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CRYSTAL DI SPLAY AND TRANSFLECTI VE LI QUI D CRYSTAL DI SPLAY '

The present invention relates to a color filter for a l"”lﬂﬂ‘”@"@ ’H”
59+

di splay and a transflective display using the same. Backgroun
not ebook-si ze PC, nobile termnals, desktop nonitors, digital caneras, and

QU D
leld
qui d
crystal displays are now used for various applications such as"
the |li ke by making use of the characteristics of the liqu
di spl ays, such as |light weight, thinnekss |ow power consu mmmnmmg_ mmme

NG

e

like. In order to further decrease the power consunption o

crystal display using a backlight, the utilization efficiency o

backl i ght rust be i nproved. Thereéﬁé Iﬁﬁf@&or filter is required to have
i nproved transm ttance. Although e transmttance of the color filter is

bei ng i”pr8%ﬁ$$e¥fﬂfﬁﬂeﬁén ﬁ¥6ﬁﬂﬂiéﬁf§fﬁLd§f§@E§f AiD PPRERSFRBERPEI ON 'S

not expecte ominprovenent In transmttance. In recent years, the

devel opment of a reflectiveligytind Ryeiiadl pdispRlady not requiring a
backl i ght source havi ng high - 2 power consunption has been advanced, and
it has been reported that the power consunption can be decreased to about
1/7 of that of a transmssive liquid crystal display (N kkei Mcrodevice,
separ at ep¥ehHi¥Ba1FFraki1Ranel Display, 1998, P. 126). A reflective liquid
crystal display has the advantage of |ow power consunption and excel |l ent
out door - vi si brhé t yresOneVEivehBién ptéTtetebete sutdblerepileeri fonnant |ight
cannot be secured, a display becones dark, thereby causing the problem of

si gni fi canluyadergsitalatiBplaysanid at Yrahsfaededveb dispday disiplgayhei si bl e

in a place where environnmental |ight has |ow strength, two systens each
conpri si agme.l i ght source have been designed. One of the systens is (1) a
liquid crystal display, i.e., a so-called transflective liquid crystal

di splay, conprising a backlight as a light source and a reflection | ayer
provided in each pixel and having a notch so that the a part of the

refl ecti Backgyounds Agged for a transm ssive display system and a part of
the reflection layer is used for a reflective display system (refer to
docunment s suchiguigi asyptatedispdanfopsgynIupaRedof§orEYRELPUFechnol ogy

Sem nar Text A5). The other systemis (2) a_reflective liquid._crystal

di spl ay eppddicsitigns sush as fatebaokssdizeofCy H‘é’&i‘lliegﬁtergrgtﬂae\? and a front
| i ght source used for nobile termnals, a thr e-2§95$%ép%wflu rescent - - 3
| anp or Aegktop monitorsn: ddgital,fameras)y 20, &&¢ thr Sk type

fluorescent |amp.is advantageous, from the vi.e i nt__of_ power consunption,

and t hi slﬁ%&fes@@rmtcha&ﬁ;?‘ﬁe\gf%ﬂ?t |tﬁlﬁr§\}@ EH% \gﬁﬁ’ b ility of
transmtted_col or, light. Thuys, e three-p re ; i sed for
rel ati velSP9N AR & 'natr@nghec%s 'aslogvaéoqft‘)'ﬁig CE%%EJ'%%U dje li ke.

On the other nd, i i VARG Jder size and

t hi cknesstq"aGnd'qi e'us?d1 cédeesll_rm%% f'rir“lt) 1 eg'tnt erm %efsq;;hﬁ as a cellular phone

and the 'ééglesugagﬁéoitoﬁ]lo@sa A @i e iyt Qua g1y RRANd YA @gHthr ee- peak

type accordin e spectr shapes. The twopeak type white LED uses a

conbi nati £ 21 1 4461 IR AL Pe P SPAOtne f BACRDL ghti @se BB Lapeokea. (Fi g.
5). On tﬁgﬂ%t er hand, the three-peak type white LED uses a congination of

an ul travipddrddD aGdsh ey Al fdgie i sy Aidve Figprded or a

conbi nati on of . LEDs of the three colors, i.e., red, green and blue (Fig.
2), for ohtfidhittanodl t axEHAigh T ttwamaelt tarmse Wi tthd Hdlwms been used
as an option of the white LED |light source so far (N kkei Electronics,
2002, No.fLredn i Beag fimmntowead tiwetayyeanpra ssimnif heaokt | dgrtresmepri ses
picture elenments in each of which a transm ssive display using backlight
and a refiegidwer daphayp tiomgi emot cexpettdd [fogm ouysxewenenthdin hus a

di splay with - 4 excellent visibility can be achi eved regardl ess of the
strengt h ofareswi toamxent al |1ight. However, in the use of such a conventiona
color filter as shown in Fig. 6, i.e., a color filter in which a reflective

region and a timmreEdesdi weansyi dheadeviedopsieat @&d 8 Fredd@rtdive didvdi% ment
to cause uniformcolor characteristics within each picture elenment, a

probl em cerystal ndbsBRK | PRt FeAWI FLRY o hadiel ighlyi sgEse hwying high
specifically, when the color vividness (color purity) of transmtted col or
light is inproved, the color purity of reflected color light is also
further increased to significantly decrease brightness having a trade-off
relation to color purity. Therefore, sufficient visibility cannot -be
obtained for reflective display. This problemis due to the fact that in
the transm ssive display, backlight is transmtted once through the col or
filter, while in the reflective display) environnental light is transmtted



required for formng the picture elenents of the three colors including

red, green and bl ue, thereby causing the problem of increasing the

manuf acturi ng cost. Wen a coloring agent is coated in the transm ssive
regions (or the reflective regions), and then a coloring agent is coated in
the reflective regions (or the transm ssive regions), fromthe viewoint of
production, it is difficult to coat the coloring agents in such a manner
that no space occurs between the transm ssive regions and the reflective
regi ons, and the coloring agents do o2 overlap with each other. Therefore,
there is the possibility that the product yield is decreased to increase
the manufacturing cost of the color filter. Wen spaces occur between the

ref | ecti ¥ L 20LoRSuRg1 bCnhE 2hSBL S3hynEEl] O8fiq L hs! BaKS from the

spaces t ecrease rmage quality o iquid crystal display. On the

other hapdpopbed therCeher boleIEBhSufELbAPCUA! Becacbrahben, thhe col or

only at undarires 1s'Tncreased a I's possibly recognized as

ununi f or gj o] r rgh heeCeh hugaPcoisthe higghdycrysta
di spl ay g%%%ﬁe@’%e?ﬁc?ﬁég.gﬁaﬁeﬁ§gﬁ%ﬁés§ig?d o?uthecl?auid B i spl ay

deteri or plyeRxb® MQSSbALY1LBC! 8aparhie #BIUMACt #LhBIPaASY Disphayliquid
crystal display. g _ As a nethod capable of a transm ssive display and
reflectiygogisplayzghth high color reproducibility, a method conprising
form ng an aperture in each reflective region to inprove the brightness of
the reflectivg géspééyivé. Biqubd ergetadniisplapchast tivel, adsantagéosed in
Japanese Unexam ned Patent Application Publication No. 2000-111902. Fig. 9
schemat i o&@l Lywsboweraconeamptéohi andokxaeddenénbuddabliry vitsdhd lddlyer filter
for a transflective liquid crystal display having the apertures. In this
case, onHpwekeee tnmaspdficghwhelriet sogfdphentr eovdronmens gdghdr ned to
permt the manufacture of a color filter at |ow cost. However, this nethod
decr easesanhetcbeoseguredy - refisplayc beconesc darkst itherebyt kausdfigect i ve
di splay, as conpared with the nethod in which the transm ssive regions and
the refl &bei probdgmons siendsicentdypdeieaipratiagevdsdPidfity -netlfod has
the problemof failing to satisfy both color vividness and sufficient

bri ght neexdemati dakgr 1oy Aigpdavt Ndsd®ler inefr #dGCeHM™eEP® i s i ncreased in
the transm ssive display and_ the reflective_display, the brightness of the

refl ecti e@vdiropmeptiad ddobtaded LV SFEENIE i AUgr PYSLEMS $&%or mance as a
liquid crystal display. In a conventional transf.l ectjve liqui rystal
di gpl ay ﬁxg’&?rﬁi&qgﬂo#i@httetsrﬂ%é’le &avteng)qeink ,ese}gtr\ﬁg‘l-'pe&?#f&g & | i ght
ource or three-peak type .fluarescent l.a i ed. Ho I i nation
Win s COMARTROAR 1 R i e tal” Bl il o 0ue Bo- AaGP! nat!
transfl ective Jd.iaqui.d cr.ystal. dj t r f i1 ts hi eve
a level ﬁ:ﬁa&ﬂﬁé&?%g:&vﬁ ;%@%dg%%tai F%’?)S &%&c?tﬁ% mlptq:l?sgf]g{ ﬁ&e t{ara;{r%sl%&?s:i ve
di splay and t %@&f Tl did Ptess Al ddadveld saldwited Skl dadie
satisfied” O se1osure o nventi on e present 1 nvention has been achi eved

i n consi 4ar.alql f ) i f e present

i nventi ogﬁl}ésg]i %{éﬁ&%&%?&%@?fEﬁr?st?ﬁgl(ﬁa{avyalﬁtlﬁfg tgé;st al displ ay
capabl e glo) JAANSTIEY &t £ S fUYIaG U Gl Vo TALLidydddw, and a
refl ective display having excellent characteristics (color reproducibility
and bri gL )pain Bhaeihdhieredtfidiha dyasand ussemdmm irefileqrion de a
color filter at | ow cost, which is capable of renoving a difference in
chromat i ctsphes) iBsiten I @fd st i e dbamient sarghich tasarinies Snocalispl ay of a
transflective liquid crystal display to exhibit excellent color

char act erfedhrslengd Jhpg ays Th&Esgepdrt iBdchrnlode Semirianslext tAfe) prior art
can be resolved by the following requirenents. (1) Atransflective liquid
crystal ditsplatheongystsas s pd Y afresfiieatime slidisish anypbslisplay each
other with a liquid crystal |ayer held therebetween, a reflection neans

usi ng antcemprisigny asfront ghiglsbur ce, a backlight source, - 10 and a
color filter having a transm ssive region and a reflective region which are
provi ded i n edsh eacdt e albaekiiaft Seures end i faondnd I@tc FWEAE col or ed
| ayers conprising a single material, a three-peak type LED backlight source
bei ng usedsed fore meRide gkrranate. EL‘ZShrIfH%'Q‘?ﬂ]%rt?geFt@u‘?fs%%c?rht t he
transflective liquid crystal display (1) includes the picture el enents at

| east one color in each of which the transm ssive region and the reflective
regi on conprise the respective colored |layers having the same thickness,
and the reflective region has an aperture. (3) The color filter used in the
transflective liquid crystal display (1) includes the picture el enments of

at |l east one color in each of which the colored |ayers in the reflective
region and the transm ssive region have different thicknesses. (4) The

g, Y i oy — " o




the color filter (5). Although the three-peak type light source is known to
i nprove color reproducibility of a transm ssive display, in the present
invention, it was found that the three-peak type |ight source nay inprove
not only the color characteristics of a transm ssive display but also the

color characteristics of a reflective display using environmental light. In
a specified color filter structure, i.e., an area controlling system or

t hi ckness controlling system the color characteristics can be inproved. It
was al so found that in - 13 the use3of a LED light source as the

t hree-peak type light source, the characteristics of the reflective display
can be significantly inproved. Brief Description of the Drawings Fig. 1 is

a chart fmcft;\ﬂ'r%g%ﬁf ﬁp(giéiéﬁ‘{’iQﬁf?gﬁx?&;&fgdegrEQnuégé.bl'FﬁephOSPhorS) |

of the spe of a ree-p ‘type ource used i n the present

i nvent i O%E%é?p% k![ﬁ%ﬁ‘eCPfﬁBréQQ&‘ﬁﬂglﬁrﬂpe%é‘”ﬁh@aﬁﬁ&&?bﬁét EpomOtneed, green

and bl ue spectrumof a three-peak type |light source used in

the presgpl hoYRPtbLNpofibs: cénbimpt £HA! L afBOPRIS BNuE¥8EBEALOLakpeispect rum
of a three-peak type cold cathode fluorescent lanp; Fig. 4 is a chart

show ng RRoG¥aEP! mproBetRBEEbLU PépPoliEeBiRERY bYPErangmiteed

el ectrol um nescence |ight source; Fig. 5is a chart show ng an exanpl e of
the spectpysroiignhtwo-prak,tyne thbebigbaksoluoeesEegt Gamp asduaedng
showi ng the configuration of a color filter used in a transflective liquid
crystal dospkayatfvely71agsge mobinilegtebmihalst kechornki gumabide BE,a col or
filter used in a transflective liquid crystal display; Fig. 8 is a draw ng
showi ng pbe,canfli ghealike.of Oa theoothekt bandsed whi&et LBPsfibective |iquid
crystal display; Fig. 9 is a drawing showi ng the configuration of a color
filter uaddanbagebnansbireat smellegqusdzer ppdakthdickpesg; and- 1s4used Fig. 10
is a chart showing a spectrumof a transm ssive region in each of Exanples
1 and 5 Eownbmaiii mobilehterminadspsurht peal EBL1ARY RhopecaPdntdf a
transm ssive region in Conparative Exanple 1 (conbination with a two-peak
type LEDptikBi.g. 11 is a chart showing a spectrumof a reflective region in
Example 1 (conbi nation of an_area-controlling s stenlcolorﬂéilter and a

t hr ee- peak t yWelterpEDE| gre19ividedchRte §hB&PhéeaksB¥E?rﬁ of a reflective
region in Exanpl e 5 (conbinatiqgn of a_thickne shgpn rolling shen1co|or
filter atBrgerpess. f¥Re AFFOTAEBg e fne1 SPPEtradnh g p?ﬁdmﬁﬁ§¥t &%pectra

of standard_light source and |ight soyrce.D65; Fig. .14 is._a_draw ng

showi ng Pﬁ@kcﬁgpﬁgw o uﬁeﬁo%oF°FﬁﬁP€$iSP @faﬁpp&uf1?%3 8361 is a
drawi ng show t he configuration o caol qr _fi fy EX e 12;

Ref er enc,@hﬁﬁﬁg’%ﬁ' %°5er? tgg.na_ntgr,,gngv 3‘% o8Bt Fals: %r)e'f e?’gﬁgglenurrer al 2, a
bl ack matrix; tefere r al ra re I la wibakgrence
nuner al f,tha?rc a&%édqﬁ%ygrl’{%g 1 I‘el%gclflc Son- E%gt g.?g};ﬁfgﬁfévg %%F"gr lil(p?)s'lelltgt()gl;rI

ref er enceUIP A crt b Gl YS! AR LedOTPELSH M@ BLOLOBROBPROYE ERLE!
resist; réference nunera , a reflective region; reference nuneral 7, a
transm ssiyve J,q QUnyiefAHIC @ N AloBRheA thirdd RIAHE, al.@Bnired,

ref erence nuneral 8G a green picture - 15 elenent; reference nuneral

8R, a redyiidil Wrfa YIMEN(Fid eior eFer HyTRIialing AWhiRR ool .egiTue and
reference nuneral 10, an over coat |ayer. Best Mdde for Carrying Qut the

| nvent i onpyd igeds flyae vkl dd QIED] sy Yedn distd @ Gin tdptimresdhtthenvent i on
conprises a liquid crystal layer having at least a light controlling

functi on wigity IED applitedomntdags EampaiNikKeis Hisatatorsl ati s @O Nsposi t e
to each other with the liquid crystal |ayer held therebetween, a reflection
means usizxesnbient |ight as a |ight source, and a backlight source. In the
liquid crystal display, it is inportant to provide a reflection plate
partial ly foraedransfleativee difspllay somprisgisdagabackddghthe observation
side, the surface of the substrate being in contact with the |iquid

crystal , commtiged ipieturenélepents aismam of Mayidh a riagranAnASHg’e i ght
emtted fromthe backlight source and a reflective region reflecting

ext ernal dispiay weing hackki@hdand @ aFQ@gqcﬁwi‘ﬁ%r‘F'e’%fg’tﬁKii‘?ﬁg‘-“c% one picture
el ement of the color filter, and a three-peak t Ef L%F backl.i ght source
used as temvigemrenial sbighle ehepbiled 3nd tHMH A IELIP1HE trate apart
fromthe observation side. In the color filter, a single colored |ayer is
formed in each picture elenment, the transmi ssive region and the reflective
region in each - 16 picture elenment have different color

characteristics. By providing both the reflection neans and the backli ght
source, a good display can be obtained even in an outdoor environnent
havi ng strong anmbient light and in a relatively dark indoor environnent.

Al so, the reflection neans is disposed on the surface of the substrate

oy - o o B - - - Y B




and a pignent-resin ratio by weight are the sane, and the different col ored
| ayers nmean that any one of the pignent conposition and the pignent-resin
ratio by weight is different . In the color filter used in the present

i nvention, all picture elenments need not have the same color filter
structure, and the picture elenents having different color filter
structures may be used. In the color filter used in the present invention,
the transm ssive region and the reflective region in each of the picture

el ements of at |east one color may hawe 4+ he sane colored |ayer and the sane
t hi ckness, and an aperture region may be fornmed in the reflective region.
By formng the aperture region in each reflective region) the brightness of
each reflecti [ . be_J o] CLMT | cost can be
Gecr cascitohhiSnf GRS EREy Pdah BE YER1= 008, EOGaERILACLE LA <0t O

parti cul afLynbtl! b8 dendlflahiEneRE" 1 4R ! CONORSVERY 26 LAEMEEe! frlhe plcture
el ement s” 0T “any one o re%, green, and bl ue. wever, in consideration
of a cha eLi ki ' n t hgab | i ghts §OUECesapd

envi ronneachy o) ohpelt i SRATIEE1 88 PREReL Hs ERGHn 18E1BBECLUBE B ch the
apertUrec6£8#OEi;EeEOiHEthéﬁdatBefié&tgvéreégieﬁdaha_aStaangamséivée
region rati1o”) of the aperture regions to the reflective regions are

pref er ablygdsheapbnadet prociaedeihacdeh pobearehalambati sbi eausad

bri ght ness” Specifically, the aperture region nmeans a region in which the
average hHhapseint E8N6e tHatBet¥rskbliesr ®YtRini 8a8h%pattupeceldhentt ha
aperture regions are fornmed in the picture elenents of a plurality of

col ors, phebaparbuearseghoproatucaaganevivetietabhgmistive tihepaager of green
> red ~ blue. The aperture region ratio of the red picture elenent is

subst ant Malrky spbeifanalay,t whenotheheohbrevpivitineesel(epdotr. phoity)
specifically, the aperture region ratio of the green picture elenents is
pref er abbf tRememif@eqd tbéoampeéigbteisednprovediotbe chdoregupilévuerd
elenments is preferably 5% to 30% and the aperture region ratio of the blue
pi ct ure ekéiectsd soppaf dlgbltyigowlse FusthepbincyeasedalbPy, the aperture
region ratio of the green picture elenments is 10%to 40% the aperture

regi on r atlgoifficenslycdegirensec bellohtnessi bagdpgdo 2245%pdgn@fthe aperture
region ratio of the blue picture elenents is 4%to 25% Wen each of the
aper t ur eTeAgitdeny £0i 6910F PRELLY: t ARRTEROTEN 0PN EEIFdEN ta VASIRALItE | ecti ve

di spl ay cannot be obtained, while each  of - 20 th pertu regi on
ratios i§aP&P§ePetHQﬁaﬂﬁéda§8§érP§ﬁ§€F1¥erQFFBiPWVe %PgﬁlgfokﬁFW gﬁlor

vi vi dness, cannot _be obtai ned. ,\Wh the formati.on af the_apertur gi ons
det eri or §U&s ?umc;aﬂtattg‘égs 1[“0%5855?81“?"‘3%?9‘3%%1115831a3'c%?§%&ﬁ9 %i gnnent ,
an over cgoat | ayer .i.s preferably for I rizi I t he
co|oringgégéﬁF§¥“%§§ﬁS|8?98f%$ﬁ§“ eE%%bgﬁlﬁgggﬁﬂﬁﬁgﬁu%@ié%ygéb%%eresin

| ayer, an ryl. .epo resin | I LYl sresi i Jd r, i.lsoxane pol ymer
| ayer, atSArTIHIYE CApEiaY; eRviToRmbatal) ptolt de Hhapenired” ]

pol yi M dQsl| QAN ¢ el ¥d10rA M 111G 1ee® tifid ol NciUlng thelh oG e N the
present invention, a transparent resin layer may be formed in the

reflectivg dilinde Wnath Yind@firerile@t8lodTents theat daeawii s@igecol or on
t he substrate. Wen the transparent resin layers are fornmed in the

respecti 3 JiAfdyeClinee HaQleQ@ﬁlt aachsdfa Hhe o afilgeat iscuircegi whs 1 djrect s by
an amount corresponding to the thickness of the transparent resin |ayer,
and t hus trhe ddfarsdiisa \@ sgioNhatirdlowdighthdrs wfsaid raef laedtiightt r egi ons.
Nanely, the substrate has an uneven surface. Wen a non-photosensitive

col or pasicuryl oM fdTyms endid ittansulicys ives idisplay @ude dedfiledtd veubst r at e
havi ng the uneven surface, in leveling of a color coating conposition, the
col ored |@yssldy asc itffErantssinvaategindry edore puthitgkdutt ledsa hat i n each
of the projecting reflective regions. In this way, leveling of the - 21
col or coatolux composi tThdrs clan diief ftor eitel dtastt HdradoInayt wtedr dcitadvti fdscs of
the reflective regions fromthe color characteristics of the transm ssive
regi ons, & ccomipirovais epentinm ddke dhe rpaatmust qf dighipispprogp &S i cal |l y,
the transparent resin |ayers used in the present invention have an average
transnit tshee gin gokg orl Fworerile tihe Bagkdlighte A ce haomReshitadl on of a
di fference between the |ight sources, the thickness of the transparent
resin layer formed in each of the reflective regions is selected to obtain
desired characteristics such as the color purity, brightness, and col or
"tones of the reflective regions and the transm ssive regions. In leveling
of the color coating conposition, the difference in thickness between the
colored layers formed in each' reflective region and each transm ssive
regi on increases as the thickness of the transparent resin increases, and

o a Y - o Y o T 4



- 28 In consideration of pattern formability, the photolithography nethod
is preferably used. Each of the color paste and color resist used in the
present invention contains a coloring conponent and a resin conponent. As
the resin conponent, a polyimde resin, an epoxy resin, an acryl resin, a
uret hane resin, a polyester resin, a polyolefin resin, or the like is
preferably used. The photosensitive color resist contains a coloring
conponent and a resin conmponent containing a photosensitive conponent
sensitive to light. The type of the phdtesensitive color resist may be a
positive type in which an irradiated resin portion becones soluble in a
devel oper, or a negative type in which an irradiated resin portion becones

insoluble ip_t . pe ' Lh | r apl ed, begause the
phot osens? Ko A iiEERRPERse R ECHAY b IERGERL o8, BRGA' FR HipaCTL JEGRUST,
the resig conponent of the photosensitive color resist, a polyimde resin,

an epoxy resin, an acryl resin, an urethane resin, a polyester resin, a

pol yol efin r%i:ﬁbtl‘?&dtf@rléé@f}i&g%ﬁée&m& pSSh en] NEs CO MELhbd ton Of the

present invention conprises the picture elenents of at |east the three

colors igghufi ROtrafspareat 288:ih! Y8yefSikheoembar iRded8RNkE£188Y106
general coloring agents such as an organic pignent, an inorganic pignent, a

dye, andrtheohi k& FRYnPE H8EdrelUNhfBEMACeach rdflect@tboregaddi tives such
as an ultraviol et absorber, a dispersant, and the |ike may be added. As the

di spersagheraBy efiprotiagWitHe baRghtfbsagelit a su€heativesdikpthagnt, a

pi gnent internediate, a dye internediate, a polyner dispersant, and the

| i ke mayTheésumedthoRutikhar gorealladi ehsichddissi coatrallhagf methed added f or

i nproving a coating property and a | eveling property. Exanples of a pignent
i ncl ude BRigpipseRedn( PRppn2se3Un8xafiined3pPa8ént9Applizati’d, 144, 146, 149,
166, 168, 169, 177, 179, 180, 190, 192, 206, 207, 209, 215, 216, 224, 242,
254, andP2béicRitdoenNoG @601¢-BG7yV8%7, FAg.3d, sehemagicaddy4shomisgaent Bl ue
(PB-) 15 (15:1, 15:2, 15:3, 15:4, 15:6), 16, 17, 21, 22, 60, and 64;

Pi gment ezblsswser¥ipni2f a3conyentionad cpjorgfilger §9r 94, 95, 109, 110,
117, 125, 129a 137, 138, 139, 147, 148a 150, 153, 154, 155, 166, 173, 180,
and 185; tragsfdectiyeefligmid) crystad display. 32 tzgnspgrest regingg and
50; Pignent Orange (PO ) 5, 13, 17, 31, 36, 38) 40, 42, 43, 51, 55, 59, 61,
64 , 65, asyer13 orpiefmint safhy L 16684 Ve K§9)OFr 6 02 deGHBPSFL i on of at
| east two pignents. The pignent may be surface-tr a&g& by .rosin treatnent,

aci di fi edher Ehdckness, o8 f celeres: FeYeT Bi dRefS AECrdver E88HER: or
the |ike according to demand. PR _(Pignment Red), PY (Pi t _Yell.ow), PV
(Pignent6ViS@eﬁpﬁiﬁﬁfdP@H%gi&H@nﬁ%éfgﬁﬁgf ggét??nﬁ8ﬁ§r%ﬁ?ﬁﬁge5bpoﬁ i ndex
(C I. . issued by The .,Society of Dyer - | QUi , C 1.
is offi cieaci\/e‘ﬁ&%&iéﬁ 1¥ige T OPT gr' e)@n%"}g{erc_th%g IS%S%)%.J'O%??Sé' & y(r%bol S
define the stapd dye dyeiNg.q, 2 a t fines a
speci fi ed'%s?aaa?g’a%r&df}fng%% ?:teglg)o )cf)l%!.s Iq;rl;let %%"%eg%gg%t&l Ig% bel w,t%ae%%a rul e,
C I S.a%mttl'{]a%d dé %rq?ewimx%.a Gayer AR %hdrS t22AWR133 102 34)gidhs a met hod
for coating the non-photosensitive color paste or photosensitive col or
resist, gyl RNNGHBINYE the U101 laydat Hed eatnS Rk 161D rdlfilted, a
di e coating nethod, a conbined nmethod conprising die coating and spin
coating, pigM e Rt QQALI/MY Jretiked oF thee thikknes spioEf ahablaolesed An .
exanple of the nmethod for formng the transparent resin |ayers by using the
non- phot QR tiin @44 tterakisnlidia vies@dierl b@mwheFiottier tamd, an

non- phot osensitive paste is coated on the transparent substrate and then
dried (seanongssd iy the qdgtes latthignioneoihddie reploaedsdawen dnyi ng.
Then, a positive photoresist is coated on the sem cured | ayer, and then

dri ed (prezxdmkedldntihentieayj onAfdearsgy d-eiadel Vv irdslonsx das thhe and al kal i
devel opment are performed to dissolve the photoresist in a solvent, formng
t he transyaiakrtesesiin d aydag-gehivariatd anse i Glsplay leedidnsy. thenshinpl e of
the nethod for formng the transparent resin |ayers by using the

phot osengiausing esimanmifdcirel@ralilnm hhas @ maduaiomida leddti ve
paste is coated - 31 on the transparent substrate and then dried

(pre- bakeat) e Hetkey at®n ransigigraiian amaneesiabiddiimandi ng. After

pre- baki ng, mask exposure, al kali devel opnment and heat curing are perfornmed
to obtain the transparent resin layers. An exanple of the nmethod for
formng the colored picture elenents wll be described below First, for
exanpl e, the non-photosensitive color paste is coated on the transparent
substrate or the transparent substrate having the transparent resin | ayers
formed in the reflective regions of the picture elenments, and then
heat-dried (sem cured) by a hot plate, an oven, or vacuumdrying. Then, a

o " o o " . o .



36 \When the color filter substrate having the transparent resin | ayers
formed in the respective reflective regions is forned, a non-photosensitive
paste.conprising polyam c acid and a solvent is coated over the entire
surface of the transparent substrate, and then heat-dried by using a hot
plate in the range of 60 Cto 200 Cfor 1 mnute to 60 mnutes. Next, a
positive photoresist is coated on the polyamc acid fil mobtained as

descri bed above, and then heat-dried by using a hot plate in the range of
60C to 150C for 1 mnute to 30. mnues.- Then, the intended pattern is
baked by ultraviolet irradiation using an exposure apparatus, followed by
an al kali devel opnent to obtain the transparent resin layers in a desired

it i d. LLi : 1 1 i |
heat - cur P EPYSRoRE RSThE BRuclbierg Ut | AL pETSRRILE alEatly. TYRES MO
the pi Cttﬁcﬁ E9ENLE tﬂee(@si)%%aw’gaf@rﬂ]nﬁ éééﬂ??@fﬁé&ti@é'?eb%ﬁr is formed
in the ré ective ,redgion, t he col or ed ayers 1 n the transm Ssi ve and

reflectixgsfeghonse! foeap ueiiygreoeb¢5eaf PRY pRidichEssesE thbcknesses due
to the transparent resin [ayer tormed in the reflective region. A

phot osenghi %83 Coh érrfﬁié&cﬁoﬂP£h§hEQs§v8h9é$§8ﬂ$itkﬁetﬁEQYheEB§hn
conprising at |east an acryl polynet, an acryl polyfunctional nononer, and

a phot opgbymenpzat-ing thet E8les, rapeehacinilaggninasdeatsah¥pnksigecoat ed
and then dried by air drying, heat drying - 37 or vacuumdrying to form
a phot osgngpihye #een! thel apbedetdbBcribedhaayrdeyofgthsnpiager ably
performed by using an oven, a hot plate, or the like in the range of 60 C
to 200 Cshefidishnubeiyhtidebsucanndhiebe bbeaphetiodanshei vefiecyliveol ored
filmis irradiated in the formof a pattern with ultraviolet rays using an
exposur edappaagt ushebebygbaasphgt thmesprobiiemr ofxfedlding thespldsbyensitive
acryl colored filmis etched with an al kali devel oper. The above-descri bed
process bstherf vined toanshéspiveudéspleyenand of buightorefdgctgveen and
blue (a black matrix as occasion demands), and if required, the over coat

| ayer fodipbdeari zAlson &heé arcbaempinewhicbngbet t¥ansmigsdvel TO or the

| i ke are deposited to formthe color filter for the liquid crystal display.
Next, anddgpipiveanfl the refdertdvei ddspilayi Bavey Siifearss £9168%i ng t he
color filter will be described. First, a transparent protective filmis
forned ofongE @épﬁptfPPt§P}V§ﬁd°&1ﬂf§NSSQP§HFHQI@@Fr&gécéﬁﬁﬁﬁrsing an | TO

Substrate s BRpERdUED GFt RaRGIPECELFESELS PAIEROA BHABMSSEPERSf | cctfve
on o { FRAPROBRA, @ FEAeCETY e “EBAREy Hciie ALEc EFBAESLBMIr| 8Eng an 170
on each GPOPRe 0BG oBs Crng T Mratve A, PRl s cad B ereen "' 0
bet woon BOPR DBt P REenT, RGBTl QP o SR BRE L P hee

the efl glighieleer 20 o 'i%.ftlre@%&?% %’].ts 9la§C 100298 aniad B 1@hfthiasizon

proj ections, in-fil'mtransi stor evices or thin-fil'mdi ode (TFD)

devi ces, HAMAT fdrehe Phrpodedl ITnehid eethed 48dx0Rd1e: Idoatdhlgect i ve
substrate to forma TFT liquid crystal display or TFD |liquid crystal

di spl ay. pHod)d lthdlich19ry Yaflerss ofnjtdel e@fllvcaigle aegidnectaren hole

provi ded at the sealed portion, and then the injection port is seal ed.

Next, a drigéperdentnéf heiddek @ mnthemitinethilse ivenegions ,Mahd chulext, an
exanple of the nmethod for formng the backlight source used in the present

i nvent i orcn Ideflectasey idiagplayowitthe swffdlaignt Soughenesisngan bED, LED
devices are arranged on a substrate on which wiring is patterned for

appl yi ng sxhiesests avwen eftteagehea airliore repadioiduidiidy of tthe substrate, and
then a diffusion plate, a light guide plate, a prismsheet, a guide rod,
and t he |tidensaisssHppe arspdtayt yiscdmsinessed ¢ diopleves .t Ha Backl i ght source.
For a three-peak type fluorescent |lanp, a fluorescent slurry conprising an
i nor gani ehrssidrogranhes matdiaty whidnds of mada sdgFeagr &dn PheESAtue col ors,
an organic solvent such as butyl acetate, and a binder resin such as - 39
ni t r ocel |agafslng P dhtradl it ageie anghRhajo ld thagnaphYc ATefesS ahfhe by
vacuum suction, and then heat-treated at a tenperature of 400C to 650C for
3 mnutes to 20 mnutes to bake the phosphor and renove gases. Next, the

gl ass tube is evacuated to a vacuumof 10-2 to 10-5 Torr, and an argon gas
or a mxture of argon gas and neon gas, krypton gas, xenon gas, or the like
is sealed in the glass tube., A nercury dispenser previously provided on an
el ectrode portion is heated with a radio frequency wave to diffuse nercury
in the tube. Finally, aging is~perforned for several hours to conplete the

—— M T )



- 44 Table 1 Paste No. Pignment Conposition (W% Pignment/Resin (ratio

bywei ght ) RPI - 1PR254=10028/ 72GPI - 1PG36/ PY138=55/ 4542/ 58BPI - 1PB15: 6/ PV23=96/ 4
35/ 65RAC- 1PR254=10028/ 72GAC- 1PG36/ PY138=55/ 4542/ 58BAC- 1PB15: 6/ PV23=96/ 435/ 6
5R- 1PR209/ P038=85/ 1533/ 67R- 2PR209/ P038=70/ 3025/ 75R- 3PR209/ P038=30/ 7017/ 83R-
4PR254/ PR122=85/ 1511/ 89R- 5PR254=10023/ 77R- 6PR254/ PR138=85/ 1514/ 86G 1PG36/ PY
138=75/ 2517/ 83G 2PG36=10032/ 68G 3PG36/ PY138=85/ 2526/ 74G 4PG36/ PY138=70/ 3040
/ 60G 5PG36/ PY138=55/ 4515/ 85B- 1PB15: 6=10017/ 83B- 2PB15: 6/ PV23=93/ 712/ 88B- 3PB1
5: 6=1008/ 92B- 4PB15: 6=10025/ 75B- 5PB15+ 67 PV23=96/ 412/ 88 F. Formati on and

Eval uation of Colored Film The red paste (RPI-1) was coated by a spinner on
a glass substrate having a black matrix pattern fornmed thereon. The coating

filmwas i C 2 ] e a ; ki rggi st
(TG CPRAEREDRR Rt ihg Or CpkeaEar) Bk RY P1aeaEe, KERORER 8E °F 1
and drie t fo ryﬁo%g oad td fd S
exposed tgggl Fé%tgrbygagi Eél%%ar’%% Irﬂr?'c ' raggiﬁ‘i!{y a%ﬁ%r??PéL%O%?:&%rough

a chroni ymyphogoppsk1 Wk saxSbheReihtRbgBApAY pEBcesEEaNIRRe0! ul traviol et
i ght at E%S'n%}) @%Ee photso}riagk used hag aﬁﬂgpgrtﬁre ratio (aperture region

ratio) obedhla-ed EBe EBLhEAY the' pabelse AlbRentsposutie theesubstrate was
di pped in a devel oper conprising a 2. 0% aqueous sol ution of

t et r amet pyh 3FE0ALETLRY dGOXede GReshMahdanaads! Yheeeby wadeiagopnent of the
phot oresi st and etching of the colored film of polyimde precursor. After
et chi ng, pifag1emneceinerrapiagoths manu@petundagr eosted Wheh acet one.
Furthernore, the colored filmof a polyam de precursor was heat-treated at
240C f or c3Qomingt agen® denveattedhdnpaheatirdaspiesiveoregdops! fiom dbe The
coating thickness in each of a transm ssive region and a reflective region
after heaeflleextiventregions.)2 dnd thed eheodlordmgt agienft @Ls, cppted tihe
transm ssive regi ons, which was neasured by using standard |ight source C,
was (0.5&he GeFl@ctiMextreglioascdiosr thestdansmiss)lvigaFegdSnsd b¥Fr@Mspi nner ,
and then photolithography was perforned by the sane nethod as that used for
the red pihet wiewpodminiof @reductdion. dtpHs Sl avdti t@ &PadpdPeure ratio
of 27%in a reflective region, to formcolored |ayers. The thickness of the
green cologlering @égeing seddh sgich [fe MANREIHLES T, 2O SPAGT 4T T5he refl ecti ve
regions was 1.2 Eun, and the chromaticity (X, - 46 of the

t ransni s fatyeedyithes tiamseH SFly e ions @&"dué-)l%g ety e TSRO ur ce C

And ¢ hen ABibRa GRS, AR 5o Rorie TroTe SR RATod e R na used T or
of 1306 | PP TR [ TPe g bR RPN o O ahd iy s PERR RS O Pie
regi ons s ST Eed 1 ih et £ B IRIAY WYL (e et Ve
transm s'%j/lq_d; gi W?}‘ﬁk%é{ﬁawﬁ%m s rigaﬁte%ﬁa;éj_lléﬁmnssour ce C,

was (0.1 127 an over coat |layer (JSR Corporation, "Optoner

SS6500/ S " i i ol i | t
%}ﬁi)(%aﬂne ‘l”@%ﬁﬁ%ﬁa@éﬂ dééﬁiaqﬁé‘,' ckinfss 1ais TR tHe didddy el emen

| ayer. Then, eposited to a thickness of. 0.1 hum by
sputteri ng, Qedde thery diverty ke 4 heduius dvtvai tied adpgiray | toat
substrate; the spectrumof each of the central picture elenent and, the
four corngfe &N hlEMBiHen afhd heo Foiisid aldenes JtEAsLamEdvi tiheagtect ra
nmeasured at the respective neasurenent portions were averaged. Fig. 10
shows t heotfrast!) tHHe Sdasst rofily tatangie Ssowmldawiggoni s pantreaged aamtl Hgy: 11
shows the spectrum (reflective region spectrumof an area-controlling

syst em copeds{ibly erdcadpieredad ruomraif ameit wweorghe extwean age of the spectra
of the colored region and the transparent region of a reflective region. G
For mat i orFuftiBsckdrghttiBourekl gap 47F the Wisk@ekk exyrtanidiespEY " NSSW40"
produced by N CH A Corporation was di sposed on a substrate having a wiring
pattern, becomnkes véefedtivs. nilanely orthearielbbtohttthe Thignid exystat i on
plate, a light guide, a diffusion plate, and a prism sheet were conbined to
t he substdbtplay deteriorriesitmtpessitly INerease ythey MRYFIGHITRMAIrce was
formed by using each of a three-peak_type white LED (ultraviol et LED+RGB
phosphor s§9stn@f atker EEIWEAKCEYHEa WAL EP18D (RGB three chip LEDs). Each of
Y203: Eu, LaP04: Tb, Ce and BaMy2A11602~: Eu used as the red, green and bl ue
phosphors, respectively, was mxed with butyl acetate and nitrocellulose to
prepare a fluorescent slurry. Then, the fluorescent slurry was coated on
the inner surface of a cylindrical glass tube having a dianmeter of 2 mm
and heat-treated at 550C for 5 mnutes to bake the phosphor. The gl ass tube
was evacuated to a vacuum of 10-4 Torr, and then a m xed gas contai ni ng
argon gas and xenon gas was sealed in the tube. Then, nercury was diffused

- v o ' g, o —— o r
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Ol1x~oa~a: ~ca~x~7aslr~rlr~1 a wws Iw ~UINI NWri i~td Htd OU-~", NO
HHv n - 53 In conparison between the color characteristics of a

nbi nat i th I fi . i gh d
conbi nat i on dis (e sepdEle or i EEaSeti E00E GPEK 4f Hnd U 20 BIC B
, b i i i h L BL Lt ith th
Cranom sepcaeFEYvenathPityr Merh, bigh"BoR8rPhebEBEAEE Rkl Yol ABURCH |1, 1€
pansm s e T : | ththe reile e
Cegions. SPibESIHE, Eopmif, bA14BeRtare! Oh, CBBROCKELBGEAVY KBgHOR EB1I cclive
Cbnparatgéﬁrgyagﬁhs %FibﬂtﬁegeabkfQnebﬁew@@et&be aabaaa?ha&aeterhatics of a

conbi nat e color filter of Exanple 2 and a backlight source and a
conbi nat 5oRA0LohREoI2hRG helthel 0k sCanBaNBkkYe 1hx Japhackealderabaakhi ght
source, both conbination are equal in the color reproducibility range with
the tranpirasitVaphadicat iehr euBlieiaiy oantiot. h@000l-a1 10epr.odwdighi bi ty range
with the reflective region chromaticity. However, brightness of the

refl ecti genef@itaealdly showsokocrbislst-gectfionxafplae cdniventaonailglyer than that
of Conparative Exanple 1. In conparison between the display characteristics
of a |i qundwer yollar diigpleay foanpr itviang flleetdoleol ifulidecryistedch of Exanpl es
1 and 2 and a three-peak type LED light source (ultraviol et LED+RGB
phosphor s saicya hliavgmiod ttvey stpeir tdires.ay Inoriissicaget,hendyl dhrieel t er of
Conparative Exanple 2 and a two-peak. type LED |light source, the liquid
crystal diimelsaypE phot®lditiogrephy precessesolage perifgrmed dfo Ppermditsni ssi ve
di splay. Although the liquid crystal displays of Exanple 1 and Conparative
Exanpl e Tther maspfactiurephofyia wedoroff id teat lade thioje c@isdpl ayloweven.i qui d
crystal display of Exanple 1 exhibits higher col or_vividness and hi gher

vi si bi | | thhis medhashdessieasasddie aday aurd toryatdiecdialifeays of Exanple 2
and Conparative Exanple 1, both liquid crystal display are equal .in the

col or repheRRatsnistiosRfe the £ %We\/élj(ﬁpgﬁyay.am,% -8 qui d

Slr}s/ﬂf)?: i ?ti)};s%l?iﬂgﬂ}o;ii Eiﬁ%? %)g#gaéls%mhi ereogeifq%:}‘t%es%@s Qitgh\i/;s f or med
ad, | or cOPEARF IR SR B R e BRI e (T §1d RS iy 11

Used for NI iAot QL o ebaedh £ttty Hblem foabdin] 0% vere
Chr o | o1 Sed HRE Bt o B HlBRindly) At RIS R Xhe ing

standard [i SEPE , OptiHd tRrdnomidds Rfe t he red,
green andé%%}te pI ct%‘%ﬁ%%r#?mﬁ%é%, 0. 305), (0.“5245, Oe. 531), and

(0.139, Q3ildMay r&sPeaid ieddedtBie @M, R Hrdditrdih &F ItHa fil mwere

deposited on - 55 the resultant picture element filmby the same net hod

as in Exapdffedtiv®raidigldPuss fasdmshsed ofo fedisy b sinaiffiddentspect rum
of each of the central picture elenent and the four corner picture elenents

of the substfetmanes d@asUrifuidheryeaslr@ibmimeel ra of the picture el ements
were averaged. Exanple 4 A color filter substrate was forned by the sane

met hod as in BEtanplddndeandepiall tatansflleartdsies 1Hawiidy caysrttalr @isgdiagn rati os
14% 43% and 19% were used for photolithography of red, green and bl ue

pi cture eseclnas,armepbld i vetyindheor the olike coattwenymegakirtype LEID fil m
were deposited on the resultant picture elenment filmby the same nmethod as
i n Exanpl Bight Feoutde ¢ohuthieerpeakotype ffluereseont rkaer ifheaisgbct rum of
each of the central picture elenment and the four corner picture el enents of
t he substHowevers aecenpirativre whth? cRPRTRREFANHILY HERGHR t 10W &P ¥hent s
were averaged. Table 3 shows the reflective region chromaticity of the
colored filnms measured with |ight source D65 and the transm ssive region
chromaticity nmeasured with a three-peak type LED |ight source (RGB chip
LEDs) in each of Exanples 3 and 4, and the reflective region chromaticity
of the colored filns neasured with light, source D65, and the transm ssive
region chromaticity neasured with a two-peak type LED |ight - 56 source
in Conparative Exanple 2. N NO~~~ Vr.. (", rl *OwmdpOl~i yWONr11p, , Mt WVNvO
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a~ NH - 58 In conparison between the color characteristics of a
conbi nation of the color filter of Exanple 3 and a backlight source and a
conbi nation of the color filter of Conparative Exanples 1 and a backli ght
source, both conbination are equal in the color reproducibility range with
the transm ssive region chromaticity and brightness with the reflective
region chromaticity. However, the range of color reproducibility in the
reflective regions of the color filter of Exanples 3 is 73~ higher than
that of Conparative Exanple 1. In conpart+son between the col or
characteristics of a conmbination of the color filter of Exanple 4 and a
backl i ght source and a conbi nation of the color filter of Conparative
Exanpl e Kkj.gh ontj i N e col or
reproduc BEpy . S1R8E £l e, PHRERLeLERYE TRGNRN BFFSTRE BINBLaYIPART The
color re duchfk hit ¥er Lt Lt ] egti eghoRnhsBRO hCkhX-
ovever . ChSi BroaLeh’ ¥e BRI, Bo, BnISLACE 1¥ERLIRICRNECROPBERC R,

Exanpl e ﬁﬁgﬁscaiarhkag%aheasﬂhle& ok EABPakahkMesEXeBPhEsp1alNaggMPari son
bet ween t di splay characteristics of a liquid crystal display conprising

the col ognbi bhekiehefcBrabnEnasnl 8¢ 8nandef1abdidet AigpiRGakrbype LED

| i ght source (RGB chip LEDs) and a liquid crystal display conprising the
color fikhekisefiegonparati ve Exanple 2 and a two-peak type LED |ight source,
the liquid crystal displays are equal in - 59 the color vividness of a
transm ssive display. Although the liquid crystal displays of Exanple 3 and
Conparative Exanple 1 are equal in the brightness of a reflective display,

t he |iqubdselysutl difsghaenafiobxanpl e 3 exhi bits hi gher col or vividness and
hi gher visibility. In conparison between the liquid crystal displays of
Exanpl e 4 andThenpeeaénteifxenpienlhasobeehi gohtlevegsinl di spl ays are equal
in the color reproducibility range in a reflective display. However, the
liquid cepssddegiasplony off theaapoyes paebilislss anghan obiigetneds thed hi gher
visibility even in the dark. Conparative Exanple 2 A color filter substrate
was for mpaelsgnthdnyemt 1ot Hed tes Previdengl dov-eesdptrapgtlectdvéred fil m of
each of red, green and bl ue picture elenents was deposited to_a thickness
of 1.6 ~Lhauifd cpwstatasisriay Fgrapdet ofe & dgrpsTigsiye Sdspiay 37% and
16% wer e used for photolithography of red, green and bl ue picture el enents,
respect i Wavingadigh cojior gebroddigitdddityoridhe reddemtdyiey 84504a3n

chromaticity of each_of the red, bl.ue pictu

st andar d Pavgmg §6ﬁ?€éq&t1ﬂmgqﬁﬁ§ﬁgé% gfggﬂfﬁﬂﬁFiEﬁ@f°%%F%$§H§$%€ﬁ§%%gging
0SS0 S R SR s, (0 B S0k M ehbtaP 0 L,
R0 Ex R Sl ety e aBE Ee ¢ DY e BB TREC 22
of the sasticVEE I BeUrEide® ) SRzUnaAI% e} etilodiP et Ol ehent <

ver e avera%gﬁgfgsﬂqa?t&fa%sﬁﬁmv% RAIARAWPOF Id i§ansHasdate Wagndiy med by

t he sane ne nparative Exanpl e ™2 except that phot omasks havi ng

aperture &;8GHQN 'dldPhPitol Enibhi% it i%nie R 1636 Erfddadtedti®tildyogr aphy
of red, gréen and bl'ue picture el enents, respectively. Then, an over coat

| ayer angy dikpifdy e tdanesiiled on the resultant picture elenment film
by the sane nethod as in Exanple 1. For the thus-formed color filter
substrate, thehspptioblemel ofatheobrtibe aemt can pectreselekednbygt taed the four
corner picture elements of the substrate was neasured. The neasured spectra
of the pifdllrcavialee el vementsier aged. Conparative Exanple 4 A color filter
substrate was fornmed by the sane nethod as in Exanple | except that a

col ored fil m ¢fl)eackrahsfdeéctdveed ignddblcaystiadt dispdaymepmprigesdaposi t ed
to a thickness of 1.5 ~.m and photonmasks having aperture region ratios of
13% 35%maid: Rosurstnastas fdispoaad|dpgrgitep e sfaghe@thpresiitdng bl ue
picture elenents, respectively. As a result - 61 of neasurement of the

t ransm sstiaui®ginys vk ckhaierihglditharabativaats redefgradidhdeanfe picture
el ements by using standard |ight source C, the degrees of chromaticity (X,
y) of theiginy ayw andl M apiz thirdh | sHEies \%ﬂ@%@%& PUERH:, (0. 31 3,
0.561), and (0.136, 0.111), respectively. Then, an over coat |ayer and an

I TOfilmwere deposited on the resultant picture elenment film by the sane
met hod as in Exanple 1. For the thus-fornmed color filter substrate, the
spectrum of each of the central picture elenent and the four corner picture
el enents of the substrate was neasured. The neasured spectra of the picture
el enents were averaged. Conparative Exanple 5 A color filter substrate was
formed by the same nethod as in Conparative Exanple 3 except that
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Nri WN., td Nc OUNO HTr-I ~e - 64 In conparison between the col or
characteristics of a conbination of the color filter of Conparative Exanple
2 and a backlight source, a conbination of the color filter of Conparative
Exanpl e 4 and a backlight source, and -a conbination of the color filter of
Conparative Exanple 1 and a backlight source, the conbinations are equal in
the color reproducibility range with the transm ssive region chromaticity
and brightness with the reflective region chromaticity. On the other hand,
the rates of inprovenent in the rangel®f -col or reproducibility with
reflective region chromaticity of Conparative Exanples 2 and 3 are 13% and.
20% respectively, as conpared with that of Conparative Exanple 1. These
rates of ?hHPEOESEB tfﬁﬁ.@ek‘oﬂﬁ{llﬁgag £ Pahs Eskﬁlée%eﬁ%nt BRqat fr ee- peak type

LED~l i ght "Source n corrparl son between t e color characteristics of a

conbi nat i-g@1 8L+ §hE £aL9 n h&ea QEeCBEB@EéEHVQnEéQEH|ﬁlétﬁﬂg a1Baekki ght

source, a corr%| nation~o e col or [ter of Conparative Exanples 5 and a

back"ghbfs@Heceolaedfileeﬂbaaatwamcﬁfhabe eehekelii hhgersf coppRasahgyve
Exanple 1 and a backlight source, the conbinations are equal In the col or

reproducibikhhhYer ARE8rYalll hhenkeanpBhkSitype’ £8DOBacRNOGALI Boliycand
brightness with the reflective region chromaticity. On the other hand, the
rates of bbmqgoug@anhsl kher babkneghtwsbhrtlee refl ective region chromaticity
of Conparative Exanples 2 and 3 are 3% and 5% respectively, as conpared
with that of CpypBhetiéstor fibber BExgedl £nlthdhesansflestbfei hpguiénent are
| ower than that in the use of the three-peak type LED |ight source. These
resul ts etgspadsidikpldye (10 tiheliides tthet ptik¢utrer edepeal st ppe lelasdr escent

| i ght source used in Conparative Exanple 2 has relatively |arge side peaks
near 490oma @odox8Anneacht oifs whlish theudghranshdisstire triegdenpeald tthee organic
EL |ight source used in Conparative Exanple 3 has a broad peak over the
entire spefilegiivendegion compriseorheerespectiyecGiodoredalayedsi stics with
the reflective region chromaticity is |owered. Therefore, it is found that
the threbaydag thse seme hickaesedngdedioet Fe&lecsives 569408 ba§ an
significantly inprove the color characteristics of a reflective display of
a transf l2B®&LCYEE. qui d crystal display. Conparative Exanple 6 A col or

filter substrate having_a conventional, confjguratio for t he same
method as in ERanphe TgéQEeﬁFlFﬁEt“ﬁeﬁthoﬁBgktﬁﬁvﬁﬁbeﬁﬁlgﬁegingareglon

rati o of zerq was used faor. .p itho ph red n and bl ue picture
el enent s kel Sisplay: ddye Bt"‘ic\?té‘dre@l%g’r‘? p)é'ﬁg"uﬁeaﬁg‘r?ﬂge&%\?e % bcons havi ng

t he sane col qr characteri,stics, a The a coat

| ayer andS&FY P8BS ﬂoﬁﬁﬁerlé‘ A58 oge hg'r?ht L‘]‘Iotrfr?t q‘&y(?trﬁ r(?ent film
by the sa net I I u rs I

substr at en% & Q’ceéc?:fém%nfaa%@ tt{%sgg%%riyl% Te gqé)gle%a ct (uarlefffle Itg?rle&nt and
the four gar gfure el enments of the substrate was neasured. The

measur ed spe A c?f the picture el enents were averaged. Conparative Exanple

7 A color Tiltgy 35@855@5% Bayiag ﬁs@@n!ﬁnEhﬁ@akrﬁﬁBE&GHEQ%bomiﬁﬁidfOr”Ed
by the sane nethod as in Conparative Exanple 1 except that a phot omask :

havi ng anBpafdiunayedi(@) tald aHy AR uRs foiaéd am Rhelddfmewtapiy of
red, green-and blue picture elenents so as to formreflective regions and
transm sspaepidregi ons having the same col or characteristics, as shown in
Fig. 6. Then, an over coat layer and an I TO filmwere dep05| ted on the
resul tant pi Ct(lSF)EAEbQIIBﬁrt flillterby¥otrha ddgeidechydtad daspiagple 1. For the
t hus-forned color filter substrate, the spectrum of each of the central

pi ct ur e etcnperisemn drdresniicasi v megyiguisctand e fHremttiveofredi®nsubst rat e was
measured. The neasured spectra of the picture elenents were averaged. Table
5 shows twheredn et i bemstedivn tpesatl cialonsd thayens ansd deiossl tteghsur ed
with light source D65 and the transm ssive region chromaticity neasured
with a tmmetrpmaﬂa:aweis_ﬁwe izfgicoriteqall afanigitare EIeRER tsh@fHpedrs) in
Conpar ative Exanple 6, and the reflective region chromaticity of the

col ored fleamt M W@XPIM th |ight sour ce D65 and the transnmissive region
chromaticity nmeasured with a t wo- peak tipe LED |I%ht source in
Conpar at i ve Ex(zfﬁpIIé1 -):he Cell@IN@"lIJ-telHrl('s)HFOI) a liggigycgystad,c N -i C71N
+Nrl "tl 4-ITWTrl'~""H ~"oWas UHri e-Irlti'p ~ *t~aorU On HAH p,VMMI ~
000~ ~OIn dCNMt~ ~DIDNGd" rl'"-1 u7 N1 er NfiUer MO OOM oD O NM O
ONMM!I~-M~-OOM~-OOMOOOOOOOQAt7 O-U7"'-iM~11~ Cer ODM
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- 71 hydroxide to develop colored |layers. After devel opnent, a heat
treatnment was perforned in an oven at 240C for 30 minutes to obtain the red
pi cture elenments. The thickness at the center of the transm ssive region of
each picture elenent was 1.2 Vim and the chromaticity (x, y) with standard
i ght source C was (0.567, 0.310). The total thickness (the total thickness
of the coating filnms of TPI-1 and RAC-1) at the center of the transm ssive
region of each red picture element was 2.3 hum and the ratio of the

t hi ckness of the colored layer in eaclilreflective region to that in each
transmi ssive region was 2/5. Sinilarly, the green resist (GAC-1) was coated
by a spinner on the glass substrate to forma colored coating film The
coating i Ss o] L La LS9l A=Yo]! of each picture
ol ement GREPIRES e hAbOE E6ROREAPYaRHE LECRBEBAELEY, HRCLRENT, O NI oht
source 41). o] [ (g ot al | s of

t he coaf%%gﬁfégﬁégg? gﬁg}%%énﬁﬁéwéi%?Egﬁatﬁéﬂggﬁgeﬁggfkt%g 9%g%§§?§§ive
region obaCRGR GEEER BLELLEA Eh§URMbn#AInZedohlUibraddrile rabinol the

t hi ckness of the colored layer in each reflective region to that in each
transmssive (£gi PR VRS CbPor SEMtéF! VS%tf@rbéUfici@ﬁdsér{r% 1) was coated
by a spinner on the glass substrate to forma colored coating film The
coating hhkpkRYSSadkitBe eembeédOEaga@ is- déBositaasHhsehvh begkps of each
picture elenent was 1.2 E.im and the chromaticity (x) y) with standard

| i ght sowpafskivesveOrédBons. 23d) théheeFokakivBi cknesas(t hadt atal thi ckness
of the coating filnms of TPI-1 and BAC-1) at the center of the transm ssive
regi on ogeeanll pbtbued dhgpentiswdspdsItEdnpnantet fersat coloretihdaybrckness
of the colored layer in each reflective region to that in each transm ssive
regi on waa 2abh thransmidssdver regdbnl.ayer (JRS Corporation, "Optoner

SS6500/ SS0500") was deposited to a thickness of 2 ~, mon the picture

el enent | ayer (8priedthe deleri belitebo(k) Fortaeclhuudd anysvait coat | ayer
(JRS Corporation, "Optoner SS6500/ SS0500") was deposited to a thickness of
2 ~.m ondibpleyer tbeatrpagoissing 2egivn Apdnthes refpesitivye regaonhi ckness
of 0.1 humon the over coat |ayer by sputtering. For the thus-forned col or
filter sdbseagheoft khespdetngs elemgansortt pé géﬁﬁﬁapnﬁi€P&P€ el enent and

t he frour corner picture _elenents of the substrate was nmeasured. Fig. 10
shows a SPEPEASH Pn SAnOLlenSRILOIIRY Ag§REn, aRddeprl. TeflerddyeaTegddltr umiri
a reflective region. Conparative Exanple 8 A transparent resin | ayer was
coat ed, B\*St Re LEARSPRECRSd T8FICR -Exanpl e 5, on a gl ass substrate having a

bl ack matrix tern forned thereon. hi ckness of the {ransparent resin
| ayer was 2.6PE&n$n tge?§°gﬂﬁx??fgﬁ€ Igg %8§i§tf§ﬁﬁ -lerB%a@oated by a

spi nner t he gl ass substrat avin ra r resi yer to obtain
red pict%&gd;a neﬁf§ePn°Ph8r§hnga eﬁ%e%gggkﬁn%Eggﬁ%%ét5$a?%gh?hickness at

t he cent ey ~of ransm ssi regi on of each picture element was 1.8 Vim
e('.{g.?m OStiqg.OH’lS %?(:@ %%hv\'iﬁ%[aﬁ%?[

and the chromaticity andard |ight source C was (0.622,

0.328). The t?%ab &Hiﬁﬁaeéélékhf?i?h§|(BWi9599551Q&u359099éthm9 films of

TPI-1 and RAC-1) "at the center o e transm ssive'regi on of each picture

el ement W@Sp+Y,~ 8 ¥ driae Ny Ohaiag igReentopilginol ored layer in
each reflectivé region to that in each transm ssive region was 2/5.

Sim | ar | ongt 1diME 8% Yaniedeel). Was coated by a spinner on the glass
substrate to forma colored coating film The coating thickness at the
center of the(anansa sheveoleg shlebreachb)pEoruaeleatdntryesal. 8 ~. un, and
the chromaticity (x; y) with standard |Iight source C was (0:298, 0.581).
The t ot alditdpla¢ne s redhedlerald tlayekneom tefintiing @optigment harisilg B8Pl -1 and
GAC-1) at the center of the transm ssive region of each picture el enment was
3.4 hum canchadye doate ckefleton tils dlamdssted tone anoltdvead dodyoared 1 ayaah
reflective region to that in each transm ssive region was 2/5. Simlarly,

t he bl ue resi 4112)BAG- thewaslovafddtby 453piEnmea dhguhd grystadubstrate to
forma colored coating film The coating thickness at the center of the -
74 trandtismiaye rkdgiepreadfonest B gyemsy havdingmdyif figrent. gigmentand t he
chromaticity (x, y) with standard |ight source C was (0.135, 0.099). The
total thieReslidons agtenllamdingfsss of the coating filns of TPI-1 and
BAC-1) at the center of the transmi ssive region of each picture elenent was
3.4 ~m and the ratio of the thickness of the colored |Iayer in each
reflective region to that in each transm ssive region was 2/5. Then, an
over coat layer and an ITO filmwere deposited on the resulting picture

el enent | ayer by the sane nethod as in Exanple 5. For the thus-formed col or
filter substrate, the spectrum of each of the central picture el enent and
the four corner picture elenments of the substrate was neasured. Table 6
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color filter in which the color reproducibility of a transm ssive display
is increased, a reflective display with - 77 sufficient brightness
cannot be achi eved fromthe viewpoint of processing. However, in the use of
a three-peak type LED, a reflective display with sufficient brightness can
be obtained. Nanely, it can be said that a transm ssive display with
vividness and a reflective display with sufficient brightness can be
realized only by a conbination of a three-peak type LED and a

t hi ckness-control ling system col or f+llt2er. Exanple 6 A transparent resin

| ayer was forned, by the sanme nmethod as in Exanple 5, in a portion
corresponding to the reflective region of each of red and blue picture

el enents on a S$n, Stbst ' ag bl agkyr MRt {{ ¥u P&t &Ly HraThe thickness
of the transpggﬁﬁtf?egﬁﬁ ?gigfgﬁﬁéggﬁ.gbt n1rhbxt,é?he rgg r%sist (RAC-1)

was coat gdgBY g, SR BRRF18Ncbh8rghasayarbskr ahfihate@dohhenkr aneRarent resin
| ayers to obtain red picture elenents in the sanme manner as in Exanple 10.

The thickpgssedt 1bh8rcanleknal reecbiapeni Savee k60itBatotheaakreni 6EUr €
element was 1.2 E,~m and the chromaticity (X, y) with standard |ight
source CaWep1621867 agén3l@hmihatedobal thei phaessolblitedt obgert Aisckness of
the coating filnms of TPI-1 and RAC-1) at the center of the transm ssive
regi on okmgagkrpitbhur ehaltemramtinated?od Eae raddcolleredt layefr.t he t hi ckness
of the colored layer in each reflective regionto _ 78 _ that in each
transm ssive (ekg)oDnwake?2¢6lo8i fiilteky(5) hEobl aeliguidt ctPetal) was coated
by a spinner on the glass substrate to forma colored coating film The
coat i ng dHispllagss aat ovieer ceattelayert ie deposdited va thg ¢wloredach picture
el ement was 1.2 hum and the chromaticity (x, y) with standard |ight source
C was (0l1a3ersQ. 127). The total thickness (the total thickness of the
coating films of TPI-1 and BAC-1) at the center of the transm ssive region
of each pictuf&5@ Bhencokas £idtaunf5dnforhe LagnddorrYREALhALRRESE of the
colored layer in each reflective region to that in each transm ssive region
was 2/ 5. deegt natheoptadm e pigtureaclemenis haydngd aFhE B tdcdtyi n t he
transm ssive regi%ﬂgtgf green pi cture elenents tiﬁf ol.ored coati ng

filnms by dfEerancand: Rad §§Y?HQE%§ﬁpF8139W*HE &8 Fgég1§95Wﬁ§§s at the

Che. ohr orHRAMSIAS EAYS JP a0 MR o 00 Ao de B EEY o 51 ™
LT ansn o LG FTARORATHE JPeed i ot ure el ements 1o form col or ed coat i ng
center of theStFaklnt SBOVE Y oY on BN A Xe e ef grent was 1.2 ~ . and

the chromat i Ci(?ég( A t%%n@fﬁgct%a?%g\gﬁ.guhhg m:g'g.@'alﬁ.cﬁ%gp%§ compfisekl: 321,

0.541). Next, green resis ) was ated by a Spinnéer 1n the

reflecti v&her & 1YIs th%éf @)een picture elenments to formcolored coating

films by the sanme net as in Exanple 5. The coating thickness at the

center of theanehlotgh e Qﬁ&%@-%aﬁa@?pei qlilghe ebereat iwaknbwd tom and
the chromaticity (x, y) with standard 1 ght source C was (0.329, 0.444).
Then, an GyEFowdaol Y Feprshui iliQ ty |08 werarAainsdint Aidgiay.esu ting

pi cture elenment | ayer by the sane nethod as in Exanple 5. For the

thus- f or nitk gteterit | Lrprerstitat ; aite waheE apat tithat dfheeatiress-gduk deype al
picture el ement and the four corner picture elements of the substrate was
measur ed. L{ghpaa@irce nasnmperdred Hotarsmdar aitte raslior |chmraciss fsirived, by
the same nmethod as in Exanple 5, on a glass substrate having a black matrix
pattern faf nedrdresneissivielidplagndsst afladhethe sl altaragieristlas was
2.6 hum Next, the red resist (RAC-1) was coated by a spinner on the gl ass
subst r at eohaviref léetivardisplay v enwigonkendmliliighdd pildt e el enents
in the sane manner as in Exanple 5. The thickness at the center. of the

t r ansni ssépeciBigdrcotorfhl iR tsueiurntl s 1218 Frean CUHE 2 Helng
chromaticity (x, y) with standard Iight source C was (0.622, 0.328). The
total thisk#eeB ¢F Hehighkness FAKHERLL T tFEes et ithe 199 of - 80 TPI-1
and RAC-1) at the center of the transm ssive region of each picture elenent
was 3.4 -Sheracrrietics i PRiPe R SGesst oY %eanlcstﬂ AP At i3 each
reflective region to that in each transm ssive region was 2/5. Simlarly,
the blue resist (BAC-1) was coated by a spinner on the glass substrate to
forma colored coating film The coating thickness at the center of he
transm ssive region of each picture elenent was 1.8 Vim and the
chromaticity (x, y) with standard |ight source C was (0.135, 0.099). The
total thickness (the total thickness of the coating filnms of TPI-1 and
BAC-1) at the center of the transm ssive region of each picture el enent was

oy e Y M " o Y



O~ H - 83 In conparison between the color characteristics of a

conbi nation of the color filter of Exanple 6 and a backlight source and a
conbi nation of the color filter of Conparative Exanple 9 and a backli ght
source, both conbinations are equal in the color reproducibility range with
the transm ssive region chromaticity and the color reproducibility range
with the reflective region chromaticity. However, brightness of the
reflective regions of Exanple 6 is 8~ higher than that in Conparative
Exanple 9. In conparison between the di3splay characteristics of a liquid
crystal display conprising the color filter of Exanple 6 and a three-peak
type LED |ight source (ultraviolet LED+tRGB phosphors) and a liquid crystal
di spl ay nprisin h o] i f raj.Lue_ ; t wo- peak
type e PPonpSsBEr etaPratbnt bhbEed pkrtHA Sheul-PEARTLERE FREE 100 ET
vi vi dnes t sm.SSi Lsplkay. e LQu| t di,apl ay of
Bampl o BoRkRly H8 PhASpEEeh  RE1EK; oFO¥REFEer BB LILE FSPIAY Ban BRI 2 ©
vi si bili i e, the other hand, the liquid crystal display
of cnnpa%éﬁﬁégﬁﬁégﬁ%?e183%588§2es a dark reflective display to make a
display slightly hard to see. In this way, in a transflective liquid
crystal display using a two-peak type LED and a color filter in which

refl ecti yeib@0paBSrARY 1bhABEMEASI Beaked@ns of one of the colors have

di fferent coating characteristics, and the - 84 transm ssive regions and
reflective repignsi1oist BecRabershowing! ahserampler (Ritraviolet

t hi ckness-controlling system when the color reproducibility of a

transm sgigperdiasplgadens andc beasephoaphefisdcoifvéhai speayrumt bfsaf fi ci ent

bri ght ness cannot be achi eved. However, in the use of a three-peak type
LED, a rehireet-ipeakditypleail iwhtth spufrtieciused dmi dhienpseseat beventdionsd.
Nanely, it can be said that a transm ssive display with vividness and a
refl ective di Bpgay2wishascharti showbnggannessmpda bHeombinakddnonfy by a
conbi nation of a three-peak type LED and a color filter containing picture
el enent s refd ,atlgreeas tandndlee &GEDSIr ofd the spesitaare &f @ thrsie-Pegksyst em
Exanple 7 A transparent resin |ayer was forned, by the sane nethod,as in
Exanpl e 3ypen ld ghitasounges tisgde ipa Hheg Preseadk immentdopdt tern f or med

t hereon. The thickness of the transparent resin_layer was 2.0 Vim Next,
the red resi sFigrRA3- 1F Aashazkt 8ROWYNY 8Pi AXEMPIR PhethPasReSHPYM 8fe
havi ng the transparent resin _|ayer .to obtain red picture elenents in the
sane nanferthEeqPesky hyRe 5%0115né’attlli¥°(§9n€§§1°§test°r?é&c  of the

transm ssive regi on of each Eictgre el enent was

1.4 _~ d th
chromaticity F*9-yf #ft B SPanbasHoNigH: aBogralPeeQs Fg?53§?°%?§T6ff The
total thi the total thi f_.t £ il - 85 tPI-1
b RAC. B Sl aar P St oA ey e ipuiRddhdg TReY sound®r [ O T

2.6 ~.i d th ti .l h i h
Forl crive rebagn oo iena halt, BBulel AT ERabLl B2 el EPpktEEh b PR

t he green, resj: ﬁ¥¥§;g : dde substrate to forma colored
A éﬁ%ﬁﬁ%ésnm ne#ﬂﬁiﬁgggg§g¥ﬁg:t

coating film i ckness at the center of the
transm ssive .o qfs &a . 5809 BGE Rhe@dnkiduEaitionddg &he
chromaticity ?ﬁ'%l y;% \?\‘/lst(r?l51 ?tggﬁl&gl% SI I gvlht Ialgour ce C wgs (0.316, 0.554). The
total thiglgssed{ider tipded 1L kastsOfedtiere datquid fdtysrall diRplaynd
GAC-1) at the center of the transm ssive region of each picture el enment was
2.6 Vim and g .rat i1¢ f dridvinly shesdngoftheheondigiedtianeoti a each
reflective region to that in each transm ssive region was 2/5. Simlarly,
the bl ue ¢esdste{ BT l)sa@Sii aatarhrdF Tdwet raskiquib tertstdly dsypiayer to
forma colored coating film The coating thickness at the center of the
transm ssi ve IFagy.0r8 dfs eadramiinigushosiisge ithenvaonf igunahioandfi lae
chromaticity (x, y) with standard |ight source C was (0.136, 0.117). The
total thickhessfiltertwsed imiakimmsshiective oktdquid f¢rysta¥ diEplavnd
BAC-1) at the center of the transmi ssive region of each picture el enent was
2.6 E.im andRige ratis afdrdwinchisbiowdsg dhe eonfgigwnad loay @f ian each
reflective region to that in each transm ssive region was 2/5. . - 86
Then, an oeker chhttenyesedntn oa tqapsfleshikye HEposd (S IRt LRV i ng
picture elenment |ayer by the sane nethod as in Exanple 5. For the
thus-forned color filter substrate, the spectrumof each of the centra

pi cture el ement and the four corner picture elenents of the substrate was
nmeasured. Conparative Exanple 10 A transparent resin | ayer was forned, by
the sane nethod as in Exanple 5, on a glass substrate having a black matrix
pattern formed thereon. The thickness of the transparent resin |ayer was
3.2 ~u,m Next, the red resist (RAC-1) was coated by a spinner on the gl ass

. - o I e



N NaaiU WNWt~ NWa~ td Hcd Aa OUONOHHH - 90 1In conparison

bet ween the col or characteristics of a conbination of the color filter of
Exanpl e 7 and a backlight source and a conbination of the color filter of
Compar ati ve Exanple 10 and a backlight source, both conbinations are equal
in the color reproducibility range with the transm ssive region
chromaticity and the color reproducibility range wwth the reflective region
chromaticity. However, brightness of the reflective regions of Exanple 7 is
28% hi gher than that in Conparative-Eddanpl e 10. In conparison between the
di splay characteristics of a liquid crystal display conprising the col or
filter of Exanple 7 and a three-peak type LED Iight source (ultraviol et

LED+RGB phosphor s) | 1,0 i i Si . filter
of Comparat | b o GG SlEHE, £\ SRR §' el SR 1T
crystal dj y$.a gHAal col VEV t LSSive :
display.géé§é§e$? %ﬁ8ﬁ|yguF§H§?$§?a? §?SpFa§g§@5E§§%%?2 ggéﬂ?bits hi gh

bri ght ne LO_ f i i a i ESkhbiL-L LN ark. On
he ot ot redaBepf tipe K] SBUCK SPEcPidh Bech wrbhimeystvirbeted
broducessf eainfakathge! Exanflh 8PhaycbAbiRke18nditRhak Babpbaisegpel N Lhi S
way, in a transftflective liquid crystal display using a two-peak type LED
and a cofgp)tilter in which a thickness-controlling systemand an
area-controlling system - 91 are conbined, when the col or

reproduci bil if#yg0f18 1§a8SEhabt VehewsRYyay spettetiraseda BefbéteLiéve
display with su?ficient bri ght ness cannot be achi eved. However, in the use
of a threegheakihyBealbDe a (ebhbthiatdod sl ayp wireh-sohtireiledngbri ght ness
can be obtained. Namely, it can be said that a transm ssive display with

vi vi dnessyatemacoabire€tilterdaadl ay thicele-pebki typet LBDP)ght ness can be
realized only by a conbination of a three-peak type LED and a color filter
in which the Fhgckbh2s$scanthatti sgowysgea specthaumapfaacoefiectivig system
are conbi ned. Conparative Exanple 11 The red resist (RAC-2), green resist
(GAC-2) aedibhudnr ExappleBAC{zpmipdpatdent of ian thiekpesiseconkaodddngns of
red picture elenents, green picture elenents, and bl ue picture el enents,
respect i galsEemogodogufditareapd a $pregepeak-tyPs &8Pdred coating films in
~the sane manner as in Exanple 5. The coating thickness at the center of the
transni ssive Fégioh3olsetchhartt gBovéng Lheefrartrsl 9€ pFendfEdel enents was
1.2 NNm _and the degrees of chromaticity %x, y) of the red, green and bl ue
pi cture efGRtnEOURCEN CseRY G FOUTSSIPORC were (0.453, 0.308), (0. 329,
0.444), and (0,170

0.205), tjively. I d ti fil
formed in theFFGSpéétF§ea%F5%§§B§ngés?é§igﬁgng?g?ﬁgaggagggréggaahdnﬁlngre
i ct I t th t hqd i - 92 Ex le 5. Th
Eggtu{:yg¥ﬁgﬁgf§ﬁg%fb°%i%%gaﬁa% ggﬁogftgg on the fesﬁrPaﬁt pictﬁpe Zreﬁ;ﬁ[
filmby th h i F t als-.f ok ped filt
Substrat et hET8sater o, & akhwEha BhButng She! BEnERaThEIBR 0RO, || L 1E0

corner pigt l,§EN AesYbstrate was neasured. The neasured spectra
of the pf%?ﬁ%g e]énen%§ %%?%H%§%raded. Conpar ati ve Exanple 12 Col or coated

| ayers were fﬁ@fggem‘,et Heme288 AehRAdtas hNtEaABBh#bh¥esEkafRPheell except
that col or coated layers were fornmed in the respective transm ssive regions

of red pifdadierRieRileraland & eARIN Gldtra ! eEirenved turerall &, Ul

el enents by the same manner as in Conparative Exanple 8. Then, an over coat
| ayer andrathdptRdnt Rerane 148Ras et drerndee neRiddlan, pi coliored ement film
by the sane nethod as in Exanple 1. For the thus-formed color filter

subst r at aaytdie cdgatidingnaaghotioddis idaiver alolwirc tparstee| erefietremae t he four
corner picture elenments of the substrate was neasured. The neasured spectra
of the pimimemlelmentco waredl dwayreayesbmplciiding & pheet asean sidfilvec tdode@r egi on
chromaticity of the colored coating filns nmeasured with |ight source D65
and t he tremissti ;s Stefiereggieo munterainta cia ywrefBasiirioe wiedion it Inedfegsage t ype
LED I'ight source (ultraviolet LED+RGB phosphors) in - 93 Conparative
Exanpl e Tuymearal the & ditansniias iveyinagignomaiegienceomunerado|&F.e@® coat i ng
films neasured with |light source D65 and the transm ssive region

chr omat i #kue satnre ediament t wefargnas famexal i§ht s ERee® iM-WHsar at i ve
Exanpl e 12. ef'" NUVNU~L; rl1 *eP "op~y ~aDtoN~-M ~-M ~ VHV OWNi '~ rl
ri"dPdP UN rie-le-1~-10UWd dUQHAVI~ ~O0~ ~I~~D Ot1 Oa0 00ICf O a0
OONt~ '"-1 MNtmi MXCO I~ O- Q0 I~ O-aDNNtAV NNIt7 dM~ri MMVY7
rhh MOOOOOOOOWMNCWFIMNO-u~Il~NM.1ll~ NMriln Mr-1 M- Mm MO
OO0OOOOMNS C7 P4 3t~ C7 P4 3A0 W aA WA'a~aa a~'VH +~ v Wdd-r~,t ri ON
riasasUN ~000 U~ovc00 ~drl U OPNaNN .d" O rl Nd~ MvO CON N O cOM 1|~ ap O-NM
~ON M tn NNV~ 10 1In ~-iONO OrINOv O-t0O d'd" I~ 0~ ehN~ ~1 MM~f7 O
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In this way, in a six-color coating system the colored coating filns in
the transm ssive regions are forned independently of those in the
reflective regions, and thus a change of the backlight source causes no
effect of inproving the characteristics of the reflective display. Table 10
shows the effect of inproving the brightness of a reflective display in
each of the above-described liquid crystal displays of the present '
i nvention. - 96 Table 10 UV- LED+RGOr gani cCol d- RGB- LEDphosphor sELcat hode
t ubeArea control O OD15% 12%%3% I hi ckndss -~cont r ol OL3%S5i x- col or coati ng0%
This table indicates that even in a reflective display using environnmental
light, brightness is inproved by a conbination of the area-controlling
systemor.thickness.control | skem ¢co i a ree- peak type
backligh?l%%ﬁPEe.r??ngnégs%hﬁgﬁﬁ% %ﬁétgb%ggh%%%é§£?sggﬁ%?%€éd particul arly
when a L I S ng.;h -p pe.l kg S is used.
Exanpl e gg%%%gg%gdggééfgi( 11?£m§gggg§?8dgg§igxép?hﬁe?ggﬁegﬁg ass substrate
havi ng a rix.p r r hereon so that the chromaticity (X,

y) neasu?gﬁggélggééiég ??éﬁteg esgggggfd | i ght source C through the gl ass
substrate was (0.466, 0.294). The resultant coating filmwas dried at 120C
for 20 mnutes, and then a positive photoresist (TOKYO OHKA KOUGYO CO. ,

LTD. " OFBBs80flohe s rCOAteging bhe enat rAgehthshand dried at 90C for 10
m nutes. The coating filmwas 97 _ then exposed to light by using Canon

I nc. " Proxim Ayt Expes1Eet Bed- DO at 8Fpseh] ad Lép Day USE phiné oppekent th a
strength of 60 ml/cnR (strength of ultraviolet |light at 365 nn). The

phot omasknyeadibadcafipgpsesuaeliquid cagethlr dayegi haviag ax akas2%ain
reflective regions. After exposure, the substrate was dipped in a devel oper
conpri si ngght2 cdntraqnéaygs faakitioan usiingetinaapphyjkednwoiitagehydr paide t o

si mul t aneousl y perform devel opnent of the photoresist and etching of the
col ored bifl subktralttpsniddsppseduoppositiet éo eachi pgherhwidhnébessary

phot oresi st | ayer was renoved with acetone. Furthernore, the colored film
of pol yatiigeigr ecystel Wayehreheldr dhexebetwesoe forefdegitignedendsconvert

t he pol yam de precursor to polyimde. Next, the blue paste (B-1) was coated
so that wsdng ambiemtoddghd @ @x lightrsgugced Bydpésgﬁﬁﬁhﬁﬁﬁﬁ of standard
| i ght source C through the glass substrate was (0.152, 0.190), and then
phot ol i t IPO¥§F&ESy was perforned by the sane nethod as that used for the red
pi cture el enments. The paotonask used had an age[ture rati o (ggerture regi on

rati o) of 9% iR the L&apde: FrEsted dhsPLlRBxt1tt#8 LUPBFLAREtE°(G 1) was

ted b i that the final ticit , d
pacsi ng IREGHLAS 2o omy LA 26s SatiTo toR L Ot 1 SEIReE, Afc v

0. 309, 373 d.th tolit h f d t t hod
b’ that ey Bt R AR SR SO S e SR g
i ct I ts.h t [ [ f  Z inal Iy th
doror padtte e St atsopedheg I el aiopdtel el 1l Beylell 4 yors
in the t 1 SS i ; i : | ++h ticit
(x, 'y of R e B O e R e vl

measur ed eh}?aﬁt%'dﬂgsx%x@% DddANigHOWdifrde A4S a Q‘e%ﬁ.%cﬂ@@e%wm an

over coat layer was deposited to a thickness of 2 ~, mon the thus-obtained

pi cture &Mt iRy Yxtedhanilgh? | WHick ardeproviertd am d Meydress of 0.1

dun by sputtering on the over coat |ayer. For the thus-obtained col or
filter sybstredpondiify HeOndPidtaas eieindnie oferinedlcdlicat Wid tdenent and
the four corner picture elenents of the substrate was neasured. Table 11
shows thexdefd atrias gl Gy TERbaKM giasomrdeanidsed ighttheour ce D65,
the transm ssive region chromaticity neasured with a two-peak type LED

| i ght souwssuskl gttt doured idiigposbd fatr erfee Haak afhehree sibisimtateolapanti | ter.
Table 11 Transm ssive regi onRefl ective regi onChromaticitychromaticity

(t wo- peakfdunonttie cbgexvdtgitun solidecediFrf drhen o 18ty F& UHEdr | igylsingde ce) D65) x
y YX y YRO.489 0.332 42.60.485 0.331 33.11. 7x10-5Q0. 307 0.438 68. 70. 308 ,
0. 438 67.cdldned' 130 5k Eange@ 6in Rads wicsge plegment0-the 99
Conpar ative Exanple 13 A color filter was fornmed by the same nethod as in
Exanpl e S:xpmamisaing eghan GRe ke JRiHietf e HRGUQR 0 &AM i n each

pi cture el ement was used for photolithography of red, blue and green

pi cture el enments, each green picture el enent was not formed by |am nating,
and the final chromaticity neasured by passing |ight of standard |ight
source Cwas different fromthat in Exanple 8. In this conparative exanple,
the red paste (R-1), green paste (G 1) and blue paste (B-1) were used. The
degrees of chromaticity (x, y) of the red picture elenents, the green
picture el ements, and the blue picture el enents, which were neasured by
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paste (B-1) were used. For the thus-formed color filter substrate, the
spectrum of each of the central picture elenent and the four corner picture
el enents of the substrate was neasured. The neasured spectra of the picture
el ements were averaged. Table |3 shows the reflective region chromaticity
measured with light source D65, the transm ssive region chromaticity
nmeasured with a two-peak type LED |ight source, and - 101 chromaticity
difference 8 of the resultant color filter. Table 13 Transm ssive
regi onRefl ective regionChromaticityehdénaticity (two-peakchromaticity
(lightdifference btype LED |light source)source D65)x y Yx y YRO.489 0.332
42.60.485 0.331 33.11. 7x10-5Q0. 326 0.437 74.20.300 0.438 62.36.6x10"' 4B0. 154
0.186 26.10,168 0,18 1. 9x10-4 j a LSLLCS of a
%?E%r?iah%ﬁgggyggé? éigf?rghg gbf8£.¥h8?§5@8£$%£§ 5

transf| e® I'splray conprising € color frlter of each of

Conmparative . 4 1 cteristics of a
liquid crystyﬁﬁ%ﬁ%%&iﬁé&%ﬂgﬁfﬁwéﬁé (r;?nﬁxh%;rr%ll e 8 under a
conditiop.j Lch or ,epQx,FOoRk Lgh i refl ggtive
i spl ay BrERERhE B eET 2 TRy b e B R R Pn Eh B e as

turned OBuanartéﬁ@igbﬁﬁEﬁEDﬂ%?g%?YSEPohBeaﬂBEEnt|mibﬁe hhansfi gsi ve

di spl ay, a two-peak type source was used as a light source. The

liquid Cigiﬁﬁivgl?phﬁifknﬁﬂli&@ﬁt HhOdrBHmanEONVRNELONRhet @EENEBYCOAN
Conparative Exanple 1 exhibited a light color over the entire transm ssive
di spl ay pedng 9s5ealisgokbar eAcenknNsuirghbel bEy theosubberaetl aphirtefdbmpl ay.
On the other hand, the liquid crystal display using the color filter of
Exanpl e @nBadbsekghttbhakligenothel surgabbebgnthebsivseratkebedhbedni ve -
102 display and the transm ssive display, and thus exhibited good display
char act ecbathaes. wilth kheuildgaidstaystaldpl dherkeb@opradacing Bxsdphe 14

exhi bited good colors in the reflective display and the transm ssive

di spl ay, imageowddhededithierCiripar atues & cEpansllag. andvievercokos | nghinghange
in coloring was observed between the liquid crystal displays of Conparative
Exanpl e Fariherfioazep| ¢he, cadgrt fdlbeirgkompsd sdng fher drpasmivsigespl ay of
Conpar ative Exanple 14 was |ower than that of Exanple 8. Exanple 9 The red
paste (Rr2pinns end: abebyeflegitiver reglang hoyiaghdiffexendyicR3OX bl ack
matrix pattern forned thereon, the red paste being controlled to the ratio
shown i nchasesterdstiios. @né theothresi-Ppakx tYpe hERs beeklgghtassing 1i ght
of standard |ight source C_through the %!ass substrate 3@3§&9'405’ 0. 301).
The resulSC¥Fcec 8&e RyoMldednde BErad taithergehisverenti 9dt &8® and then a

it hot i st (TOKYQ OHKA KOG . LTD. " OFPR-80Q" ted
Phe. cont MAGIRHLAREIT oy HAHIA SAE Y SRR, FALh FREIRG 111 m vas i hon
d tq light by using Canon |nc. "Broxipi "PLA-501F" through
o Chr om Uk IRaRc R KR FECCABRIR 6F BOTREPHRDY S Endt b of ul L ravi of o
light at 365 nm_._. t dugi i Qn.srati o of i
red i ot desisive HEHTAY, iR EI0E SRR Sl BB 0 D e

di pped i%%%fg§€§¢ga iéﬁygyjsing a 2.25% aqueous sol ution of
[

t et r amet hyl"ammoni um hydr oXi de to si mul taneously perform devel opnent of the

phot or esi st aRd ghghiBdngk16Re1¢8! 21101 LRyakaBOLERIAG BECEHESOr. After

etching, the unnecessary photoresist layer was renoved Wi th acetone.

Fur t her my,Rs drlte 1GRIHEGH | 1R fsubfd traifiel haviem e 1 diadlon maimd at
240C for "30 mnutes to convert the pol yam de precursor to polyimde. Next,
the col oredidfdeE HHerBon\atayE B athd ol oiDifiNders Gub¥irdtee o nale
chromaticity (x, y) measured by passing light of standard |ight source C
was (0. 3QGhbdkrkd® apitt them phet ddlidwogider wadhear faorrefldotitdre sane

met hod as that used for the red picture elenments. The phot onask used had an
apert ur e Yastdo i(saFvined® oredihm aadid)f idft 33 %ubrs itk er efilredake regi ons.
Next, the color paste (B-1) was coated so that the chromaticity (x, y)
measur ed piyetpass ielendeghthafing andarlddiinghtaganir demed ridhaytedrhe egiddss
substrate was (0.148, 0.182), and then photolithography was performnmed by

t he sanme megiwd hesvinmtthes e flmction davey diamed|dagain IEmdhshot omask
used had an aperture ratio (aperture region ratio) of 10%in the reflective
regi ons. 1efkadtive eeaitns gk teaqRIBIIIN gAY tidhea ReFlaGt Whown in
Tabl e d was coated by a spinner to lam.nate a red colored | ayer over the
entire transm ssive regions of the red picture elenents and in a 50% area
of the transm ssive regions of each blue picture - 104 elenent. The
chromaticity (x, y) of the transm ssive regions of the red picture

el enents, which was, neasured by using standard |ight source C, was (0.474,
0.326). The chromaticity (x,, y) of the transm ssive regions of the blue

pi cture el ements, which was neasured by using standard |ight source C, was
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measured spectra of the picture elenents were averaged. Table |5 shows the
reflective region chromaticity nmeasured with |ight source D65, the

transm ssive region chromaticity measured with a three-peak type LED |ight
source (RGB chip LEDs), and chromaticity difference 8 of the resultant
color filter. Table 15 Transm ssive regionReflective

regi onChromaticitychromaticity (three-peakchromaticity (lightdifference

bt ype LED light source)source D65)x y Yx y YRO.488 0.308 36.80.488 0. 344
31.01. 2x10' 3(0. 298 0.438 74.50.305 6.438-61. 44. 9x10' 5B0. 139 0. 187 24. 80. 183
0.187 20.11.9x10" 3 The display characteristics of a transflective liquid
crystal display conprising the color filter of Conparative Exanple 15 were
conpared,wi.th the,cha L St i quj r a i c i.Si ng
the col o arPry a7 SFOThERhERIEbLER PegPol, o Heh! Rk reE) 0E RUnCoRDEE
envi r onnggt .gh u ' r ti digpl it bagkl i ght
source ngngér%%g,EgﬁgﬁFhéﬁggggﬁ?ahgﬁéggrggsmagﬁgugﬁégkoﬁiﬁggg't?ansnissive
di spl ay | e t }$Si ¢ i Yol ee- peak
typo LEoPIoR £E5tez bRcklPe; PASHERE FHG10n 2otadspBhARNEY conehbhon 2
liquid C&ga&ah fAhoRhay tHal rerhBetEBhONalbkt 8F @heCatBatahitueibxanpl e 15 and
the liquid crystal display of Exanple 9 exhibited the sane col or vividness.
However, rbReebitdvedregishal adiasal ay1us Ra1tBe gakeurki biemeat Esgidhe 9 had
substantiaiiy no coior difference between the reflective display and the
transm sgbhyeedponbiang 208dchbus reghohi wedheaed thes pe&) ecltabaclayest ofs.
Exanpl e 10 The red paste (R-1) was coated by a spinner on a glass substrate
havi ng atheagkbetiraive pat then thanamdssheeeaagiont.hat the chromaticity (X,
y) neasured by passing light of standard |ight source C through the glass
substrate wasIfOtUé6coloP98)ltdheuseduihahbhecbaanafléctiveatiquidd at 120C
for 20 mnutes, and then a positive photoresist (TOKYO OHKA KOUGYO CO. ,

LTD. " OFerRy8@@l) displayatodd tive piresendt imyenitibonand tdiisedmpord@nt f or 10

m nutes. The coating filmwas then exposed to |ight by using Canon Inc.

" Proxi mi tthax sbeurteanpmissive’ relglongh andc kheninghleediyeaIRIMONS a strength
of 60 ml/cn2 (strength of ultraviolet light at 365 ng&i The phot omask used
had an apeveuddffgrent codon eharasgiesdstdcso) Fromdhien vidempodnty of
regions. After exposure, the substrate was di pped_in a devel gper conprising
a 2.25% low-rost mansdastageydfofhss LdauddnammAtadnddisehesy d de to

si mul t aneously perform devel opnent of_ the phatoresi st and etching of the
col ored fAolRroffiddies Made BSr & GOdOT fﬂcfltt&lp'etjclﬁ'ng,ant & S@inecessary

phot or esi st | ayer, was renoved wi t &;etone. Fur.t her mor.e,.  the §-0| o q:d film

of pol yafoRdnolddRe: &Y SAED (RedPR &F aCPRFEFHS RS TS Ehver t
the polyampd recyrsor to.palyimde ~t he Rl u St - was coated
so t hat t‘ﬁ'e afqﬁ ﬁzﬁasc Bt o[ry ~,ea§:)h rﬁ:u%xaéﬂlﬁ]rie B;;lepgssagr%néﬁ]i(ogﬁ@ of standard
| i ght source C.thr S q%a{r : 32), and then
phot ol i thic?&efpr%ys V\fgo%edtr ;lglr erég% gzy eissgstr%grerret g'gjré%(}%dhg:th?eused for the red
Prcture el yd AARNP HI T dit RRETIYIGT HHOR Tddid ilaie
picture g'lleemantté'vvﬁs se _xdtj, t g'e{:% or pastxtéelé{(}l) was coated by a

spi nner %]Qagt hat, tdie £ UMt it X1 0. MRAH Rekdds Passstidiliialy  of
standard l17ght source C through the glass substrate was (0.309, 0.373), and

then photQld{dipBABY tastdier feunBd dind iR caike ralldwshtasof haf Lewast for the
red picture elenents. A photomask producing no aperture region in the green

pi cture ejfidlomesnh Wash d¥exhidhe adaismasn (@sd)n Wasyeratsed by a
spinner to lam nate a green colored | ayer on the transm ssive region of
each gr eafigpcsdd etvaamntthe b tmatat iavid ytHed,colorahsiayet biyn passi ng

|l ight of standard |ight source C through the transm ssive regions of the
green pi cteflect e ntegias, (dh@8he Goldded Hapdrts/ off Hihe ofedfilectivi@)9

paste (B-1) was coated by a spinner to lamnate a blue colored layer in the
‘transm ssredelorearod die cacdnsmiss pietnedi el drave Aiffferertr omaticity (x, y)
measured by using standard |ight source C through the transm ssive regions
of the bltkligindsses el hegnlomafiXten 3sing wajombinatiom of diheoat | ayer
was deposited to a thickness of 2 ~, mon the thus obtained picture el enent

| ayer, amkrear¢oireliingssyueirmiand the Lthigkerscatxphling [ygstem
sputtering on the over coat |ayer. For the thus-obtained color filter
substrate, the spectrum of each of the central picture elenent and the four
corner picture elements of the substrate was neasured. The neasured spectra
of the picture elenents were averaged. Table 16 shows the reflective region
chromaticity nmeasured with [ight source D65, the transm ssive region
chromaticity nmeasured with a two-peak type LED |ight source, and
chromaticity difference 8 of the resultant color filter. ml.,"1 a
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- 112 Next, colored | ayer patterns were formed in the transm ssive regions
and the reflective regions by the sane nethod as that for formng the
transm ssive regi ons except that a photomask | eaving color |ayers in the
transm ssive regions and the reflective regions was used, and the col or
pastes bel ow were used. As a result, two-color |layers were lamnated in
each of the transm ssive regions. In this case, the color paste R-6, the
color paste G5 and the blue paste B-5 were used for the red, green and

bl ue picture el enents, respectively- TBe-thickness of the colored | ayer of
the reflective region of each picture elenent was 1.4 Vim The degrees of
chromaticity (x, y) of the red, green blue picture elenents, which were

, i i f i ght « 535 0.308),
(0320, Braabi-aBf phoRbns’ oPORRNP fay B2, wiQH: “ARLaREE O s " Poyer

d j hy. [ t - | [ I t
Uaver . aadidh FILfeH hEVEESGatRLdreyt Py °0r, ELPELA Ryars datiibsea ol enen

sputteripg p etbfaﬂ¥ﬁis§g?é féﬁﬁén EPrthe?léﬁﬁrebéﬁéﬁéﬂtCﬁh9rbéi|ter

substrate, the spectrum each of the central picture element and the four

corner pjghHre g-CPRB! p1@falfeySyBSthEL @oﬂ@ﬁe&ﬁﬂéﬂéﬁg, dheraeaatred spectra
of the picture elenents were averaged. Table 17 shows the reflective region

chromat i ebwraaaia?eésv\bi:hthégbaméoubmarDGS:Layhe inagnBai asede region
chromaticity - 113 measured with a three-peak type LED |ight source, and
chromaticity héfeareceoBorédt heyseshibanst that oa pignent dampesi¥ion

Transm ssive regi onRefl ective regionChromaticitychromaticity

(t wo- peakalbr anpiigmeny -cesght datfier bgceehpghpearEDtheghtmeounnd) tber ce D65) x
y Yx y YRO.574 0.338 28.50.573 0.328 25.71.0x10' 430. 321 0.527 58: 80. 322
0.527 7046ffdxeAt6Bo1b48d01aF§eraOmeanldbad. a9 ©8e90£f3%he’ piAnendl e 12 The
transm ssive regions and reflective regions were first forned, and then the
t ransmi ssomposdgiions andr ¢heupibeentoresdn Kagdpbybycwerdoby H&yer patterns
were formed by the same nethod as in Exanple 11 except that the order of

pi cture did&fementtor mati on was dpposite to that in Exanple 11. Then, an over
coat | ayer was deposited to a thickness of 2 humon the thus-obtained

pi cture el emefil Fg?e¢919ﬁdfbht¢¢CPFP¢niﬂaEhﬂebﬁgﬁ?%H teventherrknddd of 0.1
~m by sputtering on the over coat Lg%pr. For the thus-%bﬁgined color filter
subst r at ®1iotnees sdemenksonegsdc Rodt balye L&t SaMepLeteFe TetdfEnt and the four

corner picture el enents &f t he substrate was,nmeasur d.f The asg{ed spectra

of the piStEHCEUReendRls ther BISFUTE & emPRSe NAY 108, Jd-FERE SRSt P8P ve regi on
gt on G GUEPCHESH: B YaRh e ce- peak type LED 1ight source. and
Tranam soi ve tBotBRREPREE: FyatBE, hERH 1ATEpEChREaph Bhverfibn. CrAl

V3 vRG i s Huld, HEERsIR yeT pog I, ORI S 50
0,527 70,51 10 SIAD G5 AR LES CoISE MaPhaAELerd Gaaar at 1 ve

Exanpl e f ayer patterns were formed in the transm ssive regions

by the sam JEid10hys idhd P stimbl t@vicie dealardd@nC Aiper thas @edi®ow ver e

used. In this conparative exanple, the red paste R-5, green paste G4 and

bl ue pastfBth Wirneiath tHee rdfldotasse dedilvn .CoBY by tihe t he

transm ssive region of each picture elenent was 1.4 ~, m The degrees of
chromat i Gigertuse Wediord N reatth Pedlect intee meyion t thegedyiginetas ©f

el ements, and the blue picture elenents, which were nmeasured by passing

i ght of eddindesfilddigite ShispdamyC carere (Gnpsived). 306) the). 298, 0.538), and
(0.139, 0.159), respectively. Next, colored |ayer patterns were formed in

t he refl esdrivfactagrions dost lams e demrterbas. t [Ehalmplomwthddhe - 115 used
for forming the transm ssive regions except that a phot onask~l eaving a

col ored |msetormihavingadtie ragdmnines e e®ingn isamet partdarlarlst es bel ow
were used. In this conparative exanple, the red paste R-6, green paste G5
and bl ue bisite® Snkritheapertore tracions nay hehLamest da | r in the
transm ssive region of each picture elenent was 1.4 N, m_The degrees of
chronat | @igtyse slergnisofF AN WAt e rdeen hH &S ct ure

el enents, and the blue picture el enents, which were neasured by passing

| ight of standard |ight source C, were (0.453, 0.308), (0.329, 0.444), and
(0.170, 0.205), respectively. Then, an over coat |ayer was deposited to a

t hi ckness of 2 hum on the thus-obtained picture elenent |ayer, and an I TO
filmwas deposited to a thickness of 0.1 E.~m by sputtering on the over
coat layer. For the thus-formed color filter substrate, 'the spectrum of
each of the central picture element and the four corner picture elenents of

.. B o N o o o o Y e



Exanpl e 16 were conpared with the characteristics of a liquid crystal

di splay conprising the color filter of each of Exanples 11 and 12 under a
condition in which outdoor environnental |ight was used in a reflective

di splay with the backlight source turned off, and the backlight source was
turned on in a transmssive display in the dark. Tn the transm ssive

di splay, a two-peak type LED |light source was used as a |light source. The
liquid crystal display of each of Exanples 11 and 12 had no col or

di fference between the reflective di-spl9ay and the transm ssive display, and
t hus exhi bited good display characteristics. A though the Iiquid crystal

di spl ay of Conparative Exanple 16 had no col or difference between the

el Moy P 200l DL SRSE 53, 4°cHhPRkeLrABBLE" hcpliL el um neseen:

€ oDserved on a screen. efore, - 117
the |i i t dj i i lity.
| ndust 1t REEREER: Bhgi PRRCRYAEbnEORBAreE ufa SATPLEndBnEES A IMRETMORA! LY

franst| cebhyg bedvhd Biuchak dishbA¥soXl BhbhnosMRcROkAE heBEeduel bl ity
in a transmssive display and excellent characteristics (color

[ eproduciBglhbhY 18ndobhbaN! BRESkNLNrALEE! |(2eEbY Lol £B! AK ol Sapedthokor
filter for~a bright transflective liquid crystal display capabl e of :
produci ngegisRBkhtiBF9MBE €hbY apeitareneeghehyees &neeibedeiravdi splay and
a transm sSive display. can be realized. - 118 CLAIMS 1. A transflective
liquid crigtidhsdash! preteFAbLY A8 terRdnedotos bhlib¥eesatigeRosedogpposite to
each other with a liquid crystal |ayer held therebetween, a reflection
means Usich@radkieedsthicghanas bailghdthlessqur specarheallliyghtheoapestuzed a
color filter having a transm ssive region and a reflective region which are
provi ded riegi@ac mepnst dr eeglionein ahiiche thel avefralgeetransmittitanceada col or ed
| ayers conprising a single nmaterial, a three-peak type LED backlight source
bei ng useatheawiisi®leacklgignt is080&c or2moHes transflective |iquid crystal

di splay according to claiml, wherein the color filter includes the picture
el ement s of aWhepatheoaperbuve ragdabh arewhprmednhincther pdcktuyers of the
transm ssive region and the reflective region have the sane thickness, and
an apert elenentisoofed pdurad itaf lofc olensagiths. apertvae TagOrective |iquid
crystal di-splay according to claim1, wherein the color filter includes the
pi cture dadtest ansf preflanahlnfettoinrthe eder AL WIreant heredl or B4UPayers
of the reflective region and the transm ssive reqgi on have different

t hi cknes§&e aperiyre megoneaatio 9fykhe E%%C%%F%tdi% to - 119
claim3, wherein the color filter has .the %{3ﬂ$§=f rmed in_each of the

reflecti visgially tRecqagle @ (Rt Gt UHe AISHeRF -
conprising transm ssive regions and reflecti.ve reqi.ons erej t | east
two types e cstﬂetﬁléﬁ'qa:ls}é’r's tg’fee ARSTIIRS F A Th & T S \gsi}evéllrgeeg} on of
each of picture elenents af_ at | t l.or . iJter for a
li quid cr‘if‘sq%redieslpﬁ"}fﬁltfcé&c;‘sr g’lrnegteet%gabcﬂgielm t%rv\ﬁé)% €| -r?i% %%t{fo ored | ayer
is fornmed. in ea ra 1,55] i RGP i+$ for nmed
on the fiTe ogloﬁ'l(;hrttei(f @e‘%ﬁa\%q ﬁg'eéa]{:mrérare%ég“ctl verl%eg(iim()ér?eer%dl hgj%cotl%or
filter fojod |4 ihe oAl SRR M KOLIPB Hidhgrei n a first
colored layer 1s forned 1n each of the transm ssive regions and the

refl ect i Ve diReianSis b ferRBNBew| oF ebdsyeindre fpfdmabanLy hertfd rst
colored layer 1 n each transm ssive region. 8 The color filter for a liquid
crystal disotayrGfftinGrdiis| ol e ghwdeigldiitrd reliandmsts Vies g on and
the reflective region in each of the picture elenents of at |east one color
conpri se g S40%) et i d g efd giamdreaiod of -thilGredfpidisuresf | ecti ve
regions has an aperture region. 9. The color filter for a liquid crystal

di spl ay asTaiehtg i® 64 aton TH% whendi therager oote ey iay arat fmvofhoths f f er ent
pi gnent conpositions are |laninated. 10. The color filter for a liquid
crystal dbbype ayicooos dememts| s b, tavhddei n Wheeh cedalr eaff | theer s havi ng

di fferent pignment conpositions are |lamnated. 11. The color filter for a

| i qui d crypsentuxie sppgiomccatibngis osnakler Ithamidieiabeve ceRRIR ordd | ayer
contai ning a pignment having a quinacridone skeleton is | am nated on_anot her
red col orkdighyerefloctive ¢bsplaycannot dre phtained c Wil eaghIef
according to claim5, wherein blue colored | ayers having different pignent
conpositions are lamnated. 13. The color filter for a liquid crystal

di splay according to claim5, a single colored layer is |lam nated on a bl ue
colored layer and a red colored |layer so that the area of a coloring agent

| am nated on the blue colored layer is smaller than that | am nated on the
red colored | ayer. - 121 14. The color filter for a liquid crystal

di splay according to claim5, wherein an over coat |ayer is deposited on

~ - a o
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the thickness of the transparent resin increases, and thus
the effect of improving the brightness of the reflective

| regions increases. When the thickness of the transparent
resin layers 1is excessively increased, (1) the surface
unevenness of the color filter increases to adversely affect -
the liquid crystal alignment and thus deteriorate the
display quality, and (2) the thickness of the colored layer
in each reflective region cannot be easily controlled to
increase color variations. Therefore, the thickness of the

transparent resin layers is preferably 5 um or less.
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characteristics and brightness. The transparent resin layer
is preferably formed in each green picture element to
improve the color characteristics of the reflective regions
because the bright of the reflective display can be improved.
The transparent resin layer is more preferably formed in
each blue picture element to improve the color
" characteristics of the reflective regions because the white
balance of the reflective display can be improved.

In the color filter used in the present invention, the
above—described two méthods may be combined in each picture
element. Namely, the color filter may contain picture
elements of at least one color in each of which the
transparent resin layer is disposed between the substrate
and the colored layer in the reflective region, the colored
layers formed in the reflective region and the transmissive
region have different thicknesses, and the aperture region

is formed in the colored layer in the reflective region.

Also, a plurality of colored layers may be laminated in
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so as to prevent the occurrence of space between the '

boundaries and an overlap of colors. Specifically, a

preferable method comprises first coating a coloring agent

only in the transmissive regions and then coating the same

coloring agent in the transmissive regions and the
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only in the transmissive regions.

With respect to the chromaticity difference 0 between
the chromaticity (x0, y0) of the transmissive regions and
the chromaticity (x, y) of the reflective regions, the color
filter preferably does not contain a picture element having
the relation 6 = (x - %x0)2 + (y - y0)2 = 1x10-3, more
preferably the relation 8 = (x - x0)2 + (y - y0)% = 5x10-4.

The chromaticity of the transmissive reglons can be
determined from a spectrum in microspectrophotometer
measurement of the transmissive regions of the color filter.
When each of the transmissive regions is divided into a
plurality of planar parts by laminating a plurality of
coloring agents, the spectrum of each part is measured, and
area weighted average chromaticity is calculated. The
chromaticity of the reflective regions is determined by
squaring each of the spectra of the colored region and the
transparent region in a reflective region at each wavelength,
and calculating an area weighted average for the colored
region and transparent region. Since the chromaticity is
calculated with consideration of a difference between the
light sources, the calculation is preferably performed by

using any one of standard light source C, a two-peak type
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reflective regions. An example of the two-peak type LED

light source is a LED light source using a combination of a
blue LED and a yellow phosphor or a yellow-green phosphor
for emitting white light. Examples of the three-peak type
light source include a thrge-peak fluorescent lamp, a white
LED light source comprising a combination of an ultraviolet
LED and red, blue and green phosphors, a white LED light
source comprising a combination of red, blue and green LEDs,
an organic electroluminescence light source, and the like.
In the present invention, ﬁhe transparent resin layers
can be formed by using a photosensitive resist. As a
photosensitive resin material, a material such as a
polyimide resin, an epoxy resin, an acryl resin, an urethane
resin, a polyester resin, a polyolefin resin, or the like
can be used, and an acryl resin is preferably used. A
photosensitive acryl resist generally has a composition
containing at least an acryl polymer, acryl functional
monomer or oligomer, and a photopolymerization initiator.
Also, an acryl epoxy resist containing an epoxy monomer may
be used. When the transparent resin layers are formed by
using the photosensitive resist, in an exposure step of
photolithography processing, the surface roundness and

flatness of the transparent resin layers can be controlled
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by changing the distance between an exposure mask and the
substrate on which the transparent resin layers are formed.

In the present invention, the transparent resin layers
can also be formed by using non-photosensitive paste. As a
non-photosensitive resin material, a material such as a
polyimide resin, an epoxy resin, an acryl resin, an urethane
resin, a polyester resin, a polyolefin resin, or the like
can be used, and a polyimide resin is preferably used. When
the transparent resin layers are formed by using non-
photosensitive paste, the top surfaces of the transparent
resin layers can be flattened, and the small-area
transparent resin layers can be formed.

The transparent resin laYers formed in the respective
reflective regions may contain light scattering particles.
When the transparent resin layers contéin the light
scattering particles, dazzle in a display due to a regular
reflection component can be suppressed to achieve a good
reflective display. Since the transparent resin layers are
not formed in the transmissive regions, no light scattering
occurs to permit the efficient use of the backlight.
Examples of the light scattering particles include particles
of inorganic oxides such as silica, alumina, titania, and
the like, metal particles, particles of resins such as an
acryl resin, a styrene resin, silicone, a fluorine-

containing polymer, and the like. The light scattering
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particles having a particle diameter of 0.1 pm to 10 pm can
be used. The light scattering particles more preferably
have a particle diameter smaller than the thickness of the
transparent resin layers because the transparent resin

- layers become flat.

In some cases, the formation of the transparent resin
1ayefs deteriorates the surface roughness to produce step
differences between the surfaces of the transmissive regions
and the reflective regions. Therefore, the over coat layer
is preferably formed as a planarizing layer on the picture
elements. Examples of the over coat layer include an epoxy
layer, an acryl epoxy layer, an acryl layer, a siloxane
polymer layer, a polyimide layer, a silicon-containing
polyimide layer, a polyimidosiloxane layer, and the like.

The substrate on which the color filter is formed is
not limited to the transparent substrate such as a glass or
polymer film substrate, or the like, and the color filter
may be formed on a driver element-side substrate. The
pattern of the color filter is not particularly limited, and
a stripe shape, an island shape, or the like may be used.
Also, a fixed columnar spacer may be disposed on the color
filter according to demand.

The picture elements are formed by a photolithography
method, a printing method, an electrodeposition method, or

the like, and the forming method is not particularly limited.
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In consideration of pattern formability, the
photolithography method is preferably used.

Each of the color paste and color resist used in the
present invention contains a coloring component and a resin
component. As the resin component, a polyimide resin, an
epoxy resin, an acryl resin, a urethane resiﬁ, a polyester
resin, a polyolefin resin, or the like is preferably used.

The photosensitive color resist contains a coloring
component and a resin component containing a photosensitive
component sensitive to light. The type of the
photosensitive color resist may be a positive type in which
an irradiated resin portion becomes soluble in a developer,
or a negative type in which an irradiated resin portion
becomes insoluble in the developer. A negative resin is
preferably used because the photosensitive component has
high transparency in the visible region. As the resin
component of the photosensitive color resist, a polyimide
resin, an epoxy resin, an acryl resin, an urethane resin, a
polyester resin, a polyolefin resin, or the like is
preferably used.

' The color filter of the present inventioﬁ comprises the
picture elements of at least fhe three colors including red,
green and blue. As the coloring agents, any of general
coloring agents such as an organic pigment, an inorganic

pigment, a dye, and the like may be used. Furthermore,
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various additives such as an ultraviolet absorber, a
dispersant, and the like may be added. As the dispersant,
any one of a wide range of agents such as a surfactant, a
pigment intermediate, a dye intermediate, a polymer
~dispersant, and the like may be used. Furthermore, various
additives may be further added for improving a coating
property and a leveling property.
Examples of a pigment include Pigment Red (PR-) 2, 3, 9,
22, 38, 81, 97, 122, 123, 144, 146, 149, 166, 168, 169, 177,
179, 180, 190, 192, 206, 207, 209, 215, 216, 224, 242, 254,
and 266; Pigment Green (PG-) 7, 10, 36, 37, 38, and 47;
Pigment Blue (PB-) 15 (15:1, 15:2, 15:3, 15:4, 15:6), 16, 17,
.21, 22, 60, and 64; Pigment Yellow (PY-) 12, 13, 14, 17, 20,
24, 83, 86, 93, 94, 95, 109, 110, 117, 125, 129, 137, 138,
139, 147, 148, 150, 153, 154, 155, 166, 173, 180, and 185;
Pigment Violet (PV-) 19, 23, 29, 30, 32, 33, 36, 37, 38, 40,
and 50; Pigment Orange (PO-) 5, 13, 17, 31, 36, 38, 40, 42,
43, 51, 55, 59, 61, 64, 65, and 71. These pigments may be
used singly or in a combination of at least two pigments.
The pigment may be surface-treated by rosin treatment,
acidified treatment, basified treatment, pigment derivative
treatment or the like according to demand.
PR (Pigment Red), PY (Pigment Yellow), PV (Pigment
Violent, and PO (Pigment Orange) are symbols in the color

index (C. I. : issued by The Society of Dyers and
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Colourists), and C. I. is officially added at the top (for
example, C. I. PR254). These symbols define the standards
of dyes and dyeing, and each of the symbols defines a
specified standard dye and its color. In the description
below, as a rule, C. I. is omitted (for example, C. I. PR254
is shown as PR254).

As a method for coating the non-photosensitive color
paste or photosensitive color resist, a dipping method, a
roll coater method, a spin coating method, a die coating
method, a combined method comprising die coating and spin
coating, a wire bar coating method, or the like is
preferably used.

An example of the method for forming the transparent
resin layers by using the non-photosensitive paste will be
described below. First, the non-photosensitive paste 1is
coated on the transparent substrate and then dried
(semicured) by hot plate heating, oven heating, or vacuum
drying. Then, a positive photoresist is coated on the
semicured layer, and then dried (pre-baked) by heating.
After pre-baking, mask exposure and alkali development are
performed to dissolve the photoresist in a solvent, forming
the transparent resin layers which are then cured by heating.

An example of the method for forming the transparent
resin layers by using the photosensitive resin will be

described below. First, the photosensitive paste is coated
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on the transparent substrate and then dried (pre-baked) by
hot plate heating, oven heating, or vacuum drying. After
pre-baking, mask exposure, alkali development and heat
curing are performed to obtain the transparent resin layers.

An example of the method for forming the colored
picture elements will be described below. First, for
example, the non-photosensitive color paste is coated on the
transparent substrate or the transparent substrate having
the transparent resin layers formed in the reflective
regions of the picture elements, and then heat-dried
(semicured) by a hot plate, an oven, or vacuum drying. Then,
a positive photosensitive resist is coated on the semicured
layer and heat-dried (pre-baked). After pre-baking, mask
exposure, alkali development and heat curing are performed.

The present invention is described above with reference
to the example in which the colored layers are formed to
différent thicknesses by forming the transparent resin
layers in the reflective regions and by leveling the color
coating composition. However, another method may’be used.
For example, the curing thickness of each colored layer
comprising a photosensitive color resist can be changed by
changing an exposure amount in mask exposure in a
photolithography process. Although the use of an acryl
resin as the resin component is described, the

photosensitive color resist of the present invention is not
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limited to this. In photolithography of the photosensitive
color resist, with a sufficient amount of exposure,
photocrosslinkage of the photosensitive color resist
proceeds, and thus an exposed portion becomes insoluble in
the developer. An unexposed portion is soluble in the
developer because photocrosslinkage of the acryl resin does
not proceed. On the other hand, with an exposure
insufficient for curing the photosensitive resin,
photocrosslinkage of the acryl resin does not sufficiently
proceed, and thus an exposed portion is partially soluble in
the developer. Therefore, the thickness of the
photosensitive resin can be controlled by controlling the
exposure.

As a method for controlling the exposure, a method
using a semi-transparent photomask, or a method using a
photomask having slits or dots may be used. The semi-
transparent photomask has a semi-transparent region having a
transmittance of 0 and more and less than 100%. By using
the semi-transmitting photomask, the thickness can be
controlled by using a large-exposure portion and a small-
exposure portion. A slit photomask has a slit having a
width of 20 pm or less and formed in a light shielding
portion of the photomask so that an average quantity of
light transmitted through the slits per unit area is

calculated to control the exposure. A dot photomask has at
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least one circular, elliptic, square, rectangular, rhombic,

" or trapezoidal dot having an area of 400 um? or less and
formed in a light shielding portion so that an average
quantity of light transmitted through slits per unit area is
averaged to control the exposure.

The transflective liquid crystal display of the present
invention comprises a combination of the color filter having
the picture elements of at least the tree colors including
red, green and blue, and the three-peak type backlight
source.

In the present invention, it is important that the
backlight source is the three-peak type light source, and
that a side peak due to an impurity component other than the
three peaks corresponding to the red, green and blue colors
is absent or small to produce a sharp spectral shape. Any
of general light sources such as a cold cafhode fluorescent
lamp, a hot cathode fluorescent lamp, a light emitting diode
(LED), an organic electroluminescence light source, an
inorganic electroluminescence light source, a planar
fluorescent lamp, a metal halide lamp, and the like may be
used as long as the light source satisfies the above

bcondition. However, it was found that the three—peak type
LED light source has a significant effeét on the object of
the present invention to achieve the high color

reproducibility of the transmissive display and the
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As the three-peak type LED light source, a white light
source comprising a combination of RGB light emitting diodes,
or a white light source comprising a combination of an
ultraviolet light emitting diode and RGB phosphors may be
used. For example, a chip LED "GM1WA80350A" produced by
Sharp Corporation may be used. An example of the white LED
light source comprising a combination of an ultraviolet
light emitting diode and RGB phosphors is a white LED
produced by Toyoda Gosei Co., Ltd. (Nikkei Electronics, 2002,
Vol. 2-25).

In consideration of a difference between the light
sources, color characteristics of the picture elements are
preferably designed by using the backlight source for the
transmissive regions and the light source D65 close to
sunlight (natural light) for the reflective regions.

In the transflective liquid crystal display of the
present invention, a driving system and display system are
not limited. An active matrix system, a passive matrix
system, a TN mode, a STN mode, an ECB mode, an OCB mode, and
the like may be used for the liquid crystal display. Also,
the configuration of the liquid crystal display, for example,
the number of polarization plétes, the position of a

scatterer, and the like, is not particularly limited.
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A color paste comprising at least a polyimide precursor
(polyamic acid), a coloring agent, and a solvent is coated
on the transparent substrate and then dried by air drying,
heat drying or vacuum drying to form a polyamic acid colored
f£film. Heat drying is preferably performed by using an oven
ér a hot pléte in the range of 50°C to 180°C for 1 minute to
3 hours. Then, the polyamic acid colored film obtained as
described above is patterned‘by usual wet etching. First, a
positive photoresist is coated on the polyamic acid colored
film to form a photoresist film. Then, a mask having a
picture element pattern of each color or a mask having a
pattern for forming apertures as occasion demands is placed
on the photoresist film, and then irradiated with
ultraviolet light using an exposure apparatus. After
exposure, the photoresist film and the polyamic acid colofed
film are‘simultaneously etched with an alkali developer for
positive photoresist. After etching, the unnecessary
photoresist film is removed.

Then, the polyamic acid colored layer is heat-treated
to be converted to a polyimide colored f£film. The heat
treatment is performed continuously or stepwisely in air, a
nitrogen atmosphere or vacuum at 150°C to 350°C, preferably

180°C to 250°C, for 0.5 to 5 hours.
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formed, a non-photosensitive paste comprising polyamic acid

and a solvent is coated over the entire surface of the

transparent substrate, and then heat-dried by using a hot

plate in the range of 60°C to 200°C for 1 minute to 60

minutes. Next, a positive photoresist is coated on the

polyamic acid f£ilm obtained as described above, and then

heat-dried by using a hot plate in the range of 60°C to

150°C for 1 minute to 30 minutes. Then, the intended

pattern is baked by ultraviolet irradiation using an

exposure apparatus, followed by an alkali development to

obtain the transparent resin layers in a desired pattern at

a desired position. The resultant transparent resin layers

are heat-cured at 200°C to 300°C. Next, the colored layers

are formed in each of the picture elements in each of which

the transparent resin layer is formed in the reflective

region, the colored layers in the transmissive and

reflective regions in each picture element having different

thicknesses due to the transparent resin layer formed in the

reflective region. A photosensitive color resist comprising

a photosensitive acryl resin comprising at least an acryl

polymer, an acryl polyfunctional monomer, and a

photopolymerization initiator, a coloring agent and a

solvent is coated and then dried by air drying, heat drying
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minute to 3 hours. Then, the photosensitive acryl colored

film is irradiated in the form of a pattern with ultraviolet

rays using an exposure apparatus through a photomask. After

exposure, the photosensitive acryl colored film is etched

with an alkali developer.

The above-described process is performed'for the

plcture elements of each of red, green and blue (a black

matrix as occasion demands), and if required, the over coat

layer for planarization and a transparent conductive film of

ITO or the like are deposited to form the color filter for

the liquid crystal display.

Next, an example of the transflective liquid crystal

display using the color filter will be described. First, a

transparent protective film is formed on the color filter,

and a transparent electrode comprising an ITO film or the

like is formed on the protective film. Next, the color

filter substrate is opposed to a transflective substrate on

which a transflective film having a metallized film pattern,

a transparent insulating film formed on the transflective

£film, and a transparent electrode comprising an ITO £ilm or

the like are formed. Also, a iiquid crystal alignment £ilm

provided on each of the substrates and subjected to rubbing
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to each other and sealed together. Besides the reflection
layer and the transparent electrode, light diffusion
projections, thin-film transistor (TFT) devices or thin-film
diode (TFD) devices, scanning lines and signal lines are
provided on the transflective substrate to form a TFT liquid
crystal display or TFD liquid crystal display. Next, a
liquid crystal is injected through an injection hole
provided at the‘sealed portion, and then the injection port
is sealed. Next, a driver IC and the like are mounted to
complete a module.

Next, an example of the method for forming the
backlight source used in the present invention will be
described.

For the backlight source using a LED, LED devices are
arranged on a substrate on which wiring'is patterned for
applying a necessary voltage, a driver IC is mounted on the
substrate, and then a diffusion plate, a light guide plate,
a prism sheet, a guide rod, and the like are appropriately
combined to complete the backlight source.

For a three-peak type fluorescent lamp, a fluorescent
slurry comprising an inorganic phosphor corresponding to
each of the red, green and blue colors, an organic solvent

such as butyl acetate, and a binder resin such as
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temperature of 400°C to 650°C for 3 minutes to 20 minutes to

bake the phosphor and remove gases. Next, the glass tube is

evacuated to a vacuum of 10-2 to 10-5 Torr, and an argon gas

or a mixture of argon gas and neon gas, krypton gas, xXenon

gas, or the like is sealed in the glass tube. A mercury

dispenser previously provided on an electrode portion is

heated with a radio frequency wave to diffuse mercury in the

tube.

Finally, aging is'performed for several hours to

complete the three-peak type fluorescent lamp. The thus-

obtained three-peak fluorescent lamp, a diffusion plate, a

light

guide, a prism sheet, a guide rod, and the like are

appropriately combined to complete the backlight source.

For the backlight source using organic

electroluminescence, first a positive photoresist is coated

to a desired thickness on an ITO glass substrate by spin

coating. The resultant coated film is patterned by exposure

through a mask, subjected to development to form a pattern,

and then cured. Next, a thin-film layer pattern containing

a hole transport layer and an emitting layer is formed by

vacuum deposition, and then an electron transport layer and

aluminum are deposited to a predetermined thickness. The

substrate is bonded to a sealing plate with a curable epoxy

resin and sealed therewith to complete the organic
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<{Measurement method>

Transmittance and color coordinates: A glass substrate
having an ITO film deposited thereon under the same
deposition conditions as those used for a color filter was
measured as a reference by using OTSUKA ELECTRONICS Co.,
Ltd., Multi Channel Photo Detector "MCPD-2000".

The transmissive region chromaticity can be determined
frbm a spectrum obtained in measurement of the transmissive
regions of the color filter using a microspectrophotometer
or the like. When each of the transmissive regions is
divided into a plurality of planar parts by laminating a
plurality of coloring agents, the spectrum of each part is
measured, and area weighted average chromaticity is
calculated. The reflective region chromaticity is
determined by squaring each of the spectra of the colored
region and transparent region in a reflective region at each
wavelength, and calculating an area weighted average for the
colored reglion and transparent region .

Although the present invention will be described in
detail below with reference to examples, the present
invention is not limited to these examples.

In each of the examples and comparative examples below,

the ratio of a reflection plate (reflective region) to the
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the reflective region of each picture element.
Example 1

A. Formation of polyamic acid solution

95.1 g of 4,4'-diaminodiphenyl ether and 6.2 g of
bis(3-aminopropyl)tetramethyl disiloxane were charged
together with 525 g of y-butyrolactone and 220 g of N-
methyl-2-pyrrolidone, and 144.1 g of 3,3',4,4"'-
biphenyltetracarboxylic acid dianhydride was added to the
resultant mixture. After reaction at 70°C for 3 hours, 3.0
g of phthalic anhydride was added to the reaction solution,
followed by further reaction at 70°C for 2 hours to obtain a
25 wt% solution of polyamic acid (PAA).

B. Synthesis of polymer dispersant

161.3 g of 4,4'-diaminobenzanilide, 176.7 g of 3,3"'-
diaminodiphenyl sulfone and 18.6 g of bis(3-
aminopropyl)tetramethyl disiloxane were charged together
with 2667 g of y-butyrolactone and 527 g of N-methyl-2-
pyrrolidone, and 439.1 g of 3,3',4,4"'-
biphenyltetracarboxylic acid dianhydride was added to the
resultant mixture. After reaction at 70°C for 3 hours, 2.2
g of phthalic anhydride was added to the reaction solution,
followed by further reaction at 70°C for 2 hours to obtain a

20 wt% solution of polyamic acid (PAA) as a polymer
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C. Formation of non-photosensitive color paste

4.5 g of Pigment Red PR254, 22.5 g_of the polymer
.dispersant (PD), 42.8 g of y-butyrolactone and 20.2 g of 3-
methoxy-3-methyl-1l-butanol were charged together with 90 g
of glass beads, and the resultant mixture was dispersed by a
homogenizer for 5 hours at 7000 rpm. Then, the glass beads
were filtered off to obtain a 5% dispersion solution (RD)
comprising PR254.

Then, a solution obtained by diluting 8.0 g of the
polyamic acid solution (PAA) with 50.0 g of y-butyrolactone
was added and mixed with 25.5 g of the dispersion solution
(RD) to obtain red color paste (RPI-1). Similarly, each of
red paste (R-1, R-2, R-3, R-4, R-5, and R-6), green paste
(GPI-1, G-1, G-2, G-3, G-4, and G-5) and blue paste (BPI-1,
B-1, B-2, B-3, B-4, and B-5) shown in Table 1 was obtained.

D. Formation of non-photosensitive paste (used for
transparent resin layers)

16.0 g of the polyamic acid solution (PAA) was diluted
with 34.0 g of y-butyrolactone to obtain non-photosensitive
transparent paste (TPI-1).

E. Formation of photosensitive color resist

35.2 g of Pigment Red PR254 was cﬁarged together with
200 g of 3-methy1-3-methoxybutanol, and the resultant

mixture was dispersed by a homogenizer at 7000 rpm for 5



d210% & ()-2 d210% & ()-2 d210% & ()-2 d210% & ()-2Q d210% & ()- 2

d210% & ()-2 d210% & ()-2tX0 d210 d210% & ()-2 d210% & ()-2 d210%-

& ()-2 d210% & ()-2Q d210% & ()-2 d210% & ()-2 d210% & ()-2t X< X d210%-

& ()-2 d210% & ()-2 d210% & ()-2 d210% & ()-2k"00 I'm Q@ !tX<10% & ()-2

d210% & ()-2 d210% & ()-2 d210% & ()-2 d210% & ()-2Q d210% & ()- 2

d210% & ()-2 d210% & ()-2!"#$%&t t X<10% & ()-2 d210% & ()-2 d210%-

& ()-2 d210% & ()-2 d210% & ()-2Q d210% & ()-2 d210% & ()-2 d210%-

& ()-2& +, -.tX< t d210% & ()-2 d216%43&-()-2 d210% & ()-2 d210%-

&' ()-2k"00 I'm Q. /012345t X<10%- & () 2 d210% & ()-2 d210% & ()-2 d210%-
& ()-2 d210% & ()-2Q d210% & ()-2 d210% & ()-2 d210%-

.
)2 SRS e ELEi £ ph P 3 R A DTG
& ()-2 dglBYbpéntinondHALradab 26" dKLbB! &<o §2&Q‘V§c§yi d338%mér() - 2

solution (DAICEL Chemical Indusfries, LTD. "SAIKUROMA P,

ACA-250", 43 wt% solution), 15.00 g of pentaerythritol

tetramethyl acrylate as a polyfunctional monomer, and 7.50 g

of "IRGACURE 369" as a photopolymerization initiator to

obtain a 20 wt% solution of photosensitive acryl resin (AC-

1). Then, 20 g of the red dispersion solution was added to

38.5 g of the photosensitive acryl resin solution (AC-1) to

form a red resist (RAC-1). Similarly, a red resist (RAC-2),

green resists (GAC-1 and GAC-2), blue resists (BAC-1 and

BAC-2) shown in Table 1 were obtained.
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RPI-1 PR254=100 28/72
GPI-1 PG36/PY138=55/45 42/58
BPI-1 PB15:6/PV23=96/4 35/65
RAC-1 PR254=100 28/72
GAC-1 PG36/PY138=55/45 42/58
BAC-1 PB15:6/PV23=96/4 35/65
R-1 ' PR209/P038=85/15 33/67
R-2 PR209/P038=70/30 . 25/75
R-3 PR209/P038=30/70 17/83
R-4 PR254/PR122=85/15 11/89
R-5 PR254=100 23/717
R-6 PR254/PR138=85/15 ‘ 14/86
G-1 PG36/PY138=75/25 17/83
G-2 PG36=100 32/68
G-3 PG36/PY138=85/25 26/74
G-4 PG36/PY138=70/30 140/60
G-5 PG36/PY138=55/45 15/85
B-1 PB15:6=100 17/83
B-2 PB15:6/PV23=93/7 12/88
B-3 PB15:6=100 8/92
B-4 PB15:6=100 25/75
B-5 PB15:6/PV23=96/4 12/88

F. Formation and Evaluation of Colored Film

The red paste (RPI-1) was coated by a spinner on a
glass substrate having a black matrix pattern formed thereon.
The coating film was dried at 120°C for 20 minutes, and then
a positive photoresist (TOKYO OHKA KOUGYO CO., LTD. "OFPR-

800") was coated on the resultant film and dried at 90°C for
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chromium photomask with a strength of 60 mJ/cm? (strength of
ultraviolet 1light at 365 nm). The photomask used had an
aperture ratio (aperture region ratio) of 11% in the
reflective regions. After exposure, the substrate was
dipped in a developer comprising a 2.0% aqueous solution of
tetramethylammonium hydroxide to simultaneously perform
development of the photoresist and etching of the colored
film of polyimide precursor. After etching, the unnecessary
photoresist layer was removed with acetone. Furthermore,
the colored film of a polyamide precursor was heat-treated
at 240°C for 30 minutes to convert the polyamide precursor
to polyimide. The coating thickness in each of a
transmissive region and a reflective region after heat
treatment was 1.2 pum, and the chromaticity (x, y) of the
transmissive regions,‘which was measured by using standard
1ight source C, was (0.567, 0.310). |

Next, the color paste (GPI-1) was coated by a spinner,
and then photolithography was performed by the same method
~ as that used for the red picture elements except that a
photomask having an aperture ratio of 27% in a reflective
region, to form colored layers. The thickness of the green
colored layer in each of the transmissive regions and the

reflective regions was 1.2 pm, and the chromaticity (x, y)
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Next, the color paste (BPI-1) was coated by a spinner,
and then photolithography was performed by the same method
as that used for the red picture elements except that a
photomask having an aperture ratio of 13% in a reflective
region, to form colored layers. The thickness of the blue
colored layer in each of the transﬁissive regions and the
reflective regions was 1.2 pm, and the final chromaticity (x,
yv) of the transmissive regions, which was measured by using
standard light source C, was (0.138, 0.127). Then, an over
coat layer (JSR Corporation, "Optomer SS6500/SS0500") was
deposited to a thickness of 2 pm on the picture element
layer. Then, an ITO film was deposited to a thickness of
0.1 um by sputtering on the over coat layer. For the thus-
obtained color filter substrate, the spectrum of each of the
central picture element and the four corner picture elements
of the substrate was measured. The spectra measured at the
respective measurement portions were averaged. Fig. 10
shows the resulting spectrum (transmissive region spectrum),
and Fig. 11 shows the spectrum (reflective region spectrum
of an area-controlling system color filter) obtained from an
area weighted average of the spectra of the colored region
and the transparent region of a reflective region.

G. Formation of Backlight Source
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a reflection blate, a light guide, a diffusion plate, and a

prism sheet were combined to the substrate to form a

backlight source. Similarly, a backlight soufce was formed

by using each of a three-peak type white LED (ultraviolet

LED+RGB phosphors), and a three-peak type white LED (RGB

three chip LEDs).

Each of Y,0;:Eu, LaPO,:Tb, Ce and BaMg,Al,;0,,:Eu used as
the red, green and blue phosphors, respectively, was mixed
with butyl acetate and nitrocellulose to prepare a
fluorescent slurry. Then, the fluorescent slurry was coated
on the inner surface of a cylindrical glass tube having a
diametef of 2 mm, and heat-treated at 550°C for 5 minutes to
bake the phosphor. The glass tube was evacuated to a vacuum
of 10-4 Torr, and then a mixed gas containing argon gas and
xenon gas was sealed in the tube. Then, mercury was
diffused in the tube to form a three-peak type fluorescent
lamp. The thus-formed three-peak type fluorescent lamp was
combined with a reflection plate, a light guide, a diffusion
plate, and a prism sheet to form a backlight source.

Furthermore, an organic électroluminescence light
source was formed as follows. A positive photoresist (TOKYO

OHKA KOUGYO CO., LTD. "OFPR-800") was coated to a thickness
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& ()-2 to light in the form of a pattern through a photomask, and
then subjected to development to form a photoresist pattern.
After the development, the pattern was cured at 160°C. Next,
a thin-film layer including an emitting layer was formed by
a vacuum deposition method in a resistance wire heating
system through a shadow mask. In vacuum deposition, the
degree of vacuum was 2x10-¢ Pa, and the substrate was rotated
with respect to a deposition source. First, 15 nm of copper
phthalocyanine and 60 nm of N,N'-diphenyl-N,N'-bis(1-
naphthyl)-1,1'-diphenyl-4,4'-diamine (o-NPD) were deposited
over the entire surface of the substrate to form a hole
transport layer. Next, tris(8-quinolinolato) aluminum (III)
(Alg3) serving as a host material, 2,3,5,6-1H,4H-tetrahydro-
9-(2'-benzothiazolyl)quinolizino [9,9a, l-gh]cumarin (C545)
serving as a dopant material were co-deposited so that the
dopant content was 1.0% by weight to form a green light
emitting layer pattern. Next, the shadow mask was shifted
by a length corresponding to one pitch, and Alg3 as a host
material and 4-(dicyanomethylene)-2-methyl-6-(1,1,7,7-
tetramethyldurolysyl-9—enyl)-4H-pyrane (DCJT) serving as a
guest material were co-deposited so that the dopant content
was 2.0% by weight to form a red light emitting layer

pattern. Furthermore, the shadow mask was shifted by a
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of 20 nm to form a blue light emitting layer pattern. Next,
2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline was deposited
to a thickness of 45 nm over the entire surface of the
substrate to form an electron transport layer. Then, the
thin-film layer was exposed to lithium vapor for doping (0.5
nm in terms of thickness). Next, aluminum used for a
counter electrode was deposited to a thickness of 400 nm.
The substrate on which the counter electrodes was formed was
removed‘from the deposition apparatus, maintained for 20
ﬁinutes under a reduced-pressure atmosphere created by a
rotary pump, and then transferred to an argon atmosphere at
a dew point -100°C or less. In the low-humidity atmosphere,
the substrate and a sealing plate were bonded together with
a curing epoxy resin.
Figs. 1 to 5 respectively show the spectra of the
three-peak type light sources and the two-peak fype LED

formed as described above.

Example 2

A colo; filter substrate was formed by the same method
as in Example 1 except that photomasks having aperture
region ratios of 14%, 43% and 18% were used for

photolithography of red, green and blue picture elements,
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method as in Example 1. For the thus-formed color filter
substrate, the spectrum of each of the central picture
element and the four corner picture elements of the
substrate was measured. The measured spectra of the picture

elements were averaged.

Comparative Example 1

A color filter substrate was formed by the same method
as in Example 1 except that a colored film of each of red,
green and blue picture elements was deposited to a thickness
of 1.8 pym, and photomasks having aperture region ratios of
14%, 40% and 17% were for photolithography of red, green and
blue picture elements, respectively. As a result of
measurement of the chromaticity of the transmissive region
of each of the red, green, and blue picture elements by
using standard light source C, the degrees of chromaticity
(x, y) of the red, green, and blue picture elements were
(0.622, 0.328), (0.298, 0.581), and (0.135, 0.099),
respectively. Then, an over coat layer and an ITO f£ilm were
deposited on the resultant pilcture element film by the same
method as in Example 1. For the thus-formed color filter
substrate, the spectrum of each of the central picture

element and the four corner picture elements of the

d210% & ()-2 d210% & ()-2 d210%-
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(transmissive region spectrum) obtained in Comparative

Example, and the spectrum obtained in Example 1.

Table 2 shows the reflection region chromaticity of the
colored films measured with light source D65 and tﬁe
transmissive region chromaticity measured with a three-peak
type LED light source (ultraviolet LED+RGB phosphors) in
each of Examples 1 and 2, and the reflective region
chromaticity of the colored films measured with light source
D65 and the transmissive region chromaticity measured with é

two-peak type LED light source in Comparative Example 1.
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& ( d210%%u§%g)éad a combination of the color filter of Comparative

Examples 1 and a backlight source, both combinations eqﬁal

in the color reproducibility range with the transmissive

region chromaticity and brightness with the reflective

region chromaticity. However, the range of color

reproducibility in the reflective regions of the color

filter of Example 1 is 52% higher than that of Comparative

Example 1. In comparison between the color characteristics

of a combination of the color filter of Example 2 and a

backlight source and a combination of the color filter of

Comparative Example 1 and a backlight source, both

combination are equal in the color reproducibility range

with the transmissive region chromaticity and the color

reproducibility range with the reflective region

chromaticity. However, brightness of the reflective regions

of the color filter of Example 2 is 12% higher than that of

Comparative Example 1.

In comparison between the display characteristics of a
liquid crystal display comprising the color filter of each
of Examples 1 and 2 and a three-peak type LED light source
(ultraviolet LED+RGB phosphors) and a liquid crystal display
comprising the color filter of Comparative Example 2 and a

two-peak. type LED light source, the liquid crystal displays
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Comparative Example 1 are equal in brightness of a
reflective display, the liquid crystal display of Example 1
exhibits higher color vividness and higher visibility. In
comparison between the liquid crystal displays of Example 2
and Comparative Example 1, both iiquid crystal display are
equal in the color reproducibility range in a reflective
display.  However, the liquid crystal displéy of Example 2
-exhibits higher brightness and higher visibility even in the

dark.

Example 3

A color filter substrate was formed by the same method
és in Example 1 except that a colored film of each of red,
green and blue picture elements was deposited to a thickness
of 1.1 um, and photomasks having aperture region ratios of
10%, 27% and 10% were used for photolithography of red,
green and blue picture elements, respectively. As a result
of measurement of the transmissive region chromaticity of
each of the red, green and blue picture elements by using
standard light source C, the degrees of chroﬁaticity (x, v)
of the red, green and blue picture elements were (0.551,
0.305), (0.324, 0.531), and (0.139, 0.135), respectively.

Then, an over coat layer and an ITO film were deposited on
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Example 4

A color filter substrate was formed by the same method

as in Example 3 except that photomasks having aperture

' region ratios 14%, 43% and 19% were used for
photolithography of red, gréen and blue picture elements,
respectively. Then, én over coat layer and an ITO film were
deposited on the resultant picture element film by the same
method as in Example 1. For the thus-formed color filter
substrate, the spectrum of each of the central picture
element and the four corner picture elements of the
substrate was measured. The measured spectra of the picture
elements were averaged.

Table 3 shows the reflective region chromaticity of the
colored f£ilms measured with light source D65 and the
transmissive region chromaticity measured with a three-peak
type LED light source (RGB chip LEDs) in each of Examples 3
and 4, and the reflective region chromaticity of the colored
films measured with light source D65, and the transmissive

region chromaticity measured with a two-peak type LED light
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'Cﬂow@&fégugcécggdeé ébmgihg%gdﬁ&bf)tﬁe color filter of Comparative
Examples 1 and a backlight source, both combination are
equal in the color reproducibility range with the
transmissive region chromaticity and brightness with the
reflective region chromaticity. However, the range of color
reproducibility in the reflective regions of the color
filter of Examples 3 is 73% higher than that of Comparative
Example 1. In comparison between the color characteristics
of a combination of the color filter of Example 4 and a
backlight source and a combination of the color filter of
Comparative Example 1 and a backlight source, the
combinations are equal in the color reproducibility rangé
with the transmissive region chromaticity and the color
reproducibility range with the reflective region
chromaticity. However, brightness of the reflective regions
of the color filter of Example 4 was 15% higher than that of
Comparative Example 1.

In comparison between the display characteristics of a
liquid crystal display comprising the color filter of each
of Examples 3 and 4 and a three-peak type LED light source
(RGB chip LEDs) and a liquid crystal display comprising the
color filter of Comparative Example 2 and a two-peak type

LED light source, the liquid crystal displays are equal in
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vividness and higher visibility. In comparison between the
liquid crystal displays of Example 4 and Comparative Example
1, both liquid crystal displays are equal in the dolor
reproducibility range in a reflective display. However, the

liquid crystal display of Example 4 exhibits higher

brightness and higher visibility even in the dark.

Comparative Example 2

A color filter substrate was formed by the same method
as in Example 1 except that a colored film of each of red,
green and blue picture elements was deposited to a thickness
of 1.6 um, and photomasks having aperture region ratios of
13%, 37% and 16% were used for photolithography of red,
green and blue picture elements, respectively. As a result
of measurement of the transmissive region chromaticity of
each of the red, green and blue picture elements by using
standard light source C, the degrees of chromaticity (x, y)
of the red, green and blue picture elements were (0.606,
0.322), (0.311, 0.566), and (0.136, 0.108), respecfively.
Then, an over coat layer and an ITO film were deposited on

the resultant picture element film by the same method as in
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measured spectra of the picture elements were averaged.

Comparative Example 3
A color filter substrate was formed by the same method

as in Comparative Example 2 except that photomasks having

~ aperture region ratios of 14%, 41% and 17% were used for
photolithography of red, green and blue picture elements,
respectively. Then, an over coat 1ayef and an iTO £film were
deposited on the resultant picture element film by the same
method as in Example 1. For the thus-formed color filter
substrate, the spectrum of each of the central picture
element and the four corner picture elements of the
substrate was measured. The measured spectra of the picture

elements were averaged.

Comparative Example 4

A color filter substrate was formed by the same method
as in Example 1 except that a colored film of each of red,
green and blue picture elements was deposited to a thickness
of 1.5 um, and photomasks having aperture region ratios of
13%, 35% and 15% were used for photolithography of red,

green and blue picture elements, respectively. As a result
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of the red, green and blue picture elements were (0.599,
0.320), (0.313, 0.561), and (0.136, 0.111), respectively.
Then, an over coat layer and an ITO film were deposited on
the resultant picture element f£ilm by the same method as in
Example 1. For the thus-formed color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The

measured spectra of the picture elements were averaged.

Cdmparative Example 5

A color filter substrate was formed by the same method
as in Comparative Example 3 except that photomasks having
aperture region ratios of 14%, 41% and 18% were used for
photolithography of red, green and blue picture elements,
respectively. Then, an over coat layer and an ITO film were
deposited on the resultant picture element film by the same
method as in Example 1. For the thus-formed color filter
substrate, the spectrum of each of the central picture
element and the four corner plcture elements of the
substrate was measured. The measured spectra of the picture
elements were averaged.

Table 4 shows the reflective region chromaticity of the
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type LED light source in each of Comparative Examples 2 and
3, the reflective region chromaticity of the colored films
measured with light source D65 and the transmissive region
chromaticity measured with an organic electroluminescence
(EL) light source in each of Comparative Examples 4 and 5,
and'the reflective region chromaticity of the colored f£ilm
measured with light source D65 and the transmissive region
chromaticity measured with a two-peak type LED light source

in Comparative Example 1.
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a backlight source, a combination of the color filter of
Comparative Example 4 and a backlight source, and a
combination of the colér filter of Comparative Example 1 and
a backlight source, the combinations are equal in the color
reproducibility range with the transmissive region
chrdmaticity and brightness with the reflective region
chromaticity. On the other hand, the rates of improvement
in the range of color reproducibility with reflective region
chromaticity of Comparative Examples 2 and 3 are 13% and 20%,
respectively, as compared with that of Comparative Example 1.
These rates of improvement are lower than that in the use of
the three-peak type LED light source. In comparison between
the color characteristics of a combination of the color
filter of Comparative Example 3 and a backlight source, a
combination of the color filter of Comparative Examples 5
and a backlight source, and a combination of the color
filter of Comparative Example 1 and a backlight source, the
combinations are equal in the color reproducibility range
with the transmissive region chromaticity and brightness
with the reflective region chromaticity. On the other hand,
the rates of improvement in brightness with the reflective
region chromaticity of Comparative Examples 2 and 3 are 3%

and 5%, respectively, as compared with that of Comparative
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has relatively large side peaks near 490 nm and 580 nm. It
is also thought that the three-peak type organic EL light
source used in Comparative Example 3 has a broad peak over
the entire spectrum, and thus the improvement in the color
characteristics with the reflective region chromaticity is
lowered. Therefore, it is found that the three-peak type
LED of the three-peak type light sources can significantly
improve the color characteristics of a reflective display of

a transflective liquid crystal display.

Comparative Examéle 6

A color filter substrate having a conventional
configuration was formed by the same method as in Example 1
except that a photomask having an aperture region ratio of
zero was used for photolithography of red, green and blue
picture elements so as to form reflective regions and
transmissive regions having the same color characteristics,
as shown in Fig. 6. Then, an over coat layer and an ITO
film were deposited on the reéultant picture element film by
the same method as in Example 1. For the thus-formed color

filter substrate, the spectrum of each of the central
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Comparative Example 7

A color filter substrate having a conventional
configuration was formed by the same method as in
Comparative Example 1 except that a photomask having an
aperture region ratio of zero was used for‘photolithography
of red, green and blue picture elements so as to form
reflective regions and transmissive regions having the same
color characteristics, as shown in Fig. 6. Then, an over
coat layer and an ITO film were deposited on the resultant
picture element film by the same method as in Example 1.
For the thus-formed color filter substrate, the spectrum of
each of the central picture element and the four coiner
picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.
Table 5 shows the reflective region chromaticity of the

colored films measured with light source D65 and the
transmissive region chromaticity measured with a three-peak
type LED light source (ultraviolet LED+RGB phosphors) in
Comparative Example 6, and the reflective region
chromaticity of the colored films measured with light source

D65 and the transmissive region chromaticity measured with a
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Comparative Example 7 and a backlight source, brightness
with the reflective region chromaticity measured with the
three-peak type LED light source is 25% higher than that in
the use of the two-peak type LED light source. Although an
improvement in brightness is high, the absolute value (Y
value of white W) of brightness is only 26.8, and thus the
color filter is very dark as a color filter for a
transflective liquid crystal display. Therefore, a
combination of the three-peak type LED light source and the
color filter having the conventional configuration cannot
satisfy the characteristics required for a transflective
liquid crystal display. Therefore, it is found that a color
filter is required to have a configuration comprising

: £ransmissive regions and reflective regions having different

color characteristics.

Example 5
The non-photosensitive paste (TPI-1) was coated on a
glass substrate having a bladk matrix pattern formed thereon.
The coating film was dried at 120°C for 20 minutes in
an oven, and then a positive photoresist (TOKYO OHKA KOGYO

CO., LTD. OFPR-800) was coated on the coating film and then

-
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photomask pattern to leave a transparent resin layer in a

))) r V6t X<0%&'
)))

reflective region of each of red, green and blue picture
elements. After exposure, the substrate was dipped in a
developer comprising a 1.6% aqueous solution of
tetramethylammonium hydroxide to simultaneously perform
development of the photoresist and etching of the polyamic
acid coating film. After etching, the unnecessary
photoresist layer was removed with acetone, and the
remaining layer was heat-treated at 240°C for 30 minutes to
obtain the transparent resin layer in the reflective region
of each of the picture elements. The thickness of each
transparent resin layer was 1.8 um.

Next, the red resist (RAC-1) was coated by a spinner on
the glass substrate having the transparent resin layers, and
then the resultant coating film was heat-treated in an oven
at 80°C for 10 minutes. The coating £film was then exposed
with 100 mJ/cm?2 (strength of ultraviolet light at 365 nm) by
an ultraviolet exposure apparatus through a chromium
photomask for transmittiﬁg light through the transmissive
regions and reflective regions of red picture elements.
After exposure, the substrate was dipped in a developer

comprising a 1.6% aqueous solution of tetramethylammonium
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u element was 1.2 um, and the chromaticity (x, y) with
standard light source C was (0.567, 0.310). The total
thickness (the total thickness of the coating films of TPI-1
and RAC-1) at the center of the transmissive region of each
red picture element was 2.3 um, and the ratio of the
thickness of the colored layer in each reflective region to
that in each transmissive region was 2/5.

Similarly, the green resist (GAC-1) was coated by a
spinner on the glass substrate to form a colored coating
film. The coating thickness at the center of the
transmissive region of each picture element was 1.2 pum, and
the chromaticity (x, y) with standard light source C was
(0.321, 0.541). The total thickness (the total thickness of
the coating films of TPI-1 and GAC-1) at the center of the
transmissive region of each green picture element was 2.3 um,
and the ratio of the thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5.

Similarly, the blue resist (BAC-1) was coated by a
spinner on the glass substrate to form a colored coating

film. The coating thickness at the center of the
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transmissive reglon of each picture element was 2.3 um, and
the ratio of the thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5. Then, an over coat layer (JRS Corporation, "Optomer
SS6500/SS0500") was deposited to a thickness of 2 um on the
picture element layer formed as described above.
Furthermore, an over coat layer (JRS Corporation, "Optomer
SS6500/5SS0500") was deposited to a thickness of 2 um on the
over coat layer, and an ITO film was deposited to a
thickness of 0.1 um on the over coat layer by sputtering.
For the thus-formed color filter substrate, the spectrum of
each of the central picture element and the four corner
picture elements of the substrate was measured. Fig. 10
shows a spectrum in a transmissive region, and Fig. 12 shows

a spectrum in a reflective region.

Comparative Example 8

A transparent resin layer was coated, by the same
method as in Example 5, on a glass substrate having a black
matrix pattern formed thereon. The thickness of the

transparent resin layer was 2.6 um.
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The thickness at the center of the transmissive region

of each picture element was 1.8 um, and the chromaticity (x,
y) with standard light source C was (0.622, 0.328). The
total thickness (the_totai thickness of the coating films of
TPI-1 and RAC-1) at the center of the transmissive region of
each picture element was 3.4 pm, and the ratio of the
thickness of the colored layer in each reflective region to
that in each transmissive region was 2/5.

Similarly, the green resist (GAC-1) was coated by a
spinner on the glass substrate to form a colored coating
£ilm. The coating thickness at the center of the
transmissive region of eachlpicture element was 1.8 um, and
the chromaticity (x, y) with standard light source C was
(0.298, 0.581). The total thickness (the total thickness of
the coating films of TPI-1 and GAC-1) aﬁ the center of the
transmissive region of each picture element was 3.4 pm, and
the ratio of the thickness of the colored layer in each
reflectivé region to that in each transmissive region was
2/5.

Similarly, the blue resist (BAC-1) was coated by a
spinner on the glass substrate to form a colored coating

film. The coating thickness at the center of the
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| OLO%& (§-235, 0.099). The total thickness (the total thickness of
the coating films of TPI-1 and BAC-1) at the center of the
transmissive region of each picture element was 3.4 um, and
the ratio of the thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5. Then, an over coat layer and an ITO film were
deposited on the resulting picture element layer by the same
meﬁhod as in Example 5. For the thus-formed color filter
substrate, the spectrum of each of the central picture
element and the four corner picture elements of the
substrate was measured.

~Table 6 shows the reflective region chromaticity of the

colored coating films measured with light source D65 and the
transmissive region chrpmaticity measured with a thrée-peak
type LED light source (ultraviolet LED+RGB phosphors) in
Example 5, and the reflective region chromaticity of the
colored coating films measured with light source D65 and the
transmissive region chromaticity measured with a two-peak

type iED light source in Comparative Example 8.
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source and a combination of the color filter of Comparative
Example 8 and a backlight sourée, both combinations are
equal in the color reproducibility range with the
transmissive region chromaticity. However, white brightness
with reflective region chromaticity in Example 5 is higher
than that in Comparative Example 8, and a reflective display
with higher visibility, can be expected.

In comparison between the display characteristics of a
liquid crystal display comprising the color filter of
Example 5 and a three-peak type LED light source
(ultraviolet LED+RGB phosphors) and a liquid crystal display
comprising the color filter of Comparative Example 8 and a
two-peak type LED light source, the liquid crystal display
are equal in the color vividness of a transmissive display.
However, the liquid crystal display of Comparative Example 8
exhibits insufficient brightness and low visibility in a
reflective display. On the other hand, the liquid crystal
display of Example 5 exhibits high brightness and high
visibility in a reflective display.

In this way, in a transflective liquid crystal display
using a two-peak type LED and a thickness-controlling system
color filter in which the color reproducibility of a

transmissive display is increased, a reflective display with
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obtained. Namely, it can be said that a transmissive
display with vividness and a reflective display with
sufficient brightness can be realized only by a combination

of a three-peak type LED and a thickness-controlling system

color filter.

Example 6

A transparent resin layer was formed, by the same
method as in Example 5, in a portion corresponding to the
reflective region of each of red and blue picture elements
on a glass substrate having a black matrix pattern. The
thickness of the transparent resin layers was 1.8 pm.

Next, the red resist (RAC-1) was coated by a spinner on
the glass substrate having the transparent resin layers to
obtain red picture elements in the same manner as in Example
10. The thickness at the center of the transmissive region
of each picture element was 1.2 pum, and the chromaticity (x,
y) with standard iight source C was (0.567, 0.310). The
total thickness (the total thickness of the coating films of
TPI-1 and RAC-1) at the center of the transmissive region of
each picture element was 2.3 pum, and the ratio of the

thickness of the colored layer in each reflective region to
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film. The coating thickness at the center of the
transmissive region of each picture element was 1.2 um, and
the chromaticity (x, y) with standard light source C was
(0.138, 0.127). The total thickness (the total thickness of
the coating films of TPI-1 and BAC-1) at the center of the
transmissive region of each picture element was 2.3 um, and
- the ratio of the thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5.

Next, the green resist (GAC-1) was coated by a spinner
in the transmissive regions of green plcture elements to
form colored coating films by the same method as in Ekample
5. The coating thickness at the center of the transmissive
region of each picture element was 1.2 pm, and the
chromaticity (x, y) withfstandard.light source C was (0.321,
0.541).

Next, the green resist (GAC-1) was further coated by a
spinner in the transmissive regions of the green picture
elements to form colored coating films by the same method as
in Example 5. The coating thickness at the center of the
transmissive region of each picture element was 1.2 um, and

the chromaticity (x, y) with standard light source C was
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elements to form colored coating films by the same method as

in Example 5. The coating thickness at the center of the

reflective region of each picture element was 1.2 pm, and

the chromaticity (x, y) with standard light source C was

(0.329, 0.444).

Then, an over coat layer and an ITO film were deposited
on the resulting picture element layer by the same method as
in Example 5. For the thus-formed color filter substrate,

the spectrum of each of the central picture element and the

four corner picture elements of the substrate was measured.

Comparative Example 9

A transparent resin layer was formed, by fhe'same
method as in Example 5, on a glass substrate having a black
matrix pattern formed thereon. The thickness of the
transparent resin layer was 2.6 pm.

Next, the red resist (RAC-1) was coated by a spinner on
the glass substrate having the transparent resin layer to
obtain red picture elements in the same manner as in Example
5. The thickness at the center of the transmissive region
of each picture element was 1.8 um, and the chromaticity (x,
y) with standard light source C was (0.622, 0.328). The

total thickness (the total thickness of the coating films of
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that in each transmissive region was 2/5.

Similarly, the blue resist (BAC-1) was coated by a
spinner on the glass substrate to form a colored coating
£ilm. The coating thickness at the center of the
transmissive region of each picture element was 1.8 pm, and
the chromaticity (x, y) with standard light source C was
(0.135, 0.099). The totai thickness (the total thickness of
the coating films of TPI-1 and BAC-1) at the center of the
transmissive region of each picture element was 3.4 um, and
the ratio of the thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5. |

Next, the green resist (GAC-1) was coated by a spinner
in the transmissive regions of green picture elements to
form colored coating films by the same method as in Example
5. The coating thickness at the center of the transmissive
region of each picture element was 1.2 pm, and the
chromaticity (x, y) with standard light source C was (O.32i,
0.541). Next, the green resist (GAC-2) was coated by a
spinner in the reflective regions of the green picture
elements to form colored coating films by the same method as

in Example 5. The coating thickness at the center of the
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Then, an over coat layer and an ITO film were deposited
on the resulting picture element layer by the same method as
in Example 5. For the thus-formed color filter substrate,
the spectrum of each of the central picture element and the
four corner picture elements of the substrate was measured.

Table 7 shows the reflective region chromaticity of the
colored coating films measured with light SOﬁrce D65 and the
transmissive region chromaticity measured with a three-peak
type LED light source (ultraviolet LED+RGB phosphors) in
Example 6, and the reflective region chromati&ity of the
colored coating films measured with light source D65 and the
transmissive region chromaticity measured with a two-peak

type LED light source in Comparative Example 9.
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Example 6 and a three-peak type LED light source
(ultraviolet LED+RGB phosphors) and a liquid crystal display
comprising the color filter of Comparative Example 9 and a
two-peak type LED light source, the liquid crystal displays
are equal in the color vividness of a transmissive display.
However, the liquid crystal display of Example 6 exhibits
high brightness in a reflective display and high visibility
even in the dark. On the other hand, the liqﬁid crystal
display of Comparative Example 9 produces a dark reflective
display to make a display slightly hard to see.

In this way; in é transflective liquid crystal display
using a two-peak type LED and a color filter in which
reflective regions and transmissive regions of one of the

colors have different coating characteristics, and the
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cannot be achieved. However, in the use of a three-peak
type LED, a reflective display with sufficient brightness
can be obtained. Namely, it can be said that a transmissive
display with vividness and a reflective display wlth
sufficient brightness can be realized only by a combination
of a fhree-peak type LED and a color fillter coﬁtaining
picture elements of at least one color formed in a

thickness-controlling system.

Example 7

A tranéparent resin layer was formed, by the same
method as in Example 5, on a glass substrate having a black
matrix pattern formed thereon. The thickness of the
transparent resin layer was 2.0 um.

Next, the red resist (RAC-1) was coated by a spinner on
the glass substrate having the transparent resin layer to
obtain red picture elements in the same manner as in Example
5. The thickness‘at the center of the transmissive region
of each picture element was 1.4 um, and the chromaticity (x,
y) with standard light source C was (0.588, 0.316). The

total thickness (the total thickness of the coating f£ilms of
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that in each transmissive region was 2/5.

Similarly, the green resist (GAC-1) was coated on the
substrate to form a colored coating f£ilm by a spinner. The
coating thickness at the center of the transmissive region
of each picture element was 1.4 pm, and the chromaticity (x,
y) with standard light source C was (0.316, 0.554). The
total thickness (the total thickness of the coating films of
TPI-1 and GAC-1) at the ceﬁfer of the transmissive region of
each picture element was 2.6 pm, and the ratio of the
thickness of the colored layer in each reflective region to
that in each transmissive region was 2/5.

Similarly, the blue resist (BAC-1) was‘coated on the
glass substrate by a spinner to form a colored coating film.
The coating thickness at the center of the transmissive
region of each picture element was 1.4 pum, and the
chromaticity (x, y) with standard light source C was (0.136,
0.117). The total thickness (the total thickness of the
coating films of TPI-1 and BAC-1) at the center of the
transmissive region of each picture element was 2.6 um, and
the ratio of the thickness of the colored layer in eéch
reflective region to that in each transmissive region was

2/5.
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four corner picture elements of the substrate was measured.

Comparative Example 10

A transparent resin layer was formed, by the same
method as in Example 5, on a glass substrate having a black
matrix pattern formed thereon. The thickness of the
transparent resin layer was 3.2 um. Next, the red resist
(RAC-1) was coatéd by a spinner on the glass substrate
having the transparent resin layer to obtain red picture
elements in the same manner as in Example 5. The thickness
at the center of the transmissive region of each picture
element was 2.3 um, and the chromaticity (x, y) with
standard light source C was (0.644, 0.333). The total
thickness (the total thickness of the coating films of TPI-1
and RAC-1) at the center of the transmissive region of each
picture element was 4.1 um, and the ratio of the thickness
of the colored layer in each reflective region to that in
each transmissive region was 2/5.

Similarly, the green resist (GAC-1) was coated on the
substrate by a spinner to form a colored coating film. The

coating thickness at the center of the transmissive region
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each picture element was 4.1 ym, and the ratio of the
thickness of the colored layer in each reflective region to
that in each transmissive region was 2/5.

Similarly, the blue resist (BAC-1) was coated on the
glass substrate by a spinner to form a colored cbating £film.
The coating thickness at the center of the transmissive
region of each picture element was 2.3 um, and the
chromaticity (x, Y) with standard light source C was (0.136,
0.085). The total thickness (the total thickness of the
coating films of TPI-1 and BAC-1) at the center of the
transmissive region of each picture element was 4.1 um, and
the ratio of the thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5.

Then, an over coat layer and an ITO film were deposited
on the resulting plcture element layer by the same method as
in Example 5. For the thus-formed coloxr filter substrate,
the 5pectrum of each of the central picture element and the
four corner picture elements of the substrate was measured.

Table 8 shows the reflective region chromaticity of the

colored coating films measured with light source D65 and the
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transmissive region chromaticity measured with a two-peak

type LED light source in Comparative Example 10.
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source and a combination of the color filter of Comparative
Example 10 and a backlight source, both combinations are
equal in the color reproducibility range with the
transmissive region chromaticity and the color
reproducibility range with the reflective region
chromaticity. However, brightness of the reflective regions
of Example 7 is 28% higher than that in Comparative Example
10.

In comparison between the display characteristics of a
liquid crystal display comprising the color filter of
Example 7 and a three-peak type LED light source
(ultraviolet LED+RGB phosphors) and a liquid crystal display
comprising the color filter of Comparative Example 10 and a
two-peak type LED light source, both liquid crystal displays
are equal in the color vividness of a transmissive display.
However, the liquid crystal display of Example 7 exhibits
high brightness in a reflective display and high visibility
even in the dark. On the other hand, the liquid crystal
display of Comparative Example 10 produces a dark reflective
display to make a display hard to see.

In this way, in a transflective liquid crystal display
using a two-peak type LED and a color filter in which a

thickness-controlling system and an area-controlling system
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transmissive display is increased, a reflective display with
sufficient brightness cannot be achieved.‘ However, in the
use of a three-peak type LED, a reflective display with
sufficient brightness can be obtained. Namely, it can be
said that a transmissive display with vividness and a
reflective display with sufficient brightness can be
realized only by a combination of a three-peak type LED and
a color filter in which the thickness-controlling system and

the area-controlling system are combined.

Comparative Example 11

The red resist (RAC-2), green resist (GAC-2) and blue
resist (BAC-2) were coated in the reflective regions of red
plcture elements, green picture elements, and blue picture
elements, respectively, on a substrate by a spinner to form
colored coating films in the same manner as in Example 5.
The coating thickness at the center of the transmissive
region of each of the red, green and blue picture elements
was 1.2 pm, and the degrees of chromaticity (x, y) of the
red, green and blue picture elements with standard light
source C were (0.453, 0.308), (0.329, 0.444), and (0.170,
0.205), respectively. Then, colored coating films were
formed in the respective transmissive regions of the red,

‘green and blue picture elements by the same method as in
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on the resultant picture element film by the same method as
in Example 1. For the thus-formed color filter substrate,

the spectrum of each of the central picture element and the
four corner picture elements of the substrate was measured.

The measured spectra of the picture elements were averaged.

Comparative Example 12

Color coated layers were formed by the same method as
in Comparative Example 11 except that color coated layers
were formed in the respective transmissive regions of red
picture elements, and green picture elemenfs and blue
picture elements by the same manner as in Comparative
Example 8.

Then, an over coat layer and an ITO film were deposited
on the resultant picture element film by the same method as
in Example 1. For the thus-formed color filter substrate,
the spectrum of each of the central picture element and the
four corner picture elements of the substrate was measured.
The measured spectra of the picture elements were averaged.

Table 9 shows the reflective region chromaticity of the
colored coating films measured with light source D65 and the

 transmissive region ch:omaticity measured with a three-peak

type LED light source (ultraviolet LED+RGB phosphors) in
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chromaticity of the colored coating films measured with
light source D65 and the transmissive region chromaticity
measured with a two-peak type LED light source in

Comparative Example 12.
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and a backlight source and a combination of the color filtexr

» of Comparative Example 12 and a backlight source, both
combinations are equal in the color reproducibility range
with the transmissive region chromaticity, and are the same
in characteristics with the reflective region chromaticity.

In comparison between the display characteristics of a
liquid crystal display comprising the color filter of
Comparative Example 11 and a three-peak type LED light
source (ultraviolet LED+RGB phosphors) and a liquid crystal
display comprising the color filter of Comparative Example
12 and a two-peak type LED light source, both liquid crystal
display are equal in the color vividness of a transmissive
displays. Also, the liquid crystal displays of Comparative
Examples 11 and 12 are the same'in characteristics of a
reflective display.

In this way, in a'six-color coating system, the colored
coating films in the transmissive regions are formed
independently of those in the reflective reglons, and thus a
change of the backlight source causes no effect of improving
the characteristics of the reflective display.

Table 10 shows the effect of improving the brightness
of a reflective display in each of the above-described

liquid crystal displays of the present invention.
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This table indicates that even in a reflective display
using environmental light, brightness is improved by a
combination of the area-controlling system or thickness-
controlling system color filter and a three-peak type
backlight source. It is also found that brightness is
improved particularly when a LED light source among the

three-peak type light sources is used.

Example 8 -

The red paste (R-1) was coated by a spinner on a glass
substrate having a black matrix pattern forméd thereon so
that the chromaticity (x, y) measured by passing light of
standard light source C through the glass substrate was
(0.466, 0.294). The resultant coating film was dried at
120°C for 20 minutes, and then a positive photoresist (TOKYO
OHKA KOUGYO CO., LTD. "OFPR-800") was coated on the coating

f£ilm and dried at 90°C for 10 minutés. The coating film was
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strength of 60 mJ/cm? (strength of ultraviolet light at 365
nm). The photomask used had an aperture ratio (aperture
region ratio) of 12% in reflective regions. After exposure,
the substrate was dipped in a developer comprising a 2.25%
aqueous solution of tetramethylammonium hydroxide to
simultaneously perform development of the photoresist and
etching of thé colored film of polyimide precursor. After
etching, the unnecessary photoresist layer was removed with
acetone. Furthermore, the colored f£ilm of polyamide
precursor was heat-treated at 240°C for 30 minutes to
convert the polyamide precursor to polyimide. Next, the
blue paste (B-1) was coated so that the final chromaticity
(x, y) measured by passing light of standard light source C
through the glass substrate was (0.152, 0.190), and then
photolithography was performed by the same method as that
used for the red picture elements. The photomask used had
an aperture ratio (aperture region ratio) of 9% in the
reflective regions. Next, the color paste (G-1) was coated
by a sbinner so that the final chromaticity (x, y) measured
by passing light of standard light source C through the
glass substrate was (0.309, 0.373), and then
photolithography was performed by the séme method as that

used for the red picture elements. The photomask used for
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laminate green colored layers in the transmissive regions of
the green picture elements. The chromaticity (x, y) of the
transmissive regions of the green picture elements, which
was measured by using standard light source C, was (0.284,
0.443). Then, an over coat layer was deposited to a
thickness of 2 um on the thus-obtained picture element layer,
and an ITO film was deposited to a thickness of 0.1 um by
sputtering on the over coat layer. For the thus-obtained
color filter substrate, the spectrum of each of the central
picture element and the four corner picture elements of the
substrate was measured. Table 11 shows the reflective
region chromaticity measured with light source D65, the
transmissive region chromaticity measured with a two-peak
type LED light source, and chromaticity difference 0 of the
resultant color filter.

Table 11
Transmissive region Reflective region Chromaticity

chromaticity (two-peak chromaticity (light source | gifference 9§
‘| type LED light source) D65)

b 4 Y Y X Yy Y
R 0.489 0.332 42.6 0.485 0.331 33.1 1.7x%10-5
G 0.307 0.438 68.7 0.308 0.438 67.9 1.5x107

B 0.154 0.186 26.1 0.168 0.185 21.6 1.9%x10-4
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Example 8 except that a photomask producing no aperture
region in each picture element was used for photolithography
of red, blue and green picture elements, each green picture
element was not formed by laminating, and the final
chromaticity measured by passing light of standard light
source C was different from that in Example 8. In this
comparative example, the red paste (R-1), green paste (G-1)
and blue paste (B-1) were used. The degrees of chromaticity
(x, yv) of the red picture elements, the green picture
elements, and the blue picture elements, which were measured
by passing light of standard light source C, were (0.405,
0.285), (0.309, 0.373), and (0.178, 0.225), respectively.

For the thus-formed color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.
Table 12 shows the reflective region chromaticity measured
with light source D65, the transmissive region chromaticity
measured with a two-peak type LED light source, and

chromaticity difference 0 of the resultant color filter.
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chromaticity (two-peak chromaticity (light difference d
type LED light source) source D65)
X y Y X Y Y
R 0.425 0.317 54.0 0.486 0.304 32.6 3,9%10"3
G| 0.328 0.379 86.0 0.308 0.438 67.9 3.8x10"3
0.184 0.227 36.8 0.143 0.187 22.3 3.3x10-3

Comparative Example 14

. A color filter was formed by the same method as in
Example 8 except that a photomask'patterned to produce an
aperture region ratio of 26% in each green elemént was use
for photolithography of the green picture elemenfs, green
paste was coated so that the final chromaticity measured by
passing light of standard light source C was (0.303, 0.440),
and the green picture elements were not formed by laminating
the paste. The red paste (R-1), green paste (G-1) and blue
paste (B-1) were used.

For the thus-formed color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.
Table 13 shows the reflective region chromaticity measured
with light source D65, the transmissive region chromaticity

measured with a two-peak type LED light source, and
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Transmissive rdgion Reflective region Chromaticity
chromaticity (two-peak chromaticity (light difference &
type LED light source) source D65)
. X Y Y X Yy Y

R | 0.489 0.332 42.6 0.485 0.331 33.1 1.7%x10-5
0.326 0.437 74.2 0.300 0.438 62.3 6.6x10-4

B| 0.154 0.186 26.1 0.168 0.185 21.6 1.9%10-4

The display characteristics of a transflective liquid
crystal display comprising the color filter of each of
Comparative Examples 13 and 14 were compared with the
characteristics of‘a liquid crystal display comprising the
color filter of Example 8 under a condition in which outdoor
environmental light was used in a reflective display with
the backlight source turned off, and the backlight source
was turned on in a transmissive display in the dark. In the
transmissive display, a two-peak type LEﬁ light source was
used as a 1ight source. The liquid crystal display
manufactured by a conventional technique in Comparative
Example 1 exhibited a light color over the entire
transmissive display and a great difference in visibility
from the reflective display. On the other hand, the liquid
crystal display using the color filter of Example 8 had

substantially no color difference between the reflective
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the reflective display of Comparative Example 14 was lower

than that of Example 8.

Example 9

The red paste (R-2) was coated by a spinner on a glass
substrate having a black matrix pattern formed thereon, the
red paste being controlled to the ratio shown in Table 1 so
that the chromaticity (x, y) measured by passing light of
standard light source C through the glass substrate was
(0.405, 0.301). The resultant coating film was dried at
120°C for 20 minutes, and then a positive photoresist (TOKYO
OHKA KOUGYO CO., LTD. "OFPR-800") was coated‘on the coating
£ilm and dried at 90°C for 10 minutes. The coating film was
then exposed to light by using Canon Inc. "Proximity
Exposure "PLA-501F" through a chromium photomask with a
strength of 60 mJ/cm? (strength of ultraviolet light at 365
nm). a photomask produding an aperture region ratio of zero

in red picture elements was used. After exposure, the
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+10%MM&'§1&8£§§§E§H§ZY pér¥§¥% development of the photoresist and

etching of the colored film of polyimide precursor. After

etching, the unnecessary photoresist layer was removed with
acetone. Furthermore, the colored film of polyamide
precursor was heat-treated at 240°C for 30 minutes to
convert the polyamide precursor to polyimide. Next, the
color paste (G-1) was coated by a spinner so that the final
chromaticity (x, y) measured by passing light of standard
light source C was (0.307, 0.426), and then photolithography
was performed by the same method as that used for the red
picture elements. The photomask used had an aperture ratio
(aperture region ratio) of 23% in the reflectiﬁe regions.
Next, the color paste (B-1) was coated so that the
chromaticity (x, y) measured by passing light of standard
light source C through the glass substrate was (0.148,
0.182), and then photolithography was performed by the same.
method as that used for the red picture elements. The
photomask used had an aperture ratio (aperture region ratio)
of 10% in the reflective regions. Finally, the color paste
(R~3) controlled to the ratio shown in Table 1 was coated by
a spinner to laminate a red colored layer over the entire
transmissive regions of the red picture elements and in a

50% area of the transmissive regions of each blue picture
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chromaticity (x, y) of the transmissive regions of the blue
picture elements, which was measured by using standard light
source C, was (0.171, 0.169). Then, an o&er coat layer was
deposited to a thickness of z‘um on the thus-obtained
picture element layer, and an ITO film was deposited to a
thickness of 0.1 um by sputtering on the over coat layer.
For the thus-obtained color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.
Table 14 shows the reflective region chromaticity measured
with light source D65, the transmissive region chromaticity
measured with a three-peak type LED light source (RGB chip
LEDs), and chromaticity difference d of the resultant color

filter.
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type LED light source) source D65)
b4 b4 Y X y Y
R | 0.488 0.321 41.1 0.488 0.323 33.4 2.9x10-6
0.298 0.438 74.5 0.305 0.438 61.4 4.9x10-5
B | 0.169 0.186 21.4 0.174  0.187 20.9 3.2x10°5

Comparative Example 15

In forming a color filter, a photomask having a pattern
for producing an aperture region ratio of 11% in each red
element was used for photolithography of red picture
elements, and a photomask having a pattern for producing an
aperture region ratio of 12% in each blue element was used
in photolithography for blue picture elements. In this
comparative example, the red paste (R-2), green paste (G-1)
and blue paste (B-1) were used. Each of the red picture
elements and blue picture elements was not formed by
laminating the paste. The degrees of chromaticity (x, y) of
the red picture.elements and the blue picture elements,
which were measured by passing light of standard light
source C, were (0.469, 0.313) and (0.141, 0.167),
respectively. For the green picture elements, the green
paste was coated and processed by the same method as in

Example 9.
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Table 15 shows the reflective region chromaticity measured
with light source D65, the transmissivevregion chromaticity
measured with a three-peak type LED light source (RGB chip
LEDs), and chromaticity difference 6 of the resultant color
filter.

Table 15

Transmissive region
chromaticity (three-peak

type LED light source)

Reflective reéion
chromaticity (light

source D65)

Chromaticity
difference 9

X y Y X Yy Y
R 0.488 . 0.308 36.8 0.488 0.344 31.0 1.2x10-3
G 0.298 0.438 74.5 0.305 0.438 61.4 4.9%10°5
B 0.139 0.187 24.8 0.183 0.187 20.1 1.9%10-3

The display characteristics of a transflective liquid
crystal display comprising the color filter of Comparative
Example 15 were compared with the characteristics of a
liquid crystal display éomprising the color filter of
Example 9 under a condition in which outdoor environmental
light was used in a reflective display with the backlight
source turned off, and the backlight source was turned on in

a transmissive display in the dark. In the transmissive
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using the color filter of Comparative Example 15 and the

iiquid cfystal display of Example 9 exhibited the same color
vividness. However, the liquid crystal display using the
color filter of Example 9 had substantially no color
difference between the reflective display and the
transmissive display, and thus exhibited good display

characteristics.

Example 10

The red paste (R-1) was coated by a spinner on a glass
substrate having a black matrix pattern formed thereon so
that the chromaticity (x, y) measured by passing light of
standard light source C through the glass substrate was
(0.466, 0.294). The resultant coating film was dried at
120°C for 20 minutes, and then a positive photoresist (TOKYO
OHKA KOUGYO CO., LTD. "OFPR-800") was coated on the coating
film and dried at 90°C for 10 minutes. The coating film was
then exposed to light by using Canon Inc. "Proximity
Exposure "PLA-501F" through a chromium photomask with a
strength of 60 mJ/cm? (strength of ultraviolet light at 365
nm). The photomask used had an aperture ration (aperture
region ratio) of 12% in reflective regions. After exposure,

the substrate was dipped in a developer comprising a 2.25%
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precursor was heat-treated at 240°C for 30 minutes to
convert the polyamide precursor to polyimide; Next,'the
blue paste (B—Z) was coated so that the final chromaticity
(x, y) measured by passing light of standard light source C
through the glass substrate was (0.200, 0.232), and then
photolithography was performed by the same method as that
used for the red picture elements. a photomask producing no
aperture region in the blue picture eléments was used. Next,
the color paste (G-1) was coated by a spinner so that the
chromﬁticity (x, y) measured by passing light of standard
light source C through the glass substrate was (0.309,
0.373), and then photolithography was performed by the same
method as that used for the red picture elements. A
photomask producing no aperture region in the green picture
elements was used. Next, the color paste (sz) was coated
by a spinner to laminate a green colored layer on the
transmissive region of each green picture element. The
thomaticity (x, y) measured by passing light of standard
light source C through the transmissive regions of the green

picture elements was (0.284, 0.443). Finally, the color
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the blue picture elements was (0.158, 0.188). Then, an over
coat layer was deposited to a thickness of 2 pm on the thus-
obtained picture element layer, and an ITO £ilm was
deposited to a thickness of 0.1 ym by sputtering on the over
coat layer. |

For the thus-obtained color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.
Table 16 shows the reflective region chromaticity measured
with light source D65, the transmissive region chromaticity
measured with a two-peak type LED light source, and

chromaticity difference 8 of the resultant color filter.

Table 16
Transmissive region Reflective region Chromaticity
chromaticity (two-peak chromaticity (light difference &
type LED light source) source D65)

b 4 y Y X Y Y

R 0.489 0.332 42.6 0.485 0.331 33.1 1.7x10-5

G| 0.307 0.438 68.7 0.308 0.438 67.9 1.5x10"7

B 0.160 0.187 25.2 0.155 0.186 22.1 3.0x10-53
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liquid crystal display comprising the color filter of
Example 10 under a condition in which outdoor environmental
light was used in a reflective display with the backlight
source turned off, and the backlight source was turned on in
a transmissive display in the dark. In the transmissive
display, a two-peak type LED light source was used as a
light source. The liquid crystal display of Example 10 had
substantially no color difference between the reflective
" display and the transmissive display, and thus exhibited
good display characteristics. However, a slight change in
coloring was observed between the liquid crystal displays of
Comparative Example 14 and Example 10, and the brightness of
the reflective display of Comparative Example 14 was lower

than that of Example 10.

Example 11

The red paste (R-4) was coated by a spinner on a glass
substrate having a black matrix pattern formed thereon. The
resultant coating film was dried at 120°C for 20 minutes,
and then a positive photoresist (TOKYO OHKA KOUGYO CO., LTD.
"OFPR-800") was coated on the coating film and dried at 90°C

for 10 minutes. The coating film was then exposed to light
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ultraviolet 1light at 365 nm). In this example, a photomask
leaving a colored layer only in the transmissive region of
each red picture element was used. after exposure, the
substrate was dipped in a developer comprising a 2.25%
aqueous solution of tetramethylammonium hydroxide to
simultaneously perform development of the photoresist and
etching of the colored film of polyimide precursor. After
etching, the unnecessary photoresist layer was removed with
acetone. Furthermore, the colored film of polyamide
precursor was heat-treated at 240°C for 30 minutes to
convert the polyamide precursor to polyimide. The thickness
of each colored layer was 1.4 um, and the chromaticity
measured by passing light of standard light source C was
(0.429, 0.281). Next, green picture elements and blue
picture elements were formed by the same method as that used
for the red picture elementé. In this case, the green pate
G-3 and the blue paste B-3 were used. The thickness of each
green colored 1ayér was 1.4 pm, and the chromaticity
measured by passing light of standard light source C was:
(0.291, 0.457). The thickness of each blue colored layer
was 1.4 um, and the chromaticity measured by passing light
of standard light source C was (0.191, 0.241). As a result,

the transmissive regions were formed.
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X10%$$&f£hé% a photomask leaving color layers in the transmissive
regions and the reflective regions was used, and the color
pastes below were used. As a result, two-color layers were
laminated in each of the transmissive regions. In this case,
the color paste R-6, the color paste G-5 and the blue paste
B-5 were used for the red, green and blue picture elements,
respectively. The thickness of the colored layer of the
reflective region of each picture element was 1.4 pm. The
degrees'of chromaticity (x, y) of the red, green blue
picture elements, which were measured by passing light of
standard light source C, were (0.453, 0.308), (0.329, 0.444),
and (0.170, 0.205), respectively.

Then, an over coat layer was deposited to a thickness
of 2 um on the thus;obtained picture element léyer, and an
ITO film was deposited to a thickness of 0.1 um by
sputtering on the over coat layer.

For the thus-obtained color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.

Table 17 shows the reflective region chromaticity measured

with light source D65, the transmissive region chromaticity
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chromaticity (two-peak chromaticity (1ightl difference &
type LED light source) source D65)
b 4 Y Y X Y Y ,
R 0.574 0.338 28.5 0.573 0.328 25.7 1.0x10-
G| 0.321 0.527 58.8 0.322 0.527 70.6 1.1x10%6
B 0.143 0.159 20.0 0.139 0.159 18.9 1.3x10"5
Example 12

The transmissive regions and reflective regions were
first formed, and then the transmissive regions were further
formed. Namely, colored layer patterns were formed by the
same method as in Example 11 except that the order of
picture element formation was opposite to that in Example 11.

Then, an over coat layer was deposited to a thickness
of 2 ym on the thus-obtained picture element layer, and an
ITO film was deposited to a thickness of 0.1'um by
spuftering on the over coat layer.

For the thus-obtained color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.

Table 18 shows the reflective region chromaticity measured
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Pransmissive region Reflective region Chromaticity
chromaticity (two-peak chromaticity (light difference o
type LED light source) source D65)
X Y Y b 4 v b'4
R 0.574 0.338 28.5 0.573 0.328 25.7 1.0x10-4
G| 0.321 0.527 58.8 0.322 0.527 70.6 1.1x10-6
B | 0.143 0.159 20.0 0.139 0.159 18.9 1.3x10-5

Comparative Example 16

Colored layer patterns were formed in the transmissive
regions by the same method as in Example 11 except that the
color pastes below were used. In this comparative example,
the red paste R-5, dgreen paéte G-4 and blue paste B-4 were
used. The thickness of the colored layer in the
transmissive region of each picture element was 1.4 pum. The
degrees of chromaticity (x, Y) of the red picture elements,
the green picture elements, and the blue picture elements,
which were measured by passing light of standard light
source C, were (0.552, 0.306), (0.298, 0.538), and (0.139,
0.159), respedfively.

Next, colored layer patterns were formed in the

reflective regions by the same method as the above method
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CL!lO%h&éBeé%rum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of‘the picture elements were averaged.
Table 19 shows the reflective region_éhromaticity measured
with light source D65, the transmissive region chromaticity
measured with a three-peak type LED light source, and

chromaticity difference & of the resultant color filter.
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crystal display comprisingvthe color filter of Comparative
Example 16 were compared with the characteristics of a
liquid crystal display comprising fhe color filter of each
of Examples 11 and 12 under a condition in which outdoor
environmental light was used in a reflective display with
the backlight source turned off, and the backlight source
was turned on in a transmissive display in the dark. In the
transmissive display, a two-peak type LED light source was
used as a light source. The liquid crystal display of each
of Examples 11 and 12 had no color difference between the
reflective display and the transmissive display, and thus
exhibited good display characteristics. Although the liquid
crystal display of Comparative Example 16 had no color
difference between the reflective display and the
transmissive display, several white luminescent spots and

color ununiformity were observed on a screen. Therefore,
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characteristics (color reproducibility and brightness) in a
reflective display. Also, a color filter for a bright

transflective liquidvcrystal display capable of producing a
small chromaticity difference between a reflective display

and a transmissive display. can be realized.
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3. Zloqﬁ&uﬁlngLaﬁblent light as a light source, a backlight source,

and a color filter having a transmissive region and a

reflective region which are provided in each picture element

of the color filter and which have colored layers comprising

a single material, a three-peak type LED backlight source

being used as the backlight source.

2. The transflective liquid crystal display according
to claim 1, wherein the color filter includes the picture
elements of at least one color in each of which the colored
layers of the transmissive region and the reflective region
have the same thickness, and an aperture is formed in the

reflective region.

3. The transflective liquid crystal display according
to claim 1, wherein the color filter includes the picture
elements of‘at least one color in each of which the colored
layers of the reflective region and the transmissive region

have different thicknesses.

4, The transflective liquid crystal layer according to
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6. The color filter for a liquid crystal display
according to claim 5, wherein a first colored layer is
formed in each transmissive region, and a second colored
layer is formed on the first colored layer and in each

reflective region.

7. The color filter for a liquid crystal display
according to claim 5, wherein a first colored layer is
formed in each of the transmissive regions and the
reflective regions, and a second colored layer is formed on

the first colored layer in each transmissive region.

8. The color filter for a liquid crystal display
according to claim 5, wherein the transmissive region and
the reflective region in each of the picture elements of at

least one color comprise a single coloring agent, and each
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according to claim 5, wherein blue colored layers having

different pigment compositions are laminated.

13. The color filter for a liquid crystal display
according to claim 5, a single colored layer is laminated on
a blue colored layer and a red colored layer so that the
area of a coloring agent laminated on the blue colored layer

is smaller than that laminated on the red colored layer.
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