20 Decenber 2006 - 1 COLOR FILTER AND LI QUI D CRYSTAL DI SPLAY DEVI CE
BACKGROUND OF THE INVENTION 1. Field of the Invention 5 The present
invention relates to a color filter to be wused for a bpgecémsensins!

di splay that may be used for both a transm ssion type and reflection type
di splay. 2. Description of the Related Art Aliquid crystal display is used
today for various uses 10 such as a not ebook-sized personal conputer,
portable type information terninal,‘d%sk-top nonitor and digital canera by
t aki ng advantage of its characteristics such as a |ightweight and thin
size, and | ow power consunption. The |liquid crystal display using a
backlight is reQULORJFIDTED ANTPIOE ENerys™If icigmeyw ofkvirhe backlight for
reduci ng power consunption as well as to enhance transmttance of the
color filter. Wiile the transmittance of the color filter is advancing
year after year, power consunption cannot be expected to be |argely

decr easeBABKGRAPNBVORgTHEabVEHTEREe !0 of the color filter. Accordingly,
areflection_type liquid crystal display has been developed in recent
years inlordgieﬁé efi thaafevemeiomeed of the backlight that consunes a

| arge amount of electric power. Released is a reflection type liquid 5

crystal di spIHe thegsHes inwsntiea aelatesgrocansodpri Salisr200Dbeenber 2006
2 .
used for a liquid crystal display that may be used for both

a transmission type and reflectionltype display.
2. Description of the Related Art
A liquid crystal display is used today for various uses
}O such as a notebook-sized personal computer, portable type
, ~ information terminal, desk~top monitor and digital camera by
taking advantage of its characteristics éuch as a
1igﬁtweight and thin size, and low power consumption. The
ligquid crystél‘display using a backlight is reQuired to
L5 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

0 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

5 crystal display that has realized an energy consumption as




smal|l as 1/7 of energy consunption of a transm ssion type liquid crystal
di splay ("Fl at-Panel Di splay”, Supplenent Edition of N kkei M cro-Device,
1998, pl26). Although it is advantages of the reflectlgyog&gmxyioggsplay
over the transm ssion type display that power consunption is small and
outdoor view ng is. excellent, the display panel becones dark when a
sufficient intensity of Iight is not ensured in the environnment
acconpanying extrenely poor view ng. 2Accordi ngly, a proposed liquid LO
crystal display designed for inproving viewi ng even in a dark environnment
conprises (1) a partially transm ssion type and partially reflection type

l'iquid csyslrladli 5Pt ayr ke Ry RrEdmpraidd U bﬂt%a%%hhs%ﬁoﬂ %%EEeCt'On film
together with providing a backlight (based on a so-called sem

transm sbiqméemysell estdpinyt ypeiditsHaae 1melikedayeee sa paem(aﬁfter ence Fine
Process Technol ogy Japan '"99, Textbook of SpeC|aI|zed echnol ogy Sem nar),

and (2) edikism ayf deMiles Miator@ed ildegntlddaghip12/)g. 3 is a schematic
drawi.ng of a conventional sem - 0 transm ssion type liquid crystal display.
Fi g. 3 shows A4 thoughsdicsssoadwadeaybat odi sheaysfbyct ath ngypevant age of a
backl i ght source 3, and a reflection node that displays by taking

advaht aghl spflay rmatar dthd itglansnitisisd ony pepef dikplegl chatl pqued crystal

di splay conprises a transnission area 8 and 5 reflection area 7, and the
col or i FAFEMdedriissisownldr ead] su2dopsc ¥ibwing006 esceblitsptaybhef or

transm ssion display while the color in the
display pan becomes dark when a sufficient intensity of

light is not ensured in the environment accompanying
extremely poor viewing. Accordingly, a proposed liquid

}0 crystal display designed for improviﬁg viewing even in a
dark environment comprises (1) a partially transmission type
and partially reflection type liquid crystal display having
a cut portion in a part of a reflection film together with
providing a backlight (based on a so-called semi-

.5 transmission semi-reflection type display method; see as a
reference Fine Process Technology Japan '99, Textbook of
Specialized Technology Seminar), and (2} a display device
having a front-light. |

Fig. 3 is a schematic drawing of a conventional semi-

0 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 tyﬁe of the color
liquid crystal display cdmprises a transmission area 8 ahd

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




reflection area is displayed for reflection display. Wile the backlight
passes ‘through the transm ssion area of the color filter once (denoted by

an arrow 6) for transm ssion 5 display, the natural Ilg@beagﬁgggxbgrough

the reflection area of the color filter twice, or as an incident light 4
and a reflecting light 5 reflected with a reflection layer " 2.. In other

wor ds, since the nunber of passage through the <color filter is different
bet ween the transm ssion type LO di splay and reflection type display, the
di spl ayed color density, or the color purity and brightness are largely

different between the transm ssion type display and reflection type

di spl ay whep dfies SBOP COLn B AN ali doissy HAAL e 1A df ARSIesi on area

and reflection area. Since .5 the lig urces are a backllght 3 and

nat ural téghéction rAsRectd el ap1dyed et rlaéﬁr@c%%l AN Li¥RA J.SPh@dy 1@nd i n the
reflection type display, the color purity as well as the “color tone are

di f f er enthdeaiaeen die gdansmSsiayH e @amk@ésa@@ meldaeid @Ret ype
display. 0 It nay be contenplated to constitute the transm ssion area and

refl ecticonlar e Midh aidd efaatotee] @y i eriraks 61 ford t¥ansiespeehi vel y, as
shown in Fig. 5 in order to obtain the same display color in both the

t randni stismlaredhencatmefdledtiight amesesHeheveyh the mefukactoni ng cost of
the 5 liquid crystal display seens to be increased by using a 20 Decenber

2006 4 araa dntthe godval Ifiidg ephdwdlciet hogr aphao dethddnsi Adghsi A tinmes of
coating using three colors are required.
and a reflecting light 5 reflected with a reflection layer
2.. In other words, since the number of passage through the
color filter is different between the transmission type
}0 display and reflection type display,.the displayed color

. density, or the color purity and brightness are largely
different between the transmission type display and
reflection type display when the same color material 1 is
_used for the transmission area and reflection area. Since

.5 the light sources are a backlight 3 and natural light 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.

0 ' 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 transmissiéh area and

reflection area. However, the manufacturing cost of the

5. liquid crystal display seems to be increased by using a




Japanese Unexam ned Patent Application Publication No. 2001-33778
di scloses to forma spacer in the reflection area 5 for changing the

t hi ckness of the color |ayers between the transn ssion | ection
area, in order to make the color density (color repea?ggf%??r??/%ieogéal
between the transm ssion area and reflection area. Fig. 6 is a schematic
cross section of a color filter for a sem LO transm ssion type liquid
crystal display having a constructi-ont khown in the art. A transparent
resin layer 14 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

Lo the. &t FFeranet BreTRETT R RERIPEh S detf  Biindd F%Sihrreseh%ﬁea” e e
be. Cor 1 oct e nes ST b0 Charl naiHe T B cae oF 1R B o matotial o, In

other words,gapiidedd Y& Hilleel @a¢est! Apbis eelidh PYbikikafREn’ Robright ness
may be elimnated by thinning the thickness o the color layer of the

reflecti ppoBresy 78 diec IRNOCHOMEIE a GQaert ARE t9e 8RGN d@dondheer and
blue color in the reflection type display becones different fromthat in

t he 5t r afsim csd i oy pehalitpladhe dherehdicd1ve: a Aicha@migenn thevi si on of
the reflection type display and transm ssion type 20 Decenber 2006 5
di spl ay.trdmsmfFHiggsion areamhd rafieotdiosr enea , nufekalded denalaks ahepi xel
area. color density (color repeatability) equal between the
transmission area and reflection area. Fig. 6 is a
schematic cross section of a color filter for a semi-
}O transmission type liquid crystal dis?lay having a
construction known in the art. A transparent resin layer 14
is formed in the reflection area 7, and the dolor layer 1 of
the reflection area 7 1s thinner than the color layer 1 of
the transmission area 8. However, changes of the color tone
.5 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
0 brightness may be eliminatéd by thinning the thickness of
the color layer of the reflection‘area'T, the monochromatic
color tone of each red, green and blue color in the
- reflection type display becomes different from that in the
tfansmission type display, thereby giving a disharmony in

5 vision of the reflection type display and transmission type




A light-hole type color filter has been proposed for 5 solving the
problens as hitherto described and for cheaply providing a color filter
having | ess differences of the brightness and col or tengsc.hgireedst he
transm ssion type display and reflection type display, wherein a
transparent area is provided in the reflection area as disclosed in LO
Japanese Unexam ned Patent Application Publication No. 2000- 111902. Since
only one tine of processing is necessdry-for one color, it nay be

manuf actured by the same nunber of manufacturing steps as in the
conventional color filters, thereby avoiding the manufacturing cost from
bei ng -5di§$1§ gsed. Fig. 1 shows the structure (cross sectional structure)
of the ligh hol e type color filter. A transmission area 8 and reflection

area 7 are fordEdiddl &,pixehnd @, eaeh X ref@eOhuhBrh i § geheteki kter. Both
areas may be present in O one plxel or either one of them may be present

in one ppikekl angafhe other area nmay be present in a different pixel to
formthe both areas in a plurality of pixels.-The substrate on which a
reflection | aydrighti-hdler nggenaylbe’ feilther has Bubst pabposédt hercol or
filter side, or a substrate opposed 5 to the color filter. The area in

whi ch t eokeinectherpradlman0 aBe datherrt20@k sdrib2d antlofoedchenpdy as a
reflection area 7 within the pixel area 9 when the reflection filmis
formed @rqWeigw ¢r cadlidn &ildiede haarog Hesar el fifaviengesoofethection film 2

within the pixel area 9 serves as a transm ssion area 8. Wen the
brightness and color tones between the transmission type

display and reflection type display, wherein a transparent
area is provided in the reflection area as disclosed in
}O Japanese Unexamined Patent Applicatibn 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
.5 increased.
Fig. 1 shows the structure (cross sectional structure)
of the lighf—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
0 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. Thé-substrate
on which a reflection layer 2 is formed may be either a
substrate at the color filter side, or a substrate opposed

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




5 reflection filmis formed on a substrate opposed to the color filter, on
the other hand, the pixel area corresponding to the reflection film

form ng area of the substrate serves as the reflectiogoﬁkg%nﬁmﬁ¥ﬁ§le t he
pi xel area corresponding to the area where the reflection film 0 is not

formed 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 fo-color layer 1 is formed. However,
it is a problemof the light-hole type color 1-5 filter that a step height
is formed on the surface of the color filter as a result of providing a

t ranspar enti sarfeamelda eRgeB0a§0L Obc F RUEE § ofN i t
characteristics that seriously af?ect thg d?gg%azhﬁ%%r o?ﬂgﬁdgi%ﬁlthe

liquid caystaalo dihepl ayei sedleetiogapilfl Sinesrhde st emhdeigig, on the
surface of the color filter is directly reflected on the change of the

cel | gapfiiltteirs sipeef andbthet hotat hevshepnberahtedsias Sk |2 agidossi bl e.
In addition, since a |larger step height nay adversely affect planarity of
t he col othii ptleelt erasi Seséncanvesi £nceafani S Bdih HWERNS 1 1 aatdredhof the

| ayer, defective display may 20 Decenber 2006 7 appear when the filter is
i nt edr at safilacdian| Fylndisrfoteed ganel suldtersteppmisght deetakeen the col or
area and transparent area in the reflection area may be planarized to a
certai n CexPENfibyeEoa®® ngharrtdar dwntd, e pidmieaarea when a

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‘
;0 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
:5 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.
‘0 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 poésible. In
addition, since a larger step height may adversely affect
planarity of the color filter t6 arise inconvenience for

5 alignment treatment of the layer, defective display may




pi gnent conprising a quinacridone derivative represented by pignent red
209 as disclosed in Japanese Unexam ned Patent Application Publication No.
2000- 249824 is used as a principal pignment, the step ses due
to the increased thickness of the pixel in the effortﬁﬁbgbéﬁ%gggﬁﬁg t he
color purity and color characteristics of the color filter, making it
difficult to fill the step even by coating the overcoat. Cbntrol of

di mensi ons of the transparent area Lsyquite inportant in the light-hole
type color filter. Therefore, poor processing performance results in | ow
yield of the filter, thereby increasing the manufacturing cost of the
color filter. S NNARY OF THE | NVENTI ON Exanpl e enbodi nents nmay provide a
col or fi PPBF2ha ﬁb1j§h§Plt&FfFéréﬁE%%F%ﬁ94nﬁqiﬁtﬁeééqah@ eBYvr2bet ween t he
transnlttgngf di spl ay and reflectlon di splay while having a snmall step

height. ="--~-- ----oooon oo 20 Decenber 2006 - 8 In accordance
with afirstaspecly gled & PLESEh chIven 14:00, LGS EPaRloNldRd @ color
filter conprising a nsm ssi on area an eFF 'on area 1 n which a

| east Ongre&0l®reH &%Iflgtctaeﬁ, agégerﬁla;ﬁr}% g R %8 LS £5Sa f OL pds pf the same
material, wherein a transparent area ‘having no col or Iayer Is fornmed in a

part of &heerefdecidaaning aa, cgkrkeast laphae. sulnawea,i shkaraed in the
transparent area, and the size

pigment comprising a guinacridone derivative represented by
pigment red 209 as disclosed in Japanese Unexamined Patent
Application Publication No. 2000-249824 is used as a

principal pigment, the step height increases due to the
increased thickness of the pixel in the effort for improving
the color purity and color characteristics of the color

filter, making it difficult to fill the step even by coating
the overcoat.

Control of dimensions of the transparent area is quite
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.

SUMMARY OF THE INVENTION
Example embodiments may provide a color filter having
small differences of brightness and color between the
transmittance display and reflection display while having a
\

small step height.




of the sub-area is 20 pnt or nore and 2,000 pm2 or less., wherein the red
pi xel conprises C.I. pignent red 254 as a colouring agent. Preferably, the
shape of the sub-area in the color filter is either i uare
with a side length of 5 pmor nore, or a rectangle mngﬁEEEéﬁggﬁg§GS|de
length of 5 pmor nore. In accordance with a second aspect of the present
invention, there is provided a liquid crystal display using the color
filter according to the first aspect. BRI BF-DESCRI PTI ON OF THE DRAW NGS
Fig. 1 shows an exanpl e of the construction (schematic cross sectional

view) of the liquid ar st al %fzﬁ%:accordlng to the gresent i nvention;
Fig. 2 shows '8n8fAREFIR SﬁpW%t%f the o rSPEGEt PEntheseRed@t T ¢ pl ane V|em0 of

the |iquindeeityshal tdespl 8Y pASEQIdH RO dAcirheipresepbmpRYEMd on; Fig. 3
shows an exanpl e of the construction (schematic cross sectional view) of

the conVemtiSBRER1PRGAFERcIYdtERE LR S apreni gn whifhuak rieast amexanpl e of
an ar ea Al UbaLLoNo ML Aled ind %%%ngekeist &énfaaaﬁcﬁ't ofg@ according

to the 20 Decenber 200 present invention: ows anot her exanpl e
of the comst materoal, (Ehﬂ%@@ﬂlQ:ﬁﬂﬁﬁﬁpa$€ﬁtleﬁaﬁ ha@mygom0t¢miQﬁ3nventional

liquid erustal 9hsRLAYin LRIk GSNe¥ A YLk erent sxamlg of the

constructi O
one sub-area is formed in the transparent area, and the size

of the sub-area is 20 pm® or more and 2,000 um® or less.,
wherein the red pixel'éomprises C.I. pigment red 254 as a
colouring agent.

Preferably, the shape of the sub-area in the color filter

‘15 either a circle, a square with a side length of 5 ym or

more, or a rectangle with a shorter side length of 5 um or meore.

In accordance with a second aspect of the present
invention, there is provided a liquid crystal display using

the color filter according to the first aspect.

BRIEF DESCRIPTION CF THE DRAWINGS

Fig. 1 shows an example of the construction (schematic
cross sectional view) of the liquid crystal display according
to the present invention;

Fig. 2 shows another example of the construction
{schematic plane view) of the liquid érystal dispiay
according to the present invention;

Fig. 3 shows an example of the construction {schematic
cross sectional view) of the conventional 1iquid'crystal
display;

Fig. 4 illustrates an example of an area calculation

method of the rectangular transparent area according to the




(schematic cross sectional view) of the conventional liquid crystal
di spl ay. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS LO The present invention

will be described in nore detail hereinafter. The CO'éUDé&e%rﬁtf‘érZ@?@mdi ng
to the present invention- conprises a repetition of a plurality of
different color pixels with a pitch of dozens to several hundreds .5

m cronmeters. The color filter conprises at |least 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 0 and transparent area. The transparent area as

used hergids@ct ughddn¢£fErs to an area having a nean transmttance of 80%
or norein the visible region. The effect of the present invention may be

mani f ested byrifor 9 RGkRe anbiBBEPakaRb1dr 88 Whihcahsteastione color, since
the 5 difference between the transm ssion display and reflection 20

Decenber (2008natid kreiSpctichaleduessd Wi Red donspasondlt he gouaber of
manuf acturing steps.  In other colors, the transm ssion area and the

refl ecticxysttaeh dipleonprarse the sane color material wth each other, and

‘the thickness of the color material in 5 the transm ssion area may be

di fferent fraérmgt.hét showshe diéfeeehtoaxampacbyff ohal agnattdansgar ent resin

| ayer in the transm ssion area. The reflection area becomes to have a
(schematic cross sectional view) of the conventional liquid

crystal display.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
LO The present invention will be déscribed in more detail
hereinafter.

The color filter according to the pfesent invention
comprises a repetition of a plurality of different color
pixels with a pitch of dozens to several hundreds

.5 micrometers. The color filter comprises at least two éolor
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 comprises a color area
0 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 formindg the
-transparent area with at least Qne color, since the

5 difference between the transmission display and reflection




convex portion corresponding to the thickness of the transparent resi n
| ayer that is formed on the reflection 10 area on the substrate, and the

transm ssi on area becones |ower relative to the refl esd prRedb@0vkt h
partially convex portions. The thickness of the color layer in the
transm ssion area becones |larger than the thickness of the reflection area .
where convex portions are formed by L5 planarization (leveling) with a
non- phot osensitive color paste or phdfosensitive color resist, when the
color layer 1is fornmed by coating the substrate partial having convex
portions with the non-photosensitive color paste and/or photosensitive

col or regisplayhesceb@ncel iensef | et &l Aed dbdie gontrol | ed by

means of |eveling technology. The <color for formng the transparent, resin

| ayer ismaatfapentisyl att%s.rexsﬁ roeh @, caWrd ! 1Y DeRintiteyich eda 9reen
or blue pixel. However, en col or characteristics are to be inproved in

the refl antli bhearefilettids pred arapl odpr {08 NHS 4@ tdARSPAERIrizgsi N

| ayer in the green pixel in order to 20 Decenber 2006 - 11 inprove

bri ght nesstbfesble otli¢tectimd thepiladckdddkewSehd tcolics: miafearialll ént 0o form
the transparent resin layer in the blue pixel in order to inprove white
bal afce thetbheanseieben orrea ey Weenditfife reoltorf reirartdetterinsthes are to be 5
inmproved in the reflection area.. The transparent resin |layer as used in the
present TehlReEiom arady orfiergs & d ransgsinentayesin tthygrmianthe

transm ttance of 80%or nore_in the visible region. The
- transmission area. The reflection area becomes to have a

convex portion corresponding to the thickness of the
transparent resin layer that is formed on the reflection

;O area on the substrate, and the transmission area becomes

: lower relative to the reflection area with partially convex
portions. The thickness of the color layer in the
transmission area becomes larger than the thickness of the
reflection area where convex portions are formed by

L5 planarization (leveling) with a non-photosensitive color
paste or photosensitive color resist, when the color layer
is formed by coating the substrate partial having convex
portions with the non-photosensitive color paste and/or
photosensitive color resist. The color of the reflection

0 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

!5 the transparent resin layer in the green pikel in order to




t hi ckness of the transparent resin layer formed in the 10 reflection area

is selected so as to reduce the differences
bri ght ness and col or tone between the
di spl ay considering the
t hi ckness between the col or
the transm ssion area becones | arger
t he transparent
for reducing the differences of color purity,

of the color
reflection disp m ssi on
di fference of the |ight sourcga¥¥%§g8%¢?%$ence of
| ayers fornmed in the reflection area and 15 in
by pl anarization as

resin layer is larger,11 thereby exerting a |l arger effect

purity,

t he t hi ckness of

bri ght ness and col or tone
20 since the

bet ween the transm ssion area and reflection area. However,
t hei t he. f I ilter,, i t 0. ad I

 foct  antbress, 557 SHELRRR G 0, S8rRrebian ftaRlayT of LB ThEH rbge
qual ity afs bagedi-sphay onbenyt DeclLansBarenh, resti,| BYSL ! £, tag, Lhi ck,
preferable ickness of the transparént-resin Tayer i1s m ' 75 or |ess.

Decenber 1300651121 THEGLHRRSPAr brbSi inl AYCLa ALEOLTI ATLRD the present

invention can be forned using a photosensitive resist. The photosensitive

resi st avairhabteohnskbude AneAl ¥hel €615£5EHaradfle PPOXYCE ESEE, t@&hACryl i C
resin, a urethane resin, a 5 polyester resin and a polyolefin resin, and

- the &rylimprotesi i sher ekerablecampgat hem Wile the photosensitive
~acrylic resin usually conprises at |east an acrylic polyner, an acrylic
pol yf unct i onathemmnairspnrerot | HBIRT .1 9RG as RPRRIOP IR ipgidepr i nitiator in
order to endow the resin .

invention actually refers to a resin layer with a mean

t he
20

transmittance of 80% or more in the visible region. The

thickness of the transparent resin layer formed in the
‘10 reflection area is selected so as to reduce the differences
of the color purity, brightness and color tone between the
~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. in 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 liquid
crystal and to deteriorafe the image gquality of the display
when the transparent resin layer is too thick: the
Vpreferable thickness of the transparent resin layer is 5 pum

5  or less.




10 with photosensitivity, the resin may be a.so-called acrylic epoxy resin
in which a epoxy monomer is added. It is possible to control roundness and

planarity of the surface of the transparent resin Iay %rﬂﬂﬁ@ﬁb@g t he
di stance between an exposure mask and a substrate on

transparent resin layer is forned in the exposure step of t he

phot ol i t hogr aphi ¢ processi ng, when the transparent resin |ayer is forned
of the photosensitive resist. The trad®parent resin |layer according to the
present invention rmay be forned using a non-photosensitive paste. :0
Materials for the preferabl e non-photosensitive resin available include a

oL YL de T eSile SR ECHESIdh A1 o AS WAL LI A dileLhaeresi n.

poI yester resin an In resin, imde ' resinis

pref er abkxvaﬁeﬁonaeyﬂgbé hﬁérfmg@e%é’ﬂ?&ra S[%&?&see&élé h&f transhar entpd esin 5

l'ayer is planarized by formng the transparent resin |layer 20 Decenber 2006

13 W t hphBoBEAsPROLESLAS] St VEy PABIS o TIEEBRYe enalld Payide rddi@spar ent
resin | ayer to have a smaller surface area. Particlés for |ight scatterlng

nmay be i a60epokat €dsinf Oafk Nt FBNSPAESIN, r&SiredRY tdiitn,i s forned in the
reflection 5 area. Qitter of the display originating fromdirect

refl &ctipolyaytbe seppi easeh yolald o ity ddgi,- sart tteld ng-ryaardicles to
contain in the transparent resin |layer, thereby enabling good display
char act erésin chs t préfeoiiila rechng Fhrdrher iiride tthe Iphghitosesisidtivecattered in
the transm ssion LO area since the transparent resin layer is not forned
t herei n acrylic resin usually comprises at least an acrylic polymer,
an acrylic polyfunctional monomer or oligomer, and a
photopolymerization initiator in order to endow the resin
}0 with photosensitivity, the resin may be a . so-called acrylic
epoxy resin in which a epoxy monomer is added. It is
possible to control roundness and planarity of the surface
of the transparent resin layer by changing the distance
between an exposure mask and a substrate on which the
.5 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.
!0 Materials for the preferable non-photosensitive resin
available include a polyimide resin, an epoxy resin, an
acrylic resin, a urethane resin, a polyestér resin-and a
polyolefin resin, and the polyimide resin is ﬁreferably used

among them. The upper surface of the transparent resin

5 layer is planarized by forming_thé transparent resin layer




to enabl e the backlight to be efficiently used. The particles avai | abl e
for light-scattering include inorganic oxide . particles such as silica,

alumna and titania particles, netal particles and reg i such as
.5 fluorinated polyner particles, and the silica partﬁ%1ggggﬁ%%%%§gferably

used. The particle dianmeter of the light- scattering particles available is
inthe range of 0.1 to 10 m A particle dianeter of the light-scattering
particles smaller than the thicknessigf ~-the transparent resin layer is O
nore preferable for planarizing the transparent resin layer. The col or

filter according to the present invention may conprise pixels conprising
ers for the ., transm ssiqgn area a | ection area.

i ndivid .h f
I'I'Rel \s/:';meuﬁ%% gégélgéé%_rp}é%t%eerhglﬁcérve? P er & %ree{jyccﬂr%%ﬁla{%e;t onpri sing the

Sosame copmRsidian: and 1 el ol Rty belveen | e plarent 20 Decenber

2006 14 erent color” Iayer as u to a

lor | i, Mhigh i . : , i ! N
o o Lo I SLATES AR L b Oy L0,

col or | ayes st hatyReredine & it AngBS St 118y 9% A0 nef Lect Lanjlayghyi s not

particularly restricted, and any of the red, green and bl ue pixels may be

useds | taren MOreEL Rrederab e o spROWNGiHtdghesemokitet reflection
di splay to make the col or layer of the green pixel to be different between

t he transsflssitoor aysf hﬁﬂéuﬁ@r@ébbﬁpkﬁo@ﬂh@#ﬂhd nigh#ekche tefahgve col or
characteristics in the reflection area. It is also nore preferable for

particles to contain in the transparent resin layer, thereby
enabling good display characteristics to be obtained.
Furthermore, the light is not scattered in the transmission

L0 area since the transparent resin layer is not formed therein
to enable the backlight to be efficiently used. The
particles available for light-scattering include inorganic
oxide partiéles such as silica, alumina and titania
particles, metal particles and resin particles such as

.5 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
pm. A particle diameter of the light—scattering particles
smaller than the thickness of the transparent resin layer is

0 more preferable for planarizing the transparent resin layer.

The color filter according to the present invention may

comprise pixels comprising individual color iayers-for the
transmission area and the reflection area. Th% same color
layer as used herein refers to a color layer comprising the

-5 same composition and the weight_rétio between the pigment




i nproving white balance in the reflection display to nake the color |ayer
of the blue pixel to be different between the transm ssion |ayer and
reflection layer in order to 5 inprove col or characterééﬁkgén%é}ébgg
reflection area. Fig. 2 shows a plane view of the liqurd crystal di
according to the present invention. As shown in the drawing, it is
possible to divide the transparent area 10 into a plurality of areas. Each
transparent area divided is O called a8 a sub-area 12. The total area of
the sub-areas in one pixel is defined as a size of the transparent area.
Al t hough the area may be arbitrarily divided as fine as possible, the
sub-are n . be t Vi sj i S .00 fi due to a
limt o?alg‘?eg?éé}rgh g#kpﬁe%ir%%ée%ésﬁg?%ulcﬁegrt Te uf/éle(egféleosrfelt erecf(%?gr filter

to meke €9 Decsrber; AH06 ir%?{ql’ai.éh & | igye IS HHs3tqRnl §ral SO not

preferable, on the other since the step "hei ght between the col or
area  anghé NaSSRN et 188 G RGOS d Q0 dntirle ani e <3LieP jRelgiregantused

herein refers to a difference between the total 5 thickness of the
transparemn @isesl afghdhies i) ali Ahidiieso19r 1R reohRit weayerhar ea. The
total thickness refers to a thickness fromthe substrate to the uppernost
sur f &ce wfarse sciarorddr eind anrd it ildh alkRess ief nan wetrdeatakayer or
transparent conductive |layer, if, any, may be included in the 10 total

t hi cknesmsthietsidze apid tany subh-tirceaedds weegenr afddt blhe pikehsnmehebeange of
20 to 2000 n2, nore preferably in the range of 70 to 1500 nR2, for the

r easons Udsstr i Héd isbowee preferable for improving brightness of the

spl ay

reflection display to make the color layer of the green
pixel to be different between the transmission layer and

:O 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

5 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 is possible to divide the transparent area 10
into a plurality of areas. Each transparent aiea divided is

0 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 preéision of

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




The t‘ranspar ent area may be an arbitrary shape, and any shape is basically
accepted. Since too fine portions in the _5 shape may not be successfully

formed, a shape that does not contain fine portions SU%FDééaﬁb&hﬁﬁbe’
square or rectangle is preferable. Since a square with a 'side I'ength of
less than 5 pm or a rectangle with a shorter side length of less than 5
pmis troubl esonme for processing, a length of larger :0 than 5 pmis
preferable. It is of no problemthat f£he- 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, thetteapspaiedl ares MBYgdayevideosa® 5148 rRHAde s 0foran
i ntended rectangle. For exanple, the size 20 Decenber 2006 16 is

cal cul at efleasthet| BuBdYNEMMES L& AISHIT IR g1 G thaer? tHd a1 aneaas shown
in Fig. 40 S=y x (x -y) +it x (y/l2)2 ‘I%e sub-area of the transparent

area mayahd arbhngparéhy abedilseasess itod eargf] eatHoonk e ade iAHh@ugh t he

di sposition is arbitrary, it is preferable for uniformy display an inage
t o evenl ysadrhagein heeBelbs areas dinf fdweridansyaren thal eatslt hout conver gi ng
them It is also preferable that the distance 13 from one sub-area to an
adj oini nghéokbreseaod Ot e ameth g merdi strarec erfibtobee it odall- dbdaskrieaseiofiaf t er)
is apart by 10 mor nore, in order to avoid sub-areas from interfering
with eachh®t#ekor ohsyeteraing pr ddissitotadf thirdeessi mgfeTise tdi st ance is nore

preferably 20 pmor nore
thickness from the substrate to the uppermost surface of the

ceolor 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 pn?, 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
.5 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 pm, or a rectangle with a shorter side length of less
than 5 pm is troublesome for processing, a length of larger
‘0. 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 é.size egual to the
designed size, the transparent érea may have tﬁe same size

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




apart. The total thickness of the color layer portion |5 between the two -
sub- areas becones snaller than the thickness of the usual color |ayer
portion when the distance is less than 20 m thereby E@bgpgﬂbéﬁib p
height. It is preferable to forman overcoat |ayer as a planarization

| ayer on the color layer, in order to reduce '.0 the step height between
the color area and transparent area. Exanples of the material for the
overcoat |ayer include an epoxy resing an acrylic epoxy resin, a siloxane
pol ymer based resin, polyimde resin, silicon containing polyimde resin
and polyimde siloxane resin. The step height of the 5 transparent area is

filled wth tge ﬁvErﬁoat er to.a 20 Decenber 200 17 ertain extent to
reduce thE SPEFURBFGR 2Dt THEPHD I 'Hren 1 Fire cfrangRanaliti8h®d A Sover coat | ayer

is bette educi ng_.t he step.height. However, there arise problens
when the£5%§%cgg?p?a§%rs?%wqcﬁpikﬁ%k,bbecause irregular cell 5 gaps tend to

be formed in §anﬁ$gﬁ}@{%gggg+pﬁgshé§?5$e the layer is too soft, or because

air bubbles are herefor, the preferable thickness is

practically gyt Jé%@%eo%ftﬁgo%gaép a&%n%‘grgg]mépib%tgﬁbﬁﬁkggﬁlQetmeen

the color area and transparent ais prefera m or |ess. The

stepshei @lépbsedDiR i efanalios dh 4.0 O 418N eRPlARYIstix 1@ about 0.4
pmis required in a twisted nematic (TN) node I'tquid cryStal addressed by

a thin fidnipansissorid TkNprefaddiknas urfforthe ealsen akayer is
preferably in the range of 0.6 to 1.5 m

image to evenly arrange the sub-areas in the transparent
area without converging them. It is also preferable that
the distance 13 from one sub-area to an adjoining sub-area

;0 {named as a distance between sub-areas hereinafter) is apart
by 10 pm or more, in order to avoid sub—areas from
interfering with each other considering precision of
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 pm, thereby forming a step height.’

It is preferable to %orm 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'oﬁercoat layer include an
epoxy resin, an acrylic epoxy resin, a sildxane polymer
based resin, polyimide resin, silicon containfng polyimide
resin and polyimide siloxane resin. The step height of the

5 transparent area is. filled with tﬁe overcoat layer to a




.5 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 bet Weerb(}Bgc eqr206§ea and
transparent area in the reflection area arises defective alignment O
(disclination) of the liquid crystal where brightness of white portions in
the reflection display becones extrenely low. Oherwise, a light |eaks at
a dark background in the reflection difsplay to cause a decreased contrast
of the liquid crystal display. 5 The reflection area preferably contains
the transparent 20 Decenber 2006 - 18 area in the red pixel. However, no

restrictepsadheekt®Rseth il HEN G hDIHE Rink@re N1 ther or

neither of them may contain the transparent.” The proportion of the size of

the trangpatent ared tiel@idv el dhardai@llSicze iof ey Rfd ection area
(named as a transparent area ratio hereinafter) is preferably determ ned

so that dééud i etlencetepfhaayanat imdivardiet wernr< he isef jlemsdi spl ay and
transm ssi on di splay beconmes snall considering the difference in the
char act evha i Tse ofvedimodiadidyieghti ss aurec & HiQkgn thedatugeali rrieghil arseulte. The
chromaticity x of the transmssion area of the red pixel in a chromaticity
di agbamgaifs atalidE o3 dtcamear d.nc olapnu feedndiingt @ pratémsinder the st andard
light source Cis preferably in the range of 0.4 < x < 0.6, particularly
in the rlgiREr ofs -5 sofk,<op. bgCamwse Bimobubplesernabl irklehsor bage of 0. 50
< x < 0.58.
formed. Therefor, the preferable thickness is practically
in the range of about 1.0 to 4.0 um.
The step height between the color area and transparent
L0 - area is preferably 0.5 pum or less. The step height is more
- .preferably 0.4 pm or less since planarity of about 0.4 pm 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,
.5 since a color layer with a too lérge 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
0 (disclination) of the ligquid 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 contrdst of the

- liquid crystal display.

5 " The reflection area preferably contains the transparent




Wth respect to the chromaticity difference 8 between the color coordinate
(xo, yo) in the CIE 1931 standard color coordinate system of the:

transm ssion area and the color coordinate (x, y) in ﬁc{‘lﬁe@rﬁbe}gééa standard .
color- coordinate 0 systemof the reflection area under é standard |ight

source C, it is preferable that at |east the two chromaticity coordinates
satisfy the follow ng equation: S = (x-x0)2 + (Y-Yo)2 <- 3 x 10-3 More
preferably, the coordinates satisfy-the following 5 equation: -- ------
-------- 20 Decenber 2006 19 S= (x-x0) 2+ (Y-Yo) 2 < 1 x 10-3 The
chromaticity of the transmi ssion area as used herein is determ ned from

spect 13 PUAINPCLY JRATLIAG ¢ o JVANSTLS SR AL8a ol LhE SaLOLod! | L er

with a mcroscopic rophot onet er . e chramati Ci efl ection

area i Sorfl el et n Ao 3110 S0UAS; BheaPeot LAk chatepsi then of the

color area and transparent aréa in the reflection area at each wave

l'engt h, {0} | wadt kY teR! Qﬂi’a@is‘,}ﬂ&&e‘f\ﬁ:i.ghﬁl%@ P@:S%b%‘i%n%ﬁfhtﬁ@%%é &e the

sizes of the color area and 10 transparent area. It is preferable to

cal cul atthd herelvperRCial Usicla it her tasetetatheistapdatrel i ght source
C, dual -wavel ength [|ight source or triple-wavel ength |light source for the

transm ssifdecriea aaed gnsfmddasdal ikghhspavese Besaf eatibe L5 reflection
area. An exanple of the dual -wavel ength LED

hereinafter) is preferably determined so that the difference
of chromaticity between the reflection display and
transmission display becomes small considering the
difference in the characteristics of the backlight source

}O and natural light source. The chromaticity x of the
transmission area of the red pixel in a chromaticity diagram
of a CIE 1931 standard color coofdinate éystem under a
standard light source C is preferably in the range of 0.4 <
x < 0.6, particularly in the range of 0.45 < x < 0.58, and

.5 more preferably in the range of 0.50 < x < 0.58.

With respect to the chromaticity difference & between

the color coordinate (x¢, yo) in the CIE 1931 standard color
'codrdinate system of the itransmission area and the color
coordinate (X, y) in the CIE 1931 standard color coordinate

‘0 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:

8 = (x-x0)® + (y-yo)? £ 3 x 107 '

More preferably, the coordinates satisfy the following

5 eguation:




| ight source as used herein is a LED light source that emts a white |ight
by a conbination of a blue LED and an yellow or yellow sh green
fluorescent substance. Exanples of the triple mavelen%SB é%ﬁ&& gurce
include a triple wavel ength ?0 fluorescent |anp, a white B I ght source
as a conbination of a ultraviolet LED and red, blue and green fluorescent
subst ances, a white LED light source as a conbination of red, blue and
green LEDs, and an organic el ectrolunipnescence |light source. "'5 A
transparent area ratio is inmportant in the pixel 20 Decenber 2006 - 20
containing the transparent area in the color filter according to the
present invention. The;tyansparen rea .rzatio preferably increases in the
order of gre§1">qf<€d;°?bl'{1e Xf\/rpyé’l)l aépfdf' g‘r(?ty of pixels containing the
t ransparent sed.., i1 rticul.arl. r.eferahl at the

P 5fr?er %@n?aﬂce_&ylg& t%err)r%rrgnaslg]n S§%¥ana%Fg QB Sséﬁ

transparent area ratios are or Yoor 'ess for "the green

i xel . SRGLLiiOIe ADCAMADY 4657 SRt he gindi il AL AQM O pkess for

t he bl ue pixel. Mrre preferably, ranspar ent-area os are "20% or nore

and 30% oo 584 5n 10r 40 ONGRD DIvEEl £ 8% JTRIE AR LO%cRD keSS for the

red pixel, and 5% or nore and 16% or |less tor the blue pixel. The

t rangpar e ctef §ighd e OF ef enadlon doGeases, idt the edakct@bnr g¢tea bl ue
when the dual wavel ength LED |ight source i's used, while the transparent

area rati® dquwieiady bndgasastihg Bquke«r ¢ar sphchirde intedswhesst he
triple wavel ength LED light source is used. A bright display cannot be
obt ai nebf the color area and transparent area in the reflection
area at each wave length, followed by calculating weighted
averages with respect to the sizes of the color area and
10 transparent area.

It is preferable to calculate the chromaticity using
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 refiection 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 fluoréscent substance. Examples of the

triple wavelength light source include a triple wavelength

)0 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.

5 A transparent area ratio is important in the pixel




in the reflection display when the transparent area ratio shifts to a
narrowed range fromthe range descri bed above, while a clear display

cannot be obtained in the reflection '.0 display when ;Q%b nt area
ratio shifts to a wider range fromthe range describe .EE %@Q. n§
material may be used for the substrate according to the present invention
so long as the material is transparent and rigid. For exanple, a
al kali-free glass, soda glass and 5 pbastic substrate may be used. The
color layer nay be 20 Decenber 2006 - 21 fornmed on the active el enent
side substrate. Any materials may be used for the color |ayer according to
as, the material tr a |light having an

th I ti | 1.t
ar gi 'Ito ; gf§8}35%g¥sﬂ%ﬁq% éﬁ%?r%? St HE Slrhattkéer icacfla(?nrts)gltlaceercol or |ayer
el ud e . . . . PVA
(pol yvi P earaERE, §o ' e il PR, SR A AR AL
troll : £ hi ' it ' : I
[ in hr R B b graar i St e B b 2 P e hE S0 0l yoer i1 m

i's more p1eseRdh Va S Rety 8 Hef IdiMOrs an@biilds tid PridhaMairehta pi gnent

is dispersed. These resins “can formthe color layer by a little or nore

si mpbe Py HELSSre agsdPNPared Mgd-tfium1a o el b lleay ez tWithie ot her
materials while being nore excellent in heat resistance, L5 |ight

resi st anceamsish e fada esiisianee THe ok ded rPesi vrf iledsi $orost
advant ageous for formng the transparent area anong themsince it is
sui t abl ecHeorgfesmmipigked pdtd @mmore 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
;0‘ 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
L5 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
ib 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

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




When the polyner in which a pignent or dye is dispersed is wused for t he
color layer, a paste of the color layer O material is evenly coated on the

substrate, followed by patterning by a photolithographj eg&ﬂ8§§§w$ncluding
exposure and devel opnent.. The pixel is conposed of a color [ayer forned

into a prescribed pattern. Wile exanples of the pattern include a 5
stripe or an island shape, they are not restricted thereto. 20 Decenber
2006 - 22 \Wile the color layer is f2armed by photolithography, printing
or electrodeposition, the nmethod is not restricted thereto. The
photolithographic nethod is preferable in view of pattern formng ability.

Since the cqalar oLaygL 55F§vga&i§ﬁ%§? $¥?éh§uﬁ%§géﬁé}hographic processi ng

when a currently prevailing poly min a pignent is dispersed

is used as thgnfqlf,@ge]!?a/fg mdPed r@g&pgfé%ntthaef €3 1drS 1%1#}% QUTBGUg N9 a

phot o- mask. While the pignment’s to be u in the present invention™ 10 is
not partieukBel Yreeshti chentibRsesbel By exsalieMatdridl gtad8sist ance,

heat resistance and chem cal resistance ~are desirable anong the pignents.

Exanpl esaol.ighe h@@iﬁgjeéhﬁaéﬂyﬂtﬂéngf%&ﬁoﬁre WeSW idednbrl s pisimg their
color index (Cl) nunbers. L5 Exanples of yellow pignments include pignent
yel | &v Nosterid]l dr 2 SdloB3lBfer HhcOHe HDolkhdr 1difim 43D whidh, 138,

139, 147, 148, 150, 153, 154, 166, 173 and 180. Exanples of orange

pi gnent sai pedueiet phignire  1ov ahigrpdiosed, 1 PVB L pdd6G;vidl;l alcohol)

treated with a dye, and a Si0, film having a controlled

thickness so as to transmit an arbitrary light, the polymer

film in which a pigment is dispersed is preferable, and the
}0 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 ﬁore simple process
as compared with forming the color layer with other
materials while being more excellent in heat resistance,

(5 light resistance and chemical resistance. The polyimide
resin film is most advantageous 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

‘0 material is evenly coated on the substrate, followed by
patterning by a photolithographic process including exposuxre
and development.

The pixel is composed of a color layer f&rmed into a
.prescribed pattern. While examples of the pattern include a

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




40, 42, 43, 51, 55, 59, 61, 64, 65 and 71. Exanples of the '0 red pignents
i nclude pignent red Nos. 9, 97, 122, 123, 144, 149, 166, 168, 177, 180,

192, 206, 207, .209, 215, 216, 224, 242 and 254. Exa %Qg) urple
pi gments include pignent violet Nos. 19, 23, 29, 321ng§?%%%£b 1 gﬁd 38.

Exanpl es of the blue pignments include pignment blue Nos. 15 5 (such as 15:3,
15:4 and 15:6), 21, 22, 60 and 64. Exanples ------------ 20 Decenber 2006
23 of the green pignments include piggent green Nos. 7, 10, 36 and 47. A
pi gnent subjected to a surface treatnent such as a rosin treatnent; an
acidified treatnent or a basified 5 treatnent may be used, if necessary.
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standar dorDgsetLPhi 898mPhg Qi1 AFE, | NeEdCipd &bt tiodydn 14 he
descriptions of the present invention (for exanple C.1.” L5 PR254 is

descrg begaesc PRRG4by The skl Xalofagiifc Gt eteddidervirgear ding to the
present invention preferably contains the pigment PR254, in order to
adj ust theredn oIt peétyiling o lange Of1M.¥h which a pigment is
dispersed is used as the color layer, the transparent area
is also formed using a photo-mask.
While the pigments to be used in the present invention
10 1is not 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 usiﬁg their

color index (CI) numbers. )

LS 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. i3, 31, 3e, 38,
40, 42, 43, 51, 55, 59, 61, 64, 65 and 71. Examples of the

0 red pigmenté 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

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




0.6 within a thickness of 0.6 to 1.5 gm It is nore ?0 preferable that t he
pi xel contains a pignment conprising a quinacridone derivative. The pignent

PR254 is a conpound represented by the followi ng stru a (1):
, 5 20 Decenber 2006 24 CI 5 .%erivati 10 The quinac?ég%géﬂ%%ggﬁg to the

present invention is a conpy the following C structural fornula (2): 15
RLHORS RRNR6 (2) RRNR/ H RROnNnO (In the structural formula
(2), RL to R8 independently denote -azBydrogen atom an allyl group such as
an al kyl group, or a halogen atomsuch as a chlorine atom) PR209 (in the
structural fornmula (2), R3 and R(5 denote chlorine atons, and Rl, R2, R4,

R5, R7 a d . 2 , t I ural 4f-or a (3)) is
particUIgglgﬁﬁrgggégbﬁégéggﬁg %?é?%ﬁ% ﬁ?ﬁ aJ?%gﬁiﬁgﬁ%U{ﬁégﬁﬁdgﬁé _
derivatiﬁﬁ§,4bgcause the col or paste containing PR209 can display a nore
reddi sh hue whil e maintaining brightness as

A pigment subjected to a surface treatment such as a
rosin treatment, an acidified treatment or a basified
5 treatment may be used, if necessary. Abbreviations such as
PR (pigment red), PY (pigment yellow), PV (pigment violet)
and PO (pigment orange) are symbols of the color indices
(C.I.; published by The Society of Dyes and Color List Co.),
and they are formally described by attaching “C.I.” at the
}0 top of the symbol (for example C.I. PR254). These symbols
»'T prescribe the standards of the dyes and dyeing, and each
symbol identifies a dye and its color as a specified
standard. Descriptions of C.I. are in principle omitted in
the descriptions of the present invention (for example C.I.
L5 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 pm. It is more
20 preferable that the pixel contains a pigment comprising a
gquinacridone derivative. The pigment PR254 is a compound

represented by the following structural formula (1):

5




conpared with the color paste only conprising PR254. :0 HO NC \ | \

\ 1 (3)

Cl NO H 20 Decenber 2006 25 The content of PR254 in the red

pixel is preferably 30 to 100% by weight of the total, @bgﬁﬁﬂ¥ﬁ905§re

preferably 40 5 to 90% by weight, in the present inventio

e content of

the pignent PR209 having the quinacridone derivative is preferably 1 to
60% by wei ght of the total pignments. Wien the anmount of the pignent is out

of the
obt ai ni
col or

range above, a clear color digplay cannot be obtained by failing in
ng the 10 objective chromaticity, or the step hei ght between the
- area and transparent area becones |arge due to increase of

t hi ckness of the pixel. Tge color filter according to the present invention

is used in conbination wt

refers

as a?fbacklight source, and
di splay and transm ssion di

a sem -transm ssion type liquid 15 crystal
ype liquid crystal display as used herein
y conprising a reflection |ayer as well
apabl e_of both displays of a reflection

: materi-al may be used¢fyor ‘the 20

to a liquid crystal

reflection layer so long as it Cmﬂ\FEf ect a part of the incident |ight,

10

15

The quinacridone derivati rding to the present

O‘
invention is a compound represented \by the following

Cl

structural formula (2):

R
oGS ne
Rz

(In the structurgy forghla {2), thx>fﬁ ﬁndependently 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),.R3 and Rg denote
chlorine atoms, and R;, Rz, Ry, Rs, R; and Rg denote hydrogen
atoms, see the structural formula (3)) is particularly
preferaﬁle among the pigments having the quinacridone

derivatives, because the color paste containing PRZ09 can

display a more reddish hue while maintaining brightness as

i\

compared with the color paste only comprising .PR254.

0

@)




pal | adi um copper alloy is usually used. The color filter according to the
present invention is not restricted by an addressing nmethod and displ ay
met hod of the liquid crystal 25 display, and can be appji i ous
kinds of liquid - - --------- ------ 20 Decenber 2006 @gggggigéfgpédlsplays
operated by an active matrix nethod, passive matrix nethod, TN node, STN
node, ECB nobde or OCB node. The color filter according to the pr esent
invention can be also used wi thout-bging restricted by the 5 construction
of the liquid crystal display such as the nunber of polarizers and the

| ocation of scattering nenbers. An exanple of the nethod for manufacturing
the color filter according to the present invention will be descri bed
hereinafter. LO A color pixel containing a transparent area is forned at
first. After coating a color paste conprising at | east a polyam c acid,

col oring agen 'andrgplvent tr.an @ﬁrenh pi%%ﬁt %tﬁre%eﬁgb?& kgyer of

t he pol yam c 49 iy nﬁeln air, I n vacuum
An oven hot e i ed yin f A heat i ng at
50 to 188?:?%?51 Wéhéb?o é'ﬁiu é%%ﬁﬁﬁﬁggﬁg%tgyﬂ%f é%%néﬁxbn t he col or
Iayer of . pol ya bt ’E?‘P!e rlrpgg, hgve Byha Lapent iognal  wet
etchlng §t§%sr%f y%e f%] 3§fst I's coated on the color |ayer. of

pol yami c; {3 ;&iggnér&f AL rPethErS}j St BRIri SRS elEntd tived RSk
conpr|S|ng tter or formng a transparent area is
preferably 1 to 60% by weight of the total pigments. When
the amount of the pigment is out of the range above, a clear
célor display cannot be obtained by failing in obtaining the
10 objective chromaticity, or the step height between the color
. area and transparent area becomes large dﬁe to increase of
thickness of the pixel.
The color filter according to the present invention is
used in combination with a semi-transmission type liquid
15 crystal display. The semi-transmission type liquid crystal
display as used herein refers to a iiquid crystal display
comprising a reflection layer as well as a backlight source,
and is capabie of.both displays of a reflection display and
transmission display. Aﬁy 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 re%tricted by an
addressing method and display method of the Tiguid crystal

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




pl aced on the photoresist layer followed by irradiating with a UV |ight
usi ng an exposure apparatus. The photoresist |ayer and col or |ayer of

polyam ¢ acid are sinultaneously 5 etched after expos i kal i ne
devel oper for the 20 Decenber 2006 27 positive typeuégggg%ﬁbaﬁ%ﬁé
photoresi st |ayer remained after etching is peeled off. The color |ayer of
polyam c acid is converted into a polyimde color |ayer thereafter by a
heat treatnment. The 5 heat treatnentogs-applied continuously or stepw se
inair, in a nitrogen atnosphere or in vacuumat 150 to 350C, preferably
at 180 to 250C, for 0.5 to 5 hours. A transparent resin layer is fornmed in

th flecti i f d ol | ayer is f d i xel
L0 s0 t HAFYPHRL i ERIRES TS Lot e 1S Terer SiREho he ref | ecti on
The v of IRereORC aEbE R Miod ol WS B8 rd i Bio e mathe

t _ | ) . . t . . . . . d d
2 5 Dol | oA o TN s S A W e BN D 2

on whi ch.dhesd ransparent Jasidud q:;é%rntd'os%ef&qﬂ%dced aRd (4 he substrate is dried

on a hot plate at 60 to 200C for ~monutes. S& sequently, a positive
typesphadgi@shedtids FoatRd 19Rutike A]YMAM Giagidy ayeh aht gihaed as

descri bed !0 above, and the photoresi'st layer is'dried on a hot plate at
60 to 13Q@mdex Jf tpp13iFetet ed Andesided iRat 8 Bch$teRingt edndR rhe
photoresist layer by irradiating a W Iight
An example of the method for manufacturing the color
filter according to the present invention will be described
hereinafter.

L0 A color pixel containing a transparent area is formed
‘at first. After coating a color paste chprising at least a
polyamic acid, coloring agent and solvent on a transparent
substrate, a color layer of the polyamic acid is forﬁed
after drying in air, by heating or in vacuum. An oven or a

.5 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 layep of peolyamic acid obtained as
described above by a conventional wet etching. A positive
type photoresist is coated on the color layer of polyamic

'0 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 ﬁhotoresist

layer and color layer of polyamic acid are simultaneously

5 etched after exposure with an alkéline developer for the




usi ng -an exposure apparatus, and a transparent resin |ayer having a
desired pattern at a desired position is obtained 5 by al kali devel opnent.
The transparent resin layer is cured 20 Decenber 2006 heppsng at
200 to 300C. O herwi se, a photosensitive acrylic resinzégﬁﬁ$¥glng gt | east
an acrylic polymer, acrylic polyfunctional nononer and :
phot.o- pol yneri zation initiator is coated on the transparent 5 substrate on
which the transparent resin layer is poroed, and the substrate is dried in
air, by heating or in vacuum to form a photosensitive acrylic color |ayer.
An oven or a hot plate is used for drying by heating preferably at 60 to

200C for_1 pmputes to 3 hours. Then U light is 10 irr.adiat to the
bhot oserBP B bEVacEYRS cLobieh- | e RRSYOReaiet dasdr e SF A THSTo- sk
and exposgrg.elefent.eTq§ otosensitive acrylic color |ayer is etched
after ex% <Ured t3ik %% al’kal i ne devel oper. A different color |ayer for

transnissionjﬂkgqxh&ﬁnhgggékgﬁépkﬁrg#ﬁ%!%&EﬁpﬁsaEgﬂvE§tE8r?ﬁggaéz pol yari ¢

necessary, on one col or paste-conpri sing a

acid, a %cg b Ohi 49 @f&t qu.ﬁ’eeﬂéa}f%r aq@@th%%&n%irga\fz?ne%ﬂ.or gl St

conpri si n-acrylic polymer, acrylic polyfunctional nonomer,
phot 8- pal yer ¢ Z&l ¢idht Nid 'aiiiéﬁrlri;edx&cﬁ{ﬂi%&ﬂsqq} AN +2Pw3@levant alig,coated on

the substrate, followed by ying in air, by heating or in vacuumto form
a col or i@yLrni b e tsphdid Y atrf varuisedtf asodiw ngodic,50 to 200C for

1 mnute to 3 hours. i
preferably at 180 to 250°C, for 0.5 to 5 hours.
A transparent resin layer is formed in the reflection

area, if necessary, and a color layer is formed on a pixel

L0 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 compfising the transparent area. A
non-photosensitive paste:comprising polyamic acid and a

.5 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. Subseqﬁently, a positive type photoresist
is coated on the polyamic acid layer obtained as described

)0 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 irradiéting a UV light
using an exposure apparatus, and a transparenﬁ resin layerx

having a desired pattern at a desired position is obtained

5 by alkali development. The tranéparent resin layer is cured




A photoresist layer is formed by coating the positive 25 photoresist when
the color |ayer conprises polyamc acid. 20 Decenber 2006 29 Then, a nask

containing a pattern for formng the transm ssion areg,j n the
photoresist layer, which- is irradiated with a W Iigh?)gé?ﬁéﬁgﬁﬂggposure

el enent. The photoresist |ayer and color |ayer of polyamc acid are 5

si mul taneousl y etched with an al kali ne devel oper for the positive

phot oresi st after exposure. The photopgsist |ayer renmining after the
etching is peeled off. The color layer of polyamc acid is converted into
a polyimde color layer thereafter by heating. LO Wen the color |ayer

i hot it ' in, tt is f d th
phot osenByt PEBCERyPEc OloFar 2ySr Using' a pht o mask and an exposure
I t. Th hot iti | i.c .col =\ i S .et ft
xposur o usi LML | he R i d G dRSIF GaTRE LR PE col or
'ayef '318#§€daﬁh%&%g}&SrF8¥¥ﬁ5¥¥'Jgkyiqgap .uﬁ{é¥gd%¥“mdﬁ%n@Rp%hﬁﬂ
contl nuously or stepwse 1h air, I n-a nitrogen atnosphere or I n vacuum at

150 to 359&0—@?%%1&%@?&¥t%r&%#39a@%5 fc%atgeyétt%rp thd WitrsaiRal! vy, the

color layer 1s d on ection area e sane ?0 method as used

for fsor nkagst AL d r &ASHh $Eh Ofhd a¥eInspH1R 01U s i 118fexf Gls tHRQmelgqui d crystal
display is nanufactured by applying the foregoing 'steps with respect to
the red, a4 egie aeh Ht BeL €0 HrdPiasd &n G- WP HeRSHeRt dr0 ith&adhluack col or

paste, if necessary. N

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
photosensitive acrylic color layer is etched after exposure
using an alkaline developer.

A different color layer for transmissioh 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 poiymer, acrylic polyfunctional
monomer, photo-polymerization initiator, coloring agent and

20 solvent.is coated on the substrate, followed by drying in
air, 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.




5 Black matrices may be formed between the pixels in 20 Decenber 2006 30
order to forma light-shielding area for inproving the contrast of the

liquid crystal display. Wiile a netal foil (with a thi f out 0.1
to 0.2 pnm) of C, Al or Ni, or aresin filmprepared %§B§§%§%§g¥ﬁ§ a

light-shielding 5 material in the resin is used for the black matrix, the
resin black matrix free fromreflection is usually used in the present
invention since it may be used for thgglight shielding |ayer for the
reflection area. Polyimde and acrylic resins are preferable for the

i ght-shielding resin LO for their heat resistance and chem cal resistance.

Whi | I h | ack. | i ght -.shi el di i al

'ncl ude. broRent BTEbECr L b DR s a1 (MRS BPHek. the matorial i s
t ty] : t ' [ t j t

Gubj oot e Ta R ron Tk Liefr i LR of (I Mt Bty S ary RHICE"

treatnmeniq nﬁﬁ’r@@iaﬁ%iﬂﬁ QW%%r 34 of%?fl%r 5 slEAYChdeye filmis

usual ly formed on upper nost s ace l'or filter. The

transpareié pleofshicdie fd4dp ishd YR Doy d 10T O XRIIR G @ adiiRPlaRg Met hod,

'0 chem cal vapor growth ret hod, vacuum vdpor deposi'tion method,

sput Ber i STt 1sb 1 @t dHed WA RN QA ki dP Ry e 1@ elrhg oireph@sent at i ve
transparent conductive filminclude indiumtin oxide (ITO, zinc oxide and

tin oxideysianidreaphaldreys iidtersafer Bipdstireknesheobhvheresasspangsar
conductive 5 filmis selected so as not to conprom se the col or display,
remaining after the etching is peeled off. The color layer
of polyamic acid is converted into a polyimide color layer
thereafter by heating.

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
exXposure using an alkaline developer. The photosensitive

L5 acrylic color layer is cured thereafter by heating. The
heat treatment is applied continuocusly 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

!0 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 withirespect to the

black color paste, if necessary.

15 - Black matrices may be formed bétween the pixels in




20 Decenber 2006 31 and is preferably 0.5 pmor |ess. Projections nmay be
di sposed on the color filter, if necessary. The projections are forned by

| am nation or by post-attachnent. Wile the shape of QS) o] ian i s not
5 particularly restricted, the preferably used shape c% Pg?ﬁégg%bgircle,

square or rectangle in a plane view The vertical cross section of the
projection is usually a trapezoid having a smaller |ength of the upper
side than the length of the |ower si @& -The projections may be di sposed
with a 10 given pitch such as one projection per several pixels, or may be
random y di sposed. An exanple of the liquid crystal display nmanufactured

using t NereeiOko! kLLR 5 APPYf: Mhi o PE1HESEELDERL Dok o fi nd angnar en!

overcoat layer 1s forned o he col or ormng a

transpar gghtehget bedengRiE 9f é%stgggggéé%l%ﬁ Oy 18 I8 Aordededfer eon.

Then, - the color filter substrate iIs th a reflection el ectrode

substrat gw_Qﬁh whtghcrnE 85| SELARSuE! €C1T08e) SHg)as @ dwet al depasi tion film
is formed in an opposed relation with each other via a ?0 liquid crystal

al i gnmenbrl ayees shbf £0h 66l 4o Ped UBPI dDspd F €AtFTRNL it - H W dithd he | qui d.
crystal provided on the substrate, and a spacer for maintaining a cel
gap. SA Thdteligli th crlystsdsih sid aysedndedFrid @ligticmesdmix ditgpt ay may be
manufactured by providing projections for light scattering, '5 tin film
transi st oesig TFIJclambkthi:n Friden Kt ase { Tddd)i,or? Q. sDeerdidry 20861 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
L0 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
5 treatment, acidified treatment or basified treatment may be
used, if 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,

0 chemical vapor growth method, vacuum vapor depqsition
method, sputtering method or ion plating method. Examples
of the representative transparent conductive film include
indium tin oxide (ITQ), zinc oxide and tin oxtde, and an
alloy thereof. The thickness éf the transparént conductive

-5 film is selected so as not to compromise the color display,




- 32 scanning lines and signal lines on the reflection electrode
substrate in addition to the reflection el ectrode. Subsequently, a liquid

crystal is injected through an injection port provide t art, and
the liquid 5 crystal display is sealed after the inj ec??%f«‘&fiﬁeﬁﬁ%@@, IC
drivers and the like are nounted to conplete a nodule. DESCRIPTION OF THE

PREFERRED EMBODI MENTS While the present invention is described in nore
detail 10 with reference to preferregjenbodi nents, the advantages of the
present invention is by no neans restricted to the enbodinents cited.
Exanple 1 (Design of the color filter) L5 Transparent areas were forned in

[fngcti%ﬁgaggaéae%%?ééfg 82% for red, greenoand bl ue pixels m@th
par r fU89 M DHaledy: 15% (2,290 nR2) and 6% (906 nR),
respectively._ Sub-areas of the transparent area re fornmed by a
conbi nati on of FEH T ¥ i eéffrbf hs 99 % (ffécllzfer’fﬁ) lﬁnd 13 m (133
"), SSRAGELESLE WAL BrofiABLAL Bl SRR bl Slflec a0 By of 1ol o3
aport YpbSE TR AL SBELL Y MRS e bR IR LD
Decerber, 2006cuB3r1 M L oved; 19.4,2a0 e W Errabr ¢ b e P QY lcomprises
arcircle, sguare or recténgle in a plahe view. The vertical
cross section of the projection is usually a trapezoid
- having a smaller length of the upper side than the length of
the lower side. The projections may be disposed with a
10 given pitch such as one projection per several pixels, or
may be randomly disposed.
An example of the liguid crystal display manufactured
using the color filter above will be described below. A
transparent overcoat.layer is formed on the color filter,
15 followed by forming a transparent electrode made of, for
example, ITO 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 ligquid crystal alignment layer subjected to a rubbing
treatment for aligning the liquid crystal provided on the
substrate, and a spacer for maintaining a cell gap. A TFT
liquid crystal display and TFD‘liquid crystalidisplay may be
manufactured by providing projections for light scattering,

'5  tin film transistors (TFT) and thin film diodes (TFD),




tetracarboxylic acid di an‘hydri de, 4,4' -di am nodi phenyl ether and
bi s('3-am nopropyl)-tetrenet hyl disiloxane in N-nethyl-2- pyrrolidone as a

solvent to obtain a polyamc acid solution. 5 A carbonmfbgggngg%gogaste
prepared by m xi ng carbon bl ack and polyam c acid solution was (9| Sper sed

usi ng a honogeni zer at 7000 rpmfor 30 m nutes. The honbgenate was
filtered through glass beads to obtain the black mlI| paste, which was
diluted with the polyam c acid soluti®p +to formthe 10 bl ack paste.
(Preparation of color paste for formng color layer) A Preparation of
pol yam c acid solution Mxed with 525g of y-butyl ol actone and 220g of

N- net hyl - 2= i . | g .0of 4,4'-di ani nodoph | .eth d .5
¥ e g olL g0 o1 0 Gl o i eonieelghand s
f 3,3, el I i j i i 3 Af t |1 ow th
o 1 el BOSTY b eEa NI A odianlidsel (o ol ong (ne

The  m xg e y@snd 1 h@ﬁf&dﬂi"?&hﬁ%aﬁe@é 5f re&él?"k{)k?ro%;?(%%ﬁ to !0 obtain a

pol yam ¢ acid (PAA)” solutidon with a concentration by wei ght. B.

Synt hesi snPpdciidy s r € SREF S aa-.g%ntséﬂlxggﬂw @b kndd 19uia
4, 4' -di am nobenzani lide, 176.7g of 3,3'-diam nodi phenyl sul fone and 18. 6g

of bs( Tbysadnagmdy tid ranmtdy laditsid @nana nyiddt14nb67giak1Yy201Becenber
2006 - 34 Dbytylolactone and 527g of N-nethyl-2-pyrrolidone, and 439. 1g
of 3,3 ,dipidters phehwHeetIrideardrex ounitael aodicanpyetiecda wasiule.

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

‘lO 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)

L5 Transparent areas were formed in reflection areas
(15,100 um®) for red, green and blue pixels with transparent
area ratio of 8% (1,208 pm®), 15% (2,290 pm?) and 6% (906
pnﬁ), respectively. Sub-areas of the transparent area were
formed by a combination of red circles with diameters of 20

0 pm (314 pm?®) and 13 pm (133 um?), green circles with a
diameter of 38 um (1,134 pm®), and blue circles with
diameters of 20 um (314 pm?) 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.

5 (Preparation of black paste for resin black matrix)




added to the mixture. After allowing the mixture to react at 70C for 3
hours, 2.2g of phthalic anhydride was added 5 foll owed by allow ng to react

at 70C for additional 2 hours, thereby obtaining a po gp‘%{ |ng
agent (PD) as a polyamc acid solution with a concentréaflpsizEE r% 8

wei ght. C. Preparation of non-photosensitive color paste LO Added were 90g
of glass beads in a mxture conprising 4.5g of pignment red PR254, 22.5g of
pol yner dispersing agent (PD), 42.8g38f-y-butyl ol actone and 20.2g of

3-nmet hoxy-3- nethyl-1-butanol. After dispersing the mxture with a

honogeni zer at 7,000 rpmfor 5 hours, the glass beads were L5 filtered off,

t her eby obt aizjy gg,e@ @éo ?lu‘sﬁp:qa_r %If%% %0I3ut 140/ %g%‘ ﬁgﬂ‘pl’l sing PR254. A

sol ution prepar ting of "t e 'pol acid solution (PAA
Wi t h120. 98t P cyrihiit t40 4an
Tt 'MlQJ aétcc'I:LQPZOV@E% al nq% r AU BAEC Y pt{%P )ec&fh'?%e red

di spersion solution (RD) t ed col or paste

pastes (&R is (Flnihop?d gﬂp%t@%m&)hyl%ﬁ%@lo&%ﬁ%eﬁn( Rk 13Ad oGPl - 2))

and bl ue pastes (BPI-1 BPI-2) with pignent conpositions as shown in

- Tabl e 1 mpreobbigiaes l&V_sUlQre‘iﬁ”ﬁ:dTQﬂﬁQﬂr@% 8@@%&&@6%@@%@)1&50@
Preparati on of photosensitive color resist 20 Decenber 2006 35 M xed was

35. 2§ ofA pragrtent Hilack PRI Gasitieh hRPpadkd3byhit kY hg3carbbexyhutanol . After
di spersing the m xture with a honogenizer at 7,000 rpmfor 5 hours, glass
beads warg polyamic acid solution was dispersed using a homogenizer
at 7000 rpm for 30 minutes. The homogenate was filtered
through glass beads to obtain the black mill paste, which
was diluted with the polyamic acid solution to form the
}0 black paste.
; (Preparation of color paste for forming color layer)
A. Preparation of polyamic acid solution.
Mixed with 225g of Y-butylolactone and-220g of N-methyl-
2-pyrrolidone were 95.1g of 4,4'-diaminodophenyl ether and
.5 6.2g of bis(3—aminopropyl)tetramethyidisiloxane, followed by
adding 144.1g of 3,37,4,4'-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
}0 obtain a polyamic acid (PRAA) solution with a concentration
of 25% by weight.
B. Synthesis of polymer dispersing agent
Mixed were 161.3g of 4,4’~diaminobenzanii&de, 176.7g of
3,3’ -diaminodiphenyl sulfone and 18.6g of bis (3~

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




filtered off to obtain a dispersion solution. A5 photosensitive acrylic
resin solution (ACG1) with a concentration of 20% by wei ght was prepared

by addi ng 35.009 of an acrylic copol yner solution (a 43% i
solution of Sai kuroma P, ACA-250, made by DAI CEL Chem%gad)legér{nr}%'ls"?)r%es,

LTD), 15.00g of pentaerythritol tetranmethacrylate as a 10 pol yfuncti onal
nmononmer, and 7.50g of | RGACURE 369 as a photo-polynerization initiator
(made by Ciba Specialty Chemcals €039 +n 130g of cycl opentanone. A bl ue
resist (BAC-1) was obtained by adding | Qg of the blue dispersion solution
in 22.4g of the photosensitive acrylic resin 15 solution. .TABLE 1 PASTE

PRI -1 PROGA G 0 70 P, Bl A RR00 22 P40 48 01 76 PR -3 PRA0S < 100
20110, 74 DE20% MO MUY s E0e SR B Bahmetdo0se T
100 25/ 7299 BPle (PRI 3n:6/RMR3 = n3%/ed 13187 inBAGHE RBLRuBe=td0@edBt75 20
Decenber 2006 36 ~
at 70°C for 3 hours, 2.2g of phthalic anhydride was added
5 followed by allowing to react at 70°C for additional 2
hours, thereby obtaining a polymer dispersing agent (PD) as
a polyamic acid solution with a concentration of 20% by
weight.
C. Preparation of non-photosensitive color paste
LO 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-1-butanol. After dispersing the mixture with a
homogenizer at 7,000 rpm for 5 hours, the glass beads were
L5 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 color 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

PR




(Preparation of non-photosensitive paste used for transparent resin |ayer)
A non-photosensitive transparent paste was obtained by 5 diluting 16. Qg of

pol yam ¢ acid solution (PAA) with 34.Qg of y-butylola %%rati on
of color filter) The bl ack paste was coated on a subst?gﬁggﬁn&%%actured by

patterning an alumnumreflection |layer on a non-al kaline 10 gl ass
substrate (No. 1737 made by Corning Japan Co.) using a curtain-flow coater,
and a bl ack resin |ayer was fornmed by35drying the substrate on a hot plate
at 130C for 10 mnutes. A positive photoresist (SRC- 100 made by Shi pl ey
Co.) was coated on the resin layer with a reverse roll coater, dried 15 on
a hot plate gjf; fOr3sb o Nyt 8s d phechaked.koliPn BHRULES3-The
coating | aye?‘}lm%egpg’fﬁoggd \r,(g 'Esh_ g %@gpi gﬁt _ \(/evi tIE3 a l quﬁ nous&energy of 100
m/cn the AR 13 NG 2@ 2 QPR IRPAHY Qi Xeu2@0Qikmde by

DAl NI PPON SCREEN MFG. . LTD. The photoresi st was devel oped

si mul t angoushdygan i e 2t LW ddie Foesish HAME, Wsiag Bedd¥ akran aqueous
solution of tetramethyl anmoni um hydroxide to-forma pattern. The

phot or esf Skt avesd ket e dfdtaid b mEisherealdrosl e iagat ake, and a bl ack
matri x was formed by converting the resin layer into an imde derivative

by heat iplptadsatHiQ ifveyr ddryiiinutresids sonw ool (Blcatle. wild bl ack matrix had a
t hi ckness of 1.10 pm 20 Decenber 2006 37 and an OD value of 3.0. Then,
the red gastent(iRRii-ch) oL Godtyededghtheasepirepared by adding 35.00g
of an acrylic copolymer solution (a 43% by weight solution
of Saikuroma P, ACA—QSO, made by DAICEL Chemical Industries,
LTD), 15.00g of pentaerythritol tetramethacrylate as a
10 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

L5 solution.

TABLE 1 : \
PASTE COMPOSITION OF - PIGMENT/RESIN
No. PIGMENT (WEIGHT (WEIGHT RATIO)
RATIO) -
PRI-1 PR254 = 100 23/77
PRI-2 PR254/PR209 = 60/40 30/70
PRI-3 PR209 = 100 _ 90/10
PRI-4 PR20%S = 100 - 40/60
"PRI-5 PR209/P0O38 = 85/15 40/60
GPI-1 PG36/PY138 = 70/30 - 40/60 |
GPI-2 PG36/PY138 = 55/45 15/85 3
BPI-1 PR15:6 = 100 . 25/175 :
BPI-2 PB15:6/PV23 = 96/4 12/88

BAC~-1 PB15:6 = 100 : 25/75




black matrix with a curtain coater, and dried on a hot-plate at 130C for
10 mnutes to formthe red resin |ayer. The 5 positive photoresist was

coated thereafter with a reverse coater as in formng ste,

foll owed by pre-baking at 100C for 5 mnutes on a hot?%Fgfg%B%ﬁgﬁs a Ww
light with a |um nous energy of 100 mJ/cnR2 was irradiated for exposure

t hrough a phot o-mask on which the transparent area 10 had been forned in
the reflection area on the resin blacké sask matri x substrate on which the
red paste and photoresist had been fornmed using the same exposure
apparatus as used in the black paste. Subsequently, the photoresist was
devel oped sinultaneously with etching the resin layer to 15 forma pattern
using a 2.25% aqueous sol ution of tetranethyl anmoni um hydroxi de. The

re:ist m@ﬁr?§§£59185f°fVﬁéﬁiéﬁﬁgggéﬁg%gﬁﬁi%ﬁ§§§fﬁ§*§¥f%gg the resin | ayer

wa conver into an imd erivati Cfor 10 m nutes

on a hOttPé¢é§a£ghéOf@g%ﬁmﬁéﬁgﬁfﬁXel' The red 20 resin layer had a
: the c

t hi ckness o 1 pm an romaticity coerdinate (x, y) of the

transni ssi on AR -YHAIJRGA Y 1 vEERSUNISRE reRdebakhe ghandpedihkghbysource C
was (0.511, 0.286). The green paste (GPl-1) described above was coated on

?5 the sgbbit e TONRS st b IReiletdPikelotharimed @aahheiresiza.2g becenber
2006 38 Dblack matrix after washing the substrate with water, thereby
f or m ng.y-the ygioderctpneel by patterning by the same nethod as wused in

formng the red pixel. The chromaticity coordinate
(Preparation of color filter)
The black paste was coated on a substrate manufactured
by patterning an aluminum reflection layer on a non-alkaline
10 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
15 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 photorésist was developed simultaneously with
20 etching the resin layer using 2.25% of an aqueous solution
of tetramethylammonium hydroxide to form a pattern. The
photoresist was peeled off with methylcellbsolve'acetate,
and a black matrix was formed by converting the resin layer
into an imide derivative_by heating at 290°C for 10 minutes

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




(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 pjXxgl on the
resin black matrix |ayer after washing the substrate g??ﬁmég %ﬁgﬁgfollomed

by patterning to obtain the blue pixels. The _0 chromaticity coordinate (X,
y) of the transm ssion area neasured under the standard |ight source C was
(0.146, 0.178). Subsequently, a solugizon of a curable conposition

obtai ned by allow ng a hydrol ysis product of y- am nopropyl net hyl

di et hoxysilane to react wth 3,3 ,4,4" .5 benzophenone tetracarboxylic acid

dianhydrid% was épini coa%eg 8n'the substrate foll owed by heat-treating at
260C ~ f o0 Hi ROt B8P €hFeByforming an overcoat layer with a thickness

of 1.5 min t'ﬂleerfa,r ec%oggelcﬁ):})n%s & p(iﬁi,e_‘[l_sl.) ?a@alclo%‘tg%ln olethteﬁxg%iWas sputtered

at a thickness © e’'sSize'of tThe sub-area, i ckness of the

col or lﬁﬁifzk hoer 5t e&i@ﬁigh%lhg@%l:’}fe&éﬁ&,c%orﬁc £y Al 5 tANgParent area

in the reflection area, and ference romaticity S between the

reflectign aseec Ad 14 TANRHESS AN ALGR He W% GO idgas. obtal ned as

described 5 above are shown in Table 2. The chromaticity of the 20 Decenber
2006 5 - BYsif £t GOl Q&S LI NPAS WAL A8 e td AR d I:ghlerseurce D65,

and the chromaticity of the transparent area nmeasured under dua
wavel engébatdd 44 Gt SOMIDERy il Wik igastal! €03.1owed 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 onfwhich 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 éerivative by heating at 280°C for
10 minutes on a hot plate to form the red pixel. The red
20 resin layér had a thickness of 1.1 pm, and the chromaticity
coordinate (%, y) of the transmission area obtained by
measuring under the standard light source C was (Ou511,
0.286) . '

The green paste (GPIfl) described aboVe was coated on

25 the substrate comprising the red'pixel formed on the resin
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black matrix after washing the substrate with water, thereby
forming. the green pixel by patterning by the same method as
used in forming the red pixel. The chromaticity coordinate
{(x, y} of the transmission region measured under the

5 standard light source C was (0.304, 0.508). 1In the 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

.0 chromaticity coordinate {(x, y) of the transmission area

. measured under the standérd light source C was (0.146,
0.178). Subsequently, a solution of a curable composition
obtained by allowing a hydrolysis product of y-
aminopropylmethyl diethoxysilane to react with 3,3’,4,4'-

.5 Dbenzophenone 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 pm in tﬁé area out of the pixels.

Finally, an ITO layer was sputtered at a thickness of

0 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 & between the reflection area ‘and
transmission area of the color filter obtained as described

5 above are shown in Table 2. The chromaticity of the
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reflection area measured under the standard light source
D65, and the chromaticity of the transparent area measured

under dual wavelength LED light source are shown in Table 3.
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UW 20 Decenber 2006 42 TABLE 3 (EXAMPLES 1 AND 2) CHROVATICITY OF
TRANSM SSI ON AREA CHROVATI CI TY OF REFLECTI ON AREA  ( DUGL LED

LI GHT SOURCE) ( STANDARD LI GHT SOURCE D65) Xy z COLOR X 9@§¥E%EQ§BH
REPRODUCI BLE REPRODUCI BLE 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 0.172 23.0 B
0.158 0.167 20.1 WO0.318 0.334 40.5_W;9. 305 0.330 35.5 The transm ttance
and chromaticity coordinate were neasured using a glass, on which ITOis
deposited by the 5 same deposition condition as formng | TO on the col or
filter, JEBAEr ef dESAYELWISt A ANRUR} i - Channel Photo Detector MCPD- 2000 nmade
by OTSUKA HLEGRRENMGSy G, rrefdrssihe asdar ofrat i[ci taroefriéire orr mpsRrssi sEaarea as
used hereijn (psaroirvaiavet LroniEpeotica obt aijned (byavnasLIGEn gourhe kO
transm $sigqn area ofr the col ar ficbdoer with [t he Milt - Charne Rivadro
Det ect of dg¢scri bed above. Thd rEerwpeBixfty jof the refl ecti pRERRPBEIBIS

determ ned{by squaring each SpecRINEE - RANGE
R | 0.536 0.329  31.7 0.534 0.328 27.6
G [ 0.332  0.502  66.7 31% 0.291 0.497 58.8 32%
B { 0.147 0.172  23.0 0.158 0.167 20.1
w_| 0.318  0.334  40.5 0.305  0.330  35.5

EwWweaw

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

L5 of the squares with respect to the sizes of the color areé
and transparent area.

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

20 SEIMITSU Co. ‘ '

(Preparation of projections)




intensity in the reflection area and transparent area at corresponding
wavel engt hs, and cal cul ati ng wei ghted averages L5 of the squares with

respect to the sizes of the color area and transparen tep
hei ght was evaluated with a stylus force of 10 ng/cn?é%ﬁggggg%gﬁgg speed

of 10 pmsec using a surface texture nmeasuring instrunment SURFCOM 1500A
made by TOKYO ?0 SEIM TSU Co. (Preparation of projections) 20 Decenber 2006
- 43 Alowed to react in N nmethyl-2-pyrcolidone as a solvent were

3,3 ,4,4" -bi phneyl tetracar boxylic dianhydride, 4,4- diam nophenyl ether and
bi s(3-am nopropyl )tetranethyl disiloxane to obtain a polyamc acid

soluton a5 o, Lo A S 0ot tarama e mrolections, e golyguc scta
15 m i gee ol vel by sl £t ng gl J2EC TP 20 mplngs. B posiive
was. oxpodim BRPREREL Wk U o R R TR e kel me
devel opefi; M SxoROSEd 3k f7RdE ﬂ}lld%l 2%/%'%618'0%%2:}_1(%? s falormatselrrg'él]:[ aneous

devel opment of the positive resist an I ng e polyam ¢ acid | ayer.

acet e 10l Tonmn by A APy art & B Tayer A S60L o 3% nut es.
The thickawess af dhe sestrdtadyehnthsas Arfed 9 8ol A1 WRM ®0°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

-5 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 pm. Projections were
formed on the frame of screen of the liquid crystal display
and on thé base of the black matrix out of the screen.

0 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 ﬁnder the resin
layer within the screen was 120 pm?. The proj;ctions with

2

‘an upper face size of 110_pm? and lower face size of 120 pm

5 were alsoc formed on the frame. The upper face size and




formed on the frame of screen of the liquid crystal display and on the
base of the black matrix out of the screen. !0 The area of the upper face

of the projections on the resin layer within the scre 110 n2,
and the area of the lower face of the projections undgélo\fgﬁ%ms‘gr%ha | ayer

Wi thin the screen was 120 n2. The projections with an upper face size of
110 pm 2 and |l ower face size of 120 n2 5 were also forned on the frane. The
upper face size and - --------------- A4 -- 20 Decenber 2006 44

| ower face size of the projections out of the screen were 10,000 pn2 (100

x 100 pm and 12,000 n2 (110 x 110 m, respectively, wth an elevation of
t he projiction of 6 e projection was provided per three pixels within

the 5 scr8&hr f‘ﬂ/ﬁﬁu?g%?u? © 1 PERAFCLHIRT aPU i LI FCRRAY iR al i gnnent
| f d ilt t he, | bped. Th
ol yi m a0afP it LoB5yefh0 o] cabal 2 0P abmag L Pent WAt Mbr e al 5o f or med

on LO th nt electrode, conprising thin filmtransistors and on
t he: oppoggéﬁgggg‘?‘%%‘é %%%pr?%i%ge%a BT b YA I%@%}?Ctlﬁq eorfsbor’fﬁ[}'ng t he
color fi r sy ' I [ to. t r.anspar.ent el ectrode
substr at d()altlzé::o ﬂ?' s%%gér?ﬁ%ég%%\é%?ﬁ%?%n%]g eorpluéseirﬁsg wal%glzlg] tg{dgent , the

| i quisd ctysi&h. -5 was injected into the gap through an injection port
formed at the seal part. For injecting the liquid crystal, an enpty

liquid crystafas@lie W Bidomedtnssiang 44dsy) a
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

L0 the transparent electrode comprising thin film transistors
and on the opposed substrate combrising 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 liqguid crystal

.5 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

0 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.

5 Example 2




reduced pressure, and the injection port was dipped into a liquid crystal
vessel followed by returning the pressure to 0O an atnospheric pressure. The

injection port was sealed after injection of the |iqui I i nally,
a polarizer was bonded to the outside of the substrat%ngéﬁgﬁﬂ?%@ ure the

liquid crystal cell. 5 Exanple 2 20 Decenber 2006 - 45 A color filter was
manuf actured by the sane nethod as in Exanple 1, except that a red
sub-area with a rectangle of 50 mx 42 pm (600 nR), a green sub-area with
a rectangle of 76 mx 15 m (1,140 nR), and a blue sub-area with a 5
rectangle of 60 pmx 5 m (300 pnt) were fornmed in the transparent area.

Wi | e the pat qén%forgegtconprises ect angl es having round corners, there
are no probl €nsC%0°T | bhy-%5 YHe Tt WeEhRe thfe alife MeHRd é8ze as the

desi gned:si ince.the_total,size is crucial for the 10 transpare ar ea.
The totaﬁﬁsﬁggﬁggé %VaFﬁS?Bg B@afhﬁ r%%t% SN ih B %ﬁﬁ%arative
Exampl e %oA 50, 0{of it Yagnayan factured by the sane nethod as. .5.in
Exanpl e 1,A%§cep%2t at?§%e sJﬁ?a%egrantﬁggbﬁﬁgapW%gﬁ ﬁagecgﬁ?ﬁ%% %§ a
conbi nat 7@n,,Qf « ¢{ & Gl ES yﬁifbﬁﬁgia r_o _(707 and with a
di aret er ofm?l m (1% %Q') Co aRétrr;s&g Ex%rlrggeggbz ér%ac%%%lr] filter was
manufsact Heedamyl & Ner SeEudBE OquRS(3do ek e leoBXEQPEnt PR the sub-areas
of the red, green 7

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

10 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
.5 in Example 1, except that the sub-area of the blue pixel was
formed by a combination of circles with a diameter of 30 pm

(707 pn@) and with a diameter of 4 um (12.6 pmz).

Comparative Example 2

0 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

i

pm (2,290 pm®), respectively.

5 Comparative Example 3




and bl ue pixels were forned as circles with a dianeter of 54 pm (2,290
n2), respectively. 5 Conparative Exanple 3 20 Decenber 2006 46 A color
filter was manufactured by the same nmethod as in Exa XCpE t hat
the sub-area of the blue pixel was forned by a conbi %lﬁgﬁe%ﬁ rec?angl es
with a dinmension of 52 pmx 4 (208 n2) and with a dinension of 6 pmx 3
(18 5 m2) Conparative Exanple 4 A color filter was manufactured by the sane
method as in Conparative Exanple 1. epgept that the distance between 10
the sub-areas forned in each pixel was adjusted to 8 m A conparison

bet ween Exanpl es 1 and 2 and Conparative Exanples 1 to 4 is shown in Table

2. Color filt agawEﬁ smal | differences of brightness L5 and
chromati ci ty LTt RTINS HPGTREed Y the 1588 SR tArsh afer e

dition, the er_ of mapuf cturing

bt d. Les 1_.and

ggﬁéé:ff noL |gg8eggédeggﬁp%hgé§t régsrf£?§i§ Etggiﬂ%&%?lor fi S bein
?0 excelggﬁte?nbglspﬁgégg %Fé%?e??s tFes® e%{ %é%s %%m?ﬂﬁ*%ﬁrﬁéligcould )
be obtai pgdx 4hg @Qb@fprﬁz)' L&l Rv'ltﬁogp%]&%'n‘éﬁoﬁxé%p%eyﬂe = i!sc“'t to

process due to too small sub-area in ue pi xel Mter in
Conpay at juw® exanple 2, the sub- :5 area was so large that the step hei ght

on the surface of the

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 1l 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 compafed with conventional color
filters. These results suggest that color filters being
’0 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 éixel.
In the color filter in Comparative example 2, the sub-

5 area was so large that the step height on the surface of the




20 Decenber 2006 47 reflection area was increased to 0.5 pmor nore,
arising problematic display characteristics. The color filter in

Conparative Exanple 3 was difficult to process due t026§80lfggjiﬁg-area in
bl.ue pixel. 5 The transparent area could not be processed Tnto a proper

shape and size in Conparative Exanple 4 since the distance between
adj oi ning sub-areas was 10 pmor less. Patterning of the sub-area was al so
difficult since the sub- area in blued4gixel was too small. 10 Exanple 3 A
color filter was manufactured by the same nmethod as in Exanple 1, except
that RPI-2 was used as the red paste. The red paste RPI-2 contains PR254

and PR209e¢08BEi ShNgriheyad fH! i LMAtd Y& d L a 1y ion of
PR254/PR289 =7 60/ 40 1 n meightb??f%%&OQﬁégﬁﬁﬁ%ﬁﬁgggm% %ﬁ@ﬁgggﬁ#esin | ayer

obt ai nedpweBldmdt P di&E1 £Pr OBRELSELYi Sosgdi nate (x, y) of the
transm ssi on area neasured under the standard |ight source C was (0.511,

0.290). The sitze @fldheigde0 i edmddhetiReCkrasp1ef 3t haspixekichhe step
hei ght between the color area and transparem area in the reflection area,

and the tofpeoease dfe cto orms i £iny Subetmeend g uefdiegdion area and
transm ssion area are shown in Table 2. The chromaticity of the reflection
ar easunder t hesttandapd renghtareh sowldenbB65heapdotheselr onabi gity of the
transm ssi on area 20 Decenber 2006
proper shape and size in Comparative Example 4 since the
distance between adjoining sub-areas was 10 um 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
5 quinacridone derivative in a proportion of PR254/PR209 =
60/40 in weight ratio. The thickness of the red resin
layer obtained was 1.1 pm. 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-
O 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 6 between the reflection
area and transmission area are shown in Table ‘2. The

chromaticity of the reflection area under the standard light

5 source D65, and the chromaticity of the transmission area




48 under the dual wavel ength LED |ight source are shown in Table 4. TABLE
4 (EXAVPLE 3) CHROMVATI CI TY OF TRANSM SSI ON AREA CHROVATI CI TY OF REFLECTI ON
AREA (DUAL WAVELENGTH LED LI GHT SOURCE) ( STANDARD L'Gﬂigégggggégﬁ ) Xy z
COLOR x y z COLOR REPRODUCI BLE REPRODUCI BLE RANGE RA ) . 326
32.1 R 0.535 0.327 28.5 G 0.332 0.502 66.7 32% G 0.291 0.497 58.8 33% B
0.147 0.172 23.0 B 0.158 0.167 20.1 WO0.320 0.334 40.6 WO0.307 0.330 35.8
5 Conparative Exanple 5 A color filteggwas manufactured by the same nethod
as in Conparative Exanple 1, except that RPI-3 was used as the red paste.
Only PR209 having the qui nacridone derivative .0 mainly used in the
reflection,type color filter was used in_ the red paste PRI-3 as the

pi gnent BBABHNERE, TURY YRECIRAGHY LERi1 et 3REire MEpishea idhd resin was
90/ 10 inEth p@ste. The red pi xel obtained had the sane thickness of 1.1
pmas t 2°thi tkness of the col or | ayer in Exanple 1. The 5 chromaticity
coordinate (x, y) of the transm ssion area neasured under the standard

|l ight source C was (0.511 0.290), show ng the sane degree of color purity
as obt ai Ei%ﬁf%ﬁﬁ%#k£13)FhMPVPr fine cracks appeared in the pixel as
i CRROMPIIOITR G FRAFGHISAELN ARTe ﬂ)hot ol ICHHPYYITEPIYi @F REFLECTION AREA

|1 i
e as (DUAL WAVELENGTH LED LIGHT SOURCE) (STANDARD LIGHT SOURCE D65)
X y bA COLOR x ¥ z COLOR
REPRODUCIBLE REPRODUCIBLE
RANGE RENGE
0.537 0.326 32.1{ - 0.535  ©0.327  28.5 :
0.332  0.502  66.7 32% 0.291  0.497 58.8 33%

0.158 0.167 20.1
0.307 0.330 35.8

0.147 0.172 23.0
10.320 0.334 40.6

=0 oW
=w e

Comparative Example 5

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

.0 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 um as
the thickness of the color layer in Example 1. The

5 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 photolithoéraphic

0 processing. The size of the sub-area in blue pixel was so




0 processing. The size of the sub-area in blue pixel was so 20 Decenber
2006 49 small that patterning was difficult. Conparative Exanple 6 A

color filter was manufactured by the same nmethod as 5,4 8$HP Lve
Exanpl e 1, except that RPI-4 was used as the red past%#BEh y %égﬁ havi ng

t he qui nacridone derivative mainly used in the reflection type color
filter was used in the red paste PRI -4 as the pignent conponent, and the
weight ratio between the pignment ard4mesin in the paste was 40/60, 10

whi ch was possible to apply photolithographic processing. The col or paste
was coated so as to obtain the sane degree of color purity as in

Conpar at | X e Lning a,.thickness of the color layer of 2.9 m
The chro%%%%%iﬁggkcgéFﬁggg e8(§38y§1%£1?%gttransnission area neasured under
_5 the standard light source C was (0.511, 0.290). The step height in the

reflection area after coating the overcoat I|ayer was 0.9 m The size of

the sub-@&@3at&t PhaesRinsl e s so small that patterning was difficult. 0 A
col or fiTT@T"HEVTHQ‘§WHQ§—df$?erences of brightness and chromaticity
between the ta ansgs it SRALMANIRIMIGLODARR WaRe0RbahRgd 5N Exanpl e
3 as in Exanples 1 and 2. The-cof%# tone of Pﬁe reggﬁfgﬂ%ﬁbgat g

transm sit QComsh 5Pt Bye Issaneli 5h dstddb s € 1/@a- £ Y usled addithjcon, the 5
nunber of manufacturing steps was not increased as conpared 20 Decenber
2006 50red 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,
}0 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 pm. The chromaticity
coordinate (x, y) of the transmission area measured under
.5 the standard light source C was (0.511, 0.290). The step
height in the reflection area after coating the bvercoat

layer was 0.9 pum. The size of the sub-area in blue pixel

was so small that patterning was difficult.

0 A color filter having small differences of brighfness
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 mbre clear color. 1In addition, the

5 -number of manufacturing steps was not increased as compared




wi th 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 J V. anple 5
could not be wused for the liquid crystal display due éggggégﬁéﬁﬁwgﬁhe red
pi xel . A step height of 0.5 mor nore was found on the surface in the
reflection area in Conparative Exanple 6, 10 arising problematic display
characteristics. Exanple 4 A color fikger was manufactured by the sane
method as in Exanple 1, except that a color |layer fornmed of the green .5
paste GPl-1 was deposited in the transm ssion area, and a col or |ayer

f ormed ofﬁige %regn gaste GEE-%E%HS deposjted in_the reflection area. Both
the tran¥i8sPORvEFet e PeriRetFOWHELHH 9% dédd §85& 1 obt ai ned had
t he sane, i.ckness of 1.1 The, chromaticity coordinate (Xx,. of :0 the
reflecti%ﬁ&g%%g%ﬂ%agQﬁExftﬁéﬁﬁrt e SRttty F4idi %ﬁﬁﬁxi?nWSnggmﬂﬁ.SZB,
0.421). J ft he sub-area, t.he thickness of the color |ayer, the
step hei gﬁ%r%%%(%\%%%tjfﬁse IO L Hh S eentcoéﬂéja%len the reflection

area, angnrihg.4lifference of chromaticity S between the reflection area 5
and transm ssion area are shown in Table 2. The 20 Decenber 2006 51

chrogaticity 9f theneldig¢ki-onapea H?gﬁﬁvghﬁxgﬁﬁfgagdcbhgatnoﬁoﬂéce D65,
and the chromaticity of the transmssion area
used for the liquid crystal display due to cracks in the red
pixel.
A step height of 0.5 pm or more was found on the

surface in the reflection area in Comparative Example 6,

L6 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
.5 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 gfeen pixel obtained had the same
thickness of 1.1 pm. The chromaticity coordinate (x, y) of
0 the reflection area measured under the standard light source
C wés (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 reflecﬁion area, and
the difference of chromaticity 8 between the reflection érea

5 and transmission area are shown in Table 2. The




under the dual wavel ength LED |ight source are showmn in Table 5. 5 TABLE 5
(EXAMPLE 4) CHROVATI'CI TY OF TRANSM SSI ON AREA CHROVATI CI TY OF REFLECTI ON
AREA (DUAL WAVELENGTH LED LI GHT SOURCE) ( STANDARD Lleﬁigggggggégﬁg) Xy Z
COLOR x y z COLOR REPRODUCI BLE REPRODUCI BLE RANGE RA : . 329
31.7 R0.534 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 WO0.318 0.334 40.5 WO0.319 0.347 40.9
Exanple 5 A color filter was nanufact gned by the same nethod as 10 in
Exanpl e 1, except that a color |ayer forned of the blue paste BPI-1 was
deposited in the transm ssion area, and a color layer forned of the blue

paste BPI -2 was,deposited in e reflection area. Both the transm ssion

ar ea anch§PP§gﬂF6EyaP atBf Fﬁ%TEFEéOBi%E?ao%?%?ﬁeﬁh%aﬁt?WéEEé;hﬁ&R?

t hi ckness _of 1. Th romatici coordinate (X ,of, the reflection
rea MoaSGREACUR TRE COANHBFHTREURECLOtF cos ¢ handttSain T oms) - The

si ze of ubrarea, s the hi ckne of.the color layer, the step height
bet ween FH§e§ch%r§%?%aW%% i?? ﬁ@p%ﬁ%n l%?%a??%r?%ea %ﬁ%%ﬁHQ(ﬁ{larea, and '0

the differgpcesof chromaticity S between the reflection area and
transmi ssion area are shown in Table 2. The 20 Decenber 2006

5

TABLE 5 (EXAMPLE 4)
CHROMATICITY OF TRANSMISSION AREA CHROMATICITY OF REFLECTION AREA
{DUAL. WAVELENGTH LED LIGHT SOURCE)} ‘ {STANDARD LIGHT SOURCE D65)
x v Z COLOR X v z COLOR

REPRODUCIBLE REPRODUCTBLE
RANGE RANGE

R [ 0.536 0.329 31.7 R | 0.534 0.328 27.6 )

G |[0.332 o0.502 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 refleétion area. Both the transmission area and
reflection area of the blue pixel obtained had the same

L5 thickness of 1.1 pm. 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—areé, the
thickness of the color layer, the‘step height between the
color area and transparent area in the reflection area, and

!0 the difference of chromaticity-S between the reflection area

and transmission area are shown in Tabkle 2. The




- 52 chromaticity of the reflection area under the standard |ight source
D65, and the chromaticity of the transm ssion area under the dual

wavel ength LED |ight source are shown in Table 6. 5 Tég#%e%nﬁgéﬁmgLE 5)
CHROVATI CI TY OF TRANSM SSI ON AREA CHROVATI CI TY OF REFL ( DUAL
WAVELENGTH LED LI GHT SOURCE) ( STANDARD LI GHT SOURCE D65) x y z COLOR x y z
COLOR REPRODUCI BLE REPRODUCI BLE RANGE RANCE R 0.536 0.329 31.7 R 0.534
0.328 27.6 G 0.332 0.502 66.7 31% G_05291 0.497 58.8 32% B 0.147 0.172
23.0 B 0.196 0.179 23.3 WO0.318 0.334 40.5 WO0.296 0.330 36.6 Exanple 6
The non- photosensitive paste (TPI-1) was coated on a 10 gl ass substrate
with a bl ack tri.x prepared as.in Exanple 1 sing a spinper, The coated
| ‘ayer eShEPREHLPRHNCBYERSaF SILRRE 157 B892 iiAREESENS HORIHAAE THtor esi st
(OFPR- 800 _made TOKY! KA . KOGYQ Co. s, coated on the |ayer, and the
phot or esPSH* 8 B§9Eraﬂé; Fi 6 PR D Hggtt@%c??%ﬁsqkfﬁﬁ9ﬂn§:§a'The -
phot or esj wa Xposed via. a ot.0= k ttern at_a l.uninays energy of
B0 o/ ongoeh ErEnboRhy ukef Sndht TR PE P 448 3 i S par ent r esi n
layers ip the geflection areas of the red, green and blue pixels. After

t he )

5

TABLE 6 (EXAMPLE 5)
CHROMATICITY OF TRANSMISSION AREA CHRCMATICITY OF REFLECTION AREA
(DUAL WAVELENGTH LED LIGHT SOURCE) : {STENDARD LIGHT SOURCE D65)
X ¥ z COLOR x y z COLOR

REPRODUCIBLE REPRODUCIBLE
: RANGE RANGE

R |0.536 0.329  31.7 R | 0.534 0.328 27.6

G |0.332 o0.502 66.7 31% G | 0.291 0.497 58.8 32%

B |0.147 0.172  23.0 B | 0.146 0.179 23.3

w 10.318 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 coéted on;the layer, and the photoresist

L5 1éyer 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

!0 .exposure, the substrate was immersed in a devéloper

comprising 1.6% aqueous solution of tétramethylammonium




?0 exposure, the substrate was inmersed in a devel oper conprising 1.6%
aqueous solution of tetranethyl amoni um 20 Decenber 2006 53 hydroxide to

si mul t aneously devel op the photoresist and etch the p am i.d.l ayer.
The photoresist |layer remaining after the etching masﬂgégg%ﬁb%?¥ﬂgnth
acetone, and the substrate was heat-treated at 240C for 30 mnutes to form
a 5 transparent resin layer in the reflection area of each pixel. The

t hi ckness of the transparent resin lagar-was 1.5 m Subsequently, the red
and green pixels were forned by the sanme nmethod as in Exanple 1. The col or
| ayer of the red 10 pixel had the sane thickness of 1.1 pmin both the

i so-had WAZOEEAE Fr LRSS B P v D A TR A e o 0t &3
transm sﬁh@”p%fﬁﬁlg@cﬁé UL éfs' (% %%gt)r €Ola§rf%r %rﬁap%ag{gagr cen

substrate on e TTh nspar ent Tesin 1 ayer pi xe

pi xel hagecbpepnd il s SOLNOETor AN DS GORKRL, AN eas heat

treated in an oven at 80 10 m nut es e transmi ssion area and

refl ecti oibat e Ofyddiend il el g War & AIROSES: afg didutldIays e gy of 100
mi/cn2 (the intensity of the UV light 0 at 365 nm through a |ight

transm ssiah oL #EB N At DyBSHn difd NG A N I AT L APRACH us. The
substrate was i mMmersed in a devel oper conprising an aqueous sol ution of

t et r ametpigaimoiemihidiiod e @f tidte thareReswte deg idevelyer whlse 1¢6l or
| ayer. The substrate was heat-treated in an oven

pm.
Subsequently, the red and green pixels were formed by

the same method as in Example 1. The color layer of the red

10 pixel had the same thickness of 1.1 pm in both the
reflection aréa and transmission area. The color layer of
the green pixel also had the same thicknéss of 1.1 pm in
both the reflection area and transmission area. The blue
resist (BAC-1) was coated on the glass substrate on which

.5 the transparent resin layer, red pixel and green pixel had
been formed with a spinner, and the coated layer was heat-
“treated in an oven at 80°C for 10 minutes. The transmission
area and reflection area -of the blue pixel were exposed at a
luminous energy of 100 mJ/cm? (the intensity of the UV light

0 at 365 nm) through a light transmissible chromium photo-mask
ﬁsing a UV exposure apparatus. The substrate was immersed
in a developer comprising an aqueous solution of
tetramethylammonium hydroxide after the exposire to develop
the color layer. The substrate-was heat~treated in an oven

5 at 240°C for 30 minutes to obtain the blue pixel. The .




5 at 240C for 30 mnutes to obtain the blue pixel. The 20 Decenber 2006 -
54 thickness of the transm ssion area at the center of the pixel was 1.1
gm and the chromaticity coordinate (x, y) measured u r dard

i ght source C was (0.146, 0.178). The difference of 2@?8&%”3?%?%0983
between the 5 reflection area and transm ssion area is shown in Table 2.
The chromaticity of the reflection area under the standard 1|ight source
D65, and the chromaticity of the tranggi ssion area under the dual

wavel ength LED Iight source are shown in Table 7. 10 TABLE 7 ( EXAMPLE 6)
CHROVATI CI TY OF TRANSM SSI ON AREA CHROVATI CI TY OF REFLECTI ON AREA ( DUAL
mAVELENGTg.L D LI GHI SOURCE) ( STANDARD LI GHT SOURCE D65) x y COLOR X y z
COLOR RE BLEL REPRODUE BE-E5 S FINGE $NGE T, 3536895, 2D 8Ee 7 R 0.534
0.328 27.6 %&0.332 0, 502 66. 1%)§‘0.291 0.497 58.8 33% B 0.147 0.172

23.0 B 0P13910"180" 2b. W3 1829, PR b SPPF BIREE 336 Yiconpar at i ve
Exanple 7 A_color filter, was manufactured by the sane thod as .5 in
Exanpl e T',ea%‘%%%tmtl%%f %et?%%%aalfcgn#l%%ag S &fl’f@d"’ ﬁf?qtﬁli%é reflection
area of gh d, en. | ue pixels. The. difference of.chromaticity S
bet ween ?hg7§gfle%%%l##€¥%k§%$%15¥ Chrbmaticity 8 Bethedn’the
5 reflection area and transmission area is shown in Table 2.
The chromaticity of the feflection area under the standard

light source D65, and the chromatiéity of the transmission

area under the dual wavelength LED light source are shown in

Table 7.
10
- TABLE 7 (EXAMPLE 6)
CHROMATICITY OF TRANSMISSION AREA CHROMATICITY OF REFLECTION AREA
{DURL WAVELENGTH LED LIGHT SOURCE) (STANDARD LIGHT SOURCE D653)
b4 vy z COLOR X Yy z COLOR
REPRCPUCIBLE REPRODUCIBLE
RANGE RANGE
R | 0.536 0.329 31.7 0 R 0.534 0.328 27.6
G 0.332 0.502 66.7 31% G 0.291 0.497 5B.8 33%
B 0.147 0.172 23.0 B 0.137 0.169 20.4
W ]0.318 0.334 40.5 W 0.297 0.331 35.6

Comparative Example 7

A color filter was manufactured by the same method as
.5  in Example i, except that no transparent area was formed in
the reflection area of the red, green and blue pixels. The
difference of chromaticity & between the refleétion area and
 transmission area of the color fiiter obtained is shown in
Table 2. The chromaticity of the reflection area under the
‘0 standard light source D68, and the chromaticify of the

transmission area under the dual wavelength LED light source




transm ssion area of the color filter obtained is showm in Table 2. The
chromaticity of the reflection area under the 0 standard |ight source D65,
and the chromaticity of the transm ssion area under t I engt h
LED 1§ ght SOUFGCE === -nncmmmmmmmem oo 20 Bocanber 200t DESLARBLEI " |
Tabl e 8. TABLE 8 ( COVPARATI VE EXAMPLE 7) CHROVATI CI TY OF TRANSM SSI ON AREA
CHROVATI CI TY OF REFLECTI ON AREA (DUAL WAVELENGTH LED LI GHT SOURCE)

( STANDARD LI GHT SQURCE D65) Xy z COLeR x y z COLOR REPRODUCI BLE

REPRODUCI BLE RANGE RANGE R 0.536 0.329 31.7 R 0.617 0.328 21.9 G 0.332
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 11 W0.3%8 0.334 40,5 WO0.303 0.339 29.9 5 Conparative Exanple 8 A

col or |a98F FOPWRAIBf T#RLSr®d paste RPI-1 was deposited in the

transm ssion area, and a color layer formed of the red paste PRI -5 was
deposited in the reflection area by the sane manufacturing steps as in
Exanpl e TABRE 8| GrOMPRARATEYE f i AMRLFof7 t he gr een_paste GPl-1 was deposited

in the [ t{anEwPMEECEHY o @BAvsEIdIcd 26ehof | dyerusowrnrentyoff RHTEEQII@ERAREADAST €
GPl - 2 was | dEfieks WREGENGTHTRR LIeHT| SOURGFON | ar ga. ASTAHNDEAD LIGHY SpUREBMFPY of { t he
bl ue paste¢ BPl -1 was deposi|t edPi®Rt hef triansam ssi en ar ea, | andc@okol of | ayer
formed lof {t he bl ue REPRODUCIBLE REPRODUCIBLE
RANGE RANGE

R | 0.536 0.329 31.7 : R | 0.617 0.328 21.9

G | 0.332 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

L0 layer formed of the greeﬁ paste GPI-1 was deposited in the
transmission area, and a color layer formed of the green
paste GPI-2 was depoéited 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

.5 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 (%, y} of the reflection areas in the red, green
énd blue pixels measured under the standard light source C

0 were (0.441, 0.293), (0.328, 0.421) and (0.185, 0.223),




.5 paste BPlI-2 was deposited in the reflection area. The color |ayer of
each pi xel had the sane thickness of 1.1 pmin both the reflection area
and transm ssion area. The chromaticity coordinates ( of t
reflection areas in the red, green and blue pixels néégeééﬁnﬁﬂégﬁﬁthe
standard |ight source C 0O were (0.441, 0.293), (0.328, 0..421) and (0. 185,
0.223), 20 Decenber 2006 56 respectively. The chromaticity of the
reflection area under the standard_|ight source D65, and the chromaticity
of the transm ssion area under the dual wavel ength LED |ight source are
shown in Table 9. 5 TABLE 9 ( COWARATI VE EXAMPLE 8) CHROMATICITY OF
TRANSM SSI ON AREA CHROVATI CI TY OF REFLECTI ON AREA (DUAL WAVELENGTH LED

LI GHT SOUREPECESYANPARDT he GHTr SOURCEL DB 5 £ xtlye zr iR oy graguRrier
REPRODUCI BLE REPRODUCI BLE RANGE RANGE R 0.536 0.329 31.7 R 0.534 0.323
30. 8 G 018825§a502r661 9B 05e110-82860D, 507 7Ehe Amognat iy @ 4= 23.0 B
0.146 0.179 23.3 WO0.318 0.334 40.5 WO0.316 0.344 43.0 A color filter
havi ng sHEPPSBEFFEPBNRESE ofNBRT ghEReddal arrr st iTGR vl e id%e
transm ssion area and _10.refl ection area was obtained in Exanple 4 as in
Exanpl es?® ﬁﬁawﬂ.lﬁhga Fte level in the reflection display of the 1liquid
crys%gl di spl ay manufactured using the color filter

TABLE 9 (COMPARATIVE EXAMPLE 8)

CHROMATICITY OF TRANSMISSION AREA °  CHROMATICITY OF REFLECTION AREA
(DUAL WAVELENGTH LED LIGHT SQURCE} ] {STANDARD LIGHT SOURCE D65)
b4 vy Z COLOR X y Z COLOR
REPRCDUCIBLE REPRODUCIBLE
RANGE RANGE
0.536 0.329 31.7 0.534 0.323 30.8
0.332 0.50z2 66.7 31% 0.326 0.502 75.0 32%

0.146 0.179  23.3
0.316 0.344  43.0

6.147 0.172 23.0
0.318 0.334 40.5

=W oW
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A color filter having small differences of brightness
and chromaticity between the tranémission area and
10 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 mgnufactured using the color filter
in Example 4 was brighte% than those in Examples 1 to 3 with
good viewing. Further more, only oﬁe more step was
L5 necessary for manufacturing the color filter in Example 4 as
compared with the conventional color filters. VIt may be
concluded that a quite excellent éolor filter could be
- obtained in Example 4. A
Color filters having small differences of brightness

'0  and chromaticity between the transmission area and




in Exanple 4 was brighter than those in Exanples 1 to 3 with good view ng.
Further nore, only one nore step was L5 necessary for manufacturing the
color filter in Exanple 4 as conpared with the conventj@n I filters.
It may be concluded that a quite excellent color fiIt%QBE%%P%gg@66obtained
in Exanple 4. Color filters having snmall differences of brightness '.0 and
chromaticity between the transm ssion area and 20 Decenber 2006 57
reflection area were obtained in Exanplles 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 wit | ahit t JOW iewing. Furth
0 3 Wit bheDEgt DoRah LR wuhL @b@i&édyﬁpggrx%%%%% é“taﬁ%v'ﬂg urther

nore, only one nore step was necessar cturing color filters
in Exanpkgsmblasdi 6aidg SONPRREd M td Tdee1 SUWe é%?c%uﬁ?' ddditers. It
may be concluded that quite excellent color filters Cou e obtained in
Exanpl esdbsphalys Lifarbu £ dbeu ebd fes 8¢ as Ofcird o nass: Angh Gy -HiptdsCist ¥
between the transmission area and reflection area were large in the color
filter iandofpesad ivel dixesplehah BidghtineTxanpitdhe 1 ref |26kt rdirepl ay was
very lowin the liquid crystal ..5 display manufactured using the color
filtér imaiCorphndtitee cekanpiend, whdwipepigoddewirgrinkhe didrftéleences of
brightness and chromaticity between the transm ssion area and reflection
ar ea wereoxaldnlivh arige more step was necessary for manufacturing the

coior filters in ExampleSIS 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 aree were large in the
color filter in Comparative Example 7. BrightneSS in the
reflection display was very low in the liquid crystal

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

The differences of b;ightness-and chromaticity between
the transmission area and‘reflection area were small in the
color filter in Comparative Example 8 as in the color

0 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. K

The present invention provides a coloxr filter having

5 small differences of brightness and chromaficity between the -




color filter in Conparative Exanple 8 as in the color O filters in Exanples
1 and 2. However, six steps were required in the photolithographic process
of the color |ayer, thereby increasing the manufacturi he

color filter. The present- invention provides a col or f?@?@%gﬁ%$?%5%5 snal

di fferences of brightness and chromaticity between the 20 Decenber 2006 58
transm ssion area and reflection area, and having a snall surface. step
hei ght, by formng a transparent areasign-the reflection area while
suppressing the manufacturing steps fromincreasing to provide a cheap
color filter. 59 20 Decenber 2006 Clains: 1. A color filter conprising a

t i SQi .ea . and flecti in_which I t I i xel of
red,  or SR SAOBLUG BFXEl S 1Sk OHRGELGP FHE" Satk ML GHIaIs WErin a
transpargg}fgggasgggiHgiggggg$ygf ayer  is formed in a part, of .the

reflection area, eas ub-are ?st¥%l?sr1%%lr?nn tHE S rla{lnst ftent ar ea,

and t he gj : ~5N b- i i o : r |ess,

wherein %ﬁigfgglB?ngégoﬁ%§?§é§&?§%§§%ﬁ%ﬁkﬁ%éTﬁé?&%ﬁ%¥%§§9g’gﬁ#%ﬁfing agent .

2. The celen 1ﬁbggés§ﬁ§p£gi§§b¢fhé]éﬂégéﬁpv¢5q5¥rkfﬂg%xu-sub-area is forned
o)

as acircle, a square wth a side | engt 5 pmor nore, or a rectangle
with a shorter side length of 5 pmor nore.




3. The color filter according to any one of Clainms 1 and 2, wherein the

di stance fromthe side of a sub-area to the side of a sub-area adjoining
thereto is 10 pmor nore. 4. The color filter accordi of
Claims 1 to 3, wherein an overcoat Payer is forned ogg%ﬁgccofggﬁs?ayer. 5
The color filter according to any one of Clains 1 to 4, wherein the
chromaticity coordinate x of the transnission area of the red pixel in the
chromatigity:col or coordi nate system under the standard |ight source Cis
in the range of 0.4 < x < 0.6, and the thickness of the color 60 20
Decenber 2006 layer is in the range of 0.6 to 1.5 pmw th an overcoat

| ayer coated thereon color filter acco dingwto any one of Clains 1

6. T
to 5, wherefn t F8a?5if@ﬂﬁgﬂﬁp??@8§l§lﬁﬁgﬁ%n_réB éﬁﬁﬂﬁ_zfr%ﬂnﬁﬁgridone
deri vatd ¥e@8i8nCQ1d NInag@ilch 7at The L0 obnki ldAro@CEOKENNG £ OraRY one of
Claims 1 to 6, wherein the pignent containing the quinacridone derivative
is C lgrpégnentd béde2@dxefs Tive fooinmrd féft eheassvedinagetraadny one of d ai ns

1 to 7, wh i th t hei ght bet th | -t t
L0 0 el lee 5B el gl Betupen. the Selaharss oy peeeren

accor di g rben@ly oRne HLfphlal i 1ehb0 & r WIS EHR @ eansSpar ania J1eSbAel ayer
is inserted between the substrate and color layer in the reflection area,
and conprises at |fegstechnion cbher tpiaxelparenthi ¢hed heanhi dleessiod ofhe

color Jayel fn. 108 8T hEChhen 2 88, LS I Lol [P0 S sss,
wherein the red pixel comprises C.I. pigment red

254 -as a colouring agent.

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 pym or more, or a rectangle with a shorter side length

of 5 pm or more.

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 uym or more..

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
to 4, wherein the <chromaticity coordinate x of the
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




t hi ckness of the color layer in the transm ssion area. 10. The color filter
according to any one of Clains 1 to 9 containing at |east one col or pixel

conprising different color layers in the transm ssion flection
area. 11. The color filter according®o any one of C|a?%@%§@%$%1§@$ wher ei n

projections are fornmed on the uppernost |ayer. 61 20 Decenber 2006 12.
The color filter according to any one of Clains 1 to 11, wherein the

di ffereagerofichiamaiiei thrlhebwean d heg chromali cid ynconl dbpatechx0. yo)
of the transm ssion area an chromaticity coordinate (x, y) of the

ref | ectaparareatedatihefiessithe fol l owing equation: S = (x x0)2 + (Y-Y0)2 <_
3 x 10-3 13. Aliquid crystal display using the color filter according to
any one of Clainms 1 to 12.

©. The color filter according to any one of Claims 1
to 5, wherein the red pixel comprises a pigment containing a

quinacridone derivative as a coloring agent.

7. The color filter according to any one of Claims 1
to 6, wherein the pigment containing the quinacridone

derivative is C.I. pigment red 209.

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

to 7, wherein the step height between the color area and
' ..transparent area in the reflection area is‘0.5 pm or less.

9. The color filter according to any one of Claims 1
to 8, wherein a transparent resin layer is inserted between
the substrate and color layer in the reflection area, and
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.

10. The color filter'according to any one of Claims 1
to 9 containing at least one color pixel comprising
different color layers in the transmission area and

reflection area.

11. The color filter according to any cne of Claims 1
to 10, wherein projections are formed on the uppermost

layer.




61 20 December 2006

12. The color filter according to any one of Claims 1
to 11, wherein the difference of chromaticity 8 between the
chromaticity coordinate (xg, yo) of the transmission area and
chromaticity coordinate (x, vy} of the reflection area
satisfies the folloéing equation:

8 = (x-x%0)2 + (y-yo)? € 3 x 1073

13. A liguid crystal display using the color filter

according to any one of Claims 1 to 12.




