequently, referring to Fig. 5, the ratio between the area
51 of the region Rl and the area 52 of the region R2 will be described.
When the response time of the 11qui£l crystal 1s represented by Tlc,
it is considered that the slope U]l of the waveform approximates
MO/Tlc. Also, when the wrilte period of the video signals is Twrite,
the upper limit of | 6T | is Twrite/2. §2/S1 for case where
6T | 41s the upper limit, is given by the following formula (3):

§2/81=[(1/2) £2(bT) *1/1(M0-M1) O T]

S[(1/2)(MO-Tlc) (Twrite/2) 1 /1(MO-M1)Twrite/2]

=(1/4)[{M0/(MO-M1)](Twrite/Tlc) .. (3)

Here, assuming that transmittance M1l of the ON time T1l of the
light source is almost as half as the largest transmittance MO,
the write period Twrite is lmsec, and the response time Tlc of the
liguid oxystal is Smsec, $2/S1 = (1/4) X 2 X(1msec /Smsec) =0.1,
that is, 52 15 one-digit smaller than S1. The same goes for 83 and
S4 and S4 is one~-digit smaller than S3. The same also goes for both



Figs. 13A, 13B are views show ng appearance of devices including the

di spl ays of the present invent~.on. Fig_ 13A shows a cellular tel ephone and
Fig. 13H shows a portable termnal. Here, reference nuneral 1.6 denotes

di splay portions of these devi Gas. The display portions 16 are conprised of
t he di splays of the above enbodi ments. Here) the cellular tel ephone or the
portable term nal respectively output a video signal to the correspondi ng
di splay portion | 6 . Reae~.v~.ng the vi®®d signal as ~.nput , the display
portion 16 operates | nka the displays of the above exnbod~.nments . This

all ows unifozm | um nance and chrone to be kept in the plane of the display
regi on. hs should ba understood, the displays of the pr$se~nt invention and
tk=e cel | ul aodt g} eliaNg, a'ihd B8 NAHd 8} ¢ WkdThftnehe Fhtd diboi® , din £y S
era capabl e of suppressing e I um nance gradi ent and ehroma gradient and
di spl ayi ng sa@watmosbrgxpnﬁayaonv%fItherfdﬂm@ldlép)ays(édcotbe ﬁgrst)tqny

per 1 ods ar o (ABPFHBHS MAERCE bt B SP1F oY ge ReOAR FLpacRi s s Rnr |

Ib ntended to hman—thé geedd ntht]éélhi gssﬁdlziﬂemwunlgzz) Bheorsgh trsm'e. PEoL aﬂs.sg;ay
e a.n any Otrl ar orders o re ue an Qi‘an Ue an I e
etc. Further regsgma% pegoRd temh AT he rmagﬁg Sﬁ)é\/%a Ratly phr
col or) e.g., yhadh § eﬁﬁaué&&l% 20d S5EERnY %emamr(amay be provi ded

S 1n

sub-frame perio lurality of I'ight sources axe adapted to be
ON. Hy War of exa@mee(ukxema dh&.be4brOV|ded sub-frame periods in which

light sources of 3§9r%si%e%'e&?eaggl 2 s %r ebﬁa@&% %c&& s @hlerb 884 so thaft

si mul t aneously or Wwh n actualfity, for the purpose o
preventing cothe tkassddittunceoMlt e ithek@)ixamcm N/i2+&hi soxscatetnod:as 'L:larwhe@d

Coto7s o 71 %aie 4B gshs b SRAATH°th EHAR o BB SR MBckB 40

the ON. tim ngse pixéhat pghit TaUERS tnanmtdmﬁda mectdimadom t e this
trarrsm.ttance ~.n the plxel on NN2-th row, as indicated by the conditions
11], [2], butcasse bamecerfanee vash the gompla oY, 27 On  FhiE Meansithat e

N TOW 11 t Ny G hdnlecd yrbh Zeid! ahQURaRS gl o8 bkt byothdiskie i, The

' pi xel on 1st rovv in the Condition (3) may repl aced by ' pixel on roar
in the vicinithe viddeslgenls ang writien a@rﬂwﬂewenﬁwﬂmgﬁwevecmﬁjswwt@m )

may' be repl Y. 0 i ni
results in tﬁ%?ggf%eli %IS-Q%’A(}VI é%%l%%gﬁgfbr elg%n(t% :%;]ﬂ\?gﬁﬁig#u \Rﬁgkgallﬁl t he
field sequentiig. @Glonrdespbmq&;tq tbisafasw. t he reset signals are w~.tten

onto the pzbeeis win_a.s he 59 re
witten onto the %ﬂ? gé‘%g?%tﬂfamr%ﬁcgigggéﬁque f“grir:%?n]e' per%‘algaégjg&&ilffgl\/\131;;1 in
Fi gs. 4A -4C ardd&her chidga Qraddbnenis smn@:t MR{ nand ailt (=M%} SnayAfadlh in the
alternative, after an el apse of a cert fter, witing. of the reset

si gnal s ont o ¥4 Pkefs™ o‘ﬁo N HOPGuASt ‘?/l“d’g%igﬁ Rt Slshd g': e8ritten onto

the pixels on | st pppWhePurpdsadH ddtabalishnbet aefabWe-ﬁé\etMMrﬁacgﬂa&ﬁmay
be witten onto the pixels on 1st row before witing of the reset S|gLnaIs

onto the pi xefefemgnret ko Fdgs-| §. thi 3sclascriped abexe dérip@sseatipl tha
sub-frame per%r%dfﬁfir&si Egﬂ&%f?r?so:ﬁ]"“[tﬁ Lh6uid bbkSsSds9dalih the Lxel

subsequent su rame pe f he ‘present 1 nvention, the gate
driver 34 is enddyfedht voweduentially out put the scan signals to the gate

lines 31 an 1st t r shown ,i df Fﬁ ted.
out poxt the scan Srondine PLOTR s3H8UE selgbiba O perbel Rom3 o8 48R Edhng
of the transmittance of the liquid crystal display panel in the
pixel on N/2-th row.
{2] The light source is turned OFF after the start of falling

of the transmittance of the liquid crystal display panel in the
pixel on N/2-th row.
For added effects, it is desirable to satisfy the following



40 liquid crystal display panel has gate | 3~nas~ and source |ines arranged
in the opposite direction of the panel of the present invention, nanely,

- N-Colum gate | ~.nas. In that case, also, the scan sig~na~.s may be out put
to the gate ~.~.nes in either order. Further, the present ~Lnvention is
applicable tv sa-called intarlac3.r~g. Also, the displays of the present
invent~.ou are net intended to be limted to the active matrix type

di spl ays. for~exanpi e, scanning nay be[xﬁ%orned\Mtrla CMOS-type circuit
configuration of Fig . 7 disclosed in Publication of Unexam ned Patent
App.LiCB~tion. No. Hei. 11 - 38386 , or otheziaa.se the displays nmay be of
sinple matrix type or Mki (Metal Ynsulatar Metal) type. Furthez~, the

| a. qu~. d crysdonaidiens apspanall aapedir.of transparent type or reflective
type. Zn Case of the reflective type, the abgve-descri bed enbodi nents are

~. np7. enented by 3] ngheetidhty #ABECE st dqEmed O 8FEeL the StaREeof rising
Further more o Rgedi SR8 &M tENLRR IS i AM g4l S5y B RE sRRAYOfaR®E NOM the
adapted to control grax scales at voltage | evel” of the ~rideo s~.gnaJ.s ox
di gital net had=gilsehobsll faw.ri ublication of Une~cam ned patent ApplyCation

No. Hei. 11 - 3%$3 r o, i QUi r ' | i (o]
OCB . The vari ous??g/pggmag\é#dﬁ %88rlfg%uéﬁ%gﬁn%b?@efoe%ngﬁgfggﬁg%ﬁgh?cﬁhﬁgn#N (
Twi st ed NenatofC thel tHangitrtphcet 6f | the JikjuidSupestalt Mlisplag penel iiG the
liquid Crystal, |, ECBn]é 5; ectx~.c Field Control 83refringence ) liquid
Crystal, inclRigedgfBRgEhe®¥s alignment liquid crystal) bent

i ~ qui dorystal , |§iSe (debbsBhaity Svi 1< BB abidl kot st 1syatne Gdnaueshs Hagt)

l'iquid crystal, polynmer dispersion type liquid crystal, discotheque h.quid
Crystal, AsV l4lquie thafsthe trppamityarne ReNLigyid ppuetat diepary ramel The
l'iquid cryst aj}n RAY! Pl PR 2BEOHS, BAbRE LEdy @hsiﬂ?%&%ﬁé%@eé&%iéﬁon
liquid crystal or anti-ferroelectric™liquid crystal could be used but these
| i quid cryst aifsfalbinmof diiet tidreml tranee ofthe Lhquhd cpystabldispdaymangl ar
he Ii ke, because, of jits | _ eSStV t K T S t hat
the ferroel ectxi Bglqjtxfﬁdogfb?/s‘{ha °§f ?%%X{inl?? %?ggr%% "ggﬁ'glgé 1‘& qﬁgf éJhcli(rag}st al
i s general | y niightkrésuliedmonteednodlors Fegpinstance, tn the case @aerorthy not

| arger than 100;i but _the present inventjo rovi de, notj ceabl e effects
of Suppr eesi rFAWELEEAPSERE ¢ he LI Cotrb AL AR RAAS A B GRO oD
response ti mypflhfel $Gidpageieddil) inhg Md bAbPLramsl pbit bl Chas holEEdhpiaed
previously. So, desired effects are diff3ault) to obtain wth the use of

these |iqui d T dpaivetihepodnt phepdhe hansRistancees fhe Hauidaresh
sl ow response Pint b1l oUWt C6¥ Stk SeitMRANERG oPBYRIINIRFARS pdriidas

certain that nore satisfactazy inmage is attained wth the use of 'such sl ow
liquid crystaif ithet iegn ckight sphveatistummedoflreanlion Fhanetichh amisiteonal

di splay . Thig.l e T j %ﬁﬁ% Lt
of the respo se“?‘l %‘3@&‘1%1&9@%@%1&3@%{ S é:;ﬁfeo??}gﬁ?prrage. 'It) t eth?e of
the TN |i qui ccompletibn ofrtheheedfionde gfi therldgpnelld crystaligin kbe pixgie on

that the effegt,s of the esent i renti on cannot ,he effecti,vel obt aL ned,
boanuse of 1 AGth EpieceBa T Bl il £ho| b FRER o1e ELiiGHeCnbenst TAC
pref e~cabi e tfiRjuidkeyeS€Bl digpldy paysl bh thb piiel 6n ek Fowifl a/bBioOel- firame
response than the ferroelectric | igui d crystal but relativel }.f qgui cker in

re~spc~rrae tHeFofhasmyeadysFartedcdsing &t thapoiptvhrithe trpppittance
noticeabl e ef Pidli ﬂay/;ﬂ&mﬁh the PERLEVAN-th o caiiB1et
nodul ati on rredeiQteJﬁrfelgi E@rﬁ%{%ﬁ)ﬁﬁ%ﬁ% o the liqui degr ystal . For i nﬁ*{'ﬁanecg,s

el ectro- opt i grlddpgtial aarepnznbBSoangpevied. Jifl gxasn bighte Founcy 15cturned as
the light no i.0 i i at, i é’:ﬁ?ﬁ
provi ded t haﬁfﬁgko%ﬂ:%gllg?ﬁgﬁg%?leﬁ%g%i gg%g{ g}%ﬂt gg%ésﬁlq}ti an02§ Ly
refl ectance, ahiftfteactramtied flighemroprckitgifiorabtiss pomplehiqy of Iw wésponse
transmtted Igfg

Qfae Cgl.riquid crystal in the pixel on 1st row with respect to blue.
In these cases, green light 1s mixed in the case where pure red

or pure blue is intended to be displayed, and consequently mixed



42 reflected ~.igk~t, defiect~-on angle, degree of polarization ) , varies
according to an electric signa.i_ Nevertheless, the |liquid a~stal is

. preferabl e because it is the | east e~er~sives and superior in productivit-~r
_ Nunerous nodifications and alternative enbodi mrents o the invention WII.
be apparent to those skilled in the art in the light of the foregoing
description. Aaoordingly, the description is to be construed as
illustrative only) and is provided for th® purpose of teaching those
sk3.hed 1.11 the art the best node of carrying out the invention. Th$
details of the structur~a and/or function rnay be varied substantially

W t hout departing fromthe spa.rit of the invention. 43 CLAIMS 1. A

di splay conprising. a light dul ati on el enent including |ight ntdul atian
nmed3t ~m zn~ §easb84f%§é‘f?‘§gai r of opposed substrates andhav~.-~zg a
p.lural ~, ty of pirgkehd:ord,Sptatd belevedapat, aln itheustabts ioFgFilgyi o -
having a |light source; a drive portion for driving the Iight nodul ati on
medi um by sedC-udft the| OFF dadpong? vkhe i58¢ AAERE SuLGe RV Fae PNitmdre for
each pi xel gwehﬁqﬂte%rf{awgaeg& br@NSIBde 80 Wach othdiNbr ¥l bEPdahiaag t he
| i ght source 1 n the |ight hodul ation el enent; and an 2~.J.um z~ating device
control portiohthegreent ¥ight seundecand the ON timing of the blue light source

are close to each other, color breaking (e.g., phenomenon in which

periphery of awhite moving object in a screen is observed as colored)
tends to occur, and the conditions [3]1. [4] are helpful in reducing
such color breaking. )

Subsequently, under the above-identified conditions, how long
the light source can continue to be ON will be described. Figs.
74 - 7B are explanatory views for explaining time during which the
1ight source continues to be ON in one sub-frame period. Fig. 7A
shows timing at which the scan signal is output to the gate line
on N/2-th row. Flg. 7B shows transmittance of the ligquid crystal
display panel inpixel onN/2-throw. Figs. 7C - 7E show ON luninance
of the light source. Fig. 7C illustrates ON luminance in the case
where M1 (=M2) is as close to MO as possible. Fig. 7D illustrates
ON luminance in the case where Ml is closer to M0/2. Fig. 7E
1llustrates ON luminance in a case where M1l is as close to 0 as
possible.

As shown 1in Fig. 7A, the scan signal is output to the gate line
31 on N/2-th row after an elapse of Twrite/2 time from the start
point of the sub-frame period, thereby causing thea video signals
to be written onto the pixel electrodes 39 of pixels on N/2-th row.
Likewise, the scan signal is output to the gate line 31 on N/2-th
row at the point that is Twrite/2 earlier than the end point of
the sub-frame period, thereby causing the reset signals forresetting
the video signals already written onto the pixel electrodas 39 of

the pixels on N/2-th row to be written to the same plxel electrodes



illum-.z~ati za.g device to cause the light source to be turned ON ~.n the
course of rising of transmttance ~.n a p5.xel included in a pixel group
.onto which the videp signals are being witten at substao,tially
intermediate tinme in a w-ea.te pez~iod during which the video signals ar'~
witten and the |la.ght source to be turned OFF in the course of fa~.la.ng o
the transmttancE in the pixel. 2. The display according to Caim1,
wherein the illumnating device control pBtion is adapted to control the
illumnating da~ri Ce to cause the light source to be turned ONin the
course of ra.sing of transmittance in a pixel included 3n a pix$1l group
onto which the video signals are being~arritten substantially at start
poi nt of theargancite period arid the | zght source to be turned OFF in the
course of fal5I"~.ng of transmttance in a pixel included in a pn~cai group
onto which the viaeawiNghFRy.c7B¢i i BEahimIttaneet antthal ligyidtcrystal
conpletion paoint of the wito ﬁeri od. The di sgslax aooor d~ ngﬁ_’to Claim
i

3.
1, wherein wHSPLEYRangl 1fin khe pdxpl opN/2sthiev g fex the TespoBsent ed

by Tl , trangiidel #&Cor b 111 li8PEAYs A0 IEPBmOMRE pinEh oENGY1 Viklp S haBal S
are being witten at the point Tl ~.s represented by ML, point at which the

| i ght sour c$ WislepyshgnalorRnd isefabbingifor bhe Tresnanggs ke gite fronyithpl ay

regi on onto i i [We] j i I DL T2¢
eprosented Dolpp bEInLeEY SOBR St REMNIY Lh A, DR il ene
regi on of theadkeghf simgiteityn teheatent iraspomss obctheutragysmit tencehef [thght
source is ONJ,s represented by M), an he it od is represented by
Totite, the IIAHENGETREAG CrebasE itk L oHeRrab LAy PR e
i1 1um nating MAeMingetifle dthd enéataBilfhe? tiMé Nited G EEJY added simplicity,
[DMZ-M ~Twrite] /] TZ-TX)]4.92. ~4 . The display accordi ng to Caim3,
wher ei n when theggofimes | mhe daa*ffteﬁefwamfhcwgﬁﬁil 3% & BRLECENPE PSS -

the ~. 1~ um natingsdg\ynisf #3h! Oc,PON1L Lk };ﬁaﬁﬂ@mﬁqu&v@ .cq-ayrr thBS1gnt
3llumir~atj.,ng dev~tce so as'to satisfy Tlc ~ Twite. 5 . The display
accor di ng t o sQuxice s Giwearky Flune Bsub reTyeite o-Tkubsteanwelies an showay
substrate hay r t e Qf- I I r d as
v oross. each gy i Bl dnghfatd I M A BN B i PR A2
corr espondi n@andipaflvensbatTlwh disubhe Twriteat Pler Thegoll-<tinenwdadtin e

plural ~.ty of, squrce lines Gcro e (P ot.he~e:. a pluralifX of, sw- tcg’él.pg
devi ces respett %‘SI W‘g‘?ﬁtdé‘& gggcgf @5‘80%’5? r?gﬁ’i%#hg“ e 75:Is'ec§$os for
5~Wi t chi ng betri\ped. DGO ON- Y Ené walieh ANGmAi 6 Gitve® DYUTINY & Tduts € hatiesn
t he pi xel electrodes and _the source lines in accordance with a drive signal
suppl i ed t hr otdich e gfad ks inkagmediats Kaluebeatweephe vglue of Figres
IS Szx opposifiy aﬁubghéa@ﬁ‘{@\gfngi?_cwnt er eJ.ectrode di sposed opposite to
the array substrate . 6. The display according to laim1, further
conpri si ng: 45 As should be appreciated, even the smallest ON-time width Tlum,
is larger than the upper limit (Tsub - (2Twrite + Tlc)) of ON-time
width of the light source for obtaining uniform display in the
conventional display. As a result, brighter image is obtained in
the display of this embodiment than in the conventilonal display.
In the conventional display, as described above, the uppex limit
of the response width Tlc for obtaining uniform image without the
luminance gradient and chroma gradient is Tsub ~ 2Twrite. On the
other hand, in this embodiment, as shown in Fig. 7C, the upper limit
of the response width Tl¢ for obtaining the uniform image is
Tsub - Twrite, which has an allowance greater than that of the

conventional example. Accordingly, in this embodiment, at low



a tenperature sensor for neasuring tenperature of a vicinity of the Iight
nodul ation el enment, wherein the illum nating device control portion is

. adapted to control the ihum z~at3.ng dev'~. Ge to cause the |light source to
be turned OV OFF according to neasurenent obtained by the tenperature
sensor. 7. The display aCCO-cding to aim1l, further Conprising a

reaei ~sr3.ng portion fa~c receiving an input for setting of ON timng of
the light source, wherein the illumnati dev~.ce control portion is
adapted to control the illum nating device to cause the |ight source to ba
turned OV OFF according to the setting indicated by the input received by
the receiving pertion. 8 . The-display according to Caiml1, wherein the
l'i ght nodul atjempef@thies 1 Onlf6ith d16HYs¥ 2hn Ha cdhductiediiyh adtowahdd elven

Claim8) wherein the liquid crystal is OCHnode liquid crystal. 10. The
di spl ay accordi e &serasm ot tha ek iaais ﬁ@?ﬁa&hﬁssﬁ?&%e In qthgr: varfs .+ tRg

diode. 11. TheuwdispbfiYe At edbiPitdhnient, r%thd&‘ﬂ?%%ﬂ%&ﬁ%lﬂthgm HAUmERchS

el ectrol um neseence l'ight-emtting elenent. 12. I'spl ay accord,i.ug to
d ai m~. . whaxgdienhand chpdnmoradient, cad beaachidvefht Bexgher.f by tawningng
i ghts of dif t ' e_fr i f e d ' IS .
conposed of g“g:iﬁrgaf'%ﬂ;/éo?d“srg’ F%a%eg&ﬁgﬁ%oggg?' a';n[g' t7\r$é :Bﬁ'glﬁ#%]a% “d&di ce
cont ~eol por tatkainedadaphegetrnisgithiloity tolthd Iy tdnperiatares cag béciurthel 0
cause the light source for emtting lifht of a specifi$d pr~.smin the
course of ri g'i“\‘f‘&"lf?dtransm—. ttance~ i.n the pixel included in the pixel

group onto which yhelyiideDs thendlst A6SiAMIILIHduse e ONDGnARG ghd VPP
intermediate time ~.n the wite period and the ,I_|ght source to be turned

OFF in the cdif¥89ofo faf EPnERHafyhll 17 Mianthewh ddmingt Rah beepet WidReNt
sub-frame perdeptect hatthengl SPBYe 6L, "BudiP aHi irdBrle aYBLEFdLLREL et NE

pair

described.

As showninFigs. 5A, 5B, 6A, 6B, the value of the output luminance
at the central portion of the display region corresponds to the
area of the portion bhetween the points T1l, T2 of the region defined
uby the waveforms Al, A2. In other words, the waveforms Al, A2, as
a function of time, are iqtegrated. from the point T1 to point T2.
Assuming that the transmittance is always MO as rough approximate
value between the points T1l, T2, the area is given by MO(T2 - T1).
Therefore, considering the above formula (4)., relative luminance
Qifference 1s given by:

| 68| /IMO(T2-T1)]1=| (M1-M2) §'T|/[MO(T2-T1)}

The upper limit of | 6Tl is Twrite/2, and therefore, the upper
iimit of the relative luminance difference is given by the following
formula (5):

(1/2)[[M1-M2|Twrite]/[MO(T2-T1)] .. (5)

The upper limit of | 6| is taken at an upper end or a lower
end of the display region, and therefox:e. the value of the formula
(5) is considered to represent [(luminance of pixel on 1st or N/2-th
row) - (luminance of pixel on N/2-th row)l/ (luminance of pixel
on N/2-th row).



of Substrates has color filters of red) blue, and green, and the

illum nating device control portion is adapted to control the illum nating
device to cause the | ~I gk~t source to be tt':rned ON in the course of
rising of the transmttance in the p~xel.included in the pixel group onto
whi ch the video sigxaa7.s axe being witten at substantially interntediate
time in the wite pera.od and the ligYxt source to be turned OFF in the
course of falling of the transmttance inz2ghe pixel in each frame period of
the video signals. 14. A cellular tel ephone conprising: the d~.sglax
according to Caim1l, the cellular telephone being adapted to output video
signals to the dispis~r. 1.5. A portable term na3. conprising: the display

accordiuxg tv d ai t he pox-table texm.~. 1. bej.nqg adapted to ouf put
TF Ge0 S gual & Lot MY tReNAPASIREIs RRSaL e (s Lins RbISRRLIS vaR )
. AynF. Ay! ?. Ab¥ Ahef\largeness of luminance ratio between the pixel on N/2-th

?. AnF, . AY. A3. A3, . AF. Any. AL ASF, . AF. A AY. Al. A A3?. Afy. Ane. A. Ae. A AL Al ?. An
?. A AY. Al . AS. 78w 4nd ke pixel on 1st or N-th row that is visually recognized
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50 as to satisfy the Following formula (6) ox otherwise simplified

formula (7).

(1/2)[ |M1-M2|Twrite]/[MO(T2-T1)] = 0.46 .. (6)
[ |M1-M2|Twrite] /[MO(T2-T1)] £0.92 .. (7)

By setting the value of the left side [|M1-M2|Twritel]/[MO(T2-T1)]

of the formula (7) to less than 0.92, more than half of viewers

do not recognize the luminance gradient. It ismore preferable that

the value of the left side of the formula (7) is set to 0.46 or

less (formula 6).

From the fact that luminance gradient with the luminance ratio

of 54 : 100 1s not detected by half of the viewers, it is known

that visual detecting ability of the human beings with respect to

the luminance gradient in the digplay reglion ig not so high.

Conversely, the visual detecting ability with respect to the chroma

gradient is considered to be slightly higher. For instance, if a

single-color image obtained by mixing of three primary coloxs of
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cal] cal ca when the transmittance of the liquid crystal display panel starts
rising until it completes rising may be set larger or smaller than,
or otherwise equal to the elapsed time (falling time) from when
the transmittance starts falling until it completes falling. If
the rising time and the falling time differ from each other, then
these times are averaged by calculation and set as the response
tine (Tlc).
The ON luminance of the light source is not intended tobe limited
to be of the rectangular wave shape of Fig. 8A as illustrated in
this embodiment. Foxr instance, the ON luminance may gently rise
and fall as shown in Fig. 8B. In this case, the point at which the
ON luminance exceeds 1/2 of the maximum value in the corresponding
sub-frame period 1s considered to be the ON point of the light source
and the point at which the ON luminance bec¢omes below 1/2 of the
maximum value is considered to be OFF point of the light sourxce.

Further, a shown in Fig. 8C, one sub-frame period may include a
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In Flgs BA - 8C, the points indicated by Tl are the ON points of
the light source and the points indicated by T2 are the OFF points
of the light source.
{Embodiment 2)

A gsecond embodiment illustrates a display adapted to control
ON timings of a light source according to temperatures.

Fig. 9 is a block diagram showing a constitution of a display
according to the second embodiment of the present invention.

Referxring to Flg. 9, the display of this embodiment comprises
a temperature sensor 41 connected to a control circult 36. The
temperature sensor 41 is provided on the liquid crystal display
panel 10 fordetecting temperatures of theliquidcrystal. Thesensor
41 may be provided at any positionwhere it can detect the temperatures
of the liquid crystal. The temperature sensoxr 41 may be comprised
of a collecting sensor utilizing electricity collecting effects,
thermocouple, or the like utilizing thermoelectric effects. Orx
otherwise, the temperature 41 may be comprised of a semiconductor
device utilizing change in electric property such as resistance
according to temperatures, an insulator, a metal, or an infrared
ray sensor for detecting radiation spectrums.

Since the other elements of the display of the second embodiment
are identlcal to those of the first embodiment, the same or
corresponding parts are referenced by the same numerals and as such,
description will be omitted.

Subsequently, operation of the display will be described.

In the display of this embodiment, as in the case of the first



10tt 10tt 10tt!+2'110%t& ()- 2'!10% & ()-

1&(' 1109 ()-10(''10%t& ()-& 10% & ()-& **, c-*. + }[9+1

. 10MM C$9! 1098 () - ! 459! 109ME' () - $9! 1098 () - ! H&! 109%&' () - 9! 4& 109N () - 9&
| 10988’ ()-9+.,.-./.10z0<11dB1

10MVI C! & 109% A A& ()-' ! +& 10% & ()-' & 10% A& ()-' & 10% & ()-' t10% & ()-
10MM 10MVL1445J5555dE: / 10° 10" 8!10% & () -

7110% & ()-5!10% & ()-310% & ()-"9! 10% &3@)-3"110% & () - 555f 66189t 9uS1/
19:110% 0' 0& ()-!C:110% 0' 0& ()-:!10% 0& ()-!+! 109RRTE ()- !10% 0& () -
10% 0&' ()- 10 t99: <<<<<<{\= 19110% & ()-$3510% & ()- 10'0 10'0

10 0&: 1 10% 0&' () -1 C: | 10% oj 0& () -14:110%" & ()- <’7x@5A Bl BBWX6{\ =

! +4' 10% ° & Lhpdd Ml Sehd - vided %1 gfiall- 20! 19 Hi%n Entd- 84! 10%
()-9$B DuS1 1!'yl10% [ & ()-3!&y!10% : () 3y 0% & ()-310% & () -
display region of the 1liquid crystal display panel 10 £rom the upper

portion to the lower portion, and in accordance with this writing
operation, transmittance in the display region varies.

In such display operation, the backlight control circuit 37
of the display of this embodiment is adapted to control the backlight
20 to cause the light source to be turned ON at timings described
‘below. Figs. lOA, 10Bare explanatory views showing timings at which
the iight source is turned ON in one sub-frame period. ¥ig. 10A
shows timing at which the scan signal 1s output to the gate line
on N/2-th row. Fig. 10B shows transmittance of the liquid crystal
display panel in the pixel on N/2-th row. Figs. 10C - 10E
respectively show ON luminances of the light source.

E“:I.g. 10Billustrates change in the transmittances of the 1iquid
crystal display panel 10 when the temperatures measured by the
temperature sensor 41 are @1, ©2, ©3 (01<¢ ©2<{ ®3). Asmentioned
previously, since the response of the liquid crystal generally
becomes slower as the temperature decreases. the rasponse time
(Tising time, and £alling time) is the shortest in ©®3 and increased
in the order of ©®@3, ®2, ©1. The light source is turned ON/OFF
at timing of Fig. 7C in the case of ®1, at timing of Fig.7D in the
case of ®2, and at timing of Fig. 7E in the case of®3. Thus, by
pexrforming ¢ontrol to shift the ON/OFF timings of the light source

according to the temperatures measured by the temperature sensor
41, the condition (M1 = M2) for uniform display (display without
luminance gradient or chroma gradient) can be satisfied and
satisfactory display can be achieved at any temperature as in the
case of the first embodiment.

It should be noted that sufficiently uniform display 1s
attained so long as the formula (7) is satisfied at respective
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temperatures without the condition M1 = M2. So long as the formula

(7) is satisfied., one of the ON and OFF timings of the light source

can be changed according to temperatures.

The temperature sgsensor 41 1s not provided in the first
embodiment, which does not mean that the display of the first
embodiment cannot deal with temperature change at all in practice.
The display without the temperature sensor 41 can attain uniform
display with the formula (7) satisfied when the temperature change
fallé inacertainrange. Therefora, the addit:l.o_n of the temperature
sensor 41 to the display like this embodiment can greatly extend
available temperature range.

While in this embodiment, the backlight control c¢ircult 37
performs electronic control, this is only illustrative.
Alternatively, a control portion for controlling the backlight 20
may be provided with a material having electric resistance varying
according to temperatures. With this constitution, RC time
constant comprised of this resistance R and a certain capacitance
C is varied, thereby allowing the light source to be ON-controlled
as shown in Fig. 10. In that case, the material having resistance
increasing with temperature decrease is employed.

While in this embodiment ON and OFF timings of tha 1ight source
are delayed according to the temperature decrease, as a matter of
course, the same effects can be provided by putting forward the
timings at which the control cirecuit 36 outputs the control signals
to the gate driver 34 and the source driver 35 with temperature
decrease, without change in ON and OFF timings of the light source.

Moreover, the ON/OFF timings of the light source may be changed
according to any other conditions including moisture, ambient
brightness, air-pressure, weather, earth magnetism, etc, lnstead

of the temperatures described in this embodiment.
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(Embodiment 3)

A third embodiment illustrates a display adapted to allow
ON and OFF timings of the light source to be set by a user.

Fig. 11 is a block dlagram showing a constitution of a display
according to a third embodiment of the present invention. Referring
to Fig. 11, the control circuit 36 of the display of this embodiment
comprises ROM 43 having given storage areas. The ROM 43 contains
plural pieces of information (timing information) indicative of
ON and OFF timings (lighting start point and l;ghting termination
point) of the light source.

The display of this embodiment furthexr comprisas amode setting
portion 42 for use in setting of varlous modes associated with ON
timings of the light source. Themode settingportion42 isconnected
to the control circuit 36. The mode setting portion 42 is a mode
switch comprised of a dip switch, a toggle switch, a dial, or the
like. Altermatively, the mode setting portion 42 may be adapted
to perform switching among the modes by software.

Since the other elements of the display of this embodiment
are identical to those of the first embodiment, the same or
corresponding parts are referenced to by the same refersnces, and
as such, dascription will be omitted.

The user who 1s to use the display so constituted, first,
enters a mode associated with desired ON timing with the mode setting
portion 42. The modes capable of being entered with the mode setting
portion 42 may include “cold district mode”, "standard mode“, etc.
Since the response of the liquid c¢rystal generally becomes slower
as temperature decreases as mentioned previously, in the “cold
district mode”, the ON and OFF timings of the light source are delayed
with respect to those of the "standard mode”. Instead of the modes

according to temperatures, there may be provided modes according
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toconditions includingmoisture, ambient brightness, alxr-pressure,
weather, earth magnetism, etc,

Receiving the entered mode, the mode setting portion 42
outputs a slgnal indicative of the received wmode to the control
clrcuit 36. Receiving the signal from the mode setting portion 42,
the control clrcuit 36 selects one timing information among the
plural pleces of timing information stored in the ROM43 in accoxdance
with the received signal., To realize ON timing indicated by the
selected timing information, the control circuit 36 outputs acontrol
signal to the backlight control circult 37. As aresult, the lighting
source is turned ON/OFF according to the mode set by the user.

While in this embodiment one mode is selected among the
plurality of modes, desired condition may be selected within a rangé
of continuous numeric values. Besldes, the ROM 43 may be a writable
memory such as EEPROM, and theraby, the timing information may be
suitably changed, added, or otherwlse erased by operation of the
user. This makes it possible for the user to create desired modes.
(Embodiment 4)

In first to third embodiments, the field sequential color
licquid crystal displays have been employed ag the displays. On the
other hand, a fourth embodiment illustrates a display according
to so-called blinking backlight method, which ig adapted to perform
display by blinking a single light source.

The ligquid crystal display panel included in the display of
this embodiment has color filters of red, green and blue, differently
fromthe field sequential colormethod. Also, thebacklight included
in the display of this embodiment includes a 11ght source for emitting
white light.

The light source may be LEDs as in the case of the first

embodiment, or may be, of ¢course, any other light sources including
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fluorescent lamp, cold cathode lamp, and incandescent lamp. Also,
the 1ight sources for emitting lights having different prisms, which
are employed in the field sequential color method, may be turneq
ON/OFF simultaneously rather than sequentlally turmed ON by time
division so as to 1ook 1like as 1f they were operatin_g as a single-color
light source. The light emitted by the light source need not be
white but may be red, blue, green, yellow and the like.

In the display so constituted, the backlight is controlled
so that white light is ON during a certain pezf:i.od and OFF during
the remaining period in one £frame period. Suchblinking of the light
source within one frame period can reduce blur in a moving image
in contrast with the case where the light source is continuously
ON (e.g., see " Yasuichiro kurita, et. al. 4. Trial to Improve Image
Quality of LCD by Intermittent Display” Shingaku Gihou Technical
Report of IEICE ., EID 2000 -47, pp. 13 -18 (2000 - 09)".

" Since the other elements of the display of this embodiment
are identical to those of the £irst embodiment, description thereof
ig omitted.

Subsequently, operation of the display of this embodiment
will be described.

Figs. 12A - 12C are timing charts showing an example of display
operation of the display of the fourth emb«:»d:l.meant:7 Fig. 122 shows
timings at which scan signals are output to gate lines in a liquid
crystal display panel. Flg. 12B shows change in transmittance in
pixels on respective rows included in the liquid crystal display
panel., Fig. 12C shows change in ON luminance of the light source.
Here, one frame period is composed of write period Ta, hold period
Tb, and erase period Tc. These Figures illustrate that the liquid
crystal display panel has N-row piktels and N-row gate lines
corresponding to these plxels.
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As shown in Fig. 12A, in the write period Ta, the scan signals
are sequentially output to the gate lines on 1lst to N-th row.
According to timings of the ou'l‘:put operation, the video signals
are sequentially written onto the pixels on lst to N-th rmtv.
Subsequently, in the hold period Th, the scan signals are not output,
and therefore, the video signals writiten in the write period Ta
are held in the respective pixels. '

Then, in the erase period Tc, in the same mannexr as the write
period Ta, the scan signals are sequentially putput to the gate
lines on 1lst to N-th rows, and reset signals for resetting the video
signals written in the write period Ta, are sequentially written
onto the pixels on 1st to N-th rows. Fig. 12B illustrate that the
transmittance of the liquid crystal display panel is set to 0, as
in the case of Fig. 4B.

As shown in Fig. 12C, the backlight is controlled so that
the light source of the backlight is turned ON in the course of
rising of the transmittance in pixel on N/2-th row and turned OFF
in the course of fallingof the transmittance. Thismakes itpossible
to suppress the luminance gradient and chroma gradient in the display
region, as in the case of the first embodiment. Specifically, the
light source is turned ON before the completion of the rising of
the transmittance and turned OFF after the start of the falling
of the transmittance.

As in the case of the field sequential color method of the
first embodiment, itis desirable to satisfy the secondary conditions
described in the first embodiment:

{3] The light source is turned ON after the start of rising
of the transmittance of the liquid crystal display panel in the
pixel on 1st row.

[4] The light source is turned OFF before completionof £alling
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of the tramsmittance of the liquld crystal display panel in the
plxel on N-th row.

It should be remembered that the main purpose of ghe field
saequential color method is to suppress mixed coloxr but the main
purpose of this embodiment 1s to prevent image retention oxr blur
in the moving image due to the event that an image to be displayed
in a frame residues in a subgsequent frame.

The desired condition for preventing the luminance gradient
from being recognized by the viewers is given py the formula (7),
as in the case of the first embodiment.

Also, when Twrite = Tlc is satisfied, the noticeable effects
of suppressing the luminance gradient is attained as in the case
of the first embodiment.

In addition, the light source may be adapted to emit light
as shown in Fig. 8B or 8C, as in the case of the first embodiment.

Farther, the display of this embodiment may include the
temperature sensor similarly to the second embodiment, for switching
ON timing of the light source according to measurements obtained
by the temperature sensor. Thisenables the light source tobe turned
ON at appropriate timings according to temperatureg in the
environment where the display l1s used.

Moreover, as in the case of the third embodiment, the desired
ON timings can be set by the user.

(Another Emhodiment)

The displays of the above-described embodiments may be used
ag displays of various types of davices such as monitors for personal
computers, televisionrecelvers, microdisplays, headmount displays,
and projectors.

In particular, because the displays of the present invention

are capable of satisfactory display even in low-temperature
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environment, they are suitable as displays of cellular telephones
and portable terminal such as PDA (Personal Digital Assistant) which
are often used in low-temperature environment. _

Figs. 13A, 13B are views showing appearance of devices
including the displays of the present invention. Fig. 13A shows
a cellular telephone and Fig. 13B shows a portable terminal. Here,
reference numeral 16 denotes display portions of these devices.
The display portions 16 are comprised of the displays of the above
embodiments. .

Here, the cellular telephone or the portable terminal
respectively output a video signal to the corresponding display
portionl6. Receivingthevideosignalasinput, thadisplayportion
16 operates like the displays of the above embodiments. This allows
uwniform luminance and c¢hroma to be kept in the plane of the display
region.

As should be understood, the displays of the present invention
and the cellular telephone and the portable terminal in¢luding the
displays are capable of suppressing the luminance gradient and chroma
gradient and displaying satisfactory imaga.

While in the displays according to the £ield sequential color
method of tha present invention, the sub-frame periods are provided
in the ordexr of red, green, and blue, the order is not intended
to be limited to this. Alternatively, the sub-frame periods may
be in any other orders of red, blue, and green, green, blue, and
red, etc. Further, aplurality of sub-frame periods may be provided
for one color, e.g., red, green, hlue, and green.

Also, there may be provided sub-frame periods in which a
plurality of light sources afe adapted to be ON. By way of example,
there may be provided sub-frame periods in which light sources of
red, green and blue may be adapted to emit light simultaneously
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forwhitedisplay. Inactuality, for the purpose of preventingcolor
breaking., or the like, such drive is sometimes carried out. (see
e.g., Publication of Unexamined Patent Appl:l.cat:l_.on No. Hei. 8 -
101672 or U.S. Patent No. 5, 828, 362).

While in the present invention, the ON timings of tha light
sources may be determined based on the transmittance in the pixel
on N/2-th row, as indicated by the conditions [1], [2], but the
same effects can be provided even in the case of pixel on row in
the vicinity of N/2-th row instead of tha pixel on N-th row.

The “pixel on 1st row"” in the condition (3) may be replaced
by "pixel on row in the vicinity of lst row" and "pixel on N-th
row” in the condition (4) may be replaced by “pixel on row in the
vicinity of N-th row”, which results in the same effects provided
by the present invention.

While in the field sequential color displays, just after the
reset signals are written onto the pistels on N-th row in a sub-frame
period, thea video signals are written onto the piwels on 1lst row
in a subsequent £frame period as shown in Figs. 4A -4C, the writing
operation is not limited to this. As analternative, after anelapse
of a certain time after writing of the reset signals onto the pixels
on N-th row, the video signals may be written onto the pixels on
1st row. As an additional alternative, the video signals may be
written onto the pixels on 1st row before writing of the reset signals
onto the pixels on N-th row. In this case, the erase perliod Tc in
a sub-frame period sometimes overlaps with the write period Ta in
a subsegquent sub-frame period.

While in the present invention, the gate driver 34 is adapted
to sequentially output the scan signals to the gate lines 31 on
1st to N-th row as shown in Fig. 4A, it may be adapted to ocutput
tha scan signals in the reversed ordex (from N-th to lst). Some
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liquid crystal display panel has gate lines and source lines arranged
in the opposite direction of the panel of the preqent invention,
namely, N-column gate lines. In that case, aljso, the scan signals
may be output to the gate lines in either order. Further, the present
invention is applicable to so-called interlacing.

Also, the displays of the present invention are not intended
to be limited to the active matrix type displays. For example,
scanning may be performed with a CMOS-type circuit configuration
of Pig. 7disclosedinPublication of Unexamined PatentApplication.
No. Hei. 11 - 38386 . or otherwise the ciisplays may be of simple
matrix type or MIM (Metal Insulator Metal) type.

Further, the liquid crystal display panel may be of transparent
type or reflective type. In case of the reflective type, the
above-described embodiments are implemented by using reflectance
instead of the transmittance.

Furthermore. the display method of gray s¢ales may be analog
method adapted to control gray scales at voltage level of the video
signals or digital method disclosed in Publication of Unexamined
Patent Application No. Hei. 11 - 38386. .

Moreover, the liquid crystal mode i1s not limited to OCB. The
various types of liquid crystals may be employed, including TN
(Twisted Nematic) liquid crystal, STN ( Super Twisted Nematic) liquid
crystal, BRCR (Electric Field Control Birefringence) liquid crystal
includinghomogeneous alignment liquidcrystal, bent liquidcrystal,
IPS (IN-Plane-Switching) liquid crystal, GH (Guest Host) liquid
crystal, polymer dispersion type liquid crystal, discotheque
liquid crystal, ASV liquid crystal, MVA (MULTI DOMAIN VA) liquid
crystal, ete., The liguid crystal having spontaneous polarization,
such as ferroelectric liquid crystal or anti-ferroelectric liquid
crystal could be used but these liquid crystals are not suitable
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for use in the portable terminal or he like, because of its less
resistivity to shock.

Indeed, 1t is true that the ferroelqctric liquid crystal or
the anti-fexrroelectric liquid exrystal 1s generally quick in response
and its response time Tlc is commonly not larger than 100 4 sec, but
the present invention provide noticeahle effects of suppressing
the luminance gradient and the chroma gradient when the response
time Tlc is larger than the write period Twrite, as mentioned
previously. So, desired effects are difficult to obtain with the
use of these liguid crystals because of extreme quickness.

Meanwhile, extremely slow response of the liquid crystal is
unwanted. Nevertheless, it is certain that more satisfactory image
is attained with the use of such slow liquid crystal in the present
inventionincontrast with the conventionaldisplay. Thisiscaused
by the fact that there is sometimes upper limit of the response
time Tlc for obtaining satisfactory image. With the use of the TN
liquid crystal or the STN liquid crystal, it sometimes happens that
the effects of the present invention cannot be effectively obtained,
bhecause of their slowness.

In view of the foregoing, in conclusion, it is preferable
that the OCB liquid crystal which is relatively slower in response
than the ferroelectric ligquid crystal but relatively quicker in
regsponse than the TN liquid crystal, is used, because the most
noticeable effects of the present invention is achieved.

The light modulationmediumisnot limited to the liquidcrystal.
For instance, electro-optics crystal such as BSO (bismuth silicon
oxide) may be used as the light modulation medium. Any light
modulation medium may be used provided that its optical
characteristic (e.g., transmittance, reflectance, diffraction

efficiency, light absorptance, prisms of transmitted light or
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m ’ _g.%gording to an electric signal. Nevertheless, the liquid cxystal

is preferable because it is the lea.st_ expensive and superior in
productivily.

Numerous modifications and alternative embodiments of tha
invention will be apparent to those skilled in the art in the light
of the foregoing description. Accordingly, the description 1s to
be construed as illustrative only, and is provided for the purpose
of teaching those skilled in the art the best mode of carrying out
the invention. The details of the structure and/or function may
be varied substantially without departing from the spirit of the

invention.
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CLAIMS

1. A display comprising:

a light modulation element including light modulation medium
interposed between apair of opposed substrates andhavingaplurality
of pixels for displaying an image:

an illuminating device having a light source:;

a drive portion for driving the light modulation medium by
sequentially repeating writing and erasing of video signals for
each pixel group to thereby change transmittance of light emitted
from the light source in the light modulation element; and

an illuminating device control portion for controlling the
illuminating device to cause the light source to be turned ON in
the course of rising of transmittance in a pixel includéd in a pixel
group onto which the video signals are beingwritten at substantially
intermediate time in a write period during which the video signals
are written and the light source to be turned OFF in the course
of falling of the transmittance in the pixel.

2. The display according to Claim 1, wherein the illuminating
device control portion is adapted to control the 1lluminating davice
to cause the light source to be turned ON in the course of rising ‘
of transmittance in a pixel included in a pixel group onto which
the video signals are being written substantially at start point
of the write period and the light source to be turned OFF in the
course of falling of transmittance in a pixel included in a pixel
group onto which the video signals are being written substantially

at completion point of the write period.

3. The display according to Claim 1, whereln when point at which

the light source iz turned ON 1s represented hy T1, transmittance
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s turned OFF 1s represented by '.lE2, transmittance in display region
onto which the video signals are being writtemn at point T2 1s

represented by M2, amaximumvalue of the transmittance in the display
region of the light modulation element in a period during which
the light source is ON 1s represented by MO, and the write period
is represented by Twrite, the illuminating device control poxtion
is adapted to control the illuminating device so as to gsatisfy a

formula given by [|M2-Ml|Twrite])/[MO(T2-T1)]1=0.92,

4. The display according to Claim 3, wherein when response time
of the liquid crystal is represented by Tlc, the illuminating device
control portion 1s adapted to control the illuminating device 50

as to satisfy Tlc = Twrite.

5. The display according to Claim 1, wherein one of the pair of
substrates is an array substrate having a plurality of gate lines
and source lines arranged so as to cross each other; pixel electrodes
respactively provided as corresponding to points at which the
plurality of gate lines and the plurality of source lines cCross
each other; a plurality of switching devices respectivaly provided
as corresponding to the pixel electrodes, for switching between
a conductive state and a non-conductive state between the pixel
electrodes and the source lines in accordance with a drive slgnal
supplied through the gate lines, and

the other of the palr of substrates is an opposing subgtrate

having acounterelectrode disposedoppositetothe arraysubstrate.

6. The display according to Claim 1, further comprising:
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a tempearature sensor for measuring temperature of a vicinity
of the light modulation element, wherein the illuminating device
control portion is adapted to control the illuminating device to
cause the light source to be turned ON/OFF according to measurement

obtained by the temperature sensor.

7. The display according to Claim 1, further comprising a
receiving portion for receiving an input for setting of ON timing
of the 1ight source, wherein the illuminating dev:ice control portion
is adapted to control the illuminating device to cause the light
source to be turned ON/OFF according to the setting indicated by
the input received by the receiving portion.

8. The display according to Claim 1, wherein the 1ight modulation
medium is liquid c¢rystal.

9. The display according to Claim 8, wherein the liquild crystal
is OCB-mode liquid crystal.

10. The display according to Claim 1, wherein the light source
iz light-emitting diode.

11. The display according to Claim 1, whereiln the light source
is electroluminescence light-emitting element.

12. The display according to Claim 1, wherein the illuminating
device has a 1light source for emitting lights of different prisms,

one frame periodof the video signals is composed of aplurality
of sub-frame perlods, and

the 11luminating device control portion is adapted to control
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the illuminating device to cause the light source for emitting light
of a specified prism in the course of rising of transmittance in
the pixel included in the pixel group onto which the video signals
are being written at substantially intermediate time in the write
period and the .light source to be turned Of‘F in the course of £falling
of the transmittance in the pixel in each sub-frame period.

13. The display according to Claim 1, wherein one of the pair
of substrates has color f£ilters of red, blue, and green, and

the illuminating device control portion 1s adapted to control
the illuminating device to cause the light source to be turned ON
in the course of rising of the transmittance in the pixel included
in the pixel group onto which the video signals are being written
at substantially intermediate time in the write period and the 1light
source to be turned OI-‘F':I.n the course of falling of the transmittance
in the pixel in each frame period of the video signals.

14. A cellular telephone comprising:
the display according to Claim 1, the cellular telephone baing
adapted to output video signalg to the display.

15, A portable terminal comprising:
the display according to Claim 1, the portable texminal being
adapted to output video signals to the display.



