1 21 July 2006 DESCRI PTION LI QUI D CRYSTAL DI SPLAY DEVI CE 5 TECHN CAL

FI ELD The present invention relates tosan active matrix tfﬁé“bﬁﬁ@ﬁd
crystal display device, particularly relates to a so-called hybrid type
liquid crystal display device wherein both of a reflection portion and a

transm ssion 10 portion exist in i xel . furthernore specifically
relates to a configuration of a cgﬁ%&R&PFFQP able to be applied to both of

the reflection portion and the transm ssion portion. 15 BACKGOUND ART A
hybrid type liquid crystal display device is disclosed, for exanple, in
t he Japanese Unexam ned Patent Publication No. 11-52366 and the Japanese
Unexam ned Patent PubliE&4@VER NBYSTALIBISORAYADRYBCEd type |iquid 20
crystal display device performs reflection type display by using an
outside light by reflecting the outside Iight irradiating fromthe front
surface side on a reflection |ayer on the back surface side when a

suffi&iently bright outside |ightugneaurgtetbght and roomlighting, etc.)
can 25 be obtained, while when sufficient outside |light cannot 21 July 2006
2 _ The present invention relates to an active matrix

~type liquid crystal display device, particularly relates

to a so-called hybrid type liquid crystal display device

wherein both of a reflection portion and a transmission

10 portion exist in each pixel, furthermore specifically
relates to a configuration of a color filter able to be

applied to both of the reflection portion and the

transmission portion.

15 o BACKGOUND ART
A hybrid type liquid crystal display device is

disclqsed, for example, in the Japanese Unexamined Patent
Publication No. 11~523§6 and the Japanese Unexamined
Patent Publication No. 11-183892. A hybrid type liquid

20 crystal display device perforﬁs reflection type display
by using an outside light by reflecting the outside light
irradiating from the front surface side on a reflection
layer on the back surface side when a sufficiently bright
outside light (natural light and room lighting, etc.) can

25 be obtained, while when sufficient outside light cannot




be obtained, it perforns transm ssion type display by usiqg a “%ﬁht of a
backl i ght arranged on the back surface  side of the liquid Ewgt 6display
device. Figures 1A and 1B are schemati & vi ews of an exanple 5 of a
conventional hybrid type liquid crystal display device. Figure | A shows
the configuratiqon.of a section of one pixel. As shown in the figures, the
hybri d typz"% i%%dneérfyg{fmp%% transod sséopr ityee alipgilayofbya first 10
substrate 1 and a second substrate 2 arranged facing to each other at the
‘front and BERYI 8nligdt efer hadkddghtsiadeaafethenf ithed BadrSishatrack | S
fornmed a transparent common el ectrode 3, and on the inner surface side of

the secon&idgbefr fhe 2iigmitbredtalpidieblaleabieda 4. A pixel 15 is forned
at a part where the common electrode 3 formed on the first substrate |I and

respective pi xel Fegecesolasand ier ged QBhLASL5ECHDd, SuRgtLate, 2 face to
each other. By being matched with the pixe%? g gg 8% ??T?grefﬁmP eprovided

on thé firsk &f reRtreftf8hasul e 20.Bel qw, _th irst substrate 1
provi ded with the ol or ?iltg%E%E &%FF gégFégenga%?g gésﬁiéﬁ substrate in

sonme casesgk@itbe P tigperification. A liqujd crystal layer 5 as an
electric optical Ig§§?Qi%ith8L8e?B eﬁoFﬁégbg?F?BP Pheaf spstigRdotecond
25 substrabgs Jdigpf 2 at the front and back. The liquid

As shown in the figures, the hybrid type liquid
crystal display device comprises a pair of a first

10 substrate 1 and a second substrate 2 arranged facing to
each other at the front and back. On the inner surface
side of the first substrate 1 is formed a transparent
common electrode 3, and on the inner surface side of the
second substrate 2 is formed a pixel‘electrode 4. A pixel

.15 is formed at a part where the common electrode 3 formed
_on the first substrate 1 and respective pixel electrodes
4 formed on the second substrate 2 face to each other. By
being matched with the pixel, a color Filter CF is
provided on the first (front side) substrate 1.

20 _ Below, the first substrate 1 provided with the
color filter CF will be referred to as a CF substrate in
some cases in the present specificatioﬁ.

A liquid crystal layer 5 as an electric optical
layer is held between the pair of the first and second

25 - substrates 1 and 2 at the front énd back. The liquid




21 July 2006 3 crystal layer 5 blocks/transmts an incident |ight for
each pixel in response to a voltage applied betuween the elddubd¥8 3 and
4. The second (back side) substrate 2 i"s provided with 5 a reflection

| ayer 6. The reflection |ayer 6 has an opening for every pixel and flatly

di vi des each pixel .to a _transm ssion portion T in the opening and a
reflection®h gfcfalior}aﬁe5ul53ib§‘€qkﬁjt6ﬁé‘ﬁﬁd}.s PR tneigeadedtgbtadpre, the
reflection |ayer 6 is nade of a netal filmfornmed on 10 a relief shape
surface of SBRE BaFelr dfe rEspoRseofsoseyol tagar appfl itk bpitweknelthet r ode 4
expl ai ned above. Also, the transmssion portion T is fornmed a transparent

conduct i veelepkrpdegcB and #Q, and the openi ng expl ai ned above is forned
and conposes a part of the pixel electrode 4. is As is clear fromthe above

expl anati on, theThexskcontieqbaelesddbpr 58Es0PatRE2Se50RFHAS," %@hz has
the hybrid configuration of the netal filmprovided to the rerlection

portion R andefbectianspayent econduckLyeetith PLOXidgdygn Lhe transmission
portion T. Such a pixel 20 electrode 4 is driven for every pixel by a

The' Second SUELEYAF SEEKTCPHEpheR R GV Ralh! BUERELEL % (T
a transmission portion T in the opening and a reflection
portion R outside the opening. In the present example,
the reflection layer 6 is made of a metal film formed on

10 a relief shape surface of the substrate 2 and composes a
part of the pixel electrode 4 explained above. Also, the
transmission portion T is formed a transparent conductive
film, such as ITO, and the opéning explained abové is
formed and composes a part of the pixel electrode 4.

15 As is clear fromifhe above explanation, the pixel
electrode 4 formed on the second substrate 2 has the
hybrid configuration of the metal film provided to the
reflection portion R aﬁd the transparent conductive film

‘provided on the transmission portion T. Such a pixel

20 electrode 4 is driven for every pixel by a switching
element, for example, driven by a thin film transistor
{TFT) .

The second substrate 2 being formed the TFT for
driving pixels will be referred to as a.TFT substrate in

25 some cases in the present specification below.




driving pixels will be referred to as a TFT substrate in 25 sone cases in
the present specification below. 21 July 2006 4 The col or ZliJubed006r s
separately configured for a reflectioff region CFR corresponding to the
reflection. region R and a transm ssion region CFT corresponding to the
transm ssion region T by using different materials. 5 As shown in the
figure, a light THArcMeR FHERWIGR i |separdrelwiamiiyutei rédst et i on
region CFR. On the other hand, a light transmts the color filter CF only
once in tHeirepbirn stemior (R @redpending eto i therell awEid® cause much
difference in 10 color tone between the reflection portion R and the

transm ssimeyipsr tR eamd,a st il SHL O NEEP st ¢1PP HrddipodBfdFCtdon region
CFR is nade |lower than that of the transm ssion region CFT I'h advance. For

t hi s reasdthe evMeihsii §36ildn Qfegchpl-lorbg idéﬂg%fﬂﬁn@ q ﬁ‘si denti cal
y

15 color in an identical pixel was cdnventiOna produce y Separat e

: | iy f | al:Sai .ef | ecti [ CFR d
b ooamses sy g < Gl T gt LG 354 Rt on OF 2

the transm ssion region CFT.” Figure schématl ca tes a plane

i 5 R IS NS BT B o 2l el

the figure, respective pixels L are sep
BM Each QR hnd,S o 13kt transmits the color filter cF only

once in the transmission region CFT.
Therefore, in order not to cause much difference in
10 color tone between the reflection portion R and the
transmission portion T, a coloring concentration of the
reflection region CFR is made lower than that of the
transmission region CFT in advance. For this reason, even
a part of a color filter CF colored to be an identical
15 color in an identical pixel was conventionally produced
by separate processes by using different materials in the
reflection region CFR and the transmission region CFT.
| Figure 1B schematidally illustrates a plane shape
of a liquid crystal display device shown in FIG. 1A. As
- 20 shown in the figure, respective pixels PXL are separated
in lattice by a black mask BM. Each Pixel PXL is flatly
divided to a transmission portion T at the center and a
reflection portion R around it and has a so-called hybrid
configuration. The color filter is‘patterned-so as to

25 approximately correspond to.the pixels marked off by the




divided to a transmi ssion portion T at the center and a reflection.portion
R around it and has a so-called hybrids configuration. The2¢dwg20P9|ter is
patterned so as to 25 approximately correspond to.the pixels marked of f by
the 5 21 July 2006 black mask BM Typically, pixel regions of the color

filter cor Nl r ' pLxels PXL.are col ored 0 be three

pri mary collg)gfgl,a ﬁ%gg %l‘r?éeﬁﬁg%ggjm{gé. b£§ﬁ§b¥?ﬁl?%e°$ i e deei9Et al displ ay
devi ce ai np; 5 realize an easy-to-watch display under any

Ci rcurrstag:éggeﬁ'hﬁg%%\%/g%%%% SE% F%FP%%H% P%%l%ii%’gﬁ‘a@/ref@ﬁﬂ@w%@ aying a

screen by Esin%seléreflec.tion light in the sane way as a - printed matter in
a bright crech e, PrifaTe ¢olargar kedi raresn ant bive becones a

transm ssion 10 type display by using a backlight. To realize a color

di spl ay by such 2 il tvpse ldiopidyerystdl diegassardetioe foimg asol or
filter adjusted to the transm ssion type and a color filter adjusted to

the refl eV yiraldee e CRswtbstwateh sdilpl Sonuandd eng) |y, a net hod of
forming a 15 color filter separately through a production process of a

t ransmi ssiakreynptatieesnd Thuar,0dUE oD G S ffecit i JrL A IS dRe CF was
general . However, this nethod requires a | onger production process and

nore nat erficat sliznd A¢ings ol @RS Wy i nP Y §ldF1RctiRE 8 igh«@ {4 Sadvant age
that a color filter
the same way as a printed matter in a bright circumstance,
while in a dark circumstance, it becomes a transmission
10 type display by using a backlight. To realize a color
display by such a hybrid type display, it is necessary to
form a color filter adﬁusted to the transmission type and
a color filter adjusted to the reflection type on the CF
substrate side. Conventionaily, a method of forming a
15 color filter separately through a production process of a
transmission type CF and a production process of a
reflection type CF was general.
However, this meghod requires a longer production
process and more materials and kinds to be used.
20 Therefore, there is a disadvantage that a color filter
used in a hybrid type display becomes double in
production costs comparing with a color filter used in a
normal transmission type display.
Also, when formihg both of the transmission type

25 colox filter and the reflection type color filter in one




used in a hybrid type display becones double in production costs conparing
with a color filter used in a normal transnission type di $81aly2086so0, when
form ng both of the transm ssion type 25 color filter and the reflection
type color filter in one 21 July 200@ 6 pixel, there is a disadvantage
that the transmttance or reflectance declines when an alignnent error
arises between the two. DI SCLOSURE OF THE | NVENTI ON Enbodi nents of the
present invent | ahdRAUCE £08tsharintge@hdatl idhler Ry shealiazi-ag g reduced
process with Tless materials and to provide a liquid crystal display

devi ce corpfisdiithce GH@Iiddd telerPanvilGhyraiRel RIV@robritkhe transm ttance
or reflectance due to an alignnent error is not caused. 21 July 2006 7 In
accor dandestwddn aHd risto.aspect of the present invention, there is provided
a liquid crystal display device, conprising a first substrate and a second
substrate arranged to face each other with a liquid crystal |ayer

t herebetween, a plurality of pixels arranged in a matrix on said first
substrate, each p| xel DISCLOSURE OF THE INVENTION

Embodiments of the present invention reduce costs
of a color filter by realizing a reduced process with
less materials and to provide a liquid crystal display
device comprising a color filter by which declining of
the transmittance or reflectance due to an alignment

error 1s not caused.




conprising a reflection portion to reflect light and a transm ssion
portion to transmt light; and a color filter fornmed over éqildﬁ)ﬁ ond
substrate, the color filter conprising one or nore col or ;}jug'u é W ndows
provi ded in regions corresponding to.said reflection portion of each
pixel , wherein at |east one of the i ndows has a col or concentration of
nore than zero but I|ess than that of portions outside the w ndows.

Preferably, the col or adjusti r}gglvvl ndows are forned in regi ons of said
color filter cdit &FHATGS §<hi @ LEFILeECPERTr 84i &R BAFFRYTa di stance of

2 ] f. d f th flect.i ion. .T I filt
conpr i se B EIUrT o S Bot o SE] g WP IS8 RSP 12nd r espect] vo
wi ndows afg, separabed. (1,0 ang s AROUNGL. 0% A0 M or LG Plurality of
W ndows may be " ifieruded tor respective pixels of ditferent colors and

ar rangement, - 4he phufdd ¥ «f ARIMSHAIR her with = 1iguig 21 July 2006

7a different between the pixels of different colors. One™ w ndow may be
i ncl uded d:8fst-£15 PRGE v & H v wlen, diaf farenl 16 @rfstpq&élarrangenent of the
eren

wi ndow is different between the pixels of dif colors. There my be

no bl ack amsdndert ween piatelik oh dafilderrdmstcu®issrate, each pixel
comprising a reflection portion to reflect light and a
transmission portion to transmit 1light; and a color
filter formed over saild second substrate, the color
filter comprising one or more color adjusting windows
provided in regions corresponding to said reflection
portion of each pixel, wherein at least one of the
windows has a color concentration of more than zero but
less than that of portions outside thé windows.

Preferably, the color adjusting windows are formed

in regions of said color filter corresponding to said
reflection region leaving a distance of 2 pm or more
from an edge of the reflection region. The color filter
may comprise a plurality of color adjusting windows per
pixel, and respective windows are separated from one
another by 10 pum or more.A plurality of windows may be

included for respective pixels of different colors and

arrangement of the plurality of windows are




21 July 2006 |In accordance with a second aspect of the present invention,
there is provided a liquid crystal display device, conpri Sildgly2000r st
substrate and a second substrate arranged to face each other with a |iquid
crystal |ayer therebetween, a pluralifay of pixels arranged in a matrix on
said first substrate, each pixel conprising a reflection portion to
reflect light and a transm ssion portion to transmt light; and a col or
filter foaiefepuef 1S&wksecand Suhstd aj e awhed il &olpas . tigk of said
transm ssion portion in a pixel is different between pixels of different
col ors. Astodei ngay enbodiudsd Sff ddepqresaentpisalentdfon, a reflection
region and a transm ssion region forma conmmon color filter in basically
separ at e pikBéreryi onlor Bevalsrhfdenant ommttEre aliswdend isepar at e producti on
processes are not applied for the reflection region and transm ssion

regi on asdipferentorsiermendic pedd of dosferentuwylons Tswre educti on can
be attained. On the reflection region, one or nore color adjusting w ndows
havi ng a B dt¢ Mp RdeckeRgest PehvernzBi8SoF PEsILERaRCRRaEObPL Bt her
“portions is forned. By providing the windows, there is not nuch
difference in color tone between the reflection region




and the transm ssion region. In other words, a color filter plled to the
transm ssion type is fornmed allover the plxel regi on and Wild H@

provided on a part of the reflection region based on a specific ruIe. Due
to this, it optically functions as agcolor filter applied to the
reflection type.. Consequently, a two-way type color filter can be produced
at a low cost wi thout using special materials for a color filter applied to
a7 9 21 July 2006 reflection type and without perform ng a production
process of a reflection type color filter. BRI EF DESCRI PTI ON OF DRAW NGS 5

Figures 1A and [1B acfc%ra%]%%awﬁhv' e\g%c%daasgééﬂpb% tak pregeuenti onal

hybrid type I|qU| crystal display device igure 2 is a plan view of a

princi pl e padit Qfn A tHdr@iig ?ﬂ'ﬂb‘iﬁlﬁiecﬁlasFl'l@él@ie\blr@%téQC@lﬁ@pﬂgyt o the present
10 invention. Figure 3 is a flowhart of a production nethod of the liquid

crystal display, desnmd Aceordifigdto dlistrpresend anveatnan. Figure 4 is a
schematic plan view of a conventional 15 liquid crystal display device.

Fi gure 5 disbafdtochardngefd & grieductdaah metiegd wifthaa ddawédt i onal i quid
crystal display device.
crystal layer therebetween, a plurality of pixels
arranged in a matrix on said first substrate, each pixel
comprising a reflection portion to reflect light and a
transmission portion to' transmit light; and a color
filter formed over said second substrate; wherein a
position of said transmission portion in a pixel is
different between pixels of different colors.
According to embodiments of the present invention,
a reflection region and a transmission region form a
common color filter in basically sepaiate pixel region.
Because different materials and separate production

processes are not applied for the reflection region and

transmission region as in the conventional method, a cost




Figure 6 is a graph of spectral transmttance of a conventi onal
transmssion CF. 20 Figure 7 is a graph of spectral transniZt/8lc®06f a
conventional reflection CF. Figure 8 is a graph of spectral transmttance
of.a reflection CF according to thegpresent invention. Figure 9 is a
chromaticity diagramof the 25 reflection CF according to the present
invention. 21 July 2006 10 Figures 10A to 10C are di sassenbl ed perspective

views of the,genstala,cad igurati-en eh enBybEFtelyhh ddfWind enustal display
device. Figures 11A to 11C are schematic views of a 5 specific exanple of a

col or fil{ermeetddiond abgukheng Phes@sls IMMenRtd encoiioguhes 12A and 12B are
schematic views of a color filter according to a reference exanple. Figure

13 is a disessetideibpesspanid var lieaw ahabhhehatOo€onthguradiroiomd a hybrid
type liquid crystal display device according to the present invention.
Fi gure 14is sfarmscherat iprosielingf tdepatinelomisng theetehdd ofotamgehor filter.
Fi gures 15A and 15B are graphs of relative 15 intensity distribution of an
exposure di%ﬁﬁrqnqﬂ”ﬂn color tone between the reflection region

and the transmission region. In other words, a color

filter applied to the transmission type is formed

allover the pixel region and windows are provided on a

part of the reflection region based on a specific rule.

Due to this, it optically functions as a color filter

applied to the reflection type. Consequently, a two-way

type color filter can be produced at a low cost without

using special materials for a color filter applied to a




Figure 16 is a schematic plan view of a specific exanple of a color filter
according to the present invention. Figgure 17 is a chromaéldiy208fagram of
the color 20 filter shown in FIG 16. Figure 18 is a schematic plan view

of. another enbodiment of a liquid crystal display device according to the

present i NYgRT LAR4 o0RD ET NRDE: ERR gARRYgNG OUT THE | NVENTI ON - -
--------- 21 July 5’00%&]‘:j efow, fDrEe err BE-EREBE P Heft Br8AUEhECORr esent
i nvention expl ain g in.detail with reference to the draw ngs.
Figure 2 ié\&éégg%e?rgt F‘crﬁ‘? ﬁc\pﬁ‘gvv gYP‘é GPLAE pLétsTpart of a Iiquid crystal
di spl ay device according to the present invention. Cenerally, an active
matrix type liquid crystal display device conprises a pair of a first
substrate (CF substrate) and a second substrate (TFT substrate) 10
arranged facing to each BRBEF BRSCREPTION| dFcDRAWANGEayer. The TFT
substrate is forned pixels PXL arranged in matrix, and each pixel is
formed a refl ectFigupestldmidrliB rafd esdhdtnBic oM shs et ighte e
transm ssion portion for transmitting a light. on the other hand, the CF
of a conventional hybrid type liquid crystal display
device.
Figure 2 is a plan view of a principle part of a
liquid crystal display device according to the present
10 invention.
Figure 3 is a flowchart of a production method of
the liquid crystal display device according to the
prasent invention.
Figure 4 is a schematic plan view of a conventional
15 liquid crystal display device.
Figure 5 is a flowchart of a production method of a
conventional liquid crystal display device.
Figure 6 is a graph of spectral transmittance of a
conventional transmission CF.‘
20 Figure 7 is a graph of spectral transmittance of a
conventional reflection CF.
Figure B is a graph of spectral transmittance of a
reflection CF'according to the present invention.

Figure 9 is a chromaticity diagram of the

25 reflection CF according to the present invention.




15 substrate is forned a color filter colored to be different colors
correspondi ng to respective pixels PXL]0 In FIG 2, pixels2ddubrZ86to be
three primary colors, red, green and que, respectively are shown as a set
to facilitate understanding. This color filter CF conprises 20 a

reflection regi 0p; CER CO£@§s€on ing to the reflection portion and a
transm ssion regi on- CET r e pbifdi BEe t 81 sepecnbled ipersrechbvei on i nsi de

the pi xel regions_ corresponding to the respective pixels PXL. In the
present enbbirfedt, the cogamerak ofertiguration of5a flyylwert ogwe bot h of t he
reflection region CFR and the 12 21 July 2006 transm ssion region CPT.
Accor di ngl}iagidrerystab display eheeidet ween the reflecting color filter CF
and the transmitting color filter CF in terns of materials. Instead, the

reflection regi didheoflliacdiar f1d teshddmis d Sriflfdesk Qe or nore col or
adj usting wi ndows CFWhaving a coloring concentration of zero or |ess than

that of  ciphweri fior texeitpl Past GalddloYe f DELY ATy herei nafter,
also referred to as CF wi ndows) on the lco o%é%@ﬁ%ﬂ%\l\&&éto t he

transm ssipyedamie, i tGaln 10 characteristics required to a color filter CF
of the reflection region CFR are realized. Nanely, an equival ent

I’ﬁgI |e(r9|C;: ggf (?r: ;%d?ﬁ‘efso n38d anly 1BEOWL A r]s%literlln%tvi'icn (\jr?.\!\a%swotfh %Utcoliscjrng
filter according to a reference example.
Figure 13 is a disassembled perspective view of the
10 configuration of a hybrid type liquid crystal display
device according to thé prresent invention.
Figure 14 is a séhematic view of a patterning
method of a color filter.
Figures 15A and 15B are graphs of relative
15 intensity distribution:.of an exposure light amount.
Figure 16 is a schematic plan view of a specific
example of a color filter according to the present

invention.

Figure 17 is a chromaticity diagram of the color

20 filter shown in FIG. 16.

Figure 18 is a schematic plan view of another
embodiment of a liquid crystal display device according

to the present invention.

25 BEST MODE FOR CARRYING OUT THE INVENTION




reflection CF. 15 Cenerally, the mininumunit that can be identified by
human eyes is 30pm square or'so. By makj ng the col or adj ustlifaly 2886w ndows
as fine as 30pmor |ess, an existence of the CF wi ndows becone visually
i ndi stinctive but able to adjust color tone of the color filter CF of 20

the reflection rggign CER. .Pref rgﬁi}y, .the col or adjusting windows CFW are
forned inside the re‘f'fe%’f?gﬁrfcsai eERnanEs apfytheorreaentedges by 2pm or

nore. By arrang' ng the wi ndows CFWinside the pixel region, even when
there is an"4f t)’n nt1itr Be, ezplappedpént debai kit wobhoteFheentadows i s nade

const ant b‘gvlS 21 July 2006 keeping the w ndows not superposing W th
wi ndows CF¥rdfdramingent pixels. The aperture ration of the wi ndows
delicately affects color tone of the color filter, so that is has to be

control l ed at hiEffgaoe 2 aty. al schéhstfo gn view SoPr£fsrabk 1o formthe
wi ndows CFWinside the pixel region by 2pmor nore considering an

al i gnfrent part oof betWbgmi @i #eystal ndi ﬁl&év{éétgécgﬁgﬂé\gi @V‘éﬁi;{)he
o) are

present enbodinment, a plurality of color adjusting wn

i ncl uded ipredwhtpidpled€Dh®n i N some cases. In an exanple shown in FIG 2,
two CF w ndows are respectively provided to red and green color filters.

In this case, generally, an active matrix type liquid crystal
display device comprises a pair of a first substrate (CF
substrate) and a second substrate (TFT substrate)

10 arranged facing to each other over a liquid crystal layer.
The TFT substrate is formed pixels PXL arranged in matrix,
and each pixel is formed a reflection portion for
reflecting an outside light and a transmission rortion
for transmitting a light. On the other hand, the CF

15 substrate is formed a color filter colored to be
different colors corresponding to respective pixels PXL.
In FIG. 2, pixels colored to be three primary colors, red,
green and blue, respectively are shown as a set to
facilitate understanding. This color filter CF comprises

20 .a reflection region CFR corresponding to the reflection
portion and a transmission region CFT corresponding to
the transmission portion inside the pixel regions
éorresponding to the respeqtive pPixels PXIL.

In the'present embodiment, a common coior filter is

25 o formed over both of the reflection region CFR and the




the CF w ndows are preferably formed away fromeach other by 10pm or nore
in the pixel region. Generally, the CF.15 windows can be f3idsld2906using a
photol it hography technique. In this cdse, when considering resolution of
an exposure apparatus, etc., highly accurate CF wi ndows can be formed by

| eaving a gggﬁgagg of |CEHL Wen the CF  wi ndows get closer than that, it
sonmetines Gecones-20°0i FPPEAPt CF G- sApapadingh¥, t Kbera paonol i t hogr aphy.
Figure 3 ié.g flowmchart of a groduction met hod of a CF substrate shown in
FIG 2. Fifstferenpgckefysrns sheprefkentingl cghori §ilbenedF amdatikack
process (ST1l). Next, a transm ssion CF portion 25 (CFT) and a reflection
CF porti ont¥uswi bkinagpperéprt ibtet ACP lid utyrm906F matereshsed anong the
RGB trio are sinultaneously exposed to forma red color filter (M. Then,

in a greenlpstend, athaceafleotite r&glidn XEFR 5betﬁéa8§f$§sffiké¥:@prtiOn
and the reflection CF portion are sinultaneously exposed 5 to forma green

filteb (ST .fdimed|yneidranbteeodld®ad At 868Ny Qathe GeaLpike! . the
transm ssion CF portion and the reflectlon portion are S|ndf¥5neously

exposed t® doldRichd| den&OhOFafidd &r (3314) - his,.case., at the tine of
formng color filters of the arlespectii v%%%l%’% rsh"%)sys lbhae9<p%t§%e° evel opnent

ﬁgogﬁfggﬂg?tﬁrz%r?g:ti%mpvﬁa%l%, %yer}eodrﬁaj:[néi' Eljnenen’rins o‘:;shat there arises
(hereinafter, alsc referred to as CF windows) on the
color filter applied to the transmission type, optical

10 characte;istics required to a color filter CF of the
reflection region CFR are realized.

Namely, an equivalent reflecting CF can be formed
by providing the windows without using materials for a
reflection CF.

15 Generally, the minimum unit that can be identified
by human eyes is 30um square or so. By making the color
adjusting CF windows as.fine as 30pm or less, an
existence of the CF windows become visually indisfinctive
but able to adjust color tone of the color filter CF of

20 the reflection region CFR.

Prefergbly, the color adjusting windows CFW are
formed inside the reflection region CFR and away from the
edges by 2um or more. By arranging the windows CFW inside
the pixel region, even when there is an aligﬁment error,

25 the aperture ration of the windows is made constant by




of processes. Figure 4 is an exanple of a conventional color filter. To
facilitate understanding, the sane reﬁ?rence 15 nunbers ard July@§06 or

portions corresponding to the color filter of the present invention shown
in FIG 2. In the conventional nethod, different color filter nmaterials

were used f&dpihe tKANSIRISH tion (CFT). and the reflection CF
portion (CFR)pilIr;?pi xel s o? t }%s%s)eé?f%%sw c‘%ﬂ@? s‘f’”é‘?fﬁ HiW °f materi al
of the CFL, pag i caol.oring concentration than that of the CFR
Figure 5is a ?‘?’6{\7\5‘%’? 1oy Qgh%_r%‘g%ﬁ’i%% TR f thevavigsiasis filter shown
in FIG 4., F.rst bl ack mask for Dblocking a light is forned in a Bl ack
process (§I§f)':.=El N&ffe%t§ fPIQY drone |1aferthes dadrom Eidiier osca

transm ssiqn 15 21 July 2006 CF portion as a part of a pixel (ST12)

Then, a gr i has 19 (ke gqaptinglieti @t ditgharsmiwsicon @n pild on as a
part of a green Pixel adjacent to a red pixel (ST13). Next, a blue color
filtex isodiaved tord s hnefienadsi do @orm ptid MRS A¥Y indfica ee pi xel
adj acent to the green pixel (ST14). After that, a red reflection CFis
formed codeieduinegipnl kom2ine ot aREE YneA GOFRY WrOR19G NGy ed  pi xel

(ST15). Next, a green reflection CF is formed continuingly fromthe
t ransm ssiegwoEF bpdmeedn pakelllke 10 green pixel (ST16). Finally, a blue
reflection CF is
: In the color filter according to the present
embodiment, a plurality of color adjusting windows CFW
10 are included in one pixel region in some cases. In an
example shown in FIG. 2, two CF windows are respectively
provided to red and gréen color filters. In this case,
the CF windows are preferably formed away from each other
by 10pm or more in the pixel region. Generally, the CF
15 windows can be formed by using a photolithography
technique. In this case, when considering resolution of
an exposure apparatus, ete., highly accurate CF windows
can be formed by leavi@g a distance of 10pm. When the CF
windows get closer than that, it sometimes becomes
20_, difficult to separate the two in photolithography.
Figure 3 is a flowchart of a production method of a
CF substrate shown in FIG. 2.
First, a black mask for blocking a light is formed

in a Black process (ST1). Next, a transmissibn CF portion

25 (CFT) and a reflection CF portion (CFR) of a pixel to be




formed continuingly fromthe transm ssion CF portion of the blue pixel
(ST17). Fromthe above, RGB pixels copprising both of the?l/eidfP&sion CF
portion and the reflection CF portion are formed. 15 On the other hand, in
the present invention, as shown in the flowhart in FIG 2, the

conventi onghi o£8404L89 esg.canbe hal ved. Note that the coloring order
of red, green and E{aﬁemgéﬁgbgﬁ%hgﬁgegrfﬁ AER P YA EARGP AL ¥ ha¥Besedi sti cs
of respectjye ors. 20 Figure. 6 illustrates a spectral transmttance of
t he transrr#és{sf((g)%j"p%r’f?%nc&gﬁfEfﬁge’él (RTP) xeThem tir a cgvmemtPbral net hod.
In FIG 6, the abscissa indicates a wavelength and the ordinate indicates
a transm tTAMRESNETHR thenked seixel pokhe obrarsmissien IMTepgikdbni n the 25
conventional _nmethod exhibits a peak of the transmttance 21 July 2006 16

at short o4 Y& Fehgretisin SUDPeEbishore i sikiltarfeoudi@godsdd | Ust rat es
‘a spectral transmittance of the reflection portion CF of the blue pixel in

the Tonvelr iforh Fredressh ifiltver SeSE3MAYFI ALY Girl a H16:d Bhasi ssa
i ndi cates a wavel ength and the ordinate indicates a transmittance.

Convent i oredjacerd: fierend gramierpialsl ArhdSGthdhildls Jd ¥8Pasisou, portion
CF and the reflection portion CF, so the spectral transm ttance are
: ‘and the reflection CF portion are simul taneously exposed

to form a blue color filter (8T4) . In this case, at the
time of forming color filters of the respective colors by
10 exposure development processing, also CF windows can be
opened at a time, so that there arises no burden in terms
of processes.
Figure 4 is an example of a conventional color
filter. To facilitate understanding, the same reference
i5 numbers are used for portions corresponding to the color
filter of the present invention shown in FIG. 2. In the
conventional method, different color filter materials
were used for the transmission CF rortion (CFT) and the
reflection CF portion (CFR) in pixels of the respective
20  colors. Generally, a material of the CFT has a higher
coloring concentration than that of the CFR.
Figure 5 is a flowchart of a production method of
the éolor_filter shown in FIG. 4. Fifst, a black mask for

blocking a light is formed in a Black pProcess (ST11).

25 Next, a red cclor filter is formed only on a transmission




also different. The spectral transmttance of the 10 reflection portion CF
has a broader spectral characteristicgsconparing wth t hat?l Jply{2Eo
transm ssion portion CF and the transmttance rises over the whole
visi bl e wavel ength range. on the other hand, in the present invention, the

e PSS LR B g L

the transm ssion regi on an

wi ndows on e reflection _regign, a light transmtted through the CF

‘Wi ndow re?%’ggfsg%miﬁﬁ’éufsbg?ﬁ’ge‘goPBr BdthpnenésebrrCHfpenbienl a8 20 filter.
light reflected on the reflection portion

An observer recognizes t he nost
of pixel s BAACCOF of e@F 5N tRExel crdlagentetot ageediapinel h(STLB) or -free | i ght

as a part assed t hrough the CO wi ndows and, as a result, recognizes as a
P p ug \ . ! t, recogni.
col or, wheiexh: aa deler i eelepntihteant i onfolbed Sof atetrandthidsison stavil ar to
that of a conventional 21 July 2006 17 reflection type color filter.
Logi cal | y, pehbiepent ralparansii thhse pixdheadiioen®f td UEkdes &9V di ng the
CF windows to the conventional transm ssion type CF can be given fromthe
foll owi ng Bifak MBELA)TCRAMME Y Sthiafl, 'd £dd Deflection CF is formed
continuingly from the transmission CF portion of the red
pixel (ST15). Next, a green reflection CF is formed
continuingly from the transmission CF portion of the
10 green pixel (8T16). Finally, a blue reflection CF is
formed continuingly from the transmission CF portion of
the blue pixel (ST17). From the above, RGB pixels
comprising both of the transmission CF portion and the
reflection CF portion are formed.
15 On the other hand, in the present invention, as
shown in the flowchart in FIG. 2, the conventional
coloring process can be halved. Note that the coloring
order of red, green and blue can be changed in accordance
with characteristics of respective colors.
20 Figure 6 illustrates a spectral transmittance of
the transmission portion CF of the blue pixel in the
conventional method. In FIG. 6, the abscissa indicates a
wavelength and the ordinate indicates a.transmittance.

The transmission portion CF of the blue pixel in the

| 25 = conventional method exhibits a peak of the transmittance




Here, "TcF" indicates a transmttance after conbining, "Tw' indicates a
“transmittance of the CF wi ndows, S" jndicates an apertur @ldai2806f the CF
10 wi ndows and "TR' indicates a transn]ié]t ance of the CF. Also, the
aperture ratio "S" of the CF wi ndows can be given from (an area of CF
wi ndow)/ (a_ CF are o% one pixel). Figure 8 illustrates spectral
transmttan eSh%ﬁgr% t3rY_VPEINGER £ PPN 28 eshoyn the FEF| eGtion is
regi on produced according to the present invention. Note that the spectral
‘transm ttance i SFUHI%R nedl blustraten | atspectoesk dioan et taboxe §Hrnul'a and
is a calculation result of the case where a light transmts the color
filter twildee behbschion pdetioascChiof Ak nelieghies ragige In FIG 8, the
absci ssa indicates a wavelength and the ordinate indicates transmttance.
Al 'so, in Kdaveéhtiomal weetiesd iiligad asante SREFL Bl FFANSH) thance when the
aperture ratio of the CF windows is 15% Simlarly, a curve "b" indicates

the chse wshessisab il @padd W SdvilidhPinh 6 Seus 48 10% and a curve
------------- - 21 July 2006 gi)él8 c" iqr?i(ﬁmcat e\é\@at e case where the

aperture hHdixded R 1 nM; | S % e that a e "d- indicates a
spectral tralnsrn'e;tance aor%‘ é'thn%(c%\r%%één't icc%rﬁa‘ﬁel}l}q;rléjr?s%i%’i g?#ﬁﬁ//e&?"%F

materials are used in the transmission portion CF and the

reflection portion CF, so the spectral transmittance are
also different. The spectral transmittance of the
.IQ reflection portion CF has a broader spectral
characteristics comparing with that of the transmission
portion CF and the transmittance rises over the whole
visible wavelength range.
On the other hand, in the pfeseht invention, the
15 spectral transmittance of the color filter is basically
identical in the transmission region and the reflection
‘region. By opening the CF windows on the reflection
region, a light transmitted through the CF window
reflects without being colored by the color of the color
.20 filter. An observer recognizes the most light reflected
on the reflection portion of pixels and colored by the
color filter together with a color~-free light as a part
passed through the CF windows and, as a result,
recognizes as a color, wherein a coloring coﬁcentration

25 is faded, which is similar to that of a conventional




Here, the aperture ratio of the CF windows is inportant, 5 %ﬁd th% t ot al
transmttance Tcr after combining can pg adjusted by chang?i 513’?2(0. 6To

change the aperture ratio, a nmethod of changing the nunber and a size of
the CF wi ndows can be applied. Nanely, to optim ze the aperture ratio, a

color filtepriQR3%iLN e haracteristics close to those of a color
filter applied to § ch§gn%%g§%I%%gFF5Ction type can be obtained. Al so,

the col or tone mideLﬁ ggang ﬁ when the aperture ratio changes by a few
percents or so, So9tha yhig epFBResERrhgtErREMAtanger byuthedcase formi ng

the CF 15 Edgdoms. Al so, total chromaticity x and y of the color filter
provi ded wPthfPhEREE RER¥IARNGakheeCBbwandensf tonthehechoehbivngl f or mul as.

780 X KT,, (A * S(A * x(A)dA 380 780 20 Y Kf T (A * S(A) * Y-(AdA
380 780 ZERORSLpA}oR(hypeZfR)Gah BEOgiven- from- the-following |
5 formula.

Tor = Ta'*S + Tp’* (1-8)

Here, “T¢y” indicates a transmittance after
combining, "Ty" indicates a transmittance of the CF
windows, “8” indicates an aperture ratio of the CF

10 windows and "TR” indicates a transmittance of the CF. Also,
the aperture ratio “S” of the CF windows can be given
from (an area of CF window) /(a CF area of one pixel).

Figure 8 illustrates spectral transmittance

dharacteristics of a color filter of the reflection
15 region produced according to the present invention. Note

that the spectral transmittance is obtained by a
simulation based on the above formula and is a
calculation result of the case where ailight transmits
the color filter twice by assuming the case of a

- 20 reflection region. In FIG. 8, the abscissa indicates a
wvavelength and the ordinate indicates transmittance.

Also, in FIG. B, a curve “a” indicates a spectral
transmittance when the aperture ratio of the CF windows
is 15%. Similarly, a curve “b” indicates the.case where

25 - the aperture ratio of the CF windows is 10%, and a curve




19 21 July 2006 100 780 f sa) Y-(AdA 380 XYz x+-Y Y+z+YzzX
+ Y z Note that SOL) indicates spectrglg intensity of a |ighduly@lfee, x (X
Y (,X) and z (X) are color matching 5 functions based on the ClE1931. As

is clear fromthe above fornmulas, chromaticity depends on the TcF. The xy

chromati cidyy i kN | graph_t hereof . en tphe aperture ratio
of the CF W nggggg%bi ﬁglraggg(ga ﬁ%%GS%ganggq UFfRer? :l'%n%?i‘&?‘gyé%f 10 the
bl ue col or,, { i V, t he _center on the xy plane. By adjusting the
aperture r"éﬁ%‘;‘% _«?%eé%: Ig\?%%lo%?t the® YR ofat 109152 68 tReskeFbFati [ ter can
be optinally set. Figures 10A to 10C are schematic views of the general
confi gur at¥ %’i‘l'ét?@%‘?i?ift"i‘/p"éoq‘f%}lﬁ%?fﬁlysﬁ%ansm&@i@'plf‘&spejeﬁﬁ'ce. In FIG

10A to FIG 10C, the reference nunber 10 indicates a first (CF) substrate
and 20 iruﬁQﬁﬁmﬁ$QF aperture ratio of the CF windows is important,

5 | and the total transmittance Ter after combining can be
adjusted by changing it.

To change the aperture ratio, a method of changing
.the number and a size of the CF windows can be aﬁplied.
Namelf, to optimize the aperture ratio, a color filter

10 having spectral characteristics close to those of a color
filter applied to a conventional reflection type can be
obtained. Also, the color tone widely changes when the
apefture ratio changes by a few percents or so, so that
high processing accuracy is required for forming the CF

15 windbws.

Also, total chromaticity x and vy of the color
filter provided with the CF windows can be obtained from
the following formulasf

780
X = K% [T ()% S() % x(1)eld
389
80

K+ | T (1) * S(A) % F(A)dA

asgo

20 Y

. 780
Z = K* [T, *s() * zhdh

380




second (TFT) substrate. The TFT substrate 20 is formed signal |lines 21,
gate |ines 22, pixel transistors 23, 3@ reflection el ectrodéduly208fd
transparent el ectrodes 25. Figure 10A shows the general configuration of
the first (CF) substrate 10. A red pattern, a green pattern and a bl ue
pattern are forr{Ed_i n a siPbpe shape on a 21 July 2006 20 transparent base
made by a gl ass,”  etcFurthernore, a black pattern is fornmed to surround
the RGB pattern. As feﬁpl)a* ndd)@bove, the patterns of respective colors can
be fornmed by successwvely repeating filmformng of 5 photosensitive
coloring material and photolithography. Figure 10B shows three pixels of a
liquid crystal @gi splay xlevice. A plurglity of pixels;are formed on the

TFT substrate 2 S'T'dm r Fspongh e & ﬁa—r-ed—gattern, a green
pattern, and a blue patterndn a stripd T shapeXat & flofmed on the CF
substrate 10 side. A reflection electrode 24 conposing a reflection portion

and a transpar ebotel ditato@(A35 indiRATR] sple tirhaNS Mitesis@ Ry BErLion are
formed on respective pixels on the TFT substrate 20. Fur?herm)re, a pixel

transi stonigdhti solirdedr nEdo I iMe &gy %! ;8! egly Q ompgsed of the
reflection ol ectrode 34 and t hg}terﬁgnsp?gir )éﬁt(lgl %c%tergdgl%% & i xel
transi st ofuddtisna baised idnMtheaRTEIban .

As is clear from:the above formulas, chromaticity
depends on the Ter. The xy chromaticity diagram in FIG. 9
is a graph thereof. When the aperture ratio of the CF
windows is increased from 5% to 15%, the chromaticity of
10 | the blue color filter ﬁoves to the center on the xy plane.
By adjusting the aperture ratio of the CF windows, the
chromaticity of the color filter can be optimally set,
Figures 10A to 10C are schematic views of the
general configuration of a hybrid type liguid crystal
-157 display device.
In FIG. 10A to FIG. 10C, the reference number 10
indicates a first (CF) substrate and 20 indicates a
~second (TFT) substrate. The TFT substrate 20 is formed
signal lines 21, gate lines 22, pixel transistors 23,
20 reflection electrodes 24 and transparent electrodes 25.
Figure 10A shows the general configuration of the
first (CF) substrate 10. A red pattern, a green pattern

and a blue pattern are formed in a stripe shape on a




wherein a gate el ectrode of the pixel transistor 23 is connected to the
gate line 22 and a source el ectrode isy20 connected to thezéﬂ@W§W0§ine 21.
"Figure 10C is a further enlarged perspective view of one pixel. A color

filter is formed on the CF substrate 10 so as to be corresponding to
In the general configuration, 25

pi xel s for T substrate 20

t he reflec??%ﬁsggaégﬁ %EEFC%?& s%%nﬁiﬂba§5'tﬂ50reFVEE??6m°Q§r2& July 2006
el ectrode Zf agd tgg trapnsmi_ssion region CFT corresponding to the
transpar eny K7 bHB  Uses afpFEednto surveund| the REBapahtern OAs he ot her

hand, in the present invention, a 5 common color filter is fornmed for the
refl ecti orf¥RbRbied spliovae tharpattsins ofgiespeatilve heoXdr i Gsiovse ar e

provi ded on the reflection region. A specific exanple of the CF wi ndows is
shown in FH@med Y s ¢ sdiG1Fi gepeatidd sinuscéheiw@rds guration on the
TFT substrate 20 side, 10 wherein the pixel PXL is divided to a

transhi ssimho tomens Do Fe adsll diEnd Ghd €641 0N D LAk 5 i bhsdZ5Rf. the pixe
PXL is, for exanple, 100pm x 300pm Figure 11C'i.s the configuration on the

W i G SO AL S B
the refl el UMM AVAYA fﬂlq{PaIlriq:y of pixels are formed on the
TFT substrate 20 side.: To corresponding thereto, a red
pattern, a green pattern, and a blue pattern in a stripe
10 shape are formed on the CF substrate 10 side. A
reflection electrode 24 composing a reflection portion
and a transparent electrode 25 composing the transmission
portion are formed on respective pixels on the TFT
substrate 20. Furthermore, a pixel transistor 23 is
15 formed to drive a pixel electrode compoéed of the
reflection electrode 24 and the transparent electrode 25.
The pixel transistor 23 is a thin film transistor,
wherein a gate electrode of the pixel transistor 23 is
- connected to the gate line 22 and a source electrode is
20 connected to the signal line 21.

Figure 10C is a further enlarged perspective view
of one pixel. A color filter is formed on the CF
substrate 10 éo as to be corresponding to pixels formed
on the TFT substrate 20. In the genefal configuration,

25 the reflection region CFR corresponding to the reflection




surroundi ng edges thereof by 2pmor nore. A size of the CE wndowis, for
exanpl e, 60pm x 100pm and the aperture21 ratio is set to 20% J‘ﬂﬁzﬁﬁ)@ure 11B
shows a reference exanple, wherein the™ window CFWis fornmed in the sane
way as in FIG 11C but is not formed in the reflection region but
ext endi ng tﬁ -'f;he s;g oun i{_}g edges of the reflection region. Figures 12A
and 12B i | THETHEYES £ 1i ¥y ?aﬁga’ai‘m1§§l?‘her%’s@l d*¥Forming a color filter
of the reference 22 21 July 2006 exanple shown in 11B. The reference
nunber WDT3ATFEReRsling 240 | Hae chrarspanerit relsctiwieruse ndofifafdérct ed by
devi ation, and the reference nunber WDT12 in FIG 12B indicates a width of
t he origi re®ler §f Hepwmeseasiahmwn in FIG 12A, when fornming color filters,
for exanple, in the coloring order of RR Gand Bin the CF formng
process, a greerPrpdtiteerothiesr ddrghedin the gresRed! itfrehdigsh paitern by
| eaving a certain error. Simlarly, a blue pattern is aligned with respect
to the 10 apmesh pailies Filtdreard Ntb@n&® 4 NHHY HYrldb g, SALE e As a
e wi nd

result, as shown in FIG 12A, there arises the case that tl oW is
bl ocked byaratl] @ Riradfsmidia drP Adif ol | o & UiSigdulls LS case, a
predeterm ned aperture ratio of the W ndows canncﬁ e 4l ntai ned, and

there 15 FASAHLPLWRAKKA Ur 15U Qo 35 UN 18§l 904l I L8090 the
the CF windows is shown in FIG. 11A to FIG. 11C. Figure
11A shows the configuration on the TFT substrate 20 side,

10 wherein the pixel PXL is divided to a transmission
portion T and the reflection portion R. A size of the
pixel PXL is, for example, 100pm x 300um.

Figure 11C is the configuration on the CF substrate
10 side produced according to the present invention, and

15 one window CFW is formed in the reflection region. The
CEFW is formed inside the reflection region away from the
surrounding edges thereof by 2pm or more. A size of the

- CF window is, for example, 60pm x 100pm and the aperture
ratio is set to 20%.

20 ; Figure 11B shows a reference example, wherein the
window CFW is formed in the same way as in FIG. 11C but
is not formed in the reflection region but extending to
the surrounding edges of the reflection region.

Figures 123 and 12B illustrate a disadfantage of

25 the case of forming a color filter of the reference




reflection region. To prevent such a problem as shown in FIS@];Z]Og it is
sufficient if theCva'ndowisforrredﬁtwayfromedges ZAdu 9Ieaving
a distance of at |east an anpunt 20 that the adjacent CFs are devi ated due

to the alignment errors. Normally, it is sufficient if the CF windowis

formed i nsj I I ng. a di st e of _2pmor nore from surroundi ng edges
of the ref%ﬂg%%1 %% %@ggéfngn%nl\lgié'ggﬁ?e’rﬁﬁg? nee pumber (HRTELtbn| BEGe 3pm or
nore. Not eléé& t hat when al jgnnent accuracy is inproved, the Iimt of 21

July 2006 133 R LR I r of | fhe ot mekndas af feated B8 i s the overal |
configuration of a liquid crystal display device wherein CF w ndows are
formed on 9¢HERYR e ARG rthe greferned cn@benbinTia draFrapl med 5 above.
The reference nunber DIOin FIG 13 indicates a distance between the

t r anspar et @atepde Wl efMetldFTorigmiale amdvisddw wi ndow. As shown in
FIG ~ 13, the CF substrate 10 is assenbled to be a liquid crystal panel by

bei ng® 10 super p@secshestrh itch & IERT 1900 e £2miFRE dAle@iilan £l ect rode 24
on the TFT substrate 20 is formed by a light reflecting fillm and the

transpar etowleeginpds, 3% ithe fWIBX Y Ardd: s W2 Tcld igg{ igyfn The both
substrates .
. CF forming brocess, a green pattern is aligned with )
respect to a red pattern by leaving a certain error.
Similarly, a blue pattern is aligned with respect to the
10 = green pattern by leaving a certain error in the same way.
As a result, as shown in FIG. 127, there arises the case
that the CF window is blocked by adjacent CFs due to the
alignment errors. In this case, a predetermined aperture
ratio of the CF windows cannot be maintained, and there
215 arises deviation of color tone on the color filter on the
reflection region.
To prevent such a problem, as shown in FIG. 11¢C, it
is sufficient if the CF window is formed away from edges
of thg CF by leaving a distance of at least an amount
20 that the adjacent CFs are deviated due to the alignment
errors. Normally, it is sufficient if the CF window is
formed inside by leaving a distance of 2pm or-more from
surrounding edges of the reflection region. More

preferably, it is suitable to leave 3um or more. Note

25 ‘that when alignment accuracy is improved, the limit of




10 and 20 are superposed so that a pattern on the color 15 filter on the CF
substrate 10 superposes with a pattern,,of the pixel el ect?bdalyddfposed of
the reflection electrode 24 and the t?gnsparent el ectrode 25 on the TFT

substrate 20. At this time, a CF wndow (CFW is formed on the reflection
t he CF w ndow nust

regi on CFR the .CF substrate 10 side. 20 Accordingly,

not be supé:?lp%ogédstW‘T% qﬁﬁ’?ﬁ&h’s%ﬂeﬁeﬂ@ﬁﬁﬂde portion on the TFT
substrate 20 side,, However, there actually arises an alignnment error

bet ween the bot h P& dtfeds1bhgneveradde configurathiani ofl acliguidl a

super posi ng apparatus. Wen 25 such alignment deviation arises, a CF w ndow
havi ng a 2£T¥ftad dizpdey detrddec ehereioncintwiaidows b3e0Fsemead ophr ough t he
transparent electrode, so that the display quality is largely

deteri or at e Tefdecttdopr eeghbnt bfS thist AFS subs®katabhe EQofatKea CF W ndow
away fromthe transparent 5 electrode 25 by | eaving a distance caused by

al i gnfient abeveat the Qéf@&éﬁceAﬁuﬂbéﬁsbhb1i%V%EGRf1§|Eg§HEQEege¥iation
ari ses between the both substrates, the transm ssion corresponds to

the transpaietanekepbtaden $Re! PRLNALSRLAL égggeggggt%%égﬁgFﬂ823550t

deteriorate. Considering alignnent accuracy between trates,
the di stantesbh® ahQt weep §Pgask W ndow and edges of the transparent

As shown in FIG. 13, the CF subst;ate 10 is
assembled to be a liquid crystal panel by being
10 superposed with the TFT substrate 20. The reflection
electrode 24 on the TFT substrate 20 is formed by a light
feflecting film, and the transparent electrode 25 is
formed by a light transmitting film. The both substrates
10 and 20 aye superposed so that a pattern on the color
15 | filter on the CF substrate 16 superposes with a pattern
of the pixel electrode composed of the reflection
electrode 24 and the transparent electrode 25 on the TFT
substrate 20, At this time, a CF window {(CFW) is formed
on the reflection region CFR on the CF substrate 10 side.
.20 Accordingly, the CF window must not be superposed
with the transparent electrode portion on the TFT
substrate 20 side. However, there actually arisés an
alignment error between the both substrates 10 and 20 due
to a mechanical error of a superposing apparétus. When

25 such alignment deviation arises, a CF window having a




el ectrode 25 on the TFT side is preferably 2 to 3pm _Natug hh%ﬁmﬁgeﬂade
alignment accuracy is inproved, the lim4t is of the distan Le mede
| ess General ly, an exposure apparatus for photolithography use |n||e|
CF p%ocess is called a proximty exposure apparatus, by which a para

ight i s ifadasl eetbd rasndditdaialén S0 QS W g, The 20

’ . te
exposure processing is perforned in a state ere nes he substra

! . . str
Touch each other e e aree ba et N nbRPARY B ISBe it 6 at Chi s

i bet ween .
touch each other. The distance nificant factor to 25 deternine

time is Cilalr%l%n C@%Q%.%E:%lt% pog'g'%SiF?d:laﬂz)ir vend fhigpedd: ie view of a

exposure accuracy. 25 21 \ r 30
R, VS L 1 e
ey e R o 5,000, i o
becones sreFPIAGRER PRemeRBosUre gap P30 becomes 10| arger the di ffracti on
light intensity becomes large and a diffraction pgtt?rn grédually
increases. Ther eh®r@, result, even if alignment deviation arises
between the both substrates, the transmission CF
corresponds to the transparent electrode, so that a color
10 concentration does not deteriorate. Considering alignment
accuracy between the both substrates, the distance D10
between the CF window énd edges of the transparent
electrode 25 on the TFT side is preferably 2 to 3pm.,
Naturally, when alignment accuracy is improved, the limit
15 of the distance can be.made less.
Generally, an exposure apparatus for
photolithography used in the CF process is called a
proximity exposure apparatus, by which a parallel light
is irradiated from the light source side to the mask. The
.20 exposure processing is performed in a state where mask
and the substrate are closely arranged by leaving certain
constant distance so as not to touch each other. The
distance betwéen the mask and the substrate at this time

is called an exposure gap and is a significant factor to

25 determine exposure accuracy.




pattern formng faithful to the light block film 32 patterq o&%g
phot omask 31 si de becomes inpossible. @gnsidering such a diZt R n
phenonena, when 1is arranging a plurality of CF w ndows adjacent to each
other, it is inportant to arrange the CF wi ndows having a certain distance

in advance. Due tRidules,14 iRA &dy \Vi ess used diffraction can be
prevented. In the illustrated exarrp| e, c;\;mer?"f ﬁ)?&q? &Y GP30 i s set
to 20 150pmMetHod L@ {LrN L. tAat,. a distance between CF_ w ndows is | Gom
or nore, nore preferably 2 ﬂ.q:mofjrlalrﬁ)erre’. fw&?'réduci% e exenssur e gap

GP30, the dishanc en, the CF windows can be al so reduced. Note that,
in the exanpl e sl}h%v(\)ani%\r&ﬁaéesli sybstrape i3lddwdisaftesmad phy Hoaiakng a

| i ght bl 0052f iilngl.SZton &he 26_21 July 2006 photomask 31 and Perform ng
exposure ProcedSrigrefnitghs bdgsk fiilmse aadc 6PG0I ngdliayeesoihkhe col or
filte is con'gl etely renoved fromthe CF wi ndow, the coloring

concent r at PERCBEESNEAPE. | nstead of this, CF windows 5 wherein the col or
filter on the CF windowis left to a certain extent to have a | owered

col or concentratf®nsheyn be EISo MﬁdWh&eﬁﬁéiEﬁi)wurgyg&ﬁe@f’é?g'g hal f
exposure condition by using a light block filmpatternin a s i T shape, a
film thi ckeeablof difitraotbonnyidRYeinLbnsiey FepdQath ooy £&), bg rade thin.
arrangement of the light block film 32 of the photomask
31 becomes small. When the exposure gap GP30 becomes
IQ large, the diffraction light intensity becomes large and
a diffraction pattern .gradually increases. Therefore, -
pattern forming faithful to the light block film 32
pattern on the photomask 31 side becomes impossible.
Considering such a diffraction'phenomena, when
15 ‘arranging a plurality of CF windows adjacent to each
other, it is important to arrange the CF windows having a
certain distance in advance. Due to this, a pattern
unevenness caused by diffraction can be Prevented. In the
illustrated example, when the exposure gap GP30 is set to
20 -150pm, it is preferable that a distance between CF
windows is 10pm or more, hore preferably 20pm ér more.
When reducing the exposure gap GP30, the distance between
the CF windows can be also reduced.
Note that, in the example shown in FIG. 14, a CF

25 window is formed_by.forming a light block film 32 on the




G aphs in FIG 15A and FIG 15B show an exposure anount reaching to the
substrate in the case where the exposure gap Is set to 15@[5&11%( 08 width
size of the light block filmpattern ig set to 20pm Figure 15A shows 15
t he case where the distance between CF windows is set to 6.5pm On the

ot her hand, ws_the case where the distance between CP w ndows
is set to fggin%%ﬁﬁfils%) ari%,&’ TR pogure gzdesswingydi attdsi s
position on,_ the substrate surface and the ordinate indicates relative 20
i ntensity. “Wen tHEH & FRICHaOOdayatheoTrthe nedws: & 1Eamisa suffici ent

| i ght anount reaches between the CF windows and patterning faithful to the
i ght bl ocEMRLALRIM eiemovsst dines: ides AR evirdow heHa kejidiang; when the

di stance 25 between the CF windows is 6.5pm a sufficient exposure 27 21

July 2006 cehgentaedd ombecenes et Taetdalie ooF t¥iRdowWs d4e Lo di ffraction,
This neans that size variation between the CF wi ndows i s easily caused.

Fur t hér nor whetrké nethes wod ordER 1¢aki 85 due of. t he phot omask or
substrate 5 surface. Even in such cases, abgt\ggﬁg%lwi éﬁt §%u 8an be

Ceact 10pmyprefor b o I5he o Rore o Riana. SbSEc BaRbeRLrat enoraN i ew of
a specifiCbee§§§8|ﬁs@&.tQﬁegffﬁeggfyaogytggeg Eﬁ& Likggg'e§£325§916
conditio? by using a light block film pattern in a slit
shape, a film thickness of the coloring layer of the CF
10 . window can be made thin.

Graphs in FIG. 15A and FIG. 15B show an exposure
amount reaching to the substrate in the case where the
exposure gap is set to 150pm and a width size of the

.light block film pattern is set to 20pm; Figure 15A shows
15 the case where the distance between CF windows is set to

6.5pm. On the other hand, FIG.15B shows the case where

the distance between CF windows is set to 15pm. In FIG.

15A and FIG. 15B, the abscissa indicates a rosition on

the substrate surface and the ordinate indicates relative
20 intensity.

When the distance between the CF windows is 15pm, =g
sufficient light amount reaches between the CF windows
and patterning faithful to the light block film pattern
becomes possible. On the other hand, when thé distance

._25 between the CF windows is 6.5um, a sufficient exposure




i [ [ [ f ] Wws are

10 illustrates a set of RGB three pixels, wherein sizes o (1‘,Fu |

optim zed for the respective CF windowszto obtain prgferaﬁﬁééﬁ%ﬂ@ﬁ taﬂfch

for color display. In the blue phxel, oRe CFdwnndgrllmer2¥|ig Qﬁnéoms &
' %is ainme In the red pix

the aperture ratio of 5/0IS D A hed | ar  ilows, 2

provi ded, l?-‘llgW‘i‘.' Elt%etsh‘?l re%%%e %yé\%ngg&%o% by WhPeRveheugpdicture ratio of

green pi er

' optim zing the nunber and size of the CF w ndows
Zo-%aiogvgl %Jgggg\ncl’lngl ﬁélgﬁmﬁﬁfﬁn Aénfize Vhsiasfon betwekhedhmvire is
gfeveht ea om. ar,i sin Nanely, by setting different coordinates to beI
arr anged IOVF‘ BEdPHEORS PBFil¥spausede Buxehermarapi thecanpeduby a cyclic

d.

tion is suppressed and the display quality is inprove

Speci i cal 50 US* SBUFANCONEAEDGURE, thaSphbeofEe fosknotestale Not {0
have the sane distance and - - - ------- 28 21 July 2006 arrangenent

I bet fideFa¢@s piven ven RBchi #akas, Weatab Dy 01 §9+ aaRbHAR! bLY
\Z/i\nngdgws an arranginent of CF windows of other color is mage 1%ave

nt of the
fferent obpinaddoyli sépacetingnadloseneficp ‘ana@,‘,r,\g aLsan erre
g.:jj acent CO|? Due to this, color unevenness due tgﬂ‘? I'f henorrenon

can be prediest=atbe d\ﬁr@iy}aeéé‘t@mprpééféﬂbﬁﬁgﬁngrtgo;g? present
Figure 16 is a schematic plan view of a specific
example of the CF window of the color filter. Figure 16
10 | illustrates a set of RGB three pixels, wherein sizes of
CF windows are optimized for the respective CF windows to
obtain preferable color tone for color display. In the
biue pixel, one CF window is provided, by which the
aperture ratio of 5% is aimed. In the red pixel, two CF
15 windows are provided, by which the aperture ratio of 20%
is aimed. Similarly, in the green pixel, two CF windows
are provided, by which the aperture ratio of 20% is aimed.
Not only by optimizing the number and size of the
CF-windows as above, but by devising an arrangement
20 thereof a so~called-moiré is prevented from arising.
Namely, by setting different coordinateé to be arranged
of CF windows for respective pixels, a moiré caused by a
cyeclic configuration is suppréssed and the display
quality is impfoved. Specifically, as shown in the figure,

25 | the CF windows are made not to have the same distance and




I nvention, when arranging a plurality of w ndows respectively for
pi xel :regions of different colors, 10 g rangenent directiord Jeby 20he

plurality of windows are different between pixel regions of different
colors. Consequently, the noire' can be prevented. Al so, when arranging

one W ndowaifah ' ] egions of different_ colors, the
i&‘é&@p&q&%gg Bé§§Le£ SERTTE VR iRsParelai fferent bet ween

arrangenent coordi nates of the res

pi xel regions ofy, di nt. colors. Consequently, the noir6 can be
prevented. In the ésypé%%\ﬁ:é SArh RV AR %,Cl‘é Hiodewesmsain lattice is

not formed, fween thgg&RGB pi xel s, so that 20 pixel regions of different
col ors ar € di PEEtTS ¢%H WHdert e rotliathmalahel bl made MesKiadd) t he case

of such a \(}:Ef | guration, declining of the contrast can be prevented by
forming CP Nthangle mnd ebiptiotiae frioteltheag Wi5.a A5 SHTQE t hat the
W ndg are formed not inside the pixel 25 regions but on the franmes al ong
t he pﬁ,\?(el FrEgneRnenth @ forhzy ijakdnt 216 r WDdoWs aie  ordmd,exact |y at
the position of the black mask. In such a pattern, a reflection light is

em {{ od a@nevenneskr dme ftw Ititd e {8 peMAhons ehiale e Rliadly | eve
becones weak and the contrast declines. On the 5 other Hand, since the CF

Wi ndows "are proMadedlyi nshde @ orPiXeleredbaBsgl Ryt S F%'il%s%%sie.ﬁ%e”t on,
t he cont rast can ~
invention, when arranging a plurality of windows

respectively for_pixel;regions of different colors,

10 arrangemenf directions of the plurality of windows are
different between pixel regions of different colors.
Consequently, the moiré can be prevented. Also, when
arranging one window in the respective pixel regions of
different colors, the arrangement coordinates of the

15 respective windows are different between.pixel regions of
different colors. Consequently, the moiré can be
Prevented.

In the specific example in FIG. 16, a black mask in
lattice is not formed between the RGB pixels, so that

20 pixel regions of different colors are directly next to
each other without the black mask. In the case of such a
configuration, declining of the contrast can be prevented
by forming CF windows inside the respective pixel regions.

Assuming that the windows are formed not inside the pixel

- 25 regions but on the frames along the pixel regions, the CF




be mai ntained even in the configuration without a black mask. Figure 17 is
a graph of the chromaticity of a 10 refd ection CF of the cAldpl200fer shown
in FIG 16. In the illustrated xy chromaticity diagram the CF

chromaticity by the present invention is indicated by a "13" mark and the

CF chr omat s Thdd | tpod is_inpdicated by mark. |
chr omat wLhdey QYaﬁgefSPﬂganékQ?giryf#te ea!ﬁjgﬁ%{géégﬁagatg%fﬁ%%@Fonm; egi 02

t he conventional 15 nmethod, a co
is used. ,pnt hepother, h 219 .0 the present jnvention, a condition close
to the chromaticity o{:ht% ?E#?Jé%ti%nr?gfe‘?gl%t]&%ﬁ by Pruvred mys CF
wi ndows to. ,an originall trapnsm ssion type color filter. As is clear from
the 20 graph,*% r#elg(fﬁ?%l?%tjr%?’f’gp%fc}f Heinddwect $@ntigrt byhe Helagk esent
invention jis alnost the same as that of the reflection CF by the
convent i oS e IRRPTSE Yok and the orontmdet GedVineccomlitie to t he
present invention, it becane possible to nmaintain conplenentary for the 25
chromat i cidtfathinand esintagthe Rivdiridowsofa s qaessRsednith ke Whe 2006 30
reduction of costs. Figure 18 is a schematic view of other aspect of the
present i &Sl aegimnsexpl dilebrh@int invdriitiich ol AloRalle can
be maintained even in the configuration'without a black
mask.
Figure 17 is a graph of the chromaticity of a
10 reflection CF of the color.filter shown in FIG. 16. In
the illustrated xy chromaticity diagram, the CF
chromaticity by the present invention is indicated by a
‘0" mark and the CF chromaticity by the conveﬁtional
method is indicated by a “A” mark. In the conventional
15 method, a color filter .adjusted to a reflection-region.is
used. On the other'hand, in the present invention, a
condition close to the chromaticity of the reflection CF
is obtained by providing CF windows to an originally
transmission type color filter. As is clear from the
20 graph, the chromaticity of the reflection CF by the
present invention is almost the same as that of the
reflection CF by the conventional method. As is clear
from the FIG. 17, according to the present invention, it

became possible to maintain complementary for the

25 chromaticity while realizing a reduction of processes and




5 conprises a CF substrate 10 and a TFT substrate arrangedzzﬁaéhgﬁ to each
other over a liquid crystal layer. As3gshown in the figure, t'H ?
substrate is forned pixels PXL arranged in matrix, and each pixel is
formed a reflection portion Rto reflect an outside Iight and a 10

transm ssirealyadrildro fT dogtisl.ansmt a light. On the other hand, the CF
substrate is fornmed a color filter for <coloring each of the pixels PXL to

be different colrggare(igdisdLhes lue).. As_is . clear fromFI G 18, the
arrangement 15 cogrdinateéso% t%ggﬁggﬁ§h$é§ﬁbﬁfpSFﬁFBna?pFﬁ ofi xel differ

bet ween p{ﬁglir égn%okgbggtggnbe different colors. By applying a random
arrangenent configuration as above, a regular pattern is renoved as nuch

as possible and 2 EQD#rG‘%%n ge suppressed. 20 Industrial Applicability In
a liquid crystal~dfEBtained\?Reves ehdigpiderrystalepened, a transni ssion
type colorofilter and a reflection type color filter are simultaneously
forned, 25°UBTLRSF £hEFpFUREErRbA pPosbdsacERTheubstinatd herhhgedf 21 July
2006 31 the_ conventional method and a reduction of costs can be realized.
Therefore?a?hgglFaU?acbr?gh%r dvepl ayldgquidecrystal layer. As
shown in the figure, the TFT substrate is formed pixels
PXL arranged in matrix, and each pixel is formed a
reflection portion R to reflect an outside light and a
10 transmission portion T to transmit a light. On the other
hand, the CF substrate is formed a color filter for
coloring each of the pixels PXL to be different colors
(red, green and blue).
As is clear from FIG. 18, the arrangement
15 coordinates of the transmission portion T in a pixel
differ between pixels PXL colored to be different colors.
By applying a random arrangement configuration as above,
a regular pattern is removed as much as possible and a
moiré can be suppressed.
20
Industrial Applicability
In a liquid crystal display device of the present
invention, a transmission type color filter and a

reflection type color filter are simultaneously formed,

25 so that the production process can be reduced to 1/2 of




can be applied, for exanple, to a so-called hybrid type 1liquid crystal

di spl ay device wherein both of a 5 ref{gction portion and &Pl ssion
portion are provided in each pixel. 21 July 2006 32 CLAIMS 1. Aliquid
crystal display device, conprising a first substrate and a second :

substrate : a other with a liquid crystal |ayer

t her ebet weg{l],éaggp %{lg#n[qéfoﬁeﬁq?gl §n§r ?aﬁ‘@gﬁthmé ARt PREBNCaBabE first
subst rate,rggflhz i xe% cor‘rPri sing a reflection portion to reflect |ight and
a transni sSTOM PoTti BACTBEOFPanthet Liaghd  caveital cdl eplay| deviéer med over
sai d second substrate, the color filter conprising one or nore col or

adj usti ng FRHRXERRbIRUedCeR examphe, cbo responch hibed chyliild tghéect i on
portion of_ each; pixel, wherein at |east one of the w ndows has a col or
concent r at} it enirstahaii splay bievies svhérein thegh ofg porti ons outsi de the
wi ndows 2. A liquid crystal display device as set forth in claima1,

char a2t er i peftl et idratpaet bre At 200 b6 4riits 38 SHI QYIS £ A58 S04 Med i n regions
of said color filter corresponding to said reflection portion |leaving a
~di stance @rdpiert iMreadi @Puxdihe edge of the reflection portion.




3. Aliquid crystal display device as set forth in claim1l, characterized
in that said color filter conprises a plurality of color 2dj%ubt309§ wi ndows
per pixel and respective w ndows arg separated from one another by 10pm or
nore . 4. Aliquid crystal display device as set forth in claiml,
characterimmes in that a plurality of windows are included for respective
pi xel s of different colors and arrangenent of the plurality of w ndows are
different between the pixels of different colors . 5. Aliquid crystal

di spl ay devicelas set fdguidl i deysalaai mikpleharretes] zedduprt baig 08e W ndow
s incl fQr.,. .k ective pixelsg of different colors and arrangenent of
21 Jul yu%%éc %ﬁsfﬁég%\ﬁann oW issecaflaf EPRETT AE: REEADIH ptr%(eﬁd Cof 281 f er ent
col ors. ®:hex | Wyth ¢ criywi dl cxiisgpllayadeyitderabesederf,orth in claim 1,
characterized in thaty tﬁq{rglg?%n fbng%lga%rg)ﬁ%ér/&lagl{#]gggﬁgk?i}gf JHifferent

colors. 7., Aliquid crystal pl ay "device, conpri r'st ‘substrate
and a setord Slbsh r atRSEatangerp o Pk eactrmpatiféng wiat hreflscgapd cryst al

| ayer -t hayrehiehvwees, rarpbef al i 1y Rh¥el§ arhabdedsidh apgRifdx o9 said
first s%brs‘_itnrsﬁtlg, ffg%h;%ég' conprising a reflection
a color filter formed over said second
substrate, the color filter comprising one or more color
adjusting windows provided in regions corresponding to said
reflection portion of each: pixel, wherein at least one of the
windows has a color concentration of more than zero but less

than that of portions outside the windows

2. A liquid crystal display device as set forth in
claim 1, characterized in that said color adjusting windows
are formed in regions of said color filter corresponding to
said reflection portion leaving a distance of 2um or mdre from

the edge of the reflection portion.

3. A liquid crystal display device as set forth in
claim 1, characterized in that said color filter comprises a
plurality of color adjusting windows per pixel , and
respective windows are separated from one another by 10mum or

more .

4, A liquid crystal display device as set forth in
claim 1, characterized in that a plurality of windows are
included for respective pixels of different colors and
arrangement of the plurality of windows are different between

the pixels of different colors

5. A liquid crystal display device as set forth in
claim 1, characterized in that one window is included for

respective pixels of different colors and arrangement of




portion to reflect light and a transmission portion to ‘transmt |ight;
a color filter formed over said second substrate wherein 21p4512406n of

said transm ssion portion in a pixelags different between pixels of
different colors.
the window 1is different between the pixels of different

cclors.

6. A liquid crystal display device as set forth in
claim 1, characterized in that there is no black mask between

pixels of different colors.

7. A liquid crystal display device, comprising a
‘first substrate and a second substrate arranged to face each
other with a liquid crystal layer therebetween,

a plurality of pixels arranged in a matrix on
said first substrate, eéch pixel comprising a reflection
portion to reflect light and a transmission portion to
transmit light; and

a color filter formed over said second substrate ;
wherein a position of said transmission portion in a pixel is

different between pixels of different colors.

and




