; le3e<g, :<223%$5h6: 969T, :t 1 DESCRI PTI ON LI QUI D CRYSTAL DI SPLAY DEVI CE 5
TECHNI CAL FI ELD The present invention relates to an active nmatrix type
liquid crystal display device, particularly relates to a so-called hybrid
type liquid crystal display device wherein both of a refle and
a transm ssion 10 portion exist in each pixel furthernDreﬂmHmmmmmmgmmE
relates to a configuration of a coI&ESqéiEQIQHﬂe to be applie

the reflection portion and the transm ssion portion. 15 BACK ART A
hybrid type liquid crystal display device is disclosed, for exanple, in the
Japanese Unexam ned Patent Publication No. 11-52366 and t he Japanese
Unexam ned Patent Publi catirpiND CRySTA8IISFLAY IDEVII¢E pe |iquid 20
crystal display device perforns reflection type display by using an outside

light by reflecting the outside light irradiating fromthe front surface
side on a reflection |layer on the bank surface side when a sufficiently

bri ght tside light (natural lig éﬁﬁ&éﬁﬁ jfiti ng, etc.) can 25 be
3# i i Ci [ﬁ% 'gﬂgi%éﬁnot

obt ai ned, while when sufficient o 2 be obtained, it
n the back surf aca s arenee Bifberti it DA A A4 OH e€?€%'*%%u=?reéa|”%ed
QUi d oryst SVER S T LR T SROVESt e RERTYHOrbY | BRBres’
section of oq? %}gﬂ 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 BACKGOUND ART
A hybrid type liquid crystal display device is

disclosed, for example, in the Japanese Unexamined Patent
Publication No. 11-52366 and the Japanese Unexamined
Patent Publication No. 11-183892. A hybrid type liquid

20 crystal display device performs 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

LT
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As shown in the figures, the hybrid type liquid crystal display device
conprises a pair of a first 10 substrate:% 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 forned a transparent conmon el ectrode 3,
and on the inner surface side of_ the second substrate 2 |s fornmed a pixel

el ectrode 4. PR gbtairesd, i % arferms Frapgmifian t'ﬁ@’%d*ﬁﬁﬁ]l ¥ rode 3
formed on the first substrate 1 and respective pixel electrodes 4 formed on
the second sW§dihdae lighiceoft @ badkldatdr ampngad phdithhkprah t$2EFRCDi xel |
a color filter CFis provided on the first (front side) substrate 1. 20

Bel ow, the fisiste ¥bdtheatld quigl embykdmwvidienlsy ciewircdi [ter CF will be
referred to as a CF substrate in sone cases in the present specification. A

liquid crystal |ay@iguras dA @eCilB Greplddhtimdtiyerviewdalfl dretevemiplde
pair of the first and second 25 substrates 1 and 2 at the front and back.

The ligwd oFf & ¥rilertBHald IRIGKS/ tysd SN difi @edyetLendi spoay for each
pi xel in response to a voltage applied between the el ectrodes 3 and 4. The

second (back fhdQle SHAIYUA a2 drowl AHdehi idura @i &efdecd i o8-t fYRrof. The

reflection | ayer 6 has "an opening for every pixel and flatly divides each

pi xel to a tro%%s@i%cﬂ on portion T in the opening and a reflection portion R
out si de the opening. ]1'n the present exanple, the reflection layer 6 is nade
of a netal filmforyred,on 1Q a rhel ifelf

conposes a part of ‘bisnésh}ﬂw?elmeltec rooge‘fr}ae’ip ;elr th@e%é;%yée‘{’@ fsisljgéslg%%tee 2 and
rans oS! on SO & At SR & SSRRELSDs (LS HLLaL sven o
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 casas in the present specification.
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 and back. The liquid



formed and conposes a part of the pixel electrode 4. 15 As is clear from

t he above expl anation, the pixel electro 4 formed on the second substrate
2 has the hybrid configuration of the netal filmprovided to the reflection
portion R and the transparent conductive film provided on the transm ssion
portion T. Such a pixel 20 electrodge 4 is driven for, every pixel_by a

swi t chi ng el &’Fé(ﬁtt,aqf PY(%Far?plkch&ﬁ/\e}:é’r‘?W]atst A mgident 'gﬁ%rfc(’%/'FT)

The second substrate 2 being fornmed the TFT for driving pixels will be
referred to &3ch PERedyulHd rasPIs s eddnge iaPRHedrkalspen the

speci fication bel ow. 4 The color filter CF is separately configured for a
refl ection r ediestrddRsc@ rmesbdnding to the reflection region R and a
transm ssion regi on CFT corresponding to the transm ssion region T by using
different material Theb satomabWbadk tdicid) Gubstratd ghtid rmrenided twietlcol or
filter CF twice in the reflection region CFR On the other hand, a |ight

transmtss t h% Q@ﬂreéﬂﬂdrﬁﬂagiﬂrd y 'ﬂi’&&;éﬂééﬁér{ f’ilf‘sﬁf@ﬁsé ha g egh on CFT.
Therefore, in order not to cause nmuch difference in 10 col or tone between

the reflecti QpepAid ¥oR ARty B85 Ad1PHA SEI PO P ULV Ued  edolr P LA Ot
concentration of the reflection region CFR 1 s 'made | ower than that of the
transm ssi on rggi J V.anc r t.hi col or
filter CF coIaoftgzl(?q{bggtis-elzg165%1 ﬁ%’eﬂﬁc’?‘alf%ﬁ c%ﬁ%réI?%?%Eg i%X%P? 2%%)9%%%%{01&&5
different. mterials

i onal |y produced. hy . by, usi
Tt he 1 of | e b G TR RO 02 I T bl e 18

schematically  illustrates a plane shape of a liquid crystal display device
shown in F|é&hqqu£}ection fgyer é ié)made of ;lmeta yfilm forgedyon
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 opening explained above is
formed and composes a part of the pixel electrode 4.

15 As is clear from the 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 and 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.



20 shown in the figure, respective pixels PXL are separated in lattice by a
black mask BM Each pixel PXL is flatly ¢ivided to a transm ssion 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 t pi xe] s .marked off by the.., 5 b k mask BM
Typi cal Iy, pixel rgg‘ﬁoﬁ§18F ttjr]’rgt&ﬂ érFsﬁ'sI SEP3AESY pc?r?d&rh?utrt?c{’ gop‘ecati ve

pi xel s PXL are colored to be three primary colors, red, green and blue. A
hybrid type Feddiegtdopsragign QER qrunesPaiding & hawiaf reatior an
easy-to-watch di splay under any circunmstances. Thus, it becones a

refl ection tyegidns and er tdizgyEmes sigpra reagicen GBT wwmesporedirgtion | i ght
in the sane way as a printed nmatter in a bright circunstance, while in a
dar k ci r cunstoivec & ransmiesims redianIMssiusing differbsp | mytdyialbs ng a
backlight. To realize a color display by such a hybrid type display, it is

necessarsgy t o afsOlsRorCAlOrtHd IftiQfurdd] UstiaHo ththdmis ninsi @dndype and a
color filter adjusted to the reflection type on the CF substrate side.

Convent i onal gy v MRiqgi%fe f1Of NHHY A ARsOle fddis GFRaTaHh elet hrough a
production process of a transm ssion type CF and a production process of a

reflection typs gener; ) ' ﬂ.g),g £0UL ger
producti on proceegs:han ’no?gl%}{terl a ssgl(li;llnt E}?l%rs@%o ef usedf. e‘;%aﬁg}?ef ore,
there is a diosadvalnt e thrat ! icosl.oor filter in a hybrid type display
becones doubl%*9%h 6’ro ct’i‘ LG crb%eaqli% h a color filter used in a
normal transm ssion type display. so, when form ng both_of the ]
transmi ssion type 2HTRIATS I’t‘{ro'gﬁf teRF e Ic'eadﬁ%rgf"‘i%éi’c%f%ﬁ’e???t’e‘? in

one 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 schematically illustrates a plane shape

of a liquid crystal display device shown in FIG. 1lA. 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



6 pixel, there is a disadvantage that the transmttance or reflectance
declines when an alignment error arises ketween the two. 5 DI SCLOSURE OF
THE | NVENTI ON An obj ect of the present invention is to reduce costs of a
color filter by realizing a reduced process with less materials and to

provide a liquyid.crystal_ display vi ce .conprisi.ng a colqr filter by which
10 decl i ni ng%gﬁcﬂ‘hgétsﬁ‘aﬁgﬁi ?L‘S@r’rc?@q' Y op aﬁ"@?dﬁﬁ%%ﬁe °tfg tj}? &9 nt error
is not caused. To attain the above object, a first aspect of the present

i nvention i s fdlteguiceraependisggs fioay efRAcE Yeh Aials By axe riedng a
pair of first substrate and 15 a second substrate arranged facing to each
ot her over ato i@ dhaegsralimagyercolidrs f inest, anean @&nd iklyer ned pi xel s
arranged in matrix, and each pixel is forned a reflection portion to
reflect an outsi deAl hyhirighdygpet ldagriids Sinys tpdr dimpliay tdeanisra taiang i tght |
and the second 20 substrate is forned a color filter colored to be

differemt colalmnayeonreadiclialg dasy-aspaetitote diisgllsy whdseiany he device
conprises one or nore color adjusting wi ndows having a col oring

concentrat i oMok tArded e an ¢ BdcdlePt e NULEIBS B Se RILYHILH
I nside pixel 25 regions corresponding to respective pixels and on

(el est! s S AR L iadh e (pbhpd | AIIL B0 Lt ol
reflection r Q:gxieoréalm%awaqp £ cg %ﬁ%@e@fmﬂﬁgf ){ﬂ ol 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 adjusted to the transmission type and
a color filter adjusted to the reflection type on the CF
substrate side. Conventionally, 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 method 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 forming both of the transmission type

25 color filter and the reflection type color filter in one



5 nore froman edge of the reflection region. Also, the color filter
conprises a plurality of color adjustinggvndows in one pixel region, and
respecti ve wi ndows are separated from one another by I0(err)mor nore in
the pixel region. Also, a plurality of windows are arranged for 10

respective pixel ,regions aof diff.erept _calors.and arrangenent, directions of
the pl ural i (98PN AiSES o it FAAT RIS, L DS Tag S o7
different colors in the colar filter. Alternately, one w ndow is arranged
for respecti Fefdieahancsyidar idlesy el &t 2diBIenih PEEPA P LY Fefigenent
direction of the window is different between the pixel regions of different
colors in théetslesn fihe é¢wo.Al so, pixel regions of different colors are
directly adjacent to each other not over a blank nmask in the color filter.
20 Al so, a second aspect of the present invention is a liquid crystal

di spl ay device characterized by conprising a pair of first substrate and a
second substrate arranged f aiSQCLASUREIGIF OTHEIINWENTEBON i qui d crystal | ayer
the first substrate is forned pixels arranged in matri x, and 25 each pi xel

is forned a refl ectAropHIVdE OF tthd PlfdntBinvéhOidbiide té Pddwdd a
transm ssion portion to transmt a light, and the second substrate is

formed a col Qiodid i o Uolksh OfiFhr G9POdd Mz MYl Srdduda At cess!

col ors; wherein arrangenent coordi nates of the tTtansm ssion portion in a

Fo the presertt Shsnt] aartattdfy Sfif 5 bl £ LIGAT oFQRLE Coion
i er ent RIS RS AT 1 DR | T CLbbEeE By gihidn Because 10
10 declining of the transmittance or reflectance due to an
alignment error is not caused.

To attain the above object, a first aspect of the
present invention is a liquid crystal display device
characterized by comprising a pair of first substrate and

15 a second substrate arranged facing to each other over a
liquid crystal layer, the first substrate is formed
pixels arranged in matrix, and each pixel is formed a
reflection portion to reflect an outside light and a
transmission portion to transmit a light, and the second

20 substrate is formed a color filter colored to be
different colors corresponding to respective pixels;
wherein the device comprises one or more color adjusting
windows having a coloring concentration of zero or less

than that of other portions are provided inside pixel

25 regions corresponding to respective pixels and on



not applied for the reflection region and transm ssion region as in the
conventional nethod, a cost reduction can be attained. On the reflection
regi on, one or nore color adjusting wi ndows having a coloring concentration
15 of zero or less than that of other portions is forned. By providing the

w ndows, there_.s not h.differ i.n.col qgr..tQne het the reflection
regi on and tﬁgftlre rtf‘g'r%nss% r%ornesg%(‘)‘%g%%r?s&t erwq'vtvc?r g:éfl,e %eéceg'leegér]-'lﬁ ter applied
to the transm ssi.on type. is fornmed all over the 20 pixel region and w ndows
are provi dedP&fk °B§r9%0F%Fh§°98m Atit§¥ r egi on based on a specific rule.
Due to this, it optically functions as a color filter applied to the
reflection type. CBrefexablly thet welgay adips tdsidomindawed cfipumedhr oduced
at a low cost without using 25 special materials for a color filter applied
to a 9 refliostiden thepe efiicatiitdroutegient dreavigica prdidaiEnam gf des of a
reflection type color filter. BRI EF DESCRI PTION OF DRAW NGS 5 Figures | A
and 1B &re seaenifirony iatweddfe aif etanef lafcta aromegyitorona@l sy britge t ype
liquid crystal display device. Figure 2 is a plan view of a principle part

of a liquid goughralriditel Benriiges acEIuiala gy dhaediasedjddtimyention.
Figure 3 is a flowhart of a production nethod of the liquid crystal

di splay devi 68 rihy AiNBre Pl 1PRRAEn | RN iddpedt G SyindSwd Sedemati c
pl an view of a conventional "15 liquid crystal display device. Figure 5is a

flowchart of g nraquet i QRRiRe drifere B o RNA hdAui th CENS 13l <8l sP! ay

devi ce.

region. Also, a plurality of windows are arranged for

10 respective pixel regions of different colors and
arrangement directions of the plurality of windows are
different between the pixel regions of different colors
in the color filter. Alternately, one window is arranged
for respective pixel regions of different colors and an

15 arrangement direction of the window is different between
the pixel regions of different colors in the color filter.
Also, pixel regions of different colors are directly
adjacent to each other not over a black mask in the color
filter.

20 Also, a second aspect of the present invention is a
liquid crystal display device characterized by comprising
a pair of first substrate and a second substrate arranged
facing to each other over a liquid crystal layer, the
first substrate is formed pixels arranged in matrix, and

25 each pixel is formed a reflection portion to reflect an



Figure 6 is a graph of spectral transmttance of a conventional

transm ssion CF. 20 Figure 7 is a graph q{ spectral transmttance of a
conventional reflection CF. Figure Bis a graph of spectral transmttance
of a reflection CF according to the present invention. Figure 9 is a
chromaticity diagramof the 25 refl ection CF according to the present

i nvention. %ﬁ%c&]r]e‘sgrl%@'t aid@%ﬂ%“’nﬁ%é?ﬂﬂ‘é’c?’be’i%p‘éﬁ’??&%i%m of
t he general configuration of a hybrid type liquid crystal display device.
Fi gures 11A tidabtc and shrermaeend ks grate sigpkermed 2xeedre Hiltexol or
filter according to the present invention. Figures 12A and 12B are
schemati ¢ vi dwr dolowigiprréspective irxkly to ke rdftferert ccobpre; Figure
13 is a disassenbl ed perspective view of the 10 configuration of a hybrid
type liquid cihesdetin dirsfd rigentavit co@ednidiiag ¢ the Prasenissbeention.
Figure 14 is a schematic view of a patterning nethod of a color filter.

Fi gures 515A gyt tlidh ailre Hrpiphel of s el ffevénd oo ieas| pyxdl st bbotéantef an
exposure light anmobunt. Figure 16 is a schematic plan view of a specific

exanpl e of apgdlPredddditt Ao ng to the present invention. Figure 17 is
a chromaticity diagramof the color 20 filter shown in FIG 16. Figure 18

o b S SO SR ok W FaFLaG b SP1 2
region and a transmission region form a common color
filter in basically separate pixel region. Because

10 different materials and separate production processes are
not applied for the reflection region and transmission
region as in the conventional method, a cost reduction
can be attained. On the reflection region, one or more
color adjusting windows having a coloring concentration

15 of zero or less than that of other portions is formed. By
providing the windows, there is not much difference in
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

20 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

25 special materials for a color filter applied to a



25 BEST MODE FOR CARRYI NG OQUT THE I NVENTION 11 Below, preferred

enbodi nents of the present invention will,be explained in detail with
reference to the drawings. Figure 2 is a schematic plan view of a principle
5 part of a liquid crystal display device according to the present
invention. Generally, an active matrix type liquid crystal djsplay device
conprises a d’zﬁfrle(ﬁellé’"fitﬁ@ie sk trihe ARG )2 m%’%&‘ghd substrate
(TFT substrate) 10 arranged facing to each other over a liquid crystal

| ayer. The TEFrosiass iqff @ irefleeiidpitaare sodonrfikerr. in matri x, and each
pixel is formed a reflection portion for reflecting an outside light and a
transm ssion portion for transmtting a light. On the other hand, the CF 15
substrate is formed a color filter colored to be different colors
correspondi ng to respecti verpipeIpEdRfIPTION 6F BRAWINGSES colored to be
three primary colors, red, green and blue, respectively are shown as a set

to facilgtate understandidiaa B 19lie Tddidia il CPBI SOF 20 Sxamblect i on
region CFR corresponding to the reflection portion and a transm ssion

region CFT cqi¢ esnanelidife £ gf%}sﬁﬁr@ﬁé%[maiefsrmid&iéafapi xel
regi ons corresponding to the respective pixels PXL. Tn the present

enbodi nent , %qgrr?g)n color filter is 25 forned over both of the refl ection
regi on CFR and the " 12 transnission region CFT. Accordingly, there is no

difference between e ref) 66l 10q, 001 Qs L)1 487, Fr ARG TS pare of 2

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
present 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 8 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.



transmtting color filter CFin ternms of materials. Instead, the reflection
region CFR of the color filter CF 5 is f? med one or nore col or adjusting
wi ndows CFW having a col oring concentration of zero or |ess than that of

ot her portions. Basically, by form ng the wi ndows (hereinafter, also
referred to as CF windows) on the color filter applied to the transm ssion
type, optical 10 chaeyes i1 & ldfuiara) HiFassFded Rarsrestisie ¢ he
reflection region CFR are realized. Nanely, an equivalent reflecting CF can
be formed by viess difhgFheh@enentdwsanfiignatigimehea diykyid feypey refl ecti on
CF. 15 Generally, the mnimumunit that can be identified by human eyes is
30(err) m squdrieyndrd sarystalrakdisyl dyhedesala@s. adj usti ng CF wi ndows as fine as
30(err)mor |ess, an existence of the CF wi ndows becone visually

indi stinctive but ahlgred adiiisio aAl@radedseEmd die Galdws fof ter CF of 20
the reflection region CFR Preferably, the color adjusting w ndows CFWare

formed ignsi dgddg #i€f | SO 'S0 LG andth @¥RYaddSraing €89€8e by 2um or
nore. By arranging the wi ndows CFWinside the pixel region, even when there

is an ali gnmi.;}tleﬁr[@r-,mgél f¥naperture ration of the wi ndows is nade

constant by eepi ng the w ndows not superposing with w ndows CFW of

) e 2 TR A A g S, Bl s b rel

col or tone of the col or € contro

accuracy. In ]gl#s 5 case,, it is preferable to formthe wi ndows CFWi nside
t he pi xel retﬁt 9y AR ARFRITIGE SFAPHRnent error bet ween

pi xels. In the color filter_according to the present ) )
Figure 13 is a disassembled perspective view of the

10 configuration of a hybrid type liquid crystal display
device according to the present invention.
Figure 14 is a schematic 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



enbodi nent, a plurality of color adjusting wi ndows CFW 10 are included in
one pixel region in sone cases. In an ex le shown in FIG 2, two CF

wi ndows are respectively provided to red and green color filters. In this
case, the CF windows are preferably formed away from each other by | Oum or
nore in the pixel region. Generally, the CF 15 wi_ndows can be fornmed by
using a photolit ho&egﬁﬁ’y P&ﬂ‘ﬁ‘ﬁr&@éy adimentss of \ﬁﬂ'@nmrﬁeri ng

resol ution of an exposure apparatus, etc., highly accurate CF w ndows can
be formed by indenptigns Wildt e @exrlaimed (mdepmdd tHEorafierriEe g&? cl oser
than that, it sonmetinmes becones 20 difficult to separate the two in

phot ol i t hogr djitey drieiwgurgs .3 is a flowchart of a production nethod of a CF
substrate shown in FIG 2. First, a black mask for blocking a light is
fornmed in a Black migerss 2 SEl)a d¥tdmatdd rprgnEisswoCh paringipldd ( CFT)
and a reflection CF portion (CFR) of a pixel to be 14 col ored red anong
the RGB4r1i0pure: Jmd NaRANus | sryasRos et sl prdevi dehd fdind | £tk ST2) .
Then, in a green pixel adjacent to the red pixel, the transm ssion CF
portion and thed&id aghiditidn portion are simultaneously exposed 5 to form
a green filtér (ST3). Finally, in a blue pixel adjacent to the green pixel,

the transm ssion CE j a t J.ef | L ra .o
si mul t aneousl y expgseg%%éol or m%a ule‘%:(ﬁhfqﬁ%&?lﬁ‘gh %&ﬂf%l case, at

the tinme of farm.ng cplor filters. of the respective. colors by 10 e sure
devel opnment p 1osc?elsa34 55, a1 s oo TP Taovs 3 OtCoabef;\Jeﬁs tsgb?tl\{ﬂ%gesi@?

il be hat
there arises nq burden in terns of processes. Figure 4 is an exanple of a
convent i onal sd'gﬁfrr d'iefrxt ane T M t%‘f‘%s%%?sf'g%ﬁi?lﬁ?sl:ﬁ%t§hne ref erence

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 portion
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
corresponding to the respective pixels PXL.

In the present embodiment, a common color filter is

25 formed over both of the reflection region CFR and the



15 nunbers are used for portions corresponding to the color filter of the
present invention shown in FIG 2. In th? conventional nethod, different
color filter materials were used for the %ransm’ ssion CF portion (CFT) and
the reflection CF portion (CFR) in pixels of the respective 20 col ors.
Generally, a material of the CFT has a higher col oring concentration than
that of the GERPNSEIGFLONS Hagion |Q¥\A"ch£ﬁc°gﬂrdld‘%ﬁbdﬁ%% I®tMdd of the
color filter shown in FIG 4. First, a black nask for blocking a light is

formed i n a Biffensneeebetpeen theorafdacting aplast Fikten GF iand gkheed
only on a transm ssion 15 CF portion as a part of a pixel (ST12). Then, a
green col or fhratngmiitsifngr ned. con & trean SR Sigi drex@is poff tmadrex@isales part of a
green pixel adjacent to a red pixel (ST13). Next, a blue color filter is
formed on a tInwtwddssithe Gefldutildrrafich [EFR off tthdldslg xBil esh acent to
the green pixel (ST14). After that, a red reflection CF is forned

cont i nuingl y ify HBrERy RN T SRR 1 ROTdd Al ©fnd et deshPi ol KSR -

Next, a green reflection CF is formed continuingly fromthe transm ssion CF

portion of the ) eR) Rnddntr3ifn ¢ ALY o TS el A OPNofF 18

formed continuingly fromthe transm ssion CF portion of the blue pixel
(ST17). Fromt VI € Shy e T LY ﬁ;;rpr' i t sm ssion CF
portion and t%ég‘eérrg%%ex&ll on 'C%%%’r%o 'ar%?f%?rn@lﬁ.wlt?{%&fe‘h%&g%her hand, in
the present ijvent.io as shown infbt he Iowchar,% in FLG )(23 thglP

convent i onal rc?r’ir}ﬁrrhiﬁro’c THEIRF IR VB ANt YO RE R 5*Fng or der
of red, green and blue can be changed in accordance with characterjstics of
respective cAVE Bigd gy arrkied tRithe ckranypittien tYRAsnPRPERFRRL of

10 characteristics 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 30pm square or so. By making the color
adjusting CF windows as fine as 30pm or less, an
existence of the CF windows become visually indistinctive
but able to adjust color tone of the color filter CF of

20 the reflection region CFR.

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

25 the aperture ration of the windows is made constant by



the transm ssion portion CF of the blue pixel in the conventional nethod.
In FIG 6, the abscissa indicates a vvavelégngth and the ordinate indicates a
transmttance. The transm ssion portion of the blue pixel in the 25
conventional nethod exhibits a peak of the transmttance 16 at short of a
wavel engt h of 500nm as shown_ in FIG 6. Figure 7 il ust,raéég? aﬁﬁ&;ral
transmittanc&PiNk the IWRdBE fint i BPIPFR LK P& RS |

conventional nethod in the sane way. In FIG 7, the_ 5 abscissa indicates a
wavel engt h afiiaferdr Rikels i e Arar e Fakien afc thedmrdertdnal |y,
different materials are used in the transm ssion portion CF and the
reflection pelelicraiCGly sf fduts parlonl tonanshi thenel er ef bl ser disderent .
The spectral transmittance of the 10 reflection portion CF has a broader
spectral chardgiterissthass tooparesrityelled het nigh hecdurasyn skhothperti on CF
and the transm ttance rises over the whole visible wavel ength range. On the

other hand, idaddie it esePrdfB@Bionto tH®rd tEPrinddws rGEMMihsaneetné the
color filter is basically identical in the transm ssion region and the

refl ection regln R0aenhy S ideoCidtaduts Mot 11ty [ 24| £ELbAReRED 0N, 2

light transmtted through t w ndow refl ects hout ber ng col ored by
the col or of £ fidd An observer recogni zes the nost |ight
reflected on %{}gorcei%ﬁ%%q})r# po%sl'on of pixels and colored by the col or
filter together wt color-free Jight_as a.part sed_through the CF
w ndows and, as a rfé%ﬁaﬁ‘t% ?oelc%rgntflzle%‘g%sa%c%%?%?? t\-‘/\ﬁgffs%? P xée%%?gri ng

concentration 25 |s faded ich js siml to at. of a convent] al
embo imeé%, ap urgaity o] cg{or aé?ustfng wfn ows c?ﬂ

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 green color filters. In this case,
the CF windows are preferably formed away from each other
by 10um 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, etc., highly accurate CF windows
can be formed by leaving a distance of 10um. 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 (STl). Next, a transmission CF portion

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



17 reflection type color filter. Logically, the spectral transmttance in
the case of further providing the CF wndgws to the conventi onal

transm ssi on type CF can be given fromthe following 5 fornula. TcF = Tw2 *
S+ TR2 * ( 1-S ) Here, "T~F" indicates a transm ttance after conbining,
"TW indicates a transm ttance of the CF wi ndows, "S' indicates an aperture
rati o of the ¥¥la¥edi FRSVAMARS th¢zR$%dF€b?e§ra pimpLERReaRELY oPXPRECEF.

Al so, the aperture ratio "S" of the CF windows can be given from (an area
of CF wi ndow)td af @ aa ebedf coher pfkkter K8FA)r e Bhéhl usnrat gteepepixal
transm ttance characteristics of a color filter of the reflection 15 region
produced accoadiacent tdetlpecsedtpixebnttbha. thahemihalohheFspeetiah
transmttance is obtained by a sinmulation based on the above forrmula and is
a cal cul ati orafi@sthé péribetcesecmhpsptiohi ghé bimGsthh&ohbeyCcakpbskll ter
twi ce by assum ng the case of a 20 reflection region. In FIG 8, the

absci ssasi ndi ¢at esrt eypbeRoED1 Bod (Be3p! drdaker{ndifAakep1Lbaps Rt ance.

Also, in FIG 8, a curve "a" |nd|cates a spectra fransn1ttance when the
aperture ratig Lhe 65 MLQdQ¥s hs a1 Sk L X AsEYEXECE b" gat es

t he case mheredg%c ﬁe apert%r r%tl fheH%Fe - 3m§ Fs ~ gqg curve
18 "c" indicate he ¢ e re_ratio mﬁndoms s 5~.
Note that a cur€e£h% 2? ec es ggs ?10# anEE?P?§ﬁ§g°g b ggﬁggﬁp'onal

transm ssion Lypg,Sh akgiué choﬁpFriE (8hhP Ohn' BR: STILAIOWR R

i nportant,

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
15 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 portion (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 color filter shown in FIG. 4. First, a black mask for
blocking a light is formed in a Black process (ST11l).

25 Next, a red color filter is formed only on a transmisgsion



5 and the total transm ttance T~F after conbi ning can be adjusted by
changing it. To change the aperture ratigs a method of changing the nunber
and a size of the CF wi ndows can be applied. Nanely, to optim ze the
aperture ratio, a color filter 10 having spectral characteristics close to

those of a cqlor fil.ter applied.to conventi l,.reflectiqon type can be
bt af ned. Al C5 PPRELER 58 BoShh 04 7 Bfeges e ¢ i eied FH5:  o
changes by a few percents or so, so that high processing accuracy is
required for °P8PH AGlHeE & FRTREdRRs 2 Arsgsmigsdione oML tdiany 38 #hd y of
the color filter provided with the CF wi ndows can be obtained fromthe

fol | owi ng foPastasf AS@rren pixel pdiacent dip- 3 redied el (FWBI780 20 Y =
K* ~"1'ct~ ~"~* 8(a,) * Y(a,)da, 3eo0 ,e0 Z =k * (~ Z cF ~~~ * s~~~ *
Z(~l da, 380Next9 B0®lueo dolS(r-f)il'te¥( 4)s- fafthed Xn aY trahshission TF Y X +
Y+ Z~ZX+ Y+ Z Note that S(~,) indicates spectral intensity of a |ight

source, X (~pbrtiyn(as) afhrt (Of Ja ¥l PidelTRICRHIEND HdiNtHd Asedrased on
the CIE1931. As is clear fromthe above fornulas, chromaticity depends on

the T~F. Thepikedhr@mal)ci b tdi-2de, i Hdd 121 iBRldr theredimedien the
aperture ratio of the CF windows is increased fromb5~ to 15~, the

g l“;ﬁgfit I City R thQuityil) e drPltile T ddfdmi4iSh ¢ P GRSH &f Whd heady
pixel (ST15). Next, a green reflection CF is formed
continuingly from the transmission CF portion of the

10 green pixel (ST16). 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



By adjusting the aperture ratio of the CF wi ndows, the chromaticity of the
color filter can be optimally set. Figurqﬁ 10A to 10C are schematic views
of the general configuration of a hybridtype liquid crystal 15 display
device. In FIG 10A to FIG 10C, the reference nunber 10 indicates a first
(CF) substrate and 20 indicates a second E(QO}-)FT substrate. The TFI substrate
20 is fornedas gharyigfed RVRLANITH R ,m%i%ﬁ‘wghs%%t%%%- . 20

reflection electrodes 24 and transparent el ectrodes 25. Figure 10A shows

t he general confi gdfigunsn Tofi ilvs fuatas ECEpertiral firansmitianee Rfitern, a
green pattern and a blue pattern are fornmed in a stripe shape on a 20
transpar ent Udse refileedlicn gharsisioretCE diurtherviose, pixdl aok Pad¢tern i s
formed to surround the RGB pattern. As expl ained above, the patterns of
respective c@dmcertttiron:l fgtisd biyn Stloe essameyebay 1 epeafIcg 7l ehéorm ng of S
phot osensitive coloring material and photolithography. Figure 10B shows

three pixels s ddfUihiEId R a USPAPInFEY | £8fd ¥hd SF@ihdYeOf pixels are
formed on the TFT substrate 20 side. To corresponding thereto, a red

pattern, a gr; derd ¢ L DliF @Al i dn2i 1Y PladPeahape are
formed on thel - substrate 1 rfgjz'ide. A re(f'ﬁctril‘on e%ecﬂ)o_ e 54 conposing a
reflection p%éﬁé)rniaalnsd a‘?‘r?t r@é‘esé’a{r?”éhé'@Etéé’rﬁfs&or‘%gp@%ifﬁﬁ érﬁand the
transm ssi on portion are Torned on Fespective pixels on e substrate
20. Furthernore,, a pixel transistor 23 js 15 forne o drive, a pixel

ol ect rode. o rST RSt ErRh of e bl eSS h e himy Frfafia  Bhe

el ectrode 25. Thecgjxel transistor 23 is.a thin filmtransistor, wherein a

gate el ectrodtl®f dHefPprsnt: (ThpsFReQFr28 fEansmittance of the

10 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 present 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 concentration

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



connected to the gate line 22 and a source electrode is 20 connected to the
signal line 21. Figure 10Cis a furthercﬁﬁlarged perspective view of one
pixel. Acolor filter is formed on the substrate 10 so as to be
corresponding to pixels fornmed on the TFT substrate 20. In the general

configuration, 25 the reflectiqn regi.qn CFR corresponding to the reflection
21 eIectroderffaﬁﬁﬁ”fﬂb%§?§h§ﬁﬁ§ igﬁlgﬁﬁPon CFT corresponding to the

transparent electrode use different color filter materials. On the other
hand, in the presekPdil@Rdddiotrhes sheacdkidn te@ngmifsiange iid e s%r the
reflection region and the transm ssion region, and the CF wi ndows are

provi ded on tife fiugftiheat irsreviatjineh.the $fReoiifridowsk dipltheofearheer@i aiandows i s
shown in FIG 11Ato FIG 11C Figure 11A shows the configuration on the
TFT substr at er2hswicksich) twiper €lFh dare bi x@ElvdXLf regn dihe diBgl Xawing

transm ssion portion T and the reflection portion R A size of the pixel
PXL is, $or ecaffule,. 100m x 300m Figure 11Cis the configuration on the CF
substrate 10 side produced according to the present invention, and 15 one
w ndow CFWis formad, i fllegref lpgatdionxyregion. The CFWis fornmed inside the
reflection region away fromthe surroundi ng edges thereof by 2~mor nore. A

size of the CF mﬁn@@yé;nq@priﬁégggtggr§0g}5nggggkgggetggtggerture ratio is

set to 20~. 20 Figure 11B Shows a re ence exanple, wherein the wi ndow CFW

is formed in éo%ﬁ—@{heq '\gﬁ%f‘&’ﬁéirlr%%lot%% ]alcérbaurgsrrilia:&q}cé Ogge%?é i g he

reflection region e surroundi ng edges e reflection

region. Figuigs, 428 and. 1281 Llpstrate,a disadvantage o e ce

10 windows and “Ty" 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
characteristics 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 a light transmits
the color filter twice by assuming the case of a

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

Also, in FIG. 8, 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



25 the case of formng a color filter of the reference 22 exanpl e shown
in 11B. The reference nunber WDT11l in FI 12A indicates a wdth of the CF
wi ndow af fected by deviation, and the reference nunber WDT12 in FIG 12B
indicates a wwdth of the original CF window. 5 As shown in FIG 12A, when
formng color, fiilters, for _exanple, jn the colori order.of R..Gand B in
the OF forning pPBULGates GREcHmpa: VRPRE| Ena| PBRBHIRPL FaFiSpeki P8 AFr od
pattern by leaving a certain error. Simlarly, a blue pattern is aligned
with respect 1igders 18 ekt t ¥t 1B FeEVe ng aibdicatasepr §Perkrehe sane
way. As a result, as shown in FIG 12A, there arises the case that the CF
wi ndow i s bl detestsmit taljce e Croonventionak tramsmissienrtyse CH-this
case, a predeterm ned aperture ratio of the CF wi ndows cannot be

mai nt ai ned, dHard hetlee ldpear tses reyviatodDntivé CPlwindowe Da impoeohnt, filter
on the reflection region. To prevent such a problem as shown in FIG 11C

it is sufficind tHeltotdr tiagend t6ahosMed averrf comoadday bnt e CF by
| eavi ng a di stance of at |east an anopunt 20 that the adjacent CFs are

devi at ed due {@jdded! b@ndRMgehgoie. Normally, it is sufficient if the CF
wi ndow is formed inside by |eaving a distance of 2~mor nore from

surroundi ng edges of, t%%&%g@%g)ﬂﬁiﬁg}g%aé@ée Drefenal! ¥r LhahSigyi table

to | eave 3~m or nore. en al 1 gnneht acclracy s | nprovéd, the
it o i 2ehhedhsl angeanat uUaL1 ¥eDERQTER L ERGonk! HRCpd ab3110g overall
Namely, 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
aperture ratio changes by a few percents or so, so that
high processing accuracy is required for forming the CF
15 windows.
Also, total chromaticity x and y of the color
filter provided with the CF windows can be obtained from
the following formulas.
780 _
X = K% [T, (3)% S(A) % x()dA
380
780

K* [ T, () * s * y(hdd

ago

20
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i

780
K+ [ 1,0 * st * z(hdd

380

N
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crystal display device wherein CF wi ndows are forned on the reflection
region of the CF substrate as explained §gabove. The reference nunber D10
in FIG 13 indicates a distance between the transparent el ectrode 25 on the
TFT 1 side and a CF window. As shown in FIG 13, the CF substrate 10 is
assenbled to be a liquid cryspel panel by being 10 superposed with the TFT
substrate 20. The r¥fFeswiometectTode 24 on the TFT substrate 20 is forned
by a light reflecting fij gy @Rdydhgit ransparent el ectrode 25 is formed by a
light transmitting fil mgThe both substrates 10 and 20 are superposed so
that a pattern on the color 15 filter on the CF substrate 10 superposes
wth a pattern of the pixelyel ectrode congosed of the refl ection el ectrode
24 and the transpar®nt efectrode, 35 on-the—F+F+ sabst+ate—26-—At this tine,
a CF window (CFW is forméd¥oh 4 he ref¥ettY dn?regi on*cER¥oh 4 he CF
substrate 10 side. 20 Accordingly, the CF w ndow nust not be superposed

Wi th the transpar enio®d eehd 00 (PPrin@cbest hepdEdrsLbeh tahei 8P SEUS.
However, there actually arises an alignnment error between the both

substrates 10 gk 20odiiet 0raIPSTPNIRR! B 3 (2) 8-8UBETRASHARCAGRY At us

When 25 such alTgnment deviation arises, a CF w ndow havin ded

col or cogcentfglbeiohs PRSELVER gné0@gﬁlggg.transparent el ectrode, so that
the display quality 1s largely deteriorated. Thus, to prevent this, it is

f’;gf/ie;]ab' e to forma, GFs wWndow augy B{.QB%Q@ CESPRRPLEN! cﬁﬁanSEiE?@f; 25 by
_ ng a distance ‘caused by alignment devration or nofe. a resuft, even
o A Tonment geXl a8l 08n ALhg o R, ¢ iyt MRt WY ' Alaran 15 WALST ST ON
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 moves to the center on the xy plane.
By adijusting 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 liquid crystal
15 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



corresponds to the transparent electrode, so that a color 10 concentration
does not deteriorate. Considering alignnggL accuracy between the both
substrates, the distance D10 between the wi nhdow and edges of the
transparent electrode 25 on the TFT side is preferably 2 to 3~m Naturally,

when al i gnnent accuracy is inproyed, the limt 15 of_the di stance can be
mde Lese COTATARY S KA TS 29pa TARSE ore ThotBH THOGaRRy Beed i n
the CF process is called a proximty exposure apparatus, by which a
paral l el |ighlaak inartaféﬁrenéepf%rrﬁ\%%etqiwr cehe i REB iRREMRrPashks The 20
exposure processing is performed in a state where mask and the substrate

are cl osel y axrdrggted\abeow| nthe grd tiernconosf aspecttve ecsborns can be
touch each other. The di stance between the mask and the substrate at this

tine is call etbmied PO succgdd weldy | SepestOng ffLantféaning ¢ 25 determ ne
exposure accuracy. 25 Figure 14 is a schematic view of a patterning

met hod o thensidderdditre ddldting MatdPeal efnd SLER6gBEphPdi cates a
substrate, 31 indicates a photomask, 32 indicates |light block filns and

GP30 indicates the g&g SIS SHdks AWkt &14F A4 iyhed Lhgsexposure
gap GP30 is small, diffraction light intensity depending on a pattern

. i . i 2. of . k 1.
e She”exposcEPel Sl oK LU ER ok B AU R el

When the exposure gap GP30 _ _ raction |ght
Ther of or &, _patd BrRYBFIR B0 701 THITI 16 CREPPRRvEhFecR Prekp 0% Ehter n on
the phot omask SBralde DSBS LIPS D! Sa B BLE LogquEh 2 g1 ELLagti on
phenonena, wi&h rad P ' patte a
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 composed 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 Z21.
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 pixels formed

on the TFT substrate 20. In the general configuration,

25 the reflection region CFR corresponding to the reflection



15 arranging a plurality of CF wi ndows adjacent to each other, it is

i nportant to arrange the CF wi ndows havi g a certain distance in advance.
Due to this, a pattern unevenness caused ™Dy diffraction can be prevented.
In the illustrated exanple, when the exposure gap GP30 is set to 20 150um
it is preferable that a di stance between CF wi ndows is 10m or nore, nore
preferably 2Ghastarse 24vale it R S B HRE Ju FEP the di stance
bet ween the CF wi ndows can be al so reduced. Note that, in the exanpl e shown
in FIG 14, &respadiday e the faangparemt r@leptlrcgiﬂ weckifferent on
t he 26 photomask 31 and perform ng exposure processing. In this case,
since a col oragigpt Hidrtert mdtsewidls. filter is conpletely renoved fromthe
CF wi ndow, the coloring concentration becones 0. Instead of this, CF

wi ndows 5 wherein tdie tHd FtHdd HRIndN iherHd- prdskaye isntvaitidm, aacertain
extent to have a |l owered color concentration nmay be al so used.

Speci fical | y,odindd &1dW & Nadd expasthed CNdi thO N &1 46t 16h ardyPbh bl ock
filmpatternin a sllt z shape ~a filmthickness of the coloring |ayer of

the CF 10 wi ngdy GaDn 28bs ér‘fb 2 dPAAotd G rdSB show an

exposure armunt reachl ng to t%‘l u%%rate In t'he case V\here t e exposure

gap is set t n vmdth e. of the. lig ernls set
]é%c? oq'mat xt‘ fec%tlor\lmréer%lc?rher% ec:.fl%e? }.

to 20pm Fig e 1 shovvs € case R ATce %Fovm ndows
is set to 6.5~am ot her nd Fl B owsth case where the

di stance bet Wdth Ccﬁgqvi’/ﬁ’?fg%v% Ji% Wi 6L} 5 f\%l@ ]?Lgi iﬁc 9YEB, the
abscissa indicates a position on the substrate surface and the ordi nate

i ndi cat es reI%&ﬁwﬁ??ﬂP|Fﬂ%ﬁﬁﬁ?§ﬂgurat1°n 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
CFW is formed inside the reflection region away from the
surrounding edges thereof by 2um or more. A size of the
CF window is, for example, 60um x 100pym 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 12A and 12B illustrate a disadvantage of

25 the case of forming a color filter of the reference



When t he di stance between the CF windows is |I5pm a sufficient |ight anount
reaches between the CF w ndows and pattegﬁn ng faithful to the light block
filmpattern becones possible. On the ot hand, when the di stance 25

bet ween the CF windows is 6.5um a sufficient exposure 27 1ight does not
reach between the CF wi ndows due to diffraction. This neans that size
variation beCX¥@SR1Eh &N Miify IS g‘\?as‘?ﬁ%?%d‘““ﬁﬁrt AR THor &1 (-
exposure gap varies due to warps of the photomask or substrate 5 surface.
Even in suchl@isdadigadiesniee widfih ofidihe Ghvipdasbiadifeeres) bepar ati ng

adj acent CF wi ndows by keeping a distance of at |east | Opm preferably |5pm
or nore. Figueyribfiicn,a ascheaiis ireflimmos ewmldera WA firc BEM@NE2B of the CF
wi ndow of the color filter. Figure 16 10 illustrates a set of RGB three

pi xel s, wher dindiYazfs &f WadtM OWha I igfiiddll 25 Wigdiddwe respective CF

W ndows to obtain preferable color tone for color display. In the blue

pi xel , gne CF W nday ishdwmovirdedc.on2ei ihdheEAMHG & IH 110 10fers, 1S
aimed. In the red pixel, two CF 15 w ndows are provi ded, by which the

aperture ratig,,ofg aéanl'é %.r{TBcﬂn e AdUdAMY oddbd o H D MUK id Wh&F

W ndows are provr t he aperture ratio of’ 20$ I's ained. Not only

by optim zi ng r;}l? ssg z %é&eé‘%ﬁ? q‘_v§ 25 &p&yew t by

devi si ng an arrange ereo m)r re 1's prevented from
arising. Namel ettin |ff rent .coardi nates to be arranged of CF

wi ndows for é&?g‘?aé’ é‘g i PLARBHEM % SR T Quration is
suppressed and the di spI a qual i ty i's inproved. Speci f| cally, as shown in
the figure, Wi réiywanéb%!se RaLtern rakigned o't 93RESt skantke and

10 green pattern by leaving a certain error in the same way.
As a result, as shown in FIG. 12A, 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

15 arises deviation of color tone on the color filter on the
reflection region.

To prevent such a problem, as shown in FIG. 11C, it
is sufficient if the CF window is formed away from edges
of the 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 3pm or more. Note

25 that when alignment accuracy is improved, the limit of



28 arrangenent angl es between respective RGB pixels. Wen providing a
plurality of CF wi ndows, an arrangenent CF wi ndows of other color is
made to have a different angle and di starfte fromthose of a CF wi ndow 5
arrangenent of the adjacent color. Due to this, color unevenness due to the
nmoi re phenonmenon can be prevented. Nanely, in a color filter according to

t he present iﬁ@%n@+%ﬁanﬁﬁeﬂaﬁPFéﬁanBeﬁ°ﬁﬁﬁr5PFFy of windows respectively
for pixel regions of different colors, 10 arrangenment directions of the
plurality of mjndomSi@w%edl$fb$eﬁbeb@V%EéhlpPQEfigEg?bhgnoﬁfdaf1éﬁéhd
colors. Consequently, the noire can be prevented. Al so, when arrangi ng one
w ndow i n thecrespattdispbayellevigeonbenéidi CFewendowsl are, fbrmedr bangenent
coordi nates of the 15 respective wi ndows are different between pixel

regions of ditheresf166tosn. régneaqueenthy, ckhgunBtiateanshexplaiaeded. In
the specific exanple in FIG 16, a black mask in lattice is not forned

between she RGB.pbXerfe $8rkP8hcE0nthikEk DQ@'QHSFQ& dubfeha@ba%ghogs are
directly next to each other without the black mask. In the case of such a

configurationg; d QEhQ'BQtQEethh8°EL£ﬁ§ aEéth81QE%¥SBEe§5b$ %&E

w ndows i nsi de tEe respective pixel regFons Assum ng t hat QQQB are

formed not in h i Xeho?2 ons but on the franes along the pi xel
regi ons, the gFgfdé §n8 o&g grégggrned exactly at the position of the

o ek Tl suchy g BELLET 1 ByAetLRELLRE Luplyd B an LR ge 1 13 o
contrast declines. On the
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
reflecting film, and the transparent electrode 25 is
formed by a light transmitting film. The both substrates
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 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 arises an
alignment error between the both substrates 10 and 20 due

to a mechanical error of a superposing apparatus. When

25 such alignment deviation arises, a CF window having a



5 ot her hand, since the CF windows are provided inside the pixel regions in
the present invention, the contrast can bg 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
t he |Ilustrat romatici di,agram t CE c matigity by the present
nvention i .a%‘&dﬁaogfrbfoam%ﬁap%m ﬁ@%-erc\fﬁ% TQ4YR, tRE { he
conventional nethod is indicated mark. I n the conventional 15

net hod, a coltﬁla“ﬁﬁatr@“ta(ﬂk%qté@qeb ascf etfl'f%ttr% HSERIAY A B the

ot her hand in the present invention, a condition close to the chromaticity
of the refIedﬁnmelaFdataﬂﬁqnaﬁﬁﬁinﬂhnanﬂtﬁrnr&yénﬁr#hWS,tbtaMSOriginaIIy
transm ssion type color filter. As is clear fromthe 20 graph, the

chromati ci t y ppfefidrablef |[tectficom G- Q¥ wireigw eseayt fromnmthentranspavehtt he
sane as that of the reflection CF by the conventional nethod. As is clear
fromthe Fl Gelkatraroral Ny (1edvithd L B tanye tdded | by heTagmmerssi bl e to
mai ntai n conplenentary for the 25 chromaticity while reéflzing a reduction

of processes A atidh 'AdyedsedPn of costs. Figure 18 is a schematic view of
ot her aspect of the present I nvention. As explained above, a |liquid crystal

panel 5 conpri ses lrtat &vi) aE T std A £ I{agllgfge%]aci ng to
each ot her over qU| crystal | 'ayer. é}sﬂa ovvn |n‘t?]h J?‘fgure e TFT
substrate is bf QI rred gﬁx%el B F{}XL [ r@rnaqted [ N rreat ?srgf%sl i xel is forned
a reflection por S%h o Fet 1BCt At out si and a 0 ransm ssi on
portion T-t(’§J§¥E¥B§n éﬂkhe(%kégg%égght electrode, so that a color

10 concentration does not deteriorate. Considering alignment
accuracy between the both substrates, the distance D10
between the CF window and edges of the transparent
electrode 25 on the TFT side is preferably 2 to 3um.
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 between the mask and the substrate at this time
is called an exposure gap and is a significant factor to

25 determine exposure accuracy.



hand, the CF substrate is forned a color filter for coloring each of the

pi xels PXL to be different colors (red, gseen and blue). As is clear from
FIG 18, the arrangenent 15 coordi nates oé the transm ssion portion T in a
pi xel differ between pixels PXL colored to be different colors. By applying

s mich Ba possi bl dFHER i Th LA L OB E 20 RRGLEEPIAET T

Applicability In a_liguid crystal display device of the present invention,
a transm ssi dieERRR @bl thereoler GhiterreinrcEifonléypbheoreferepeer are

si mul taneously formed, 25 so that the production process can be reduced to
1/ 2 of 31 tramkern 30t indbda bes dsupsitvatedudl i ondbéapest 3 phatbmask,
realized. Therefore, the liquid crystal display device can be applied, for
exanpl e, to aB3%airdidxtedybiglttlybecki films candt @aP3di spdagadesgi thewher ei n
both of a 5 reflection portion and a transm ssion portion are provided in
each pixel. exosdMmpg. Aliquid crystal display device, characterized
by conprising a pair of first substrate and 5 a second substrate arranged

facing to each ot hets uigdw 1n Gt CI¥ S heh AWRE  eBbEutel §hpSUP3br 8k IS
formed pixels arranged in matrix, and each pixel is formed a reflection
small, diffraction light intensity depending on a pattern
arrangement of the light block film 32 of the photomask
31 becomes small. When the exposure gap GP30 becomes
10 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 150um, it is preferable that a distance between CF
windows is 10um or more, more preferably 20um or 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



portion to reflect an outside light and a transm ssion 10 portion to
transmt a light; and said second substrg%e is fornmed a color filter
colored to be different colors corresponding to respective pixels; wherein
t he device conprises one or nore color 15 adjusting wi ndows having a
coloring concentration of zero or_|less than that of other portions are
provi ded i nsiRRCRIRSE 2Y; 39 B%F?%Q%bﬂ%iﬂﬁp?ﬁuF%sBEEF?§§1g9xeF§ SRéson
reflection regions superposing with said reflection_portions in said color
filter. 2U 2.case incerysealowing| hyveevpEethe gelorofihter &éPaim 1,
characterized in that said color adjusting window is forned inside said
refl ection recpmpléealy npemoviédt fnew bhe26Fh windovwe thenrcahoriypg of the
reflection 25 region . 33 3. Aliquid crystal display device as set forth
in claiml, choesherationilbettméssal dinsteadfoft ehispnpFi se¢adewsl urality
of color adjusting windows in one 5 pixel region, and respective w ndows

are sepagat edyhépdl QNEnENLSNEE BY1 48/ 8h EREEecFNwiA8oR! X8l 16ed @8- ad. A
liquid crystal display device as set forth in claim1, characterized in

that a pluralidy:ofnWREONE {9 ﬁé@eaér98989e&?5018§p885E£ﬁtEE%?BnTﬁﬁ&ons of

different colors and arrangenent directions of the plurality of wndows are

o 11 rem Petugep e i ohgaL eSOy LSRRI Rk B ALY
charact er i zed hf fiabn one WLOAW.T 2 BHEaPIST' 85 1hCBRERLEV 1B X101 0N
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 150um 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
6.5um. On the other hand, FIG.15B shows the case where
the distance between CF windows is set to 15um. In FIG.
15A and FIG. 15B, the abscissa indicates a position on
the substrate surface and the ordinate indicates relative

20 intensity.

When the distance between the CF windows is 15um, a
sufficient light amount reaches between the CF windows
and patterning faithful to the light block film pattern

becomes possible. On the other hand, when the distance

25 between the CF windows is 6.5um, a sufficient exposure



arrangenment direction of the windowis different between the pixel regions
of different colors in said color 20 filtgr. 6. Aliquid crystal display
device as set forth in claiml1, characterized in that pixel regions of
different colors are directly adjacent to each other not 25 over a bl ack
mask in said color filter. ui stal dis devi ce,
characteri zedhtg)”&cf#&ﬁ? HG ’ée?)%}F bé\"“’?? g“%u Bt ¥HREoY dgée gf:’ond
substrate arranged facing to each other over a 5 liquid crystal |ayer, said
first substraiffraehiond Prke Beans skl shzaavarikathan batyeppxéhej s
formed a reflection portion to reflect an outside |light and a transm ssion
portion to trGhsmndewsighteashly 16agsed. sEephdesmbrer atbei exposnee a col or
filter for coloring respective pixels to be different colors; wherein
arrangenent o dvaeies dfe std dwarpasaf sshenphotbmmaski oraspbselraite

di fferent between 15 pixels colored to be different colors.

AL A AR A yadEEASE, Alvén . I SMch Msds A AU tALLA. PAAGhEAY afoBbEtALaA. Bey. A A
. An. A. Afh. A. A0. AA. A AU, . >pSN g{ uoi c] XRU] ca] cal] cal] cal] caU] caU] ca] caU] cal] c

iawgcf‘;{fa‘” Caéﬂ@@fﬂ&@lwl&&eﬁsewaaa&gabéayl erUsalbraUbgaldbepl agUhcal cRa]

}xsni d_zea] | og) e;} e‘} cghoghoisalobaal opkerkeahe] ealhebaohszbeel cal oal oa

ca] ca] ca] ca]

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
blue 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 coordinates to be arranged
of CF windows for respective pixels, a moiré caused by a
cyclic configuration is suppressed and the display
quality is improved. Specifically, as shown in the figure,

25 the CF windows are made not to have the same distance and
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transmigssion 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
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said first substrate is formed pixels
arranged in matrix, and each pixel is formed a reflection
portion to reflect an outside light and a transmission
10 portion to transmit a light; and
salid second substrate is formed a color
filter colored to be different colors corresponding to
respective pixels; wherein
the device comprises one or more color
15 adjusting windows having a coloring concentration of zero
or less than that of other portions are provided inside
pixel regions corresponding to respective pixels and on
reflection regions superposing with said reflection
portions in said color filter.
20
2, A liquid crystal display device as set forth
in claim 1, characterized in that said color adjusting
window is formed inside said reflection region leaving a
distance of 2um or more from an edge of the reflection

25 region.
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one another by 10um or more in the pixel region.

4. A liquid crystal display device as set forth
in claim 1, characterized in that a plurality of windows
10 are arranged for respective pixel regions of different
colors and arrangement directions of the plurality of
windows are different between the pixel regions of

different colors in said color filter.

15 5. A liquid crystal display device as set forth
in claim 1, characterized in that one window is arranged
for respective pixel regions of different colors and an
arrangement direction of the window is different between
the pixel regions of different colors in said color

20 filter.

6. A liquid crystal display device as set forth
in claim 1, characterized in that pixel regions of
different colors are directly adjacent to each other not

25 over a black mask in said color filter.
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arranged in matrix, and each pixel is formed a reflection
portion to reflect an outside light and a transmission
portion to transmit a light; and

10 said second substrate is formed a color
filter for coloring respective pixels to be different
colors; wherein
arrangement coordinates of said

transmission portion in a pixel is different between

15 pixels colored to be different colors.



