1 Decenber 2006 - 1 DESCRIPTION COLCOR FILTER FOR LIQ? CRYSTAL DISPLAY
AND TRANSFLECTI VE LI QUI D CRYSTAL DI SPLAY Technical Fi elldPSFREDRE &R0

invention relates to a color filter for a liquid crystal display and a
transfl ective display using the same. Background Art Liquid crystal

di spl ays are now used for various applications such as notebook-size PC,

mobile termnals, desktop nonitors, digital canmeras, and the Iike by
maki ng use of the characteristics of the liquid crystal displays, such as
| i ght wei ght, thinness, |ow power consulrption, and the like. In order to
further decrease the power consunption of a liquid crystal display using a
backlight, the utilization efficiency of the backlight nust be inproved.

Therefore, a color filter is requtﬁggz f¢ﬁ¥@ i nproved transmttance.
Al t hough the transmttance of the I's being inproved every

ear, a Si C S n rom
y GOLORC #LTERC FORS .1 U DP QUEF S 1GN PAEHTI A t gl@e@l‘f{ %}f&gﬁré

|nprovenent in transmttance. In recent years,
reflective liquid crystal dispbay ORYsPRAUDEEPEAR backlight source having

high 1 Decenber 2006 2 power consunption has been advanced, and it has
been
Technical Field
The present invention relates to a cdlor filter for a

liquid crystal display and a transflective diéplay using the

. same.

Background Art
Liquid crystal displays are now used for various

‘.applicationé_such as notebook-size PC, mobile terminals,

"desktop‘monitors, digital cameras, and the like by making

“use of the characteristics of the liquid.crystal displays,
such as lighf weight, thinness, low power consumpfion, and
the like. In order to further decrease the power
cqnsumption of a liquid crystal display using a backlight,

. the utilization efficiency of the backlight must-be‘improved.
Therefore, a color filter is required to have improved
transmittance. Although the transmittance of the color
filter is being improved every year, a significant decrease
in power consumption ié not expected from improvement in
transmittande.

In recent years, the development of a reflective liquid

~crystal display not requiring a backlight source having high




reported that the power consunption can be decreased to aboub 7 of that
of a transnissive liquid crystal display (Nikkei .Macrod&Fceabe é%ﬁgrate

vol une, Flat Panel Display, 1998; P. 126). A reflective liquid crystal

~ display has the advantage of |ow power consunption and excel |l ent outdoor
visibility. However, in a place where sufficient environnent |ight cannot

be secured, a display becones dark, thereby causing. the problem of
significantly deteriorating visibility. In order to make a display visible

in a place where environnmental |ight- Ras |ow strength, two systens each
conprising a light source have been designed. One of the systens is (1) a-
liquid crystal display, i.e., a so-called transflective liquid crystal

di spl ay, gRiEy icondamd ko theds dadditita SAHELE @HLL s&d) ection layer

provided in each pixel and having a notch SO - at the a part of the

reflecti aregotedd ithats athd Powert (USRS 26n @a’%P't@’ o El8ed a part of
the reflection layer is used for a reflective display system(refer to

 docunent aibwiah 195 bEN&nF0ES % t'mm&é%i})&e]%aﬁlde% dlseﬁfa;}o' ogy
- Sem nar Text A5). The other systemis (2) a reflective liquid-crystal

di spl ay (cuKmeis Magrodevdide | isHardie aaime, F1kackHamht magGs and a
front |light source used for nobile ternminals, a three- peak type

fluorescamosgl, Becamsgr., 2006 3 lanp or a white LED (light emtting
di ode) is used. The three-peak type fluorescent |lanp is advantageous from
t he | A reflectlve liguid crystal display has the advantage

of low power consumption and excellent outdoor visibility.

' However, in a place where sufficient environment light
cannot be secured, a display becomes,dark, thereby causing.
the problem of significantly deteriorating visibility. 1In
order to make é display visible in a place where
environmental 1light has low strength, two systems each
comprising a light source have been desigﬁed. One of the
systems is (1) a liguid crystal display, i.e., a so-called
transflective liquid crystal display, comprising a backlight
as a light source and a refleétioﬁ layer provided in each |
Apixel and having a notch so that the a part of the
reflection layer is used for a transmissive dispiay system,
'and a part of the reflection layer is used for a reflective
display system (refer to documents such as Fine Process
Technology Japan '99, Expert Technology Seminar Text A5).

The other system is (2)'a reflective liquid crystal display
comprising a front light.
| As each of a backlight source and a front light source

~used for mobile terminals, a three-peak typé fluorescent




vi ewpoi nt of power consunption, and this fluorescent lanp is . .kn to

i mprove the color reproducibility of transmitted col or TH&GRMDEF , the
~three-peak fluorescent lanp is used for relatively large nobile termnals
"such as a nobile PC, PDA and the like. On the other hand, a white LED is
advant ageous for a smaller size and thickness and is used for small nobile

termnals such as a cellular phone and the 1ike. White LEDs are divided
into a two-peak type and a three-peak type according to the spectral
shapes. The two- peak type white LED-us®s a conbination of a blue LED and a
phosphor, for obtaining a white color (Fig. 5. On the other hand, the '
t hree-peak type white LED uses a conbination of an ultraviolet LED and

red, greefhdi bl |aPias Pieh S { findk %ﬁtet%gaf‘g@inﬂi&%?&f Il of the

three colors, i.e., red, green and for obfaining a white

lor. T ' | | th
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each of which a transm ssive display using backlight and a re ctive

di spl ay ugidih tRNMinpHURNtBhe | dSr G cduc A 1 FfSo £ ﬂ‘aﬁﬂrﬁ%‘tﬁ@& h1

Decenber .2006 4 excellent visibility can be achi'eved regardl ess of the
strengt h efleanviiighitentetud | gtHe tiOWRY-YHeak FlUrdSEerdf 1aMF N ® used
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conventional color filter as shown in Fig. 6, i.e.,
for relatively large mobile terminals such as a mobile PC,

PDA, and the like. On the other hand, a white LED is
advantageéous for a smaller size and‘thickness and is uséd
for small mobile terminals such as a cellular phone and the
like.

White LEDs afe divided into a two-peak type and a
three-peak type accordinglto the spectral shapes. The two-
‘peak type white LED uses a combination of a blue LED and a

--;phosphor, for obtaining;a white color (Fig. 5). On the
other hand, the three-péak type white LED uses a combination
of an ultraviolet LED and réd,_green and blue phosphors (Fig.
1), or a combination of LEDs of the three colors, i1.e., red,
green and blue (Fig. 2), for obtaining a white color. ' The
two-peak type white LED has been uséd as an option of the
white LED light source so far (Nikkei Electronics, 200#, No.
2-25}. |

A transflective display comprising a backlight

' comprises picture elements in each of which a transmissive
display using backlight and a reflective display using

- environmental light coexist, and thus a display with




color filter in which a reflective region and a transnri§ %g;8n are
not provided in each picture element to cause uniform &eggmber 200
characteristics within each picture elenment, a problemoccurs in producing
a vivid transm ssive displ.ay. Mre specifically, when the col or vividness
(color purity) of transmtted color light is inproved, the color purity of

reflected color Tight is also further increased to significantly decrease
bri ghtness having a trade-off relation to color purity. Therefore,
sufficient visibility cannot be obtai ded for reflective display. This
problemis due to the fact that in the transm ssive display, backlight is
transmtted once through the coIor filter, while in the reflective

di spl ay, h fil _
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the reflecti nat ur a I's used as source

Ther ef of &y dhh& IJARYASING @ﬁ%&ax A ofd Qg Isrg,gleat s e edi fferent

in not only color purity but also co or tone ‘act that

nat ur al u ct.r t,eSOUrCe -
D65 shoﬁr?g:a?]: ?g'te:ai%q‘qpth‘f:ﬂle%t %eigg?l?l | g‘)teJ Ig%t?tj%gl rscrlag rsapg%thr ardlf%ge enber

2006 5 raedlenh Ares RAIAGRFiTEC 1Wa\é%.|c@1n$1fb%u1%5 IR RoFi@psel tO 5. A
‘met hod for “sol ving the above problemis a nmethod in which a transparent

resin |aﬁﬁﬁfb&nf@hﬂﬁ&‘wmaQ%@&e&Q%EQ%blwathln each picture element, a

problem occurs in produ01ng a vivid transmissive display.

' More specifically, when the color vividness (color purity)
of transmitted color light is improved, the color purity of
reflected colo: light is also further increased to
significantly decrease brightness having a trade—off
'relation to color purity. Therefore, sufficient visibility
cannot be obtained for reflective displaf. This problem is
due to the fact that in the transmissive display, backlight
is transmitted once through the color.filter, while in the
.reflective display, environmental light is transmitted
through the color filter two times including the time of
incidence and the time of reflection. In the transmissive
display, the backlight is used as a light source, while in
fhe_reflective display, naturél light is used as a light
:source. Therefore, the transmissive display and reflective
display are differeﬁt in not only color purity but also
color tone. This is due to the fact that natural 1ight has
a continuous spectrum like the'spectrum of light source D65

shown in Fig. 13, while the backlight source has spectral




region to thin a colored layer in each reflective region, thereh
ingroving t he brightness ofya reflective display. This? ﬁEFﬁ@Be“g%
so-cal l ed thickness controlling nethod and disclosed in Japanese

Unexam ned Patent Application Publication No. 2001-33778. Fig. 7
schematically shows a cross-section of a conventional color filter for a

transflective liquid crystal dlsplay A transparent resin layer 3 is
formed in each reflective region 6 to decrease the thickness of a colored
| ayer 5 in each reflective region 6,~ & -conpared with the thickness of the
colored layer 5 in each transmssive region 7. In order that the col ored

| ayer in each reflective region has the sane degree of brightness as that
of the ¢ 2GR L5 V. gi.Qn, hi ess f the

col ored ?gykl‘%dlér?)ggﬁaﬁar%ef e%tﬁl\iqﬁ%?%éﬁlge%{u{t Sélet tl"llrg&gs Ieg? of the
thickness; of the colored layer in each transm ssive region. On the other
hand, an increase in the degree of thinning of the colored |ayer in each

refl eoti ve regi fBtA8Hesr! 89614E kA 9BBvENpEBB1 ehh A BCRBenbaCsn | 27 0C

variations in display colors, t héreby causi manuf act ure pro m such
as a redygliichn a Bran®pdren® fdibid ildres &&@%ﬁr 34 Q3 aility
and 1 Decenber 2006 |nprovenenF®;n t he brightness 5?I€ﬁ% ref ectlve

di spl ay, relgont hioCknass aokolllbe e 16ivast |13y Fadhh r%%@@cﬁﬁfvleegédi%nr egi on
must be set to about 1/2 to 2/5 of the thickness of the colored |ayer in,

each tranheiredyvdmpegving lthel birS gitinedd JOR rERIAEAY e RE spalaQ.
reproducibility in the transm ssive

This method is a so-called thickness controlling method and

'hdisclosed in Japanese Unexamined Patent Application
Publication No. 2001—33778. Fig. 7 schematically shows a
cross—section of a conventional color filter for a
transflective liquid crystal display. A transparént resin‘

- layer 3 is formed in each reflective region 6 to decrease
the thickness of a colored layer 5 in each reflective region
6, as compared with the thickness of the colorgd layer 5 in
each transmissive region 7. In order that the colored layer
in each reflective region has the same degree of brightness
as that of the colored layer in each transmissive region,
the thickness of the colored layer in each reflective region
must be set to 1/2 of 1eés of the thickness of the colored
layer in each transmissive region. On the other hand, an
increase in the degree of thinning of the colored layer in
each reflective region causes large variations in the
thickness, i.e., large variations in display colors, thereby

'causing a manufacture prdblem such as a reduction in vield,

~or the like. In consideration of'processability and -




di splay, with the above-descri bed degree of thinning, sufficient

bri ght ness cannot be obtained in the reflective display PecaBbPenRPausing
the problemof failing to satisfy both a vivid transm ssive display and a
bright reflective display. Al so, the problemin which the transm ssive

di splay and the reflective display have different color tones cannot be

solved only by changing the thickness. In the use of a color filter in
which a transmissive region and a reflective region is coated separately,
as shown in Fig. 8, color purity and &ightness can be freely changed,

t hereby achieving a transm ssive display color and " brightness, and a _
reflective display color and brightness adequate for the purpose. In this

thod ( SjptaRie] ' - f t flectli
ogi ons. arPrRelertoau Mohe TR neds Tof Wl o HE0Sk re P oun e e
th fl 1346, A Lt b d '{yg ' hi d
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However, pjyx+d pePRiolid fg}gg@%ﬁ&g%i/%fr%ﬂ% oA T rg@r%ﬁ%epr esent,

coating of a coloring agent and photol’i t hography process are cenber
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color, and thus two |ithography processes for ‘eac ) ., a total of

si x phot ort RagraRiYIg IR Eor Hehrdutidiad irprmégﬁf&?snﬁ]ﬁwee
el enents of the three <colors including red, green and blue, thereby
causi ng tdisplarqbamho it Hel Gitas 1 ddia HEN Weafldl idW ©osinidfien a
sufficient brightness cannot be obtained in the reflective
'deisplay, thereby causing the probleﬁ of failing tb satisfty
both a vivid transmissive display and a 5right reflective
display. Also, the problem in which the transmissive
display and the reflective display have different color
tones cannot be solved only by changing the thickness.
In the use of a color filter in which a transmissive
‘region and a reflective region is coated separately, as
shown in Fig. 8, color purity and brightness can be freely
changed, thereby achieving a transmissive display color and
brightness, and a reflective display color and brightness |
adequate for the purpose. In this method (six-color coating
method), the ¢olor layers of the reflective regions are
indépeqdent of those of the transmissive regions, and thus
the reflective display with sufficient brightness can be
.achieved even when the color reproducibility of the
transmissive display is inbreased. However, in a
photolithography method which is a main stream at present,

~coating of a coloring agent and photolithography process are




coloring agent is coated in the transm ssive regions (or the reflective
regions), and then a coloring agent is coated in the réfH%emPFe?%gi ons
(or the transm ssive regions), from the viewpoint of production, it is
difficult to coat the coloring agents in such a manner that no space
occurs between the transm ssive regions and the reflective regions, and

the colering agents do not overlap with each other. Therefore, there is
the possibility that the product yield is decreased to increase the

manuf acturing cost of the color filterl \Wen spaces occur between the -
reflective regions and the transm ssive regions, light |eaks fromthe
spaces to decrease the image quality of a.liquid crystal display. On the.

ot her hanghrsiafed NGd Of fid H HAYRMS _wdfrféﬁmmg%f e Ullan % £0! OF
| as

only at the boundaries is increased and is pos y recogni ze

ununi f or ey QIS SCARENEEYT EHET TRER0gkBBnG plrodBRaRl EBE LhOH! doqorst

di splay becones defective. Nanely, thé yrefd o quid crysta

di splay defeer of aid¥at LPOSHL Protdch & @_ﬁ%@scg i cost of the,
liquid crystal display. 1 Dec?%ber 2006 - é?& a nefﬁ%dqggﬁable of a
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reproduci bility, a method conprising formng an aperture 1 n each
reflecti woloag dmdimdinPrase, tdadi oy mﬁepftﬁé}.eéﬁyeféaﬁﬁ:ﬂnée @iespl ay,
n

i.e., an area controlling nethod, is disclosed in Japanese exam ned

Pat ent Appidbdain af Rridesatinmn e miFddtddihg Riastl9 wrdienatically shows

a cross-section of a conventionally _ ,
coloring agent is coated in the transmissive regions (or the

" reflective regions), and then a coloring agent is coated in

‘the reflective‘regions (or the transmissive regions), from
the viewpoint of production, it is difficult to coat the
coloring agents in such a manner that no space occurs
between the transmissive regions and the reflective regions,
and the coloring agents do not overlap with each other.
Therefore, there is the possibility that the product yvield
is decreased to increase the manufacturing cost of the color
filter. When spaces occur between the reflective regions
and the transmissive regions, light leaks from the spaces to
decrease the image quality of a liguid crystal display. Oon
the other haﬁd, when the coloring agents overlap with each
other, the color only at the boundaries is increased and is
possibly recogniéed as ununiformity on a screen.
Furthermore, the cell gap of the liquid crystal display
Becomes defective. 'Namely, the yield of the liguid crystal

display deteriorates to possibly increase the manufacturing

- cost of the liquid crystal display.




known color filter for a transflective liquid crystal glspla having the
apertures. In this case, only three tinmes of photolith 5PﬁﬁH§ ﬁF@@esses
are performed to permit the manufacture of a color filter at | ow cost.
However, this nethod decreases the color purity-reflectance '
characteristics of the reflective display, as conpared wwth the nethod in

which the transmi ssive regions and the reflective regions are coated
separately. Therefore, this mnethod has the problemof failing to satisfy
both col or vividness and sufficient brd ghtness. Particularly, when the
color reproducibility is increased in the transm ssive display and the
reflective display, the brightness of the reflective display I s decreased
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Patent Application Publication No. 2000—111902. Fig. 9
schematically shows a cross-section of a conventionally
“Tkhown coior filter for a tfénsfledtive liQuid crjstél
display having the apeftures. In this case; ﬁnly three
times of photolithography processes are performed to permit
the manufacture 6f a color filter at low cost. However,
'lthis method decreases the‘color purity-reflectance
characteristics of the reflective display, as compared with
the method in which the transmissive regions and the
reflective regions are coated separately. Therefore, this
-method has the problem of failing to satisfy both color
vividness and sufficient brightness. Particularly, when the
color reproducibility is increased in the transmissive
display and the reflective display; the brightness of the
reflective display is decreased to cause the insufficient
performance as a liquid crystal display. |
In a conventional trdnsflective liguid crystal display
such as a'mobile terminal or the like, a two—peak type LED
light source or three-peak type fiuorescent lamp is used.

However, a combination with a conventionally known low-cost




transm ssive display having high color reproducibility d areflective
di spl ay having excellent characteristics (color reprodﬁgkﬁ?mp?ﬁgqgﬁd
bri ght ness). Exanpl e enbodi nents nmay provide a color filter at | ow cost,
which is capable of renoving a difference in chromaticity between a
reflective display and a transmissive display of a transflective |iquid

crystal display to exhibit excellent color characteristics and display
characteristics. According to a first aspect of the present invention,

t here | scqrawifdielba ffarans fdmotd Meedtigd d ieypst alr yditsdl aM spdeyphiasi ng a pair
of substrates di sposed opposite to each other with a liquid crystal |ayer
hel d t hetlebgimweelem & f riefilldatd dro reednsswsiang eali dmt wWhight basha thieght
source, a backlight source, and a color filter having a transm ssive 1
Decenberhi2Zfi060l@a rapegiduridnd ity effl edtd weranegiiesiwe cisaieypreod ded in
each picture elenent of the color filter and which have colored |ayers
conpri sitiye swihiglienmtterdiditnes g mfed-hpeale filyoe iviEDd ilspdlklyi glte sour ce bei ng
used as the backlight source; wherein the color filter includes the picture
el enment ssajffisfdted.east one color in each of which the colored layers of the
transm ssive region and the reflective region have the sanme thickness, and
an aperture is forned in the reflective region. - - - - -------- 1

Decenber 2006 _10_
Disclosure of Invention

Example embodiments may provide a low-cost
_transflective liquid crystal display capable of a
transmissive display having high color reproducibility and
a reflective display having excellent characteristics
(color reproducibility and brightness). Example embodiments
may provide a color filter at low cost, which is capable of
removing a difference in chromaticity between a reflective
display and a transmissiﬁe display of a transflective liquid
crystal display to exhibit excellent color characteristics
and display characteristics. |

According to a first aspect of the present invention,
there is provided a transflective liquid crystal display
comprising a palr of substrates disposed opposite to each
other with a liquid crystal layer held therebetween, a

reflection means using ambient light as a light source, a

backlight source, and a color filter having a transmissive




According to a second aspect of the present invention, there is provided a
transflective liquid crystal display conprising a pair 1&ecenbet es

di sposed opposite to each other with a liquid crystal |ayer held

t herebetween, a reflection neans using anbient light as a |light source, a
backl i ght source, and a color filter having a transm ssive region and a

refTective region which are provided-9ar each picture el enent of the color
filter and which have colored |ayers conprising a single material, a

t hr ee- peskgiypeandDdy backédghte SOMGLen bah 1eh uses @sodhedackldgt source,
wherein the color filter includes the picture elenents of at |east one

col or i npeacihrofe et toe €od cteTbt ayerseOfand hehi & lrectd war@gicon and the
transm ssive region have different thicknesses. Al so disclosed is that the
color fildpsrsisechpnisiey 4 ransflechidterianuidl tiysd-aleslt sphay 1iEc! udes t he
picture elements at |east one color in each of which the transm ssive

regi on amackhighiefsd@ctdcy cosgy osadmy itgdes theck Iegpecddwveecol ored | ayers
havi ng the sane thickness, and the reflective region has an aperture. 1
Decenberwi2@06in ltdee ddhkboxcof Drtds | irerlwked tihe thiadt uransifdneatisvenfl | qui d
crystal layer may have the aperture fornmed in each reflective region. Al so
di scl osett i seasttaoirer ddlaerid orach laQuildi ar el coldisgl dyayeompraises

transm ssive regions and reflective regions, wherein at |east two types of
col ored thydimrmmeissive region and the reflective region have the

same thickness, and an aperture is formed in the reflective

_..region.




deposited in the transm ssive region of each of picture elenents of at

| east one color. Also disclosed is that in the color fillD&FemBer 06| quid
crystal 1 Decenber 2006 -11 display, a first colored layer is deposited in
each transm ssive region, and a second colored |layer is deposited on the
-first colored layer and in each reflective region. Al so disclosed is that

in the color filter for a Tiquid crydt-al display, a first colored l'ayer is
deposited in each of the transm ssive regions and the reflective regions,
and a second EetOr@thd ayera i Se@OROS $Rs-1ONL 1 Nene fdFesdergolionegidiaygr in each
transm ssive region. Also disclosed is that in the color filter for a
liquid ctlystal idispbayded he ransilast Mee regiomn and dtha Jgiefdiesti ve region
in each of the picture elenments of at |east one color conprise a single
col ori ncagent simnd gacir sefdiendtd ver s ipdasd adpasispanrenteaastgi on. Al so

disclosed is that in the color filter for a liquid crystal display, green
col or ed didyer swiadviaglighfd ermydt 4 dreerdr dosipbiHd ks tarer],am nat ed. Al so
disclosed is that in the color filter for a liquid crystal display, red
col or ed tafkrst havingpns fisrentamipiagnent i gronposid ildrsh tarseuram, nat ed. Al so
disclosed is that in the color filter for a liquid crystal display, a red

col or ed bayiekrigontsouary andisgmeritohalid Inge @ guiimacrd dores sskelsdtven i s
| am nat ed on
region and a reflective region which are provided in each

picture element of the color filter and which have colored

layers comprising a single material, a three-peak type LED ~~ ~ ~  ©

backlight source being used as the backlight source,
wherein the coior filter.includes the picture elements of
at least one color in each of which the colored layers of
the reflective region and the transmissive region have
different thicknesses.

Also disclosed is that the color filter used in the
transflective liquid crystal display includes the picture
elements at least one color in each of which the |
transmissive region and the reflective region comprise the
respective colored layers having the same thickness, and

the reflective region has an aperture.




anot her colored layer. Also disclosed is that in the colgk fllter for a
liquid crystal display, blue colored layers having diff &EE8NPHi Pent
conpositions are |am nated. 1 Decenber 2006 -12 Also disclosed is that in
the color filter for a liquid crystal display, a single colored |ayer is

| am nated on the blue colored |ayer and the red colored layer so that the

area of a coloring agent |aninated oh%+he blue colored Tayer is snmaller
than that lam nated on the red colored layer. Also disclosed is that in
the col or fillter dadrora fillivgs diseycy sitralcHHtS plrayhs fAR @& Qaafuildayer is
deposited on the colored layers. Also disclosed is that the color filter
for a |igmistalcnystcal mdiyshhay dhesapertaest abfnéd pirctaeh el ement having a
chromaticity difference 8 satisfying the followi ng relation between
transm ssafleatEgicoregfircomati city (x0, y0) and reflective region ,
chromaticity (x, y): 5 =(x - x0)2 + (y - yO2 ? 1x10-3 Also disclosed is a
transfl ecti vAldgulicadrosstdalis di spllay tfhdttecofior aed ighd dcalrgrsthill ter.

Al t hough the three-peak type light source is known to inprove col or

r epr oduciiidliayy cafnper itseen $risgsimies sdiveplrayg i onisnexanpled lebadienent s, it was
found that the three-peak type |ight source may inprove not only the col or
char act erdgitdness  whfe ree itrr aufs tessitvewdi Spireys oift callsaethéd ayelrer are

characteristics
deposited in the transmissive region of each of picture

elements of at least one color.

Also disclosed is that in the color filter for a

liquid crystal




of a reflective display using environnental light. In a, specjfied color
filter structure, i I.Oe.?/ an a?ea control ling sgstem or ﬂmeE?‘ﬁb‘%rszo(aG
controlling system the color characteristics can be inproved. It was al so
found that in 1 Decenber 2006 13 the use of a LED |ight source as the

t hree-peak type light source, the characteristics of the reflective

display can be significantly i rrprove"d.' Brief Description of the Draw ngs
Fig. 1 is a chart showi ng an exanple (ultraviolet LED+red, green and bl ue
phosphord)smlaithe shecitr umofread Idyee-ipealedoqiecdd ght <@ty ce used in the
present invention;, Fig. 2 is a chart show ng an exanpl e (conbi nati on of
red, greernemddsdive FEBIpnef ahliea specdndimadforad Nagerpéakdepypétedght
source used in the present invention; Fig. 3 is a chart show ng an exanple
of the specthainfiofst adlwesl pealert el col dacdt hedd ddtioreseeritorl.anmp; Fig. 4
is a chart show ng an exanple of the spectrumof a three-peak type organic
el ectr ol um neslcencl ddlgiged oy ddjat Eirg.the il fdritteshdwimeg an exanpl e of
the spectrumof a two-peak type LED |light source; Fig. 6 is a draw ng
showi ng timuicbrfivahaglt idisfaye adiorstf iddleragsdaviar d st depsklieedi ve |iquid
crystal display; Fig. 7 is a draw ng showi ng the configuration of a col or
filter ugeddah f rtdes fti regrdnies ddivpuint odopst alndditdys ayeflelitgve8 is a draw ng
showi ng the configuration of a color filter used in a transflective |iquid
crystal ®R&Ingy; and a second colored layer is deposited on the

first colored layer in each transmissive region.

 Blso disclosed is that in the color filter for a
liquid crystal display; the transmissive region and the
reflective region in each of the picture elements of at
least one color comprise a single coloring agent, and each
reflective region has a transparent region.

Also disclosed is that in the color filter for a
liquid.crystal display, green colored layers having
different pigment compositions are laminated.

Also disclosed is that in the color filter for a
liquid crystal display, red colored layers having different
pigment compositions are laminated.

Also disclosed is that in the color filter for a
liquid crystal display, a red colored layer containing a
pigment having a quinacridone skeleton is laminated on
another colored layer.

Also disclosed is that in the color filter for a
liquid crystal display, blue colored layers having

different pigment compositidns are laminated.




Fig. 9 is a drawi ng showi ng the configuration of a col r fil ged in a
transflective liquid crystal display; 1 December 2006 1X€cgn erzpé is a
chart showi ng a spectrumof a transm ssive region in each of Exanples 1
and 5 (conmbination with a three-peak type LED) and a spectrum of a
transm ssive region in Conparative Exanple 1 (conbination with a two-peak

type LED); Fig. 11 is a chart showmg-a spectrumof a reflective region
in Exanple 1 (conbination of an area-controlling systemcolor filter and a
-three-peak typesd EH)sclged 1ik ithat chiarthshoiidlg & 1spactidimzof a refl ective
region in Exanple 5 (conbination of a thickness-controlling system color
filter andyeid hreestpebkdisgiet,ED) sirigle I leread diardr showarg ridtedspectra
of standard 1ight source C and |ight source D65; -Fig. 14 is a draw ng
show ng drhetlooiupiratiaredflayercalrat thd tweyd afolkexanpllavkl;, sk ghaltb is a
drawi ng show ng the configuration of a color filter of Exanple 12;

Ref er encehaameral ofl dermitesig tagarspdrantnasidis tarattdie  rlefeerceicoeenuner al 2,
~a black matrix; reference nuneral 3, a transparent resin |layer; reference
nuner al Wgyex cigd oredl 14 mydrarc drimati sliang medredhhot adengiad weleaglegr past e;
reference nuneral 5, a colored | ayer conprising a photosensitive col or

resi st; kasfasrence numeral 6, a reflective region; reference nuneral 7, a
transmi ssive regi on; reference nuneral 8B, a

Also disclosed is that in the color filter for a

liquid crystal display, an over coat layer is deposited on

the colored layers.

Also disclosed is that thé color filter for a liquid
crystal display does not contain a picture element having a
chromaticity difference 8 satisfying the following relation
between transmissive region chromaticity (x0, y0) and
reflective region chromaticity (x, vy):

&5 = (x - x0)% + (y - y0)? 2 1x1073

Also disclosed is a transflective liquid crystal
display that comprises the color filter. |
| Although the three-peak type light source is known to
improve color reproducibility of a transmissive display,
inexample embodiments, it was found that the three-peak type
light source may improve not only the color characteristics
of a transmissive display but also the color characteristics -
of a reflective display using environmental light. In a
specified color filter‘structure, i.e., an area controlling
system or thickness controlling system, the color

characte:istics can be improved. It was also found that in




bl ue picture elenent; reference nuneral 8G a green'picﬁ re 1 Decenber 2006
15 elenent; reference numeral 8R a red picture el ement PeCPBPYrENE

nunmeral 9, an aperture region; and reference numeral 10, an over coat

| ayer. Best Mdde for Carrying Qut the Invention A transflective |iquid
crystal display of the present invention conprises a liquid crystal [|ayer

having at Teast a light controlling function using an applied voltage, a
pair of substrates di sposed opposite to each other with the liquid crystal
.layer held therebetween, a reflection ¥eans using anbient light as a |ight
source, and a backlight source. In the liquid crystal display, it is

i nportant to provide a reflection plate partially forned on a surface of

t he substyat part _f b i Lde _ a of, .
substrat%ﬁ%eﬁﬁ% ?% go%$§LPE§P?h§§Hé%%i%%i35%?§§%§?,E§5RC3§8F ﬁﬁbﬂgr havi ng
a transn.ssi r egl.o0 A | i,gh e Lt A ckli.g source
and a rg%P§%¥?Ve%%gg?g%&%?Z %%F?%S S%tgPﬁaF%F%E%F§5§Hbégsérg %ngpged in-a
regi on N Eacetatsl Ligp2BseRi cture el ement of the color filter, and a
three-pe%gbtype L%Eﬂ%écﬁpggh? source used as the backlight source disposed
at the back of the substrate apart fromthe observation side. In the color
filter, a single colored |layer is forned in each picture elenent, the

transn sgirygsr egiseripRdohh8 s ehbest-hwengy@gi on in each 1 Decenber 2006
Fig. 1 is a chart showing an example (ultraviolet

LED+red, green and blue phosphors) of the spectrum of a

three:peakuffﬁé light source used in thémﬁfégéﬁt invention;
Fig. 2 is a chart showing an example (combination of
red, green énd blue LEDs) of the spectrum of a three-peak
type light_source used in the present invention;
Fig. 3 is a chart showing an example of the,speqtrum of
a three-peak type cold cathode fluorescent lamp; | |
Fig. 4 is a chart showing an example of the spectrum of
a three-peak type organic electroluminescence light source;
Fig. 5 is a chart showing an example of the spectrum of
a two-peak type LED light source;

' Fig. 6 is a drawing showing the configuration of a
color filter used in a transflective liquid crystal display:
Fig. 7 is a drawing showing the configuration of-a
color filter used in a transflective ligquid crystal display:
Fig. 8 is a drawing showing the configuration of a
colox filtér used in a transflective liquid crystal display;
Fig. 9 is a drawing showing the configuration of a

 color filter used in a transflective liquid crystal display;'




16 picture elenent have different color characteristics. By providing both
the reflection neans and the backlight source, a good d#?ﬁ?@geﬁgw6be

obtai ned even in an outdoor environnent havi'ng strong anbient light and in
a relatively dark indoor environment. Also, the reflection neans is _
di sposed on the surface of the substrate apart from the observation side,

the surface of the substrate being in contact wwth the liquid crystal,
t hereby producing a clear inmage with neither blur due to parallax and nor
color mixing. Furthernore, the color ##lter conprising the transmi ssive
regions and the reflective regions having different color characteristics,
and the three-peak type LED backlight source are provided to permt the
achi everent  of1ghes ot 18n&! LGkl 8nbyAwyl Lupsldlrufll $B! 3 tibhBngucelbent
visibility, which is capable of performng both a transm ssive display
Wi th col elegiion GReSachNGa Bdries rEfdfPtd &:dtibiRlaor Rilthe & r ansfl ecti ve
| iquid crystal display of the present invention, the substrate having the-
reflecti ehreRapeakl @yied IEDY @@ Mg OF o tidddhfiSURe ralBop’ the
substrate apart fromthe color filter. Wen a reflection layer i's formed
on the cdhoCohiplairert ivebEkaaipd.e i1N (RAMbiNRIGON SiQIHE R Hwd PEakd ol oring
agent fornmed therein, each region having the reflection [ayer forned
t herei n LED)he reflective region, and each region w thout the reflection 1
Decenber- 2006 17 : _ '
Fig. 11 is a chart showing a spectrum of a reflective

region in Example 1 (combination of an area-controlling

“system color filter and a three—péak type LED);

Fig. 12 is a chart showing a spectrum of a reflective
regibn in Example 5 {combination of a thickness-controlling
system color filter and a three-peak type LED);

Fig. 13 is a chart showing the spectra of stahdard

rlight source C and light source D65;

Fig. 14 is a drawing showing the configuration of a
color filter of Example 11;
| Eig. 15 is a drawing showing the éonfiguratidn of a
colbr filter of Example 12;

Reference numeral 1 denotes a transparenf substrate;
reference numeral 2, a black matrix; referehce numeral 3, a
transparent resin layer; reference numeﬁal 4, a colored
layer comprising non-photosensitive color paste; reference
numeral 5, a colored layer comprising a photosensitive color
résist; feférence numeral 6, a reflective regién;;reference
numeral 7, a transmissive region; reférence numeral 8B, a

blue picture element; reference numeral 8G, a. green picture




| ayer is the transm ssive region. Wien the reflection layer is formed on
the substrate apart fromthe color filter, a color fil fl&lecpmeei#Woe| enent
regi on corresponding to each region having the reflection |layer of the
substrate is the reflective region, and a color filter picture el enent
region corresponding to each region without the reflection |layer of the

substrate is the transm ssive region. In-the-color filter used in the
transflective liquid crystal display of the present invention, it is

i nportant that the transmissive regioh® and the reflective regions have
different color characteristics. Fromthe viewpoint of | ow cost

manuf acture of the liquid crystal display, the color filter may be a col or
filter, ielemend) FeFRrendel hAmerd BUS! NIEH Yidduretlo1 A, Si Ng picture
el ements of at |east one color in each of which the sane colored Ilayer is
fornmed i elfegencan atineTiate of,e @G0 Rpdtd UM rdd@longClEnte ded@r¥hceand t he
reflective region has an aperture region, or a color filter, i.e., a

t hi cknesaumettanolllo,nan syekewoeal aayldd.ter, conprising picture el ement of
at least one color in each of which a transparent resin layer is disposed
bet ween the substrate and the colored layer in the reflective region, and
the colored layers of the reflective region and the transm ssive region
have di f BesdénModehifokn€aseying oaftorthid |Ineentdiong a conbi nati on of the
area-controlling systemand the thickness-controlling system-------------
- - 1 Decenbarteansflé8tive liquid crystal display of the present

invention comprises & liquid crystal layer having at least a

of substrates disposed opposite to each other with the
liquid crystal layer held therebetWeen, a reflection means
using ambient light as a light source, and a backlight
source.

In the liguid crystal display, it is important to
provide a reflection plate partially formed on a surface of
the substrate apart from the observation side, the surface
of the substrate being in contact with the liquid cxrystal, a
color filter having a transmissive region transmitting light
emitted from the backlight sourcé and a reflective region
reflecting external light, which are provided in a region
corresponding to one picture element of the color filter,
and a three-peak type LED backiight source used as the

| Backlight source disposed at the back of the substrate apart
from the observation side. In the color filfer, a single‘
colored layer is formed in each picture element, the |

transmissive region and the reflective region in each .




W thin each picture elenment may be used. Alternatively, a color filter
having a plurality of colored |ayers lamnated in the {l Racembesiqps regi on
of one picture element nay be wused. As the plurality of the col ored

| ayers, different colored |layers or the same colored | ayer may be used.
The sane colored | ayer nmeans that a pignent conposition and a '

pignent-resin ratio by weight are the sane, and the different colored

| ayers nean that any one of the pignent_ conposition and the pignent-resin

ratio by weight is different. In the ¥®lor filter used in the present

i nvention, all picture elements need not have the sanme color filter

structure, and the picture elenents having different color filter

struct ur gicayebelerett baviehdidHerert Idoloru sa@iria teha gAi@sent i nventi on,

the transmi ssive region and the reflective region in each of the picture

el ements of aByl pastiafrgCbbeh ®RY Re¥eebReohamBansohfmednkayer and the

sane thickness, and an aperture region nay be forned in the reflective

regi on. Bpckddghitg sbheceaper good AEGHIAY Ta@AbR odfitaaslddy @ vVergiign ant he

brightness of each reflective display can be inproved, and the

manuf act euitdgocrosnvdaonmende baed hed s thonoc @imbiedft UHGhtr egidoAs kavi ng the

aperture regions is not particularly limted, and the aperture regi ons my

‘be fornedelatiNelypdetr éndoeme ey igonaeptane Adkor, edhegired@lecaridnbl ue. 1

Decenber 2006 19 However, in consideration of a characteristic difference
means 1is disposed on the surface of the substrate apart from

the observation side, the surface of the substrate being in

“contact with the liquid crystal, thereby producing a clear
'imege with neither blur due to parallax and nor coior mixing.
Furthermore, the color filter comprising the transmissive
regions and the reflective regions having different coler
characteristics, and the three-peak type LED backlight
source are provided to permit the achievement of the
transflective liquid cryetal'display with excellent
visibility, which is capable of performing both a
transmissive display with color vividness and a bright
reflective display.

In the transflective liquid crystal display of the
preéent invention, the substrate having the reflection means
fermed thereon may be the color filter substrate or the
substrate apart from the color filter. When a reflectioe
layer is formed on the color filter substrate, in each
picture element having a coloring agent formed therein, each
region having the reflection layer formed therein is the

reflective region, and each region without the reflection




bet ween the bl ack |ight source and environnmental light, the color of the
picture el ements in each of which the aperture region ﬂ§k?8mﬁ@&p09nd.the
ratio (referred to as an "aperture region ratio") of the aperture regions
to the reflective regions are preferably deternmined to achieve target :
color <characteristics and brightness. Specifically, the aperture --- -----

region neans a region in which the average transmttance in the visible
region is 80% or nore. Wen the apertuIe regions are fornmed in the picture
el enents of a plurality of colors, the Epérture region ratios are
preferably set in the order of green > red =blue. The aperture region
ratio of the red picture element is substantially the sane as that of the
bl ue pi cthayerelisnihie tddwseispeicid iregjion. t heapald e M@y albyerof the
green picture elenments is preferably 10%to 50% the aperture region
rati o of itshommedpiont hhe elunsntatd aparef @ranl thedodol o3 ®HLtard tahe
aperture region ratio of the blue picture elenents is preferably 30% or

| ess. Mmwlgrefféddiery pitdiaireamdemend: region catrirespondigiggreca@hct ur e
elements is 10%to 40% the aperture region ratio of the red picture

el enent s Hegi®y hevddy tived nefd eqytadonudayesyiodn that ismbeftriate isl ahepi cture
elements is 4% to 25% Wen each of the aperture region ratios is smaller
t han t he rgfdestizggaegionpr iggitt a colleat ifid teirs plimtugen ederea to regioad,
whil e each of 1 Decenber 2006 20 the aperture region ratios is |arger

t han thquggﬁgppaﬁégg 4o each region without the reflection layer of

the substrate is the transmissive region.

In the color filter used in the transflective liquid
crystal display of the present invention, it is important
.that the transmissiye regions and the reflective regions
have different color characteristics. From the viewpoint of
low-cost manufacture of the liquid crystal display, the
color filter may be-a-color.filter, i.e., an area-
controlling system color filter, comprising picture elements
.. of at least one color in each of which the same colored
layer is formed in the transmissive region and the ”
reflective region, and the reflective region has an aperture
region, or a color filter, i.e., a thickness-controlling
system color filter;‘comprising picture'element of at least
one color in each of which a transparent resin layer is
 disposed between the substrate and the colored layer in the
reflective region, and the colored layers of the reflective
region and the transmissive region have different |
thicknesses. A color filter using a combination of the

area-controlling System and the thickness-controlling system




reflective display with col or vividness cannot be obtained. Wen ghe
formation of the aperture regions deteriorates surface1$¥§?ﬁg§kgqp

possi bly disturb liquid crystal alignnment, an over coat |ayer is preferably
formed as a planarizing |ayer on the coloring agents. Exanples of the

over coat |ayer include an epoxy resin layer, an acryl epoxy resin |ayer,

an acryl resin layer, a siloxane polyner layer, a polyimde |ayer, a
silicon-containing polyimde |ayer, a _ polyimdosiloxane |ayer, and the
like. In the color filter used in the b&eéent i nvention, a transparent
resin layer may be forned in the reflective region of each of the picture
el ements of at |east one color on the substrate. \Wen the transparent
resin | aygthiar eabhr padHutel A ereddDaRly W (RfdECt iAE Jr@@itaRelyeagh of the
‘reflective regions projects by an anpbunt corresponding to the thickness
of the tcansparantetediavingyer plancliftys ofhedlicaR@ATIsSiere 1aRdhamrsdar e

| ower than that reflective regions. Nanely, the substrate has an uneven
sur f ace. ihéhea transpliietdvensiegivn ofolone pdsiterendlemed tphayobensitive
color resist is coated on the substrate having the uneven surface, in
“I'evel i nguekda @asl dhecpdiuirad icgmoeds ithieo o liohre dc Aayead ,| djEteraneach

transm ssive regi on becones thicker than that in each of the projecting
refl ecti eelprgdofsayemns o $hwapameevelliomgdoflatyles tabebenineed2006 21 col or
coating conposition can differentiate the color characteristics of the
reflective reBhensaneoarioredolayer means that a pigment composition

and a pigment-resin ratio by weight are the same, and the

“different colored layers mean that any one of the pigment
composition and fhe pigment-resin ratio by weight is
different.

In the color filter used in the present invention, all
picture elements need not have the same color filter
structure, and the picture elements having different color
filter structures may be used.

In the color filter used imn the present invention, the
transmissive region and the reflective region in each of the
picture elements of at least one color may have the same
colored layer and the same thickness, and an aperture region
may be formed in the reflective region. By forming the

~ aperture pegion in each reflective region, the brightness of
each reflective display can be improved, and the

 manufacturing cost can be decreased. The color of the
regions haVing the aperture regions is not particularly
1imited; and the aperture regions may be formed in the

picture elements of any one of red, green, and blue.




characteristics of the transm ssive regions, to inprove the brightness of
the reflective display. Specifically, the transparent ra&d5emMa§edPysed in
the present invention have an average transmttance of 80%or nore in the
visible region. In consideration of a difference between the light
sources, the thickness of the. transparent resin |layer fornmed in. each of

the reflective regions is selected to obtain desired characteristics such
as the color purity, brightness, and color tones of the reflective regions
and the transm.ssive regions. In IeVeF?ng of the color coating _
conposition, the difference in thickness between the colored | ayers forned
in each reflective region and each transm ssive region increases as the

t hi cknessiotdevidls, tirarspaidRratdsin JNH afspfactaid ddius gifreriiact of

i mproving the brightness of the reflective regions increases. \Wen the

t hi cknesbedfweiche threandpake nti ghte sicuddy efisd | enveserpRinelly 1ivHieasesds (1)
the surface wunevenness of the color filter increases to adversely affect
the |i quicshlorystfalthel ipjortere aléndnis dat esdd aife wHieh diteplaperiiald ty, and
(2) the thickness of the colored |ayer in each reflective region cannot be
easi |y coegigin deé tformedcr aasle thel oratiar | @dfmrediter efsoram "digedthirekness
of the transparent resin layers is preferably 5 pmor less. 1 Decenber

. 2006 22reMidmorgticle odfl dheotpelrduie tnac aplsetentthe recdavinfve whi ch the
transparent resin layer is formed is not particularly Iimted, and the

t r anspar &8gicssi mreapaefemaply determined to achieve target color

characteristies and brightness. Specifically, the aperture

' region means a region in which the average transmittance in
the visible region is 80% or more.

When the aperture regions are formed in the picture
elements of a plurality of colors, thé aperture region
rétios are preferably set in the order of green > red = blue.
The aperture region ratio of the red picture element is
substantially the same as that of the blue'pictﬁre element.
More specifically, the aperture region ratio of the green
picture elements is preferably 10% to 50%, the aperture
region ratio of the red picture elements is preferably 5% to
30%, and the aperture region ratio of the blue picture
elements is preferably 30% or less. More preferably, the
aperture region ratio of the green picture elements is 10%
to 40%, the aperture region ratio of the red éicture
elements is 6% to 25%, and the aperture region ratio of the
blue picture elements is 4% to 25%. When each of the.
aperture region ratios is smaller than the above range, a

‘bright reflective display cannot be obtained, while each of




be formed in the picture elenents of any one of red, green. and blue. In
consideration of the characteristic difference between!i¢6eBE14%8ht used
and environmental light, the color is preferably determ ned to achieve the
target color characteristics and -brightness. The transparent resin |ayer
Is preferably formed in each green picture-elenent to inprove the color

characteristics of the reflective regions because the bright of the
reflective display can be inproved. The transparent resin |layer is nore
preferably formed in each bl ue pictur&®lenent to inprove the color
characteristics of the reflective regions because the white balance of the
reflective display can be inproved. In the color filter used in the present
i nventi oghet Bpertloverdgieon Padibeo ikelhAederMekhale theMabeed kangachapi cture
el enent. Nanely, the color filter may contain picture . el enents of at |east
one col okefflecttire0fivblaly With TOARIPIIOAHENnEES Bahaver beSobitafasad bet ween
the substrate and the colored layer in the reflective region, the colored
| ayers fornmedihénttigerebtwative 6£0the apértlee t ra&hS6HS Sy eri6gabes have
different thicknesses, and the aperture region is formed in the colored
|'ayer i nsulr€acefl F2athessr €9 opssAbly, ddspheballitvidf cegkeanad | ayers may be
| am nated in 1 Decenber 2006 23 the transm ssive region of each of.the

pi cture allégembstof anabverasbadnédagelrois Pirefesabiligt foemednadear ease a
chromaticity difference between the transm ssive display and the

refl ecti pdadaspeing Abyer. onhé&her gpdpirtingnegents . beExamples of the

over coat layer include an epoxy resin layer, an acryl epoxy

“Tesin layer, ﬁn acryl resin layer, a siloxane polymer layer,
a polyimide layer, a silicon-containing polyimide layer, a
polyimidosiloxane iayer,_and the like.

In the color filter used in the‘present invention, a
transparent resin layer may be formed in fhe reflective
region of each of the picture elements of ‘at least one color
on the substrate.

When the transparent resin layefs are formed in the
respective reflective regions, each of the reflective
regions projects by an amount corresponding to the thickness
of'the transparent resin layer, and thus the transmissivé
‘regions are lowér than that reflective regions. Namély, the

substrate has an uneven surface. When a non-photosensitive

color paste and/or a photosensitive color resist is coated

on the substrate having the uneven surface, in leveling of a
color cecating composition, the colored layer in each
transmissive region becomes thicker than that in each of the

projecting reflective regions. In this way,., leveling of the




| nproved, as conpared with a color filter having aperture regions formnmed
igpall pi cture gFenents. The col or of the pictgrepelené&¥§em o208 of
which the colored layers are lamnated is not particularly limted, and
the colored layer nay be lam nated in each of the picture elenments of any
one of red, green and blue. However, in consideration of fhe

characteristic difference between the backlight source-and environnental
light, the color the picture elenments in each of which the colored | ayers
are lamnated is preferably deterninedlse as to decrease the chromaticity
difference between the reflective display and the transm ssive display.

Al so, the area of the colored |layers which are lamnated in each

transm sgi ' ' ablon delerdifiad- as. 1 d e the
chromat i 30213%18?%‘&313%52{0 tﬁgelgér%%e r eféTmect | veé-&l [ sep?cari/e gcﬁljr&'%ﬁe .

Lransm Sendadtehlidh o O~ A I IRAANS AP AP AEIRPIshd PPy ed TN each

of the transm ssive reglons so as to prevent the occurrence o space

bet veen tharaewndani®s did e Ml i v fgiondPedld iiGldobe &hne
preferabl e method conprises first coating a coloring agent ™ only 1n the
Ctransm sHMYHeHsN DA Rhd RYE1GRALRD dilkg) 1937 coloring agent in the
transm ssive regions and the 1 Decenber Z00 24 reflective regions, or
conprises firspesodticRd1yhethameragabarcne 2@8rh 1Aybke LsRASHhS$h¥e
regions and the reflective regions and then coating another coloring agent
only i n phesenanIfivenition e@vensn Widrages Reein dnd Hl2e N loEBloizC ioky
di fference S between

more in the wvisible region. In consideration of a

-‘differencerbétween the light sources, the thickness of the
ltransparent resin layer formed in each of the reflective
regions is selected to obtain desired characteristics such
as the color purity, brightness, and colbr tones of the
reflective regions and the transmissive regions. 1In
leveling of the color coating composition, the difference in
thickness between the colored layers formed in each‘
reflective region and each transmissive region increases as
the thickness of the transparent resin increases, and thus
the effect of improving the brightness of the reflective
regions increases. When the thickness of the transparent
resin layers is excessively increased, (1) the surface
unevenness of the color filter increases to adversely affect -
the liquid crystal alignment and thus deteriorate the
display quality, and (2) the thickness of the colored layer
in each reflective region cannot be easily controlled to
increase color variations. fTherefore, the thickness of the

transparent resin layers is preferably 5 um or less.




the chromaticity (x0, y0) of the transm ssive regions and the chromaticity
(x, y) of the reflective regions, the color filter preﬁgkﬁﬁm SHAYS not
contain a picture elenent having the relation S = (x - x0)2 + (y. - y0)2 z
1x10-3, nore preferably the relation S = (x - x0)2 + (y - y0)2 z 5x10-4.
The chromaticity of the transm ssive regions can be determned froma

spectrumin mcrospectrophotoneter neasurenent of the transm ssive regions
of the color filter. Wen each of the transm ssive regions is divided into
a plurality of planar parts by lamna##ng a plurality of coloring agents,
the spectrum of each part is nmeasured, and area wei ghted average
chromaticity is calculated. The chromaticity of the reflective regions is

determined byaigsfidaghngneaeBiek bie t8RephcRuek temsmeﬁ't red ésahoegand the
transparent region in a reflective region at each wavel ength

cal cul at ki3 M tHePa AP tAVRIAGE fefer! NG GRIRHeRd 14 @Qron and
transparent region. Since the chromaticity is calculated with

consi der dair@i c¥flax 1§ ffigreree kelawaae tditn fpa&@ntswsq@x_s,latﬂ&sca{agzul ation
is preferably performed by using any one of standard |ight source C, a
two- peak bey Forhddeaentie PACGuTRS e llen@iitss O eRiy2dsed offh @R, PeRednype | i ght
source for the transm ssive regions, and light source D65 for the
refl ectiwad edivens. AN cexnaiidesradficdhhef Whepedlariaype ricRid idgFteseuicee is a
LED I'ight source using a conbination of a blue LED and a yel |l ow phosphor
or a yeIkmMmgﬁmemhmh@emmﬂugh&omseﬂtﬁndu;nMﬂﬁaﬁﬁemghu 1Eghnn| aheof the
t hr ee- peak type

color is preferably determined to achieve the target color

‘ characteristics and brightness. The transparent resin layer
is preferably formed in: each green picture element to
imﬁ:ove the'color charaeteristics of the reflective regions
because the bright of the reflective display can be improved.
The transparent resin laYer is more preferably formed in
each blue picture element to improve the color
'characteristics of the reflective regions because the white
balance of the reflective display can be improved.

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

Also, a plurality of colored layers may be laminated in




| i ght source include a three-peak fluorescent lanp, a white

sogrce conprising a conbinatign of an uItravioIe{Tp LED AfRgcr@ er%%@e and
green phosphors, a white LED Iight source conprising a conbination of red,
bl ue and green LEDs, an organic el ectrolum nescence |ight source, and the
like. In the present invention, the transparent resin |layers can be forned

by using a photosensitive resist. As a photosensitive resin material, a
material such as a polyimde resin, an epoxy resin, an acryl resin, an
urethane resin, a polyester resin, a $blyolefin resin, or the like can be
used, and an acryl resin is preferably used. A photosensitive acryl resist
general ly has a conposition containing at least an acryl polyner,acryl

functionghe ggaﬁaﬁ&seavgl r88TR 21SRn A% Y YRR ARrleBil! BEOT

Al so, an acr epoxy resi st ~contai ning an epoxy  nmonomer nay used. Wen
the trangpaigpttr 8akNchbaye!,s %asf WP ti¥e Bahnaeb%a@éofaosensﬂlve

resist, i-n an exposure step of photolithography processing, the surface

roundnesahﬁaﬁlat&h@&geaif%rb%et HRAMRRNE Fhe! %%hﬂs}ni)é%&%ecmsg agoBhpo! I ed 1
Decenber 2006 y changing the di stance between an exposare mask and

 the subgheatkeroacehiehdlBpikianspasent th%stﬂahéﬁi'i:%aﬁb% kanmed. In the
present invention, the transparent resin |layers can also be formed by using

non- phot @_ﬁ.pﬁav&ayeagaabﬂpaﬁ&dammnap&Que&eﬁimtéfeha%&h@ peeiudk, a
material "such as a polyimde resin, an epoxy resin, an acryl resin, an

ur et hanereg&6nhs, farmetlyeat anir galcmur% pakMehekin TRSi Bol0k biethike

picture elements in each of which the colored layers are

'laminated is not particuldrly‘limited, and the colored layer
may be laminated in éach of the picture elements of any one
of red, green and blue.’' However, in consideration of the
characteristic difference between the backlight source and
‘environmental light, the color the picture elements in each
of which the colored layers are laminated is preferably
determined so as to decrease the chromaticity difference
between the reflective display and the transmissive display.
Also, the area of the colored layers which are laminated in
each transmissive region is preferably determined so as to
decrease the chromaticity différence between the reflective
display and the transmissive display. The coloring agents
are preferably laminated in each of the transmissive regions
so as to prevent the occurrence of ‘space between the
-houndaries and an overlap of.colors. Specifically, a
preferable method comprises first coating a coloring agent
6n1y in thg transmissive regions and then coating the same

" coloring agent in the transmissive regions and the




can be used, and a polyimde resin is preferably used. VE n Lhe
transparent resin |layers are fornmed by using non- photo§ £ ?éxﬁﬁste, t he
top.surfaces of the transparent resin |ayers can be flattened, and the
snmal | -area transparent resin |ayers can be fornmed. The transparent resin

| ayers formed in the respective reflective regions may contain |ight

scattering particles. Wen the transparent resin layers contain the Iight
scattering particles, dazzle in a display due to a regular reflection
conponent can be suppressed to achi eve?d -good reflective display. Since
the transparent resin layers are - not forned in the transm ssive regions,
no |ight scattering occurs to permt the efficient use of the backlight.

Exanpl es rfe16Be 1 EIMe g3GRld Sl G Rpliisele F 4 t%ft%tag{eg} itgr{eeteaa,,fg i nor gani c

oxi des such as silica, alumna, titania, an particles,

particl egoabrifg agemc&nastrfw tﬁ@;%mlsrsﬁ%nre@l%ﬂg "Gl N, silicone, a
fluorine- contarning polyner, and the |ike. The Ilght scattering 1 Decenber

2006 27 repabkbitei8s rBqviond ArRAthied odian®t %rnd:ﬁchél' kdidantPRLat be
used. The light scattering particles nore preferably have a particle

dlaneteroauglhﬁrthaa&rhm%mmysqh@egggqbnghe transparent resin |ayers
because the transparent resin |ayers becone flat. In sone cases, the

formati on of Whentrespaetenb tﬂslBhrbﬁaeiélﬂ?taifﬂé%bﬁ&etBebéﬂﬁéé&e
roughness to produce step differences. between the surfaces of the

transm ssheecheginanicity (x0, y0) of the transmissive regions and

the chromaticity (x, y) of the reflective regions, the color

.filter'preferably does not contain a picture element having
the relation & = (x - xQ)2 + (y - y0)?2 = 1x10-3, more
preferably the relation 8 = (x - x0)2 + (y - y0)2 = 5x10-4.

The chromaticity of the transmissive regions can be
'determined from a spectrum in microspectrophotometer
 measurement of the transmissive regions of the color filter;
When each of the transmissive regidns is dividéd into a
plurality of planar parts by laminating a plurality of
coloring agents, the épectrum of each part is measured, and

'-area weighted average chromaticity is calculated. The
chromaticity of the reflective regions'ig determined by
squaring each of the spectra of the colored region and the
transparent region in a ;eflective region at each wavelength,
and calculating an area weilghted average for the colored
region and transparent regiﬁn. Since the chromaticify is
calculated with consideration of a difference between the
light sources, the‘calcﬁlation is preferably performed by

- using any one of standard light source C, a two-peak type




and the reflective regions. Therefore, the over coat layer is preferably
formed as a planarizing |ayer on the picture elenents. BESRPPESZAOC t he
over coat |ayer include an epoxy |ayer, an acryl epoxy |ayer, ~an acryl

| ayer, a siloxane polyner |layer, a polyimde |ayer, a silicon-containing
polyi m de | ayer, a polyimdosiloxane |ayer, and the |ike. The substrate on

which the color filter is formed is not limted to the transparent
substrate such as a glass or polyner filmsubstrate, or the like, and the
color filter may be formed on a drivet3etenment-side substrate. The
pattern of the color filter is not particularly limted, and a stripe
shape, an island shape, or the |ike my be used. Also, a fixed columar

spacer may ghe FctRREELANA d MRl -Yeak it 1BGHAT Ud-ded fdemand The

picture elenments are formed by a photol irthography nethod, a printing

net hod, aRaplsealssadRP I diions ,Mniod it dd-dd %5 gt tdheg forni ng nethod
s not- particularly limted. 1 Decenber 2006 28 1In consideration of

pattern frermakitiviey rddi®nsihotgl iskagiapiyt reidagd-paakeigpabygpused. Each
of the color paste and color resist used in the present invention contains
a col ori ngghemeoweitie akd ad UES11ghtOmRAIVY usihd R dobinataFRORENE 2
polyimde resin, an epoxy resin, an acryl resin, a urethane resin, a

pol yest eblueekiEd, aada Welldiown phesiphorobrt e ydlkew-greet§ phokphotsed. The
phot osensitive color resist contains a coloring conponent and a resin
conponentfocoemiitiiing ahiltet dighti.t | ¥xamples of the three-peak type

light source include a three-peak fluorescent lamp, a white

"LED light source comprising a combination of an ultravioclet
LED and red, blue and green phosphors, a white LED light
source comprising a combination of red, blue and green LEDs,
an Qrganidﬂelectroluminescence light source, and thé like.

| In the present invention, fhe transparent resin layers
can be formed by using a photosensitive resist. As a
photosensitive resin material, a material such as a
polyimide resin, an epoxy resih, an acryl resin, an urethane
resin, a polyester resin, a polyolefin resin, or the like
can be used, and an acryl resin is preferably used. A
photosensitive acryl reéist'generally has a composition
containing at least an acryl polymer, acryl functional
monomer or oligomer, and a photopolymerization-initiator;
Also, an acryl epoxy resist containing an epoxy monomer may
be used. When the transparent resin layers are formed by
using the photosensitive resist, in an exposure step of

. photolithography processing, the surface roundness and

~ flatness of the transparent resin layers can be controlled




conponent sensitive to light. The type of the photosensitive color resist
may be a positive type in which an irradiated resin poﬂﬂk@ﬁmﬁéb%%@s
soluble in a devel oper, or a negative type in which an irradiated resin
portion beconmes insoluble in the developer. A negative resinis

preferably used because the photosensitive conponent has high transparency

in the visible region. As the resin conponent of the photosensitive col or
resist, a polyimde resin, an epoxy resin, an acryl resin, an urethane
resin, a polyester resin, a polyolefif®rasin, or the like is preferably
used. The color filter of the present invention conprises the picture
el ements of at least the three colors including red, green and blue. As
the col omynghagayiity oy difsigaies aietmmréﬁl%)ﬁlﬂfﬁﬁfe THEdk @Ky gani ¢
pi gnent, an inorganic pignment, a dye, and the |li ke may be used.
Fur t her mafbs tiraiec @b amh 200G he? & ratp Lten 0otk 4 11 SSayiie A% Fbidd avi ol et
absorber, a dispersant, and the |like nmay be added. As the dispersant, any
one of a wi deInanbe pireagatt insenitian,a thiy ftachaphredt PegiBNtlayers
internmedi ate,- a dye internediate, a polynmer .dispersant, and the |ike may
be used. camr Eleromiree, formmeid by wddig incas preytdeerfgirtiner prdded f &s iamprovi ng
a coating property and a |leveling property. Exanples of a pignent include
Pi gnrent Ret-pPRtosEnsdtiFe 123imat@hidfl/, &€ xtekZd] ikh B65,a 149, 166,
168, 169, 177, 179, 180, 190, 192, 206 207, 209, 215, 216, 224, 242, 254,
polyimide resin, an epoxy resin, an acryl resin, an urethane

- resin, a polyester resin, a polyolefin resin, or the like

Tcan be ﬁsed, and a polyimide resin is preferably used. When
the transparent resinrlayers are formed by using non-
photosensitive paste, the top surfaces of the transparent
resin layers can be flattened, and the small-area
transparent resin layers can be formed.

The transparent resin laYers formed in the respective

. reflective regions may contain light scattering particles.
When the transparent resin layers contéin the light
scatteriﬁg particles, dazzle in a display due to a regular
reflection component can be suppressed to achieve a good
reflective display. Since the transparent resin layers are
not formed in the transmissive regions, no light scattering
6ccurs to permit the efficient use of the backlight.

- Examples of fhe light scattering particles include particleé
of inorganib oxides such as silica, alumina, titania, and
the like, metal particles, particles_of resins sudh‘as an
'acryl resin, a styrene resin, silicone, a fluorine-

containing polymer, and the like. The light scattering




and 266; Pignent Geen (PG) 7, 10, 36, 37, 38, and 47; Ig?grr%nt (g!ﬁue (PB-)
15, (15:1, 15:2, 15:3, 15:4, 15:6), 16, 17, 21, 22., 60,! gt 2 gnent
Yel l ow (PY-) 12, 13, 14, 17, 20, 24, 83, 86, 93, 94, 95, 109, 110, 117,
125, 129, 137, 138, 139, 147, 148, 150, 153, 154, 155, 166, 173, 180, and

185; Pigment Violet (PV-) 19, 23, 29, 30, 32, 33, 36, 37, 38, 40, and 50;

Pigment Orange (PO) 5, 13, 17, 31, 36, 38, 40, 42, 43, 51, 55, 59, 61,
64, 65, and 71. These pignents nmay be used singly or in a conbination of
at |east two pignments. The pigment may?be surface-treated by rosin
treatnment, acidified treatnent, -basified treatnent, pignment derivative
treatnment or the |like according to demand. PR (Pignent Red), PY (Pignent
Yel | ow) , pRYt(Bilgae haviYigolae tartdid L@ i@ lorO0aNIfin 26 19Y ROk N t he
color index (C. |. : issued by The Society of Dyers and 1 Decenber 2006
30 Col obei akep,. amtheClilght Sceftftiediiald paadded et more perre@blyexanple, C.
|. PR254). These synbols define the standards } of dyes and dyeing, and
~each of hhewesuynpalrtiddkl ddame tepe Gnfd1a6 1S tidaha tthed @ idRkeelsiss ogokae. | n the
description below, as arule, C I. is omtted (for exanple, C . 1|. PR254
i s showntzanBRaTént Aesdnmdhlyedsf becanaid the eanepaplentozesint i ve col or
paste or photosensitive color resist, a dipping nethod, a roll coater
met hod, - dagprs besbmeg fiwtthod, a die coating nethod, a conbi ned nethod
conprising die coating and spin : '

In some cases, the:formation of the transparent resin

layefs deteriorates the:surface roughness to produce step

“differences between the surfaces of the transmissive regions
and the reflective regions. Therefore, the over coat layer
is preferably formed as-a planarizing layer on the picture
elements. Examples of the over coat layer include an epoxy
layer, an acryl epoxy layer, an acryl layer, a siloxane
polymer layer, a polyimide layer, a silicon-containing
polyimide layer, a polyimidosiloxane layer, and the like.
| The substrate on which the color filter is formed is
not limited to the transparent substrate such as a glass or
polymer film substrate, or the like, ané the color filter
may be formed on a driver element-side substrate. The

- pattern of the color filter is not particularly limited, and
a stripe shape, an iéland shape, or the like may be used.
Also, a fixed columnar spacer may be disposed on the color
filter according to demand.

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

the like, and the forming method is not particularly limited.




coating, a wre bar coating nethod, or the like is prefeﬁ?bl used.. An
exanple of the nethod for formng the transparent - resi EFﬁéB?% usi ng
t he non-photosensitive paste will be described below First, the

non- phot osensitive paste is coated on the transparent substrate and then
dried (sem cured) by hot plate heating, oven heating, or vacuum drying. .

Then, a positive photoresist is coated on the semcured |ayer, and then
dried (pre-baked) by heating. After pre-baking, nask exposure and al kal
devel opment are perforned to dissolve?8he photoresist in a sol vent,
formng the transparent resin layers which are then cured by heating. An
exanpl e of the nethod for formng the transparent resin |layers by using

t he phot gaerdnisideragsion WH paterte Fornkad alpwitd rst, the

phot osensitive paste i-s coated 1 Decenber 2006 31 on the transparent
substr at phato ikt odiaphy (Meteodakedpriafertatiphiferi .heati ng, oven heating,
or vacuumdrying. After pre-baking, mask exposure, al kali devel opnment and
heat curing Haehpef£f theedolbp phtaenahbecblomspasert teslnNihayaes. An
exanple of the nmethod for formng the colored picture elenents will be
descri begriesleaw. ikivest:iohocondednsl @ ddlerioy Rivhipesenti linde oL dedippaste is
coated on the transparent substrate or the transparent substrate having

t he transpapenentesi Asl dher sesdnmedmponiend ,r ef pedlyiive der egisdms @i t he
picture elenents, and then heat-dried (sem cured) by a hot plate, an oven,
or vacuumPoryi mgsibhean acryl resin, a urethane resin, a polyester

resin, a polyolefin fesin, or the like is preferably used.

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

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

pigment, a dye, and the like may be used. Furthermore,




a positive photosensitive resist is coated on the sem cuRdsmbaysjosand
heat -dried (pre-baked). After pre-baking, nmask exposure, alkal

devel opnent and heat curing are perforned. The present invention is

descri bed above with reference to the exanple in which the colored | ayers
are formed -to different thicknesses by formng the transparent resin

l'ayers. in the reflective regions and by leveling the color coating
conposition. However, another nethod may be used. For exanple, the curing
t hi ckness of each col ored | ayer conbr? i hg a photosensitive color resist
can be changed by changing an exposure anount in mask exposure in a

phot ol i t hography process. Although the use of an acryl resin as the resin
conponentard othes eiddied vesheuchhakosensiliting iedledr abssiberqf at he present :
invention is not 1 Decenber 2006 32, Ilimted to this. In photolithography
of the plhaspeessint,vandcaher likei giay W addeslf f A @R AdepRI-sentgxposure,
phot ocr ossl i nkage of the photosensitive color resist proceeds, and thus an
exposed payt iome lodcareddensahgel efi agemts dewdl apea sAnfacexpased portion
is soluble in the devel oper because photocrosslinkage of the acryl resin
does nopipmendednt@rmelddadiehen Azed inteximediadmeposupelymexf| ie' of r
curing th photosensitive resin, photocrosslinkage of the acryl resin does
not suffddspemsantpr endedheaddkehmayabeesesibd porthemmprepanvardlons sol ubl e
in the devel oper. Therefore, the thickness of the photosensitive resin
can be ceddidlived mavcbet folrthag efdded for improving a coating

property and a leveling property.

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

index (C. I. : issued by The Society of Dyers. and




exposure. As a method for controlling the exposure, nqt

sem -transparent photonask, or a nethod using a photonas haV|ng sllts or
dots may be used. The seni- transparent photonask has a sem -transparent
region having a transmttance of 0 and nore and | ess than 100% By using
the sem -transmtting photomask, the thickness can be controlled by using

a large-exposure portion and a small- exposure portion. A slit photomask
has a slit having a wdth of 20 pmor less and forned in a light shielding
portion of the photomask so that an av#?age quantity of light transmitted

through the slits per unit area is calculated to control the exposure. A
dot photonmask has at 1 Decermber 2006 33 Ileast one circular, elliptic,

square, RARRASY), GRATE.C.I. als IJFHARARIIGY sdeedhat HheAR oY QEof 400 N2
or less and fornmed in a light shielding portion so that an average

quant ity exanpl@t ct.r answrebad .t kg SynbdlRedeine 3hRA dtandav@ikaged to
control the exposure. The transflective liquid crystal display of the

‘present ofn\@Rs @NACAFRANYES aRd HhNIE @heOfsyvide 160laiFifndst @r having . the
picture elements of aft the tree colors including red, green and blue, and
the t hr eespeedlf ileyipe thadelrdgdyes awdcdts lddloie prasehle deseRtip@ioni t is

i nportant that the backlight source is the three-peak type |ight source,
and thatbedosi,daspaakudee Co an iispomittytedoforeekaaipler, Chal.t PR254
is shown as PR254).

As a method for coating the non-photosensitive color

paste or photosensitive color resisf, a dipping method, a
roll coater method, a spin coating method, a die coating

. method, a cbmbined method comprising die coating and spin
coating, a wire bar coating method, or the like is
preferably used.

An example of the method for forming the transpareﬁt'
resin layérs by using the non-photosensitive paste will be
described below. First, the non-photosensitive paste is
coated on thé transparent substrate and then dried
(semicured) by hot plate heating, oven heating, or vaduum
drying. Then, a positive photoresist is coated on the
semicured layer, and then dried (pre-baked) by heating.

- After pre-baking, mask‘exposu:e and alkali development are
performed to dissolve the photoresist in a solvent, forming
-fhe transparent :esin layers which are then cured by heating.

An example of the method for forming the transparent

resin layers by using the photosensitive resin will be

described_below. First, the_phptosensitive‘paste is coated




t hree peaks corresponding to the red, green and blue,coqu Spgent or.
smal |l to produce a sharp spectral shape. Any of general |th sources such
as a cold cathode fluorescent |anp, a hot cathode fluorescent |lanp, a

light emtting diode (LED), an organic el ectrol um nescence |ight source,

an inorganic electrolum nescence |ight source, a planar fluorescent |anp,

a netal halide lTanp, and the Iike may be used as long as the Iight source
satisfies the above condition. However, it was found that the three-peak
type LED |light source has a S|gn|f|ca%1 effect on the object of the
present invention to achieve the high color reproducibility of the

transm ssive display and the 1 December 2006 34 excellent characteristics
(col or repr athecitranispareit dubgiriates Yndftidie qefdecipres wikepl)apy As the
t hree-peak type LED light source, a white light source conprising a

conbi nat ihort pflaReBhleiagtitngemiduamheditdars, orfvasuMi tE-¢Hgt J@wege
conprising a conbination of an wultraviolet light emtting di ode and RGB
phosphor preapaid ngys ecdskFexpmsamd e alkalli @eviED oAb Batpr oduced by
Sharp Corporation may be used. An exanple of the white LED |ight source
conpr|5|wgrangoﬁben@HmﬁmnNEQntqndbtnmnﬂuueIhqﬁﬂspﬁndﬂulrpsdmodeyam@ RGB
phosphors is a white LED produced by Toyoda Gosei Co., Ltd. (N kkei

El ectroni cs, 2n0gxampde. of- 2BE. mefhodn§pdefarndngotha dobfibeednce bet ween

the light' sources, color characteristics of the picture elenents are
picture elements will be descrlbed below. First, for

example, the non-photosensitive color paste is coated on the

Vtransparent substrate or the transparent substrate having
the transparent resin layers formed in the reflective
regions of the picture elements, and then heat-dried
(semicured) by a hot plate, an oven, or vacuum drying. Then,
a positive photosensitive resist is coated on the.semiCured
layer and heat-dried (pre-baked). After pre-baking, mask
exposure, glkali development and heat curing are performed.

Thé present invention is described above with reference
to the example in which the colored layers are formed to
différent thicknesses by forming the transparent resin
layexrs ip the reflective regions and by leveling the color
coating composition. However, another method may'be used.
For example; the curing thickness of each colored layer

.comprising a photosensitive color resist can be changed by
changing an exposure amount in mask exposure in a
photolithography process. Although the use of an acryl
resin as the resin cohponent is described, the

_photosensitive color resist of the present invention is not




, preferably desi gned by using the backlight source for , .SSi ve
regions and the |light source D65 close to sunlight (nabﬁ%ﬁF&%?S%?¥§for t he

reflective regions. In the transflective liquid crystal display of the
present invention, a driving systemand display systemare not |limted. An.
active matrix system a passive matrix system a TN node, a STN node, an

- ECB node, an OCB npbde, and the like may be used for the liquid crystal
di splay. Also, the configuration of the liquid crystal display, for
exanpl e, the nunber of polarization'p?%tés, the position of a scatterer,
and the like, is not particularly limted. 1 Decenber 2006 35 An exanple
of the nethod for manufacturing the color filter used in the present
i nvent i oliwiildedbeccderdrird bedn Ahdolii fiasdeaptoufi ity potdorusiaiRe yi m de
_precursor (polyamc acid), a coloring agent, and a solvent is coated on
t he transpdioentresuilsstt,r aticthared stififhi aiirdretd dwowditt off ddthsudegat drying or
vacuumdrying to forma polyanic acid colored film Heat drying is
pr ef er ablphogedmssdnikages iafg tie @Elertoswnssi thiote picdlicr ivedilsa range of 50C
to 180C for 1 minute to 3 hours. Then, the polyanic acid colored film
obt ai ned proceggscr idyat tivsy @n expatstest ped-thonu eadomest imsolliabd.e Biv st, a
positive photoresist is coated on the polyamc acid colored filmto forma
phot or esitde fevialobesh, Amuwiexpadaty poripict vre ssllardet ipatther n of each
color or a mask having a pattern for form ng apertures as occasi on demands
i s pl acedevedopeE Hesmses pho thonassdddkags off rtde &y lwirelsin does

not proceed. On the other hand, with an exposure

'1nsufflclent for curing the photoseﬁsitive resin,

- photocrosslinkage of the acryl resin does not sufficiently 
proceed, and thus an‘exposed portion is partially soluble in
vthe developer. Therefore, the thickness of the
pﬁotosensitive resin can be controlled‘by controlliing the

' exposure.

As a method for controlling the exposure, a method
using a semil-transparent phofomask, or a method using a
photomask having slits or dots may be used. " The semi-

'transparent photomaék has a semi-transparent region having a
transmittance of 0 and more and less than 100%. By using
the semi-transmitting photomask, the thickness can be
controlled by using a large-exposure portion_and a small-
exposure portion. A slit photomask has a siit having a
width of 20 ym or less and formed in a light shielding
poxrtion of the_photomask so that an average quantity of

- light transmitted through the slits per unit area is

- calculated to control the exposure. A dot photomask has at




ultraviolet Iight using an exposure apparatus. After eXRQsuf®er 508
photoresist filmand the polyamc acid colored filmare S|nultaneously
etched with an al kali devel oper for positive photoresist. After etching,
the unnecessary photoresist filmis renoved. Then, the polyanmc acid
colored layer is heat-treated to be converted to a polyinmde colored film

The heat treatnment is perforned continuously or stepwisely in air, a

ni t rogen atnosphere or vacuum at 150C:§§ 350C, preferably 180C to 250C, _
for 0.5 to 5 hours. 1 Decenber 2006 6" Wien the color filter substrate
having the transparent resin layers fornmed in the respective reflective
regions is forned, a non-photosensitive paste conprising polyamc acid:
and a solreastt iomecadireshlarer ellld paritd,r escaidried C @eeft anly@l alr’, angRAMARE,
substrate, and then heat-dried by using a hot plate in the range of 60C

t 0. 200ComorirhpeEzodidelt dod0haviimg em dYed ofa 400siui?verpheser aadst i s
coated on the polyamc acid filmobtained as descri bed above, and then
heat - dri é¢rmedudimng dightt shdeddimd pontinge sof tha€ ba al@@@deor 1 minute
to 30 minutes. Then, the intended pattern is baked by ultraviol et
|rrad|atM@ﬁn¢g¢BQO§nlleh¢o§maasapﬂém%&lhhrdumw sWé&sbpeanuwlhaMredeuelopnent
to obtain the transparent resin layers in a desired pattern at a desired
posi t i onaveragegs #ot gantredndpgr emposewien | ayers are heat-cured at 200C to

300C. Next, the colored layers are fornmed in each of the picture el enents
in each Of whifef transflective llquid crystal display of the present

invention comprises a combination of the color filter having

'tne picture élements of at least thé tree colors including
red, green and blue, and the three-peak type backlight
soufce.

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

-coqdition. However, it was found that the three-peak type
LED light source has a significant effe&t on the object of
the present invention to achiéve the high color

reproducibility of the transmissive display and the




the transparent resin layer is forned in the reflective5&ahR8, 203
colored layers in the transm ssive and reflective regions 1nh each picture
el enent having different thicknesses due to the transparent resin |ayer
formed in the reflective region. A photosensitive color resist conprising
a photosensitive acryl resin conprising at |least an acryl polyner, an

acryl polyfunctional nononer, and a photopolynerization initiator, a
coloring agent and a solvent is coated,and then dried by air drying, heat
drying 1 Decenber 2006 37 or vacuuﬁ1a#yrng to forma photosensitive acryl
colored film The heat drying is preferably perfornmed by using an oven, a
hot plate, or the like in the range of 60C to 200C for 1 mnute to 3
hours. ThetceXleniphiasentsétiseiasr féoTot or@sodudibibityragiated in the
formof a pattern with ultraviolet rays using an exposure apparatus

t hrough amptgiionmsek) of tehe wsofbsettre tdisghwf osensitive acryl colored film
Is etched wth an al kali devel oper. The above-descri bed process is

performed for Ashéhepithinere pelaknere diEDeddiyhaf soerbceyr eewhdngé hligat(a bl ack
matri x.as occasi on denmands), and if required, the over coat [|ayer for
pl anar i zagdwreearebrprisingan caomobnatitonvef f RGB afightTemitttihg Wilbdesre
deposited to formthe color filter for the liquid crystal display. Next,
an exanplar ¢f wiHe e rlarmft exqunee | ¢compuii sitys taal comb i wonusifaqit he col or
filter will be described. First, a transparent protective filmis formed
on the cotdiraviqlgat light emitting diode and RGB phosphors may be

used. For example, a chip LED "GM1WA80350A" produced by

" ’Sharp Corporation may be used. An ékamplé of the white LED

light source comprising a combination of an ultraviolet

light emitting diode and RGB phosphors is a white LED

produced by Toyoda Gosei Co., Ltd. (Nikkei Electronics, 2002,

Vol. 2-25}. |

In consideration of a difference between the light

sources, color characteristics of the picture elements are

.preferably designed by using the backlight source for the

transmissive regions and the light source D65 close to

sunlight (natura; light) for the reflective regions.

In the transflective liquid crystal display of the

present invention, a driving system and display system are

not limited. An active matrix system, a passive matrix

system, a TN mode, a STN mode, an ECB mode, an OCB mode, and

the like may be used for the liquid crystal display. Also,

the configuration of the liquid crystal display, for example,

the number of polarization plates, the position of a

‘scatterer, and the like, is not particularly limited.




and a transparent el ectrode conprising an ITO filmor theybike bspef OF Med
on the protective film Next, the color filter substrate 1's opposed to a
transfl ective substrate on which a transflective filmhaving a netallized
filmpattern, a transparent insulating filmformed on the transflective

film and a transparent el ectrode conprising an ITOfilmor the like are

formed. Also, a liquid crystal alignment film provided on each of the
substrates and subjected to rubbing 1 Decenber 2006 38 for liquid crystal
al i gnnment, and a spacer for naintainTna5 the cell gap are interposed
bet ween both substrates opposed to each other and seal ed together. Besides -
the reflection |ayer and the transparent el ectrode, |ight diffusion -
proj ections, @ni exanphe tdhshet me thbdT F otte WeRSE st uringr fihlkeMcodbede (TFD)
devi ces, scanning lines and signal lines are provided on the transflective
subst r at Eitldefronmmed TRT theywprksexriy sitraterdh gl ayl X "p-Ridd ik ar yst al
display. Next, a liquid crystal is injected through an injection hole
provi ded at thecodsairepasdet comprasdnphart fleasitnjaepoilgimpaet prieguseaked.
Next, a driver IC and the like are nounted to conplete a nodule. . Next,
“an exanpl(@odvanic mtivhld faorcdlomiing adent bauid isghto Ismmtc d.susedted t he
present invention will be described. For the backlight source using a LED,
LED devi &8s thee transpagen torsubsduladter angl dienhidatied miyngiirs drgtilmer,ned f or
appl ying_a necessary voltage, a driver I1Cis nmounted on the

heat drying or vacuum drying to form a polyamic acid colored

film. Heat drying is preferably performed by using an oven

“or a hot plate in the range of 50°C to 180°C for 1 minute to
3 hours. Then, the polyamic acid colored film obtained as
described above is patterned.by usual wet etching. First, a
positive photoresist is coated on the polyamic acid colored
film to form.a photoresist film. Then, a mask having a
picture element patterﬁiof each color or a mask having a
pattern for forming apertures as occasion demands is'placed
on the photoresist film, and then irradiated with
ultraviolet light using an exposure apparatus. After
exposure, the photoresist film and the polyamic acid colofed,
£ilm are‘simultaneously etched with an alkali developer for
positive photoresist. After etching, the unnecessary
photoresist‘fiim is removed.

Then, the polyamic acid colored layer is heat-treated
to be converted to é polyimide colored film. The heat
treatment is perfprmed continuously or stepwisely in air, a
nitrogen atmosphere or vacuum at 150°C to_350?C, preferably

 180°C to 250°C, for 0.5 to 5 hours.




substrate, and then a diffusion plate, a |ight guide. pl lrSm
sheet, a guide.rod, and the |ike are appropriately QOHGﬁ%e ”F%rggﬁilete

t he backlight source. For a three-peak type fluorescent |anp, a fluorescent
slurry conprising an inorgani c phosphor corresponding to each of the red,
green and bl ue colors, an organic solvent such as.butyl acetate, and a

bi nder resin such as ----- ------- 1 Decenber 2006 39 nitrocellulose is
coated on. the inner wall of a cylindrical glass tube by vacuum suction,
and then heat-treated at a tenperatdré&®f 400C to 650C for 3 minutes to 20
m nutes to bake the phosphor and renove gases. Next, the glass tube is ‘
evacuated to a vacuumof 10-2 to 10-5 Torr, and an argon gas or a mxture
of argon gas #Whénnehe goeiorkFypiel GAfhs 4@ haldhg Fhd R&dridpRrdentseal ed
in the glass tube. A nmercury dispenser previously on an electrode Pe PY
portion iresitedteytrs thormeaddino fhieqrensyctrbre tor hdfuse LUy id the
tube. Finally, aging is performed for several hours to conplete the

t hr ee- pediormepk, fd uwregpderttodeanyit e pduise ahiptnechd epyagak ddipr escent
| anp, a diffusion plate, a |ight guide, a prismsheet, a guide rod, and
the |ikeamde a aodrvemti dtselopadenbiovesr tithe it latee dihierdine kdf gtie sour ce.  For
t he. backlight source using organic electrolum nescence, first a positive
phot or esitaenispagsate dubsdrateesiamntl therc kresis-dmieah Byl Qi sa Hdistrat e by
spi n : _
P plate in the range of 60°C to 200°C for 1 minute to 60

minutes. Next, a positive photoresist is coated on the

heat-dried by using a hot plate in the range of 60°C to
150°C for 1 minute to 30 minutes. Then, the intended
pattern is baked by ultraviolet irradiation using an
exposure apparatus, followed by an alkali development to
obtain the transparent resin layers in a desired pattern at
a desired position. The resultant transparent resin layers
are heat-cured at 200°C to 300°C. Next, the colored layers
are formed in each of the picture elements in each of which
~the transparent resin layer is formed in the reflective
'region, the cblored layers in the transmissive and
reflective regions in each picture element haviﬁg different
‘thicknesses due to the transparent reéin layér formed in the
reflective region. A photosensitive ¢olor resist comprising
a photosensifive acryl resin comprising at least an acryl
polymer, an acryl polyfunctional monomer, and a
photopolymerization initiator, a coloring agent and a

~solvent is coated and then dried by air drying, heat drying




coating. The resultant coated filmis patterned by expo§tﬁegem5gp%5gh a
mask, subjected to developnment to forma pattern, and then cure Next, a
thin-filmlayer pattern containing a hole transport |ayer and an en1tt|ng
| ayer is formed by vacuum deposition, and then an el ectron transport |ayer
and alum num are deposited to a predeterm ned thickness. The substrate is

bonded to a sealing plate with a curable epoxy resin and sealed therewith
to conplete the organic 1 Decenber 2006_ 40 el ectrol uni nescence |ight
source. Exanpl es <Measurenent net hod>3Tr ansni ttance and col or coordi nat es:
A gl ass substrate having an I TO fil mdeposited thereon under the sane
deposition condi-tions as those used for a color filter was neasured as a
r ef er enceorbyaraiung dFALIKA Eb EETRANE CPh6Bosehbd +1vidl |aUry@h%ﬂ_%lre|ah‘i{1@Lm.
Det ect or "MCPD- 2000". The transm ssive region chromaticCity can
det er ni néhe flregrh alrgpiand risn midfdresiy poEEGHENERy @éindead r@&@dﬂ ssive
regions of the color filter using a m crospectrophotoneter or the Tike.
When eachhadf pllede,r ansnitssiMike elgi oiise isandgh b Eesod Ot ©o ap@dour afdat V1 of
pl anar . parts by lamnating a plurality of coloring agents, the spectrum of
each - par miirsitendas B dobhurznd  dfhemn welihoh tpteh Bosssragiet e i@ty T ddldced
cal cul ated. The reflective region chromaticity is determ ned by squaring
each of tiHams pec thrarasiiativel clol drhed fommyich armht terns pal gntuXegivivist a
reflective region at each

rays u51ng an exposure apparatus through a photomask. After

exposure, the photosen51t1ve acryl colored £ilm is etched

“with an alkali developer.

- The above-described process is performed for the
picture elements of each of red, green and blue {a black
matrix as occasioﬁ demands), and if required, the over coat
.layer for planarization and a transparent conductive filﬁ of
ITO or the like are deposited to form the color filter for
the liquid crystal display.

Next, an example of the transflective liquid crystal
' diéplay using the color filter will be described. First, a
transparent protective film is formed oﬁ the color'filter,
and a transparent electrode comprising an ITO £ilm or the
like is formed on the protective film. Next, the color
filter substrate is opposed to a transflective substrate on
which a transflective film having a metallized film pattern,
a transparent insulating film formed on the transflective
film, and a transparent electrode comprising an ITO film or
' the like are formed. Also, & iiquid crystal alignment film

provided on each of the substrates and subjected tc rubbing




wavel ength, and cal cul ati ng an area wei ghted aver age foq[&¥gnmgphﬁked
region and transparent region . Although the present invention w be
described in detail below with reference to exanples, the present
invention is not limted to these exanples. In each of the exanples and
conparati ve exanples below, the ratio of.a reflection plate (reflective

region) to the 1 Decenber 2006 41 aperture of each picture elenent was 50%
unl ess otherwi se specified. Al'so, a tiﬁnsparent resin |layer was formed in
the reflective region of each picture €f enent. Exanple 1 A Fornation of

pol yam ¢ acid solution 95.1 g of 4,4'-diam nodi phenyl ether and 6.2 g of

bi s(3-am nopropyl )tetranet hyl disiloxane were charged together with 525 g
of y-but ¥ioal ddpmid angysA2(0 @ldfgnidentet ayld 2 pypacdy doremadnttaidadng g of

3,3 ,4,4' -, biphenyltetracarboxylicacid dianhydride was added to the

resul t antthei xedde gaif taare redeiposesdt bAdGeemr bdHowdhstTatesgoppbopkidhal i c
anhydri de was added to the reaction solution, followed by further reaction
at 70C f do 2akgbuodhes cndisead ed23 ogedheal.ut iBesidespdhpametlacitdoaPAA) . B.
Synt hesi s- of pol yner dispersant 161.3 g of 4,4'-diam nobenzanilide, 176.7 ¢
of 3,3' - lavem aodi fhenirangparesdnelegt@ogleof light3 diffusion :
am nopropyl )tetranet hyl disil oxane were charged together wth 2667 g of

y- but yr oPZetiesEi9Rg .S Xhig-dillN fxenplistor (TFT) devices or thin-film

diode (TFD) devices, scanning lines and signal lines are

provided on the transflective substrate to form a TFT liquid

'crystal dlspiay or TFD liguid crystal”display. Next, a
liquid crystal is injected through an injection hole
providéd at the sealed portion, and then the injection port
is sealed. Next, a driver IC and the like are mounted to
complete a module.

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

Fo: the backlight source using a LED, LED deviges are
arranged on a substrate on which wiringAis patterned for
applying a necessary voltage, a driver IC is mounted on the
substrate, and then a diffusion.plate, a light guide. plate,
a prism Sheet, a guide rod, and the like are appropriately
combined to complete the backlight éource.
| For a three-peak type fluorescent lamp, a flucrescent
slurry comprising an inorganic phosphor corresponding to
eadh of'the red, green and blue colors, an organic solvent

- such as butyl acetate, and a binder resin such as




pyrrolidone, and 439.1 g of 3,3",4,4'- biphenyltetracar g3l ipePsidd

di anhydri de was added to the resultant m xture. After reactlon at 70C fo
3 hours, 2.2 g of phthalic anhydride was added to the reaction solutlon,
followed by .further reaction at 70C for 2 hours to obtain a 20 W%

sol ution of polyamc acid (PAA) as a polyner 1 Decenber 2006 42

dispersant (PD). C. Formation of non-photosensitive color paste 4.5 g of
Pi gment. Red PR254, 22.5 g of the polyner .dispersant (PD), 42.8 g of
y-butyrol actone and 20.2 g of 3- nethoky-3-nethyl-I-butanol were charged
together with 90 g of glass beads, and the resultant m xture was dispersed
by a honogeni zer for 5 hours at 7000 rpm Then, the glass beads were
fltered nfitrbeedhtidioseaist coatpar snothsOhmhlean(aRD) ofCanpkisnagiBRa54. -

Then, a solution obtained by diluting 8.0 g of the polyanic acid solution
(PAA) w pha%e. @uppeobyyvhcuymoksactdne, wad atdadhaad-wrsatded &t 35. 5 g of
the dispersion solution (RD) to obtain red color paste (RPI-1). Simlarly,
each of  tempepastire( RE140B2 2, tR- B50RCA for- 3, mdndtRs6kp goeminpasseto( GPI -1,
Gl G2, G3, G4, and G5) and blue paste (BPI-1, B-1, B-2, B-3, B-4,
and B-5) bakewthenphalspbot wand vbmeveedasBs.FoNewti obhef ghassphabesarsitive
paste (used for transparent resin |layers) 16.0 g of the polyamc acid

sol uti oneyprnpteds tei huvaduun of 327D ¥p of0y- Fory: ohndt aneargoobpaisn

non- phot osensi tive
or a mixture of argon gas and neon gas, krypton gas, xXenon

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

heated with a radio frequency wave to diffuse mercury in the
tube. Finally, aging is‘performed for several hours to
complete the three-peak type fluorescent lamp. The thus-
.obtained three-peak fluorescent lamp, a diffusion plate, a
light guide, a prism‘sheet,‘a guide rod, and the like are
appropriately combined to complete the backlight source.
For the backlight source using organic |

electroluminescence, first a positive photoresist is coated

“to a desired thickness on an ITO glass substrate by spin
coating. The resultant coated film is patterned bylexposure
through a mask, subjected to development to form a pattern,
and then cured. Next, a thin-film layer pattern containing
a hole transport layer and an emitting layer is formed by

' ﬁacuum deposition, and then an electron transport layer and
aluminum are deposited to a predetermined thickness. The
substrate is bonded to a sealing plate with a curable epoxy

_re51n and sealed therewith to complete the organic




transparent paste (TPI-1). E. Formation of photosensiti st 35.2
g of Pignent Red PR254 was charged together with 200 gwg?ﬁﬁhﬂérﬁﬁ%

3- et hyl - 3- met hoxybut anol, and the resultant m xture was dispersed by a
honogeni zer at 7000 rpmfor 5 1 Decenber 2006 43 hours. The gl ass beads
were filtered off to obtain a dispersion solution. On the other hand,

130.00 g of cycl opentanone was added to 35.00 g of an acryl copol yner
solution (DAICEL Chem cal Industries, LTD. "SAl KUROVA P, ACA-250", 43 wm %
solution), 15.00 g of pentaerythritol Petr anet hyl acrylate as a

pol yfunctional nonomer, and 7.50 g of "I RGACURE 369" as a

phot opol yneri zation initiator to obtain a 20 w % sol uti on" of

phot osensitdateralomyingssdncAQidht dberce 20 g of the red dispersion
solution was added to 38.5 g of the photosensitive acryl resin solution
(AC-1) tExdmplas red resist (RACG-1). Simlarly, a red resist (RAC 2),
green resists (GAC-1 and GAC-2), blue resists (BAC-1 and BAC-2) shown in
Tabl e 1" wMeasixtemardd meltHoabenber 2006 44 Table 1 Paste No. Pi gnent,
Conposition (W% Pignment/Resin (ratio by weight) RPI-1 PR254=100 28/72
- GPl -1 PG36/ PYT38n5hid% adzesandBRiolbPibordiRY2as96 44 gias@5 substrate’

having an ITO £ilm deposited thereon under the same
depositicn conditions as those used for a color filter was

measured as a reference by using OTSUKA ELECTRONICS Co.,

“Ltd., Malti Channel Photo Detector "MCPD-20007.

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

Although the present invention will be described in

- detail beleﬁ with reference to examples, the present
invention is not limited to these examples.

In each of the examples aﬁd comparative ekamples below,

~ the ratio of a reflection plate (reflective region) to the




RAC-1 PR254=100 28/ 72 GAC- 1 PG36/ PY138=55/45 42/ 58 BAG- %ecﬁ%g ?diVZS =96/.4
35/65 R-1 PR209/ PO38=85/15 33/67 2-5775 R-3 PR209/ PO38= 3 R-4
PR254/ PR122=85/15 11/89 R-5 PR254=100 23/77 R-6 PR254/PR138=85/15 14/ 86

G 1 PG36/PY138=75/25 17/83 G 2 P&6=100 32/68 G 3 PG36/ PY138=85/25 26/ 74
G 4 PG36/PY138=70/30 40/60 G5 PG36/PY138=55/45 15/85 B-1 PB15:6=100

- 17/83 B-2 PB15: 6/ PV23=93/7 12/88 B-3 PB15:6=100 8/ 92 B-4 PB15:6=100
25/ 75 B-5 PB15: 6/ PV23=96/4 12/88 F. Formation and Eval uation of Col ored

"Film The red paste (RPI-1) was coated bV a spinner on a glass substrate
having a black matrix pattern forned thereon. The coating filmwas dried

at 120C for 20 mnutes, and then a positive photoresist (TOKYO OHKA KOUGYO
CO., LTDapemfidRe 330 dackpictaired clendir ksl s@nturfiddy andhadnied at 90C

for 1 Decenber 2006 45 10 mnutes. The resultant coating fil mwas exposed
to light specified. Also, a transparent resin layer was formed in

the refiective region of eadh picture element.
Example 1

A. Formation of polyamic acid solution

95.1 g of 4,4'-diaminodiphenyl ether and 6.2 g of

bis(3~aminopropyl)tetramethyl diéiloxane were charged

“fogether with 525 g of Y—butyrolactone anq 2209 P a——

methyl-2-pyrrolidone, and 144.1 g of 3,3",4,4'~
biphényltetracarboxylic‘acid dianhydride was added to the
resultant mixture. After reaction at 70°C for 3 hours,IS.O
a of phthalic‘anhydride was added to the reaction solution,
followed by further reac¢tion at 70°C for 2 hours to obtain a
25 wt? solution of polyamic acidl(PAA).
B. Synthesis of polymer dispersant
161.3 g of 4,4'-diaminobenzanilide, 176.7 g of 3,3'-
diaminodiphenyl sulfone and 18.6 g of bis(3-
aminopropyl)tetramethyl disiloxane were charged together
with 2667 g of y-butyrolactone and 527 g of N-methyl-2-
pyrrolidone, and 439.1 g of 3,3',4,4"'~
biphenyltetracarboxylic acid dianhydride was added to the
- resultant mixture. After reaction at 70°C for 3 hours, 2.2
g of phthalic anhydride was added to the reaction solution,
followed by further reaction at 70°C for 2 hours to obtain a

20 wt% solution of polyamic acid (PAA) as a polymer




by using Canon Inc. "Proximty Exposure "PLA-501F" thro i um
photomask with a strength of 60 mJ/cn2 (strength of ulﬁg%§?ng¢é??%ht at
365 nnm). The phot omask used had an aperture ratio (aperture region ratio)
of 11%in the reflective regions. After exposure, the substrate was

di pped in a devel oper conprising a 2.0% aqueous sol ution of tetranethyl

amoni um hydroxi de to sinultaneously perform devel opnent of the

phot oresi st and etching-of the colored _filmof polyimde precursor. After
etching, the unnecessary photoresi st ?%yér was renoved with acetone.
Furthernore, the colored filmof a polyam de precursor was heat-treated

at 240C for 30 mnutes to convert the polyanm de precursor to polyinde.
The coat iddigpeltisaute®n)n each of a transm ssive region and a reflective
region after heat treatnment was 1.2 m and the chromaticity (x, y) of the
transm ssi ve CegFommatibhcbfvwaenrphstibednby tivengosbangasde | i ght source C,
was (0.567, 0.310). Next, the color paste (GPlI-1) was coated by a spinner
and t hen phot élL. Bt gogfaphymeat Redf BRABd,bp2t Begsaffiethet podlymas t hat used
for the red picture elenents except that a photomask having an aperture
rati o of digueinsaatr difDdct d2e 8 wgegifon-buibyftolactoher addl 2agersg &fe3dthi ckness
of the green colored layer in each of the transm ssive regions and the

ref | ect i methegvoldsmekihyl-2-butangl Merehcheaided thpgethey) witbed®niger 2006
46 of the transm ssive regi ons, which was. neasured by using standard

| i ght so@fc&lesswheads.3and ¢he4rpsultant mixture was dispersed by a

homogenizer for 5 hqurs at 7000 rpm. Then, the glass beads

twere filtered off to obtain a 5% diépersionfsolution (RD)
comprising PR254.

Then, a solution obtained by diluting 8.0 g of the

. polyamic acid solution (PAA) with 50.0 g of y-butyrolactone
was added and mixed with 25.5 g of the dispersion soiution
(RD) to obtain red color paste (RPI-1). Similariy, each of
red paste (R-1, R—2,'R-3, R-4, R-5, and R-6), gréen paste
(GpI-1, G-1, G-2, G-3, G-4, and G-5) and blue paste (EPI—l,
B-1, B-2, B-3, B-4, and B-5) shown in Table 1 was obtained.

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

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

| E. Formation of photosensitive coldr resist
_ 35.2 g of Pigment Red PR254 was charged together with
200 g of 3-methyl—B-methoxybutanoi, and the resultant

mixture was dispersed by a homogenizer at 7000 rpm for 5




Next, the color paste (BPlI-1) was coated by a spinner, 1 pegehb®2006
phot ol i t hography was performed by the sane nethod as that used for the red
picture el enents except that a photonmask having an aperture ratio of 13%
in-areflective region, to formcolored |ayers. The thickness of the blue
colored layer in each of the transmi ssive regions and the reflective

regions was 1.2 pm and the final chromaticity (x, y) of the transm ssive
regi ons, which was nmeasured by using standard light source C, was (0.138,
0.127). Then, an over = coat |ayer (J'SF?Et:o'r poration, "QOptoner

556500/ 550500") was deposited to a thickness of 2 pmon the picture -
element layer. Then, an ITO fil mwas deposited to a thickness of 0.1 pm by
sputteri Agu®l .t hehevglaseabehdgeivereoriliiterbAusfrobbabbedinobor filter
substrate, the spectrum of each of the central picture elenent and, the
four cor gesppirstivheselamephs oOh the sithetr Abkadwai3oeasugeds The spectra
measured at the respective nmeasurenent portions were averaged. Fig. 10
shows t heycaspehitagoapeahsuaddedansnizssiove gr edi an apegir copolyart Fig. 11
shows the spectrum (reflective region spectrum of an area-controlling

syst em cebautfioht ¢ DpICELaChenitadmIiadusirdesywelLht e SATEURGHAOP ,t he spectra
of the colored region and the transparent region of a reflective region. -
G For naCanr 260 "BadB| whkt s8dutdenl) ,Ddde®iey 260BentZergthwdtpdak type white
LED "NSSW40" produced by NICHI A Corporation was di sposed on a substrate
havi ng ateitremgthyat aerylatindadr avpolyCungtinpaht wanomerheandodt At S. Then,

of "IRGACURE 369" as a photopolymerization initiator to

obtain a 20 wt% solution of photosehsitive acryl resin (AC-
- 1). Then, 20 g of the red dispersion solution was added to

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

form a red resist (RAC-1). Similarly, a red resist (RAC-2),
~green resists (GAC-i and GAC-2), blue resists (BAC-1 and

BAC~-2) shown in Table 1'were obtained.




a reflection plate, a light guide, a diffusion plate, a i sheet
were conbined to the substrate to forma backlight sou?gg%egpﬁﬁégﬁly, a
backl i ght source was formed by using each of a three-peak type white LED
(ultraviolet LED+RGB phosphors), -and-a- three-peak type white LED (RGB
three chip LEDs). Each of Y203: Eu, LaPO4: Th, Ce and BaMy2Al 16(27: Eu used as

the red, green and blue phosphors, respectively, was m xed wth butyl
acetate and nitrocellulose to prepare a fluorescent slurry. Then, the
fluorescent slurry was coated on the thner surface of a cylindrical glass
tube having a dianmeter of 2 mm and heat-treated at 550C for 5 mnutes to
bake the phosphor. The gl ass tube was evacuated to.a vacuum of 10-4 Torr,
and t hen &abileed gas contai ning argon gas and xenon gas was sealed in the

tube. THEBast¥®REUTY Wa5igidnt T&R8Ts11Toh TGt YIE 10 Jighit /AN TEaHEaEy tyPe
fluoresg¢ent |anp.| The thus-formed three-peak type fluorescent |anp S
combinedl with a reflection plate, a light guide, a diffH&i¥%) plate, and a
pri sm shaet-1i o for ppeesidatéd | ght source. Furthefnore, an oggani Cc '
el ectrol ypj.nescencepdddbly 3300766 Was formed as fol l ows. Apositive
phot oregi st (TOKYQ ORKA K O CO, LTD. "OFPR-800") waS coated to a
t hi ckne$8FA DecenbpfBP0BEV248°6/4f 3 pm on an | TO gl ass s¥p$brate ( GEOMATEC
Co., Ltdrdclaly a speresaesdo Ng net hod. [heé resulftant coat pgygal 11 m wWas
exposed| .fo ;i ght Ebﬁﬂ Y{ rmof. a pattern through a photomask, and {hen
subjectegt?o devel ppme ? :% E%&ﬁla phot or esi st |pattern. Ezﬂﬁ

BAC-1 PB15:6/PV23=96/4 35/65

R-1 ' PR209/P038=85/15 33/67

R=2 ~|"PR20Y7PUIB=TU7 30 - 25775

R-3 PR209/P038=30/70 17/83

R-4 | PR254/PR122=85/15 11/89

R-5 PR254=100 * 23/717

R-6 PR254/PR138=85/15 14/86

G-1" PG36/PY138=75/25 17/83

G-2 PG36=100 32/68

G-3 PG36/PY138=85/25 26/74

G-4 PG36/PY138=70/30 40/60

G-5 PG36/PY138=55/45 15/85

B-1 PB15:6=100 17/83

B-2 PB15:6/PV23=93/7 : 12/88

B-3 PB15:6=100 8/92

B-4 PB15:6=100 25/75

B-5 PB15:6/PV23=96/4 12/88

F. Formation and Evaluation of Colored Film

The red paste (RPI-1) was coated by a spinner on a
glass éubstrate having a black matrix pattern formed thereon.
The coating £ilm was dried at 1ZQ°C for 20 minutes, and then
'é positive phdtoresist (TOKYO OHKA KOUGYO CO., LTD. "OFPR-

800") was coated on the resultant £ilm and dried at 90°C for




After the devel opnment, the pattern was cured-at 160C. N@tocomBeddtigB-fil m

| ayer including an emtting |layer was fornmed by a vacuun1é%p05|t|on met hod
in a resistance wire heating sys emrough a shadow mask. |In vacuum
deposition, the degree of vacuumwas 2x10-4 Pa, and the substrate was
rotated wth respect to a deposition source. First, 15 nm of copper

pht hal ocyani ne and 60 nm of N, N -di phenyl-N, N -bis(1-
napht hyl )-1, 1' - di phenyl - 4, 4' -di am ne ((x-NPD) were deposited over the
entire surface of the substrate to forfma hole transport |ayer. Next,
tris(8-quinolinolato) alumnum (111) (A g3) serving as a host material,
2,3,5,6-1H 4H tetrahydro- 9-(2'-benzot hi azol yl)quinolizino [9, 9a,
1- gh] cumamoi mihGié%s). JMrey iveg st ah i QAY i iR el ind ke ek efireP RS I1ti@h 50 that
the dopant content was 1.0% by weight to forma green |light emtting
| ayer pabiyeusinkexXiandrhd had@aoxssd e Ex5t Suied "Hna & d1engtdheighe spondi ng
to one pitch, and Alg3 as a host material and :
4- (di cyarchremiyine phjotdmeetkhwi-tlr @l skréngth of 60 mJ/cm? (strength of
tetramet hyl durol ysyl -9-enyl ) -4H pyrane (DCJT) serving as a guest materi al
" were co- ddgoavtied edo ltilggnt tate 3dGpant) .c omben tphotasnask) Ysayd Weidglaln to form a
red light emtting |layer pattern. Furthernore, the shadow mask was shifted
by a 1 Depembure20etio (4Pperitamgt hegohonegpdridi)ngft d Iénd.npitheh, and
4, 4" -bis(2,2" - diphenylvinyl)di phenyl (DPVBi) was deposited to a thickness
of 20 nmredleetive Blegdansght Adrdem iepgposayeer, [diet eubstete, was _
2, 9-di met hyl -4, 7-di phenyl -1, 10- phenant hr ol i ne was deposited

dipped in a developer comprising a 2.0% agueous solution of

tetrametﬁylammonium hydroxide to simultaneously pgrform
development of the photoresist and etching of the coiored
film of polyimide precursor. After etching, the unnecessary
photoresist layer was removed with acetone. Furthermore,
the colored film of a polyamide precursor was héat—treated
at 240°C for 30 mimites to éonvert the polyamide precursor
to polyimide. The coating thickness in each of a
transmissive region and a reflective region after heat
treatment was 1.2 pm, and the chromaticity (x, y) of the
transmissive regions,.which was measured by using standard
light source C, was (0.567, 0f310).

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

reflective regions was 1.2 pm, and the chromaticity (x, y)




to a thickness of 45 nmover the entire surface of the yhskialso form
an electron transport layer. Then, the thin-filmlayer was exposed to

| ithiumvapor for doping (0.5 nmi.n Gerns of thickness . _Next al umnum
used for a counter electrode was deposited to a thickness of 400 nm  The
substrate on which the counter el ectrodes was fornmed was renoved fromthe

deposition apparatus, maintained for 20 m nutes under a reduced-pressure
at nosphere created by a rotary punp, and then transferred to an argon
atnosphere at a dew point -100C or 1e5%.~In the | ow hunidity atnosphere,
the substrate and a sealing plate were bonded together with a curing epoxy
resin. Figs. 1 to 5 respectively show the spectra of the three-peak type

| i ght sodECeheatrahlfikwavieaglivhe L FRichoiaRd e steee bedsaheve. Exanple
2 Acolor filter substrate was fornmed by the sane nethod "as in Exanple 1
except tbaanphetonagks Baviree pekad €0.324i,00.5ati)Qs of 14% 43% and 18%
were used for photolithography of red, green and blue picture elenents, 1
Decenber 2006Nek, thepecloxebystdhe¢BPIam)owes coatelaperaaggiaferJO film
were deposited on the resultant picture elenent filmby the sane nethod
as i n Exandl ¢h&n photbhdthbygrabhymaascpeafoinedeby shlsishalee metthoaspect.rum
of each of the central picture elenment and the four corner picture

el enent sasf thhe¢ used for the red picture elements except that a

photomask having an aperture ratio of 13% in a reflective

region, to form colored lavers. The thickness of the blue

colored layer in each'of the transﬁiésive regions and the
reflective regions was 1.2 pum, and the final chromaticity (x.
y) of the transmissive regions, which was measured by using
standard light source C, was (0.138, 0.127). Then, an over
coat layer (JSR Corporation, "Optomer SSG500/SSOSOO") was
deposited to a thickness of 2 um on the picture element
layer. Then, an ITO film was deposited to a thickness of
0.1 um by sputtering on the over coat layer. For the thus-
obtained color filter substrate, the spectrum of each of the
Central picture element and. the four corner pictqre elements
of the substrate was measured. The spectra measured at the
respective measurement portions were averaged. Fig. 10
shows the resulting spectrum (transmissive region spectrum),
and Fig. 11 shows the spectrum (reflective region spectrum
-0of an area-controlling system color filter) obtained from an
érea weighted average of the spectra of'the colored region

- and the transparent region of a reflective region.

G. Formation of Backlight Source




‘substrate was neasured. The neasured spectra of the pic ts were
averaged. Conparative Exanple 1 A color filter substratgq%ggnﬁhPﬂﬁﬁ by the
sane nethod as in Exanple 1 except that a colored filmof each of red,
green and blue picture elenents was deposited to a thickness of 1.8 m and
phot omasks having aperture region ratios of 14% 40% and 17% wer.e for

_photolithography of red, green and blue picture elenents, respectively. As
a result of nmeasurenment of the chromaticity of the transm ssive region of
each of the red, green, and bl ue picTu?E el enments. by using standard |ight
source C, the degrees of chromaticity (x, y) of the red, green, and bl ue
picture elenments were (0.622, 0.328); (0.298, 0.581), and (0.135, 0.099),
respectivel y. ATheor-paakotgpeceni tbayBp angsaaab¥Optbliwar ey Nepgsated on
the resultant picture elenment filmby the same nethod as in Exanple 1. For
t he thuscbapordtdonowals disposedbsin al euddieatpRetlavimgfa @aHingf t he
central picture elenent and the four corner picture elenents of the 1
Decenber pa@@6xrn5 1 ansuldstivetre Idawase apumtdd The thieasubed raiect r &hedn ,t he
picture elenents were averaged. Fig. 10 shows the spectrum (transm ssive
regi on specefie)rtdonapledei, naCiighitaigudide ,BaailfEnsdon tphesteectandnaobt ai ned
in Exanple 1. Table 2 shows the reflection region chromaticity of the

col ored priism sbeedr ¥ére combiged dourthe B@&s&mﬂtﬁh&o thoams @ SSi ve regi on

chromaticity neasured with a three-peak
backlight source. Similarly, a backlight source was formed

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

_.LED+RGB phosphors), and a three—peak type white LED ({RGB
three chip LEDs).
| Each of Y,0,:ku, LaPO,:Tb, Ce and BaMg,Al,.0,,:Eu used as
the red, green and blue phosphors, respectively, was mixed
with butyl acetate and nitrocellulose to prepare a
fluorescent slurry. Then, the fluorescent slurry was coated
on the innér surface of a cylindrical glass tube having a
diametef of 2 mm, and heat-treated at 550°C for 5 minutes to
bake the phosphor. The glass tube was evacuated to a vacuum
of 10-% Torr, and then a mixed gas containing argon gas and
xenon gas was sealed in the tube. Then, meréury was
diffused in the tube to form a three-peak type fluorescent
lamp. Thé thus-formed three-peak type fluorescent lamp was
combined with a reflection plate, a light guide, a diffusion
plate, and a prism sheet to form a backlight source.
Furthermore, an organic électroluminescence light

source was formed as follows. A positive photoresist (TOKYO

OHKA KOUGYO CO., LTD. "OFPR-800") was coated to a thickness




"ot ~"~fy' p2~ED-] : gkki ~sonr ce -(uI~ravioIet~~15+~~'B—p]qﬂ&gn$%§zﬁ%in each
of Exanples 1 and 2, and the reflective region chromaticity of the col ored
films neasured with light source D65 and the transm ssive region _

chromaticity neasured with a two-peak type LED |light source in Conparative
Example 1. 1 Decenber 2006 NNmi H_ 14 Crl it. MopM OOc HO) Mv #
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of 3 pm on an ITC glass substrate (GEOMATEC Co., Ltd.) by a
spin coating method. The resultant coating £ilm was exposed
to light in the form of a pattern through a photomask, and
then subjected to development to form a photoresist pattern.
‘-After.the development, the pattern was cured at 160°C. Next,
.-a thin-film layer including an emitting layer was formed by

a vacuum deposition method in a resistance wire heating

 system through a shadow mask. In vacuum deposition, the
degree of vacuum was 2x10-4 Pa, and the substrate was rotated
with respect to a depositipn source. First, 15 nm of copper
phthalocyanine and 60 nm of N,N'-diphenyl-N,N"'-bis(1- |
naphthyl)—1,1'ndiphenyl-4,4'—diamine (a—NPD) were deposited
over the entire surface of the substrate to form a hole
transport layer. Next, tris(8-guinolinolato) aluminum (III)
(Alg3) serving as a host material, 2,3,5,6-1H,4H-tetrahydro-
9-(2'-benzothiazolyl)quinolizino [9,9a, l-gh]lcumarin (C545)
serving as a dopant material were co-deposited so that the
dopant content was 1.0% by weight to form a green light
emitting layer pattern. Next,_the shadow mask was shifted
by a length corresponding to one ﬁitch, and Alg3 as a hest
material and 4-(dicyanomethylene)-2-methyl-6-(1,1,7,7-
tetramethyldurolysyl-Q-enyl)-4H-pyrane (DCJT) serving as a
guest material were co-deposited so that the dopant content
was 2.0% by welght to form a red light emitting layer

 pattern. Furthermore, the shadow mask was shifted by a
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length corresponding to one pitch, and 4,4'-bis(2,2'-
diphenylvinyl)diphenyl (DPVBi) was deposited to a thickness

of 20 nm to form a blue light emitting layer pattern. Next,

2,9-dimethyl-4,7~diphenyl-1,10-phenanthroline was deposited
.to a thickness of 45 nm over the entire surface of the

substrate to form an electron transport layer. Then, the

thin-film layer was exposed to lithium vapor for doping (0.5

nm in terms of thickness). Next, aiuminum used for a
counter electrode was deposited to a thickness of 400 nm.
The substrate on which the counter electrodes was formed was
removed'from theldeposition apparatus, maintained for 20

minutes under a reduced-pressure atmosphere created by a

rotary pump, and then transferred to an argen atmosphere at

a dew point -100°C or less. In the low—humidity atmosphere,

‘the substrate and a sealing plate were bonded together with

a curing epoxy resin.
Figs. 1 to 5 respectively show the spectra of the

three-peak type light sources and the two-peak type LED

' formed as described above.

'Example 2

A color filter substrate was formed by the same method

as in Example 1 except that photomasks having aperture

“region ratios of 14%, 43% and 18% were used for

photolithography of red, green and blue picture elements,
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Decenber 2006 53 1In conparison between the color characteristics of a

combi nation of the color filter of Exanple 1 and a backlight source and a
conmbi nati on of the color filter of Cbnggrative Exanples 1 and a backl i ght
source, both conbinations equal in th&"color reproducibility range with
"the transm ssive region chromaticity and brightness with the reflective
regi.on chronat|C|ty However, the range of color. reproducibility in the
refl ecti veesnsgiunge Igf . t Htheool Gm dvdtt azo®f | Expampl and 45 BRSO #H Ohefeddan
that of Conparative Exanple 1. In conparison between the col or

char act erdendssisredbforn Wembiewmtltembipidisns| aleridntt efid bxathd esahatnd a
backl i ght source and a conbi nation of the color filter of Conpar ati ve
Exanpl e methwd dshcidl iRfempleurice, Bt the thus-formed color filter

substrate, the spectrum of each of the central picture
‘element and the four corner picture elements of the
substrate was measured.: The measured spectra of the picture

elements were averaged.

Comparative Example 1
A color filter substrate was formed by the same method

~as in Example 1 except that a colored film of each of red,
green and blue picture eleménfs was deposited to a thickness
of 1.8 pm, and photomasks having aperture region ratios of
14%, 40% and 17% were for photolithography of red, gréen andl
blue picture elements, respectively. As a result of
measurement of the chfomaticity of the trénsmissive region
of each of the red, green, and blue picture elements by
using standard 1ight source C, the degrees of chromaticity
'(x, y) of the red, green, and blue picture elements were
(0.622, 0.328), (0.298, 0.581), and (0.135, 0.099},
respectivgly. Then, an over coat iayer and an ITO f£ilm were
deposited on the resultant pictufe element film by the same
method as in Example 1. For the thus-formed color filter
substrate, the spectrum of each of the centrél picture

element and the four corner picture elements of the




combi nation are equal in the color reproducibility rangg bbet
transm ssive region chromaticity and the col or reproducﬂ%lllty range wth
the reflective region chromaticity. However, brightness of the reflective
regions of the color filter of Exanple 2 is 12% hi gher than that of

Conparative Exanple 1. In conparison between the display characteristics of

a Tiquid crystal display conprising the color filter of each of Exanples
1 and 2 and a three-peak type LED lig source (ultraviolet LED+RGB -
phosphors) and a liquid crystal display conprising the color filter of
Conparative Exanple 2 and-a two-peak. type LED |light source, the liquid
crystal displays 1. Decenber 2006 54 are equal in the color vividness of a
t ransm ssiubetdiatpl wps mélasvmegh t The mpasthresdy Spalcttias piratheopictamel e 1
and Conparative Exanple 1 are equal in brightness of a reflective

di spl ay, eflemehitguivérer pealageidspl digof 10X ahowes Eheespiekittrsivhi gher col or -

vi vidness and higher visibility. In conparison between the liquid crystal
di spl ays ($trapgmigdve regdofompecdtion Bbaminedl inbComparaiiidecr yst a

di splay are equa in the color reproducibility range in a reflective

di spl ay. Eremgter, ande thieqspecdiryst abtailoeidayjnoExBnplel 4.2 exhi bits higher
bri ght ness and hlgher visibility even in the dark. Exanple 3 A color
filter substrbtllead shewedthy ¥ﬁ@l§§h%0nerh9uonashrqméyantg ofekbept that

a colored filmof each of red,
colored films measured with light source D&5 and the

transmissive region chromaticity measured with a three-peak

.type LED Iight sourée (dltraviolet LEDTHCE phosphoré) in
each of Examples 1 and 2, and the reflective region
chromaticity of the colored films measured with light source
D65 and the transmissive region chromaticity measured %ith é'

two—peak type LED light source. in Comparative Example 1.




green and blue picture elenents was deposited to a thic

and- phot omasks havi ng aperture region ratios of
green and bl ue picture el enents,

for photolithography of
respectively. As a result

chromaticity of

red,

10%

?1 ang]%O%

gl 9m
wer e used

of measurenent of the transm ssive region

each of the red, green and blue picture el enents by using

.standard |ight source C,
green and bl ue picture elenments were (0.551,
respectively.

(0.139, 0.135),

0.
Then,

an over coat

the degrees of chromaticity (X,

305), (0.

y) of the red,
324, 0.531), and

| ayer and an I TO film

were deposited on 1 Dggcenber| 2006 55| the resultant pictjure elenment film
by the sane neth asig n§ Exanple 1. For the thus-forned|color filter
substrate, the ect{furg of. pach®of the Eerggral | pi cfure ¢l enent and the
four corner piclQre @e?reﬁts of 3t he sub& rate has. Smeasyred. The neasured
spectra of the pl,ctur|d elefents were averagéd. | Exanple 4 A color filter
substrate was fo d IBY the same nethod as in Exanpl e 3|except that
phot omasks havin apeyr t use region ratli os 14% W¥3% and 19% were used for
phot ol i t hogr aphy]~of red;qgreen apd bl ye picture|elenments,) respectively.
Then, an over cogl Iayerﬂand an ﬁTC)fiIn1gpre fepogi ted|on the resul tant
pi cture el enent ﬂiln1Qy ghg samel net hod in Exampl e 1] For the
[
thus-formed col of filitlerg supstrate, the spectrumof each of the central _
pi cture el enent gan@ “hep f ouy cokner picture elements of |[the substrate was
nmeasured. The ne§§umed sPectra of the|picture
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el enments were averaged. Table 3 shows the reflective regin GBEPSRIg City of
the colored filnms nmeasured wth |Iight source D65 and the transm ssive

region chromaticity measured with a three-peak type LED_Iight source (RGB
chip LEDs) in each of Exanples 3 and 4, and the reflective region
chromaticity. of the colored filnms neasured with |light, source D65, and

the transm ssive region chromaticity nmeasured with a two-peak type LED
light 1 December 2006 56 source in Conparative Exanple 2. 1 Decenber 2006
NoNm Um7HOH#O0NdPO + (8"t p>$bNH'O -H-~li 44 4]
140 rnrg>2> HdP 4 N-.i C ri vdPdP p HHN

In comparison 5etween the color chafacteristics of a
combination of the célor filter of Example 1 and a badklight
sourcé and_a combination of the color filter of Comparative
Examples 1 and a backlight source, both combinations eqdal
in the color reproducibility range with the transmissive
iegion chromaticity and ‘brightness with the reflective

- region chromaticity. However, the range of color

reproduclbility in the reflective régions of the color
-filter of Examﬁle 1l is 52% higher than that of Comparative
Example 1. 1In compatison between the color charaqteristics
of a combination of the color filter of Example 2 and a
backlight source and a combination of the color filter of
‘.lCOmparative‘Example 1 and a backlight source, both

combination are equal in the color reproducibility range
with the transmissive regién chromaticity and the color

- reproducibility range with the reflective region
chromaticity. However, brightness of the reflective regions
of the color filter of Example 2 is 122 higher than that of
Comparative Example 1.

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

. two-peak. type LED light source, the liquid crystal displays
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are egqual in the color vividnesé of a transmissive display.
Although the liquid crystal displays of Example 1 and
Comparative Example 1 are equal in brightness of a ‘
reflective display, the liquid crystal display of Example 1
‘exhibits higher color vividness and higher visibility. 1In
comparison between the liquid crystal displays of Example 2

and Comparative Example 1, both liquid crystal display are

equal in the color reprdducibility range in a reflective
display. - However, the liguid crystal display of Example 2
-exhibits higher brightness and higher visibility even in the

.dark.

Example_3

A color filter substrate was fbrmed by the same method:
as 1n Example 1 except that a colored film of each of red,
green and blue picture elements was depositéd tc a thickness
of 1.1 um, and photomasks having aperture region ratios of
10%, 27% and 10% were used for'photolithography of red,
gréen and blue picture elements, respectively. As a result
of measu#ement of the transmissive region chromaticity of
"each of the red, gréen and blﬁe pictﬁre elements by using
- standard light source C, the degrees of chroﬁaticity (x, v)
of the red, green and blue picture elements were (0.551,
10.305), (0.324, 0.531), and (0.139, 0.135), respectively.

_Then, an over coat layer and an ITO f£ilm were deposited on
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onparison bet ween the col or characteristics of a conblnatlon of_the col or
ilter of Exanple 3 and a backlight ~s88rce and a conbination of the col or

|

:ter of Conparative
the resultant picture element film byrfhé same method as in
Example 1. For the thus-formed color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The

measured spectra of the picture elements were averaged.

Example 4

A color fiiter.sﬁbstratg was fdrmed by the same method
as in Example 3 except that phdtomasks having aperture
region ratios 14%, 43% and 19% were used for
photolithography of red, g;éen and blue picture elements,
respectively. Then, én over coat ;ayer‘and an ITO film were
deposited on the resultant picture element film by the same
method as in Example 1. For the thus-formed color filter |
substrate, the spectrum of each of the central picture
element and the four corner picture elements of the
substrate was measured. The measured spectra of the picture

elements were averaged.

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

‘films measured with light source D65, and the transmissive

oy

region chromaticity measured with a two-peak type LED light




Exanpl es 1 and a backlight source, both conbination are,gqu ﬁ{e}gmi$e color
reproducibility range with the transm ssive region chronat|C|ty and
brightness with the reflective region chromaticity. However, the range of
color reproducibility in the reflective regions of the color filter of
Exanples 3 is 73% higher than that of Conparative Exanple 1. In conparison

bet ween the color characteristics of a conbination of the color filter of
Exanple 4 and a backlight source and a _conbination of the color filter of
Conpar ative Exanple 1 and a backlight 3Burce, the conbinations are equal
in the color reproducibility range wth the transm ssive region
chromaticity and the color reproducibility range with the reflective
regi on cloore il tCompdoveetticre Euangdieness of the reflective regions -of the
color filter of Exanple 4 was 15% hi gher than that of Conparative Exanple
1. I'n conparison between the display characteristics of a -liquid crystal

di splay conprising the color filter of each of Exanples 3 and 4 and a

t hree-peak type LED light source (RGB chip LEDs) and a liquid crystal

di splay conprising the color filter of Conparative Exanple 2 and a

t wo- peak type -LED light source, the liquid crystal displays are equal in 1
Decenber 2006 59 _ the color vividness of a transm ssive display. Al though
the liquid crystal displays of Exanple 3 and Conparative Exanple 1 are
equal in the brightness of a reflective display, the 1liquid crystal

di spl ay of Exanple 3 exhi bits hi‘gher col or




vi vi dness and higher visibility.

di splays of Exanple 4 and Conparative Exanple
reproducibility range in a reflective

di splay of Exanple 4 exhibits hi gher
Conparative Exanple 2 A

di spl ays are equal
di spl ay. However,

in the color

t he

.color filter substrate was forned by the sane nethod

liquid crystal
bri ght ness and higher visibility even in the dark.

I n conparison between qhgeceh.;bgpéébscrystal
1, both I'iqui

crystal

as in Exanple 1

except that a colored filmof each of red, green and blue picture elenents
was deposited to a thickness of 1.6 pm and photonasks havi ng aperture
region ratios of [ 13%_37% afd 16% wer g used for phototithography of red,
green and bl ue pigturemeWeqprts, respectively. As a resul of measur enent
of the transm ssi|ge r(glgn*chronmticit/ oh »each of ¢ he red, green and bl ue
picture elenments |By u$gng =tandagd Ilghthq_urce C, 94 he dpgrees of
chromaticity (X, {y) thé red, green|and bl ue|picture efements were
(0.606, 0.322), (§0.311, 0.566), and (P.136, 0.108), respgectively. Then,
an over coat |layen and ag, I TO filmwerfe deposited on— the| resultant picture
el ement film by ftte samelnmethod gs in [l Decenber 2006 60; Exanple 1. For
the thus-formed ¢plor|filter substrate] the spgctrum of pach of the
central picture eﬁene1§ and {he four pcorndr pi¢tur el enents of the
substrate was neaﬁure%; ghé meagured spectra off thé&' picture elenents were
averaged. Conparf ét tnvavEgarr_p'I e 3%A colfr filter|substrate was fornmed by the
sane net hod 8 Al & -
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as in Conparative Exanple 2 except that photonmasks havi regi on
rati os of 14% 41% and 17% were used for 'photolithogragﬂﬁxgﬁﬁ%éﬁﬁ%breen
and blue picture elenments, respectively. Then, an over coat | ayer and an
I TOfilmwere deposited on the resultant picture elenent filmby the sane
method as in Exanple 1. For the thus-formed color filter substrate, the

spectrum of each of the central picture elenent and the four corner
picture elenments of the substrate was _neasured. The neasured spectra of
the picture elenents were averaged.“C@ﬁparative Exanple 4 A color filter
substrate was formed by the sanme nethod as in Exanple 1 except that a
colored filmof each of red, green and blue picture elenents was deposited
to a thicknesdn cbmbaiimoransh ek cdRE HhARKItF & FRH Yk LAti os of
13% 35% and 15% were used for photolithography of red, green and bl ue

pi cture eteneimsiorespecthe ebyloASE Bl t€EUbE HxdRSEEDEa®06 podk1 Qfne
measurenment of the transm ssive region chromaticity of each of the red,
green ancdiuee girct @ ezt Sobyofisthg cSIGNIR Drdit Wb S LEaGvd Ne
~degrees of chromaticity (x, y) of the red, green and blue picture el enents
“were (0.3Mpl@s320)and G Bk Digo )sowmrek ( bdi6, caabilddt i diesaact i vel y.
-Then, an over coat layer and an ITO fil mwere deposited on the resultant

pi cture ABWENELIf ithe Bokdre mepmodmtitod by irandxanpile e

tie"' "tfiiis-formed color filter substrate, the spectrumof each of the
central pEEnFTe s&1idee el tilwrdmalricity and brightness with the

reflective region chromaticity. However, the range of color

Vrgproduclblllty in the reflective régions of the color
filter of Examples 3 is 73% higher than that of Comparative
Example 1. In comparison between the color characteristics
of a combination of the color filter of Example 4 and a
-backlight source and a combination of the color filter of
Comparative Example 1 and a backlight source, the
combinations are equal in the color reproducibility rangé
with the transmissive region chromaticity and the color
reproducibility range with the reflective region
chromaticity. However, brightness of the reflective regions
of the color filter of Example 4 was 15% higher than that of
Comparative Example 1. |
| In COmparison between the display chafacteristics of a
liguid cryétal display comprising the color filter of each
of Examples 3 and 4 and a three-peak type LED light source
(RGB chip LEDs) and a liquid crYstal display comprising the
color filter of Comparative Example 2 and a two-peak_type'

LED light source, the liguid crystal displays are equal in




corner picture elenments of the substrate was neasured. .
spectra of the picture elenents were averaged. CbnparaﬁpéﬁmgﬁgﬁgﬁgPS A

color filter substrate was formed by the sane method as in Conparative
Exanpl e 3 except that photomasks having aperture region ratios of 14% 41%
and 18% were used for photolithography of red, green and blue picture
el ements, respectively. Then, an over coat |layer and an ITO filmwere
deposited on the resultant picture elepent filmby the sane nethod as in
Exanple 1. For. the thus-forned col or “fPPt&r substrate, the spect rum of
each of the central picture elenment and the four corner picture el enents
of the substrate was neasured. The neasured spectra of the picture
el enent s e ecalar agiodi diedd e & hoven diiks § BFé e&iéy&*ggimmmﬂ&i ty of
the | Decenber 2006 62 colored filns neasured with |ight source D65 and
the trardsifi®igl varysiabraisplamw iaf (Bxamgber ®dand tCompd S €67 ailamg HPe LED
| ight source in each of Conparative Exanples 2 and 3,. the reflective
regi on ch @e iegual din tthe dotighithdsd et areasEl et vd N dighly sauce D65
and the transm ssive region chromaticity neasured with an organic
el ect r ol diist eistaiE|disnlgn o Fxample ehodxlofbOemardidy el es 4
and 5, nd-the-refi-ectve region c"Kiroma icier. a co ored -film measured
with |igifEvdsiness pesl dHaheate sdisidiidyi.ve Tegianparivanatditidan rmasur ed
with a twe-peak type LED |ight source in Conparative Exanple 1.

. liquid crystal displays of Example 4 and Comparative Example

1, both liquid crystai displays are equal in the color

_reproauc;blllty range jn a reflectiﬁe display. However, the
liquid crystal display of Example 4 exhibits higher

brightness and higher visibility even in the dark.

Comparative Example 2

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

~the resultant picture element £ilm by the same method as in




1 Decenmber 2006 N O to O dp OP Ngqgr~i ai 0° 0 + m+ 0 5B enbd > W
MMHMrn 4 HHm Ocom y pgen M ty) +>1 v ri dpﬁecepﬁﬁﬁo
N

HviiHLO- NN .r, 00* HHH 41 Orodpdp OUHH Haa UNNWOL NO
NOO O10 HNORMMOL hm ONMTTrOl~V D\ rO NOONNGJD O-r0

D) rOHOO NIDHMNrOHMNtO NMN.OHMN~-ONM HMV InNO11IO
ro NO\ O! N~-OOtONOV V HMOO NMHONMOOLI NMNODNMH 0\
N yMV HMMV-HMMspHM M'r1' HMMV-HM 00 00 O 000 000$ o

0000 00000 Y MO HWHHNdJ MHNHBONV MNH TNNNOHOHN
HRNOO ONMOHN _

Example 1. For the thus-formed color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The

measured spectra of the picture elements were averaged.

Comparative Example 3

A color filter substrate was formed by the same method

‘as in Comparative Example 2 except fhat photomasks having
aperture region ratios‘of 14%, 41% and 17% were used for
photolithography of red, green and blue picture elements,
respectively. Then, an ovér coat layef and an iTO film were
deposited on the resultant pricture elemént film by the same
method as in Example 1.° For the thus-forméd color filter
substrate, the spectrum of each of the central picture
element and the four corner picture elements of the
substrate was measured. The measured spectra of the picture

elements were averaged.

Comparative Example 4
A color filter substrate was formed by the same method
- as in Examplé 1 except that a colored film of each of red;
green and blue picture elements was depositéd to a.thickness
of 1.5 um, and photomasks having aperture region ratios of
13%; 35% and 15% were used for photolithography of red,

green and blue picture elements, respectively. As a result
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of measurement of the transmissive region chromaticity of
each of the red, green and blue picture elements by using
standard light source C, the degrees of chromaticity (x, v)
of the red, green and blue picture elements were (0.599,
0.320), (0.313, 0.561), and (0.136, 0.111), respectively.
Then, an over coat layer and an ITO fllm were depogited on

the resultant plcture element f£ilm by the same method as in

Example 1. For the thus-formed Golor filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements- of the substrate was measured The

measured spectra of the picture elements were averaged.

Cemparative Example 5
A color filter substrate was formed by the same method

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

Table 4 shows the reflective region chromaticity of the
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NOXMUWdd UWN 1 Decenber 2006 64 In conparison between the color
characteristics of a conbination of the color filter of Conparative
Exampl e 2 and a backlight source, 'a c gbination of the color filter of

 Conparative Exanple 4 and a backlight S6urce, and a conbination of the
color filter of Conparative Exanple 1 and a backlight source, the
conbi nations are equal in the color reproducibility range with the -
t ransm sstodoneasdfHinlmg hoasuied twitnd. ighghsoesse vbéH de tef | ective regi on
chromaticity. On the other hand, the rates of inprovenent in the range of
col or reprERFEIAgivy Yeghon ethranaticiyineasehedmat ticid ytinfeeSqgmar at | ve
Exanples 2 and 3 are 13% and 20% respectively, as conpared with that of
Conpar at i W@eEldhh | elaht Sowece rit @ndf ofiptoupeeative Etamled arardat in
the use of the three-peak type LED |ight source. In conparison between
3, the reflective region chromaticity of the colored films

measured with light source D65 and the transmissive region
chromaticity measured with an organic electroluminescence

{EL) light source in each of Comparative Examples 4 and 5,

-mmmmmmm_mmandmthemrefiectTVE“régiﬁﬁMGﬁromat1city of the colored film
measured with light source D65 and the transmissive region

chromaticity measured with a two-peak type LED light source

in Comparative Example 1.




t he col or

Conpar ative Exanple 3 and a backlight source,
filter of Conparative Exanples 5 and a backlight source,

of the col or

combi nations are equal

in the col or

chromaticity. On the other
regi on chronat|C|ty of Conparative Exanples 2 and 3

with the reflective

hand,

the rates of

a

‘characteristics of a conbination of the col or
conblnatlon 0

filter of Conparative Exanple 1 and a backlight source,

1 Dddehfblr ? ol or

and a conblnatlon
t he

reproducibility range wth the
with the reflective region

|nprovenent

i n brightness

are 3% and 50, nespegctivyely, as conparjed w th jthat of Cbnparatlve 1
Decenber 2006 6%% Efafmpiie 1. Tihese ratjes qf | Nprovenent are | gwer than
that in the use gf fing X4 hr 8e- geak %t ype| LEQ | i ght Sour de %%ese results
are possibly due{go [Bhe= act; that the tjhree;pedk type qugJescent l'i ght
source used in Coppgiidlifye Exanple 2 has rpl atlively |drge si dg peaks near
490 nm and 580 n IIF _i'$ also|thought |that”thg three-pgeak™ypg organic EL
i ght source usef i[n %omparatijve Exanple 3 hag a broad peak ojer the
entire spectrum Encéﬁﬁus the ilmprgyenmgnt in the cegl or | charactleristics
with the reflectiffe nqu)n chrqmat itti ty is* | oyere@ THerefore,| it is found
that the three-p ﬁk bype LED qQf tite threespeak typge |ijght fsourlces can
significantly in@rgydesthe colqr charagteristigs of, a nefl &tiye display of
a transflective [gquPd cfystal di spl ay.| Conparati vE& Exanple 6 A col or
filter substrate'gaxiﬁg n conventi onal
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configuration was forned by the sane nethod as in Exanpl,e, 1. ex that a
photogask havi ng an apertuye region ratio of zero was Jgg§eF§?ﬁﬁRk

phot ol i t hography of red, green and blue picture elenents so as to form
reflective regions and transm ssive regions having the sane col or
characteristics, as shown in Fig. 6. Then, an over coat |ayer and an I TO

filmwere deposited on the resultant picture elenent filmby the sane
method as in Exanple 1. For the thus-forned color filter substrate, .the
spectrum of each of the central 1 Decehber 2006 66 picture elenent and
the four corner picture elenents of the substrate was neasured. The
nmeasured spectra of the picture elenents were averaged. Conparative
Exanpl e 7 A céhoromphrésosubstwera lthe kglarcenueabitendlstieenbirgdr ati on was
formed by the sanme nethod as in Conparative Exanple 1 except that a

phot omas lcombiingd ian  ofp diteurcs Yogyifinl treat iof Wompairatinse ety 2 and
photol i t hography - of red, green and blue picture elenents so as to form
reflective L ta s uncens @ swimbdl nadgiicon o fhahien gdllva: Fairle: exc @fOr
characteristics, as shown in Fig. 6. Then, . an over coat |layer and an |ITO

il m wer £HPIFStIYEe Sxampd er ds @ndart basikdtighd elommewt, fanldnay the same
nmet hod as in Exanple 1. For the thus-formed color filter substrate, the
spect r umSeFPiggdons ofh&hee foder Fiditeme ofl Sepmparard viehExamprlec dr aaK
picture elenents of the substrate was neasured. The neasured spectra of
the pict G agkdighits spEreesy dhggegmbinations are equal in the color

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

and 5%, respectively, as compared with that of Comparative




Table 5 shows the reflective region chromaticity of the id s
nmeasured with Iight source D65 and the transm ssive reg1i Itj)én)(!ec br%g%éaqél city
measured with a three-peak type LED light source (ultraviolet LED+RGB
phosphors) in Conparative Exanple 6, and the reflective region
chromaticity of the colored filnms neasured with |ight source D65 and the

transmi ssive region chromaticity measured with a 1 Decenber 2006 67
t wo- peak type LED light source in Cbgpggagive Exanple 7. 1 Decenber 2006 O
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' Example 1. These rates of improvement are lower than that
in the use of the three-peak type LED light source. These
results are possibly due to the fact that the three-peak
‘type fluorescent light source used in Comparative Example 2
has relatively large side peaks near 490 nm and 580 nm. It
is also thought that the three-peak type organic EL light
source used in Comparative Example 3 has a broad peak over
“the entire spectrum, and thius the improvement in the color
characteristics with the reflective region chromaticity is
lowered. Therefore, it is found that the three-peak type
.LED of the three-peak type light sources can significantly
improve the color characteristics of a reflective display of

a transflective liquid crystal display.

Comparative Example 6
A color filter substrate having a conventional

configuration was formed by the same method as in Example 1

except that a photomask having an aperture region ratio of

zero was used for photolithography Qf red, green and blue
picture elements so as to form reflective regions and
transmissive regions having the same color characteristics,
as shown in Fig. 6. Then, an over coat layer and an ITOQ
film were deposited on the reéultant pictuxe element film by
'the same method as in Example 1. For the thus-formed color

filter substrate, the spectrum of each of the central
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picture element and the four corner picture elements of the
substrate was measured. The measured spectra of the picture

elements were averaged.

Comparative Example 7
A color filter substrate having a conventional

configuration was formed by the same method as in

' Comparative Example 1 except that a photomask having an

aperture region ratio of zero was used for-photolithography
of red, green and blue picture elements so aé to form
reflective regions and transmissive regions having the same
color characteristics, as shown in Fig. 6. "Then, an over
coaf'layer and an ITO fiilm were deposited on the resultant

picture element film by the same method as in Example 1.

For the thus-formed color filter substrate, the spectrum of

each of the central picture element and the four corner
piéture elements of the substrate was measured. The
measured spectra of the picture elements wefe avéraged.
Tablg 5 shows the reflective region chromaticity of the
colored f£ilms measured with light source D65 and the
transmissive region chromaticity measured with a three-peak:
type LED light source (ultraviolet LED+RGB phosphors) in
Comparative Example 6, and the reflective region

chromaticity of the colored films measured with light source

D65 and the transmissive region chromaticity measured with a
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of the color filter of Conparative Exanple 6 and a backlight source, and a
conmbi nation of the color filter of Cogparative Exanple 7 and a backlight
source, brightness with the reflective region chromaticity measured with

t he

two-peak type LED light source in Comparative Example 7.




three-peak type LED light source is 25% hi gher than thay dn. thedise of the
t wo- peak type LED |ight source. Although an inprovenent I'n @rlg tness is
hi gh, the absolute value (Y value of white W of brightness is only 26.8,
and thus the <color filter is very dark as a color filter for a :
transflective liquid crystal display. Therefore, .a conbination of the.

t hree-peak type LED |ight source and the <color filter having the
conventional configuration cannot satisfy the characteristics required for
a transflective liquid crystal display. Therefore, it is found that a

color filter isjrequgired to hdve a cpnfiguration conprising transm ssive
regi ons and refl g&t i §e Gegi ans |having| different color characteristics.
Exanpl e 5 The nofH phBtbien&ifi ye paste (TPH-1) was coated on a gl ass
substrate havingl® b&ack| m¥tTi pattefn foined thereon. The coating film
was dri-ed at ‘120G f 0 28| mintteés in an oven, and then a positive
phot or esi st ( TOKMD FiKA KOGYO |CO., LTD. OFPR- 800) was coated on the
coating filn1and11t1e%e1 Decemper 2006 70 dried at 90C for.10 mnutes in
an oven. The sub%Era&e*mas exposed with 60 mJ/cnR2 (strength of ultraviolet
| ight at 365 nn&:b Heanpn |.nc.| Proximty Exposure "PLA-501F" through a
phot omask patterqit)gﬁppve @ thangparent resin layer in a reflective
regi on of each ofsreds green and bl ug picture elenents. After exposure,
the substrate wals gi9gedj in a {devel gper conprising a 1.6% aqueous sol ution
of HA 2 ‘ R :
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t et ranmet hyl ammoni um hydr oxi de to sinul taneously perform of the
phot oresi st and etching of the polyanic acid coating fiﬁégagaqgggﬁg%ching,
t he unnecessary photoresist |ayer was renoved with acetone, and the

remai ning | ayer was heat-treated at 240C for 30 m nutes to - obtain the
transparent resin layer in the reflective region of each of the picture

el ements. The thickness of each transparent -resin |layer was 1.8 [un. Next,
the red resist (RAC-1) was coated by_aﬁgptnner on the glass substrate
having the transparent resin |layers, ahd then the resultant coating film
was heat-treated in an oven at 80C for 10 m nutes. The coating filmwas
then exposed . wth 100 mlJ/cnR2 (strength of ultraviolet |light at 365 nm
by an ul travilsl epmprydsone bgtpaeat dhet modiogh chatlacariristpbst ofask for
transmtting light through the transm ssive regions and reflective regions
of red pi i@adiione ©tfs  theaiqadore fiddere off Momparsttriatee Ramsnpdiepechridn a
devel oper _conprising a 1.6% aqueous sol ution of tetranmethylamonium1
Decenber 20§cklighthgaugdede ansl dewoimiyinesiiomredf dyher ol i ldmuelafprent ,
a heat treatnent was perforned in an oven at 240C for 30 mnutes to

obt ai n t emPEFatize, Fxampdifet SnaTRe bagkddadds sauraehe badghdmesss t he
transm ssi.ve re%ion of each picture elenment was 1.2 m and the

chromat i &R the yefijieative F8gdca chewmaddwidy @easawedowdgdh the310). The
t ot al th'cknes%fag he total thickness of the coating films of TPI-1 and
RAC 1) atDEfecERel 1IPe RED: Adeht SorFee dff Gotohigher than that in

the use of the two-peak type LED light source. Although an

'improvementmin“brightnESS“iS“high, the absolute value (Y
value of white W) of brightness is only 26.8, and thus the
color filter is very dark as a color filter for a
transflective liquid crystal display. Therefore, a
combination of the three-peak type LED light source and the
color filter having the conventional configuration cannot
satisfy the characteristics requifed for a transflective
liguid crystai display. Therefore, it is found that a color
filter is required to have a configuration comprising
transmissive regions and reflective regions having different

color characteristics.

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

 C0., LTD. OFPR-800) was coated on the coating film and then

-




red picture elenment was 2.3 pm and the ratio of the tﬁ“@&gﬁ&@rgémghe
colored layer in each reflective region to that in each transm sSsive
region was 2/5. Simlarly, the green resist (GAC-1) was coated by a

spi nner on the glass substrate to forma colored coating film The coating
t hi ckness at the center of the transm ssive region of each picture elenent
was 1.2 pm and the chromaticity (x, y) wth standard |ight source C was
(0.321, 0.541). The total thickness (thg total thickness of the coating
films of TPI-1 and GAC-1) at the center of the transm ssive region of each
green picture element was 2.3 pm and the ratio of the thickness of the
colored layer_in each reflective region to that in each transm ssive

regi on wasiedl it $0jQ fory 10 pimitias rigsian qvBAG: 1)Theasulsitmateb was

spi nner -on the glass substrate to forma- colored coating film The coating
t hi cknes$*@° wddhe 60 8 /cmé {staeasttdy ofovdtrayiofesndiiobsi as B6Gi on of
each picture element was 1.2 pm and _the chromaticity (x, y) with standard
light softle BY f@ion dneag Proxipiity Froasung "PRACIHNFS (hmoudd &

thickness of the coating filnms of TPI-1 and BAC-1) at the center of the
transm s&MPFPEFHoRajiteglc kopileaye %I teianaparesto resin dayen HA @ati o of
the thickness Qqf, the CQIoreg | ayer in each reflective region to that in
each t 1 afSHEaRATS EG90RMAE SBFR offdipd.agrErEr 206aD s i oture
(JRSCorporatioQ, "CEF ner SSGSOO/S%Q?OO" was deposited to a thickness of
2 pm on Fﬁgmen 5. fter exposure, e substrate was dipped in a

developer comprising a 1.6% agueous solution of

'tetramethylammonium“hydroxide“to“simultaneously perform
development of the photoresist and etching of the polyamic
acid coating film. After etching, the unnecessary |
photoresist layer was removed with acetone, and the
remaining layer was heat-treated at 240°C for 30 minutes to
‘obtain the transparent resin layer in the reflectife region
of each of the picture elements. The thickness of each
transparent fesin layer was 1.8 pm.

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

comprising a 1l.6% aqueous solution of tetramethylammonium




picture elenent |ayer forned as described above. Further ver coat
| ayer (JRS Corporation, "Optonmer SS6500/SS0500") was dgd%%%ﬁgﬁpg§ﬁh

t hi ckness of -2 Vin on the over coat |ayer, and an,| TO fil mwas deposited
to a thickness of 0.1 pmon the over coat |ayer by sputtering. For the
thus-fornmed color filter substrate, the spectrumof each of the central

pi cture el ement and the four corner picture elenents of the substrate was
nmeasured. Fig. 10 shows a spectrumin4g transmissive region, and Fig. 12
shows a spectrumin a reflective region. Conparative Exanple 8 A
transparent resin |layer was coated, by the sanme nethod as in Exanple 5, on
a gl ass substrate having a black matrix pattern forned thereon. The '

t hi cknesyGfropdde toadleyadon qakened dasenss Aftept meve Rgmentier a2006 73
Next, the red resist (RAC-1) was coated by a spinner on the glass

subst r at FdvitRG RNt FshResrfionmad in dreovien adbt2401 ¢ eibipidt ur e

el enents_i.n the game manner  as in Exanple 5. The thickness at the center
of the t £8st0e OPEGEEN ther redk pigitans elemendist. wdthel thimknessd t he
chror’rat.icit* %x, ﬁ) W th standard |ight source C was (0.622, 0.328). The
total thPEkNEEs CEPNET: §fathen tuamssd ssiviencegdan of feaaks pdicturel - 1 and
RAC- 1) a%l%g%n enter o% the tr m ssive region of each picture el enent
was 3.4 prcvSR& YRE fa i&mbfaﬁ%g hen icoreEed 164 tyh & e oVdr @ thayer in each
reflecti ygahaara"1hgnt! BaLrAR PG (ANYESS 1 81059 Ohtes 2.3

thickness (the total thickness of the coating films of TPI-1

red picture element was 2.3 um, and the ratio of the
thickness of the colored layér in each reflective region to
that in each transmissive region was 2/5.

Similarly, the green resist (GAC-1) was coated by a
spinnef on the glass substrate to form a colored coating
film. The coating thickness at the center of the
transmissive region of each picture element was 1.2 pum, and
‘the chromaticity (x, y) with standard light source C was
(0.321, 0.541). The total thickness {(the total thickness of
the coating films of TPI-1 and GAC-1) at the center of the
transmissive region of each green picture element was 2.3 um,
and the ratio of.the thickness of the colored layer in eacﬁ
reflective region to that in each transmissive region was
27/5. |

Similarly, the blue resist (BAC-1) was coated by a

- spinner on the glass substrate to form a colored coating

film. The coating thickness at the center of the




Simlarly, the green resist (GAC-1) was coated by a spi,fuer. _on gl ass
~Substrate to forma colored coating film The coating tﬂﬁ%ﬁﬁ@gg&gﬁ the
center of the transm ssive region of each picture elenent was 1.8 pm and
the chromaticity (x, y) with standard. light source C was (0.298, 0.581).
The total thickness (the total thickness of the coating films of TPI-1 and
GAC-1) at the center of the transm ssive region of each picture el enent
was 3.4 pm and the ratio of the thickpness of the colored |ayer in each
reflective region to that in each transm ssive region was 2/5. Simlarly,
the blue resist (BAC-1) was coated by a spinner on the glass substrate to
forma colored coating film The coating thickness at the center of the 1
Decenber TXe@smizsiver sregHiagsiok gag)i gicfumadiliguatiuvas! ertenm wasdl. 8 Fun,
and the chromaticity (x, y) with standard |light source C was (0.135,
0.099). The F@tra’lmatﬁﬁiimséh(t}fﬂe widthals teridekriesisigift sdweramdl iweg fi |l ns of
TPI -1 and BAC-1) at the center of the transm ssive region of each picture
el ement ds 1384 M. 1270 - t fhe digialofthiakndfis Kides tftalhdhisikvess |afer in
each reflective region to that in each transm ssive region was 2/5. Then,
an over d&&t coafdPgadd-1aF OO TR h e@de BAfeddsiatedthen aqantarenfl tiheg picture

el ement | ayer by the sanme nethod as in Exanple 5. For the thus-forned
col or fi [H&RSMd§Fdives T giahe %heachymistugs Ielsmarnie wamtd-a vsl.cedde

el enment and the .four. corner picture el enents of the
the ratio of the thickness of the colored layer in each

reflective region to that in each transmissive region was
~2/5. Then, an over coat layer (JRS Corporation, "Optomer
556500/850500") was deposited to a thickness of 2 um on the
picture element layer formed és-described above.
Furthermore, an oﬁer coat layer (JRS Corporation, "Optomer
556500/SS0500") was deposited to a thickﬁess of 2 um on the
over coat layer, and an: ITO £film was deposited to a
thickness of 0.1 um on the over coat layer by sputtering.
For the thus-formed color filter substrate, the spectrum of
each of the central picture element and the four corner
picture elements of the substrate was measured. Fig. 10
shows a spectrum in a transmissive region, and Fig. 12 shows

a spectrum in a reflective region.

Comparative Example 8

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

'transparent resin layer was 2.6 .




substrate was nmeasured. Table 6 shows the reflective rgggﬁgmﬁmEﬁﬂ&kicity of
the colored coating filns neasured with |ight source nd the
transm ssive region chromaticity measured with a three-peak type LED |ight
source (ultraviolet LED+RGB phosphors) in Exanple 5, and the reflective
region chromaticity of the colored coating films neasured with Iight
source D65 and the transm ssive region chromaticity neasured with a
two-peak type LED Iight source in Co §r§tive Exanpl e 8. 1 Decenber 2006
mOr+ N U4 b M NI r W+ HO b1 ri AW ri .~ 1 N ii 4J NAri ro
N MN it 4 -10EnvO O0AO04 oUu) Wb Mri Mo CD
Next, the red resist (RAC-I) was coated by a spinner on
the glass substrate having the transparent resin layer to
obtain red picture elements in the same manner as in Example
5. The thickness at the center.of the transmissive region
of each picture element was 1.8 um, and the bhromaticity (x.
v) with standard light source C was (0.622, 0.328). The
.total thickness (the_totai thickness of the coating films of
~TPI-1 and RAC-1) at the center of the transmissive region of
each picture element was 3.4 um, and the ratio of the
thickness of the colored layer in each reflective region to
that in each transmissive region was 2/5.
Similarly, the green resist (GAC-1) was coated by a
spinner on the glass substrate to form a colored coating
film. The coating thickness at the center of the
transmissive region of each picture element was 1.8 pum, and
the chromaticity (x, y) with standard light source C was
(0.298, 0.581). The total thickness (the total thickness of
the coating films of TPI-1 and GAC-1) at the center of the
transmissive region of each picture element was 3.4 pum, and
the ratio of the thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5.
Similarly, the blue resist (BAC-1) was coated by a

spinner on the glass substrate to form a colored coating

film. The coating thickness at the center of the
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transmissive region of each picture element was 1.8 um, and
the chromaticity (x, y) with standard light source C was
(0.135, 0.099). The total thickness (the total thickness of
the coating films of TPI-1 and BAC~1) at the center of the
transmissive region of each picture element was 3.4 pm, apd
the ratio of the thickness of the colored layer in each

' reflective region to that in each transmissive region was

52/5. Then, an over coat layer and an ITO £film were
deposited on the resulting picture element layer by the same
method as in Example 5.: For the thus-formed color filter
substrate, the speqtrum of each of the central picture
element and the four corner picture elements of the
substrate was measured. . |

. Table 6 shows the reflective region chromaticity of the

colored coating films measured with light source D65 and the

transmissive region chromaticity measured with a three-peak

type LED light source (ultraviolet LED+RGB phosphors) in

Example 5, and the reflective region chromaticity of the

colored coating films measured with light source D65 and the -

transmissive region chromaticity measured with a two-peak

type LED light source in Comparative Example 8.
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than that in Conparative Exanple 8, and a reflective dizqﬁﬂ%nﬂ%%§6béﬂ gher
visibility, can be expected. In conparison between the display.

characteristics of a liquid crystal display conprising . the color filter of
Exanple 5 and a three-peak type LED Iight source (ultraviolet LED+RGB
phosphors) and a liquid crystal display. conprising the color filter of
Conparative Exanple 8 and-a two-peak type LED |light source, the liquid
crystal display are equal in the colo%ﬁvividness of a transm ssive

di splay.” However, the liquid crystal dfsplay of Conparative Exanple 8

exhibits insufficient. brightness and low visibility in a reflective

di splay. On the other hand, the liquid crystal display of Exanple 5
exhi bi t s hi ghlibr¢cohpacisomndehivgdn thei bbllbrycharactetfisticyeodi aplay. In
this way, in a transflective liquid crystal display using a two-peak type
LED and- gombilpRitdon- ofnthel codgrsfdiidmr ofl Examplees andwhi bhckid ghdl or
reproducibility of a transm ssive display is increased, a reflective ,
di spl ay @PuRce padeabepmpdoetipn ofufthiecicedorbifiiditemeof Cenpatratidvachi eved
fromthe viewpoint of processing. However, in the use of a three-peak type
LED, a E&pmp FiﬁeaﬂﬁsﬂlH?Ghﬂﬁﬁhguﬁpp@p@ntb@ihgmebigaténnbear@btained.
Nanely, it can be said that a transm ssive display with vividness and a
refl ect i 98UdlLspRrabbti cRLOEUFPPEPEHCILBA L Fasgecwitbetheal i zed only by. a

conbination of a three-peak type LED and a thickness-controlling system
col or fif¥@épsmissive region chromaticity. However, white brightness

with reflective region chromaticity in Example 5 is higher
""" e "than that in Comparative Example 8,'and a refledtive display
with higher visibility, K can be expected.
In comparison between the display characteristics of a
liguid crystal display comprising the color filter of
. Example 5 and a three-~peak type LED light source
'(u;traviolet LED+RGB phosphors) and a liquid érystal display
comprising the color filter of Comparative Example 8 and a
two-peak type LED light source, the liquid crystal display
gre equal in the color vividness of a transmissive display.
However, the liguid crystal display of Comparative Example 8
exhibits insufficient brightness and low visgibility in a
reflective display. On the other hand, the liquid crystal
display of Example 5 exhibits high brightness and high
visibility in a reflective display.
In this way, in a transflective liquid crystal display
using a two-peak type LED.and @ thickness-controlling system
colof filter in which the coldr reproducibility of a

 transmissive display is increased, a reflective display with




Exanple 6 A transparent resin |ayer was formed, by the ' as in
Exanple 5, in a portion corresponding to the refIectivzqgggpgﬁigﬁﬁ%ach of
red and blue picture elenents on a glass substrate having a black matrix
pattern. The thickness of the transparent resin |ayers was 1.8 pun. Next,
the red resist (RAC-1) was coated by a spinner on the glass substrate
having the transparent resin layers to obtain red picture elenents in the
same manner as in Example 10. The tbL?zngss at the center of the

transm ssive region of each picture elenment was 1.2 pun, and the
chromaticity (x, y) with standard |ight source C was (0.567, 0.310). The
total thickness (the total thickness of the coating filnms of TPI-1 and
RAC- 1) atsufifd cdemte brifghtine star aegmicds ibee actgiese dffroanahed valawp iglte ment
was 2.3 pun, and the ratio of the thickness of the colored |ayer in each
reflecti o& Pagicesstiqdl. Ddbmwehear 2006 tHS usdatf i m thrdetpaakntgsé VEEDEJI ONn
was 2/5. Simlarly, the blue resist (BAC-1l) was coated by a spinner on the
gl ass sulBsmefileatdvieodhsplay otidd sodifiingent bmightmessatdang biehi ckness at
the center of the transm ssive region of each picture elenment was 1.2 dun
and 't heobkadRed ci Namely .y ityicam gx&m@aﬁd thiaghia doanseiGsias (0. 138,
0.127). The total thickness (the total thickness of the coating filns of
TPI - 1° andi8R&aY) with ydvidness and e reflgedivesidisplayi ovitbf each picture
el ement was 2.3 pin, and the ratio of the thickness of the colored |ayer
in each Sufficie t. brightness can be realized only by a combination

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

'2color'filter.

Example 6

A fransparent resin layer was fofmed, by the same
method asgs in Exampie 5, in a Qortion corresponding to the
reflective region of each of red and blue picture elements
on a gléss substrate having a black matrix pattern. The
thickness of the transparent resin layers was 1.8 pm.

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

'_thickness of the colored layer in each reflective region to




reflective region to that in each transm ssive regi on Waspe2her Moot - the
green resist (GAC-1) was coated by a spinner in the transm ssive regions
of green picture elenents to formcolored coating films by the same nethod
as in Exanple 5. The coating thickness at the center of the transm ssive-
region of each picture element was 1.2 pm and the chromaticity (X, Yy)
with standard |ight source C was (0.321, 0.541). Next, the green resist
(GAC-1) was further coated by a spinn L in the transm ssive regions of the
green picture- elenments to form col ored®coating filns by the sane nethod as
in Exanple 5. The coating thickness at the center of the transm ssive
regi on of each picture element was 1.2 m and the chromaticity (x, y) wth
st andar d Hhigghtins maate tGamsnik sDecemryidd00mms 25.(0. 321, 0.541). Next, the
green resist (GAC-2) was coated by a spinner in the reflective regions of
t he green picSamdlagilgnerhs bduboresdseitoBACCAIt ivag tohtedbyyt he sane
nmethod as in Exanple 5. The coating thickness at the center of the

ref | ect i w@®inagimo wrofthea gl asisc tawnbes teladreento vl .a 2qlBredh dodtding
chromaticity (x, y) with standard |ight source C was (0.329, O0.444). Then
an over d&idm.| ail’éle &rhtdng hifcknessered ddpoidngmr @f tihe resul ting picture
-elenent |ayer by the sane nethod as in Exanple 5. For the thus-fornmed

col or fi [FERsEdFSiva &egiome ofpeachypisituss feleientie waentlr. 2| pi, C tamdie

el emrent and the
the chromatlclty (x, y) with standard light source C was

(0.138, 0.127). The total thickness (the total thickness of
'lthe'coating films of TPI-1 and BAC-1) at the center of the
transmissive region of each picture element was-2.3 um, and
* the ratio of the'thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5. |
Next, the green resist (GAC-1) was coated by a spinner
in the transmissive regions of green picture elements to
fofm colored coating films by the same method as in E#ample
5. The coating thickness at the center of the transmissive
region of each picture element was 1.2 pm, and the |
chromaticity (x, y) with standardllight source C-was (0.321,
0.541).
| Next, the green resist (GAC-1) was further coated by a
spinner in the transmissive regions of the green picture
elements to form colored coating films by the same method as
in Example 5. The coating thickness at the center of the
transmissive region of each picture element was 1.2 pm, and

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




four corner picture elenents of the substrate was measuyg...(R ative
Exanple 9 A transparent resin |ayer was forned, by the sane nethod as in
Exanple 5, on a glass substrate having a black natrix pattern forned

t hereon. The thickness of the transparent resin |ayer was 2.6 pm Next,
the red resist (RAC-1) was coated by a spinner on the glass substrate
havi ng the transparent resin layer to obtain red picture elenments in the
same nmanner as in Exanple 5. The thickpess at the center of the

transm ssive region of each picture elenent was 1.8 pm and the
chromaticity (x, y) with standard |ight source C.was (0.622, 0.328). The
total thickness (the total thickness of the coating filnms of 1 Decenber
2006 80(0TBR1]l 8n84RAC- 1Neat,t hdecemicen ekstiBe (Gaaswi)swave coagedn of

each picture element was 3.4 pm and the ratio of the thickness of the

col ored bagyer spinearhinethectre¥decediven regiohBabfi theaghebhapiaiaseyve
region was 2/5. Simlarly, the blue resist (BAC-1) was coated by a spinner
on t he gkademestisstpafermocbdpmed cohdrieg €damenlhy thensaihbemethbings

t hi ckness at the center of the transm ssive region of each picture el enent
~was 1.8 pm Eamspplehé.chfbeacpatipg( thigknwisshatt shdacdnkeghbfsahece C was
(0.135, 0.099). The total thickness (the total thickness of the coating
filnms of rePlectivg Bagion af ehehcpacénref elhwentrwasnisgi pm,ragdon of each
picture element was 3.4 pm and the ratio of the thickness of the col ored

| ayer intggcﬁhromaticity_(x, y¥) with standard light source C was
. (0.329, 0.444).
| Then, an over ccat layer and an-ITO film were deposgited
on the resulting picture element layer by the same method as
in Example 5. ' For the thus-formed color filter substrate.

the spectrum of each of the central picture element and the

four corner picture elements of the substrate was measured.

Comparative Example 9

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

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

total thickness (the total thickness of the coating films of




reflective region to that in each transm ssive regi on Wash.2hper ot -t he
green resist (GAC-1) was coated by a spinner in the transm ssive regions
of green picture elenents to formcolored coating filns by the sanme nethod
as in Exanple 5. The coating thickness at the center of the transm ssive
region of each picture elenent.was 1.2 pm and the chromaticity (x, Yy)
‘wth standard light source C was (0.321, 0.541). Next, the green resist
(GAC-2) was coated by a spinner in the reflective regions of the green
picture. elenments to form col ored coét?%g"filns by the sane nethod as in
Exanpl e 5. The coating thickness at the center of the 1 Decenber 2006 81
reflective region of. each picture elenent was 1.2 pm and the

chromat i @PTy 1( xndy RAG-U) standy Gdrt@it ooWhee teditsini dHwd2Sed ot b  Then,
an over coat layer and an ITOfilmwere deposited on the resulting picture

el ement leaghr phytulte edmmert hatk @54 pm) BY@RR Tathe dihendus-forned
color filter substrate, the spectrum of each of the central picture
el ement &hdckhessf offr ther merlqrest Wayesl deriashoirdfieciibad naigd oMo

nmeasured. Table 7 shows the reflective region chromaticity of the colored
coat i ng fthiafs imeaschednansmilsgiive segion BESs @2yd.the transm ssive region
chromaticity neasured with a three-peak type LED |light source (ultraviol et
LED+RGB phospfbnslarhy. Ekhepbdus, rendsthéBAEt L¢cwiasecpagednbghaomaticity of
the colored coating filnms measured with |ight source D65 and the
spinner on the glass substrate to form a colored coating
film. The coating thickness at the center of the
transmissive,région of each picture‘element was 1.8 pum, and
the chromaticity {(x, y) with standard light source C was
(0.135, 0.099). The totai thickness {the total thickness of -
the coating f£ilms of TPI-1 and BAC-1) at the center of the
tfansmissive region of each picture element was 3.4 pum, and
the ratio of the thickness of the colored layer in each
reflective region to that in each transmissive region was
2/5. |
Next, the green resist (GAC-1) was coated by a spinner
in the transmissive regions of green picture elements to
form colored coating films by the same method as in Example
5; The coating thickness at the center of the transmissive
region of each pictufe element was 1.2 pm, and the
' chromaticity (x, y) with standard light source C was (0.32i,
0.541). Next, the green resist (GAC-2) was coated by a |
spinner in the reflective regions of the.green picture

elements to form colored coating films by the same method as

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




transm ssive region chromaticity measured with a two-peg #ﬁxﬂ%‘%f\#&% i gEt

source in Conparative Exanple 9. 1 Decenber 2006 CO o m . 4) _
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reflective region of each picture element was 1.2 um, and
the chromaticity (x, y) with standard light source C was
(0.329, 0.444).

Then, an over coat layer and an ITO film were deposited
on the resulting picture element layer by the same method as .
in Example 5. For the thus—forméd color filter substrate,
the spectrum of each of the central picture element and the
four corner picture elements of the'substrate was measured.

Table 7 shows the reflective region chromaticity of the
colored coating films measured with light éoﬁrce D65 and the
‘transmissive region chromaticity measured with a three-peak
fype LED light soﬁrce {(ultraviolet LED+RGB phosphors) in
Example 6, and the reflective region chromatiéity of the
colored coating films measured with light source D65 and the
transmissive region chromaticity measured with a two-peak

type LED light source in Comparative Example 9.
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00X WOQWm1 Decenber 2006 83 In conparison betvxeerql_[‘f%gmggfgordg _
characteristics of a conbination of the color filter of Exanple 6 and a
backl i ght source and a conbination of the color filter of Conparative
Exanpl e 9 and a backlight source, both conmbinations are equal in the color
reproducibility range with the transm ssive region chromaticity and the
color - reproducibility range with the reflective region chromaticity.
However, brightness of the reflective $&8gfons of Exanple 6 is 8% hi gher
than that in Conparative Exanple 9. In conparison between the display
characteristics of a liquid crystal display conprising the color filter of

Exanpl e 6 andIa tbmparfesh berweeBDthedlbilseUict@ractlifiavigkeh L ED+RGB
phosphors) and a liquid crystal display conprising the color filter of
Conpar at icombinaiilon Mrthed cdMy FEAk &y RE HERMEON e 01 G badka ilghgui d-

crystal displays are equal in the color vividness of a transm ssive

di spl ay. sodawevend tahednitguiat iony sifalthdl SRl &1 IPanYe Gmpdtadtite.

' | Example 9 and a backlight source, both combinations are
equal in the color reproducibility range with the
transmissive region chromaticity and the color
reproducibility range with the reflective region
chromaticity. However, brightness of the reflective regions
of Example 6 is 8% higher than that in Comparative Example 9.

In comparison between the display characteristics of a
‘liquid crystal display comprising the color filter of
‘Example 6 and a three-peak type LED light source
(ultraviolet LED+RGB phésphors) and a liQuid crystal display
comprising the color filter of Comparative Example 9 and a
two-peak type LED light source, the liquid crystal displays
are equal in the color vividness of a transmissive display.
However, the liquid crystal display of Example 6 exhibits
high brightness in a reflective display and high visibility
even in the dark. On the other hand, the 1iqﬁid crystal
display of Comparetive Example 9 produces a dark reflective
display to make a display slightly hard to see. |
In this Way; in e transflective liquid crystal display

using a two-peak type LED and a color filter in which
reflective regions and transmissive regions of one of the

colors have different coating characteristics, and the




hi gh brightness in a reflective display and high visibilyi : =N the
dark. On the other hand, the liquid crystal display of1 E%%%@é??%@ Exanpl e
9 produces a dark reflective display to make a display slightly hard to
see. In this way, in a transflective liquid crystal display using a

t wo- peak type LED and a color filter in which reflective regions and
transm ssive regions of one of the colors have different coating
characteristics, and the 1 Decenber 2006 84 transmn ssive regions and
reflective regions of the other two~ & ors are forned in a

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

transm ssive display is increased, a reflective display with sufficient

bri ght neggansanBet vee raghoa¥edndHeweveerive Hegidae oF &nkhbepepedlyo type
LED, a reflective display with sufficient brightness can be obtained.

Narmel y, tbleap Bees&oimedatinaat tAngRheskv“ContdirspilagWwsiyBtiinyi #AEAS and a
reflective display with sufficient brightness can be realized only by a

conbi nat the coloz repeedpeakillipg bEDaamgtansedketiviki Gieplagniai ni ng
picture elements of at |east one color formed in a thickness-controlling
system Exanphseed,Aat refidpatent desphayaydthwasffaciedt byighénease
met hod, as in Exanple 5, on a glass substrate having a black matrix pattern
forned tbenpoh. b&éhechlievkedessHowevrhe, tinambpanset ofesi hhiagepeaks 2.0 pm
Next, the red resist (RAC-1) was coated by a spinner on
: type LED, a reflective display with sufficient brightness

can be obtained. Namely, it can be said that a transmissive

display with vividness and a reflective display with

gsufficient brightness can be realized only by a combination

6f a three-peak type LED and a color filter containing

'picture elements of at least one color formed in a

thickness-controlling system.

Example 7

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

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

- total thickness (the total thickness of the coating f£films of




the gl ass substrate having the transparent resin |ayer | ed
picture elenents in the same manner as in Exanple 5. Thgwfgméékggé at the
center of the transm ssive region of each picture elenent was 1.4 pm and
the chromaticity (x, y) with standard |ight source C was (0.588, 0.316).
The total thickness (the total thickness of the coating films of 1
Decenber 2006 " -85 tPI-1 and RAC-1) at the.center of the transm ssive
region of each picture elenment was 2.6 m and the ratio of the thickness
of the colored layer in each reflectiB® region to that in each

transm ssive region was 2/5. Simlarly, the green resist (GAC-1) was coated
on the substrate to forma colored coating filmby a spinner. The coating

thi cknesgpaty g CRAEEY ) O(f;xtFE‘ﬁet.E?ﬁf@k;?k\\,’\nﬁ?EGQEQHag?%sﬁﬁéEFQEEBW geel ement

was 1.4 pm and the chromaticity stan ource C was

(0,316, 0,584,108 L8bakntNigkngss (heahd! phe! Phekaess phethe coating

films of and at the cen the transm ssive region of

each pi ci &cRbEECOE YRS CofofbadidybheshabhanofetigoriPhCckBgs8nOtot Ne
colored layer in each reflective region to that in each transm ssive

regi on WasaR/ Bn Shdh! BEhNsmibei Pk UBeEE8hShatBAFs1) Was coated on the glass
substrate by a spinner to forma colored coating film The coating

thi ckness at dihe 1Ganter e tdidd aNSIH $61 YEacL EPi v BoLBED o CEng € el enent
was 1.4 m and the <chromaticity (x, y) wth standard Iight source C was
(0.136; sWbdidrate The fobml atbbTéneascoéhBenyoralimt Byckngpsneért hethe |
coating thickness at the center of the transmissive region
of each picture element was 1.4.um,land the chromaticity (x,
v) with standard light source C was (0.316, 0.554). The
“total thickness (the total thickness of the coating films of
TPI-1 and GAC-1) at the ceﬁfer of the transmissive region of-
each picture element was 2.6 pm, and the ratio of the
thickness of the colored layer in each reflective region to
that in each transmissive region was 2/5.
Similarly, the blue resist (BAC-i) was coated on the
'glass substrate by a spinner to form a colored coating f£ilm.
The coating thickness at the center of the transmissive
region of each picture eleﬁent was 1.4 pm, and the
chromaticity (x, y) with standard light source C was (0.136,
. 0.117). The total.thickness (the total thickness of the
coating films‘of TPI-1 and BAC-1) at the center of the
- transmissive region of each picture element was 2.6 um, and
thelratio of the thickness of the colored layer in eadh
reflective region to that in each transmissive region was

2/5.




coating films of TPI-1 and BAC-1) at the center of the .t 1SS/ regi on
of each picture elenent was 2.6 pm and the ratio of tﬂéﬁgﬁﬁgkﬁéggpof t he
colored layer in each reflective region to that in each transm ssive
region was 2/5. 1 Decenber 2006 ‘86 Then, an over coat |layer and an ITO
filmwere deposited on the resulting picture elenment |ayer by the sanme
method as in Exanple 5. For the thus-fornmed color filter substrate, the
spectrum of each of the central picture _elenent and the four corner

pi cture el enments of the substrate was RBasured. Conparative Exanple 10 A
~transparent resin |ayer was forned, by the sane nethod as in Exanple 5, on
a gl ass substrate having a black matrix pattern forned thereon. The

thi ckness of - Then,t mansyareroatediayerayeid was 1302 fium WOd qddesited resi st
(RAC-1) was coated by a spinner on the glass substrate having the

transpar et thesireduhieng @iohtuie elathauitctlerer el nEHd Ssdnke tnh’@tmreagrannef
as in Exanple 5. The thickness at the center of the transm ssive region of
each pi ctiur Exasipdeerit. W . thelhusaribieal dolvmtfClter (SubsVratd h
standard |ight source C was (0.644., 0.333). The total thickness (the
total thitdenepegdiramh e cadmef ithes e tifll pictndRAd et dde w@ant er of
the transm ssive region of each picture element was 4.1 pm and the ratio
of the tHHRh&STnest pilgtuas Grlethendseof] rtheaclubsfdent ivas megisamdd,. that in
each transmi ssive region was 2/5.

Comparative Example 10

A transparent resin layer was”fbrmed, by the same

method as in Example 5, -on a glass substrate having a black

matrix pattern formed thereon. The thickness of the

.transparent resin layer was 3.2 pym. Next, the fed resist'

(RAC-1) was coated by a spinner on the glass substrate

having the transparent resin layer to obtain red picture

elements in the same manner as in Example 5. The thickness

at the center of the transmissive region of each picture

-element was 2.3 pm, and the chromaticity (x, y) with

standard light source C was (0.644, 0.333). The total

thickness (the total thickness of the coating films of TPI-1

and RAC-1) at the center of the transmissive region of each

picture element was 4.1 pm, and the ratio of the thickness

of the colored layer in each reflective region to that in

each transmissive region was 2/5.

Similarly, the green resist (GAC-1) was coated on the

substrate by a spinner to form a colored coating film. The

coating thickness at the center of the transmissive region




Simlarly, the green resist (GAC-1) was coated on the q%&% a
spinner to forma colored coating film The coating th?c neé@kg%ﬁ¥%e
center of the transm ssive region 1 Decenber 2006 - 87 of each picture

el ement was 2.3 gm and the chromaticity (x, y) with standard |ight source
C was (0.287, 0.601). The total thickness (the total thickness of the
coating filnms of TPI-1 and GAC-1) at the center of the transm ssive region
of = each picture elenent was 4.1 dam and the ratio of the thickness of
the colored | ayer in each reflective“r%@ibn to that in each transm ssive
region was 2/5. Simlarly, the blue resist (BAC-1) was coated on the gl ass
substrate by a spinner to forma colored coating film The coating

t hi cknesofateddhe piestiafe @fldnent WASH.SSiE SrRDIMR Shrdadt RiGkuN(& el ement
was 2.3 pm and the chromaticity (x, y) with standard |ight source C was
(0.136, 30 68%h sHamdandllighitclsvese( thevdsot{@ . 28V clonesa jof tie coating
films of TPI-1 and BAC-1) at the center of the transm ssive region of each

pi cture dlodmdntthiaknésk [(ithe dndall hhicknesofoft e Ricttiess Mafinidhecol or ed
| ayer in each reflective region to that in each transm ssive regi on was

2/ 5. TheffPIal ewmdr Gagatl)l aterthencdemtekTO ithe waranstapesiviee tegdiont lbEF
resulting picture elenent |ayer by the sane nethod as in Exanple 5. For
t he t husesghmpdctuirer efliemeart saalsstdr.dt gm, and thectrawmoobfeable of the
central picture elenent and the : four corner picture elenents of the
subst r at &bigknesgs gfedhe colored layer in each reflective region to
that in each transmissive region-was 2/5.
Similarly, the blue resist (BAC-1) was coated on the
. glass substrate by a spinner to form a colored cbating film.
The coating thickness at the center of the transmissive
region of each picture element was 2.3 pm, and the
'chromaticity (x, f) with standard light source C was (0.136,
0.085). The total thickness (the total thickness of the
coating films of TPI-1 and BAC-1) at the center of the
transmissive region of each picture element was 4.1 pm, and
the ratio of the thickness of the colored lafer in each
reflective region to that in each transmissive region was
2/5.
Then, an over coat layer and an ITO film were deposited
.6n the resulting picture element layer by the same method as
in Example 5. For the thus-formed color filter substrate,
the Spectrum of each of the central picture element and the
four corner picture elements of the substrate was measured.

Table 8 shows the reflective region chromaticity of the

colored coating f£ilms measured with light sourcé D65 and the




Table 8 shows the reflective region chromaticity of the ting
films nmeasured with |ight source D65 and the 1 Decerrber12'%%!(?%:%@'2é\d%a
transm ssive region chromaticity measured with a three-peak type LED |ight
source (ultraviolet LED+RG phosphors) in Exanple 7, and the reflective
region chromaticity of the colored coating filns neasured wth |ight
'source D65 and the transm ssive region chromaticity neasured with a

two- peak type LED light source in Cbngarative Exanpl e 10. 1 Decenber 2006
NOi AOr dt Ndp O 4J (00 ,G'>$RNM ybl d+M >444 410 0N
' rl 'rJ 1 HQr- - opdv NIl rI NN 0O0Oit NN r-1pOroELOUDO

transmissive region chromaticity measured with a three-peak
type LED light source (ultraviolet LED+RGB phosphors) ‘in ‘
Example 7, and the reflective region chromaticity of the
colored coating films measured with light source D65 and the
transmissive region chromaticity méasured with a two-peak

type LED light source in Comparative FExample 10.
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conpari son between the color characteristics of a conbination of the color
filter of Exanple 7 and a backlight source and a conbination of the col or
filter of Conparative Exanple 10 and a backlight source, both conbinations

are - 90 -

In compariSOn bétweeh the color characteristics of a
combination of the color filtef of Example 7 and a backlight
source and a combination of the color filter of Comparativé
Example 10 and a backliéht source, both combinations are
equal in the color reproducibility range with the
transmissive region chfomaticity and the color
reproducibility range with the reflective region
chromaticity. However, brightness 6f the reflective regions-
of Example 7 is 28% higher than that in Comparative Example
10.

in cdmparison between the display characteristics of a
ligquid crystal display comprising the color filter of
Example 7 and a three-peak type LED light source
(ultraviolet LED+RGB phosphors) and a liquid crystal display
‘comprising the color filter of Comparative Example 10 and a

. two-peak type LED light source, both liquid crystal displays
are equal in the color vividness of a transmissive display.

However, the liguid crystal dlsplay of Example 7 exhibits

hlgh brightness in a reflective dlsplay and hlgh visibility

even in the dark. On the other hand, the liquid crystal

display of Comparative Example 10 produces a dark reflective
‘display to make a display hard to see.

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

thickness-controlling system and an area-controlling sjstem




equal in the color reproducibility range with the tra”%ﬁh&%h%?
chromaticity and the color reproducibility range with the reflec

region chromaticity. However, brightness of the reflective reglons of
Exanple 7 is 28% hi gher than that in Conparative Exanple 10. In conparison
bet ween the display characteristics of a. liquid crystal display conprising
the color filter of Exanple 7 and a three-peak type LED |ight source .

(ul traviol et LED+RGB phosphors) and a I|qU|d crystal display conprising
the color filter of Conparative Exanpl 810 and a two-peak type LED |ight
source, both liquid crystal displays are equal in the color vividness of a
transm ssive display. However, the liquid crystal display of Exanple 7

exhi bi t s adel glomtiiingid nedsen et rflactdagrshapivaranf dv gh visibility even |
in the dark. On the other hand, the liquid crystal “display of Conparative

Exanpl e Iaprendiscdsren dliasklaefie atnomagticepl @Yrd 0 daiard AistAlAY Wia to

see. In this way, in a transflective liquid crystal display using a

t wo- peak stffd diEd tart igtniexs fodnmst ibe Witglevied t hindspsase cqat ald i ng
system and an area-controlling system 1 Decenber 2006 91 are conbined,

when theusel of @ephothecigsdk tiypef I&ED,t raayH 1 vierelicGdipAay Srilbhcr eased, a
reflective display with sufficient brightness cannot be achi eved. However,

in the . gsEfdicignthibadghdaless) wan BB, obtadmednt | Wandilsn! &y WahhbeSUfflCl ent
bri ghtness can be obtained. Nanely, it can be.

said that a transmissive display with vividness and a

reflective display with sufficient brightness can be

realized only by a combination of a three-peak type LED and

a color filter in which the thickness-controlling system and

the area-controlling syétem_are combined.

Compafative Example 11
The red resist (RAC-2), green resist (GAC~2) and blue-
resist (BAC-2) were coated in the reflective regions of red
picture elements, green picture elements, and blﬁe picture
elements, respectively, on a substrate by'a spinner to form
colored coating films in the same manner as in Example 5.
The coating thickness at the center of the transmissive
region of each of thé red, green and blue picture elements
was 1.2 pum, and the degrees of chromaticity (x, ¥) of the
red, green and blue picture elements with standard light
-source C were (0.453, 0.308), (0.329, 0.444), and (0.170,
0.205), respectively. Then, colored coatiﬁg films were
- formed in the respective transmissive regions of the red,

;green and blue picture elements by the same method as in




said that a transm ssive display with vividness and a . kgﬁ%gyﬁxgisplay
with sufficient brightness can be realized only by a conbinatron of a -

t hree-peak type LED and a color filter in which; the thickness-controlling
system and the area-controlling systemare conbined. Conparative Exanple
11 The red resist (RAC-2), green resist (GAC-2) and blue resist (BAC 2)
were coated in the reflective regions of red picture elenents, green
picture elenents, -and blue picture elenents, respectively, on a substrate
by a spinner to form colored coating P2l ms in. the sane nanner as in
Exanpl e 5. The coating thickness at the center of the transm ssive region
of each of the red, green and blue picture elenents was 1.2 m and the

degrees @xampl®r.icity (x, y) of the red, green and blue picture elenments
wi'th standard |light source C were (0.453, 0.308), (0.329, 0.444), and

(0.170, 0.20%henl,eapeeveyebyat Thagercand a8 §28t ENUmf :b¥8 WBpSsikamMed in
the respective transm ssive regions of the red, green and blue picture

el ement s olny thiee rea trith @d casiren il AN R A6 the2 sameamdthioa aghen, an
over coat layer and an ITO filmwere deposited on the resultant picture

el enent finl Bxlaynptllee lsanmForetthed tans -iFormm@anddd ol ROk elch @ublads=iter,med col or
filter substrate, the spectrumof each of the central picture elenent and
t he foutheospectyunt wie ealckneifit $+hef dertrslbicaeenas cieaslEad thehe
measured spectra of the picture elenents were averaged.

four corner picture elements of the substrate was measured.

The measured spectra of ithe picture elements were averaged.

Comparative Example 12

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

Then, an over coat layer and an ITO film were deposited
on the resultant picture element f£ilm by the same method as
in Example 1. For the thus-formed color filter substrate,

: the spectrum of each df the central picture element and the
four corner picture elements of the substrate was measured.
The measured spectra of the picture elements were averaged.

Table 9 shows the reflective region chromaticity of the

~ colored coating films measured with light source D65 and the

' transmissive region ch;omaticity measured with a three-peak

. type LED light source (ultraviolet LED+RGB phosphors) in




Conpar ati ve Exanple 12 Col or coated | ayers were forned q%x%@%béﬁﬂﬁm”EthOd
as in Conparative Exanple 11 except that color coated l'ayers were forned
in the respective transm ssive regions of red picture elenents, and green
picture elenents and blue picture elenents by the same manner as in
Comparative Exanple 8. Then, an over coat layer and an ITOfilmwere
deposited on the resultant picture elenent filmby the sanme nethod as in
Exanple 1. For the thus-formed color filter substrate, the spectrum of
each of the central picture el enment an@3the four corner picture elenents
of the substrate was neasured. The neasured spectra of the picture

el ements were averaged. Table 9 shows the reflective region chromaticity of

the col aidhative0 HddnPL e U Sith Vﬂﬁ&déé;/\hﬂi%c%%% and the

transm ssive region chromaticity nmeasure eé-peak type LED I|ight

sour ce (Wrondtalcattyl BRHRER RAPSAR Yo d i rly DBGGIDGe 2006, 4 93 ¢0ompar at i ve

Exanpl e 11, and the reflective region chromaticity of the colored coating

films measuad sddrte IDa lartPWiHE 6 4R WARTH SHMGdediay,

chromaticity neasured with a two-peak type LED It ght source 1n

~ Conpar at imeadusemha th? a kwegridiert @G EIN IRt N -ce in

Comparative Example 12.
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In comparison between the color characteristics of a
combination of the coloflfilter of'Comparative Example 11
and a backlight soufce and a combination of the color filter

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

In comparison betweéen the displﬁy characteristics of a
liqguid crystal display comprising the color filter of
Comparative Example 11 and a three-peak type LED light
source (ultravioletrLED+RGB phosphors} and a liquid crystal
display ¢omprising the color filter of Comparative Example
12 and a two-peak type LED light source, both.liquid crystal
display are equal in the color vividness of a transmissive
displays. Also, the liquid crystal displays of Comparative
Examples 11 and 12 are the same‘in characteristics of a
reflective display.

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

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

liguid crystal displays of the bresent invention.
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I n conparison between the color characteristics of a conbination of the
color filter of Conparative Exanple 11 and a backlight source and a

combi nation of the color filter of Conparative Exanple 12. and a backli ght
source, both conbinations are equal in the color: reproducibility range
with the transmssive region chromaticPfy; and are the same in
characteristics with the reflective region chromaticity. In conparison

bet ween the display characteristics of a liquid crystal display conprising
t he col orratbillet ap of Cbnparative Exanple 11 and a three- peak type LED Ii ght

sour ce ([uf'travi ol'et CEDFRGB p”pr“Ulbb¢%&b+(ﬂyL“bf ety stal splay
conprisilng the color filter aﬁBﬁnnparatlve géﬂi and a%?gg peak type
LED |ight source, both |iquiid crystal PhOSPhors EL cathode tube-
Area control O 0 A A
15% 12% 5% 33
Thickness control 0O
| 13%
Six-color coating ; X
0%

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

three-peak type light sources is used.

Example 8|
The red paste (R-1) was coated by a spinner on a glass
subst:ate having a black matrix pattern forméd thereon‘so B
ﬁhat the chromaticity (x, y) measured by passing light of
standard light source C through the glass substrate was
(6.466, 0.294). The resultant coating film was dried at
120°C for 20 minutes, and then a positive photoresist (TOKYO
OHKA KOUGYO CO., LTD. "OFPR-800") was coated on the ceoating

.film and dried at 90°C for 10 minutes. The coating film was




. . . . . . . . AI S O
di splay are equal in the color vividness of a transm ssiye, .. |§p£&%§. ,
thepliquid crystal displays of Conparative Exanples 11 an &9 are the sane

in characteristics of a reflective display. In this way, in a six-color
coating system the colored coating filnms in the transm ssive regions are
formed independently of those in the reflective regions, and thus a
change of the backlight source causes no effect of inproving the
characteristics of the reflective display. Table 10 shows the effect of

i mproving the brightness of a reflectP/e~display in each of the
above-described liquid crystal displays of the present invention. 1
Decenber 2006 96 Table 10 UV-L LED+RGB Organi ¢ Col d- RGB-LED phosphors EL

cat hode ttien éxpese@ntsoLifhl Py 1686d2%5%6R%ndhi ckpesneaptrol 0 13%
Si x- col or coati#ga; 0% This table i%%icates t hat even |Hfgpreflect|ve

di spl ay UBkpasernyi PRAABOLR! thobligh bi | GiESRESm ShoEHROYEd, D & Ccombi nation

of the area-controlling systemor thickness- controlling system color

filter amtreendilecopeddk hypem? (strength of ultraviolet light at 365
nm). The photomask used had an aperture ratio (aperture
‘region ratio) of 12% in reflective regions. After exposure,
the substrate was dipped in a developer comprising a 2.25%
aqueous solution of tetramethylammonium hydroxide to
simultaneously perform development 6f the photoresist and
etching of the colored‘film of polyimide precursor. After
etching, the unnecessary photoresist layer was removed with
acetone. Furthermore, the colored f£ilm of polyamide
precursor was heat-treated at 240°C for 30 minutes to
convert the polyamide precursor to polyimide. Next, the
.blue paste (B-1) was coated so that the final chromaticity
(x, y) measured by passing light of standard light source C
through the glass substraté was (0.152, 0.190), and then
photolithography was performed by the same method as that
used for the red picture elements. The photomask used had
an aperture ratio (aperture region ratio) of 9% in the
reflective regions. Next, the color paste (G-1) was coatéd
by é sﬁinner so that the final chromaticity (x, y) measured
by passing light_of sténdard light source C through the
glass substrate was (0.309, 6.373), and then
photolifhography was performed by the séme method as that

used for the red picture elements. The photomask used for




backl i ght source. It is also found that brightness is i
particularly when a LED |Iight source anong the three-pgg%£%§%%r?qght

sources is used. Exanple 8, The red paste (R-1) was coated by a spinner on
a glass substrate having a black matrix pattern fornmed thereon so that
the chromaticity (x, y) neasured by passing light of standard |ight source
C through the glass substrate was (0.466, 0.294). The resultant coating
filmwas dried at 120C for 20 m nutes, and then a positive photoresist
(TOKYO OHKA KOUGYO CO., LTD. "OFPR-8088)-was coated on the coating film
and dried at 90C for 10 m nutes. The coating filmwas 1 Decenber 2006 97
then exposed to light by using Canon Inc. "Proximty Exposure PLA-501F"

t hrough ayredemwrpieyiRotadn td Ha@ abt4paeidr Ol I TR d S et of

ultraviolet light at 365 nn). The photonask used "had an aperture ratio

(apertur @inzgiyn i ic)ler phdded N(¢ef) apdd Wb d1adi RS -2 Algingxpgsure, the
substrate was di pped in a devel oper conprising a 2.25% aqueous sol ution of

t et r amet Hydnsinmenins updwtdralioted Aassdrell i ngeunaned iRl ews)QpErds of the
photoresi st and etching of the colored filmof polyimde precursor. After.

et chi ng, tiee gressc geisearep dietresstisst |y rchaeataavsd (M t ) JFetore.
Furthernore, the colored filmof polyam de precursor was heat-treated at

240C f or t3@namigsive cegiomseof tie premipde Hurec Wisfientt® ,pPHhiigh de. Next,

the blue paste (B-1) was coated so that the final chromaticity
was measured by using standard light source C, was (0.284,
0.443). Then, an over coat layer was deposited to a
thickness of 2 um on the thus—obtaiﬁed picture element layer,
and an ITO film was deposited to a thickness of 0.1 um by
sputtering on the over coat layer. For the thus-obtained
color filter substrate, the spectrum of each\of the central
picture element and the four corner picture elements of the
substrate was measured. ' Table 11 shows the reflective
‘region chromaticity measured with light source D65, the
transmissive region chromaticity measured with a two—péak

~ type LED light source, and chromaticity difference § of the

resultant color filter.

Table 11
Transmissive region Reflective region Chromaticity
chromaticity (two-peak chromaticity (light source | gifference &
type LED light source) D65)
b 4 Y Y b4 ¥y Y
~ 0.489 0.332 42.6 0.485 °  0.331 33.1 1.7x10°5
G | 0.307 0.438 68.7 0.308  0.438 67.9 1.5x107
0.154 0.186 26.1 0.168 0.185 21.6 1.9x10-4




(x, y) neasured by passing |ight of standard |ight sour hr h the
gl ass substrate was (0.152, 0.190), and then photolithgg%%%ﬁ%eﬁggg
performed by the sanme nethod as that used for the red picture el enents.

The photomask used had an aperture ratio (aperture region ratio) of 9%in
the reflective regions. Next, the color paste (G 1) was coated by a -
spinner so that the final chromaticity (x, y) neasured by passing |ight of
standard |ight source C through the glass substrate was (0.309, 0.373),

and then . photolithography was perforn®® by the sane nethod as that used
for the red picture el enents. The photonmask used for 1 Decenber 2006 - 98
green picture elenments had an aperture region ratio of zero. -Finally, the

col or  paglmph@adi e ExGaphed 1By a spinner to lanminate green colored |ayers
in the tranSm ssive regions of the green picture elenents. The

chromaticity AXcoYbrOkiltber ¥haNEBLRSHYSy' HLOBamA! mbRRLEr §EN1RI Cture
el emrents, which was neasured by using syandard 't ght source C, was (0.284,

0.443) . FraMmplan 80\&cepRaAthaly &f pHdToHRIRAS i nd nlbhiapléResse0f 2 um on
t he thus-obtained picture elenment layer, and an ITOfilmwas deposited to

a thi ckngsgioh Anl epieh PYctapel Akindt tORas@sQEEEos0dhotd18nogeaphle
t hus-obtained color filter substrate, the spectrum of each of the central

picture elfered:, diltel Atidl guieenOpichultieCelcthedt@NEBEEHOGrERE pidksieat e was
measured. Table 11 shows the reflective region chromaticity nmeasured with

| i ght soelemeD5Swash@ott Fammeiis biyv @ ant@la®inef)r amat itkiet ¥immasured with a

tWO-pem(chromaticity measured by passing light of standard light

~ source C was different from that in Example 8. - In this
comparative example, the red paste (R-1), green paste (G-1)
and blue paste (B-1) were used. The degrees of chromaticity

(x, y) of the fed-picture elements, the green pictﬁre
elements, and the blue picture elements, which were measured
by passing light of standard  light source C, were (0.405,-
0.285), (0.309, 0.373), and (0.178, 0.225), respectively.
For the thus-formed color filter substrate, the

spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.
Table 12 shows the reflective region chromaticity measured

- with light source D65, the transmissive region chroﬁaticity

measured with a two-peak type LED light source, and

chromaticity difference 8§ of the resultant color filter.




type LED light source, and chronat|0|ty difference S of nt
color filter. Table 11 Transmi ssive region Reflective ré&?%ﬁ"ﬁﬁ?%%%?|C|t
chromaticity (two-peak chromaticity (light source difference 8 type LED

| i ght source) D65) x y y xy Y RO0.489 0.332 42.6 0.485 0.331 33.1 1.7x10'5
G 0.307 0.438 68.7 0.308 0.438 67.9 1.5x10'7 B 0.154 0.186 26.1 0.168
0.185 21.6 1.9x10'4 1 Decenber 2006 99 Conparative Exanple 13 A col or
filter was formed by the sanme nethod as in Exanple 8 except that a

phot omask producing no aperture regi 68% n each picture el ement was used
for photolithography of red, blue' and green picture elenents, each green
picture elenent was not formed by lamnating, and the final chromaticity
nmeasur edTaplpaggi ng |ight of standard Iight source C was different from

that in tchhQWWWRﬁE re—red green
paste (¢ 1) ansél bslst}eepaste (B-1) ree SSEF&HJ gldglegrees cﬁﬁ: IP%%GHC& ty

(x, y) of tirReTPeRtisidyuferasPedtnt s, | dremgkieitypltidite el gnumteremedst he
bl ue pi ¢t uneysk et@Ntis ghidulcdspr e meg.—bslg_kggcbsg)y passi ng |light of standard
li ght sour¢e—GC—were (0,405 0.285) 309, 0-373) and|(0.178, 0.225),
respectivelly. Por the tHus- forn’éd col orx filter Ysubst ra‘{e the spectrym of
each of [The areaksal pociine elsanent| apdigehe TO@B02  32.6 3.9x10-3
G| 0.328 0.379 86.0 0.308  0.438  67.9 3. 8x10-3
B | 0.184  0.227 36.8 0.143 0.187  22.3 3. 3x10-3

Comparative Example 14

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

For the thus-formed color filter substrate, the

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

measured spectra of the picture elements were averaged.

Table 13 shows the reflective region chromaticity measured
with light source D65, the transmissive region chromaticity

measured with a two-peak type LED light source, and

~




corner picture elenments of the substrate was neasured.
spectra of the picture elenents were averaged.
reflective region chromaticity nmeasured wth |ight source D65,

Table 1

Jiecslier s

t he

transmi ssive region chromaticity neasured with a two-peak type LED |ight

source, and
Decenber

Chromaticity

LED i ght source) source D65) X

chromaticity difference b of the resultant color filter.
2006 100 Table 12 Transnissive region Reflective region
chromaticity (two- peak chromaticity (light difference 6
y 'y x1P1ly-R 0. 425 0.317 54.0 0.486 0.304

1

type

32.6 3.9x10-3 G 0.328 0.379 86.0 0.308 0.438.67.9 3.8x10-3 B 0.184 0.227
36.8 0.143 0.187 22.3 3.3x10'3 Conparative Exanple 14 .A color filter was

forned bynrbmatamm tieldieteaence SESETRhE BeexaeBht! Balos RRQEARASK
aperture region ratio of 26% in each green el enent

patterned to produce an

was use Th@uephgtollthography of the green

plcture el emen

ts, green

past e

was coated S hé'fﬂ‘i sl:l_'d"é' fé i%h chron Lﬂ lfll JTEETHET pas %) of
standardg |i h? source C ﬁ%s (0. 303, 0. Eé§ g @%e greert%1c ﬁ?% E ement s
were no fcrql?ﬁal“%‘iﬁqlém hEta-rgak t he pﬁe’loeatﬂtﬁéw éHigidst e ( RaiEferpreens past e
(G 1) and Bliyge DAShEghB-shlar¥Bf € USEhurEerpdd)e thus-forned color filter
substrate, iﬁ_&p‘eﬂ rum of each ofl the central picture ellenment and the
f our . X Y ¥ x Y ¥
R{ 0.489 0.332 42.6 0.485 0.331 33.1 1.7x10-5
{6 | 0.326 0.437 74.2 0.300  0.438  62.3 6. 6x10-*
| B| o0.154 0.186 26.1 0.168 0.185 21.6 1.9x10-4

- was turned on in a transmissive display in the dark.

used as a light source.

The display characteristics of a transflective liquid

crystal display comprising the color filter of each of

Comparative Examples 13 ahd 14 were compared with the

characteristics of a liquid crystal display comprising the

color filter of Example 8 under a condition in which outdoor

environmental light was used in a reflective display with

the backlight source turned off,

and the backlight source

In the

transmissive dieplay, a two-peak type LED light source was

The liquid crystal display

manufactured by a conventional technigue in Comparative

Example 1 exhibited a light color over the entire

transmissive display and a great difference in visibility

from the reflective display.

On the other hand, the liquid

crystal display using the color filter of Example 8 had

substantially no color difference between the reflective




~corner picture elenents of the substrate was neasured. a
spectra of the picture elements were averaged. Table 1§H§(mﬁ% f%gﬁp
reflective region chromaticity neasured wth |ight source D65, the
transm ssive region chromaticity neasured with a two-peak type LED |ight
source, and 1 Decenber 2006 101 chromaticity difference S of the
resultant color filter. Table 13 Transm ssive region Reflective region
Chromaticity chromaticity (two-peak chromaticity (light difference 8 type
LED |i ght source) source D65) x y Y x 302y R 0.489 0.332 42.6 0.485 0.331
33.1 1.7x10'5 G 0.326 0.437 74.2 0.300 0.438 62..3 6.6x10-4 B 0.154 0.186
26.1 0.168 0.185 21.6 1.9x10'4 The display characteristics of a
transf| el 4y Qi trfér yﬁtﬁsnﬁﬁy_@g nﬁ{zlr er‘li\g1 @leq{hfdhltt gy of each

of Conparative Exanples 13 and 14 were t he \aracteristics

of 2 | | AgobarassinlayliHirdic e A0 Uig. Gohhla fd ryflarla SR o under

a condition in which outdoor .environnental ght was used In-a tive
di spl ay Wdpardtaeadddngile S0UrGa tuated gQid‘a c%ﬁ%r_téﬂ%rpacﬁl@ i ght source
was turned on-in a transm ssive display in the dark transm ssive

di spl ay, reflueHieak divpd.dyERrd die SRHREMMAS vl RS ADA 'd&%ﬁﬁ%ﬁe The:

liquid crystal display manufactured by a conventional "techni qué

Conpar at mith Bompeiretivex Bdarae ad. gHowesled!, avarlilghd SNEng® in
coloring was observed between the liquid crystal displays of
‘Comparative Example 14 and Example 8, and the brightness of

the reflective display of Comparative Example 14 was lower

than that of Example 8,

Example 9

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

in red picture elements was used; After exposure, the




tfansnissive display and a great difference in visibilit r '
reflective display. On the other hand, the liquid cryst%?e%$§%%g@ﬁhsing

the color filter of Exanple 8 had substantially no color difference
between the reflective 1 Decenber 2006 102 display and the transm ssive
di splay, and thus exhibited good display characteristics. The |liquid
crystal display of Conparative Exanple 14 exhibited good colors in the
reflective display and the transm ssive display, as conpared wth
Conpar ati ve Exanple 13. However, a siilff <hange in coloring was observed
between the liquid crystal displays of Conparative Exanple 14 and Exanple
8, and the brightness of the reflective display of Conparative Exanple 14
was | oversyddtdatid aladlaBede! & & &eﬁ?éﬁmpﬁ‘e@b &gq(ffgjfrp@%ez( ro2) Was coated
ack matr

by a spinner on a glass 'substrate having a X pattern fornmed

t her eon, ddiouse A Eo &N o Ao H Rt 180 r@dlﬁnﬁ@‘”\:d n Table 1 so
ght ©

that the chromaticity (x, y) neasured by passing I standard |ight
sour ce CdiQugihedis 19} 3ssrfohsldaiieL nf G#0he GrRPldresiia gl t ant

coating filmwas dried at 120C for 20 m nutes, and then a positive

phot or essitchIQgYOr FHEA d6IF¥d @2 1m oD po 1R RO PDe MRS 10t o+ t he
coating filmand dried at 90C for 10 m nutes. The coating.filmwas then

exposed teddhiigiet, Mheusim@pdeamaTy Photd2e®iigt thaydx RS enddelt 334hR

.through a chrom um photomask with a strength of 60 ml/cn2 (strength of

ul travi oleetetionght &urdffermore, the colored film of polyamide

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

50% area of the transmissive regions of each blue picture




nm . a photomask producing an aperture region ratio of qq&gﬁnhg b pi cture
el enrents was used. After exposure, the 1 Decenber 2006 1 sUbstTate was
di pped in a devel oper conprising a 2.25% aqueous sol ution of

t et ramet hyl ammoni-um hydr oxi de to simultaneously perform devel opnment of the
photoresi st and etching of the colored filmof polyimde precursor. After
et ching, the unnecessary photoresist |ayer was renoved with acetone.
Furthernore, the colored filmof polyam de precursor was heat-treated at
240C for 30 mnutes to convert the pdi8fam de precursor to polyimde. Next,
the color paste (G 1) was coated by a spinner so that the final
chromaticity (x, y) neasured by passing light of standard |ight source C

was (0. 3Qenbrfi?6)  Tr s hot9f | (hoGF pRbW tﬂ@%%éﬁg@ﬂ,@y the sane
p

nmet hod as that used for the red picture el enents. e ot omask used had

an apert Wetyiicaid ®f (HRETFH OIAGLA dRhN L] AsPbh %&5‘%&%&1‘?&#% .
regions. Next, the color paste (B-1) was coated so that the chr ticity

(x, y)  measied tandassi Nt @oumrie 3 anday do liBht §oee Crdy ough the
gl ass substrate was (0.148, 0.182), and then photolithography was

per f or necthinontdtel csicge (:etylob Bt He alr il S Pivd heedRshPide Wi gl|pEent s.
The photomask used had an aperture ratio (aperture region ratio) of 10%

in the refcuties elreawdns, wHitdl lwas masintad WAIILing RtAndan roldpd to
the ratio shown in Table 1 was coated by a spinner to |amnate a red
col ored |s@perceover wase (@htlitle Oirldddni sdihem r egi ansemdicddie IT8tkmpiveidir e
elenments and in a = .

deposited to a thickness of 2 um on the thus-obtained

picture element layer, and an ITO film was deposited to a

thickness of 0.1 um by sputtering on the over coat layer.

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

Table 14 shows the reflective region chroﬁaticity measured
with light source D65, the transmissive region chromaticity
-measured with a three-peak type LED light source (RGB chip

LEDs), and chromaticity:difference 8 of the resultant color

filter.




50% area of the transm ssive regions of each blue picture.l 2006 -
104 elenment. The chromaticity (x, y) of the transnissi&gmx?glggﬁgﬁgf t he
red picture elenents, which was neasured by using standard |ight source C,
was (0.474, 0.326). The chromaticity (x, y) of the transm ssive regions of
the blue picture elenents, which was neasured by using standard |ight
source C, was (0.171, 0;169). Then, an over coat |ayer was deposited to a
t hi ckness of 2 mon the thus-obtained picture elenent |layer, and an |ITO
filmwas deposited to a thickness of 1®3 -m by sputtering on the over coat

| ayer. For the thus-obtained color filter substrate, the spectrum of each
of the central picture elenent and the four corner picture elenents of the

substr at epawase MEAsured. The neasured spectra of the?picture elenments were
aver ageg: 4 ; on—chromatici-tv—measured. with

: ?&%'E Hsho therefteetiveregion—chromati-cit reasured
li ght squrde D(?STfstLgﬁ'gét FIHON ssi ve r%%flvlc?ﬁt%ﬁer SRETTLity el CEPRRt AR |a
t hr ee- pgak |[t9pempHERiftyghthreenpesk ( RGBhwsmapicityDé) igtend difference §

chromat i ci tiwqiphef. 8068 gfr AouRg) r esu % oCP4gr filter. 1 |Decenber 2006 -
105 Tabl e |14 Transm.Ssive region ective region Chrondgticity

- chromati|citly (t*hree-peak chroma¥icifty (¥ight difference S| type LED lijght

source) [SPUrCe. 4985) XoY32h X Y 41.1 0.488  0.323  33.4 5. 9x10-6
G| 0.298  0.438 74,5 | 0.305  0.438  61.4 4.9%10-3
B| 0.169  0.186  21.4 | 0.174  0.187  20.9 3.2x10°8

Comparative Example 15
In forming a cOlbrFfilter, a photomask having a pattern

for producing an aperture region ratio of 11% in each red

- element was used for photolithography of red picture
elements, and a photomask having a pattern for producing an
aperture region ratio of 12% in each blue element was used
in photolithography for blue picture elements. In this
comparative example, the red paste (R-2), green paste (G-1)
and blue paste {B-1) wefe used. FEach of the red picture
elemeﬁts and blue pictufe elements was not formed by
laminating the paste. The degrees of chromaticity (x, v) of
the red picture elements and the blue pictﬁre elements,
Which were measured by passing light of standard light
source C, were (0.469, 0.313) and (0.141, 0.167),
respectively. For the green pi¢ture elements, the green
paste was coated and processed by the same method as in

Example 9.




R 0.488 0.321 41.1 0.488 0.323 33.4 2.9x10-6 G 0.298 0.438 74.5,0 305
0.438 61.4 4.9x10'5 B 0.169 0.186 21.4 0.174 0.187 20. Q%CEQ‘PS‘@G

Conpar ative Exanple 15 In formng a color filter, a photomask having a
pattern for producing an aperture region ratio of 11%in each red el enent
was used for photolithography of red picture elenents, and a phot omask
having a pattern for producing an aperture region ratio of 12%in each

bl ue el ement was used in photolithography for blue picture elenments. In
this conparative exanple, the red pad®0é (-R-2), green paste (G 1) and blue
paste (B-i) were used. Each of the red picture elenents and blue picture
el enents was not forned by I|amnating the paste. The degrees of

chromat | ity £ ¥heOknubigorfibaDeiuie sheETLRLRRISAS thite Pl cture

el enents, which were neasured by passing. staridard |ight source

C, vere (§petiPund o¥lDadbi %ﬂéﬂeer&xﬁaq?)pictnﬁ%o?féry&ty-argfrtﬂehefo%ee“

pi cture elenents, the green paste was cOated and processed by the sane

met hod agdrherEpa@the-ed e lenft@Msy 2R06upiAG a e wdd Gndda-d2r Mgl ecol or

filter substrate, the spectrum of each of the central picture elenent and

the four mez@uired Ripeldtit: ey Difturle o3 dhintdl Gai’s dvaeﬁi:%qe%ld- The

measur ed spectra of the picture elenments were averaged abl e 15 shows the
refl ecti Mablegilon stlowaaitier inef 1SRG iee e giionh dhir®ia tSRUMSE rMddEurile
transm ssive region chromaticity . _ .
with light source D65, the transmissive region chromaticity
measured with a three-peak type LED light source (RGB chip

LEDs), and chromaticity difference & of the'resultant color

filter.

Table 15
Transmissive region 'Reflective reéion Chromaticity
chromaticity (three-peak chromaticity (light difference &
type LED light source) source D65)

x v Y X ¥ Y

R| 0.488  0.308 36.8 0.488 0.344 31.0 1.2x103

G| 0.298 0.438 74.5 0.305 0.438 61.4 4.9%10-5

B | 0.139 0.187 24.8 0.183 0.187 20.1 1.9x10-3

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

a transmissive display in the dark. In the transmissive




measured with a three-peak type LED l.i ght source (RGB chi LEDs nd
chromaticity difference 6 of the resultant color filtep}&¥§gﬁ r%@%?
Transni ssive region Reflective region Chromaticity chromaticity :
(three-peak chromaticity (light difference 8 type LED |ight source) source
D65) x y Yx yy RO0.488 0.308 36.8 0.488 0.344 31.0 1.2x10-3 G 0.298
0.438 74.5 0.305 0.438 61.4 4.9x10'5 B 0.139 0.187 24.8 0.183 0.187 20.1
1.9x10-3 The display characteristics of a transflective liquid crystal

di splay conprising the color filter oflQbnparative Exanple 15 were
conpared with the characteristics of a liquid crystal display conprising
the color filter of Exanple 9 under a condition in which outdoor ‘

envi  onmeloal1ay | Gt sk | 8 ectane dhsnlay s hathie gk 1 oht

source turned off, and the backlight source was turne I'A

transni ssiaee uleilaay 4 Nidier dfdecd N s 11 BASTE SSVE a1 "display "~~~ """ 1
Decenber 2006 107 display, a three-peak t?/(%z LED 11 ght dslos rlcag(RGB chip

LEDs) WasinSedas dbldyisey o Coipdridikivh Cﬁﬂéﬁﬁed@és%ﬁ’t ing the

color filter of Conparative Exanple 15 and the [liquid crystal display of
Exanpl e Qiexdtichidreth idie GiapR.80l0F Exdmt N 6ep Sex o] +H& dnielHdt gt yst al

display using the <color filter of Exanple 9 had substantially no col or
‘vividness. However, the liquid crystal display using the
color filter of Example 9 had substantially no color
difference between the reflective display and the

transmissive display, and thus exhibited good display

characteristics.

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

. the substrate was dipped in a developer comprising a 2.25%




difference between the reflective display and the transmssive display,
and thus exhi bited good display characteristics. Exanp?gb%€"¥ﬁé%?gg paste
(R-1) was coated by a spinner on a glass substrate having a black matrix
pattern formed thereon so that the chromaticity (x, y) neasured by passing
light of standard |ight source C through the glass substrate was (0. 466,
0.294). The resultant coating filmwas dried at 120C for 20 m nutes, and
then a positive photoresist (TOKYO OHKA KOUGYO CO., LTD. "OFPR-800") was
coated on the coating filmand dried B8890C for 10 m nutes. The coating
filmwas then exposed to |light by using Canon Inc. "Proximty Exposure
"PLA-501F" through a chrom um photomask with a ‘strength of 60 nmi/cnR
(strengt hyofedthid réyi | .The photonask used had an
aperture r%ﬁ?on (apé@%%ﬁ% 6?2%?%%m§§ |%§£%W°3§%@PHY$E?¥%%?i€% r egi ons.
After expofkiBranddi§sh L84 w@%r ' | N vel.oper conprising a 2.25%
1 Decenber 2006 - 10 géaeodgnso J%P%%ﬁ%?tt%frgﬁ%t$géfhﬁﬁﬁ#$ﬁn roxi de to
Si mul t aneokSH in P S F OFHB ALY RS ARIENE 1R A L4 &S nd,-etcping of the
colored film ongponi m de precursor. 0Ajlgt 7 eéﬁﬁr}%lsé? es%hecgég%?y
phot or esigicRBVE! ¥R WiBYESL ¥y ph st R g oloned film
of pol yam de precursor was heat%tq?eate at E&%r ern?érlf%?%‘g ‘Fothconvert
the pol yagetons eCunehdridid VithdcoNda 160 §F Yo RAiiFad B-2) was
coated so.that the final chromaticity oo fad

precursor was heat-treated at 240°C for 30 minutes to

-cqnvert the polyamide precursor to polyimide; Next,‘the
blue paste (B-2) was coatedlso thatlthe final chromaticity
(x, y) measured by passing light of standard light source C
through the glass substiate was (0.200, 0.232), and then
photolithography was performed by the same method aé that
used for the red picture elements. a photomaék producing no
aperture region in the blue picture eléments was used. Next,
the color paste (G-1) was coated by a spinner so that the
chromaticity (x, y) measured by passing light of standard
light source C throughlthe glass substrate was (0.309,
0.373), and then photolithography_was rerformed by the saﬁe
~method as that used for the red picture elements. A
photomask prOducing no aperture region in the green picture
elements was used. Next, the color paste (G-2) was coated
by a spinner to laminate a green colored layer on the
transmissive region of each green picture.element. The
thomaticity (x, y) measured by passing light of standard
light socurce C thr0ugh.the transmissive regions of the green

picture elements was (0.284, 0.443). PFinally, the color




(x, y) neasured by passing |light of standard |ight sour ?(Hﬂ:h t he
gl ass substrate was (0.200, 0.232), and then photolithgg%%%ﬁ%gaas

performed by the sanme nethod as that used for the red picture elenents. a
phot omask produci ng no aperture region in the blue picture el enents was
used. Next, the color paste (G 1) was coated by a spinner so that the
chromaticity (x, y) neasured by passing |l'ight of standard |ight source C

t hrough the gl ass substrate was (0.309, 0.373), and then photolithography
was performed by the sane nethod as tle#x -used for the red picture

el ements. A photomask producing no aperture region in the green picture

el ements was used. Next, the color paste (G 2) was coated by a spinner to

| am nat e eqn, Gal A%V, t.} transm ssive region qf each green
pi cture g%gg;ngnsrﬁ ?&e%ﬁréormt |dc;yl}y EJ{I)e(s,ply n%r%‘eargs?u Wq%afsibﬁzj‘q i ght of
st andar d o ghic@lg S i O%&%E%@E_ ansm ssi ve regions.af the green
pi cture gl enent s %&‘(&&%?}% 0. . %13%1 Iryﬁsgsiﬂ\fule O(:fgl%(?rChl enber 2006
ol or.ed | ayer

109 o o d A4S, @M BAL 663 Rl ay
Pas cifive) ei@mental.cd rae %k%@g{yt}gr ttl(g’ct(ur'e ][g‘rr%n?ls%%ﬂ?& Mro¥aticity

in the transm ssive region of eac p

(X, y) Masiaaddoy 4SS otrard @ Enldodldh O%%ggs},grs%g%g &{%%éttﬁgggrs?@ ssive

regions of the blue picture el enents™was over

coat | ayeheWdyudepawitind demehitisCkRgsy DQfls%,mOQﬁathe. t B ,P%aio%?: |
picture elenent |ayer, and an I TO filmwas deposited to a PhIC ness of 0.1
pm by spebher lageen walke deyesitedakol aYehickness of 2 pm on the thus-
| .obtained picture element layer, and an ITO film was
deposited to a thickness of 0.1 um by’sputtering on the over
coat layer. |
For the thus—obtaiﬁéd color filter substrate, the

spectrum of each of the central picture element and the four

corner picture elements of the substrate was measured. The

measured spectra of theépicture elements were averaged.

Table 16 shows the reflective region chromaticity measured

with light source D65, the transmissive region chromaticity

-measured with a two-peak type LED light source, and

chromaticity difference 8 of the resultant color filter.

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

b4 Yy Y- X Y Y
R| 0.489 0.332 42.6 0.485 0.331 33.1 1.7%10°5
0.307 0.438 68.7 0.308 0.438 67.9 1.5%10-7
B| 0.160 0.187 25.2 0.155 0.186 22.1 3.0%10-5




For the thus-obtained color filter substrate, the Specﬁﬁ%ﬁkﬁ%efﬁ@ﬁ of the
central picture elenent and the four corner picture elenents ¢ e
substrate was neasured. The neasured spectra of the' picture elenents were
averaged. Table 16 shows the reflective region chromaticity nmeasured wth
| i ght source D65, the transnissive region chromaticity neasured with-a

t wo- peak type LED light source, and chronmaticity difference 6 of the
resultant color filter. Table 16 Transm ssive region Reflective region
Chromaticity chromaticity (two-peak &éRPomaticity (light difference 8 type
LED Iight source) source D65) x y y xyy RO0.489 0.332 42.6 0.485 0.331
33.1 1.7x10-5 G 0.307 0.438 68.7 0.308 0.438 67.9 1.5x10'7 B 0.160 0.187

25.2 0.155 0.986 &2 0. &x r 20 -4l s .
characteristics of 2&%%%ns%%%%??%%ﬁfﬁgggdogc?SE?%%9%+%%€%€écg%ggfging t he

color fikegstal @QBBQE?t b¥AprEX2AB! ends cueLe ‘f?:ﬁﬂé&egf%BﬂgEQstive

characteristics of a i quid crystal display conprising t color filter of

Exanpl e fRampier1a epdi bb@pak8aWiieh Qﬂbdgﬁﬁr§B¥E£Q§€EBEaBF Li ght was used
in areflective display with the backlight source turned off, and the

backli ghtigosiiceryasaluansplay témpeikiagskheStygosi £0h a¥ri Bet he dark. In
the transm ssive -display, a two-peak type LED |ight source was used as a
light soBrampl@htol unded aryshaitdbapliaywhtchxadPigorOchd¢dronmental
-;ight was used in a :eflective display with the backlight
source turned off, and the backlight source was turned on in
a'transmissive display in the dark. In the transmissive
display, a two-peak type LED light source was used as a
light source. The liquid crystal display of Example 10 had
substantially no color difference between the reflectivé
“display and the transmiésive display, and thus exhibited
good display characteristics. However, a slight changé in
coloring was observed between the liquid crystal displays of
Comparative Example 14 and Example 10, and the brightness of

| the reflective display of Comparative Example 14 was lower

than that of Example 10.

Example 11

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

for 10 minutes. The coating film was then exposed to light




substantially no color difference between the reflective pdigpbAYg@nd the
transm ssive display, and thus exhibited good display characterrstics.
However, a slight change in coloring was observed between the liquid
crystal displays of - Conparative Exanple 14 and Exanple 10, and the
brightness of the reflective display of Conparative Exanple 14 was |.ower

t han that of Exanple 10. Exanple 11 The red paste (R-4) was coated by a.
spinner on a glass substrate having a black matrix pattern forned thereon.
The resultant coating filmwas driedldfl 320C for 20 ninutes, and then a
posi tive photoresist (TOKYO OHKA KOUGYO CO., LTD. "OFPR-800") was coated
on the coating filmand dried at 90C for 10 m nutes. The coating film was

then expgsedidigl cdlonl IR eMilodiiGy rabblurd) 43118 AN Gy o

"Proximty Exposure "PLA-501F" throug chrom um phot omask W t

strengt  obieofll ) bER ofrbkieRAth o stidyt Yeelod hhlnd! (30RNMLN bP this

exanpl e, a photonask |eaving a colore ayer only i'n transni ssive

regi on of1tgachoned Dight’ @tel:EeRinas ﬁ@%ﬂnﬁ%&@@%ﬁogﬁﬁo&ms

substrate was dipped in a devel oper conprising a eous soFution of .
t et r amet hyl nHU@bﬂbg@gxugge&oongbnqht%ﬁﬁogghﬁsggggg&§1ggﬁgbﬁpgent of the
e pre

phot oresi st an etching of the colored filmof polyim cursor. After
etching, ebleh tedcpessary phementsials hakal. VWagteemaxedswirkh theet one.

Furthernore, the colored filmof polyam de precursor was heat-treated at
240C forsﬁﬁsmtameeﬁabOdipped in'a developer comprising a 2.25%
| aqueous solution of tetramethylammonium hydroxide to

' simultaneoﬁsly perform development ef the photoresist ande
etching of the'co;ored film of polyimide precursor. After
etching, the unnecessary photoresist layer was removed with
acetone. Furthermore, the colored film of polyamide
precursor was heat-treated at 240°C for 30 minutes to
.convert the polyamide precursor to polyimide. The thickness
. of each colored layer was 1.4 um, and the chromaticity
measured by passing light of standard light source C was
(0.429, 0.281). Next, green picture elements and blue
picture elements were formed by the same method as that used
for the red picture elemente. In this case, the green pate
G-3 and the blue paste B-3 were used. The thickness of each
green colored 1ayer was 1.4 pym, and the chromaticity

- measured by passing light of standard light source C was:
_(0.291, 0.457). The thickness of each blue colored layer
was 1.4 um, and the chromaticity measured by passing light
of standard light source C was (0.191, 0!241). As a result,

- the transmissive regions were formed.




convert the polyam de precursor to polyimde. The thickngsgemBhr &R0
colored layer was 1.4 m and the chromaticity neasured by passing |ight of
standard |ight source C was (0.429, 0.281). Next,. green picture elenents
and blue picture elenents were formed by the sane nethod as that used for
the red picture elenents. In this case, the green pate G 3 and the blue
paste B-3 were used. The thickness of each green colored |ayer was 1.4
Inn, and the chromaticity nmeasured by passing light of standard Iight
source C was, (0.291, 0.457). The thildness of each blue colored |ayer

was 1.4 pm and the chromaticity neasured by passing |light of standard

| i ght source C was (0.191, 0,241). As a result, the transm ssive regions

were forned. ﬁe@%@e%@br&ﬁoﬁayéizpam%@rnsc%%e‘folrﬂ%%r iﬂ’xgttth%r ns were formned

in the transm ssive regions and the reflective regions by the sane nethod

as that fifadeMiBgitrd MR diloits Hrvs it Qd RIS 19 lgi JliatpR 1O tRmRsK
| eaving color layers in the transm ssive regions and the reflective

regi ons WRkHéRGs alht Tt @dimimpSRs el MW RIS dis 4R t,
two-color layers were lamnated in each of the transmssive regions. In

 this casehati e ptelt@mapks tiearihg do2 010l1eiyrastie. GHe avhddie ddive paste
B-5 were used for the red, green and blue picture elenents, respectively.

The thi ckrgtionsf anlde thel aedd dotyisfe afedittis Wefd eida/e dreyite @oleach
picture element was 1.4 m The degrees of chromaticity (x, y) of the red,
green bl pasiest red.osl emeet sisedhi cAswer oAty afrdi\cdIRRS | Ik drisy e ref '
| laminated in each of the transmissive regions. In this case,
the color paste R-6, the color pasté G-5 and the blue paste
( B-5 were used for the red, green and blue picture elements,
respectively. The thickness of the colored layer of the
refiective region of each picture element was 1.4 um. ‘The’
degrees-of chromaticity (x, y) of the red, green blue
picture_elements, which were measured bf passing light of
- standard light source C, were (0.453, 0.308), (0.329, 0.444),
and (0.170, 0.205), respectively.
Then, an over coat layer was deposited to a thickness
of 2 um on the thus;obtained picture element léyer, and an
ITO £ilm was deposited to a thickness of 0.1 um by
sputtering on the over coat layer.
For the thus-obtained color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
measured spectra of the picture elements were averaged.

‘Table 17 shows the reflective region chromaticity measured

with light source D65, the transmissive region chromaticity




standard |ight source C, were (0.453, 0.308), (0.329, O. 0. 170,
0. 205), respectively. Then, an over coat |ayer was depogﬁ%%%nFEQQQFﬁickness
of 2 mon the thus-obtained picture elenent layer, and an [TO filmwas
deposited to a thickness of 0.1 mby sputtering on the over coat |ayer.

For the thus-obtained color filter substrate, the spectrum of each of the
central picture elenent and the four corner picture elenents of the
substrate was neasured. The neasured spectra of the picture elenents were
averaged. Table 17 shows the reflectide region chromaticity nmeasured with
| i ght source D65, the transnissive region chromaticity 1 Decenber 2006 113
measured with a three-peak type LED |ight source, and chromaticity

di f f-er enamdSwied hei tlesul fiafde -G dypd alEp 1TEgH© SN FSi ve region
Refl ective region Chromaticity chromaticity (two-peak chromaticity (Iight
di f f er encehrdmatyips HyEQ I et R)F I G FAPart YeolorX S4 4R 0. 574 0. 338
28.5 0.573 0.328 25.7 1.0x10'4 G 0.321 0.527 58.8 0.322 0.527 70.6
1.1x10- 6 TadIE 143 0.159 20.0 0.139 0.159 18.9 1.3x10'5 Exanple 12 The

. - . : . £ - & £ e and + b p
transm 4si Vierdaaghodthi vange§&n €Cl 1 Ve[ REEl B Svd%legion 1 TSt 1 'dHi-m?fﬁaity'e”
the transnifsgive regions were further forned. mel y, coljored Tayer
pat t er ng warg PBrhe By (Fypspeak chromaticity (light difference d
type LED light source) source D65)
X ¥ Y x Y Y
0.574 07338, 28.5 0.573 0.328 25.7 1.0x10-4
G| o0.321 0.527 58.8 0.322  0.527 70.6 1.1x10-
0.143 0.159 20.0 0.139 0.159 18.9 1.3x10-5
Example 12

The transmissive regions and reflective regions were
first formed, and then the transmissive regions were further
formed. Namely, colored layer patterns were formed by the
same method as in Example 11 except that the order of
picture élement formation was Jpposite to that in Example 11.
| Then, an over coat layer was deposited to a thickness
of 2 pym on the thus-obtained picture element layer, and an
ITO film was deposited to a thickness of O.llum by
spuftéring on the over coat layer; |

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

Table 18 shows the reflective region chromaticity measured

Al




~same nmethod as in Exanple 11 except that the order of pijGidiefnel SamRNt
formati on was opposite to that in Exanple 11. Then, an over coat |ayer was
deposited to a thickness of 2 pmon the thus-obtained picture el enent

| ayer, and an 1TO filmwas deposited to a thickness of 0.1 m by _
sputtering on the over coat |ayer. For the thus-obtained color filter
substrate, the spectrumof each of the central picture el enent and the
four corner picture elenments of the substrate was neasured. The neasured
spectra of the picture el.enents were d3éraged. Table 18 shows the
reflective region chromaticity neasured 1 Decenber 2006 114 wth |ight
source D65, the transm ssive region chromaticity neasured with a

t hr ee- peai tihy n8 ghftDsloiugltle DB, C &heAttdandiidEAle g ¥ (BreneR 1918k the
resultant color filter. Table 18 Transm ssive region Reflective région

Chr omat | mielagurellr @R @i thrdespepaakyeld UMY Gight Edudidle didier ence 8  type
LED |ight source) source D65) x y Y. xyy R0.574 0.338 28.5 0.573 0. 328
25. 7 1. Oxbromat®cAt32HiGre2énod 8 0r32Re0rb2h1%8né LtolwiOr§1tBrQ. 143 0. 159
20.0 0.139 0.159 18.9 1.3x10-5 Conparative Exanple 16 Col ored | ayer
patternsTable fl8 ned in the transm ssive regions by the same nethod as in

Exanpl e [TT T@%eRBhidciet #donCOl O PoRadrdecPid VedbdE USEU [dicbiiSicity
conpar at1 vdg %xar’g)l,e,_ o
. chromaticity (two-peak chromaticity (light difference &
type LED light source) ! source D65)
b ¢ b4 ' Y. x \'g Y
IR 0.574 0.338 28.5 0.573 0.328  25.7 1.0x10"4
G 0.321 0.527 58.8 0.322 0.527 70.6 1.1x10-5
B | 0.143 0.159 20.0 0.139 0.159 18.9 1.3x10-5

‘Comparative Example 16
Colored layer pattgrns were formed in the transmissive
regions by the same metﬁod as in Example 11 except that the
coler pastes below were uéed. In this comparative example,
the red paste R-5, green paéte G-4 and blue‘paste—B~4 were
' used. The thickness of the colored layer in the
transmissive region of each picture element was 1.4 um. The
degrees of chromaticity (x, y) of the red picture elements,
the green picture elements, and the blue picture elements,
-which were measured by passing light of standard light
source C, were (0.552, 0.306), (0.298, 0.538), and (0.139,
0.159), respeéfively.
Next, colored layer patterns were formed in the

reflective regions by the same method as the above method'




the red paste R-5, green paste G4 and bl ue paste B-4 wWgl§ucelH®8foo0ENe

t hi ckness of the colored layer in the transm ssive region of each picture ;
elenent was 1.4 m The degrees of chromaticity (x, y) of the red, picture §
el enents, the green picture elenents, and the blue picture el enents,
whi ch 'wer e neasured by passing light of standard |light source C .-were
(0.552, 0.306), (0.298, 0.538), and (0.139, 0.159), respectively. Next,
colored | ayer patterns were formed in the reflective regions by the sane
nmet hod as the above method 1 Decenber 12§06 115 used for forming the
transm ssive regi ons except that a photonmask |eaving a colored |ayer only
In each reflective region, and the col or pastes bel ow were used. In this

conpar at psedexaplrormiey ek pastmRbivw Ry RS efedp@nthatblale paste B-5
were used. The thickness of the colored layer in the transm ssive region

of each pheteimaskl arRings cdoXbrBd Thgalewianss o <dvwmmidEdivex, ) of
the red picture elenents, the green picture elenents, and the blue

pi ct ure eegiwmt,s andhittle Weylormasite’d Hal dda sy ddeght ofn wiiandard |i ght
source-C, were (0.453, 0.308), (0.329, 0.444), and (0.170, 0.205),
respect i velparéitdve axampde .cddle mepasds deW0sSidabd @astdicisnemss of 2
nn on the thus-obtained picture elenent layer, and an |1TO film was
deposi t ettlue pasirecBrés weafe Mskdom IThe $hiickerdgsg o dHe codere@oat | ayer.
For the thus-formed color filter substrate, the
~ layer in the transmissive region of each picture element was
1.4 pm. The degrees of chromaticity (x, y) of the red
picture elements, the green picture elements, and the blue
‘picture elements, which were measured by passing light of
standard light source C, were (0.453, 0.308), (0.329, 0.444),
and (0.170, 0.205), respectively.
Then, an over coat layer was deposited to a thickness
of 2 um on the thus-obtained picture element layer, and an
ITO £ilm was deposited to a thickness of 0.1 pum by
sputtering on the over coat layer.
For the thus-~formed color filter substrate, the
spectrum of each of the central picture element and the four
corner picture elements of the substrate was measured. The
' measured spectra of the picture elements were averaged.
Table 19 shows the reflective region chfomaticity measured
with 1light source D65, the transmissive region chromaticity

measured with a three-peak type LED light source, and

‘chromaticity difference 06 of the resultant color filter.




spectrum of each of the central picture element and the,fQue  coshRr
picture elenents of the substrate was neasured. The rreasured spectra of
the picture elenents were averaged. Table 19 shows the reflective region
chromaticity neasured wth |ight source D65, the transmissive region
chromaticity neasured with a three-peak type LED |ight source, and
chromaticity difference S of the resultant color filter. 1 Decenber 2006
116 Table 19 Transm ssive region Reflective region Chromaticity '
chromaticity (two- peak chromaticity «(|1lilght-difference b type LED |ight
source) source D65) x y y x y Y RO0.574 0.337 28.1 0.573 0.328 25.7 _
7.8x10'5 G 0.328 0.530 61.2 0.322 0.527 70.6 5.8x10'5 B 0.139 0.150 18.6
0.139 0. mljeﬁ 193 7. 5x10 5 The display characteristics of a transflective

l'iquid et Y Hsing—thecolor—+lter—of Conparative _Exanpl e
16 wer e]conpar eﬁfdigﬁh& ﬁéé;lc ar act er | STTES HYe LRI d cr ySrEen Ry
conpri sing [tdreomatbritlyi twa-pehk each| clofomatanptyeglightand 12 dingeteste §

condi ti ¢n i HMAI£8n QUlLHP AL ourBRYI FoN | t was used ijn a reflectifve
di spl ay {wi tth Y\y@hp bactlgI |ah°tursoﬁrce {%Eﬁn% %?ﬁ and the bagklight sourqge

was turmedjon i*h atranSmssweYdlspIayxln the:dark 4 tke transm sgive
di spl ay | @ [TV :@aK TYDeLED iggiit SO &5 Was, ot gtee The
| 2 1?%had AR

liquid ¢ryqtal display of each of |[Exanples 11 an no c8
di f f erence (be?+ién t h@-530 61.2 0.322  0.527  70.6 5.8x10°5
o B 0.139 0.150 18.6 0.139 0.159 18.9 7.5x10-

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

color ununiformity were observed on a screen. Therefore,




reflective display and the transm ssive display, and th Lbbded good
di splay. characteristics. Although the liquid crystal gﬁgﬁﬁgﬁbgéﬁ% o
Conpar ative Exanple 16 had no color difference between the reflective
di splay and the transm ssive display, several white |um nescent spots and
col or ununiformty were observed on a screen. Therefore, 1 Decenber 2006
117 the tiquid crystal display of Conparative Exanple 16 had | ow i nmage
quality. Industrial Applicability The present invention can provide a
| ow-cost transflective |iquid crystalidi splay exhibiting high col or
reproducibility in a transm ssive display and excellent characteristics
(color reproducibility and brightness) in a reflective display. Also, a
col or filiey 1fiefia Rrvehl GiepIHETE nipatard ver E%%ﬂ#pf]]@ S BadLARRP! e of
producing a snmall chromaticity difference between a réeflective display
and a transgesyuadidiyspl ay can be realized. 1 Decenber 2006 - 118 CLAIMS
1. Atransflective liquid crystal display conprising a pair of substrates
di sposed opposite to each other with a liquid crystal |ayer held
t her ebetween, a reflection nmeans using anbient light as a |light source, a
backl i ghttnsstedal Apglacavbliohitki | ter having a transm ssive region and a
reflective region which are provided in each picture el enent '

: The present invention can provide a low-cost

transflective liquid crYstal‘display exhibiting high color
reproducibility in a transmissive display and excellent
“characteristics {(color reproducibility and brightness) in a
reflective display. Also, a color filter for a bright
transflective liquid‘crystal display capable of producing a
small chromaticity difference between a reflective display

and a transmissive display. can be realized.




of the color filter and which have colored | ayers conprisSi iagl e
material, a three-peak type LED backlight source being13%§%mg§r%¥§
backl i ght source; wherein the color filter includes the picture el enents of
at |l east one color in each of which the colored |ayers of the transm ssive
region and the reflective region have the same thickness, and an aperture
is formed in the reflective region. 2. Atransflective liquid crystal

di splay conprising a pair of substrates di sposed opposite to each other
with a liquid crystal layer held tpegq?e;meen, a reflection nmeans using
anbient light as a light source, a baé& i ght source, and a color filter
havi ng a transm ssive region and a Lﬁ&&gctive regi on which are provided in
each picture elenent of the color ?I ter and which have colored | ayers
conprising a single material, a three-peak type LED backlight source

bei ng used as the_backlight source, wherein the color filter includes the
pi cture elenéﬁts éfaﬁﬁqégkﬁCQﬁ%ﬁc%nglgn9£¥ﬁFa%fdﬁﬁP AYt FETESI5HEF | ayers

of the refpective se850Pa88d WhepdsANYPrHS M 1€di 88chavendif ferant
t hi cknesses. 1 Decenber 2006 115 3. The transflective liquid crystal
| ayer acddéidichgerydtalailmver wiekdi hhenebesiveenti |a erehasct henaperatus e
fqrnEd délﬁﬁ“%héﬁe5991&8Rke%&i%? i?ghgn%burce,'a backlight source,
and. a color filter having a transmissive region and a
reflective region which ére provided in each picture element
of the color filter and which have colored layers comprising
a single material, a three-peak type LED backlight source
being used as the backlight source;
wherein the color filter includes the picture elements of
at least one color in each of which the colored layers of the
transmissive region and the reflective region have the same

thickness, and an aperture is formed in the reflective region.

2. A transflective liguid crystal display comprising
a palr of substrates disposed opposite to each other with a
liquid crystal layer held therebetween, a reflection means
using ambient light as a light source, a backlight source,
‘and a color filter having a transmissive region and a
reflective region which are provided in each picture element
of the color filter and which have colored layers comprising
a single material, a three-peak type LED backlight source
being used as the backlight source, wherein the color filter
includes the picture elements of at least one color in each
of which the colored layers of the reflective region and the

transmissive region have different thicknesses.
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3. The transflective liquid crystal layer according
to claim 2, wherein the color filter has the aperture formed

in each of the reflective regions.




