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BACKGROUND OF THE INVENTION 1. Field of the Invention 5 ﬂMﬂWWWMﬂﬂmmmmisplay
15 §3€

invention relates to a color filter to be used for aliq
that may be used for both a transm ssion type and reflection,
2. Description of the Related Art Aliquid crystal display is

di spl ay.
used today

for various uses 10 such as a notebook-sized personal conputer, portable

type information term nal, desk-top nonitor and digital m ki ng
advantage of its characteristics such gs a |ightweight Jmmmmmmm mmm , and
| ow power consunption. The liquid crystal display using a bagklhbght is

required to 15 inprove energy efficiency of the backlight for

reduci ng

power consunpti©0L@8 WELTERSAND &mRHADeCRY&HEM DISREAYoDEVAEECOl or filter.
Wiile the transmttance of the color filter is advancing year after year,
power consunption cannot be expected to be largely decreased by inproving
transmttance 20 of the color filter. Accordingly, a reflection type liquid
crystal BASEGRPUNSs Offe diEddVIEBTEPN n recent years in order to elimnate

t he need of the backHéﬁg t hat consunes a | arge anmount of electric power.

Rel eased li-s &1iedd &dt i
an ener gy con%antion as

thyyenbigQs d 25 crystal display that has realized

e present invention relates to a color filter to be

used for a liquid crystal display that may be used for both

a transmission type and reflection type display.

2. Description of the Related Art

A liquid crystal display is used today for various uses

10 such as a notebook-sized personal computer, portable type

information terminal, desk-top monitor and digital camera by

taking advantage of its characteristics such as a

lightweight and thin size, and low power consumption.

The

liquid crystal display using a backlight is required to

15 improve energy efficiency of the backlight for reducing

power consumption as well as to enhance transmittance of the

color filter. While the transmittance of the color filter

is advancing year after year, power consumption cannot be

expected to be largely decreased by improving transmittance

20 of the color filter.

Accordingly, a reflection type liquid crystal display

has been developed in recent years in order to eliminate the

need of the backlight that consumes a large amount of

electric power. Released is a reflection type liquid

25 crystal display that has realized an energy consumption as



- 2 smll as 1/7 of energy consunption of a transm ssion type liquid
crystal display ("Flat-Panel Display”, Supplenent Edition of N kkei

M cro-Device, 1998, pl26). Although it is advantages of the reflection type
5 display over the transm ssion type display that power consunption is
smal | and outdoor viewing is excellent, the display panel becones dark when
a sufficient intensity of light is not ensured in the environnent
acconpanyi ng extrenely poor viemﬁng._fp;q;dingly, a proposed liquid 10
crystal display designed for inproving Vview ng even in a dark environnent
conprises (1) a partially transm ssion type and partially reflection type
liquid crystal display having a cut portion in a part of a reflection film
t oget her ssahl providl nyf setbecky | epnsyreiseeh onf aa sbraashbsls semi t ¥Be

transm ssion sem -reflection type display nethod, see as a reference Fine
Process Tekdibiol ogsy JepardlnolaTekt Hlowk RAnNShdel svlawd, Teepmbebeyt Seni nar) ,
and (2) a display device having a front-light. Fig. 3 is a schematic

drawi ng dFdEkIhvehtiohegl J6F D0 ReBizg 3155?% t8/3p£6)l iquid crystal display.
Fig. 3 shows a_transm ssiaon node that displays by taking advantage of a
backl i ght soufdéh9uding ta IfeAatGYSPoRd thigt TREdHHIChF R ng advant age
of a patural light. This type of, the color |jiquid crystal display conprises
2 1 aRem QaTRAF Br e R ST W e FPIa YRRt RPFEI n t he
transm ssion area is ., - 3 fli slp%a ed.for transm ssion difjfl a¥ V\@}i_l|e t he
color i n THEFE YL i'vh S i T4 LHW Yor P& 1 82 FEre bt Sptay i 1 e the
backl i ght . p S r m SSion ea-of.the color filter once
(denot ed %%/saéflae%rgr%{vﬁo]%%p?%$f?§r ac%a@%kg@%r}] agd“ll%fplr%%/e,n he %%%%%%Y ?Jléght
passes thy { f J f fi i or as an

i nci dent FbIji%ﬁt 144]gqn%teaér?sg‘éIllééccf:]tﬁlﬁ?gﬁ%%ﬁ%t%‘%ﬂéﬁ?%&fﬁ%f | ection |ayer
2. In ot hare Aidlsy Wi, P ML Ofr PASSANE 4 K AYalddie coboy filter s
di fferent between the transm ssion type 10 display and reflection type

di sphay, diestHslayeth Ui fensityr Giptheik®! Plelirid tyvandiright ness
are largely different between the transm ssion type display and reflection
type di splawk when tdiensameesgborsdamt er) ad daiiSiased §edndhessansoyssi on
area and reflection area. Since 15 the light sources are a backlight 3 and
nat ural ldmghtpal;t reelSpectd Vet iom e tIpnsin sst wacdy pei sho 5py ayaatdgi n t he
reflection type display, the color purity as well as the color tone are

di f f er enta bettwgsrttimn tirars past ot tay pee diaspt yn afilm ef dgethon vipe
display. 20 It may be contenplated to constitute the transm ssion area and
refl ecti arreiriebing teh kidklekart Codogd et ey i spscalbed g9emirespectively, as
shown in Fig. 5 in order to obtain the same_display color in both the
trandfi ssHO s 0§ v f ar bk, tiswelietb la henaered actef i 39 2ost  of

t he 25 queu%'d crystal di s}PI ag/ seens to be increased by using a
reference Fine Process Technology Japan 99, "Textbdok of

Specialized Technology Seminar), and (2) a display device
having a front-light.
Fig. 3 is a schematic drawing of a conventional semi-

20 transmission type liquid crystal display. Fig. 3 shows a

transmission mode that displays by taking advantage of a

backlight source 3, and a reflection mode that displays by

taking advantage of a natural light. This type of the color

liquid crystal display comprises a transmission area 8 and

25 reflection area 7, and the color in the transmission area is



- 4 currently prevailing photolithographic nmethod since six tinmes of
coating using three colors are required. Japanese Unexanm ned Patent
Application Publication No. 200l-33778 discloses to forma spacer in the
reflection area 5 for changing the thickness of the color |ayers between
the transm ssion area and reflection area, in order to make the col or
density (color repeatability) equal between the transm ssion area and
reflection area. Fig. 6 is a schematic £ross section of a color filter for
a sem 10 transmission type liquid crystal display having a construction
known in the art. A transparent resin layer 14 is fornmed in the reflection
area 7, and the color layer 1 of the reflection area 7 is thinner than the
col or | aydrsglayfed heon riamamsnss vhomr@ébsBlaHowelbe | tiebangbsr oint hlee col or
tone 15 that arise due to the difference of the |ight sources, or the
backl i ghtréhledielen aaieer sb$ ol s bayey tod pafleationgiisphayhe Wetlection
di spl ay, cannot be corrected nerely by changing the thickness of the col or
mat eri al s=he Past hkekIhioriepss sevhi tler peglyet i f fererbssiontdecaoPbritparity and
20 brightness may be elimnated by thinning the thickness of the, color

|l ayer of ML FHERT ANER et FnOted PRt bRt i &) cbPBriranenbssarh red,

d, bl I i h J [ di spl b di ff f

o congand, B COl L0, A0ey oL 6l S0 4B, sph oy Recorp ol [ Lrent {rom
i Si f th flecti t di spl a) dt 1 SSi t . .5 display.

i oLon O, bg JEEEUN1 Y00 (Lot Y a0t AL SELONLIPE, g S0 5P
| i ght - hol I filt b i t bl

L 00 Dol 0P SoLar L4 ELahess ech, popeserof 5 spLulng Deprobl e

di f f er ences B bl Aess. A coloT, Lanes Betyeen. Lbe L1agsui spion type
n type di's n

t
di spl ay and ret 1%ectTo play, wherein a tr s%a ent area i s provided

in the r.eéclle&gigm@éfaiésdfiféé%&%@%é{mégdapén@]? Mpexarined batent
Application Publication No. 2000 111902. Since only one tine ©of processing

I's negesspfapfHf ANe £ Mot idn MBYpded IHRHLE ACT th &A1 Pyp 1 e §anB1 HHNMDEr Of
manuf acturing steps as in the conventional color filters, thereby avoiding

the manuf@Raidird g €OSthd rem dei vigr 1Sy | et egseshtidgs drshDabgébe structure
(cross sectional structure) of the I1ght-hole type color filter. A

t ransm ssiioif ereaat S antaref tleet txan Stess Toareypordaesplay aapid xel for each
one color in this color filter. Both areas may be present in 20 one pixel,
or eitherranedfidrmenypmydibep resantn i thonsame xeblandnaheroahet @asea nay be
present in a different pixel to formthe both areas in a plurality of

pi xel s. Teedulst rdie tremgnohsbon edfeztind feykecRion dveaed Paycde eit her

a substrate at the color filter side, or a substrate opposed 25 to the
col of5f i Itha L IgRt 7@urGes vite P thrckbigleetd orndipatural glight 4,

respectively, in the transmission type display and in the
reflection type display, the color purity as well as the
color tone are different between the transmission type
display and reflection type display.

20 It may be contemplated to constitute the transmission
area and reflection area with different color materials 1
and 1’, respectively, as shown in Fig. 5 in order to obtain
the same display color in both the transmission area and
reflection area. However, the manufacturing cost of the

25 liquid crystal display seems to be increased by using a



2 is fornmed serves as a reflection area 7 within the pixel area 9 when the
reflection filmis fornmed at the color filter side, and the area having no
reflection film2 within the pixel area 9 serves as a transm ssion area 8.
When the 5 reflection filmis formed on a substrate opposed to the col or
filter, on the other hand, the pixel area corresponding to the reflection
filmformng area of the substrate serves as the reflection area 7, while

t he pixel area corresponding to the area where the reflection film2 10 is
not forned on the substrate serves as the transm ssion area 8. The
reflection area 7 contains a transparent area 10 and colored area 11. The
transparent area 10 actually neans an area where no color layer 1 is
formed. Howewertlytpieval biodlehvodlibkorghhihohethggestokbersis filter
that a step height is formed on the surface of the color filter as a result
of provi diftea ¢F arepairnt uaiRA PAVEagCAbOLS| drel aganirede of the
fundanmental characteristics that seriously affect the display performnce
of the |iquidEbpesge dngslamined Pat@nt g%ﬁ?lwtﬁ%emkhlel%@ébom\éﬂﬁht on
the surface of_the color filter is directly reflected on_the change of the
cel | gap, 201783 prerdisplesthatot herBt@pSherght iRsths ERAFPCEEOPo3ErBle. In
addition,_since a Jarger step height nag adversely affect planarity of the
col or °f i 1&¥F tRPARFIEE Fhe oy %*%%g% $brths GP1gh ﬂYeF?eQFﬁﬂﬁ?nth he

| , defecti dj spl . Wh the filt is_int dint
o0 or AR STRA SR T DRCC et WREFRL heh cBF BPTaFBATARG the |

transparent, area in. the reflection area be planarjzed tp, a certain 5
ext ent bj“%%%.i@%?%%t%v%?%%%f i %?.a?%%geg},e %g %ekwaﬁ%n?hgonprising a

quinacriqggg. i iV p e : PL g red. 209 as_.discl osed in
Japanese nei%ﬁ%%%éﬁiﬁ%%%% éﬁ%l?%ggfg%lgbb |§étioﬁléb.62380%249824 is used
as a Pri Nelipaha ] OB a5 LOCCELOP OP1GNLo1BET £aSES, g, 1Q LDR; 10 1 ncreased

t hi ckness of the pixel in the effort for Inproving the color purity and

col ofpcharagt &1 $41 65 ©fpd hﬁi&@i@rcciééﬁﬂ,dﬂ@ﬂﬂé‘ﬂ hhveh§fheult to fill the
step even by coating the overcoat. ntrol of dinensionS of the transparent

area i s gqibder dbct IPOrk@dvin i Inthige | 4801 - ol erdypgaceher rékliheraydberefore,
poor processing performance results in low yield of the
is formed in the reflection area 7, and the color layer 1 of
the reflection area 7 is thinner than the color layer 1 of
the transmission area 8. However, changes of the color tone
15 that arise due to the difference of the light sources, or
the backlight in the transmission display and natural light
in the reflection display, cannot be corrected merely by
changing the thickness of the color materials. In other
words, while large differences in the color purity and
20 brightness may be eliminated by thinning the thickness of
the color layer of the reflection area 7, the monochromatic
color tone of each red, green and blue color in the
reflection type display becomes different from that in the

transmission type display, thereby giving a disharmony in

25 vision of the reflection type display and transmission type



filter, thereby increasing the manufacturing cost of the color filter. 20
SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present

i nvention for solving the foregoing problens to cheaply provide a col or
filter having small differences of brightness and col or between the
transmttance display and reflection 25 display while having a small step
hei ght . g _ The present invention for attaining the foregoing object
provides a color filter having a transmission area and reflection area in
whi ch at | east one col or pixel anmong red, green and blue pixels is forned
using the same 5 material, wherein a transparent area w thout any col or

| ayer is forned at a part of the reflection area, the transparent area
conpri sediaplaast one sub-area, and the size of the sub-area is 20 un® or
nore and 2000 un? or less. Preferably, the shape of the sub-area in the
color 10 filtdm iFSgsi.t For Sa agid dd,e,the splarevida munetiale 3 efgyidted & um or
nore, or a rectangle with a shorter side length of 5 umor nore. BRIEF
DESCRI PTIFON<OF a4 DRAW NGS 15 Fig. 1 shows an exanple of the construction

(schematic
A light-hole type color filter has been proposed for

5 solving the problems as hitherto described and for cheaply
providing a color filter having less differences of the
brightness and color tones between the transmission type
display and reflection type display, wherein a transparent
area 1s provided in the reflection area as disclosed in

10 Japanese Unexamined Patent Application Publication No. 2000~
111902. Since only one time of processing is necessary for
one color, it may be manufactured by the same number of
manufacturing steps as in the conventional color filters,
thereby avoiding the manufacturing cost from being

15 1increased.

Fig. 1 shows the structure (cross sectional structure)
of the light-hole type color filter. A transmission area 8
and reflection area 7 are formed in a pixel for each one
color in this color filter. Both areas may be present in

20 one pixel, or either one of them may be present in one pixel
and the other area may be present in a different pixel to
form the both areas in a plurality of pixels. The substrate
on which a reflection layer 2 is formed may be either a
substrate at the color filter side, or a substrate opposed

25 to the color filter. The area in which the reflection film



cross sectional view of the liquid crystal display according to the
present invention; Fig. 2 shows another exanple of the construction
(schematic plane view) of the liquid crystal display 20 according to the
present invention; Fig. 3 shows an exanple of the construction (schematic
cross sectional view) of the conventional liquid crystal display; Fig. 4
illustrates an exanple of an area cal culation 25 nethod of the rectangular
transparent area according to the __gg.present invention; Fig. 5 shows
anot her exanpl e of the construction (scﬁenatic cross sectional view) of the
conventional liquid crystal display; and 5 Fig. 6 shows a different exanple
of the construction (schematic cross sectional view) of the conventional
liquid crystal farspHaperDESCREPEI OREOECTHENPREFERREPLIENBODILMENPS XEG The
present invention will be described in nore detail hereinafter. The col or
filter acéspadi AgWvhent heepreddRetinRehtilBnicokprmeds ag tégeciotiosn of a

plurality of different cal or , , , o
filter side, and the area having no reflection film 2 within

the pixel area 9 serves as a transmission area 8. When the
5 reflection film is formed on a substrate opposed to the
color filter, on the other hand, the pixel area
corresponding to the reflection film forming area of the
substrate serves as the reflection area 7, while the pixel
area corresponding to the area where the reflection film 2

10 is not formed on the substrate serves as the transmission
area 8. The reflection area 7 contains a transparent area
10 and colored area 11. The transparent area 10 actually
means an area where no color layer 1 is formed.

However, it is a problem of the light-hole type color

15 filter that a step height is formed on the surface of the
color filter as a result of providing a transparent area
having no color layer. One of the fundamental
characteristics that seriously affect the display
performance of the liquid crystal display is a cell gap.

20 Since the step height on the surface of the color filter is
directly reflected on the change of the cell gap, it is
preferable that the step height is as small as possible. In
addition, since a larger step height may adversely affect
planarity of the color filter to arise inconvenience for

25 alignment treatment of the layer, defective display may



pi xel s, with a pitch of dozens to several hundreds 15 m croneters. The col or
fi'lter conprises at |east two color pixels, usually three pixels of red
(R, green (G and blue (B) pixels. The reflection area of the pixel in the
color filter according to the present invention conprises a color area 20
and transparent area. The transparent area as used herein actually refers
to an area having a nean transmttance of 800 or nore in the visible
region. The effect of the present in!egtLon may be mani fested by form ng
the transparent area with at |east one’'color, since the 25 difference
between the transm ssion display and refl ection - 10 display is reduced
W t hout increasing the nunber of manufacturing steps. In other colors, the
t ransm ssppraar eacandhehd ileklredtsi amtagea tray iodoprl dd quliel sarwsted] or
material with each other, and the thickness of the color material in 5 the
transn speoelarea may be different fromthat in the reflection area by
formng a transparent resin layer in the transm ssion area. The reflection
area becones Tlhehaverahesabexbpbrerpontber cespondrag eodt hsanrrekaass of the
transparent resin layer that is fornmed on the reflection 10 area on the
subst r at 8reandnt ke et raddRicEdiosn agicda M5ec Hfe P LdRRer 268l &0 e G L&
reflection area with partially convex portions. The thickness of the col or
| ayer® i nSKRENEr RN s FPSSION dPefVFeCORds lRadkder th¥sVete tHhis®kfess of the
reflection areﬁ wher e ,cqonvex portions are fornedtg%_15 pl anari zat i on

r

(1 evel i nBF SRR SORBRISREC0Ge MHIAGE 10616 d54tYE 1 SpRGPSESIHEY €Yol or
ist, when th I I s . f db ti h bst tial
havi ng’ BB BoF ELoA Swrth HRE I DGt CEBREIE) O S DY s L6 AN or
photosengith Ve ¢oL0r pl3liShe 1 HAe NGOl %roo%f-zt4@$2r4efi'se%tsie n R0 area may be
control | 88 %y feans of "eveling technol ogy. "The ¢d6l or Tor form ng the

transparggggggggq h&§§%g%§ ARl RR %%H@g&yiaﬁﬁ%%E%%eﬁuéa@%iﬂhéﬂay be

i
either are ree | 'ue pi xel. "However, en color characteristics are

to bey i mpnevedskl the iGllseCliroR nd @Axdit ilnS tielegiifie A TidgPAA dfre
transparent resin layer in the green pixel in order to - 11" inprove

bright negsseotoliBe befrlieqt aon dodplrayhallalk@wrSetiids o phef ¥akire to form
the transparent resin layer in the blue pixel in order to inprove white
bal ance ifnlthe,r eblkealy ar aAi€dien tiche&idqdl @heCBafeacietdnsbyc & atd rico be 5
inproved in the reflection area.

the overcoat.

Control of dimensions of the transparent area is quite
15 important in the light-hole type color filter. Therefore,
poor processing performance results in low yield of the

filter, thereby increasing the manufacturing cost of the

color filter.

20 SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention
for solving the foregoing problems to cheaply provide a
color filter having small differences of brightness and
color between the transmittance display and reflection

25 display while having a small step height.



The transparent resin |ayer as used in the present invention actually
refers to aresin layer wwth a nean transmttance of 80%or nore in the

vi sibl e region. The thickness of the transparent resin layer fornmed in the
10 reflection area is selected so as to reduce the differences of the col or
purity, brightness and color tone between the reflection display and
transm ssion display considering the difference of the light source. The
difference of thickness between the color layers formed in the reflection
area and 15 in the transm ssion area becones | arger by planarization as the
t hi ckness of the transparent resin layer is larger, thereby exerting a

| arger effect for reducing the differences of color purity, brightness and
col or tone beflhweeprelsentr ansenssioon farea tdrd rriefd eédtd drormaea.nddowever, 20
since the step height on the surface of the color filter increases to

adver sel yhafefaictoralviglamemt aflathel 1itpr dharisy d tnahsoiseieni arate t he
image quality of the display when the transparent resin layer is too thick
t he pref @rgblze fllacidmes aausfa tive whisHs il eragtesine | egker iB1ZeLMPON@r | ess.
- 12 The transparent resin |ayer according to the present invention can be
forned udiaty FEseot csehdhus e iresistls MHerpRbibosEns| theeS3®3i st avail abl e
include a polyimde resin, an epoxy resin, an acrylic resin,_a urethane
resin? a™isdifdsat e G5SEiTh aarfd 3P AR efd i o8t HIORh PR heCAEPYI 1RYRESI N i s
pr ef er abl.e n hem While the photosensitive acrylic resin usually
conpri sesmat%raD adn JAd3AS &%&}%TE‘?G, LR Y1 3 Dol PRantEFRTRI  $honer or
ol i gomer,__and a_phot opol rization initiator in rqgr to_endow the resin
10 wi th HECoSORBITINAT it e T esTTE P B S s 101 1o 675176 BBoxy T esi n
in which e N r.jzs ad . Lt ssi bl e t ntrol roundness and
planaritfﬁ%¥gﬁﬁé's&??ggém%fO?hgggsaﬁéga?gﬁ? PQSiﬁrlgﬁég'by changi ng t he
distance DEtween 3 SXROSYnE MRSkeARE @ paUltl ake 0n phieh ddie 15
transparent resin [ayeris formed in the exposure step of the

phot oh i t H9granhi G KGGRSSING 1 MIEN thes JUANSRMENt, reshd 1ayseni seformed of
t he photosensitive resist. The transparent resin |layer according to the
present Ve nrd1BYhe fravdmth disd Rt NPsHiOs edsdd | venpastes 20
Materials for the preferabl e non-photosensitive resin available include a
pol yi m deint @3 for@N epoxy resin, an acrylic resin, a urethane resin, a

pol yester resin and a polyolefin resin, and the polyimde resin is
preferably used anong them The upper surface of the transparent resin 25

| ayer is planarized by formng the transparent resin | ayer - 13 with the
non- phot &aiE] IR RIESTION tdierBhy HrdbING) t he transparent resin |ayer to
have a smaller surface area. Particles for light scattering may be

i ncokpor at ed Fage thehowanaparcERpPlesiof [tiyee Congdtr Yot sy nerhiamathe
reflection 5 area. Gitter of the display originating fromdirect

refl ecti GFafdy S5 st e 6l )by fal Hsn Hglu it seeat et sRl particles to
contain in the transparent resin |ayer, thereby enabling good display

char act e ST D G5 Wit HEFREEPFURRIITYA the light is not scattered in

the transmi sskon 19 area singe,Lhe Lransoarent, fesid Layer, i, not for med

(schematic plane view) of the liquid crystal display
20 according to the present invention;

Fig. 3 shows an example of the construction (schematic
cross sectional view) of the conventional liquid crystal
display;

Fig. 4 illustrates an example of an area calculation

25 method of the rectangular transparent area according to the



to enabl e the backlight to be efficiently used. The particles available for
| i ght-scattering include inorganic oxide particles such as silica, alumna
and titania particles, netal particles and resin particles such as 15
fluorinated polymer particles, and the silica particles are preferably
used. The particle dianmeter of the lightscattering particles available is
inthe range of 0.1 to 10 Vim A particle dianmeter of the light-scattering
particles smaller than the thickness of the transparent resin |ayer is 20
nore preferable for planarizing the tragnsparent resin layer. The col or
filter according to the present invention nmay conprise pixels conprising

i ndi vidual color layers for the transm ssion area and the refl ection area.
The sane poalsemt ayererssiarseed herein refers to a color |layer conprising the
25 same conposition and the weight rati o between the pignent - 14 and
resin. The di fiigrelt sbower anarérerasesed cherfeitthe efersturt@ aol or | ayer in
whi ch either the pignment conposition or the weight ratio between the

pi gnent af¢heswitid sSriiss eregitiomhe pigel eonphre stopventieraht Leordd | ayers
between the 5 transm ssion |layer and reflection |ayer is not particularly
restrict &g yshid shyprdfahendd, green and bl ue pixels may be used. It is
nore preferable for inproving brightness of the reflection display to nmake
the col or | ay&fJof &t BEOYFeén Fittararnd 1Seiadbrice Cdn tt NetSRsT 14 4 ansmi ssi on
| ayer and 10 reflection layer jn order to ipprove color characteristics in
the refl e(cgtq?lﬁ‘i“aa{trjéé.crlqssi s';/%qfs]d)rfﬁ‘)} e 178k 2 hibtRE £ SPNY FRYE B fv\h‘ﬂ‘t‘% bal ance
in the reflection, display to make the color |ayer of the blue pixel to be
di fferentcrﬁ’ectqc\ﬂ;']eﬁjltsr@a[%‘ansm ssion layer and reflection layer in order to
15 inprove col or characteristics in the reflection area. Fig. 2 shows a

pl ane view of the liquid crystal display according to the present

inventio ﬁbﬁ/@gli t } b telSopAssyPs e to divide the

t ranspar erbrﬁs% ea 1 ioﬂf?[ oﬂgE gﬁ"ﬁ% itEbe OI?M%?eas. ﬁéach transparent area

di viged is 20rgal Ledsasta i34Rndied 1A11The (Al &a of ddie sil-Areas in
one pixel is defined as a size of the transparent area. Although the area
may be aniddigiddvedi vided as fine as possible, the sub-area cannot be
properly formed when the division is too fine due to a limt of precision
of 25 processirRg, coeducifng tiie apcrdiiofy the e Yrddddteridventks, - 15 it
expensi ve. Too large division is also not preferable, on the other hand,

si nce thewdpep dwa ghtrdysitigeion hef colwruss Eat @andf td ahfeesentcarea becones
too large. The step height as used herein refers to a difference between

t he tot alpixelld ckindss gfittdie ¢ff alsparento aseeeaamd hilmedtedal t hi ckness of
the color layer area. The total thickness refers to a thickness fromthe
subst? at evitar ated Upsper Mdst Sukdrckl bfer heomer bses | 3t ekcashdtwhecehdEkness

of an overcoat |ayer or transparent conductive |ayer, if any, may be

i ncl uded Fikalife 1PUdtll GHi*keistelorhef sfe® OF) t Hereem- Hrea?id PEéRired to
be within_the range of 20 to 2000 unR2 nore preferably in the range of 70 to
1500 un? {Eor B YSeasons described above. The transparent area may be an
arbitrary shape, and_any .shape is i.cal l.y accepted. Since taq fine

port1 ons” i 1 ¢ RBE1 SCERRRY Rl B B S Y FOnP 1S SHaReH hat does

not according to the present invention comprises a color area
20 and transparent area. The transparent area as used herein
actually refers to an area having a mean transmittance of
80% or more in the visible region. The effect of the
present invention may be manifested by forming the
transparent area with at least one color, since the

25 difference between the transmission display and reflection



contain, fine portions such as a circle, square or rectangle is preferable.
Since a square with a side length of less than 5 Vim or a rectangle with a
shorter side length of less than 5 umis troubl esome for processing, a

| ength of larger 20 than 5 umis preferable. It is of no problemthat the
rectangl e does not have strict right angle corners but actually is a shape
of round corner track. Since the transparent area is required to have a
size equal to the designed size, the_tﬁangparent area nay have the sane
size 25 as the size of an intended rectangle. For exanple, the size - 16
is calculated as follows when the transparent area has a track shape as
shown in Fig. 4. S=y x (x - y) + ~x (y/2)2 The sub-area of the
transparebisplean myrdducedi vitnohly bndrepssed thethembef|e€tion area.

Al t hough the disposition is arbitrary, it is preferable for uniformy

di spl ay amenwhgeteviryestypar rhngetheée sobonseathéntraesmianspar eneaar ea

W t hout converging them It is also preferable that the distance 13 from
one sub- aded tle abehHpot hohgaBed-BRBaCaBP Y hagekhassandi sphatenpeendan
sub-areas hereinafter) is apart by 10 umor nore, in order to avoid

sub- ar eas" ¥ e3¢l e? $ 2T ngP R t @ gkl @k Re?S cohstaer FAgopreererdalotn
proceﬁsin . The distance is nore preferaﬁ%g 20 umor nore apart. The total
t hi ckResst % tHRP YR H7FLPRYRFCHIPRY or® 161 bethieeh themt WBakubtalBSs becones

smal | er thqp t he, t hi ckness g% t he usual color |ayer gort'on when gge

di stance T$ }%%El?%aﬁr%%SQﬁ °TheP 2oy ?B?%%R%r%ﬁgtﬁﬁ hei ghYSr 1t se

preferable to_ form an overcoai%%a e£bas a Ianari%ation I€§F ?on t he col or
e 0

C Lransmissign area ectlon, are comes ve a
| ayer, in or der 1o T educe” 20 f ght “Dbe ween The ¢ area and

tfanspar%96n@£§a%9§¥fgﬁ'SérPé%égﬁdfﬁ¢e£éa£héOEhEQEn8¥§r89a£B£ayer I ncl ude
an epoxy resin, an acrylic epoxy restn, a sriloxane polyner based resin,
po'y'n1detf£ﬁé§?¥§%&'£@§-ﬁo L9010 POLY | AL ARG oSh N AU DRI KB OR ST 1 oxane

resin. The ste el ght of the 25 transparent area is t he

over geat daygroh Ocife subdtra€el tAhA €XdentahonlsdUSE LPeaSheBohesght on the
color filter. The thicker the overcoat |ayer is better for deducing the

step hei ghdweHoyEVLEivé hes ecire | 5€f DEODl eBavbgnwibe pyercoalyl aygteks t 00
t hi ck, because irregular cell 5 gaps tend to be fornmed in manufacturing a

panel sinserthent ayeThé sthboksess, opbrthecavser alaybubbheshare liable to be
formed. Therefor, the preferable thickness is practically in the range of
about 1. OttangmssihwTherss dpebenght 1begaeephahetbel bhiakeasandft thaspar ent
10 area is preferably 0.5 umor less. The step height is nore preferably
0.4 um orr¢ebsciorneaptananéry ofnwboupont fowsn aser égquineddoyn a twi sted
nematic (TN) node liquid crystal addressed by a thin filmtransistor (TFT).
The B cknkaRapizahborol bevehiRy) | Wiph et chabtHheRospRSEBAYE 8P10I6 to 1.5
Vim 15 since a color layer with a too |arge thickness makes it difficult
to fill tRRSERepr RhghPSPREetictFelebl 6eShifka WneRt FARspatert La¥ea even by

usi ng the, overcoat |ayer. A |large step hej ght between the col or area and
{ranspar oht - SPERCE (PY He03 BHIGCE oS WP B5T AT § SBAT HF bobAVAng) PERTEH!

portions with the non-photosensitive color paste and/or
photosensitive color resist. The color of the reflection

20 area may be controlled by means of leveling technology. The
color for forming the transparent resin layer is not
particularly restricted, and it may be either a red, green
or blue pixel. However, when color characteristics are to
be improved in the reflection area, it is preferable to form

25 the transparent resin layer in the green pixel in order to



20 (disclination) of the liquid crystal where brightness of white portions
in the reflection display becones extrenely low. O herw se, a |light |eaks
at a dark background in the reflection display to cause a decreased
contrast of the liquid crystal display. 25 The reflection area preferably
contai ns the transparent - 18 area in the red pixel. However, no
restrictions are inposed on the green and blue pixels, and either or
neither of themmay contain the transp iept. The proportion of the size of
the transparent area relative to the total size of the 5 reflection area
(naned as a transparent area ratio hereinafter) is preferably determ ned so
that the difference of chromaticity between the reflection display and
t ransm ssinpraies fdaygiecmeoSndld mohisderomglisel ay f f e eheel se), t e
characteristics of the backlight source 10 and natural |ight source. The
chromat i cig yne fsfrathee transmins siton trawmirarite resipidkater nim the omaticity
diagram of a CIE 193] standard col or coordi nate system under a standard
| i ght sodrleee @lixelprief @ndsy o Inrowngididie Raflange <im. Bheparticularly in
the range of 0.45 < x < 0.58, and 15 nore preferably in the range of 0.50 <
x < 0.58.rafkartieypeteao W dHiomriy thaldsta ehtel & btsweleh ke col or
coordinate (xo, yo) in the CIE 1931 standard col or coordi nate system of the
transhi sSiMFAHSh Fhdhhe ot ibrafistate (x, y) in the CE 1931 standard
col or coordi nai{e 20 system of the rﬁflecti on area .under the standard |ight

I

source C it H&SprePBPRAIFENEhAESAT LEYEE AFe USRS dfiy PSSP door di nat es
satisfy the fallow ng equation: b = ( x-X0 . + Y-Yo ) 2 ~3 x 10-' More
ot ef or Al VAT BT e SRR 9 o T b Do R BT - 10
X-X0 ) 2 t+ra(nsﬁfi%20cg ctze St B 10015 "I%noTrhee 'Chhrt tx'rféf%l Ofré hleorg.r angil sston area
as used herein i s deterni ned from spectra obt aine ef)y MEasur | ng the

ransm ssianarea, ofr Wt Gl JdIGEr ML, & UG 08eaRls B cne

spect r ophot onet er. romaticity of the reflection area is determ ned by

cal cybat i NG RAUA &GS HeSPECIIA e dTBENS LA LSO dE LA # £ Alles
transparent area in the reflection area at each wave |length, followed by

cal cul at igyg el Gyedk EFAIES i dhiiRSALGENd Gy Sides Wit hden cohor area
and 10 transparent area.
reflection display and transmission display considering the
difference of the light source. The difference of thickness
between the color layers formed in the reflection area and
15 1in the transmission area becomes larger by planarization as
the thickness of the transparent resin layer is larger,
thereby exerting a larger effect for reducing the
differences of color purity, brightness and color tone
between the transmission area and reflection area. However,
20 since the step height on the surface of the color filter
increases to adversely affect alignment of the liqguid
crystal and to deteriorate the image quality of the display
when the transparent resin layer is too thick, the

preferable thickness of the transparent resin layer is 5 um

25 or less.



It is preferable to calculate the chromaticity using either one of the
standard light source C, dual -wavel ength |ight source or triple-wavel ength
| i ght source for the transm ssion area, and a standard |ight source D65 for
the 15 reflection area. An exanple of the dual -wavel ength LED |Ii ght source
as used herein is a LED light source that emts a white light by a

conbi nation of a blue LED and an yell ow or yell ow sh green fluorescent
substance. Exanples of the triple maye{gngth |l i ght source include a triple
wavel ength 20 fluorescent |anp, a white LED |light source as a conbination
of a ultraviolet LED and red, blue and green fluorescent substances, a
white LED light source as a conbination of red, blue and green LEDs, and an
organi ¢ el ect Tbeuhiraespeneat| rghtinsdayes. a2soadingngpatdet paresantatio is
important in the pixel - 20 containing the transparent area in the color
filter ado@editign ¢anmdepriesamd jupiart isomhotns ansidsipess amsigtea rHid o
preferably increases in the order of green > red blue when a plurality of

pi xel s cG%P&pﬁﬁﬁéhﬂﬁyqrﬁ%ﬁﬁﬁﬁwﬂﬁaﬁi%h dreluded Ralyduiste tiestiltar | y
preferable that the transparent area ratios are 150 or nore and 35% or |ess
for the GReSROFIYxEIES1BY, G MGy Lt ZRbbr 4 ¥<LHHIN] HEFEH # xel , and 200

or less for the blue pixel. Mre preferably, transparent area ratios are
200 of mBP&YERFSF05 SN 88 FoP Ol TRE Gt i igi e 1d RGOS Gnd  16% or

| ess for _the red pixel, d 50 or re and,, 160 qr,_less for the blue pixel.
The. t r andSArEnt SaPEs BRI S RGBT oy Ko NF P G o ¥od o bl ue
when t he wavel eng | squrce . sed, while t.he tr ar ent
area rat F%% rlel er%t?ﬁgl H%(I:l Iﬁggges&?@ﬁlnslét eaeo?L LejarsecofarbIauce >llrce(f Ovaliyte}r?leo]i’he

L1101 wavel.engh LERHic SOUTAC och HRA o, B4 Gl splgy, cannor e

obtained int refle e transparerlt area ratio shifts

to a nar pawed Lande Jiramithe j]rnaﬂ?:&?‘atf@ﬁscirri SO oY) &1 Glsar, di spl ay

cannot be obtainéd in the reflection 20 di splay when the transparent area

ratipo shiyfits o oMeGher: triangs, ,f rom the irangs, desd ided aboue. oAy it eri al
may be used for the substrate according to the present invention so |ong as

the mat eepalkyl elsianspameiiichand ggddyd mdrmeaxanplaidat al kad ird ree gl ass,
soda gl ass and 25 plastic substrate nay be used. The color |ayer may be -
21 for mpdsaenbtllee tactdore rellemenindsicds sifos tplatrea r iAny afttdrd adwer fiege be used
for the color layer according to the present invention, so long as the
mat er i al offr &ahsnittrsansparent resin layer by changing the distance
between an exposure mask and a substrate on which the
15 transparent resin layer is formed in the exposure step of
the photolithographic processing, when the transparent resin
layer is formed of the photosensitive resist.
The transparent resin layer according to the present
invention may be formed using a non-photosensitive paste.
20 Materials for the preferable non-photosensitive resin
available include a polyimide resin, an epoxy resin, an
acrylic resin, a urethane resin, a polyester resin and a
polyolefin resin, and the polyimide resin is preferably used

among them. The upper surface of the transparent resin

25 layer is planarized by forming the transparent resin layer



a light. having an arbitrary color. Wile exanples of the 5 material for the
color layer include a polyner filmin which a pignment or dye is dispersed,
PVA (pol yvinyl alcohol) treated with a dye, and a Si02 filmhaving a
controlled thickness so as to transmt an arbitrary light, the polyner film
in which a pignment is dispersed is preferable, and the 10 polyner filmis
nore preferably a polyimde filmor an acrylic filmin which a pignent is
di spersed. These resins can formthe_c #og | ayer by a little or nore sinple
process as conpared with formng the color layer with other materials while
bei ng nore excellent in heat resistance, 15 |ight resistance and chem cal
resi stance. The polyimde resin filmis nost advantageous for formng the

t r anspar eritthartde amomgphdemainidelva pasttui tdbdrebvredarhimg theattern

When the polynmer in which a pignent or dye is dispersed is used for the

col or | ayarnsparastte usfsirhd aysitort ¢ dyasre 20 sakrenl sysfagemyezoated on the
substrate, followed by patterning by a photolithographic process including
exposure and 8e¥ElLepABntOrTRA IPitx SICats egdmsoday & dnssimonahast srdred
into a prescribed pattern. Wile exanples of the pattern include a 25
stripe ofti&n HrANSRP LShp e etifey asF ridtat st ri et t Herldhe. reflegbiony| e

th I I is f db hotoljith aphy, ingi
(1 Bl oL Larer s fored, B P UL R ARy PLUNLAS B

hotolith i, th i f b i i f tt f i bility.
orotol [ hgaptlc reLlod o peletal ) S L pRLeTD L Erolag bl
when a cycrently prevalling palyner flLmdn, which a pi oment, i s disper sed is

used as e colof |ayer, e transparen rea i1s al'so forfred using

phot 0- sl MidcP dis LGS o, e uiserd 14 e, B osia Liuent | on 10 Ts

not particu restrict t hose being excellent 1n resi stance,

heat resigghance@Nd CheMl calgHesi SLANCE e dasi rabl e anPag, Lhes Hi gient s.

Exanpl es of the representative pignments are described below using their

col of g i NE&%a( GinJWIMRS Srakds 6% Hfn VB JOW i gt S, FREd Udiee PL grrent
yel |l ow Nos. 13, 17, 20, 24, 3, 86, 93, 94, 109, 110, 117, 125, 137, 138,

139, 147,t0l48abhR0,thbBadibd ghkbbo b3 @i d8bht Exanpdes ofh@range pi gnents
i ncl ude pignment orange Nos. 13, 31, 36, 38, 40, 42, 43, 51, 55, 59, 61, 64,
65 and 7parbiaipsesivefi tde & gred ipjigrrent st i ewcd rugled ppd Duedant i ietgdNose 9, 97,
122, 123, 144,
oxide particles such as silica, alumina and titania
particles, metal particles and resin particles such as
15 fluorinated polymer particles, and the silica particles are
preferably used. The particle diameter of the light-
scattering particles available is in the range of 0.1 to 10
pum. A particle diameter of the light-scattering particles
smaller than the thickness of the transparent resin layer is
20 more preferable for planarizing the transparent resin layer.
The color filter according to the present invention may
comprise pixels comprising individual color layers for the
transmission area and the reflection area. The same color

layer as used herein refers to a color layer comprising the

25 same composition and the weight ratio between the pigment



149, 166, 168, 177, 180, 192, 206, 207, 209, 215, 216, 224, 242 and 254.
Exanpl es of the purple pignents include pignment violet Nos. 19, 23, 29, 32,
33, 36, 37 and 38. Exanples of the blue pignents include pignent blue Nos.
15 25 (such as 15:3, 15:4 and 15:6), 21, 22, 60 and 64. Exanpl es - 23

of the green pignents include pignment green Nos. 7, 10, 36 and 47. A

pi gnment subjected to a surface treatnent such as a rosin treatnent, an
acidified treatnment or a basified 5 Lregtment may be used, if necessary.
Abbrevi ati ons such as PR (pignent red);*PY (pignment yellow), PV (pignent
violet) and PO (pignent orange) are synbols of the color indices (C 1.
publ i shed by The Society of Dyes and Color List Co.), and they are formally
descri becirhy mdiachi Mhe Aiffemnt heoldr t pyeaf dheusydbodréforrekanpl e C |
PR254). These synbols prescribe the standards of the dyes and dyei ng, and
each syntial a dertdrf ilesyer dyre winicch tesi bt ortles @i gpect f et ss Bhdem dor
Descriptions of CI. are in principle omtted in the descriptions of the
present itdeems ight frat lax dgliveedl) | the o PReSAE | andlesesibeds adi PREGAYL . The
red pixel of the color filter according to the present invention preferably
cont ai ns Tfe RixlemomER2GH NG idkiRrento erijstlaverehomitseityein the
range of 0.4 < x < 0.6 within a thickness of 0.6 to 1.5 dun. It _is_nore 20

pr ef e? ablt& ANFHL SHE i bésl S T gHichi TRE ke B Hrent 2 Xohpt S19g RAFul Rak? T Hone
dor! vat  ve, The MLBTEIN, PS4 I3, corpound represantod by the fell v no
O e e A o Sk B o 5y LAY S 4252 SN
reflection display to make the color layer of the green
pixel to be different between the transmission layer and
10 reflection layer in order to improve color characteristics
in the reflection area. It is also more preferable for
improving white balance in the reflection display to make
the color layer of the blue pixel to be different between
the transmission layer and reflection layer in order to
15 improve color characteristics in the reflection area.
Fig. 2 shows a plane view of the liquid crystal display
according to the present invention. As shown in the
drawing, it 1is possible to divide the transparent area 10
into a plurality of areas. FEach transparent area divided is
20 called as a sub-area 12. The total area of the sub-areas in
one pixel is defined as a size of the transparent area.
Although the area may be arbitrarily divided as fine as
possible, the sub-area cannot be properly formed when the
division is too fine due to a limit of precision of

25 processing, reducing the yield of the color filter to make



R2 R6 ((2) 20 25 30 R~ (In the structure formula (2), R,to R

Rai ndependent |y denote a hydrogen atom an allyl group such as an al kyl
group, or a halogen atom such as a chlorine aton) PR209 (in the structura
formula (2), R3 and R6 denote chlorine atons, and Rl, R2, R4, R5, R7 and R8
denote hydrogen atons, see the structural fornula (3)) is particularly

pref erabl e anong the pignents having the qui nacridone derivatives, because
t he col or paste containi ng PR209 can_d%gpLay a nore reddi sh hue while

mai nt ai ni ng brightness as conpared with the col or paste only conpri sing
PR254. HO/ N/ / C (3) A ~~NOH Rl aORs - 25 The content of
PR254 in the red pixel is preferably 30 to 1000 by wei ght of the total

pi gment s, 1threrpensies ablToaOl&rge Do hiomei ghlse metheppe Esenvlée nvent i on.
The content of the pigment PR209 having the quinacridone derivative is

pr ef er abl§hel ethendBayd wed igHte dfhea et apths 1 Piigreitwee e t el @rodhea of t he
pignent is out of the range above, a clear_color display cannot be obtained
by failimPq it oA theea PRt i e chtiodat | Ty, SRP tiheighepaei ght

bet ween the color area and transparent area becomes |arge due to increase
of thickdé%%dcﬁeﬁﬁﬁﬁrﬁ%éﬁ?s to a difference between the “total

5 thickness of the transparent area and the total thickness of
the color layer area. The total thickness refers to a
thickness from the substrate to the uppermost surface of the
color filter, and the thickness of an overcoat layer or
transparent conductive layer, if any, may be included in the

10 total thickness. The size of the sub-area is required to be
within the range of 20 to 2000 um?, more preferably in the
range of 70 to 1500 pm?, for the reasons described above.

The transparent area may be an arbitrary shape, and any
shape is basically accepted. Since too fine portions in the

15 shape may not be successfully formed, a shape that does not
contain fine portions such as a circle, square or rectangle
is preferable. Since a square with a side length of less
than 5 um, or a rectangle with a shorter side length of less
than 5 um is troublesome for processing, a length of larger

20 than 5 pm is preferable. It is of no problem that the
rectangle does not have strict right angle corners but
actually is a shape of round corner track. Since the
transparent area is required to have a size equal to the
designed size, the transparent area may have the same size

25 as the size of an intended rectangle. For example, the size



The color filter according to the present invention is used in conbination
wth a sem -transm ssion type liquid 15 crystal display. The

sem -transm ssion type liquid crystal display as used herein refers to a
liquid crystal display conprising a reflection layer as well as a backli ght
source, and is capable of both displays of a reflection display and

transm ssion display. Any naterial nay be used for the 20 reflection |ayer
so long as it can reflect a part of the incident [ight, and an al um num
foil or a foil of a silverpalladiun}éogéef alloy is usually used. The col or
filter according to the present invention is not restricted by an

addr essi ng nethod and di splay nethod of the liquid crystal 25 display, and
can be apis i eall dwlatvedt i muist &l hoes ofhén qtihel tran@barenysisda dvspl ays
operated by an active matri x method, passive matrix nethod, TN node, STN
node, ECE matie shra@BsosleowThiencioler 4ilter according to the present

i nvention can be al so used w t hout belng restricted by the 5 construction
of the liquidScrystad (& splvdy tsachk dy/2hé nunber of polarizers and the

| ocation of scattering nenbers. An exanple of the nmethod for nmanufacturing
the color fil tTélre aokordiasg afo thife tgess@araniy eémdoman He e ldeseridad

herei pafter. A col or pixel containing a transparent area is forned at
first? qule?p%ﬁfeﬂ iy e oflesten corpri sihpgtkeugkathe dpapgaht tomci d,

colorlngjégent and solvent on a transparent substrate a color |ayer of the

pol yami ¢ atidFqist I?Qﬁ)hedl%fjt%rpﬁgﬁlf‘@o & B9F  UByL oty rigieRlan #cuum  An

oven or a _15 hat plat is used faor, heat in referably by heating at 50
to 180C 19 %Ch I}e'loy F S ﬁﬁerﬁuk&*%%?al‘% ﬁ“ e o FRRFRAT ¢ He col or

| f i d obt d d bed b t | t
et on ng. K ana i ycpoé%a' BT s Hoat B oie (e ﬁ%faﬁ?”fegvﬁ”ﬁf e
pol yam ¢ 30 agid 4n.d ijmfz 05,94 sﬁ;étaéeaaye{o a0seqy Uﬁ?f'g; s %r%

orm ce (0] e

conprising a pattern for ransparent arex’ i’s

phot ey esi alanly &fs f01daued by Bétrv?edé ML & el'Ai%Ea U119 Al fxposure

appar at us. The phot oresi st | ayer an co r ayer o m-c aC| Hre
si mul t anegusly 120 &t Ghad afiero QAANOSW Wi Ld sﬂfb—aalé@alé n@rcgﬁve' oper for the

- 27 positive type resist. The photoresist layer renmained after etching is
peel ed ofifnt el €ialPhvilay &faaf cﬁﬂié&ar&d}lﬁ?déjri&g Goruerd &¢sh it o a pol yi m de

color layer thereafter by a heat treatnent.

processing. The distance is more preferably 20 pm or more
apart. The total thickness of the color layer portion

15 Dbetween the two sub-areas becomes smaller than the thickness
of the usual color layer portion when the distance is less
than 20 pum, thereby forming a step height.

It is preferable to form an overcoat layer as a

planarization layer on the color layer, in order to reduce

20 the step height between the color area and transparent area.
Examples of the material for the overcoat layer include an
epoxy resin, an acrylic epoxy resin, a siloxane polymer
based resin, polyimide resin, silicon containing polyimide

resin and polyimide siloxane resin. The step height of the

25 transparent area is filled with the overcoat layer to a



5.heat .treatnent is applied continuously or stepwise in air, in a nitrogen
at nosphere or in vacuumat 150 to 350C, preferably at 180 to 250C, for 0.5
to 5 hours. A transparent resin layer is formed in the reflection area, if
necessary, and a color layer is forned on a pixel 10 so that the thickness
of the color layer is different in the reflection area and transm ssion
area. The transparent resin layer is deposited in the reflection area

before form ng the col or pixel conprisi g the transparent area. A

non- phot osensi ti ve paste conprising pofyamc acid and a 15 solvent is
coated on the entire surface of the transparent substrate on which the
transparent resin layer is fornmed, and the substrate is dried on a hot

pl at e at cé@tbdan2@@Cehar td tredd@enmtigt es.eprSulesieduentr ythea qolsit i ve type
photoresist is coated on the polyam c acid | ayer obtained as described 20
above, afdltke.phfher ésiiskelrayde ioyvedidoad dmay®rhadts fedtteatf®0 to 150C for
1 to 30 mnutes. A desired pattern is printed on the photoresist |ayer by

i rradi at degugigyg thghtstedi he ightex pdowes eqppditmnuss amie Prakdiar ent resin
| ayer having a desired pattern at a desired position is obtained 25 by

al kal i dekePopheneveTkeatr dRggdr dift tossith idyePa@uag dgrequlzg q8dheat i ng
at 200 to 300C. xherw se, a photosensitive acrylic resin conprising at

| east® an9aeFy feadpdryker foF8ed 18 PREGTHoRd anfifoiRdr sife the

phot o- pol ynmerization initiator is coated on the transparent. 5 suhstrate on
Ohrch ERd PPN S gt SPEty n Tapbrated GreUatihe T H Subetie ¢4 i | eq i n
air, by heating or.,in vacuumto form a.photosensitive acrylic cal.or |ayer.
An oven GPTHeRo BPSCETCEUSHE POF AL BY ARGy it SRR Y 60 1o
200C fori% ghgu&%% %oo% @ %5%.1T%enb 3 %V Egght is 10 irradiated to the
phot osensitive acr?lic color layer to formad pattern using a photo-nmask and

exposure el engyt. o The photpsenstiLyg BRLYLLScOLAL,l axer e ahahied al ter

exposure using an a evel oper. erent co I"ayer

tranggn sghey 35ed LraPbhat o3 Lar orehleeGli OR Rl a ds HalgiRd 1 d fndieeessary,
on one col or
preferably 0.4 pm or less since planarity of about 0.4 um is
required in a twisted nematic (TN) mode liquid crystal
addressed by a thin film transistor (TFT). The thickness of
the color layer is preferably in the range of 0.6 to 1.5 um,
15 since a color layer with a too large thickness makes it
difficult to fill the step height between the color area and
transparent area even by using the overcoat layer. A large
step height between the color area and transparent area in
the reflection area arises defective alignment
20 (disclination) of the liquid crystal where brightness of
white portions in the reflection display becomes extremely
low. Otherwise, a light leaks at a dark background in the
reflection display to cause a decreased contrast of the
liquid crystal display.

25 The reflection area preferably contains the transparent



pi xel . A col or paste conprising at |east polyamc acid, a coloring agent
and solvent, or a photosensitive color resist conprising an acrylic

pol ymer, acrylic polyfunctional nononer, photo-polynerization initiator,
coloring agent and 20 solvent is coated on the substrate, foll owed by
drying in air, by heating or in vacuumto forma color layer. An oven or a
hot plate is used for drying at 50 to 200C for 1 mnute to 3 hours. A

phot oresi st |layer is formed by coatipglghg positive 25 photoresist when the
col or layer conprises polyanm c acid. - 29 Then, a nmask containing a
pattern for formng the transm ssion area is placed on the photoresist

| ayer, which is irradiated with a UV |ight using an exposure el enent. The
phot or esiagtea dyerthend esblmorxdlay erHofeypot y an crest i @rieorss s muil irpesed| y
etched with an al kal i ne devel oper for the positive photoresist after
exposur e onThdeplystemesinst Hlayee o ireated niangd afitgren her etehihry i &f pdedred of f .
The color layer of polyamc acid is converted into a polyimde color |ayer
t her eaf t @@ YbFodatiimghel O namspPatrnteol ofhe 3P eamn T sels dphot o3 enki ti ve
acrylic resin, a pattern is formed on the photosensitive acrylic color

| ayer usith§ & [SREPSLREK SRR &if Bidsurte dtsemtarne FhatosEmi ti ve
acrylic colaor layer is etched after the exposure using an al kaline

devel dper eITHFE T Gd&Ri MARE AR H G VTR TA T R482 12t ed thereafter by
i 1 ol R e 10T HAE VUL AC SO SSUE, Vi er AT I b |
Cof lect | 8 SPESTR) TS LR B o d Ho USAPT oL PR HE he tr anar ssi on
appl vi ng TRL TGS he ey W Dl B L A S Bl e col o

paste, a'&i‘if‘@etx%nrc%slfl%c%bﬁeo dHll& @&ﬁ&iﬁ}@é&@%r’r“e 3%afc alyyr& Bl ack

matrices nmay be formed between the pixels in - order to forma
li ght g shiggeldinng a8 1figfhd MURANY the cantdRstiofc§ he 4 aquid crystal
di splay. Wiile a netal Toil (wth a thickness of about 0.1 to 0.2 Vim of

Cr, A_l Oft_rﬁimsnﬁrsﬂc{rﬁﬁiﬂéa{ idﬂ“tﬂf@%&%i@eﬁiﬁp% S&thon@aﬂicgmy Sdd £4 g 5_
material in the resin is used for the black matrix, the resin black matri x

free fromfref loget 1081 StslRidy tsiatk idod el s edfstdivamdeon $ince it may
be used for the light shielding layer for the reflection area. Polyimde
and acr ylsitandesidnd iayhe meefrralll e grdferdbghtirshited dtargge esf N0 190 £ or
their heat resistance and chem cal resistance. Wile exanples of the black
pi gnent &s <t e 4,i getr-tsiivdladi Ing imattdre atangreladed pd gnemt bl &Gck8 7 dwdr bon

bl ac{% and titaniumblack, the material is not restricted thereto, and
var i bus piogite e fegpdey ugedhea mingremt sib)@cted € L @®%osin 15 treat nent,

acidified treatnent or basified treatnent may be used, if necessary.
With respect to the chromaticity difference & between

the color coordinate (xg, Yo) in the CIE 1931 standard color
coordinate system of the transmission area and the color
coordinate (x, y) in the CIE 1931 standard color coordinate
20 system of the reflection area under the standard light
source C, it is preferable that at least the two
chromaticity coordinates satisfy the following equation:
& = (x-x0)% + (y-yo)? £ 3 x 107°
More preferably, the coordinates satisfy the following

25 equation:



A transparent conductive filmis usually fornmed on the uppernost surface of
the color filter. The transparent conductive filmis forned by, for

exanpl e, a di pping nethod, 20 chem cal vapor growth nethod, vacuum vapor
deposition nmethod, sputtering nethod or ion plating nethod. Exanples of the
representative transparent conductive filminclude indiumtin oxide (ITO),
zinc oxide and tin oxide, and an alloy thereof. The thickness of the
transparent conductive 25 filmis selef ed so as not to conpronise the

col or di spl ay, - 31 and is preferab % 0.5 umor less. Projections may be
di sposed on the color filter, if necessary. The projections are forned by

| am nation or by post-attachnment. Wile the shape of the projection is not
5 particul arl $ =eskrikgted, (tyheopfefer abliy0dsed shape conprises a circle,
square or rectangle in a plane view The vertical cross section of the

proj ection i sTheughlrpma tticapez oifd thavitmgnamdseliloer areagtads afsdche upper side
than the length of the | ower side. The projections may be di sposed with a
10 gi ven hminasin sige et moniangyt o ot ispre era severigiegilxelnsaer iy bee
randonly disposed. An exanple of the liquid crystal display manufactured
usi ng t h&regismigaiqrerarasord il qsd el Widllove T ¢ Feeepial @nt

overcoat layer is formed on the color filter, 15 followed by formng a

t r anspar SREERIVREIGRede of (NS sthromaipielty 13 filen 1ot ke Herr tavee@on.
Then, the color filter substrate is bonded with a reflection el ectrode

subst r at & DIPSHETHES &Y SR 318G rie R P L SRE Tt st 7S fi I m
is f d i d | at | ith h ot her, vi 20 Jiquid t al
o gomen B GRS aR 1 h TR ST ot oh S T R ] qut o

t al i ded th t , f i nt ai ni [ )
TRl R e o R e G e R R S i | 9%

f act . di j ecti . i ght i 5.tkn fil
(rans: ot on AR LG LA K LA Jilad )RR R Meeddd g
sign@b [i iyhgéﬁ}lggg ection el ectrode substrate in addition to the

n e| ctrode. S

reflectio e. 5Bsequently, a liquid crystal is injected through an
I njection pOfﬁtDEQVb@%@e%%bées%%|c@éhh%a%%dt%%edHﬁ%ﬁa@iQﬁQﬁyﬁkﬁhmﬂlSp|ay I'S

sealed after the injection. Finally,

either one of the standard light source C, dual-wavelength
light source or triple-wavelength light source for the
transmission area, and a standard light source D65 for the

15 reflection area. An example of the dual-wavelength LED
light source as used herein is a LED light source that emits
a white light by a combination of a blue LED and an yellow
or yellowish green fluorescent substance. Examples of the
triple wavelength light source include a triple wavelength

20 fluorescent lamp, a white LED light source as a combination
of a ultraviolet LED and red, blue and green fluorescent
substances, a white LED light source as a combination of
red, blue and green LEDs, and an organic electroluminescence

light source.

25 A transparent area ratio is important in the pixel



drivers and the like are nounted to conplete a nodule. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Whil e the present invention is described in nore
detail 10 with reference to preferred enbodi nents, the advantages of the
present invention is by no neans restricted to the enbodi ments cited.
Exanple 1. (Design of the color filter) 15 Transparent areas were fornmed in
reflection areas (15,100 un2 for red, green and blue pixels with
transparent area ratio of 8 0 ( 1, 208,4n2 , 15% (2, 290 unR and 6 ( 906
un? respectively. Sub-areas of the transparent area were forned by a
conmbination of red circles with diameters of 20 20 um (314 un? and 13 um
(133 un , green circles with a dianmeter of 38 um (1,134 unR2 and bl ue

circl es wiantadirdmg die dfrERANqFLANER dndB walRO fUnXer The sub areas
were randomy formed in the reflection area with a distance between the
sub- ar eafGsorHdng ho e Bigsard: ilgW Tt nck Thsttermrargdith Mierk matri x)
- 33 Allowed to react were 3,3',4,4' -biphenyl tetracarboxylic acid

di anhydr it 1 pref@rah nodinshapae etifertighprder of green > red =

bi s(3-am nopropyl)-tetrenet hyl di siloxane in Nnmethyl-2 pyrrolidone as a

sol vent (U WhtiSH & poiWfahiCYa&id Bioiud GRhER IR CH Bl pHateRA T hast e
prepagedJ@égﬂggéuaéégPOQKPH%?%articularly preferable that the

transparent area ratios are 15% or more and 35% or less for
the green pixel, 5% or more and 20% or less for the red
pixel, and 20% or less for the blue pixel. More preferably,
transparent area ratios are 20% or more and 30% or less for
10 the green pixel, 8% or more and 16% or less for the red
pixel, and 5% or more and 16% or less for the blue pixel.
The transparent area ratio preferably increases in the order
of red > blue when the dual wavelength LED light source is
used, while the transparent area ratio preferably increases
15 in the order of blue > red when the triple wavelength LED
light source is used. A bright display cannot be obtained
in the reflection display when the transparent area ratio
shifts to a narrowed range from the range described above,
while a clear display cannot be obtained in the reflection
20 display when the transparent area ratio shifts to a wider
range from the range described above.
Any material may be used for the substrate according to
the present invention so long as the material is transparent
and rigid. For example, a alkali-free glass, soda glass and

25 plastic substrate may be used. The color layer may be



and pol.yam c acid solution was di spersed using a honogeni zer at 7000 rpm
for 30 mnutes. The honpbgenate was filtered through gl ass beads to obtain
the black m Il paste, which was diluted with the polyanm c acid solution to
formthe 10 bl ack paste. (Preparation of color paste for form ng col or

| ayer) A. Preparation of polyamc acid solution Mxed wth 525g of

y- butyl ol act one and 220g of N-nethyl 2-pyrrolidone were 95.1g of

4, 4' -di am nodophenyl ether and 15 6. 2g ?f_

bi s(3-am nopropyl)tetranet hyl di sil oxan%, foll owed by addi ng 144. 1g of
3,3",4,4" -bi phenyltetracarboxylic acid dianhydride. After allow ng the

m xture to react for 3 hours at 70C, 3.0g of phthalic anhydride was added.
The m xt droemeas drurtthiee ra cdl ilvened emerteacitdd grulsthalrss. at 70C to 20 obtain a
polyam ¢ acid (PAA) solution with a concentration of 250 by weight. B.
Synt hesi s of polymetediigpér sirygbegewedMived tiher ¢oler. 3gysfr according

4, 4' -di am nobenzani |l ide, 176.7g of 3,3'-diam nodi phenyl sulfone and 18. 69
of bi s( 325t FHHSHMA Y irstardridtthy 1SR sidnskafe Wie M3t eeimyl ofransmitsgy

byt yl ol act gne and 527g of N-nethyl-2-pyrrolidone, and 439. 1g of

3, 3", 4, 42 dilghén At car Bo8A @ Bt Ranhylti ke SRRt oFtthe

m xture. After, %Iljlgovm' ng the m xture to reac&ﬂat 70C for 3 hours, 2. 2g of

pht haP i ¢ "&fRFdEdd Wad & 5 HRYTnwed DY 1R WYY rielldt 1 e or

additi onal 2 hours

T B i TR GBSt e (7 o <
P opar &9 S LNl RENSLLLYS GOl B3Rl 10,0050 o100 of ol 205
9 sper 1 S9,R9004 ) 7 09 ol U S B P R 2] e ymer
honmogeni z§5 pit; n/ ,3%H RMdi¥Ymeh 1AW S41 J16 A PSS BRAS MY £, and the
10 polymer film is more preferably a polyimide film or an
acrylic film in which a pigment is dispersed. These resins
can form the color layer by a little or more simple process
as compared with forming the color layer with other
materials while being more excellent in heat resistance,
15 light resistance and chemical resistance. The polyimide
resin film is most advantageocus for forming the transparent
area among them since it is suitable for forming a pattern.
When the polymer in which a pigment or dye is dispersed is
used for the color layer, a paste of the color layer
20 material is evenly coated on the substrate, followed by
patterning by a photolithographic process including exposure
and development.
The pixel is composed of a color layer formed into a
prescribed pattern. While examples of the pattern include a

25 stripe or an island shape, they are not restricted thereto.



15 filtered off, thereby obtaining a 50 dispersion solution (RD) conprising
PR254. A solutlon prepared by diluting 24g of the polyam c acid solution
(PAA) with 120.0g of y-butyl ol actone was added to and m xed with 51g of the
di spersion solution (RD) to 20 obtain a red color paste (RPI-1). The red
pastes (RPI-2, RPI-3, RPI-9 and RPI-5), green pastes (GRI-1 and GPI-2)),
and bl ue pastes (BPI-1 and BPI-2) with pignment conpositions as shown in
Tabl e 1 were obtained by the same net as described above. 25 D.
Preparati on of photosensitive col or resist - 35 M xed was 35.2g of

pi gnent blue PB15:6 with 50g of 3 5 10 15 net hyl - 3- net hoxybut anol . After

di spersing the m xture with a honogeni zer at 7,000 rpmfor 5 hours, glass
beads weWbBifel teeedodbt ﬂQY@Ktaﬁnﬁ@nmeﬁp@wsp@@ﬁﬂﬂhﬁhqgrapmyphotosen5|t|ve
acrylic resin solution (ACG1) with a concentration of 200 by wei ght was

pr epar edPb§n&d8Eng§ 351608 roferr saciphi c thepaefhmd d& matorr (s 43I%IsYy wei ght
sol ution of Sai kuroma P, ACA-250, nmade by DAI CEL Chem cal Industries, LTD),
15. 00g thﬁéﬁFaeryFﬁﬁlPbptpéﬂﬁgﬁﬁﬁﬁé@@§1ﬁF@h§§-dsp@%ﬁﬂﬂﬁﬂh%%a¥lﬁﬁﬁﬁhe

and 7.50g of | RGACURE 369 as_a _photo-pal ynerizatiqn initiataor (mde by O ba
SpeC|aIt9fcﬁéﬁF€£Psféﬁm}nﬂnaféédt&f cycf ettt EnGitd-OTA M ridsi st (BAG 1)

e L 0T S A e 1 28 o e
OFPI GVENT/ RESI N RATI O, RA PRl-lPR254
o000 T BEF Sh PR BF ERBeA Mo PaR BT 0BT R S T o BB Ao 09

70/ 30407 GOFBT SRGYE) PTTn S5 5] o/ GEBM I THR1E 5 Lrensparent area

=10025/ 798P RBLS RLAVAST nA6LALYARBACAPBIS: 6 =10025/75 - 36

(Preparation of non-photosensitive paste used for transparent resin |ayer)
A non- phOtOseﬁﬁiiéV€hér%ﬂ§A§ﬁ€§ttBaEEeuE@a QHt%h@eﬁrgﬁeﬁtdhh%éhﬁgo%ﬁ Og of

pol yam ¢ acid sol ution 0g of y-butyl ol actone. (Preparation of
colorg fi ikehbt particularly restricted, those being excellent in
light resistance, heat resistance and chemical resistance
are desirable among the pigments. Examples of the
representative pigments are described below using their
color index (CI) numbers.
15 Examples of yellow pigments include pigment yellow Nos.
13, 17, 20, 24, 83,86, 93, 94, 109, 110, 117, 125, 137, 138,
139, 147, 148, 150, 153, 154, 166, 173 and 180. Examples of
orange pigments include pigment orange Nos. 13, 31, 36, 38,
40, 42, 43, 51, 55, 59, 61, 64, 65 and 71. Examples of the
20 red pigments include pigment red Nos. 9, 97, 122, 123, 144,
149, 166, 168, 177, 180, 192, 206, 207, 209, 215, 216, 224,
242 and 254. Examples of the purple pigments include
pigment violet Nos. 19, 23, 29, 32, 33, 36, 37 and 38.

Examples of the blue pigments include pigment blue Nos. 15

25 (such as 15:3, 15:4 and 15:6), 21, 22, 60 and 64. Examples



The bl ack paste was coated on a substrate manufactured 10 15 20 25 by
patterning an alum numreflection | ayer on a non-al kaline glass substrate
(No. 1737 made by Corning Japan Co.) using a curtain-flow coater, and a

bl ack resin |layer was forned by drying the substrate on a hot plate at 130C
for 10 mnutes. A positive photaresist (SRC 100 nade by Shipley Co.) was
coated on the resin layer with a reverse roll coater, dried on a hot plate
at 100C for 5 mnutes, and pre-baked for 5 mnutes. The coating |ayer was
exposed with a UV light with a |um nods” energy of 100 mJ/cnR through a
phot o- mask using a Proximty Exposure XG 5000 nmade by DAI NI PPON SCREEN MFG
Co. LTD. The photoresist was devel oped sinmultaneously with etching the
resin | agérthsi gge2n2p¥goenan agoéods sdbmentn gokeneNoanet/hy |l1&m3E6 um
hydroxide to forma pattern. The photoresi st was peeled off with

met hyl cefhdséllve acetate, and a black matrix was formed by converting the
resin layer into an imde derivative by heating at 290C for 10 m nutes on a
hot plate. The BigeREatvbkenbedatehp cknetacef t1eapment sucB7asaad an OD
value of 3.0. Then, the red paste (RPI-1) was coated on the resin black
matri x WPR1R EGPREMANE0alBr 2CaRd fdede§roatachst ofl at bagifisgC for 10
mnutes to formthe red resin layer. The 5 positive photoresi st was coated
t her eaf t BFCAFPRNE PaYeP8eU864r el La8eCRSEEEM: ng APRE SHLAER Op&s BClY &S| owed by
pr e- baki n t ,100C for inutes on a hot-plate. Then, a W light with a
IuninousPgnzpbngPtlﬁﬁdﬁﬂykﬁﬂ(RéngPFaHFQQQH Fone%B&gﬂﬁéttWFSgﬁﬁ)a
phot o- mask ,0 ich the transparent are 0 had, been fornmed j.n the

refl ectioha SQQBthﬁ8gr8§FHg§|aéﬁené¥w%ﬁéﬁr93 §583FP&P§ FRWEEER the red
past e and.phot o i d,.be far si_ng sur.e.apparnat us as
used in ?%é?bfaéﬁg%géPga §§b§§8u585§§F9t g B&%gogggsggi%%sHﬁ%&eﬁ%ﬁéd

simul tan S i e j h Is ayer f.ar m-a tpat ter sing a

2. 250 aq%ggugxgg1%??o%gg?ggé&rgﬁégﬁipggwé i3%?ﬁ$g%o§iggfIThe%?e§P§t was

peelied OﬁépmbkhtHEt§¥h58h|Q?QEV%xé&ﬁhét@uI@”@Rb@@ tesbﬂe%%y%&mw%isconverted
into an imde derivaitive by heating at 280C for 10 m nutes on a hot plate

to formpheseedopi ¥XBk. sTHAIERHs20 I @hknNdya%eanBady@ bl ckpeseaeh 1.1 ~ m
and the chromaticity coordinate (x, y) of the transm Ssion area obtai ned by

measur i ngywbder idbatsfasdanddyeghhdsaysceoConass( 8. 5peci@i286). The green
paste (GPl-1) described above was coated on 25 the substrate conprising the
red pi xekténdaed.onDeherdpsinbns of38.Ibl ack Hat prinafipée washited tihe
substrate with water, thereby form ng the green pixel by patterning by the
sane netbbd dssasedtinnboprfi hyet beesedtpiinegkntibe diivoneiiciptly €odr.di nat e
15 PR254 is described as PR254).
The red pixel of the color filter according to the
present invention preferably contains the pigment PR254, in
order to adjust the chromaticity in the range of 0.4 < x <
0.6 within a thickness of 0.6 to 1.5 pum. It is more
20 preferable that the pixel contains a pigment comprising a

quinacridone derivative. The pigment PR254 is a compound

represented by the following structural formula (1):

25



(x, y). of the transm ssion region neasured under the 5 standard |ight
source C was (0.304, 0.508). In the next step, the blue paste (BPI-1) was
coated on the substrate conprising the red and green pixels forned on the
resin black matrix |layer after washing the substrate with water, followed
by patterning to obtain the blue pixels. The 10 chromaticity coordi nate (X,
y) of the transm ssion area neasured under the standard |ight source C was
(0.146, 0.178). Subsequently, a solutign of a curable conposition obtained
by allow ng a hydrolysis product of y%ﬁ nopr opyl met hyl di et hoxysil ane to
react wwth 3,3 ,4,4" 15 benzophenone tetracarboxylic acid dianhydride was
spin coated on the substrgﬁe foll owed by heat-treating at 260C for 10
m nut es, thereby form ng overcoat layer with a thickness of 1.5 ~min
the area out of the pixels. \Finally, an I TO | ayer was sputtered at a
t hi ckness of 20 0.1 Vim The e of the sub-area, thickness of the color
| ayer, the step height bet e color area and transparent area in the
refl ettion area, and the dif J/ce of ghromaticity 8 between the
reflection area and transm ssion\area ¢f the color filter obti ned as

A The chromaticity of the - 39

chromaticity of the transparent
| i ght source are shown in Table
SI ZETHI CKNESSSTEP HEI GHT | NNo.

COLGRREFLECTI
8LA@@RAREAPR&@%%S%%GREFLECTICﬁ?%%tps

(20} un-) invéREYBn GLOE! BEh3obAE QéﬁgEBeﬁ%éd v3ﬂﬁén%oﬁ§%ﬁﬁ%g)l
. 78E- 03BBPI - 169@14n2 (20Et m-) , Eun~I}. 53E- 04EXAVPLE 2 RRPI - 18

%600m (ggguat&rbzEga}ﬁul$1EQQGGGPI-115%1140Eun2(76~ m x | SEun) 3
TI MES1. 78E- 03BBPI - 169300 z(60 x 5 )1.53E- 04EXAMPLE 3 RRPI - 28 %600m (50Etm
X | 2Nxn) 5. 29E- 06GGPI - 115 %4140n2 (76m x | SEun) 1. 78E- 03BBPI - 169800 z(60 X 5
)1 2Nmil. 53E- 04EXAMPLE, 4 RRPI - 18 9%600m (50§Qn x | 2Eun). .3

1t

11E-06GEPI -1, 2-- 4. 29E- 05BE 53E—04EXANPLE.5 RRPI - 18
15@& 40n2R 76n X
F Q0

gasured under dual wavel ength LED
BZE 2 COLORTRANS- PARENTSUB- AREA
YMATERI ALAREA RATI OOF

%600m (50Eun x | 2EtRy 4
15~, t ) 1. 78E- 03BBPI - 1)
12m) 3. 11E- 06GGPI - 115 ¢

R

l:BBAC—l--l E—O4
R7
H R
20 (In the structurgy for9ula (2), Ry to Rg'®independently denote
a hydrogen atom, an allyl group such as an alkyl group, or a
halogen atom such as a chlorine atom)
PR209 (in the structural formula (2), Rz and Rg denote
chlorine atoms, and Ri, Rz, Rs, Rs, R; and Rg denote hydrogen
25 atoms, see the structural formula (3)) is particularly
preferable among the pigments having the quinacridone
derivatives, because the color paste containing PR209 can

display a more reddish hue while maintaining brightness as

compared with the color paste only comprising PR254.

H O
N Cl
Ly e
Cl N
H

30



O TABLE 2 ((CONTI NUED) COLORTRAMS- SUB- AREA S| ZETHI CKNESSSTEP HEI GHTNo.
OFCHROVATI CI TYMATERI ALPARENT AREAOF COLORI N REFLECTI ONPHOTO- DI FFERENCE
8RATI OLAYERAREAPROCESS| NGREFLECTI ON' STEPSTRANSM SSI ONCOVPARATI VE

RRPI - 189814~tm (20~xm-) ( 79~.~m (10~)0.23. 11E- O6EXAVPLE 1

GGPI - 115% 134Nne ( 38~un~) 0. 21. 78E- 03BBPI - LDEFECTI VE707Eun2 (30ELm-) , 12.
6Eun2 ( 4/ am-) DEFECTI VE- PROCESSI NGPROCESS| NGCOVPARATI VE

RRPI - 12. 51E- 03EXAMPLE 2

GGPI - 11592290Eun2( 54Eun~) 0. 7. 78E- 03BBPI - 12. 56E- 03COMPARATI VE

RRPI - 18%600Et m (50Nm x | 2Et mj 1~1~0. 23. 11E- 06EXAMPLE 3 GGPI - 115%140n2
(76Fun x | SEun) 0. 21. 78E- 03BBPI - 1DEFECTI VE208Et e (52Eun x 4~nm) , | 8Eunz (
6Eun x 3~n) DEFECTI VE- PROCESS| NGPROCESSI NG3 TI MESCOVPARATI VE

RRPI - 1DEFECTI VE314Et m (20Eun~) , 79Eun’ ( | O~ m-) DEFECTI VE- EXAMPLE 4
GGPI - 1PROCESS| NGL134Eun2 ( 38Eun~) PROCESSI NG BBPI - 1707 2(30 ), 12.6 Z(4

) - COVPARATI VI HRRRIGIBRERECT IERIHE i (120 Btert)pi xdDEum preferably 30

(1 OEun~) DEFECTI VE- PROCESSI NGPROCESS| NGEXAMPLE 5 GGPI - 115% 1134Eun ( 38Eun-)
0.2 1.78E 0BBEPI b DEFECTE VE7 OPEanRot 8DEphghent$2. mexezpreferably 40
(4~tt t t ~) DEFECTI VE- PROCESS| NGPROCESS| NGCOVPARATI VE RPRI - 48%814Et m  (20-~) (
79EuR’ (1 OReH)RY wehght pEinPthe OFr e4EXAVPLECBE Do) - 1TBod ¢eaEanR of

(38~, ~.m-) | . | Eun0. 2~unl. 78E- 03BBPI - 1DEFECTI VE707Eun2 (30Eun~) , 12. 6Etne
( AEun~) 1the Bp hEFRECTPRED PROCESSY NEPRODESSE NCCOMPARAFF VEative” is

RRPI - 1- - 6. 56E- 03EXAMPLE 7 , |

GGPI - 1- -ArafeE32Bapl - 129- P0F JAD, CELakt 22F- BREOVPRRATPVENRRPF - 1, Bhes

TI MES3. 7QE- OSEXAMPLE_ 8 GGPI - 1, 2- -4, 29E- 05BBP| - 1, 2-- 4, 34E-05 . P N. - 42
TABLE 3 %&A%ﬂ@%t 1°aNB 2) PEFRRRATH &) TY° CS‘;—ET{%@\?\ISK/F‘%? AKEA £DOREET

SOURCE BES) X v 500ty L CHrE DU B EREPREDTR) B ERARCLANGER 536
0.329 31 340 332 0,502 731=C0, 2 7.8B. 0. 147
0,172 _23‘?%%‘?’%5‘36 oc‘%‘g‘“%i ?%y 318" of‘g%f S stipTeR: g%ﬁgﬁé&s?g%gg 88

i o | 85 AEBoEt (B Ly hel b Sant dupast T1 £ Candr b1 e 5er e fing 170 on
the col oy filiess a8 @nLefegence wth a Milti-Channel Photo Detector

MCPD- 2000 nmade by OTSUKA ELECTRONICS C0. LTD. The chromaticity of the

transm ssi on L& ASUSEd her eldbd & ol alhechd ror spect ey &bt admeds by
nmeasuring the 10 transm ssion area of the color filter with the

Mul ti - Chaswel 1iPhedmb Dedecdorwidescsi bedi aboxesmIbeiehr oppei tigyuiaf the

15 crystal display. The semi-transmission type liquid crystal
display as used herein refers to a liquid crystal display
comprising a reflection layer as well as a backlight source,
and is capable of both displays of a reflection display and
transmission display. Any material may be used for the

20 reflection layer so long as it can reflect a part of the
incident light, and an aluminum foil or a foil of a silver-
palladium-copper alloy is usually used. The color filter
according to the present invention is not restricted by an
addressing method and display method of the liquid crystal

25 display, and can be applied for various kinds of liquid



reflection area is determ ned by squaring each spectral intensity in the

reflection area and transparent area at correspondi ng wavel engt hs, and

cal cul ati ng wei ghted averages 15 of the squares with respect to the sizes

of the color area and transparent area. The step hei ght was evaluated with

a stylus force of 10 ng/cnR and scanning speed of 10 ~nisec using a surface

texture neasuring instrument SURFCOM 1500A made by TOKYO 20 SEIM TSU Co.

(Preparation of projections) - 43 _Aldowed to react in

N- net hyl - 2- pyrrol i done as a solvent were 3,3',4,4' -bi phneyltetracarboxylic

di anhydri de, 4, 4di am nophenyl ether and bi s(3-am nopropyl)tetranethyl

di sil oxane to obtain a polyamc acid solution as a material 5 for form ng

the projecysons. diselpaptyanecateddbgohnt bohivasmesatsdmenhokle substrate,

and was dried in hot air at 90C for 15 mnutes followed by sem -curing at

125C forp2eshvauresrin pesheilveTNenpde, (SRS modepmBEBbICSRI prefPCRar East

Co.) was coated with a spinner thereafter, followed by 10 drying at 80C for

20 ni nut®ede TheTphofotes: si1has eepBsedndstAgtAenRERS RN IPNENEAHS r at e was

di pped in an al kal i ne devel oper (M c¢roposit 351 made by Shipl ey Far- East

Co.) forC3PmiftahdBusSaevef bprBht P8 NFhESFOEFEEGE PYsit é@ and etching of the
acid

I |l ed 15 of f f h
ot hol coPPORbFUE SRt AEet POl FOMMGIbGTEaF Pt RETRS! FHAPe 23 HYl ayer at 300C
f 30 t hi ck f da ti
wer e 1 or R G ?ﬁep?iahizg?giéﬁgeﬁﬂsfi?ﬁégﬂPa Pl ERpster BeCheay s on'the
base of the g{aggﬁﬂylr%x PUthéﬁm%FQ §Cfo §$ ;@gugig Qﬂe § ?per face

n A

of the projections he redin ayer w h| e scree 110 ~. n2,

and the ALeA.pf.Lbe,houer £acee0h,Lhenpr 9hechions ﬁ@@@rbghae siglayer

wi thin the screen was projections wth an upper face size of
110 ~. n2,and; | ovesface size of 120 ~n2 25 were also formed on the frane.
The upper face size and

10 A color pixel containing a transparent area is formed
at first. After coating a color paste comprising at least a
polyamic acid, coloring agent and solvent on a transparent
substrate, a color layer of the polyamic acid is formed
after drying in air, by heating or in vacuum. An oven or a

15 hot plate is used for heat-drying preferably by heating at
50 to 180°C for 1 minute to 3 hours. Then, a pattern is
formed on the color layer of polyamic acid obtained as
described above by a conventional wet etching. A positive
type photoresist is ccated on the color layer of polyamic

20 acid to form a photoresist layer. Subsequently, a mask
comprising a pattern for forming a transparent area is
placed on the photoresist layer followed by irradiating with
a UV light using an exposure apparatus. The photoresist
layer and color layer of polyamic acid are simultaneously

25 etched after exposure with an alkaline developer for the



-.44 lower face size of the projections out of the screen were 10, 000 ~nz
( 100 x 100 Vim and 12, 000 ~,n2 ( 110 x 110 Vim , respectively, with an
el evation of the projection of 6 um One projection was provided per three
pixels within the 5 screen. (Manufacture of liquid crystal display) A
pol yi m de alignnment |ayer was formed on the color filter, and the |ayer was
rubbed. The polyimde alignnent |ayers subjected to rubbing treatnent were
al so fornmed on 10 the transparent eleggrode conprising thin film

transi stors and on the opposed substrate conprising a reflection |ayer.
After bonding the color filter conprising the alignnment [ayer to the
transparent el ectrode substrate conprising the thin filmtransistor using a
seal agemsitties [type dresist al e walsotoresied layert hemgapedhadtugh an
injection port forned at the seal part. For injecting the liquid crystal,
an enpt \etdhyuial o yealededffwas all owed to stand under a reduced pressure,
and the injection port was dipped into a liquid crystal vessel followed by
returning th&hsr eedpre taye20 @E Rt iedpie rd &l pries siprevermrd j Hjtexrtd on port
was seal ed after injection of the liquid crystal. Finally, a polarizer was
bonded tR9kHdisiR FekoBflavRr sUbstealee¥ o Yauhadt uk BealBent qui Bher yst al

cell. 25 Exanple 2 - 45 A color filter was manufactured by the sane

met héd J?ﬁﬁ1ﬁ§&ﬂﬁﬂ%ﬁq 1%x%%$%l?%a?o%F+%H°§%%Ya?éaﬁ%??%léeré@t%h@te of 50
~mx 12 ~m (600 ~ reen sub-area with a re o6 ~tmx 15 ~.m
(11460 S T e ta@ SEGRE S o wit v actn caf ahbfelor 380 Em x 5 <m (300

~nR f t le_th tt f d
con%rw§§?%f§§%§%#g§i ré?wggiﬁgtofrea% gﬁ%%?% %5 %o S;Sblgageso | ong as
t he rect angl es t}%\ﬁ at}e §:a 2 d t]%bajta);elrze 2S¢ tlnr?ecg %r]hed Islg eééin&e t he
total size is cru0|51 or ransparen area. % Size was

eval uat ed fy ”f ﬁ@éé@%@ 4Nna i BT 8 hO%yeFOHEafé‘HngS Eéag%ﬁ?x%lp‘ col or

filter was nmanufacture e sane net
10 so that the thickness of the color layer is different in the

reflection area and transmission area. The transparent
resin layer is deposited in the reflection area before
forming the color pixel comprising the transparent area. A
non-photosensitive paste comprising polyamic acid and a

15 solvent is coated on the entire surface of the transparent
substrate on which the transparent resin layer is formed,
and the substrate is dried on a hot plate at 60 to 200°C for
1 to 60 minutes. Subsequently, a positive type photoresist
is coated on the polyamic acid layer obtained as described

20 above, and the photoresist layer is dried on a hot plate at
60 to 150°C for 1 to 30 minutes. A desired pattern is
printed on the photoresist layer by irradiating a UV light
using an exposure apparatus, and a transparent resin layer
having a desired pattern at a desired position is obtained

25 by alkali development. The transparent resin layer is cured



15 in Exanple |, except that the sub-area of the blue pixel was forned by a
conbi nation of circles with a dianeter of 30 ~m (707 ~n2) and with a
dianeter of 4 ~,un (12.6 ~n2) . Conparative Exanple 2 20 A color filter was
manuf actured by the sane nethod as in Exanple 1, except that the sub-areas
of the red, green and blue pixels were formed as circles with a dianeter of
54 ~m (2, 290 N,nR) , respectively. 25 Conparative Exanple 3 - 46 A
color filter was manufactured by the me met hod as in Exanple 2, except
that the sub-area of the blue pixel was forned by a conbi nation of
rectangles with a dinension of 52 ~mx 4 ~ (208 ~nR) and with a di nension
of 6 ~-mx 3 ~ (18 5 ~n2 ) . Conparative Exanple 4 A color filter was

manuf actloy ededyinteatsad®Oneo hd@0aS. i n Conparative Exanple 1, except that

t he di stance between 10 the sub-areas forned in each pixel was adjusted to
8 N,m A conpirheon. dsot viearh Qe sist Iveari- oy el Cohparaennel Segpres 1 to
4 is shown in Table 2, Color filters having small differences of brightness
15 and chedfhitdRi 2GTrHbi GeRAL YRR ¢ r aR5YH 58| Bl ¥feachhgnal monomer and

photo-polymerization initiator is coated on the transparent
5 substrate on which the transparent resin layer is formed,
and the substrate is dried in air, by heating or in wvacuum
to form a photosensitive acrylic color layer. An oven or a
hot plate is used for drying by heating preferably at 60 to
200°C for 1 minutes to 3 hours. Then, a UV light is
10 irradiated to the photosensitive acrylic color layer to form
a pattern using a photo-mask and exposure element. The
rhotosensitive acrylic color layer is etched after exposure
using an alkaline developer.
A different color layer for transmission area from that
15 for reflection area is formed, if necessary, on one color
pixel. A color paste comprising at least polyamic acid, a
coloring agent and solvent, or a photosensitive color resist
comprising an acrylic polymer, acrylic polyfunctional
monomer, photo-polymerization initiator, coloring agent and
20 solvent is coated on the substrate, followed by drying in
alr, by heating or in vacuum to form a color layer. An oven
or a hot plate is used for drying at 50 to 200°C for 1
minute to 3 hours.
A photoresist layer is formed by coating the positive

25 photoresist when the color layer comprises polyamic acid.



reflection area were obtained in Exanples 1 and 2. In addition, the nunber
of manufacturing steps is not increased in these color filters as conpared
wi th conventional color filters. These results suggest that color filters
bei ng 20 excellent in display characteristics and processing performance
could be obtained. The color filter in Conparative Exanple 1 was difficult

to process due to too snmall sub-area in blue pixel. In the color filter in
Conpar ati ve exanple 2, the sub 25 areagrvas so | arge that the step height on
the surface of the - 47 reflectionarea was increased to 0.5 ~.mor

nore, arising problematic display characteristics. The color filter in
Conparative Exanple 3 was difficult to process due to too fine sub-area in
bl ue pi x€hens Fhwaskanspsréntndr eapestiednnéprbéopmaogssee into a proper
shape and size in Conparative Exanple 4 since the distance between

adj oi ni ngranprapeasnnaseanis. moceress. that PEPRPHGSOF Lt R YSTh- ahdghwas al so
difficult since the subarea in blue pixel was too small. 10 Exanple 3 A
col or filfetrhadinhadf Hathr edUNy LEABts HFeNAeRROBXRE SUACERARPEELE, except
that RPI-2 was used as the red paste. The red paste RPI-2 contains PR254
and PR208P %o%?F@FﬁﬁlﬁﬁeligeﬁuF‘ﬁgcFP&IBﬁel&é‘?FvQﬂﬂ PeLYAMECpRGRGr BEEN of

PR254/ PR209 = 60/ 40 hi, ck f th d |

oot TS0t Db o ey AT FRCRRR g v

t th t andard 0.5I1,

B A B AL

hei ght b§é$§§91£§ af Qr AL+ AR 5L§§ E %%%a 'Qh%h%oﬁ%ﬁ'ﬁ%&% n-area,
Ween t

and t he eren chrona i Ci refl ection aré

tra”S”‘Sékogﬁe§Sﬁlér§c llgh?gggggk%dzln EBg?ﬁhlﬁbt¥oﬁkrtﬁ% e%f'eCt'O”

area under st andar source e chromati ci of the
transm sghQpeaFear by ABarikgder the dual mavelength LED I'i ght source are
shown in

10 When the color layer comprises a photosensitive acrylic
resin, a pattern is formed on the photosensitivé acrylic
color layer using a photo-mask and an exposure element. The
photosensitive acrylic color layer is etched after the
exposure using an alkaline developer. The photosensitive

15 acrylic color layer is cured thereafter by heating. The
heat treatment is applied continuously or stepwise in air,
in a nitrogen atmosphere or in vacuum at 150 to 350°C,
preferably at 180 to 250°C, for 0.5 to 5 hours. Finally,
the color layer is formed on the reflection area by the same

20 method as used for forming the transmission layer.

The color filter for the liquid crystal display is
manufactured by applying the foregoing steps with respect to
the red, green and blue color paste, and with respect to the
black color paste, 1if necessary.

25 Black matrices may be formed between the pixels in



Table 4. TABLE 4 (EXAMPLE 3) CHROVATI CI TY OF TRANSM SSI ON AREA ( DUAL
VWAVELENGTH LED LI GHT SOURCE) CHROVATI CI TY OF REFLECTI ON AREA ( STANDARD LI GHT
SOURCE D65) X y ZCOLORx y zCOLORREPRODUCI BLEREPRODUCI BLERANGERANGERO. 537

0. 326 32.1R0.535 0.327 28.5@).332 0.502 66.732~G0. 291 0.497 58.833~B0. 197
0.172 23.0B0. 158 0. 167 20.1W). 320 0. 339 40. 6W. 307 0. 330 35.8 5 Conparative
Exanple 5 A color filter was manufactured by the sane nethod as in

Conpar ative Exanple 1, except that RPI-3 was used as the red paste. Only
PR209 havi ng the qui nacri done derivat ?0e 710 i nl y used in the reflection
type color filter was used in the red paste PRI -3 as the pignment conponent,
and the weight ratio between the pignent and resin was 90/ 10 in the paste.
The red qidet tobtédneda hatghheskshardihgcknessfot impr&unngsthbe thickness
of the color layer in Exanple 1. The 15 chromaticity coordinate (x, y) of
the transmtssasn af esherehsgued ongetal héispaadar dihigbt asmataeé Eownads
(0.511, 0.290), showing the sanme degree of color purity as obtained in
Exanpl e (withweverickiaes cohckisoappeat edoi fi. 2hempi x€l Cas Ml bra¥iin the | TO
| ayer during the photolithographic 20 processing. The size of the sub-area
in bl ue PF x| rewbn sbilm-pugpasedl byt dasrpasiegndngighs-dhieldahg.

5 material in the resin is used for the black matrix, the
resin black matrix free from reflection is usually used in
the present invention since it may be used for the light
shielding layer for the reflection area. Polyimide and
acrylic resins are preferable for the light-shielding resin

10 for their heat resistance and chemical resistance. While
examples of the black pigment as the light-shielding
material include pigment black 7 (carbon black) and titanium
black, the material is not restricted thereto, and various
pigments may be used. A pigment subjected to a rosin

15 treatment, acidified treatment or basified treatment may be
used, 1f necessary.

A transparent conductive film is usually formed on the
uppermost surface of the color filter. The transparent
conductive film is formed by, for example, a dipping method,

20 chemical vapor growth method, vacuum vapor deposition
method, sputtering method or ion plating method. Examples
of the representative transparent conductive film include
indium tin oxide (ITO), zinc oxide and tin oxide, and an
alloy thereof. The thickness of the transparent conductive

25 film is selected so as not to compromise the color display,



Conparative Exanple 6 A color filter was manufactured by the sanme nethod as
5 in Conparative Exanple 1, except that RPI-4 was used as the red paste.
Only PR209 having the qui nacridone derivative mainly used in the reflection
type color filter was used in the red paste PRI -4 as the pignment conponent,
and the weight ratio between the pignent and resin in the paste was 40/ 60,
10 which was possible to apply photolithographic processing. The col or
paste was coated so as to obtain the sgne degree of color purity as in
Conpar ative exanple 1, obtaining a thi'ckness of the color |layer of 2.9 Vim
The chromaticity coordinate (x, y) of the transm ssion area neasured under
15 the standard light source C was (0.511, 0.290). The step height in the
refl ectiamdateapatferabdut Dng pheoovéessat |ayer was 0.9 Vim The size of
the sub-area in blue pixel was so small that patterning was difficult. 20 A
color filter Haiewfisms Imaly fHeredheessed onight neskoanditheomaticity
between the transm ssion area and reflection area was obtai ned in Exanple 3
as in Exaaptesanyandl2e ghejeetbensopseofornedr bd Laghnataonhert PEnsni ssion
di splay was reddish with nore_clear color. In addition, the 25 nunber of
manuf actRe$ R SE2PRMARSE - nofhiiher EBSedhapecohpihedrrolesgion tg not
manuf.acturing of the conventional color filters, indicating that ,a col or
filter WwRhtytrtareXcerPeht CHPYpl A)ecRarPieTePyt Pe8daRBeprRoCEEBIAGSS
performance, coul d be obtained. 5 The color filter iin Co rati ve Exanple 5
foul d not BEECEEd FERAFReOF| GAFHEAYSL AP 8i BPRES Hi8“ro GP&CRETIHPhe r ed
pi xel . A ste heiﬁht of .0 E ~. mor re was fougg on the surface in the
refl ecti DhOAT e2°F - CBnPhr GEPVRI BASHBE 6 1514 SHR & ng %F88Féﬁé i ¢ display
characteristics, Ex | Acolor filter s _manuf ut t he sane
method s Th Exanpra hef e ah R thecBPaPe aTBr FBRheaTS: 1Enkth BB 1s

te GRly Lt edmni - 1S M. SS I
For med o Theoir boh” aat oGPl POdRE QeRbal T ad En (L RBCr ST 60T oR area. Both

the a”&f@z{é@ﬁﬂté}‘ie@u@l@daéeéhs%keﬁeé'&%n%_eﬁ:hge%%ﬂ Biixeh sobL,ai ned had
the sanme" thickness of 1.1 Vim e Chromaticity coordinate (x, y) of 20 the

refl ectipiy apgar ARASHI @dduBgeketihe standard light source C was (0.328,
0.421). The size of the sub-area, the thickness of the color layer, the

step hei ght ket weemdhe ¢l @ie al Bgubddctyenspadeapl ay efahnfdbeuredl ection
area, and the difference of chromaticity 8 between the reflection area 25
and transsissgi oine aceboar eidhewnabavéabli@l2beTHescribbdl behvaenmatacity of the
reflection area under the standard |ight source D65, and the chromaticity
of the troasspasenn aveacoatdelayhe doafowmedl engthelEDlbirglitilseurce are
shown in Table 5.
15 followed by forming a transparent electrode made of, for
example, ITC film is formed thereon. Then, the color filter
substrate is bonded with a reflection electrode substrate on
which a reflection electrode such as a metal deposition film
is formed in an opposed relation with each other via a
20 liquid crystal alignment layer subjected to a rubbing
treatment for aligning the 1liquid crystal provided on the
substrate, and a spacer for maintaining a cell gap. A TFT
liquid crystal display and TFD liquid crystal display may be

manufactured by providing projections for light scattering,

25 tin film transistors (TFT) and thin film diodes (TFD),



5 TABLE 5 (EXAMPLE 4) CHROVATICI TY OF TRANSM SSI ON AREA ( DUAL WAVELENGTH
LED LI GHT SOURCE) CHROVATI CI TY ( STANDARDCOF REFLECTI ON AREA LI GHT SOURCE

D65) xy ZCOLORxy z COL ORREPRODUCI BLEREPRODUCI BLERANGERANGERO. 5360. 32931. 7R0. 534
0. 32827. 6@30. 3320. 50266. 731~Q0. 3260. 50275. 031~B0. 1470. 17223. 0B0. 1580. 16720. 1
W). 3180. 33440. 5W. 3190. 34740.9 Exanple 5 A color filter was manufactured by
the same nethod as 10 in Exanple 1, except that a color |ayer forned of the
bl ue paste BPI-1 was deposited in the ?rqnsnission area, and a col or |ayer
formed of the blue paste BPI-2 was de& sited in the reflection area. Both
the transm ssion area and reflection area of the blue pixel obtained had
the same 15 thickness of 1.1 Vim The chromaticity coordinate (x, y) of the
refl ecti spaanéagnkaseasedndndégnehelsnandandtheghtfdevtdcenCelesti@dE85,
0.223). The size of the sub-area, the thickness of the color |ayer, the
step hei ghbsbeateehnt Addéblion apebhandefianspanenteatsaden the reflection
area, and 20 the difference of chromaticity 8 between the reflection area
and tranSwbssfeanbiEa ardignbdncrrstabl és2inTreted- thzoughrématicity of the
reflection area under the standard |ight _source D65, and_the chromaticity
of the t+Bn8AT58NoRCEF AT ONdArdt AE duaPahaberéngBRILEDS| LgAtisource are

shown in Table 6. 5 , . . .
crystal display is sealed after the injection. Finally, IC

drivers and the like are mounted to complete a module.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
While the present invention is described in more detail

10 with reference to preferred embodiments, the advantages of
the present invention is by no means restricted to the
embodiments cited.

Example 1
(Design of the color filter)

15 Transparent areas were formed in reflection areas
(15,100 pmz) for red, green and blue pixels with transparent
area ratio of 8% (1,208 pmz), 15% (2,290 pmz) and 6% (906
umz), respectively. Sub-areas of the transparent area were
formed by a combination of red circles with diameters of 20

20 um (314 um®) and 13 pm (133 pm?), green circles with a
diameter of 38 pm (1,134 umz), and blue circles with
diameters of 20 pm (314 um?) and 5 pm (20 pm?). The sub-
areas were randomly formed in the reflection area with a
distance between the sub-areas of 10 um.

25 (Preparation of black paste for resin black matrix)



TABLE 6 (EXAMPLE 5) CHROVATI CI TY OF TRANSM SSI ON AREA ( DUAL WAVELENGTH LED
LI GHT SOURCE) CHROVATI CI TY OF REFLECTI ON AREA ( STANDARD LI GHT SOURCE D65) x y
zCOLORX y zCOLORREPRODUCI BLEREPRODUCI BLERANGERANGERO. 536 0. 329 31. 7R0. 534
0. 328 27.600.332 0.502 66.731~CG0. 291 0.497 58.832~B0. 147 0.172 23.0B0. 146
0.179 23.3W). 318 0.334 90.5W. 296 0.330 36.6 Exanple 6 The

non- phot osensitive paste (TPI-1) was coated on a 10 gl ass substrate with a
bl ack matrix prepared as in Exanple_13%sLng a spinner. The coated | ayer was
dried in an oven at 120C for 20 m nutés, a positive photoresist (OFPR-800
made by TOKYO OHKA KOGYO Co.) was coated on the | ayer, and the photoresist
15 layer was dried in an oven at 90C for 10 m nutes. The photoresist was
exposed via alphwoies eskeqrrt ererat3 a3’ uhi Hodsimmargy of 60 mi/cn (W
light intensity at 365 nn) so as to remain transpar ent resin layers in the
reflectibatareasberyihe aedd gieehvanidel ué, pi xélsminpdephenyl2otigposure,
the substrate was inmmersed in a devel oper_conprising 1.60 aqueous sol ution
of tetraﬂ%@h?%%hﬁﬁﬁmhﬂ?prOPEQ ~RyEFeReHRY 818 hreBRebUsNymaEDELOB "t he
photoreS|st and etch the p amc acid | ayer. The photoresist _| ayer

r emai ni NBYaFPL+IPRe 2% chi ﬁ@léég tpkel ehtatt @i PRl 3@@%6@01%80%% Stibstrate

240C, 30 f 5 I
Pt ka oy raﬂﬁaeﬂsg%“xﬁféﬁgmé&ﬂ?é&%ﬁggt%g?ﬁ?rﬁiag[szf'eﬂt Ve
resin | ayer n%dSub uent | éhe red reen pixels were forned
by the AR HRPvdnPs e e AREFLSE vt SUSpFoed s 9h5 o0 BORERRRETER o1 Mo
th h .4 f th

ottt i ke - SR SRR SIS LR A MRS T S 12l A

~min bo{ﬁr5h§%t %é%%t% fq8reg 889%£ﬁaﬂﬁg‘§§égﬁigﬁfﬁ-pIQ@eP'Hﬁléﬁs'St

(BAC-1) was c e gl ass substrate on
was diluted with the polyamic acid solution to form the

10 black paste.
(Preparation of color paste for forming color layer)
A. Preparation of polyamic acid solution
Mixed with 525g of y-butylolactone and 220g of N-methyl-
2-pyrrolidone were 95.1g of 4,4’-diaminodophenyl ether and
15 6.2g of bis(3-aminopropyl)tetramethyldisiloxane, followed by
adding 144.1g of 3,3’,4,4' -biphenyltetracarboxylic acid
dianhydride. After allowing the mixture to react for 3
hours at 70°C, 3.0g of phthalic anhydride was added. The
mixture was further allowed to react for 2 hours at 70°C to
20 obtain a polyamic acid (PAA) solution with a concentration
of 25% by weight.
B. Synthesis of polymer dispersing agent
Mixed were 161.3g of 4,4’'-diaminobenzanilide, 176.7g of
3,3’ -diaminodiphenyl sulfone and 18.6g of bis(3-

25 aminopropyl)tetramethyldisiloxane with 2,667g of y-



15 the transparent resin layer, red pixel and green pixel had been formnmed
with a spinner, and the coated | ayer was heattreated in an oven at 80C for
10 minutes. The transm ssion area and reflection area of the blue pixel
were exposed at a | um nous energy of 100 mJ/cnR (the intensity of the W
light 20 at 365 nm) through a light transm ssible chrom um phot o- mask usi ng
a WV exposure apparatus. The substrate was immersed in a devel oper
conprising an aqueous sol ution of tetramethyl ammoni um hydroxi de after the
exposure to devel op the col or |ayer. ?he substrate was heat-treated in an
oven 25 at 240C for 30 mnutes to obtain the blue pixel. The - 54

t hi ckness of the transm ssion area at the center of the pixel was 1.1 Vim
and t he krrvhaticiene caod dbdag ecf xN-p¢thedsiredrondedonae sndndaPdlyi ght
source C was (0.146, 0.178). The difference of chromaticity 8 between the 5
refl ecti®h ar&a Gnt thbpkeisbiohrarebbPsYshowAcid dapnkygdridpewafromaticity
of the reflection area under the standard |ight source D65, and the

chr omat i 29€§4 of© t Hee tPhREYT S si ohf BpEad LheBing hehaual xwavel BAgERAEED | i ght
source are shpwn in Table 7. 10 TABLE 7 éEXANPLE 6) CHROVATICITY OF

TRANSM S5t O\ AREZC ¥ DUAROWAS/EL NG HP | BB B sHrC SeRe ey ERROVAT 1 e oF

o\
REFLECTI REA. (STANDARD, LI GHT SOU coL
2 COLORR %ﬁ%ﬁ%ﬂﬂ%ﬂﬁ%‘%ﬁg@&é‘ééfé? 3%8‘%#9%.15%9 0. 328

27.6@0. 332 0.502 66..731%30. 291 0.497 58.8339%0.147.0.172 23. 137 0. 169
20 avo. S50 aaa St EUooBe R ng 14 Sho e d s ap o R A G BE s CRBL GRS, i Ler

??ananQ£ﬂ§5P$§ﬁiané?§ S8 I8 N98: A4 1801 Be FX 2IPE §n Lo £ €368 Pyt AL NO
pare area was tornmed I'n
weight.
C. Preparation of non-photosensitive color paste
10 Added were 90g of glass beads in a mixture comprising
4.5g of pigment red PR254, 22.5g of polymer dispersing agent
(PD), 42.8g of y-butylolactone and 20.2g of 3-methoxy-3-
methyl-l-butanol. After dispersing the mixture with a
homogenizer at 7,000 rpm for 5 hours, the glass beads were
15 filtered off, thereby obtaining a 5% dispersion solution
(RD) comprising PR254.

A solution prepared by diluting 24g of the polyamic
acid solution (PAA) with 120.0g of y-butylolactone was added
to and mixed with 51g of the dispersion solution (RD) to

20 obtain a red colcer paste (RPI-1}). The red pastes (RPI-2,
RPI-3, RPI-4 and RPI-5), green pastes (GRI-1 and GPI-2)),
and blue pastes (BPI-1 and BPI-2) with pigment compositions
as shown in Table 1 were obtained by the same method as
described above.

25 D. Preparation of photosensitive color resist
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of an acrylic copolymer solution (a 43% by weight solution
of Saikuroma P, ACA-250, made by DAICEL Chemical Industries,
LTD), 15.00g of pentaerythritol tetramethacrylate as a
polyfunctional monomer, and 7.50g of IRGACURE 369 as a
photo-polymerization initiator (made by Ciba Specialty
Chemicals Co.) in 130g of cyclopentanone. A blue resist
(BAC-1) was obtained by adding 10g of the blue dispersion

solution in 22.4g of the photosensitive acrylic resin

solution.

TABLE 1
PASTE COMPOSITION OF PIGMENT/RESIN

No. PIGMENT (WEIGHT (WEIGHT RATIO)
RATIO)

PRT-1 PR254 = 100 23/77
PRI-2 PR254/PR209 = 60/40 30/70
PRI-3 PR209 = 100 90/10
PRI-4 PR209 = 100 40/60
PRI-5 PR209/P038 = 85/15 40/60
GPI-1 PG36/PY138 = 70/30 40/60
GPI-2 PG36/PY138 = 55/45 15/85
BPI-1 PR15:6 = 100 25/75
BPI-2 PB15:6/PV23 = 96/4 12/88

BAC-1 PB15:6 = 100 25/75
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(Preparation of color filter)

The black paste was coated on a substrate manufactured
by patterning an aluminum reflection layer on a non-alkaline
glass substrate (No. 1737 made by Corning Japan Co.) using a
curtain-flow coater, and a black resin layer was formed by
drying the substrate on a hot plate at 130°C for 10 minutes.
A positive photoresist (SRC-100 made by Shipley Co.) was
coated on the resin layer with a reverse roll coater, dried
on a hot plate at 100°C for 5 minutes, and pre-baked for 5
minutes. The coating layer was exposed with a UV light with
a luminous energy of 100 mJ/cm? through a photo-mask using a
Proximity Exposure XG-5000 made by DAINIPPON SCREEN MFG. Co.
LTD. The photoresist was developed simultaneously with
etching the resin layer using 2.25% of an aqueous solution
of tetramethylammonium hydroxide to form a pattern. The
photoresist was peeled off with methylcellosolve acetate,
and a black matrix was formed by converting the resin layer
into an imide derivative by heating at 290°C for 10 minutes

on a hot plate. The black matrix had a thickness of 1.10 pm



concluded that a quite excellent color filter could be obtained in Exanple
4. Color filters having small differences of brightness 20 and chromaticity
bet ween the transm ssion area and - 57 reflection area were obtained in
Exanples 5 and 6 as in Exanples 1 and 2. The white |levels of the liquid
crystal displays manufactured using the color filters in Exanples 5 and 6
were brighter than those in Exanples 1 to 3 with nore 5 natural white col or

t one, show ng good vi ew ng. Further_ﬁﬁﬁp,
for manufacturing the color filters

only one nore step was necessary
Exanples 5 and 6 as conpared with

the conventional color filters. It may be concluded that quite excellent
color filters could be obtained in Exanples 5 and 10 6. The differences of
bri ght nessdand ©br gvaitiecbffy3bét ween the transm ssion area and reflection

area were large in the color filter in Conparative Exanple 7.

Brightness in

the refl ecti ohhehisptlay wad pesyel ORPINl} heasi quatedr gst thelbedispl ay
manuf actured using the color filter in Conparative exanple 7 with poor

vi ewi ng. bTaekdmpteignwéshoh brirghinessasnd, chndndtiiedt pnbeét Wedrptliag e
transm ssion area and reflection area were small in the color filter in
Conpar at P¥elBRakpferglsminutre €6l 6prPothe| reds reginxdapleas 1 Thed 2.
However, six steps were required in the photolithographic process of the
col ord | apeFltiKer ebyptrheséasi WSt ReahBAutherarith§cydthop tRFCrSe

coater as in forming the black paste, followed by pre-baking

at 100°C for 5 minutes on a hot-plate. Then, a UV light

with a luminous energy of 100 mJ/cm? was irradiated for

exposure through a photo-mask on which the transparent area

10 had been formed in the reflection area on the resin black

mask matrix substrate on which the red paste and photoresist

had been formed using the same exposure apparatus as used in

the black paste. Subsequently, the photoresist was

developed simultaneously with etching the resin layer to

15 form a pattern using a 2.25% aqueous solution of

tetramethylammonium hydroxide. The resist was peeled off

with methylcellosolve acetate, and the resin layer was

converted into an imide derivative by heating at 280°C for

10 minutes on a hot plate to form the red pixel. The red

20 resin layer had a thickness of 1.1 pm, and the chromaticity

coordinate (x, y) of the transmission area obtained by

measuring under the standard light source C was (0.511,

0.286).

The green paste (GPI-1) described above was coated on

25 the substrate comprising the red pixel formed on the resin



color filter. The present invention provides a color filter having 25 snal
di fferences of brightness and chromaticity between the - 58 transm ssion
area and reflection area, and having a small surface step height, by
formng a transparent area in the reflection area while suppressing the
manuf acturing steps fromincreasing to provide a cheap color filter. - 59
WHAT IS CLAIMED IS: 1. Acolor filter conprising a transm ssion area and
reflection area in which at |east onesgolor pixel of red, 5 green and bl ue
pi xels is formed of the same nmaterial, wherein a transparent area having no
color layer is formed in a part of the reflection area, at |east one
sub-area is forned in the transparent area, and the size of the sub-area is
20 ~n2 oPlavkenahBip, abbernpashingsshe 19ubStTRECCHLBR VREEEr BBEBPEVNG to
Claim 1, wherein the sub-area is forned as a circle, a square with a side
| engt h oﬁOEWL%Qo?hﬁngﬁee%rPéX?%c?én@FEtﬁFPHn% SHokper sargemeERgEnast 5 ~m
or nore. d The color filter accoidlng ﬁ é one of d ai 1 and 2,
wher ei n Tﬁ% d+%t ﬂﬁ%l?goﬁ??hﬁeglﬁéxﬁ [B- GREqmE b ERhEY sPARTEE At Eub- ar ea
adj oi ni ng_t hey et ~m. or _nor r fllte accordlng to any
one ‘of G b 108 ot e Gralethe BROB,EFdbdD Pager e FOVREATBR the color
layer. S JJQ&%&"Plght'éc‘?&réé"’@r%éé‘g 50384y 878081 .9 3"Pnd next
step, the blue paste (BPI-1) was coated on the substrate
comprising the red and green pixels formed on the resin
black matrix layer after washing the substrate with water,
followed by patterning to obtain the blue pixels. The
10 chromaticity coordinate (x, y) of the transmission area
measured under the standard light source C was (0.14¢,
0.178). Subsequently, a solution of a curable composition
obtained by allowing a hydrolysis product of y-
aminopropylmethyl diethoxysilane to react with 3,37,4,4'-
15 benzophenone tetracarboxylic acid dianhydride was spin-
coated on the substrate followed by heat-treating at 260°C
for 10 minutes, thereby forming an overcoat layer with a
thickness of 1.5 um in the area out of the pixels.
Finally, an ITO layer was sputtered at a thickness of
200 0.1 pm. The size of the sub-area, thickness of the color
layer, the step height between the color area and
transparent area in the reflection area, and the difference
of chromaticity 8 between the reflection area and

transmission area of the color filter obtained as described

25 above are shown in Table 2. The chromaticity of the



25 to 4, wherein the chromaticity coordinate x of the - 60 transm ssion
area of the red pixel in the chromaticity color coordinate system under the
standard light source Cis in the range of 0.4 < x < 0.6, and the thickness
of the color layer is in the range of 0.6 to 1.5 ~mw th an overcoat 5

| ayer coated thereon. 6. The color filter according to any one of Clains 1
to 5, wherein the red pixel conprises C.I. pignent red 254 as a coloring
agent. 10 7. The color filter accordinggto any one of Clains 1 to 6,
wherein the red pixel conprises a pignent containing a quinacridone
derivative as a coloring agent. 15 8. The color filter according to any one
of Clains 1 to 7, wherein the pignment containing the quinacridone

derivati v&LI§CEIP FirgreMeasedeg0ondgr the cdlagdaid tlerghdc condiaqey to any
one of Cb%ins 1 20.to 8, wherein the step height between the color area and
transpar R0’ aP84 ither FETEARdEitan ofr &S $m@rSPanent lews kG sl col or
filter accardi to any one of Clains 1 to 9, wherein a transparent resin

| ayer isupﬁggragﬁ bgﬁﬂééﬁn§§%tﬁ@rééﬁgpﬁa§@u§ﬁ@ édleoshoayerin Taie 3.
reflection area, and - 61
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& ()- !''#XpEk=3 (EXAMPLES 1 AND 2)

CHROMATICITY OF TRANSMISSION AREA CHROMATICITY OF REFLECTION AREA
(DUAL WAVELENGTH LED LIGHT SOURCE) (STANDARD LIGHT SOURCE D65)
X M z COLOR X A% z COLOR
REPRODUCIBLE REPRODUCIBLE
RANGE RANGE

R 0.536 0.329 31.7 R 0.534 0.328 27.6

G 0.332 0.502 66.7 31% G 0.291 0.487 58.8 32%

B 0.147 0.172 23.0 B 0.158 0.167 20.1

W 0.318 0.334 40.5 W 0.305 0.330 35.5

The transmittance and chromaticity coordinate were

measured using a glass, on which ITO is deposited by the

5 same deposition condition as forming ITO on the color
filter, as a reference with a Multi-Channel Photo Detector
MCPD-2000 made by OTSUKA ELECTRONICS CO. LTD.

The chromaticity of the transmission area as used

herein is obtained from spectra obtained by measuring the

10 transmission area of the color filter with the Multi-Channel
Photo Detector described above. The chromaticity of the
reflection area is determined by squaring each spectral
intensity in the reflection area and transparent area at
corresponding wavelengths, and calculating weighted averages

15 of the squares with respect to the sizes of the color area
and transparent area.

The step height was evaluated with a stylus force of 10
mg/cm2 and scanning speed of 10 pum/sec using a surface
texture measuring instrument SURFCOM 1500A made by TOKYO

20 SEIMITSU Co.

(Preparation of projections)
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disiloxane to obtain a polyamic acid solution as a material
5 for forming the projections. The polyamic acid solution was
coated on the substrate, and was dried in hot air at 90°C
for 15 minutes followed by semi-curing at 125°C for 20
minutes. A positive resist (SRC-100 made by Shipley Far-
East Co.) was coated with a spinner thereafter, followed by

10 drying at 80°C for 20 minutes. The photoresist was exposed
using a mask, and the substrate was dipped in an alkaline
developer (Microposit 351 made by Shipley Far~East Co.) for
simultaneous development of the positive resist and etching
of the polyamic acid layer. The positive resist was peeled

15 off thereafter with methylcellosolve acetate followed by
curing the polyamic acid layer at 300°C for 30 minutes. The
thickness of the resin layer was 5.2 um. Projections were
formed on the frame of screen of the liquid crystal display
and on the base of the black matrix out of the screen.

20 The area of the upper face of the projections on the
resin layer within the screen was about 110 pm?, and the
area of the lower face of the projections under the resin
layer within the screen was 120 pm®. The projections with

2

an upper face size of 110 um? and lower face size of 120 um

25 were also formed on the frame. The upper face size and
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respectively, with an elevation of the projection of 6 um.
One projection was provided per three pixels within the
5 screen.
(Manufacture of liquid crystal display)
A polyimide alignment layer was formed on the color
filter, and the layer was rubbed. The polyimide alignment
layers subjected to rubbing treatment were also formed on
10 the transparent electrode comprising thin film transistors
and on the opposed substrate comprising a reflection layer.
After bonding the color filter comprising the alignment
layer to the transparent electrode substrate comprising the
thin film transistor using a seal agent, the liquid crystal
15 was injected into the gap through an injection port formed
at the seal part. For injecting the liquid crystal, an
empty liquid crystal cell was allowed to stand under a
reduced pressure, and the injection port was dipped into a
liquid crystal vessel followed by returning the pressure to
20 an atmospheric pressure. The injection port was sealed
after injection of the liquid crystal. Finally, a polarizer

was bonded to the outside of the substrate to manufacture

the liquid crystal cell.

25 Example 2
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10

15

20

25

50 um x 12 pm (600 pm®), a green sub-area with a rectangle of
76 pum x 15 pm (1,140 pm2), and a blue sub-area with a
rectangle of 60 pm x 5 pum (300 pm?) were formed in the
transparent area. While the pattern formed comprises
rectangles having round corners, there are no problems so
long as the rectangles have the same total size as the
designed size since the total size is crucial for the
transparent area. The total size was evaluated by the

method as shown in Fig. 4.

Comparative Example 1

A color filter was manufactured by the same method as
in Example 1, except that the sub-area of the blue pixel was
formed by a combination of circles with a diameter of 30 um

(707 um?) and with a diameter of 4 pum (12.6 pmz).
u

Comparative Example 2

A color filter was manufactured by the same method as
in Example 1, except that the sub-areas of the red, green
and blue pixels were formed as circles with a diameter of 54

um (2,290 um®), respectively.

Comparative Example 3

"$10% & ()-!p $10%IUE

"$10
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formed by a combination of rectangles with a dimension of 52

um x 4 p (208 pm®*) and with a dimension of 6 um x 3 p (18

5 umﬁ.

Comparative Example 4

A color filter was manufactured by the same method as
in Comparative Example 1, except that the distance between

10 the sub-areas formed in each pixel was adjusted to 8 um.

A comparison between Examples 1 and 2 and Comparative
Examples 1 to 4 is shown in Table 2.
Color filters having small differences of brightness
15 and chromaticity between the transmission area and
reflection area were obtained in Examples 1 and 2. In
addition, the number of manufacturing steps is not increased
in these color filters as compared with conventional color
filters. These results suggest that color filters being
20 excellent in display characteristics and processing
performance could be obtained.
The color filter in Comparative Example 1 was difficult
to process due to too small sub-area in blue pixel.
In the color filter in Comparative example 2, the sub-

25 area was so large that the step height on the surface of the
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proper shape and size in Comparative Example 4 since the
distance between adjoining sub-areas was 10 pm or less.
Patterning of the sub-area was also difficult since the sub-
area in blue pixel was too small.

10
Example 3

A color filter was manufactured by the same method as
in Example 1, except that RPI-2 was used as the red paste.
The red paste RPI-2 contains PR254 and PR209 comprising the

15 guinacridone derivative in a proportion of PR254/PR209 =
60/40 in weight ratio. The thickness of the red resin
layer obtained was 1.1 pum. The chromaticity coordinate (x,
y) of the transmission area measured under the standard
light source C was (0.511, 0.290). The size of the sub-

20 area, the thickness of the pixel, the step height between
the color area and transparent area in the reflection area,
and the difference of chromaticity & between the reflection
area and transmission area are shown in Table 2. The
chromaticity of the reflection area under the standard light

25 source D65, and the chromaticity of the transmission area
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R | 0.537 0.326 32.1 R | 0.535 0.327  28.5
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Comparative Example 5

A color filter was manufactured by the same method as
in Comparative Example 1, except that RPI-3 was used as the
red paste. Only PR209 having the quinacridone derivative

10 mainly used in the reflection type color filter was used in
the red paste PRI-3 as the pigment component, and the weight
ratio between the pigment and resin was 90/10 in the paste.
The red pixel obtained had the same thickness of 1.1 pm as
the thickness of the color layer in Example 1. The

15 chromaticity coordinate (x, y) of the transmission area
measured under the standard light source C was (0.511,
0.290), showing the same degree of color purity as obtained
in Example 1. However, fine cracks appeared in the pixel as
well as in the ITO layer during the photolithographic

20 processing. The size of the sub-area in blue pixel was so
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Comparative Example 6

A color filter was manufactured by the same method as
5 in Comparative Example 1, except that RPI-4 was used as the
red paste. Only PR209 having the quinacridone derivative
mainly used in the reflection type color filter was used in
the red paste PRI-4 as the pigment component, and the weight
ratio between the pigment and resin in the paste was 40/60,
10 which was possible to apply photolithographic processing.
The color paste was coated so as to obtain the same degree
of color purity as in Comparative example 1, obtaining a
thickness of the color layer of 2.9 um. The chromaticity
coordinate (x, y) of the transmission area measured under
15 the standard light source C was (0.511, 0.290). The step
height in the reflection area after coating the overcoat
layer was 0.9 pm. The size of the sub-area in blue pixel

was so small that patterning was difficult.

20 A color filter having small differences of brightness
and chromaticity between the transmission area and
reflection area was obtained in Example 3 as in Examples 1
and 2. The color tone of the red light in the transmission
display was reddish with more clear color. 1In addition, the

25 number of manufacturing steps was not increased as compared
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with manufacturing of the conventional color filters,
indicating that a color filter with quite excellent display
characteristics and processing performance could be
obtained.

5 The color filter in Comparative Example 5 could not be
used for the liquid crystal display due to cracks in the red
pixel.

A step height of 0.5 pum or more was found on the

surface in the reflection area in Comparative Example 6,

10 arising problematic display characteristics.

Example 4

A color filter was manufactured by the same method as
in Example 1, except that a color layer formed of the green
15 paste GPI-1 was deposited in the transmission area, and a
color layer formed of the green paste GPI-2 was deposited in
the reflection area. Both the transmission area and
reflection area of the green pixel obtained had the same
thickness of 1.1 pm. The chromaticity coordinate (x, y) of
20 the reflection area measured under the standard light source
C was (0.328, 0.421). The size of the sub-area, the
thickness of the color layer, the step height between the
color area and transparent area in the reflection area, and
the difference of chromaticity & between the reflection area

25 and transmission area are shown in Table 2. The
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chromaticity of the reflection area under the standard light
source D65, and the chromaticity of the transmission area

under the dual wavelength LED light source are shown in

Table 5.
5

TABLE 5 (EXAMPLE 4)
CHROMATICITY OF TRANSMISSION AREA CHROMATICITY OF REFLECTION AREA
(DUAL WAVELENGTH LED LIGHT SOURCE) (STANDARD LIGHT SOURCE D65)
X y Z COLOR X Yy z COLOR

REPRODUCIBLE REPRODUCIBLE
RANGE RANGE

R | 0.536 0.329 31.7 R | 0.534 0.328 27.6

G 0.332 0.502 66.7 31% G 0.326 0.502 75.0 31%

B 0.147 0.172 23.0 B 0.158 0.167 20.1

W | 0.318 0.334 40.5 W | 0.319 0.347 40.9

Example 5

A color filter was manufactured by the same method as

10 in Example 1, except that a color layer formed of the blue
paste BPI-1 was deposited in the transmission area, and a
color layer formed of the blue paste BPI-2 was deposited in
the reflection area. Both the transmission area and
reflection area of the blue pixel obtained had the same

15 thickness of 1.1 um. The chromaticity coordinate (x, y) of
the reflection area measured under the standard light source
C was (0.185, 0.223). The size of the sub-area, the
thickness of the color layer, the step height between the
color area and transparent area in the reflection area, and

20 the difference of chromaticity 8 between the reflection area

and transmission area are shown in Table 2. The
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chromaticity of the reflection area under the standard light

source D65, and the chromaticity of the transmission area

under the dual wavelength LED light source are shown in

Table 6.
5

TABLE 6 (EXAMPLE 5)
CHROMATICITY OF TRANSMISSION AREA CHROMATICITY OF REFLECTION AREA
(DUAL WAVELENGTH LED LIGHT SOURCE) (STANDARD LIGHT SOURCE D65)
X A% z COLOR X Yy z COLOR

REPRODUCIBLE REPRODUCIBLE
RANGE RANGE

R | 0.536 0.329 31.7 R | 0.534 0.328 27.6

G [0.332 0.502 66.7 31% G | 0.291 0.497 58.8 32%

B |0.147 o0.172 23.0 B | 0.146 0,179 23.3

W | 0.318 0.334 40.5 W | 0.296 0.330 36.6

Example 6

The non-photosensitive paste (TPI-1) was coated on a
10 glass substrate with a black matrix prepared as in Example 1
using a spinner.

The coated layer was dried in an oven at 120°C for 20
minutes, a positive photoresist (OFPR-800 made by TOKYO OHKA
KOGYO Co.) was coated on the layer, and the photoresist

15 layer was dried in an oven at 90°C for 10 minutes. The
photoresist was exposed via a photo-mask pattern at a
luminous energy of 60 mJ/cm® (UV light intensity at 365 nm)
so as to remain transparent resin layers in the reflection
areas of the red, green and blue pixels. After the

20 exposure, the substrate was immersed in a developer

comprising 1.6% aqueous solution of tetramethylammonium
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RANGE RANGE

R| 0.536 0.329 31.7 R | 0.617 0.328 21.9

G| o0.332 0.502 66.7 31% G | 0.278 0.592 52.6 61%

B | 0.147 0.172  23.0 B | 0.133 0.140 15.4

W | 0.318 0.334  40.5 w | 0.303 0.339  29.9

5 Comparative Example 8

A color layer formed of the red paste RPI-1 was
deposited in the transmission area, and a color layer formed
of the red paste PRI-5 was deposited in the reflection area
by the same manufacturing steps as in Example 1. A color

10 layer formed of the green paste GPI-1 was deposited in the
transmission area, and a color layer formed of the green
paste GPI-2 was deposited in the reflection area. A color
layer formed of the blue paste BPI-1 was deposited in the
transmission area, and a color layer formed of the blue

15 paste BPI-2 was deposited in the reflection area. The color
layer of each pixel had the same thickness of 1.1 pm in both
the reflection area and transmission area. The chromaticity
coordinates (x, y) of the reflection areas in the red, green
and blue pixels measured under the standard light source C

20 were (0.441, 0.293), (0.328, 0.421) and (0.185, 0.223),
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The chromaticity of the reflection area under

and the chromaticity of the

transmission area under the dual wavelength LED light source

are shown in Table 9.

TABLE 9

(COMPARATIVE EXAMPLE 8)

CHROMATICITY OF TRANSMISSION AREA
(DUAL WAVELENGTH LED LIGHT SOURCE)

CHROMATICITY OF REFLECTION AREA
(STANDARD LIGHT SQURCE D65)

X y Z COLOR X Yy Z COLOR
REPRODUCIBLE REPRODUCIBLE
RANGE RANGE
R 0.536 0.329 31.7 R 0.534 0.323 30.8
G 0.332 0.502 66.7 31% G 0.326 0.502 75.0 32%
B 0.147 0.172 23.0 B 0.146 0.179 23.3
W 0.318 0.334 40.5 W 0.316 0.344 43.0

A color filter having small differences of brightness

and chromaticity between the transmission area and

reflection area was obtained in Example 4 as in Examples 1

and 2.

The white level in the reflection display of the

liquid crystal display manufactured using the color filter

in Example 4 was brighter than those in Examples 1 to 3 with

good viewing.

Further more,

only one more step was

necessary for manufacturing the color filter in Example 4 as

compared with the conventional color filters.

It may be

concluded that a quite excellent color filter could be

obtained in Example 4.

Color filters having small differences of brightness

and chromaticity between the transmission area and
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f 5 natural white color tone, showing good viewing. Further
more, only one more step was necessary for manufacturing the
color filters in Examples 5 and 6 as compared with the
conventional color filters. It may be concluded that quite
excellent color filters could be obtained in Examples 5 and

10 6.

The differences of brightness and chromaticity between
the transmission area and reflection area were large in the
color filter in Comparative Example 7. Brightness in the
reflection display was very low in the liquid crystal

15 display manufactured using the color filter in Comparative
example 7 with poor viewing.

The differences of brightness and chromaticity between
the transmission area and reflection area were small in the
color filter in Comparative Example 8 as in the color

20 filters in Examples 1 and 2. However, six steps were
required in the photolithographic process of the color
layer, thereby increasing the manufacturing cost of the
color filter.

The present invention provides a color filter having

25 small differences of brightness and chromaticity between the
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!"#$%&Ié%%§aﬁr%%L 3436789 ' R at least .one .color pixel of red,
<=>7?@AB fﬂbﬁ%ﬁﬁ ] __é%cdéfdhlfﬁTnno qr
5 green and blue pixels is formed of the same material,
wherein a transparent area having no color layer is formed
in a part of the reflection area, at least one sub-area is
formed in the transparent area, and the size of the sub-area

is 20 pum* or more and 2,000 um? or less.

10
2. The color filter according to Claim 1, wherein the
sub-area is formed as a circle, a square with a side length
of 5 pm or more, or a rectangle with a shorter side length
of 5 um or more.
15
3. The color filter according to any one of Claims 1
and 2, wherein the distance from the side of a sub-area to
the side of a sub-area adjoining thereto is 10 um or more.
20 4. The color filter according to any one of Claims 1

to 3, wherein an overcoat layer is formed on the color

layer.

5. The color filter according to any one of Claims 1

25 to 4, wherein the chromaticity coordinate x of the
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transmission area of the red pixel in the chromaticity color
coordinate system under the standard light source C is in
the range of 0.4 < x < 0.6, and the thickness of the color
layer is in the range of 0.6 to 1.5 um with an overcoat

layer coated thereon.

6. The color filter according to any one of Claims 1
to 5, wherein the red pixel comprises C.I. pigment red 254

as a coloring agent.

7. The color filter according to any one of Claims 1
to 6, wherein the red pixel comprises a pigment containing a

guinacridone derivative as a coloring agent.

8. The color filter according to any one of Claims 1
to 7, wherein the pigment containing the quinacridone

derivative is C.I. pigment red 209.

9. The color filter according to any one of Claims 1
to 8, wherein the step height between the color area and

transparent area in the reflection area is 0.5 pum or less.

10. The color filter according to any one of Claims 1
to 9, wherein a transparent resin layer is inserted between

the substrate and color layer in the reflection area, and
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comprises at least one color pixel in which the thickness of
the color layer in the reflection area is different from the

thickness of the color layer in the transmission area.

11. The color filter according to any one of Claims 1
to 10 containing at least one color pixel comprising
different color layers in the transmission area and

reflection area.

12. The color filter according to any one of Claims 1
to 11, wherein projections are formed on the uppermost

layer.

13. The color filter according to any one of Claims 1
to 12, wherein the difference of chromaticity & between the
chromaticity coordinate (Xq, Vo) of the transmission area and
chromaticity coordinate (x, y) of the reflection area
satisfies the following equation:

8§ = (x-%0)% + (y-yo)? £ 3 x 1073

14. A liquid crystal display using the color filter

according to any one of Claims 1 to 13.



