DESCRI PTI ON  AMORPHOUS TRANSPARENT ELECTROCONDUCTI VE FI LM AND SPUTTERI NG
TARGET OF STARTI NG MATERI AL THEREOF, AMORPHOUS TRANSPARENT ELECTRCDE
SUBSTRATE AND PRODUCTI ON PROCESS THERECOF, AND COLOR FILTER FOR LI QUI D
CRYSTAL DI SPLAY Technical Field The present invention relates to an

anor phous transparent el ectroconductive film and a sputtering target used
in a production process thereof; and an anorphous transparent el ectrode
substrate using the anorphous transparent electroconductive film and a
production process thereof. The invention relates in particular to an

anor phous transparent el ectroconddettRe"¥i9¥%n used for a thin film
transistor-liquid crystal display (TFT-LCD), a super tw sted nematic-Iliquid
crystal display (STN-LCD), a twisted nematic-liquid crystal display

(TN L SRopEghnl Sysloch 1ol nessenoe (Fn A0 5oy, o ooty spyiLer
el ectrode sybsirate ushag Ly Suamphaus Liansaaren plechocantuel ve
coler T11ter Tors dhaplav.c. The,lavert o celatas bhoeactipulaeoto @ col o

display device using dhisefilisre The £iselavcheotypigakbyae |iguid crystal
di splay, and 1 naybe any display using a color filter. For exanple, the
color filter of the invention may be used to nake an organic EL displ ay

Technical Field

The present invention relates to an amorphous transparent
electroconductive film, and a sputtering target used in a
production process thereof; and an amorphous transparent
electrode substrate using the amorphous transparent
electroconductive film, and a production process thereof. The
invention relates in particular tc an amorphous transparent
electroconductive fiim used for a thin film transistor-liguid
crystal display (TFT-LCD), a super twisted nematic-liquid
crystal display (STN-LCD), a twisted nematic-liquid crystal
display (TN-LCD), an organic electroluminescence (EL) and so
on, and a sputtering target used in a preduction process thereof;
and an amorphous transparent electrode substrate using this
amorphous transparent electroconductive film, and a preduction
process thereof,

The present inventionrelatestoacoclor filter fordisplay.
The invention relates inparticulartoacolor filter fordisplay
characterized by the material of its electrode, and a display
device using this filter.

The display is typically a liquid crystal display, and



or the like. Background Art Background Art No. 1 (Anmorphous Transparent

El ectroconductive Film Sputtering Target of Starting Material Thereof, and
Anor phous Transparent El ectrode Substrate) A TFT-LCD, an STN-LCD, and a
TN-LCD are used in a scope fromrelatively small-sized display sections

of acel | ul arphone, a personal digital assistant (PDA), a notebook-sized
personal conputer and soon to | arge-sized display devices such as anonitor
of a conputer and a television screen. In recent years, nmaterials for

el ectrodes of TFT-LCDs are shifting from anorphous silicon (referred to as
anor phous Bhy bleesiey nEfdpdra)y tiypegrateilbal 5ilto2pol ¥wird eganpleeftdres edlbe as
"poly Si" hereinafter) type materials. The aimof this shift is to apply
t he LCDs t0idispldytlednivens ifoor meeldeubagd pliomese copbnganwictBL fogphgyi nages
or television screens by naking the switching speed thereof large. In the
case of convehts ohbke anorphous Si type materials, the nobility thereof is
about 1 cnR/V sec.; therefore, an inprovenent in the swtching speed is
restricted. Thus, an attenpt is nade wherein anorphous Si is crystallized
by a given nethod to prepare poly Si and the nmobility thereof is inproved
to make thdashE¥emitighspeed high. It is known that the nmobility of this
pol ycryst al Sl (poly Sl) type electrode naterlal IS 2 |nproved up t o about
200 cn/ VsBacky < ¥ ald

crystal grains thereof are Iarge and boundary Ilnes betmee
Film, Sputtering Target of Starting Material Thereof and

Amorphous Transparent Electrode Substrate)

A TFT-LCD, an STN-LCD, and a TN-LCD are used in a scope
fromrelativelysmall-—sizeddisplaysectionscfacellularphone,
a personal digital assistant (FDA), a notebook-sized personal
computer andsoontolarge-sizeddisplaydevices suchasamonitor
of a computer and a television screen.

In recent years, materials for electrodes of TFT-LCDs are
shifting from amcrphous silicon (referred to as amorphous Si
hereinafter) typematerialstopolysilicon (referredtoas “poly

i” hereinafter) type materials. The aim of this shift is to
apply the LCDs to display secticns for cellular phones coping
withmoving images or television screens by making the switching
speed therecf large.

In the case of conventional amorphous Si type materials,
the mobility thereof is about 1 cm?/V-sec.; therefore, an
improvement in the switching speed is restricted. Thus, an
attempt is made wherein amorphous Si is crystallized by a given
method to prepare poly 51 and the mobility thereof is improved
to make the switching speed high. It is known that themobility

of this polycrystal Si (poly Si) type electrode material is



the crystals are continuous; accordingly, the nobility thereof 1is 400
cnR/Vsec. or nore. In this way, about continuous grain boundary poly Si,
researches for using the Si in pseudo nonocrystal silicon TFT techni que are
wi dely made (see, for exanple, Non-patent Docunent 1, which will be listed
up later). Meanwhile, as electrodes of liquid crystal display devices using
a liquid crystal, such as TFT-LCDs, there are used transparent el ectrodes
whi ch are transparent and have el ectroconductivity for transmtting
el ectric signals to the |liquid crystal As one of the transparent
el ect r odesimpnolvamn dhi to od@let lwatQm Ahiselr.i s made of 1 ndi um oxide-tin
oxi de having transparency and a small resistivity, is knowmn and is w dely
used. This ITO i asmaeepirdlechaviang ansmahk inesiist pvitiy bénedasyi pply: 200 x
Qcm carrier density: 1.0 x 1021 /cnB, and nobility: 40 cnR/Vsec. ), but
has dr awbatks cswetatltharadnstthwrgofaerd Shold dnbeousedl Whand neseb e TERes
etched. It is also known that if the carrier concentration in ITOis
i ncreased, t@%éIYWﬁﬁﬁﬁi@9eﬁﬁéﬂédﬂKQEWEﬁéppydﬁaBﬂ§ byh¢ swbsdatttveknageCfn order
to solve such probl ens, Patent Documents 1 and 2, which will be listed up
later, distfd$& amnaf efief%ﬂ Oéfomﬂes. b SPAGH dRY 0xa@ ki Z G968 toXIU@e SaR 82 £ r t her
conprising Sn, Ga or is knowmn that a weak acid can be used to etch
this mater?P@t dahy E?&ﬁrﬁ&fﬂ?%ﬁe?gc%iéef?%n¥s}%gwb??a%ﬁIF?ypS?BQ%ver the 3
resistivity of the nater | osed in Patent Dpgunments ?nd 2_is not
very | ow O%%?‘F%‘Tysbjfl‘f% FEt orrarn {9Tanott D00 CroTSdRe (SCani ERLI 5 a
| over value thaf N%% %g po%YDocument 1, which will be listed up later).
Meanwhile, aselectrodescf liquidcrystaldisplaydevices
using a liquid crystal, such as TFT-LCDs, there are used
transparent electrodes which are transparent and have
electroconductivity for transmitting electric signals to the

ligquid crystal.

As cne of the transparent electrodes, indium thin oxide
(ITO), which is made of indium oxide-tin oxide having
transparency and a small resistivity, 1s known and is widely
used. This ITO is a material having a small resistivity
(resistivity: 200 p-Q-cm, carrier density: 1.0 x 10°! /em®, and
moblility: 40 cmz/V-sec.), but has drawbacks such that a strong
acid should be used when the ITO is etched. It is also known
that if the carrisr concentration in ITO is increased, the
mobility therecf generally falls by ion scattering.

In order to solve such problems, Patent Documents 1 and
2, which will be listed up later, disclose amaterial comprising
indium oxide-zinc oxide and further comprising Sn, Ga or Ge.
It is known that a weak acid can be used to etch this material

and the materizl is excellent in workability. However, the



Pat ent Docunent 3, which will be listed up later, discloses a technique of
maki ng a material nade of indiumoxide-zinc oxide into a filmby a

| ow vol tage sputtering nethod in order to nake the resistivity of this
material |ow However, in order to sputter the material at a | ow voltage,
it is unavoidable to make the magnetic field of the sputtering device
strong and overlap AC plasma with DC plasma. Thus, there arise probl ens
that the device is expensive and further operations or steps therefor are
conplicated. Patent Docunent 4, which will be listed up later, discloses a
t r anspar ente®l gt v ocprduct e ve tsamnianlatie swhesetin a Patenspaoemtents 1 and

el ectroconductive filmnmde nmainly of indium tin, zinc and oxygen atons is
fornmed on a b@ﬂyﬂ@rV@ubslwmieT@ﬁdnmheldawp@§ith@nmaae%&sétﬁsfhésuthéo
following: Zn/(In + Zn) = 0.01 to 0.1 at% Sn/(In + Sn) 0.01 to 0.1 at%
and furt hegm'zi- (BT -+ SH)ich 055 haver atdbueHoveverthatheo® ém]SEIIS/lty of such
a lamnate is 250 S2cmor nore. |t cannot be said that this resistivity is
far |ower than ROMRENPPEHRFNEES] ¥ ok tilés Dahent eAePt Y arRaféRE 1 0Ses

el ectroconductive | am pnate having the above-nenti oned conposition |s heat ed,
the | ani nat &590dAyst af Meddd Eifﬁlf’steflraésﬁ“‘élﬁ%so%i)dbém StEed WREhEhe
heated | am nate i.s_etched Meanwhi | e, Patent Docunents 5 and 6, which wl|
be listed tptPat &t 1NdPEA 088~ é’B&FtaSﬁ ?\%u*i%?ﬁjelﬁ% WSt ihed %9@1%6&‘1%51“?0

di d d t of 20 to 2000 4 Th
i n 8 m oF e RECPAT %vfbscaﬁeﬁﬁésﬁméﬂareaf”?ﬁﬁ ot Fo1° et crtal e

structure of and i,nprove.the st rep(gt h

utt h
hereof | THEE: CRE EGHST S ofvat fo-the taprar - 1o ufEvordabTe &k

the magnetic field of the sputtering device strong and overlap
AC plasma with DC plasma. Thus, there arise problems that the
device is expensive and further operaticons or steps therefor
are complicated.

Patent Document 4, whichwillbe listeduplater, discloses
a transparent electroconductive laminate wherein a transparent
electroconductive film made mainly of indium, tin, zing¢ and
oxygen atoms is formed on a polymer substrate and the composition
at% satisfies the following: Zn/{In + Zn) = 0.01 to 0.1 at%,
Sn/(In + Sn) = 0.01 to 0.1 at% and further Zn/(Zn + Sn} = 0.55
to 1 at%. However, the resistivity of such a laminate is 250
u-Q-cmor mere. It cannot be said that this resistivity is far
lower than conventional resistivities. When the transparent
electroconductive laminate having the above-mentioned
compesition is heated, the laminate is crystallized. Thus,
residues may be generated when the heated laminate is etched.

Meanwhile, Patent Documents 5 and 6, which will be listed
up later, disclose sputtering targets cbtained by adding, to

indium oxide-zinc oxide, tin oxide in an amount of 20 to 2000



that the sputtering target is used to produce a filmhaving a relatively
| ow resistivity. Therefore, it appears that a low resistivity cannot be
realized. Patent Document 7, which will be listed up |ater, discloses a
production of a material which is made of indium oxide-zinc oxide and is
low in resistivity by controlling the crystal structure of a sputtering
target used for producing this naterial. Patent Docunent 8, which wll be
listed up later, discloses a process of producing a transparent el ect

oxi G- or PRS" aeTRE: GORL T oI 1T L RECRTENCRTT oy BTk he ot Pl KHor oof

el et rocondeTFYa AL AT Bx aEe i 1% v bRt S rafiely yRE P anfe Pt i Gucea
her eof - B eRT Dotnan e AR 608 Tl GO B 7 STeh s arer. T scl ose
et hots QoSG BC0 ThOPar Nt DOGREAI & 716 13 RAVS S probl &h That the

resul tant tgianspangnt ol eettodes:have srysd abtd nity apRRd Ahusakesidyes are
generated by etching or nodules are generated at the tine of sputtering.

Non- pat entrLdogyents 1.carEactyoni MBteeri al ", Kogyo Chosakai Publi shing
Inc., Decenber, 2002, p.26 5 Patent Docunent 1: Japanese Patent Application
Lai d- Open (JP- AntNo+t foA34E65 7Pafrants ocupenti e dEpAahNer, 7d 235129 s
a production of a material which is made of indium oxide-zinc
oxide and 1s low in resistivity by controlling the crystal
structure of a sputtering target used for producing this
material.
Patent Document 8, whichwillbe listedup later, discloses
a process of producing a transparent electroconductive rilm low
in resistivity by adding Re, Os, Mo or W t¢o indium oxide or ITO
and then controlling the crientation of the crystal thereof.
Patent Document 9, whichwill belistedup later, discloses
a sintered, electroconductive metal oxide which 1s low in
resistivity and is produced by adding, to indium oxide, Nb or
Hf in an amount of 1 to 20% by weight thereof. Patent Documents
10 to 13, which will be listed up later, disclose transparent
electrodes wherein Zr is added to indium oxide. However, all
metheds described in Patent Documents 7 to 13 have a problem
that the resultant transparaent electrodes have crystallinity
and thus residues are generated by etching or nodules are
generated at the time of sputtering.
Non-patent Document 1: “Electronic Materialil”, Kogyo

Chosakai Publishing Inc., December, 2002, p.26



Pat ent Docunent 3: JP-A No. 9-71860 Patent Docunent 4: JP-A No. 2001-126538
Pat ent Docunent 5: JP-A No. 2001-131736 Patent Docunent 6: JP-A No.
11-128122 Patent Docunent 7: Japanese Patent Application National
Publ i cati on No. 2001-539936 Patent Docunent 8: JP-A No. 7-278791 Patent
Docunment 9: JP-A No. 3-15107 Patent Docunent 10: JP-A No. 6-160876 Patent
Docunment 11: JP-A No. 7-218924 Patent Docunent 12: JP-A No. 2002-226966

Pat ent Docunent 13: JP-A No. 2002-373527 Background Art No. 2 (Color Filter
for Liquid Crystal Display) In color liquid crystal displays, color display
is attained byEruseraf Doptimeat Ipr operhysefPd teut dpgrlystaalicnophi dabparnbers,
an external light source or the |like. One of the optical nenbers for

attai ni ng cot-gv) displ@y2iss@ color filter. This color filter 100 for liquid
crystal display generally has: (1) an electrically insulating transparent
substrate 10 whiadterits falcmearged ;asTBrSsubst rata3Fot®forming a liquid crystal
panel, (2) plural colored layers 12 arranged on this electrically

i nsul ati ng trandgdreart ubutardt 63 1100 db t £havee@ given pattern, 6 and
(3) a transparent electrode 14, for driving liquid crystal, which is forned
on these col or eddtaydr PAMMETH st 'sidhrat iloh i &00shwb3h Fig. 2A. In the

present patent, this is called type
Patent Document 5: JP-A No. 2001-131736

Patent Document 6: JP-A No. 11-128122

Patent Document 7: Japanese Patent Application National
Publication No. 2001-539936

Patent Document 8: JP-A No. 7-278791

Patent Document 9: JP-A No. 3-15107

Patent Document 1C: JP-A No. 6-160876

Patent Document 1l: JP-A No. 7-2189%24

Patent Document 12: JP-A No. 2002-226966

Patent Document 13: JP-A No. 2002-373527

Background Art No. 2 {Ceolor Filter for Liquid Crystal Display)

Incolorliquidcrystaldisplays, colordisplayisattained
by use of optical property of liquid crystal, optical members,
an external light source or the 1like. One of the cptical members
forattaining colordisplayisacolor filter. Thiscolor filtexr
100 for ligquid crystal display generally has:

(1) an electrically insulating transparent substrate 10
which is also used as a substrate for forming a liguid crystal
panel,

(2) plural colored layers 12 arrangedon this electrically

insulating transparent substratel0soastohaveagivenpattern,



2A. The colored | ayers 12 are conposed of a red colored |layer 12R, a green
colored layer 12G and a blue colored layer 12B. Fig. 3 is a schematic
structural viewillustrating only the basic structure of the color filter
100 for liquid crystal display. Actually, a protective layer is forned
between the colored layers 12 and the transparent el ectrode 14 in many
cases. As wll be detailed later, |light-shielding |ayers are forned between
the respective colored layers 12R, 12G and 12B in many cases. In Figs.
2Aand2B, these light-shielding |ayers and soon are omtted not to be
illustratetd The position of the colored |layers 12 and that of the
transparent el ectrode 14 maybe reverse. In this case, the color filter 100
for liquid cryst@ disphapahast cdgditdsabi ctercdusting, liqwed fovbbaing: (4)
an electrically insulating transparent substrate 10 which is also used as a
subst r at e Worcl denftAgRgdl PoUiP <t potlairedhansrrs(5y - a Trianspaventiosl éet rode
14, for driving liquid crystal, whichis forned on this electrically

i nsul at i ¢SS tiratd 910 24 aan(@@erﬂKﬁ%ﬁnixﬂ%ﬁQﬂfd dyeérss 1p2caktafAgedPen this
transparent  electrode so as to have a given pattern. This situation is
shown in #g. 2B CPACLRE pRESEAL. PRAENECTPRIFET 8T calnsst coypaedBlay¢r The
colored layers 12 are each a | ayer which selectively transpmits a ray havi ng
a speC|f|¢y éiéﬁéfﬁlSﬁﬂoéﬁdré?geén?@@edan@r%nﬁk¥q|9§ﬁpr§@u#€§era%a are

| ural col Qr ers_12 havin di fferent ectral transmtt
gharacterl chjﬁ¥ a gructuraEVQew llustrat{ngo vt eba51c

structure of the color filter 100 for liguid crystal display.
Actually, aprotective layer is formedbetween the colored layers
12 and the transparent electrode 14 in many cases. As will be
detailed later, light-shielding layers are formed between the
respective colored layers 12R, 12G and 12B in many cases. 1In
Figs. ZARand 2B, these light-shielding layersandsconareomitted
not to be illustrated.

The position of the colored layers 12 and that of the
transparent electrode 14 maybe reverse. Inthiscase, thecolor
filter 100 for liguidcrystaldisplayhas, asitsbasicstructure,
the foliowing:

(4} an electrically insulating transparent substrate 10
which is also used as a substrate for forming a liquid crystal
panel,

{(5) atransparent electrode 14, fordrivingliquidcrystal,
which is formed on this electrically insulating substrate 10,
and

(6) plural coleored layers 12 arranged on this transparent
electrode so as to have a given pattern. This situation is shown

in Fig. 2B. In the present patent, this is called type 2B.



wi th whether nulticolor display is performed or full color display is
performed. For exanple, when full color display is perforned by additive
color mxture, layers of the following three kinds are used: a red col ored
| ayer 12R having a high spectral transmttance in a red wavel ength range; a
green colored |ayer 12G having a high spectral transmttance in a green
wavel ength range; and a blue colored | ayer 12B having a hi gh spectral
transmttance in a blue wavel ength range. As the arrangenent pattern of
these kinds of colored layers 12, a stripe type, a npbsaic type, a triangle
type, a 4-pixel Trar cangeed ypeerand saconahave lkeear hihtlhér el knowiely
Appropriate one out of these patterns is used in accordance with the

oper at i on tradenof s thea ¢ dlaori nlg @ uipe cdrfyist @d veli spyay cort ¢ hergper éni haade
thereof. In many cases, a light-shielding layer is fornmed between a colored
| ayer and amnot hrerlichlorsedi d@yerqndorren pd utrednspapertt Lpyetrecfiiviealvager which
W ll be detailed later. This is for preventing a fall in the contrast or

col or puridytbasent esnekéak]l gl Thendd ghershiekdishgckayeaciarthnsecase i s
made of nmetal chromum a colored photoresist or the like. This

| i ght - shi efdigvhaylesr iBuakranbed do6SRsaY ol ePpbsPrnofedr bevheerolprxel s
when the front plane of a color liquid crystal display equipped with the
col or fil teFSPEaYildhwe8r fPrEeor ni'ef A lfol &#he8 fReEett19% gemded Ly a
matrix formor stripe formin many cases. As described above, _the
transparen@e%ﬁ%%$?%d%¥JQQQ¥ﬁlYﬁ|QH#RfIm%ﬁﬁq&fbr}§ﬂﬁﬁsnﬁF'EéeafPéﬁﬁﬁénBetmeen

the electrically. |nsulat|q9 substr%Fe 10 and t he. above-nenti oned col ored
| ayers threekinds areused: aredcoioredlayerl2Rhavingahlighspectral

transmittance in a red wavelength range; a green colored layer
12G having a high spectral transmittance in a green wavelength
range; and a blue colored layer 12B having a high spectral
transmittance in a blue wavelength range.

As the arrangement patterncf these kinds of colored layers
12, a stripe type, a mosaic type, a triangle type, a 4-pixel
arranged type, and sc on have been hitherto known. Appropriate
one out of thesepatterns isused inaccordancewith the operation
mode of the color liquid crystal display or the performance
thereot.

In many cases, a light-shielding layer is formed between
a colored layer and another colcred layer, or on a transparent
protective layer which will be detailed later. This is for
preventing a fall in the contrast or color purity based on leak
light. The light-shielding layer in this case is made of metal
chromium, a cclored photoresist or the like. This
light-shielding layer is arranged so as to be positioned between
pixels when the front plane of a color liguid crystal display

eguipped with the color filter is viewed. The formof the whole



12 (type 2B). In many cases, however, the el ectrode would be arranged,
directly or indirectly across a transparent protective |ayer, over the
colored layers 12 in order to prevent an increase in the threshold voltage
of the liquid crystal display elenment or a decline in the sharpness of the
rise thereof. The shape of this transparent electrode 14 for driving liquid
crystal is varied in accordance with the operation node or the perfornmance
of the col or quuid crystal display, or other factors The electrode 14 is

formed into plur stripes or a single fi I n Fi 2A and 2B, a
o onheiei s R PED R ey fogmf%wetofaaﬁ SEmI FANgrCARED: ¢ he

so-called "soli fOFﬁ]IS | L ustrat In t he case tiv trix type
TRT 1 qui o or ySFal SR ey A TR & e ot %ﬁ%&%@ﬁ &4 0% he

"S|ngle'hérlvf§n Q@s?been h|therto arrangcg on the %hd its _ £P Ior

filter in many ?%%%EQVEﬁ%aﬁgg |Q&§W%@%r S %%ﬁ%%d inbrder to

| mprove the, 43t grggsﬁ%swgtggpg DoesRc U dfle. r&&ﬂﬂf@qggge%lo%'eé%gg& and

protect the co or ayers quid-cryst r1Ving transparent

el ectrode,; an ¢ g&b'ﬁﬁ‘th'ﬂn ﬁ%%%é é§1§9 HodP gnast%%ﬁela EQ%Hkong?Q Lo many

cases. This ecause the I m’is good i'n transparency an

el ect roco%ﬂ% d yappdeeay O%MJé&el%&yogé shed WidL dhiSLEORGor 26Ld. 9

I nci dental |y, e followmng |ists up docunents about the prior art rel ated

to the"“%%ﬁé@”o@&r&h%zBB?%%BBﬂ%¥é¥§12%HP&&&@E%QﬁprgﬁéﬁﬂknﬁEﬁHF@Qée14
JP-A No. 11-352483

in the threshold voltage of the liguid crystal display element
or a decline in the sharpness of the rise therecf.

The shape of this transparent electrode 14 for driving
liquid crystal is varied in accordance with the operation mode
or the performance of the color liquid crystal display, cor other
factors. The electrode 14 is formed intc plural stripes or a
single film. In Figs. 2A and 2B, a situation that the whcle
of a screen is formed into a film, or into the so-called “solid”
form is illustrated. In the case of an active matrix type TET
liquid crystal display device, this transparent electrode in
the “single film” form has been hitherto arranged on the side
of its color filter in many cases.

The transparent protective layer is formed in order to
improve the flatness or the smoothness of the transparent
electrode and protect the cclored layers. As this
liguid-crystal-driving transparent electrode, an indium thin
oxide (ITO) film hes been hitherto used in many cases. This
is because the ITC film is good in transparency and
electroconductivity andcanbe sufficientliyetchedwithastrong

acid.



Pat ent Docunent 15: JP-A No. 2002-202511 Patent Docunent 16: JP-A No.

2003- 143525 Patent Document 17: JP-A No. 07-120612 Patent Docunent 18:
JP-A No. 09-101408 Patent Docunent 19: JP-A No. 09-005514 Disclosure of the
I nvention First Cbject (in connection with Background Art No. 1) The present
i nvention has been made in |ight of the problens of the above-nentioned
background art No. 1, andan object thereof 1is to provide a transparent

el ectroconductive fil mhaving excellent transparency and etchabl e property,

and a low resistance, .a.sputteri target .of .the starting material,  thereof,
and an annrphougnfﬁgﬁgﬁgggﬁ? éﬁ%é&%&‘g”gﬁ%éfﬁgﬁeu r%ﬁﬂ?%ﬁﬁ ?EOP%a ‘par ent
el ect rocqn ti film,Js, for o ubstr nd r.ooduct i on process

t her eof . ergg%d ‘%gcj éjcetlr%#erﬁj ctoonneget ilglﬁfaevr\} 'Bac ScrhaaeurPcFe%f nﬁ\lop.atﬁn he

above- nent LTQ.filmis relatively lowin thermal stability and

noi sture gﬁﬁﬂﬁgﬁ?J§%§istance. For this reason, a color filter for liquid

crystal display p0f 3+t Y& madl hhe Jpl@ fid mis formed as a

liquid-crystal-driving transparent el ectrode on a colored |ayer has

drawbacks that the JiraW G elayst ale.dripdng . r angpargnits el ectrode is easily
cracked 10 or peeled in the production process thereof and the

l'iqui d-crystal - diceing doRneRar e elreet nede Jdopeasijgp£racked or peel ed
with the passage of tine after the production. As the performance of liquid

crystal display pdevirgeoheeenes ni ghern mewoarixuws driving nmanners are
suggested for
Patent Document 18: JP-A No. 09-101408

Patent Decument 19: JP-A No. (09-005514

Disclosure of the Invention

First Object (in connection with Background Art No. 1)

Thepresent invention hasbeenmade in light of theproblems
of the above-mentionedbackgroundartNo. 1, andanobject thereof
is tc preovide a transparent electroconductive film having
excellent transparency and etchable property, and a low
resistance, asputteringtargetofthestartingmaterial thereof,
and an amorphcus transparent electrode substrate wherein this
transparent electroconductive filmis formed on a substrate and
a production process thereof.

Second Object {(in connecticn with Background Art No. 2)

The above-mentioned ITO film is relatively low in thermal
stability and moisture and heat resistance. For this reason,
a color filter for liguid crystal display of a type that the
ITO film is formed as a liquid-crystai-driving transparent
electrode on a colored layer has drawbacks that the

liguid-crystal-driving transparent electrode is easily cracked

10



driving liquid crystal. For exanple, the Patent Docunent 14 discl oses what
we call an IPS driving manner. The Patent Docunents 15 and 16 di scl ose PVA
driving manners. In some color filters used for these driving manners, their
pi xel s may be etched into various fornms. For exanple, the inside of their
pi xel electrode may be etched into the formof strips. A schematic view of
a pixel electrode etched into the formof strips inthis way is illustrated
in Fig. 3. An exanple of such a pixel electrode is disclosed in, for
exanpl e, the Patent ., Docunent 14. The pixel electrode nay he etched into,
for exanplé, P&4€ tjdhgtﬁ'fearplf ‘iﬁtjao%ié)%ctﬁea?s f’%??ﬁe "I hdped" f orm

Thepi xel _el ectrode be etched into_a zigzag form.ln recent years,

et ef or e, IS TANEE Tas Bt At FABREA 6 tHe eI atiubl & Frapsh €A CRPA1 he

el ectrode. |1TQ WQ§%ﬁjn9ﬁzbeen referrgp to abo e, an has_been . frequently

used at présdntcTSSs Ty SRt HE Fater i wime ﬁ’l% TR PR bt et eh 1 TO  a

strong acid sucgsa%h%qg%tlgfg)%%yﬁcse %sfeqi&%rlc{r%n%/%sectaaé?(s: ils%gleaﬁr%cx%fé on of the

etching may be déeterio residues* from n urt her very

fine etching Jides ”%wb@%fs9%@%&;&&i\%ﬁaﬁs%ﬁ%&@%u&geé%&oﬁr.t he

etchabl e property o O, whic o ereo uggested is an

I ndi um oxi g~z f 1&@&% lenﬁésecqall.i quid %g?ﬁﬁb%,c%grP%EEE%rDogﬁﬁeﬁEe?&rOde

material there an roved etchabl'e property but has a problemthat
the materiglsdisdonerdn &l ecd1oconduss i yify; grﬁ‘arﬁﬂ_é}. Thirs, pRIdEr is

descried in the above-nenti oned Patent Docunen ,
Documents 15 and 16 disclose PVA driving manners.

Insomecoclor filtersused for thesedrivingmanners, their
pixelsmaybeetched intovarious forms. Forexample, the inside
of their pixel electrode may be etched intc the form of strips.
A schematic view of a pixel electrode etched into the form of
strips in this way 1s illustrated in Fig. 3. An example of such
a pixel electrode is disclosed in, for example, the Patent
Document 14.

The pixel electrode may be etched into, for example, a
rectangular form, acircular form, or “<-shaped” form. Thepixel
electrode may be etched into a zigzag form. In recent years,
therefore, importance has been attached to the etchable property
of the electrode.

ITO, which has been referred to above and has been
freguently used at present, 1s a crystalline material. Thus,
in order to etch ITO, a strong acid such as aqua regia is used
inmany cases., The precision of the etchingmay be deteriorated
by residues fromthe etching, and further very fine etching lines
may not be formed with ease.

Tn order to improve the etchable property of ITO, which

11



18 and 19. In |light of the above-nentioned problens, the present invention
has been nade. An object thereof is to provide a color filter for display
having a transparent el ectrode which is easily etched in the production
process thereof, is not easily cracked or peeled in the production process,
and further is not easily cracked or peeled with the passage of tine after
the production thereof, and provide a display device which is stably
operated accordingly. The display herein is typically a liquid crystal

di splay. The color filter of the present invention may be used in any

ot her di splay. dWhehat ket fabovet mentdasseddil sphayi rdeivirc e xiisiea z inicquikdder yst al
display, its transparent electrode is a |liquid-crystal-driving transparent
el ectrode.bdgrdrideruid attsial thel @abovelpent | dhied colyj dotaie teetefiod ] owi ng
means are adopted according to the present invention. First Goup Invention
A first griowprenlbasioniforogedas g therbipestt yobjedias awindlamsthir st
described. The first group invention will be described in detail by way of
a first endwlitmr thatl svldvege indededtied dngert 1 vikey fihast IiCupTihagenti on
can be divided into_the follow ng 4 subgroups (1-1, 1-2, 1-3, and 1-4). 12
1- 1 group TanvehtiSoRe 8t L ARBrghélis FPaKspareht ORPdtF othdR I EE L FLTn) (1)
The 1-1 group of the present invention relates to an anorphous transparent
el ect roconduc?det$ilm An aspect of the 1-1 group of the invention is an

anor phous transparent
P %ﬁl%ﬁght of the above-menticned problems, the present

invention has beenmade. Anobject thereof is toprovide a color
filter fordisplayhavingatransparent electrodewhichiseasily
etched in the production process thereof, is not easily cracked
or peeled in the production process, and further is not easily
cracked or peeled with the passage of time after the production
thereof, and provide a display device which is stably operated
accordingly.

The display herein is typically a liquid crystal display.
The color filter of the present invention may be used in any
other display. When the above-mentioned display device is a
ligquid crystal display, its transparent electrode is a
ligquid-crystal-driving transparent electrode.

ITn order to attain the above-mentioned cbjects, the
following means are adopted according to the present invention.

First Group Invention

A first group invention for attaining the first object
mainly is first described. The first group invention will be
described in detail by way cf a first embodiment that will be
described later. The first group invention can be divided intc

the following 4 subgroups {(1i-1, 1-2, 1-3, and 1-4).
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el ectroconductive filmconprising al |east indiumoxide and zinc oxide, and
further conprising one ore nore third netals selected fromRe, Nb, W M
and Zr, wherein the follow ng expressions (1) and (2) are satisfied: 0.75
< [In]/([In] +[Z2n]) < 0.95 ... (1) 1.0 x 10-g < [M/([In] +[2n] + [M )5
1.0 x 10-' ... (2) wherein [In], [Zn] or [M represents the atom c nunber
of In, that of Zn, or that of the third netal (s), respectively. The atomc
nunber is the nunber of the In atons, Zn atons or third netal atons per

el ect r ocondy g 2 _atorEC of 1 g S S5 2 H R A 9ns" S n t he
i ndi um ox], ew and a second netal is a zinc atomin the zinc oxide. |If the
expr essi on= is less than 0.75, the transparent el ectroconductive film

does not exhibit i bilit o, that the resistivit her eof may not
fall sufficient |(§/ffil ?‘Iﬁg[]%‘g)\%o g O%ft?ﬂe"%%‘?%tséina’ﬁ“(tf)oﬁ %eﬁrﬁggst %%na%. 95,

t he transparen el ectroconducti.ve.fil mbeconmes gcrystalline so, that, the

et chi ng %énrolggbloluistglr?%s ae%?mhg%eggggﬁgnémﬁr%&glee%y eA\pa‘?%%e%if o{%ﬁtehe
expression _(1) referahl y .from0.80 9 ably from
0.82 to Oﬂg : gl%%ﬁg%a%%pﬁgﬁ%%rlﬁnsgﬁ eaﬁ]t aﬁoerg%hroocson uaglslp\?a([are%ﬁm of 13 the

1-1 grouDe'%dﬂ¥%é%ﬁq%§ﬂfyéfﬁﬂﬁc%gg%%32$géfmggskﬁﬂ@i gQideaquinc

el ectroconducti ve conprises a thir et al . ccording to the

e For ARl AL B s SRIUER L MBI (LM ekt gl e, <0
the val ue Qf;nt k@ eXPre®si OB and Zr, wherein the following expressions
(1) and {(2) are satisfied:

0.75 £ [In]l/{([In] + [Zn]) £ 0.95 .. (1)

1.0 x 107° < [M]/([In] + [2Zn] + [M]}< 1.0 x 107 .. (2)
wherein [In], [Zn] or [M] represents the atomic number of In,
that of Zn, or that of the third metal(s), respectively. The
atomic number is the number of the In atoms, Zn atoms or third
metal atoms per unit volume in the composition of the amorphous
transparent electroconductive film.

The atoms of a first metal are indium atoms in the indium
oxide, and a second metal is a zinc atom in the zinc oxide.

If the expressicn {1) is less than 0.75, the transparent
electroconductive film dces not exhibit a high mobility so that
the resistivity thereof maynot fall sufficiently. 1If thevalue
of the expression (1) is more than 0.95, the transparent
electroconductive film becomes crystalline so that the etching
workability thereof may become a problem. The value of the
expression (1) ranges preferably from 0.80 to 0.90, more

preferably from 0.82 to 0.90.

In the amorphous transparent electroconductive film of

13



(2) is less than 1.0 x 10-4, the resistivity of the transparent

el ectroconductive f ilmmy not be sufficiently lowered. If the third netal
is added to set the value of the expression (2) over 1.0 x 10-2, the

advant ageous effect may not be obtained. The third netal added in the
invention is Re, Nb, W M or Zr. A preferred value of the expression (2) is
varied in accordance with the kind of the third netal. Wen the third

netal is Re, the value is preferably from1.0 x 10"9 to 5.0 x 10-3, nore
preferably from5.0 x 10-4 to 2.0 x 10-3. Wien the third netal is No, Wor
Mo, the véme |%%?%¥FEP£H1*’;}3 FPERNELED, X 1D 2BOVE 180 T OTe 2  r T ie? priet er abl y
from2.0 X . -3. When the third netal is Zr, the value is
preferablfﬁ%ﬁﬁﬁ0999935?HY?3Q%yﬁpémﬁriéeﬁEHﬁﬂ%??ﬁ%ﬁ%ﬁablﬁCFPSHﬂngtQ 10- 3
to 8.0 x Anot her |nve tion y further copprise

tin. The ttl &BH%HPI&EFP%B b*;}“t §2‘]lrf3‘ %‘FF#'PT%?“%S[ §ﬁf§1g\£ﬁ8Pe °Misn] is
the atomc rHaner of Snls e}héab from],C f‘ﬂ? 0 x 10-2. The
atomi ¢ nurber %% nﬁ%a % l% ?9ﬁ'ﬁ?ﬁ$hw

conposi t oeqdeocfutofzeonacnpa hp&%ltfnagaegrﬁlegt;ggtgecg Ggandgetyectilielfatin is

i ncorporated in an armun out si

the resistiwmi ﬁr%ggst ﬁﬁg3§pa£§nt.§k ctLo gggyﬁ%%v§-khgn%g§% Qﬁggg@ Iarge.

A 14 particu y preferred range’is ron1 The

amor phous dyansparant, &l £68 ’f@%'}%&ﬁhbﬁf% |, @ Ez%ﬁ%%édﬂ?vgéxoé‘c? C% Pee formed

by use of a sputtering target wh escrl ater group
(I'nventionof SpUtLeri 8 gl Peb)set the valuecyfthe expression (2) over

1.0 x 107%, the advantageous effect may not be obtained. The
third metal added in the invention is Re, Nb, W, Mo or Zr.

A preferred value of the expressicn (2) 1s varied in
accordance with the kind of the third metal. When the third
metal is Re, the value is preferably from 1.0 x 107% to 5.0 x
1077, more preferably from 5.0 x 107* to 2.0 x 107°. When the
third metal is Nb, W or Mo, the value is preferably from 1.0
x 107 to 1.0 x 1072, more preferably from 2.0 x 107° to 8.0 x
107°. When the third metal is Zr, the value 1is preferably from
1.0 x 107 to 1.0 x 107%, more preferably from 2.0 x 107 to 8.0
x 1072,

Another invention cf the 1-1 group may further comprise
tin. Thetincontentdefinedby [(Sn)/([In] + [Zn] + [Sn]) wherein
[Sn] is the atomic number of Sn is preferably from 1.0 x 107
to 9.0 x 107?. The atomic number is the number of the Sn atoms
per unit volume in the composition of the amorphous transparent
electroconductive film. 1f tin is incorporated in an amount
outside this range (1.0 x 1072 to 9.0 x 107%), the resistivity

of the transparent electroconductive film may become large. A
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(2) The 1-2 group of the invention relates to a sputtering target of the
starting material of the above-nentioned anorphous transparent el ect
roconductive film An aspect of the 1-2 group of the invention is a
sputtering target for the above-nentioned anorphous transparent

el ectroconductive film conprising indiumoxide, zinc oxide, and one ore
nore third netals selected fromRe, Nb, and Zr. The sputtering target
preferably satisfies t he foIIovvi ng expressions (3) and (4): O. 75 5
[In]/([In%7 .Zn].) 0.95 . 0.x 10 4 < _[MJ(fIn] + h‘l +.[M)5
1.0 x 10- 2arE CP&)arl\WnBF&fﬁrFleﬁl] raPZﬁ]lﬁrfﬁVj‘ Tepredént s e Gto Oc nunber
of In, that of g or that of the third ta Sc)néié;[SpeCt g

conposi tion rat irdSofMehR" ‘a%rtptﬁﬁ%pﬂ%m'sﬁ SENG IS Endacty 98 Tf 'Ef m

conposi ) dn rarre G e Letes Bifteihg TP e Batarg nch i

sputteri ng tar Crlbsez(ijtl Sfl £ the expressions (3) and (4), the

above- mentione anor hous transparent eI ectroconductive filmcan easily be
formed. |f ne a7 [ t | the film |In this case,
thetlnc Mg s 4 ) wherein [Sn] is the

ator ¢ nurber of ;$is 1pnef s aple ttggmn%%n;t %rxﬁtgaze%otaaosgsagem he tin

content is nore preferably rom1l e, the

mexi mum crystale 9F ahn :-Q!a%'f%trﬁ;; mQEeHJQl A Do %b% bR nkRe %E%Ec‘?fg&tﬁ%é ar get
is preferably 5 mor |ess the maxi num crystal grain dianeter 1s nore
than 5 m MedWRSent electroconductive £ilm. An aspect of the 1-2 group

of the invention is a sputtering target for the above-menticned

amorphous transparent electroconductive film, comprising

indium oxide, zinc oxide, and cne ore more third metals selected

from Re, Nb, and Zr.

The sputtering target preferably satisfies the following

exXpressions (3} and (4):

0.75 < [In)}/([In] + [Zn]) < 0.85 . (3)
1.0 = 107" < [M1/([In] + [Zn] + [M])< 1.0 x 1072 .. (4)
wherein [In], [Zn] or [M] represents the atomic number cf In,

that ¢f Zn, or that of the third metal({s), respectively.
The composition ratic of the amorphous transparent
electroconductive film formed by use of a sputtering target 1is
roughly in proportion to the composition ratio of the used
sputtering target. Accordingly, if a sputtering target
satisfies the expressions (3) and (4}, the above-mentioned
amorphous transparent electroconductive film can easily be
formed. If necessary, tin may be incorporated into the film.
In this case, the tin content defined by [Sn]/([In] + [Zn] +

{Sn]) wherein [Sn] is the atomic number of Sn is preferably from
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may be generated at the tinme of sputtering. The maxi mum crystal grain
dianeter is nore preferably 3 mor |ess. The maxi mum crystal grain dianeter
of zinc oxide neans the nmaxi mum grain diameter out of grain diameters of
zinc oxide which are obtained bynmeasuring anyone surface area (30 m square
) in the surface of the sputtering target with an EPMA (el ectron probe

m croanal yzer). Thethirdnetal (s) is/are preferably dispersed in the phase
of the indiumoxide. The wording "is/are dispersed in the phase of the

i ndi um oxi de" neans that no peak originating fromthe third netal(s) is
recogni zed -khen idhe Spult'ert nkl tar géte i sin sepjeetled $ onxee ayref et bir al

anal ysis. The process for producingeghe sputtering target may be

aknownpr o¢esE lror “exdhpl 8¢ $hé proke

ess isasinteringprocess. 1-3 Goup
(I'nvention of Anprphous Transparent El ectrode _Substrate The 1-3 group

of the invention Wé'GEC% s &R afforphidts C ¥ FaAdparent: @Fé@%g%aeoguﬁg?rate.
20, aopect o L 18 i3 U ot Lhe LIvenLLon Ls charagter agd Ly Lhal one or
substratej: ~out ff acpIuEaIit of jhee nor hous t ranspar ent 6
electroconéﬁg FVEFYTHS ey 6&'?%?h%éfﬁwla §hE§fW§F%. ?8Wha??%%%9? two or
107 Out U 8 L2 Yo (OLTRD 0 SUDSLLEt oy e, LGLIES L1 Dol
anmor phous o tranpspapent. el ectoconouctd va 14 14(g) foryed, on the substrate
The maximum crystal grain diameter of zinc cxide means
the maximum grain diameter out of grain diameters of zinc oxide
whichareobtainedbymeasuringanyone surfacearea (30 umsquare)
in the surface of the sputtering target with an EPMA (electron
probe micrcanalyzer) .
Thethirdmetal (s) is/arepreferablydispersedinthephase
of the indium oxide. The wording “is/are dispersed in the phase
cf the indium oxide” means that no peak originating from the
third metal(s) 1is reccgnized when the sputtering target is
subjected to X-ray structural analysis.
The process for preoducing the sputtering target may be

a knownprocess. Forexample, theprocessisasinteringprocess.

1-3 Group {(Inventicn of Amorphous Transparent Electrode

Substrate)

(3) The 1-3 group cof the invention relates to an amorphous
transparent electrode substrate. An aspect of the 1-3 group
of the invention is characterized in that one or more of the
amcrphous transparent electroconductive films are formed on a
substrate.

One out of a plurality of the amorphous transparent
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is preferably from1 to 1000 nm nore preferably from5 to 500 nm The kind
of the substrate is not limted. Preferred is a substrate excellent in
strength and heat resistance, such as a piece of glass, a heat resistant
resin sheet, or a ceramc sheet. 1-4 Goup (Invention of Process for
Produci ng Anor phous Transparent El ectrode Substrate) (4) The 1-4 group of
the invention relates to a process for producing the anorphous transparent
el ectrode substrate. An aspect of the 1-4 group of the invention is a

process for producrng t he anmpr phous transparent el ectrode substrate of the
1-3 gr oup EXEsHA “ﬁjgl Fhe’Sstiep BT R mf iy THRR Sput teHRHgE i get  in the

1-2 group to for anDr hous trans are | ect oconductrve filmon a
substrat e ﬁ%ﬁfq%£§%ﬁ ‘%éﬁiFW§e P %DFEﬁO% Pﬁaﬁgﬁa?%nformed on

el ectroconduc e fil rate OOC her When t he
Sbove. nent 8H§5¥£%Fp"%ﬁs FPeReRar o & { FaeD FEchrodizbd. it

i s advisa bove- nmenti_qne utterr ar g used to form an
anorphousqtrans éFgﬁﬁ'%EIegpFogg% gchvg& °h on § Sulbdt CFé?%“ﬁy sputtering.

In order |ve trgl %%&%tbﬁlb¥ tg%%%g?zpﬁ? eénﬁp%ﬁ%ren%%tra

el ECtI'OCOI’l OI'ITE he SU e armrp ous ran par ent

el ectr Ocorﬁh@%ke\f%:cab'l 'rgmp't[ egc?rl%tbloynpregrhgglefnﬁ gPQIC fﬂloqp%r @ﬁo upper

limt of t eating tenperature is vari accordante W th t eat
resrstantlﬁfnperature of the substrate, and is preferably 4OOC or | ower .
The range otf the

The kind c¢f the substrate is not limited. Preferred is
a substrate excellent in strength and heat resistance, such as
a piece of glass, a heat resistant resin sheet, or a ceramic
sheet.

1-4 Group (Invention of Process for Producing Amorphous

Transparent Electrode Substrate)

(4) The 1-4 group of the invention relates to a process
for producing the amorphous transparent electrode substrate.
An aspect of the 1-4 group of the invention is a process for
producing the amcrphous transparent electrode substrate of the
1-3 group, comprising the step of using any one sputtering target
in the 1-2 group to form the amorphous transparent
electroconductive film on a substrate, and the step of heating
the amorphous transparent electroconductive film on the
substrate up to 200°C or higher.

When the above-mentioned amorphous transparent electrode
substrate is produced, it 1s advisable that the above-mentioned
sputtering target is used tc form an amorphous transparent
electroconductive film on a substrate by sputtering. In order

to lower the resistivity of the amorphous transparent
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tenperature is nore preferably from230 to 350C, in particular preferably
from250 to 300C. It is preferred that the anorphous transparent el ectrode
substrate is heated in the state that the concentration of oxygen is 0. 1%
or | ess byvolune. If the anorphous transparent electrode substrate is
heated in the state that the concentration of oxygen is over 0.1% by

vol une, the anorphous transparent el ectroconductive filmmy react with
oxygen to increase the resistivity of the anorphous transparent

el ectroconductive f ilm. It.LsS re preferred that the filmis heated at an
oxgen . CBIEEEPROPS B Y 64 55 BrER el by Ao HREC FAEST ot AF SHSRRT O od

that the fil.m.i eated in at e that hydr n_is,alsa. prese o~ VWhEen
the 11 Im 1€ RER T LRE B Couiear B R aPasent PERsaRh T e S BERaP AN 1 om

e oo gL e e e g SRR S RS

i ncreases so a ower e resistivi ntratiron o

pr ef er abl ﬁfgg%%lt?fjr‘%g\%e%?ﬂh MR Y 'Jeéi%%a%%%%?&ﬂ%é&&é’fof‘y Lgen is

nore t han e anor phous transparent ectroconductive film

may be calgred.d, Lhe conse £201 0D ddoskess 1han Loy Yahumeor i i cient

advant ageous effects may not be obtained. T concentration of hydrogen is

more pref el fham 35t 8%k reMRlNEr r 4@ Serend &Feup: hnyenti am Jhe
foll owi ng describes a second group invention for attaining the

above- mentjaned 3e6ond-@bjent dmigdoec This second group invention will be

described in detail by way of a second enbodi nent that will be descri bed

later. The It is preferred that the amorphous transparent electrode
substrate is heated in the state that the concentration of oxygen
is0.1%orlessbyvolume. Iftheamorphoustransparentelectrode
substrate is heated in the state that the concentration of oxygen
is over 0.1% by volume, the amorphocus transparent
electroconductive film may react with oxygen to increase the
resistivityof the amorphous transparent electroconductive £ilm.
It is more preferred that the film is heated at an oxygen
concentration of 0.05% or less by volume. It is alsoc preferred
that thefilmisheatedinthe state that hydrogenisalsopresent.
When the film is heated in the presence ¢f hydrogen, oxygen is
withdrawn from the transparent electroconductive film so that
the density of carries increases so as to lower the resistivity.
The concentration of hydrogen is preferably from 1 to 10% by
volume. If the concentration of hydrogen i1s more than 10% by
volume, the amorphous transparent electrcoconductive film may
be ceolored. If the concentration is less than 1% by volume,
sufficient advantageocus effects may not be obtained. The
concentration of hydrogen is more preferably from 3 to 8% by

volume.
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transparent el ectrode of the second group is substantially equal to the
anor phous transparent el ect roconductivefilmof the first group. In the
second group invention, the anorphous transparent el ectroconductive filmis
used as an el ectrode; thus, attention is paid to the function thereof,
whereby the filmis called the transparent el ectrode. Basic Structure (Type
2A) In order to attain the above-nenti oned object, the color filter for
liquid crystal display of the present invention conprises an electrically

insulatin% tran rent substrate, colored |l ayer fornmed on the
electricak+§iﬁﬁ§3fé¥¥hé§¥Féﬁ§éﬁ¥ent substrate, and a transparent el ectrode
formed on the cgb oll%a er e%%rq V|n th%O%p Io%ﬁl char%ﬁyeryiglc The
transparent elecC rode conprlses an a & orpri <]
el enent a t, o] rlse 0 | e ment.s sel ected
from Re, %%t {}V ﬁr\?}gj (f fr 'S Jtofnuc usreecolSnd r}f ec(rjt alm;yA for
conveni encg zﬁgy Si:¢ u (Type rder t

CRc %ro% i v%%tQQE %%l#lpe dé?krhgeg 5t dg?aﬁ% 8%res£ﬁ?f

above-nenti o bj ect, the color ter Isplay o

i nvent i on ComISESAba BleRt Al Ly iinsid afd ng- {gapsparent sypstrate, a

transparent electrode fornmed on the electrically iInsulating transparent 19

substrat e, 2 & G010k edct Y8k Srornedeenntihg duRns %%ﬁoes&tanﬁlaqqty@cgi@al wher ei n
the transparent el ectrode conprises an anorphous oxi de conprising a zinc

el enent an®d efle HR@irpMoelseieiM spa Btk 6ORPEFSESnane tqk <Nof By eFenRrNt Sr-sel ect ed
fromRe, Nbo, W M and Zr. ThIS structure is a structure wherein the
position @froup. Inthe secondgroup invention, the amcrphous transparent
electroconductive film is used as an electrode; thus, attention
is pald to the function thereof, whereby the film is called the

transparent electrode.

Basic Structure (Type Z2A)

In order to attain the above-mentioned object, the ceclor
filter for liquid crystal display of the present invention
comprises an electrically insulating transparent substrate, a
colored layer formed on the electrically insulating transparent
substrate, and a transparent electrode fcrmed on the colored
layer, and having the following characteristic.

The transparent electrcde comprises an amorphous oxide
comprising a zinc element and an indium element, and comprises
one or mere elements selected from Re, Nb, W, Mo and Zr. This
structure is called type 2A for convenience’ sake.

Basic Structure (Type ZB)

In order to attain the above-mentioned object, the color
filter for display of the present invention comprises an
electrically insulating transparent substrate, a transparent

electrode formed on the electrically insulating transparent
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the transparent el ectrode of type 2A and that of the colored |ayer thereof
are exchanged for each other. This structure is called type 2B for

conveni ence' sake. These are structures different fromeach other in form
However, their <characteristic structures (materials of their transparent

el ectrodes) are equal to each other. The color filters based on these basic
structures may be wused in all displays where a color filter with el ectrodes
are to be used. However, these color filters would be typically wused in
liquid crystal displays in many cases. Wien any one of the present col or
filters i sdisaddde,adidiu dErysidall displ ayrmed hen aboy e- reedp oned: | nventi on
is a'color filter for liquid crystal display", and the above-nenti oned

t ranspar erdl eeltecidegdevhd s ian "dHaUi threspystalt orlad g dd angpear esds edrect r ode” .
The follow ng describes the present invention, giving a color filter used
mai nly i n andrgguiubs orydealongisipd iy aziaw ekenphe.andEhedindiical ¢ yerharstul at i ng
Transparent Substrate As the electrically insulating transparent substrate,
t here can @el usegrsgest patesr mene: ofl eva@niteusciatéeeiaf som e, héveW, béen
hitherto used for a color filter for liquid crystal display. Specific
exanpl es @nd Be -el Bot i safdgtinsulsati agruttansparemntisdbst pasetinol able
various electrically insulating 20 transparent glasses such as blue plate
gl ass, whilthe plraregizesy, elmsimdaldt glvass 2Ageadt zhgkas§, thadebbeosil i cat e
glass. Other specific exanples of the electrically insulating transparent
substrat e figidudéevacifoase e eeraied 101 Agahat iy polWrier §TSUCRUTrgsis

polycarbonate,(folyethersulf one, polyethylene terephthal ate,
called type 2B for convenience’ "sake. These are structures

different from each other in form. However, their
characteristic structures {(materials of their transparent
electrodes) are equal to each other.

The ceolor filters based on these basic structures may be
used in all displays where a coclor filter with electrodes are
to be used. However, these color filters would be typically
used in liquid crystal displays in many cases. When any cone
of the present celor filters isused ina liquidcrystal display,
the above-mentioned invention is a “color filter for liguid
crystaldisplay”, and the abcve-mentioned transparent electrode
is a “liquid-crystal-driving transparent electrode”.

The following describes the present invention, giving a
color filterusedmainlyinaliquidcrystaldisplayasanexample.

Electrically Insulating Transparent Substrate

As the electrically insulating transparent substrate,
there can be used substrates made of various materials that have
been hithertoused foracoleor filter for ligquidcrystal display.

Specific examples of the electrically insulating

transparent substrate include various electrically insulating
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pol yaryl at e, anor phous pol yol efin, allyldiglycol carbonate, acrylic resin,
epoxy resin, and polyether. O her specific exanples of the electrically

i nsul ating transparent substrate include products each obtained by coating
any one of the above-nentioned electrically insulating transparent gl asses
wi th any one of the above-nentioned electrically insulating polynmers. The
electrically insulating transparent substrate in the invention is not
necessarily in a plate form and nay be in a sheet or filmform Colored
Layer For the colored |ayer, various colored materials that have_ been

hitherto USEdSGE U Sﬁ-@ésﬁéy‘%%%h eaP e BsRHe IRt heVBAhe Mdifer1a8Sin the
prior art, plur colored layers different in s ectral transnlttance
characterﬁgFiégiﬁﬁé‘g BEfopitat bF |ﬂ88k§Ha’ 3% 8dES6°dande@f t h
i tor 0PN PO Gpithy T8 RFAFFy oplldr AFSCOPGRBA FEYRPEAZGRFS or ent
uSed i BCUBIHGRE Ui ROERQ Y Of LG bachl T GAE oDac ORed AHE 4T SR col or
col or ed 1 ayer & g el b Rbref ty%%&%%%&l%éﬁ Bl Ce) DB T RORRE B ahEe with
ggfofédorlyeﬁge Qg%%sgiT%e§£$ oéé$f %fﬁﬁﬁgtf%%ftl§o¥gf fgéﬁés ggﬁé met hod
appr opr | BUATY 81 ST ER 11 SR bhr | SIS nEThode: TRar Chave Hoth THATErLS used,
such as d%ShﬂHpL&&%&'9H8’e1ectrlca11y insulating transparent substrate

include products each obtained by coating any one of the

above-mentioned electrically insulating transparent glasses

with any one of the above-mentiocned electrically insulating

polymers. The electrically insulating transparent substrate

in the invention is not necessarily in a plate form, and may

be in a sheet or film form.

Colored Layer

For the colored layer, various coloredmaterials that have
been hitherto used for colored layers can be used.

In the same manner as in the pricr art, plural colored
layers different in spectral transmittance characteristics are
appropriately combined and used in accordance with whether the
target color filterisafilter formulticolordisplayora filter
for full color display. Similarly, plural colored layers
different in spectral transmittance characteristics are
appropriately combined and used in accordance with the kind of
a backlight set onto the target color filter used in a liguid
crystal display. Respective materials for the colored layers

used therefor are appropriately selected in accordance with not
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printing technique, dispersing technique, electrodeposition technique

andm cell e el ectrolysis technique, in accordance with the precision
required for the target color filter, or other factors. Wen the col ored

| ayer(s) is/are colored by dyeing technique, there are used, for exanple, a
substance wherein a photosensitizer is added to gelatin, casein, polyvinyl
al cohol, polyacrylamde or the |like, and an acid dye or reactive dye. \Wen
the colored layer(s) is/are formed by printing technique, for exanple, a
substrate wherein a pignent and a dispersion aid are added to a prepol yner
or an i nk9nd yu§&d. shhehr @ het B0 Bredt IR r)r da/earis totorddthy HrepeE si ng
techni que, there is used, for exanple, a color resin wherein a coloring
agent suckod®r@felayrgahié adisgrert MeENPAGFa i gRBRICCO oy el kpersed in a
transparent photosensitive resin or transparent resin. Wen the col ored

| ayer (s) is/aref6 REdhEy dicgctirgdepssitticor Hedl dueet ter 65 §19% or
exanpl e, an el ectraqdeposjting solution wherein a coloring agent such as

pi gment ald & G NATerY aFBL B dpefded PP ECkiest retly $8ILGEIT6R. < MFE? YRR ol or ed
| ayer(s) is/are fornmed by mcelle electrolysis technique, there is used,
for exarrpwxee,t%&%lalgﬁagr@e‘y@ RAEENER ht2° At ¢ 815564 pF 8B A g Yagert t & haue,

hydr ophobi ¢ .cql.orin 22 matter, are dispersed in an agueous nedi um havi ng a
desi rod  Gredtir SEbHdti VT, AW THE S Gt Tisert s5°1 S747R°T of heid by

el ectrodeposi.ti.on techni. r mcelle electrolysis techniqgf, a
ordancewith

transpare e%ﬁﬂ&ﬂ%%ﬁﬂﬁ?@'%iégﬁéﬁﬂf%%ﬁyﬁﬁﬁ?%ﬁ%? gEhel 2CC

the precision required for the target color filter, or other
factors.

When the cclored layer(s; is/are cclored by dyeing
technique, there are used, for example, a substance wherein a
photosensitizer is addedto gelatin, casein, polyvinyl alcohol,
polyacrylamide cr the like, and an acid dye or reactive dye.

When the colored layer(s) is/are formed by printing
technique, for example, a substrate wherein a pigment and a
dispersion ald are added to a prepolymer or an ink is used.

When the colored layer(s) is/are colored by dispersing
technique, there is used, for example, a color resin wherein
acoloringagent suchasdye, organicpigment or inorganicpigment
isdispersedinatransparentphotosensitiveresineortransparent
resin. When the colored layer(s) is/are formed by
electrodeposition technique, there is, for example, an
electrodepositing solution wherein a coloring agent such as
pigment and a polymer are dispersed in a desired solution.

When the colored layer(s) is/are formed by micelle
electrolysis technique, there is used, fcr example, a substance

wherein a micelle-producing agent and a hydrophobic coloring
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el ectrodeposition or the electrolysis. According to these nethods, the
colored layer(s) is/are fornmed on the surface of the transparent el ectrode.
In this case, the transparent electrode used to formthe colored | ayer(s)
may be used, as it is, as a liquid-crystal-driving el ectrode.

Alternatively, a liquid-crystal-driving electrode may be separately forned
on the colored layer(s), as will be described later. In the case where the
transparent electrode used to formthe colored layer (s) is used, as it is,
as a liquid-crystal-driving electrode, a given anorphous oxide that will be
descri bed "PA-EF B SuSEFPES Itk 1Mo rA e DS B ctaode %S Wit phous
oxide is one feature of the present invention, as will be described |ater.
The col or &394y &y 'He-Ya single colored layer. It is also preferred

that the colored |ayer (s) .is/are plural |ayers in plural colors) . The

ar r angenent patg@reﬁ1 etﬁ’)é’lloé glaiy\%(séoljogl/%r@f HEGH H¥al col ored | ayers

is not particular limted, In,the sane ner, as in the prior,art, the

o r angenot SRS iy ot SABRE BN FRI VAT Do ShE RS e e B B | n

accordance wth the nq_(f)erati on de aor_the Eﬁg}éf rmance. of the liquid crystal
a

di spl ay wherdiW 5 Far get* T Bt° i 8T E On PO YRS, For

exanpl e, a-stripe form, .a nosai.c far a_ triangular. form 4- pi xel
arranged feolrer%tr%rdet%oesrqtl %en cc'ar(rgll tgnee aeplprg?cotprr?leﬁse]l % ag‘gﬁtoerg .lngZ%OTrtglr?ss pear ent

B ectrode it cokar L ben (9rcghspl ay) ol thealype28.af the. L went] on.

a transparent e gctrodé i s forne ove-nenti one ura ored

LaBZ/ie[lz : ergnr{:enzﬁr%ﬁ?s%reéﬁt Slaqtrade. cqppriSes an.amiphoys Qxide Gontai ni ng
electrode used to form the colored layer(s) may be used, as it
is, as a ligquid-crystal-driving electrode. BAlternatively, a
liquid-crystal-driving electrode may be separately formed on
the colored layer(s), as will be described later. In the case
where the transparent electrodeused to formthe colored layer (s)
isused, as it is, asaligquid-crystal-drivingelectrode, agiven
amorphous oxide that will be described later is used as the
material of the electrode. This amorpheous oxide is one feature
cf the present invention, as will be described later.

The colored layer({s) may be a single colored layer. It
is alsopreferred that the ceclored layer{s) is/are plural layers
(in plural colors). The arrangement pattern of the respective
colors of the plural colored layers is not particularly limited.
In the same manner as in the pricr art, the arrangement pattern
may be adopted from various arrangement patterns in accordance
with the operation mode or the performance of the liquid crystal
displaywhereinthe targetceolorfilterisused, orother factors.

For example, a stripe form, a mosaic form, a triangular form,

ad-pixel arranged form, orthelikecanbeappropriatelyadopted.
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and an indiumelenent as its conponents. Wen the invention is constructed
as a color filter for liquid crystal display, this transparent electrode is
rendered a "liquid-crystal-driving transparent electrode". In the color
filter for display of the type 2B of the invention, a transparent el ectrode
is formed on its electrically insulating transparent substrate, and further
the above-nentioned colored |ayer(s) is/are fornmed thereon. This
transparent el ectrode conprises an anorphous oxide containing a zinc

el ement and an indiumelenent as its conponents. Atypical exanple of the
fact that Tdapapereat Fdesttdiods a zinc element and an indiumelement as its
conponents” is a fact that the material "contains a zinc elenent and an

i ndi um el enent 5@ FAEnCceaPirohité tedl éaentadsPlientt hES RVERL i2én dfs the
constructed as a color filter for I|qU|d crystal dis Iay, thls transparent
el ect r ode HP¥eNf-dRfter &d T ATISPGESI-c Y SCAITOGE Vitn Ctﬂéﬁg el ectrode” in

t he sane manner as the ty gﬁ 2A.. At tio betmeen In and Zn In either of

the type 2R°SF Pﬁ@tﬂ?ﬁ§d2 Ure ) é%ﬁziﬁﬂ%ﬁﬁ([?HPS+tFPHF?arﬁﬁ|ch is the

atomc ratio en the, zinc el enent and, he |QQ|un1e enment HP this
amor phous Sd%i § eco?ﬁ%ﬁ%ﬁ%BPfW? B> AOF LS &TE PedS AR HCIE. ST he
atomc ratio _24 |a ess .t han t he oxide pbecones cr stallln eaS|Iy

Wth the CPy&PaFP|QEF|8%em8P50E§ iFSc?% S8BECRr R ed ?y ‘%é?htél °™on the
e PN e P hpe S B 6 8118 L8 01 9D 0rcaPr e Lhe o 8ot r ogondut 1 vi Ly

falls unfavora he "a onlc ra nore pre ¥ and

I ess thant%lSQQTa%%%ar%xﬁy%ﬁfgg.%de is rendered a

“liquid-crystal-driving transparent electrode”

In the color filter for display of the type 2B of the
invention, atransparent electrode is formedcon itselectrically
insulating transparent substrate, and further the
apove-mentioned colored layer (s} is/are formed thereon. This
transparent electrode comprises an amorphous oxide containing
azincelement andan indiumelement as its components. Atypical
example of the fact that a material “contains a zinc element
andanindiumelement asitscomponents”isafactthat thematerial
“contains a zinc element and an indium element as main cationic
elements”. When the inventicn is constructed as a color filter
for liquid crystal display, this transparent electrode is
rendered a “liguid-crystal-driving transparent electrcde” in
the same manner as the type 2A.

Atomic ratio between In and Zn

In either of the type 2A or the type 2B, the value of
In]/{{Zn] + [(In]), which is the atomic ratic between the zinc
element and the indium element in this amorphous oxide, is

preferably 0.75 cr more and less than 0.95. If the atomic ratio
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preferably 0.80 or nore and less than 0.9. Herein, [In] represents the
nunber of the indiumatons per unit mass, and [Zn] represents the nunber of
the indiumatons per unit mass. The sane notations are used hereinafter.
Addition of Re, Nb, Zr, Wor No As described above, the

(l'iquid-crystal -driving) transparent el ectrode (anorphous oxide) of the
invention is characterized by further conprising one or nore el enents
selected fromRe, Nb, Zr, Wand M as one or nore cationic elements other
than the zigneoelerent cand thgel i snelefpnt o Jhe-hneacrotation fiifhe

el enment (s) nmakes 1t possible to I nprove the elgctroconduct|V| y of the

@”Urphoust%éi@%ys&éhﬁg%EQi%h¥sE§th%iME”S%e&ééQSQ@%Egﬁsfﬂﬁxqéﬂg¥3te&b“BVer1
if the ratio of "'the total anmpbunt of these elenents in the total anmpunt of

al'l the cahi @heC RHeFeM:%d,S iR RABNik SX0I(ALYNEL P or e, the

el ectroconductivity is easily lowered by ion scattering. Accordingly, t he
rati o (corpenrensdoaldu@)t 6ty e 116! aln Uit 10f, t hgseaeberentsthas ia
preferred nunerical range. This range is varied in accordance with each of
the el emantrs ptoréheoTasE, Dbr Bofe anldelcbBenat Do othesesfi J svprheigrably O.
0001 or nore and 0. 005 or less, nore preferably 0.0005 or nore 25 and O.
005 or |essofelratdlve 0. he teiral amudsofcald dfe cationic elenents. In
the case of Nb, Zr, Wand My, the ratio thereof is preferably 0.001 or nore
and 0. 01 or |esslerelati Venfortheestatal thsonohbef af | tlidel cadwmmicored ement s,
nore preferably 0. 002 or nore and 0.008 or less relative to the total
amount of pgd unit mass, and [Zn] represents the number of the indium atoms

per unit mass. The same notations are used hereinafter.

Addition of Re, Nb, Zr, W or Mo

As described above, the {(liquid-crystal-driving)
transparent electrode (amorphous oxide) of the invention is
characterizedby furthercomprisingoneormoreelements selected
from Re, Nb, Zr, W and Mc as one or more cationic elements other
than the zinc element and the indiumelement. The incorporation
of the element (s} makes it possible to improve the
electroconductivity of the amcrphous oxide
{{ligquid-crystal-driving) transparent electrode).

However, if the ratio of the total amount of these elements
in the total amount of all the cationic elements is more than
1 at% {atomic %), the electroconductivity is easily lowered by
ion scattering. Accordingly, the ratio (component ratio) of
the total amount of these elements has a preferred numerical
range. This range 1is varied in accordance with each of the
elements.

In the case of, e.g., Re, the ratic thereof is preferably

0.0001 or more and 0.005 or less, more preferably 0.0005 or more
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the cationic elements. O her structures of the invention Furthernore,

anot her aspect of the invention is characterized in that the transparent

el ectrode (or the liquid-crystal-driving transparent el ectrode) conprises
an anor phous oxide containing a Sn el enment besi des the conponents of the
above-nentioned basic structure (the type 2A and the type 2B). As described
above, when a Sn elenent is further incorporated into the anorphous oxide
whi ch constitutes the transparent electrode (or the |iquid-crystal-driving
transparent electrode), the_electroconductivity is further inproved.
However, €RE brEseat 19RBREORSLVEISLRREH Has 2Bendh$ttat dhernat idekC t he
atomc ratio that is_the ratio of  contained Sn in the total anount of al
the cati ofit€Merédent 7 FReoCdRR dif Atie 2thd 8rectPocbRBUEIT VPt 9 ehsi Iy

| owered by ion _scattering. For this reasqn, the ratio (atomc ratio) of
containedlSSHrPﬁeﬁﬁ%hﬂbpa%O&nﬁﬁnWOSP apg 5hglcafi%%?€ Eé%ﬁ%hY% tQ referably
0.015 or nore.and less th .03. This ratio (atomc ratio) isS

b of or abl 00 SOB B rgieh ad FEAAL L Tt 6 163 ger I iig? &1 B REREIAbT o 6 02 o

nore and | ess than Q.02 26_The transparent el ectrode.(or th

G - or S BPEBr UG- DPP ans pr et S o)t einaneHET of all
above-nen%%%nedt.annr Q3%§ o&!de can be fornmed: a. on the above-nentioned
pl ur al coIore&aléf S, "9 “%et ween the above- menti oned electrically

'nSU|at'n%ther structures of the invention

Furthermore, another aspect of the invention is
characterized in that the transparent electrode {or the
liguid-crystal-driving transparent electrode) comprises an
amorphous oxlide containing a Sn element besides the components
of the above-mentioned basic structure (the type 2A and the type
2B) .

As described above, when a 3n element is further
incorporated into the amorphous oxide which constitutes the
transparent electrode (or the liquid-crystal-driving
transparent electrode), the electrocenductivity is further
improved. However, the present inventors’ research has
demonstrated that when the atomic ratio that is the ratio of
contained Sn in the total amount of all the cationic elements
is 0.03 or more, the electroconductivity is easily lowered by
ion scattering.

For this reason, the ratio (atomic ratio) of contained
Sn in the total amcunt of all the caticnic elements is preferably
0.015 or more and less than 0.03. This ratio {atomic ratio)
is more preferably 0.018 or more and less than 0.03, even more

preferably 0.02 or more and less than 0.0Z8.
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transparent substrate and the plural colored layers in the sane nanner as
inthe prior art. However, it is preferred that the electrode is fornmed on

t he above-nentioned plural colored layers in order to prevent an increase
in the threshold voltage of a display elenment (for exanple, a liquid
crystal display elenent), a decline in the sharpness of the rise thereof,
or the like. In this case, the electrode may be forned directly on the
colored layers. Preferably, the electrode is fornmed over the col ored | ayers
in such a manner that a transparent protective layer is interposed

t her ebet ween i nTHederansPd pphoee eCid oflieat re s s eok i Givodt tinessa bfdr thieng
transparent electrode or protect the colored |ayers. This transparent

prot ect i v& TPAPERIEEAT Fe SRide ) PSR Ing tiramdparemekestedr pol yi mi de
transparent resin in the sane manner as in the prior art. Film Thi ckness of
Tr anspar eRMOEPE I Sod& I lfe 931 AT HiCKREES of the transparent el ectrode (or
the Iliquid-crystal-driving transparent el ectraqde) conprising the
above-nentionedaanﬁppﬁgﬁéa%ﬂWﬁ?W%?ﬁﬁ%ﬂ%ﬁ%ﬂﬂ%Fﬁ%(ﬁﬁ%ﬁf%ﬂﬂﬁﬁ%%ﬁ%"Pb im |f

t he thickness i Igss t han g% angstronst,a safficient Lectroconductivity
cannot be easil ¥ oBFAFRER. “BF tREVGTRERCIARRT, S+ thECR At Eke3el#s More than
1 m the light transmttance, 27 fails easily. -The value of, the film

hi Ckness TSRS PiieF EPAbE R S0P Lbr SO0 HH 1OHEr Sahit s FHe
particul ar__preferablly from800 to 4000 angstrons. The shape of this

t ranspar e 81%ctYode i's® dpprUpridtel y sel ected in accordance with whet her

the operation However, it is preferred that the electrode is formed on

the above-mentioned plural cclored layers in order to prevent
an increase in the threshold voltage of a display element (for
example, a liguid crystal display element), a decline in the
sharpness of the rise thereof, or the iike. In this case, the
electrode may be formed directly on the colcored layers.
Preferably, the electrcde is formed over the colored layers in
such a manner that a transparent protective layer is interposed
therebetween in order to improve the flatness or smoothness of
the transparent electrode or protect the colored layers. This
transparent protective layer can be made of an acrylic
transparent resin or polyimide transparent resin in the same
manner as in the prior art.

Film Thickness of Transparent Electrode

The film thickness of the transparent electrode (or the
liguid-crystal-driving transparent electrode) comprising the
above-mentioned amorphous oxide is preferably from 30 angstroms
tolum. Ifthethicknessislessthan 30angstroms, asufficient
electrocenductivity cannot be easily obtained. On the other

hand, if the thickness is mecre than 1 pm, the light transmittance
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node of the liquid crystal displaywherein the target color filter is used
or other factors in the sane manner as in the prior art. Shape of
Transparent El ectrode-For exanple, in a color filter used in a sinple matrix
type liquid crystal display or an active matrix type liquid crystal display
of a diode system the transparent electrode is rendered a 1 iquid-crystal
-driving transparent electrode made into the formof plural stripes. In a
color filter used in an active matrix type liquid crystal display of a thin
f ilmtransistor system the transparent electrode nay be rendered a

| i qui d- crystials drdsdlig transparent el ectrode made of a single film The
transparent electrode may be rendered |iquid-crystal-driving transparent

el ectrodes etcHé¢ ¢orrespbnanagt tlon ridsisectdsse i5i xers. prafsuehlyasesn the
liquid-crystal-driving transparent electrode is fornmed, for exanple, in any
one of thé%rcpo%@% anf%%rt@ma amfel BIiEcP? BHECREAF GrRd Takt iy érgmm%% film
form common o all pixels. b. The plxel electrode is fornmed in such a form
that the chﬁP@@ %Pg?EEOEPxeFTQQé%¥¥6ﬁ@ i et e SHEa SLEFBIPEentS c. The
pi xel electrode is fornmed_ in such a formthat the 28 inside of the pixe

el ect r ode T Etheth Gt 3°4°FEEPayaraP T FBPAF “id" wih%t‘b?&éahee%%%%a%n. s
formed in su ormthat the inside of the pixel electrod etched into
Rl T oul ar i A thE T S br £EF tof B OPodY 1T e P St Fofmi tRat the

n <ll -
i nside of the pBXorc;k&%F%gg o&% EAQjEQSEHEQngkner as 1Re eaprlor art.

Shape of Transparent Electrode

For example, in a color filter used in a simple matrix
type liquid crystal display or an active matrix type liquid
crystal display of a dicde system, the transparent electrode
isrenderedaliguid-~crystal-driving transparent electrode made
into the form of plural stripes.

In a color filter used in an active matrix type liquid
crystaldisplayocfathinfilmtransistor system, the transparent
electrode may be rendered a liquid-crystal-driving transparent
electrode made of a single film. The transparent electrode may
be rendered liquid-crystal-driving transparent electrodes
etched ceorresponding to respective pixels.

In such cases, the liquid-crystal-driving transparent
electrode is feormed, for example, in any one of the following
forms:

a. The electrode is formed intc a single film form common
to all pixels.

b. The pixel electreode is formed in such a form that the
inside of the pixel electrode is etched into a strip form.

c. The pixel electrode is formed in such a form that the
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f. The pixel electrode is forned in such a formthat the inside of the
pi xel electrode is etched into a zigzag form The transparent el ectrode
etched in this way is generally produced by patterning the transparent
el ectrode filmhaving a desired size by etching technique. The etching
solution used in the etching is aqua regia, which is a m xed solution of
nitric acid and hydrochloric acid, an aqueous solution of hydrochloric acid
and ferric chloride, an aqueous solution of bromic acid (HBr), a m xed
solution of phosphoric acid, acetic acid and nitric acid (PAN based
et chant ), ingadaquedtrs Bokal icdredfrasieganicd caidlisten ascorabibdaaciakmor the
|l i ke. Aqua regia, the aqueous solution of hydrochloric acid and ferric
chloride, the agueds Boted ioe@Tr dskomscfacngd(HBryuclora £hem thetisia strong
acid. Accordingly, the acid resistance of the facilities therefor may
become ned&ssafyCiBeRausb et eterel sidong adicded hate Aaybecehasedd probl em
of the regeneration of the acid, a problemof transportation for the
regeneration of-theeaRi¥ ! fF GHIREE probPERES tn THE Gt REFThaRET §he t he
case of a weak a%id, sych probl enms becone smal|er than in the case of the
strong acifdS*fust tHePLEFut FORCEheT@ofS SR8 ERe 1Y éparaf FOAPEASrSfBr are
easy in many cases,., Therefore, etchin gased on the PAN_type or organic
weak acid tends%toTBE %ﬁ%ﬁgﬁ? .t€8§QS35p PF@?ﬂih@E?H§]6?f8¥ghFaﬁti This
way, in parti.cular a color, filter for actiyv trix liquid crystal display
can be ST ottt vt TTHIGh ‘o7 ThArEparEm B e ot Ut
Liquid-crystal-deiving. Iranspanent, Blectrode) by SULLSIi0 crerarry

produced by patterning the transparent electrode film having

a desired size by etching technique.

The etching solution used in the etching is agua regia,

which is a mixed soluticn of nitric acid and hydrochleric acid,

an aquecus scolution of hydrochleoric acid and ferric chloride,

an agueous solution of bromic acid (HBr), a mixed solution of

phosphoricacid, aceticacidandnitricacid (PANbased etchant),

an agueous solution of organic acid such as oxalic acid, or the

like. Agqua regia, the aquecus solution of hydrochloric acid

and ferric chloride, the aqueous sclution of bromic acid (HBr)

or the like is a strong acid. Accordingly, the acid resistance

of the facilities therefor may become necessary. Because of

the strongacid, theremaybe causedaproblemof the regeneration

of the acid, a problem of transportation fcor the regeneration

of the acid, and cther problems. On the other hand, in the case

of a weak acid, such problems become smaller than in the case

cf the strong acid. Thus, the solution thereof and the

preparationthereforareeasy inmanycases. Therefore, etching

based on the PAN type or organic weak acid tends to be preferred.
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O course, the above-nentioned transparent electrode conprising the

anor phous oxide or a transparent electrode film which is a base therefor
can be forned by various nethods. However, it is particularly preferred to
formthe electrode or the filmby sputtering using, as a target, a sintered
body conprising a hexagonal |anellar conpound represented by 1n2G3(ZnO m
wherein m= 2-20, preferably m= 2-8, and nore preferably m= 2-6 in order
to obtain a highly honbgeneous film excellent in adhesiveness while
preventing the filmfrombeing cracked or peeled. Used Target The target
may consi st esseptpattiyroinyhehabawe-imnepthonedhikexagonah ganeldaraconpound,
or may contain indiumoxide or zinc oxide besides the hexagonal |anell ar
conpound. aHowkwerfilter fuur bty iok hheroxi diequsd preferadably sas aki ghndse
possible, and is desirably 95% or nore. Furthernore, it is preferred to
add, to tkiudtedlgetconesnauaredore el enments selected fromRe, Nb, Zr, Wand
Mb. In the <case of using such a target, a transparent el ectrode or

t r anspar enteregla¢dtonodé Ty dms pene mg Fa chitgheie ébediiqcohductsva tydr camde
obt ai ned. However, if the ratio of the elements (the above-nentioned Re,
Nb, Zr, WIlanrdsis reingnéntes)t radded o Srhe t30- ifrichal | y- obt ai ned transpar ent

el ectrode or the transparent electrode filmis nore than 0.01 (atomc
ratio) relativeCtfocthgsetottdle apomet- e taldnachd reatsrenian teledresritrndet he

el ectroconductivity is conversely liable to be lowered by ion scattering.
For this r@a¥en.siritet Hepenarpumies X 1gd astedHamsparent electrode film

which 1s a base therefor can be formed by various methods.

However, it isparticularlypreferredtoc formtheelectrode
cr the £ilm by sputtering using, as a target, a sintered body
comprising a hexagonal lamellar compound represented by
In,03(Zn0)m wherein m = 2-20, preferably m = 2-8, and more
preferablym= 2-6 in crder to obtain a highly homogeneous film
excellent in adhesiveness while preventing the film from being
cracked or peeled.

Used Target

The target may consist essentially of the above-mentioned
hexagonal lamellar compcound, or may contain indiumcxide or zinc
oxide besides the hexagonal lamellar compound. However, the
purity of the oxide 1is preferably as high as possible, and 1is
desirably 95% or more.

Furthermcre, it is preferred to add, to this target, one
or more elements selected from Re, Nb, Zr, W and Mc. In the
case of using such a target, a transparent electrcde or
transparent electrcde film having a higher electroconductivity
can be obtained. However, if the ratic of the elements (the

above-mentioned Re, Nb, Zr, W and Mo elements} added to the
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such a manner that the ratio of the dope elenents (the above-nentioned Re,
No, Zr, Wand M elenents) to the finally-obtained transparent el ectrode or
transparent electrode film the ratio being represented as atonmic ratio,

is not over 0.01 relative to the total amount of all the cationic elenents.
A Sn el enent may be added to this target. If the ratio of the Sn elenent in
the finally-obtained transparent electrode or transparent electrode filmis
nore than 0.03 relative to the total amount of all the cationic el enents,
the el ectroconductivity is conversely liable to be |owered by ion

scatt eri nginAddgradiongliyed he aoepe @murtl «aft rSnid >radjiistedirigparsach a manner
that the ratio of the dope elenent (Sn) in the finally-obtained transparent
el ect r ode edecttranspar émti e hectr diden f4.10% (Ehemiatrat bel ng lregpresent ede as
atomic ratio, is not nore than 0.03 relative to the total anount of all the
cati oni ¢ e€kémntesourdr met iedn dfheTaragetorifie cdlzoveertrgnttiloned target can be
obt ai ned, for exanple, as follows. Mxing of Materials First, the follow ng
are m xedeliendingmooxiugd, i vort va icoapoundse 31 Whilthe it benvereeddt byi hath um
oxide by firing (for exanple, indium chloride, indiumnitrate, indium
acet at e, iSH@itlmMHydr-oxFae, this radbonal koki deye; anpdnzi he dXidetedrin
conpoundwhi ch is converted to zinc oxide by firing (for exanple, zinc

chl ori de, SHGHc eanimardyes, thAthEhecatadtie ofi ddishydskidenasit ¢i fdhal koxi de) .

above-mentioned Re, Nk, Zr, W and Mo elements) to the
finally-obtained transparent electrode or transparent
electrode film, the ratio being represented as atomic ratio,
is not over 0.01 relative to the total amount of all the caticnic
elements.

A Sn element may be added to this target. If the ratio
of the Sn element in the finally-obtained transparent electrode
or transparent electrode film is more than 0.03 relative to the
total amount of all the cationic elements, the
electroconductivity is conversely liable tc be lowered by ion
scattering. Accordingly, the dope amount of Sn is adjusted in
such a manner that the ratic of the dope element [(Sn) in the
finally-obtained transparent electrode or transparent
electrode f£ilm, the ratio being represented as atomic ratic,
is not more than 0.03 relative to the total amcunt of all the
cationic elements.

Formaticn of Target

The above-mentioned target can be obtained, for example,
as follows.

Mixing of Materials

First, the followingaremixed: indiumoxide, or a compound
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At this tinme, to this mxture is added a netal oxide, hydroxide, alkoxide,
chloride, nitrate or acetate which is selected fromRe, Nb, Zr, Wand M if
necessary. The use of such a conponent nakes it possible to yield a target
which is capable of producing a liquid-crystal-driving transparent
el ectrode containing one or nore out of Re, Nb, Zr, Wand Md. It is also
preferred to add, to the m xture, a netal oxide, hydroxide, alkoxide,
chloride, nitrate or acetate of Sn. The addition of the conpound of Sn
makes it possible to yield a target which i s capable of producjng a

?f gWE‘ et vde réant Bih REABRI SFi TN M xed

| i qui d- cr Y5t-&P-1dt FOTRGT “Er difspar
Mat eri al s xt, the thus-yi.elded m.xture is pre-fired at, 5Q0 to 1200C.
Next , thecyzgaFfiﬁml BRI ied A oduBE P %‘iﬁ‘g?efr‘?zé&qlﬂﬂ“hhﬁgFPXlﬂ?r|?fa rol |

ill, L omill jet. mill .or the like to yield havi i f
part of e ST2SMATRAT TARGA GO0 b o 6 S B br e e BTV 2i ng.
th -fired duct . b bjected.t .educt i 1t t. t..at 100 t
B00C. 11 fiécesbary: " Pe Brad | 1 ‘N BaI Vel 1 hg: bP°t e bowder ety be

repeat ed. _.Ther L., r tant, powder_.is. f i into a desired
f or m underzl%?e??%ﬁtté’f%%htezqﬁgs%&?ﬁg%q&egd% Zulsnscsiaﬁl?%rxceig]e‘id 1200 32 to 1700C.

At this time, pglyviayl . alcohel, tmtsh}ﬁlix%%lrleu!&gs%dde%ogxy A" igjC acid

maybe used as a sintering aid if necessary. sintere ody is yléTded in

this way, nherghyean ained a5 9eh .02 be i elided, . SputtArd ngug{ ng; this

target may be performed by RF
selected from Re, Nb, Zr, W and Mo if necessary. The use of
such a component makes it pcssible to yield a target which is
capable of producing a liquid-crystal-driving transparent
electrode containing one or more out of Re, Nb, Zr, W and Mo.

It is alsopreferred to add, tc the mixture, a metal oxide,

hydroxide, alkoxide, chloride, nitrate or acetate of Sn. The
addition of the compound of Snmakes it possibletoyieldatarget
which is capable of producing a liquid-crystal-driving
transparent electrode containing 5Sn.

Firing of Mixed Materials

Next, the thus-yieldedmixture ispre-firedat 500to1200°C.
Next, the resultant pre-fired product is pulverized in a ball
mill, a roll mill, a pearl mill, a jet mill or the like to yield
powder having unifcorm particle sizes within the range of 0.01
to 5.0 um.

Before the pulverizing, the pre-fired product may be
subjected to reducticn treatment at 100 to 800°C., Tf necessary,
the pre-firing and pulverizing of the powder may be repeated.
Thereafter, the resultant powder is fashioned into a desired

form under pressure. The fashioned product is sintered to 1200
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sputtering, DC sputtering or the like. In general, the DC sputtering is
industrially preferred fromthe viewoint of productivity, or the film
property of the resultant film An exanple of sputtering conditions for the
DC sputtering is as follows. Specifically, the atnosphere for the
sputtering is rendered an inert gas such as argon gas, or a mxed gas of an
i nert gas and oxygen gas, and the atnosphere pressure at the tine of the
sputtering is set to about 5 x 10-2 to 1 x 10-4 Torr. The voltage applied
to the target is set to 200 to 500 V. If the vacuum degree in the
sputteringS $7PEsS- t Hgn thLe £oMm2, TBREYVinKE 31@®Reit ynfnyplasharlose,
deteriorates. On the other hand, if the vacuum degree is nore than 1 x 10-4
Torr, the PPHWAFCAPPRLER CIOMENL T HFGE S & Siott 28adid §1ddde e ghsaT¥ - t he
voltage applied to the target_is |ess than 200 V, the filmformng speed is
smal |~ sot ﬁaﬁtﬁﬁ@dp@%ﬁmeﬁ Yi-BydBeEcHhed in¥ars i ROy B hBeUCTIEYRE s

nore than 500.V, a good-quality filmis not easily obtained. Thus, the
above- menti?n&F ¢3ditSbns are preferred. The substrate tenperature is
varied in accordan wi.th the place where the filmis to be, for .
Specifically, agpﬁigﬁgﬁP@du§& Fiﬁé - taFﬁqugsRﬁﬁ'%ﬁ?qqﬁﬁkgﬁgdance

with a case . whereint amr.phous_ oxi filmis forned directly 33 the
Above- mentEoHied et et S HeIar g 1T arigker et SER6SEra: 6 ase

wherein th rphous oxide fil.mi.s formed directly .on the above-nentioned
col ored | as%é%gs)e)ﬁnag case \ esrteﬁlnaljt}ﬁenrae%errp eoC%Jsfe%g(r? dteh? i‘f]rﬁvfpsojf%t% n%r% on the

above- ment ), angel . {3 PRLEONPER EOPLYS AYSTr Ho SRTRICLNG (§3RES Al ANV
example of sputtering conditions for the DC sputtering is as
follows.

Specifically, the atmosphere for the sputtering is
rendered an inert gas such as argon gas, or a mixed gas of an
inert gas and oxygen gas, and the atmosphere pressure at the
time of the sputtering is set to about 5 x 107° to 1 x 107" Torr.
The voltage applied to the target is set to 200 to 500 v. If
the vacuum degree in the sputtering is less than 5 x 1072 Torr,
the stability of plasma deteriorates. On the cther hand, if
the vacuum degree is more than 1 x 107* Torr, the voltage applied
to the target is not easily made high. If the voltage applied
to the target is less than 200V, the film-forming speed is small
so that the preoductivity becomes insufficient. If the voltage
is more than 500V, a good-guality film is not easily obtained.
Thus, the above-menticned conditions are preferred.

The substrate temperature is varied in accordance with
the place where the film is to be formed. Specifically, a

preferred substrate temperature is varied in accordance with

a case wherein the amorphous oxide film is formed directly on
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appropriate conditions are set in such a manner that the nmenber which is a
base material for the anorphous oxide filmis not deforned, denatured or
deconposed. For exanple, in the case where the anorphous oxide filmis
formed on the transparent protective |ayer, the substrate tenperature is
preferably set in the range of roomtenperature to 300C. If the tenperature
is nore than 300C, the colored |ayer(s) is/are discolored or the
transparent protective layer is thermally deconposed with ease. Attention
shoul d be paid to the matter that caosts for, the production becone |arger as

the subst Fafe2PENFEFEIIETSEC 61ES EThicgHery. ITR& Lefd S % BT R&E L0 phous oxi de
filmhas e|lectroconductivity and |ight transmttance equal to or nbre than
those of PRESTIPRE: AntFlr YHEFChAsERE oHEr TP RS Ael * S3abid 1Ey S dftFHS st ur e

and heatr sistgnce. cording to .the r. di splay.(color filter

| fil f
For 1T qui LERsE & ot BE P eSS Bt PBRC Yy 24 17 SRSEAIETEd ect r ode

(quuid-c%%%tgl-dr%ying t r.anspar.ent, e%ectrgfﬁ%bqggg f this LAnor phous oxi de

filmor the anﬁ?ﬁﬁoﬁgsoﬁx(gﬁiﬁﬁ$b§fief’g FeS T e <Shape pr oduced

Is an adv%@a%%?%‘f%n%%ﬁ&%eé@f\tre tlgﬁert ro@%’lgg%r gc%]cthe%:l gg%égde {I‘?E—l driving (the

P . ny case
| i qui d-crysta rivi ransparent el ectro I'S not "easily cracked or

peel ed i npae 34 01.a0UGEAON: BT OGRSS SLhel e o FUrT Al PL e, LB nemoe

above- nment anor phous™ oxi m has I'gher ermal stabrlity and

I St RGP, SRLSane g LI L et e et ore
deformed, denatured or decomposed. For example, in the case
where the amorphous oxide film is formed on the transparent
protective layer, the substrate temperature is preferably set
in the range of room temperature to 300°C., If the temperature
is more than 300°C, the colored layer{s) is/are discolored or
the transparent protective layer is thermally decomposed with
ease. Attention should be paid to the matter that costs for
theproductionbecome larger as the substrate temperaturebecomes
higher.

The thus-cbtained amorphous oxide film has
electroconductivity and light transmittance equal to or more
than those of ITO films, and further has higher thermal stability
andmoisture and heat resistance. According to the color filter
for display {(color filter for liguid crystal display) of the
invention having a transparent electrode
(liquid-crystal-driving transparent electrode) made of this
amorphous oxide film cr the amorphous oxide film patterned into
a desired shape, produced 1s an advantageous effect that the
transparent electrode for driving (the liquid-crystal-driving

transparent electrode) is not easily cracked or peeled in the
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(l'iquid-crystal -driving) transparent electrode is not easily cracked or
peeled, which is a lasting effect. In short, the transparent el ectrode has

a characteristic that aged deterioration thereof is small. Light-shielding
Layer In the same manner as in the prior art, the color filter of the
invention for liquid crystal display may have a |[|ight-shielding | ayer nade

of nmetal chromum a colored photoresist or the |ike between two out of the
colored layers or on the transparent protective layer in order to prevent a
decline in the contrast or col or purlty based on leak light. This

| i ght - shi é’lré’ldﬁé’tllﬁerpri%efsér ﬁé’(?rte& be posi t| oned between pixels when the
front plane of a h st al dIS to which the calor filter is
fitted is vi evvegurJF @r?ﬁé e t(ﬁea ﬁgevﬁﬁpE égéﬁpﬁ@%’@n‘é’ﬁh@??l&n}ﬁ?l X or

stripe fo Structure of CoJo uid, Crysta nel The col or ui d
crysltoal ngﬁglhelstH‘ﬁrPﬁg %toéfkb]rilfﬂ’ta ‘PlsFﬁ arﬂfg a&nr?BFSFF‘HE?dt Yst al

di splay i 0 ruct ed conbi ping t color with an ctrically

i nsul ati n Tﬁ) %rsjr et Cgetﬁ?sttlrbftcg ai?%?%‘lg e L e A een‘{e“el 1$odd havi ng a

gi ven shag}e (J' gf erregE to a %r ubst ate he(; einafter). Liquid
crystal G INd the fc e '&8tort' filter of 35 the

i nvention gnd t.hj s drivi ng, substra e The col or .fi ion and

the driving sUbstT4te téarl rranged r@&lstpagﬁélé eg‘chéogﬁpbgl?%gt%aseja ot her
n such amnnery tha e spage | L0 WALED desLred Ui au g SLysial s seal ed

is interpose ere etween.

transparent electrode has a characteristic that aged
deterioration thereof is small.

Light-shielding Layer

In the same manner as in the prior art, the color filter
of the inventiocn for liquid crystal display may have a
light-shielding layer made of metal chromium, a colored
photoresist or the like between two out of the colored layers
or on the transparent protective layer in order tc prevent a
decline in the contrast or color purity based on leak light.
This light-shielding layer is formed to be positioned between
pixels when the front plane of a color liguid crystal display
to which the color filter is fitted is viewed. The shape of
the whole therecof is generally a matrix or stripe form.

Structure of Colcr Liquid Crystal Panel

The color liguid crystal panel using the color filter of
the invention for liquid crystal display i1s constructed by
combiningthiscolorwithanelectricallyinsulatingtransparent
substrate having a transparent electrode having a given shape
(referred to as a driving substrate hereinafter). Liguid

crystal is filled into the space between the color filter of
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A typical exanple of the driving substrate has a pixel electrode for
driving each pixel, and thin filmtransistors for applying voltage to this
pi xel electrode. Signal lines from the |ongitudinal direction and the

| ateral direction of the screen are connected to each of the thin film
transistors. The thin filmtransistors for the pixels are individually
driven through the signal lines. In this way, each of the pixels is

driven. Wien the color filter of the invention and the driving substrate
are arranged to be opposite to each other, the two are arranged so as to
direct eadheot¥YRRT&PBCIRT dAlSy CrAgingt FwestFe afisparehCcod@BstEates ¢her eof
outwards. Besides the liquid crystal, spacers nade of gl ass beads or

pol yner paPEi EPeRN BN agidshe? sed VARG Bt RNt BEewrerR 1A 4ReS 1 BYORé acti on
of these spacers, the seace between the two is kept to have a given

i nterval . £ Pen8EBSSAF, “an=6FPeRFBATT M nPi s af rARYRE ot het FantR2%%Ace of
each of the coI%t filter, and the drivin ubstrate wgen a liquid crysta
panel is c¢OWSt Flidtdd J68 IS Dr- TG Fiet 11 Hatet LE1 6t ried PPHETLi n may be
called a %ﬁ:org iquid crystal display device, or nerely a liquid crystal

di spl ay devic¢E ARG ey be called a color liquid crystal display, or nerely
a liquid crystal, display. 36 _The col fiLlter of the_invention for |jquid
crystal displa@ ggﬁl gxugéamp%eaogofé? Ffﬁﬁ%agc?§gﬁgfaa?s ?iyaoﬁléﬁ one
of a direct, sight, t 1@ front ojectjon t .and. .a back .projection type
it the di gé&l%}%s?eﬁggl%‘?“H%%ieéggélrﬂiﬁﬁ ARMEcAZR et BRaN g BERECa 0N 1YPS

to be use%pﬁ%%%HJi%&f?gygmﬁ§t%ﬁstQ?xel electrode. Signal lines from

the longitudinal direction and the lateral direction of the
screen are connected to each of the thin film transistecrs. The
thin film transistors for the pixels are individually driven
through the signal lines. In this way, each of the pixels is
driven.

When the ccler filter of the invention and the driving
substrate are arranged to be copposite to each other, the two
are arranged so as to direct each of the electrically insulating
transparent substrates thereof outwards. Besides the liquid
crystal, spacers made of glass beads or polymer particles are
dispersed and arranged between the two. By the action of these
spacers, thespacebetweenthetwois kept tohaveagiveninterval.
If necessary, an oriented film is arranged on the inner face
of each of the color filter and the driving substrate when a
liguid crystal panel is constructed.

A color liquid crystal panel referred to herein may be
called a color liquid crystal display device, or merely a 1iquid
crystal display device, andmay be called a color liguid crystal

display, or merely a liquid crystal display.
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color liquid crystal display include a color liquid crystal display for
conputer, word processor or device nonitor, a liquid crystal color
projector, a liquid crystal color television, a liquid crystal color over
head projector, a color instrunent panel fitted to an autonobile, and a

| arge-si zed color liquid crystal display such as Color Aurora Vision (trade
nanme). Al so, the color filter of the invention for display is preferably
used in displays other than liquid crystal displays. First Advantageous
Effects (in connection with First Group Invention) The anorphous
transparent el eCEFoEBAGGCLIdECE Ph dh et h&VeLrEog &0 dE-IHE iIGh&iElon has a
low resistivity and a large , nobility so,that the filmfollows the swtching
Spoed of PR L CoPnBPnare, Thna FPLAT T 5. B bR oSBT bR heCtoR oty att et r ode
of a high-speed responsi bl.e TFT-LCD, an organic EL,, or the |iKke.

a1 cul AP TR R BOrOuS LN S¥RPent BT OGs ROCCHIETy & 8 APCOR BHEK 1. 1
group of the.invention is el |.ent, in.etching-workability and,can supply

B ohy i Ricd Srareators MRS W el ao bR Rt (R P A Sh e b0,
Accor ding Lo Lhe process Of jhe 44, groyp ol tde dventlan, for jproguci ng an
anor phous transpareﬁ? el ectroconductive film “Hhis Tilmcan berendered an

anor phous LhansRakels 3%,ehenl rocanduetive [dd 1 havidi ada resisivity. In

the sputtering target o _ e invention, [es are hardly
gener at ed d%tsgtﬂ&ﬁ/ f%ﬁ%o‘fﬁ uRRYL ﬁé#cﬁ‘%‘}:oc@%@%‘}q&_ ERLLY ceabnol it di J_Sfcg:ff’ﬂcge I'S
hardly caused in the target 'surface, or alien substrates are hardly
generated d iy dhe PBEBH Blojector, a liquid crystal color television, a

liguid crystal color over head projector, a coler instrument

panel fitted to an automobile, and a large-sized color liguid

crystal display such as Color Aurora Vision (trade name).

Also, the color filter of the invention for display is

preferably used in displays other than liquid crystal displays.

First Advantageous Effects (in connection with First Group

Inventicn)

The amorphous transparent electroconductive film of the
1-1 group of the inventiocn has a low resistivity and a large
mokility sc that the film follows the switching speed of poly
Si. Therefore, the film is preferably used for an electrode
of a high-speed responsible TFT-LCD, an organic EL, or the like.
Inparticular, the amorphous transparent electroconductive film
of the 1-1 group of the invention is excellent in
etching-workabilityandcansupplyhighlyminute indicatorswith
a high yield since the film is amorphous.

According to the process of the 1-4 group of the invention
for producing an amorphous transparent electroconductive film,

this film can be rendered an amorphous transparent
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formed into a film Second Advant ageous Effects (in connection with Second
G oup Invention) In the color filter of the second group of the invention
for display, its liquid-crystal-driving transparent electrode is not easily
cracked or peeled in the production process thereof. Furthernore, the

| iquid-crystal-driving transparent electrode is not easily cracked or
peeled with the passage of tinme after the production. Thus, according to
the invention of the present second group, a color filter for display
having a higher reliability can be nore easily provided. Detail ed

Descri pt i gl egft ndverDhuwings Filgn Heving aa plan sdswtiitiusyrating a state that
awire mde of athird nmetal is put on a sputtering target of a first

group of the prdsehte eppiddicmamo. taFiget oB s a-squdumafl thiceimvéhusenat i ng
the state that the wire made of the third netal is PUt on the sputtering
target ofmMahe g9 raste draoupl wide R Predenit Erbodifemt FHYLtRALLG. a schematic
structural viewillustrating a_basic structure of a color filter, for

i qui d crystrEicHHEPt e, 2bRoamad etbifel (FTup Sota3 ihey prasent 1efhedr aenet 38
Fig. 2B is a schematic structural view illustrating another basic structure
of the colBIr¥394-ePT fden FURE F I EAP "Girsvagerne i tehenddcondt g bup of the
present enbodinent. Fig. 3 is a schematic view of a pixel electrode of the
second grggﬁnﬁ tHE- briésent®enbodi ment, the inside of the electrode being

etched into the formof strips.
Second A vantageouJ)Effects (in connection with Second Group

Invention)

In the color filter of the second group cof the invention
for display, its liquid-crystal-driving transparent electrode
isnoteasilycrackedorpeeledintheproductionprocess thereof.
Furthermore, the ligquid-crystal-driving transparent electrode
is not easily cracked or peeled with the passage of time after
the production. Thus, accerding to the inventicn of the present
second group, a cclor filter for display having a higher

reliability can be more easily provided.

Detailed Description of the Drawings

Fig. 1A is a plan view illustrating a state that a wire
made of a third metal is put cn a sputtering target of a first
group of the present embodiment.

Fig. 1B is a sectional view illustrating the state that
the wire made of the third metal is put on the sputtering target
of the first group of the present embodiment.

Fig. 2A is aschematicstructural viewillustratingabasic
structure of a color filter, for liquid crystal display, of a

second group of the present embodiment.

38



Best Mbdes for Carrying Qut the Invention Wth reference to the draw ngs,
preferred enbodi nents of the present invention will be specifically
described hereinafter. First group enbodi ments On the basis of the

drawi ngs, preferred first group enbodinents of the invention wll be
described hereinafter. The first group enbodi nents are enbodi nents
concerned with the invention of the first group. The following wll
descri be nineteen specific exanples (Exanple 1-1 to Exanple 1-18, and

Modi fied Exanple 1-1) and six Conparative Exanples (Conparative Exanple 1-1
to 1-6) . HowevEi9- £Re § AVERENSH 1S THOCHULA L edeY 6 L Lupé TRELPEENTY-téedanpl es.
[In], [ZnL, [M and [Sn] represent the atomic nunber of |In, that of Zn,
that of aPRRLFCHBtETUER 8 thmECLRaLE oft&n, fOF dsigBtid Gey§tatl sitlaic nunber
is the nunher of atonms of In, Zn, the third nmetal, or Sn per unit volune in
the conpoSitFBR S6FCAR &FGMPhGds eaRsFarant “BPSEHFEEdnductive film EPMA is

an abbreviation_of an electron probe njcroapal yzer. X-ray structural

anal ysi s was peft8r dlﬁs?nﬁcgﬁﬁéé%%yVl%ﬁ <t ridt st %ﬁﬁﬁ%&%ﬁeCﬁﬂﬁﬁﬁéctured
by Ri gaku Denshi transliteration) Co.). The nunber of metal atons was
measured SWPH aﬁrlHEUSZdt Fa§ﬁ§55%6nFEL§€éEFP5ﬁeF Gﬁﬁﬂﬁ%ﬁéﬁﬁﬁgﬁbySeiko
Instruments Ltd.). The maxi mum crystal .grain di ter, of zinc oxide was
nmeasured b eﬁ%ﬁﬁ e@ﬁﬁﬁ&uétgiﬁﬁgl OEﬁﬁ% %@WWbégﬁ?ﬁﬁH&ictured by Hitach
Ltd.). About the transmittance of an anorphous transparent

el ectroconductive film the

Best Modes for Carrying Out the Invention

With reference te the drawings, preferred embodiments of
the present invention will be specifically described
hereinafter.

First group embodiments

On the basis of the drawings, preferred first group
embodiments of the inventionwill be describedhereinafter. The
first group embodiments are embodiments concerned with the
invention of the first group. The following will describe
nineteen specific examples {(Example 1-1 to Example 1-18, and
Modified Example 1-1} and six Comparative Examples {(Comparative
Example 1-1 to 1-6}. However, the invention is not limited to
the feollowing examples.

[In], [Zn], [M] and [Sn] represent the atomic number of
In, that of Zn, that of a third metal atom, and that of 8n,
respectively. The atomic number is the number of atoms of In,
Zn, the third metal or Sn per unit volume in the composition
of an amorphous transparent electrocconductive film. EPMA is
an abbreviation of an electron probe microanalyzer.

X~ray structural analysis was performed using an X-ray
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transm ttance at 550 nmwas neasured with an automatically-recording
spectroneter (Shimadzu Corp.). [Exanple 1-1] Indium oxide and zi nc oxide
were mxed to set the value of [In) / ([In) + [Zn] , which represents the
ratio of the atomc nunber of In to the atom c nunber of all the netal
atonms, to 0.89, and then the m xture was subjected to wet pulverization to
yi el d powder. This powder was dried, granulated, and then press-nolded to
yield a nol ded product. The resultant nolded product was heated to 1450C so
as to be sintered, thereby yielding a sputtering target A four inches

square. The rdensiday Ehenecfe r was i 8 (9B byThe gmi mungrystal grain
di aneter of zinc oxide in the sputtering target Awas 2. 8 m The X-ray

struct ur al{taralsysite raaft dhecsput t erhanguhnaegeif Acdelonsiniatvad idwiutde t ar get
A contai ned a hexagonal |anellar conmpound nade of 1n203(Zn0O)5. A gl ass

subst r at e wierd: et ndnted at aRrarsgneia ove spubtet ¢ hgmadeay kceufeanuf St ks ed by
Shi madzu Corp.), and the tenperature of this glass substrate was set to
200C. As ilrsustaretreses Lnd. Fi. gsThd maaqinken nmetyak aw ¢ ea in (disareteer of 1z taep, and
length: 2.5 40 mm), as a third nmetal, was put onto an edge portion of the
sput t er i ng@xialegeta SAmeAts e qit ass Uidoft hiniRpje tihwel taragetE RS desputd ered so
as to forma transparent el ectroconductive film of 120 nmthi ckness onto

t he gl ass (ystiatteiraNeky, Hipathe Ltat-nosphepetof hért rarnmnigitassesolisir at e was
heated at 300C for 1 hour, thereby producing a transparent el ectrode

subst r at e amgial e tthe nacsispEr ente dl mptaroborduc i Vel |thavas formed on

transmittance at 550 nm was measured with an
automatically-recording spectrometer (Shimadzu Corp.).
[Example 1-1]

Indium oxide and zinc oxide were mixed to set the value
cf [In]/([In] + [Zn]), which represents the ratic of the atomic
number of In to the atomic number of all the metal atoms, to
0.89, and then the mixture was subjected to wet pulverizaticn
te yield powder. This powder was dried, granulated, and then
press-molded to yield a molded product. The resultant molded
product was heatedtec 1450°Cscas tobesintered, therepyyielding
a sputtering target A four inches square. The density thereof
was 6.85 g/cm’.

The maximum crystal grain diameter of zinc oxide in the
sputtering target A was 2.8 pm. The X-ray structural analysis
of the sputtering target A demonstrated that the target A
contained a hexagonal lamellar compound made of ITn,03(Znd)s.

A glass substrate was set into an RF magnetron sputtering
device (manufactured by Shimadzu Ccrp.), and the temperature
of this glass substrate was set to 200°C. As illustrated in

Figs. 1, an Re metal wire 1 (diameter: 1 mm¢, and length: 2.5
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the gl ass substrate. Fig. |lAis a plan viewillustrating a state that the
Re wire 1, as the third netal, was put on the above-nentioned sputtering
target, and Fig. IBis a sectional view along b-b thereof. In the
transparent el ectroconductive filmon the glass substrate, the val ue of
[Re]/([INn] + [2Zn] + [Re]), which represents the ratio of the atom c nunber
of Re to the atom c nunber of all the netals, was 0.5 X 10-3. The
resistivity, the carrier density, the nobility and the transm ttance of
this transparent el ectroconductive filmwere nmeasured. Asa result, they
were 219 imQenps9a30hxXridoaethadnB vadl perm Pvsec an and <830 rt ires pectiheel vy
(Table 1-1) . The transparent el ectroconductive filmwas subjected to X-ray
struct ur aFPaRakysng. tAsgatrésuldt a2 pPrewssirfcoondOelit Pe hathe Hea fgé nwas

anor phous. I n other words, the resultant transparent el ectroconductive film
was an aﬁﬁPEﬁ@ﬁ@dtﬁ@néEaF@nf0@me%t?ﬁﬁ&ﬁﬁﬁﬁﬂmﬁu?HﬁqqﬁQQﬁnﬁuf%%VQwﬁllm

resi st ance. EExaane 1-2] A transparent el ectroconductive filmwas produced
in the s&ke %&yn&stpﬁcéﬁéﬁﬁl@HIQlQ%%éﬁﬁwﬁhéﬁhﬁﬂ¥ﬂQ?vaéXﬁaslﬁuﬁ énto 41
a central EOSItIOﬂ bet ween t he edge portion and the center of

th
sputtering Wﬁ?@@?felﬁft%§ftF%%§§§F€h@Wﬁﬁiﬂ%?%dﬁﬁhéﬁﬁﬁé ﬁFI%pBﬁHﬁﬁ¥glass

substrate he val [I.n] + Re]),. which represents the
ratio of th8°4femt eﬁﬁ I%@$ﬁéngt5 tﬁ@ké@ O FiFEt %I I HE ARt al s,

2.3 0-3. T tivit h th bi | d th
ranam t L MREESR Lies ??'ﬁ%g'aé'?gﬁt o P EPhRBaEELr ce I g ommed oM 1 Ne

the glass substrate. Fig. lAisaplanviewillustratinga state
that the Re wire 1, as the third metal, was put cn the
above-mentioned sputtering target, and Fig. 1B is a sectional
view along b-b thereof.

In the transparent electroconductive film on the glass
substrate, the vailue of [Rel]l/([In} + [Zn] + [Re]), which
represents the ratic of the atomic number of Re to the atomic
number of all the metals, was 0.5 x 107°. The resistivity, the
carrier density, the mobility and the transmittance of this
transparent electroconductive filmwere measured. Asaresult,
they were 219 u-Q-cm, 9.30 x 10%° /em®, 31 cm®/V-sec., and 89%,
respectively (Table 1-1). The transparent electroconductive
film was subjected to X-ray structural analysis. As a result,
it was found ocut that the film was amorphous. In other words,
the resultant transparent electroconductive film was an
amorphous transparent electroconductive film having a low
~resistance.

[Example 1-2]
A transparent electroconductive film was produced in the

same way as in Example 1-1 except that the Re wire was put onto
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neasured. As a result, they were 213t Q@m 9.72 x 1020 /cnB8, 30 cn®/VSec.
, and 89% respectively (Table 1-1). The transparent el ectroconductive film
was subjected to X-ray structural analysis. As a result, it was found out
that the filmwas anorphous. In other words, the resultant transparent

el ectroconductive fil mwas an anorphous transparent el ectroconductive film
having a | ow resi stance. [Exanple 1-3] A transparent el ectroconductive film
was produced in the same way as in Exanple 1-1 except that the Re wire was
put onto the center of the sputtering target. In the transparent
eIectrocoﬁdE%PFG%lf??%%Bho?rﬁ?%ﬂ%&%T%ﬁb?@ﬂ@téorﬁﬁénvépﬁetB? Ce¢ReFF (9in] +
[Zn] + [Re]), which represents the F%EIO of the atomc nunber of Re to the
at oni ¢ nufB8r SBELEPF 1PHe tAEESF s, 't‘% CErapsSpRIEnty QQEﬁQﬁqgﬁ%%FlY%e

[ d h b I
ol et rocondust FIeTTT i Lokt & TR et TAS dre8ure, Lhe WeP 2 E‘Z”SP%rﬁr”rf
9. 00 10 / nB 3 n2/ Vv d 89W t Tabl e 1
t rans)[;ar eﬁg é éCFI’ %Uggle\%gc ﬁ]pl %Bj %itgﬁ ![%tgixjréﬁurg]??{w?%r%q
ANl yo1 S oA 8.1 GSUEL " (L85, Lound oyt bl Le 4 d1J m vas, amor phous. I n
S, ?ﬁe al’l{[1 tl’ an |

ot her wor result sparent el ectrocon uctlve film was "an

amor phous LLaaggsent <6l cectronondue) e 1 lmhaing 3 J o esistance.

[ Exanpl e tra éparent el ectrocon ive mwas “produced in the sane

way as inExa 'i‘%t%n%e%%etp;ﬁ i{ hat, n“M E?ec't?%(:%?ﬂu%ft vee; R W&, was

put onto the edge portion of the sputter
measured. As a result, they were 213 pu-Q-cm, 9.72 x 10%*° Jem?,

30 cm®/V-sec., and 89%, respectively (Table 1-1). The
transparent electroconductive f£ilm was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorphous. In other words, the resultant transparent
electroconductive film was an amorphous transparent
electroconductive film having a low resistance.

[Example 1-3]

A transparent electroconductive film was produced in tThe
same way as in Example 1-1 except that the Re wire was put onto
the center of the sputtering target. In the transparent
electroconductive film on the glass substrate, the value of
[Rel/([In] + [Zn] + [Re]), which represents the ratioc of the
atomic number of Re to the atomic number of all the metals, was
3.7 x 107°. The resistivity, the carrier density, the mobility
andthe transmittancecf this transparent electroconductive film
were measured. As a result, they were 225 p-Q-cm, 9.00 x 10%°
/cmg, 31 CHF/V-sec., and 89%, respectively (Table 1-1). The
transparent electroccnductive film was subjected to X-ray

structural analysis. As a result, it was found out that the
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target. In the transparent el ect roconductivefilmon the glass substrate,
the value of [No]/([In] + [Zn] + [Nb]), which represents the ratio of the
atom c nunber of Nb to the atom c nunber of all the netals, was 1.4 x 10-3.
The resistivity, the carrier density, the nobility and the transm ttance of
this transparent el ectroconductive filmwere nmeasured. Asa result, they
were 239 t-(xm 6.63 x 1020 /cnB, 40 cnk/Vsec., and 89% respectively
(Table 1-1) . The transparent el ectroconductive filmwas subjected to X-ray

structural analysis. As aresult, it was found out that the filmwas
anor phous iR 6%%@@%%5 t HE PBREF (4T r aRSpR? 8t &N B gEtfRAStT ve film
was an r phous transpare t..el ectroconductive filmhaving a | ow

resi st anc§ SEEX 2PV e e Et BEEN Vot dFTRAE 1% m was pr oduced

in the except that the Nb wire was put onto a
central p&geetcltélrl?cﬁ’é“tc\}&gé&vtehng g&‘bé‘aﬁ’df’ﬁ %‘nlé)r‘f]d H697e Helter of thg sputtering

target. rt the trarls%ﬁrent el ectroconductive filmon the glass substrate,
t he val ue /([I ] +[2Zn] + [Nb]), vvhich represents the ratio of the

atom ¢ nurrber Of’% Npa?@g I[L n{ rée.l.ectorrgc%) nd'lu”bce Vet ﬁe m%é%]le cfégr?(?d[ I1,_]\’\"‘?1{:811 3.6 X

10-3. The resistivi e carrier densi

2 rosul 1, Chgy o avosb BRI 5 E'&%%%o‘%?%ﬁéw%f ' %g%vs{eﬁst%?@ 3 500,
respectivehy, ﬁﬂéa%?el Ths hﬂr]% oEEB”%H@r%% ﬂé@PHQ t&??{ﬁ%&?pqﬂﬂé@&

subjected to X-ray $truct anal ysr's resu oun
the target. 1In the transparent electroconductive filmon the glass

t that

substrate, the value of [Nb]/([In] + [Zn] + [Nb}l}), which
represents the ratio of the atomic number of Nk to the atomic
number of all the metals, was 1.4 x 107°. The resistivity, the
carrier density, the mobility and the transmittance of this
transparent electroconductive filmweremeasured. Asaresult,
they were 239 u-Q-cm, 6.63 x 10%% Jem®, 40 cmz/v-sec., and 89%,
respectively (Table 1-1). The transparent electroconductive
film was subjected to X-ray structural analysis. As a result,
it was found out that the film was amorphous. 1n other words,
the resultant transparent electroconductive film was an
amorphous transparent electroconductive film having a low
resistance.

[Example 1-5]

A transparent electroconductive film was produced in the
same way as 1in Example 1-4 except that the Nb wire was put onto
a central position between the edge porticn and the center of
the sputtering target. In the transparent electroconductive
film on the glass substrate, the value of [Nbl/{([In] + [Zn] +

[Nk]), which represents the ratio of the atomic number cf Nb
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fil mwas anorphous. In other words, the resultant transparent
el ectroconductive filmwas an anorphous transparent el ectroconductive film
having a | ow resi stance. [Exanple 1-6] A transparent el ectroconductive film
was produced in the same way as in Exanple 1-4 except that the Nb wire was
put onto the center of the sputtering target. In the transparent
el ectroconductive filmon the glass substrate, the value of [Nb]/([In] +
[Zn] + [Nb]), which represents the ratio of the atomc nunber of Nb to the
atom ¢ nunber of all the metals, was 4.5 x 10-3. The resistivity, the
carrier défsithy, atRBigpBIPEy Cdndltthé&her Afsailtraneé of o fi Ot r andpér ent
el ectroconductivefilm were neasured. As a result, they were 231 -Qcm 7.18
x 1020 /€ﬁ§}5§8véﬁﬁﬁv§€€.C?réﬁ&r8§@ﬁsﬂé§peépﬁv@PFl@?&Hl@nﬁ-fﬁﬁ The
t ranspar ent electrocondgftive filmwas subjected to X-ray s%%fctural

a

anal ysi s. “A&N§M-ESGREE s F&ﬁﬁ&pé‘&ter&thj%&e%éoC‘PPFiHFR/étge PAGUS In
oLher bt bl oML AL ALSTSORLEML o o ogpnduet ug L1 moes 2
[Eram o 7Ly % A LL0spaneRly ! SELEOCPOUEL YR RS pradyeed [ the
1 PUL o0, US S0 RO 00 1A e SPULL LG Bl T B L npar e
L2 e M3, (FaRUSIEnt g iRg 2310 o1t i SN, WD 47 o e

met'al’s,; was e resistiv

film was amorphous. In other words, the resultant transparent
electroconductive film was an amorphous transparent
electroconductive film having a low resistance.

[Example 1-06)

A transparent electroconductive film was produced in the
same way as in Example 1-4 except that the Nb wire was put onto
the center of the sputtering target. In the transparent
electroconductive film on the glass substrate, the wvalue of
[Ne]/([In] + [Zn] + [Nb]l}, which represents the ratio of the
atomic number of Nb to the atomic number of all the metals, was
4.5 x 107, The resistivity, the carrier density, the mcocbility
andthe transmittanceof this transparentelectroconductivefilm
were measured. As a result, they were 231 p-Q-cm, 7.18 x 10%°
/em®, 38 cm?/V-@sec., and 89%, respectively (Table 1-1). The
transparent electroconductive film was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorphous. In other words, the resultant transparent
electroconductive film was an amorphous transparent
electroconductive film having a low resistance.

(Example 1-7]
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carrier density, the nobility and the transmttance of this transparent

el ectroconductive filmwere neasured. Asa result, they were 232 4.0 cm
8.00 x 1020 /cnB, 34 cn2/V sec., and 89% respectively (Table 1-1) . The
transparent el ectroconductive filmwas subjected to X-ray structural
analysis. As a result, it was found out that the filmwas anorphous. In

ot her words, the resultant transparent el ectroconductive filmwas an

anor phous transparent el ectroconductive filnthaving a low resistance.

[ Exanple 1-8] A transgarent el ctrocon ctlve uced.in the sane

2 T t conduct f g”‘%aééP:a uce %
way as in Exanplet127°RB%EEpt Thartthe wite was plf &fit Far
posi tion %earm‘@e%%é/lt e% €496 .4 %r tL'eO'fl ?I rq;x%% tte”cltllgft Ighﬁr Fp étettgge%ﬁfgﬁt In

t he transparent &t Foconduet i ve ass su str e val ue of

[Zr] 1 (['trztlr Rel %E]re atom@ %‘t%ht EérEE‘S rakl o of o m‘?té?lgx_'{']éf The

nunber of to t er o neta was 6

resistivity, gdihe ?fxrtrt!t@"tr%%%%arlémttQE?HPPéJ:beé{u@E‘Qvégfﬁltrrtéﬂ%ﬁ‘i‘et&?&% of

this t ranspar ent el ectroconductive m were neasure a resu

were 235 Qus %90 x 1020,4 08 841 0nB) VBER) 1+ aDgh B (145 1 eppect el y

(Table 1-1) . The transparent eIectroconductlve ntmas subjected to X-ray

struct uralraialdsits ths adasubt, thetatﬂ@sﬁlémt@ptoﬁ hat cbhenki hames _
anor phous. I'n other words, the resultant transparent el ectroconductive film

was an armrnmttqueftéensméertgtdetssect,ueecmngucttlov@ fidye haviBgi@ikQW the
resi stance. [Exanple 1-9]

carrier density, the mobility and the transmittance of this

hey

transparent electroconductive filmwere measured. Asaresult,
they were 232 pu-Q-cm, 8.00 x 10%° /em®, 34 cm?/V-sec., and 89%,
respectively (Table 1-1). The transparent electroconductive
film was subjected to X-ray structural analysis. As a result,
it was found cut that the film was amcrphous. 1In other words,
the resultant transparent electroconductive film was an
amorphous transparent electrcconductive film having a low
resistance.

[Example 1-8]

A transparent electroconductive film was produced in the
same way as in Example 1-7 except that the Zr wire was put onto
a central position between the edge portion and center of the
sputtering target. In the transparent electroconductive film
on the glass substrate, the value of [Zr]/{([In] + [Zn] + [Zr]},
which represents the ratio of the atomic number of Zr to the
atomic number of all themetals, was 6.4 x 1077, The resistivity,
the carrier density, the mobility and the transmittance of this
transparent electroconductive filmwere measured. Asaresult,

they were 235 p+Q-cm, 7.90 x 102% /em®, 34 cm?/V-sec., and 89%,
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A transparent el ectroconductive filmwas produced in the sanme way as in
Exanpl e 1-7 except that the Zr wire was put onto the center of the
sputtering target. In the transparent electroconductive filmon the glass
substrate, the value of [Zr]/([In] + [Zn] + [Zr]), which represents the
ratio of the atomc nunber of Zr to the atom c nunber of all the netals,
was 7.9 x 10-3. The resistivity, the carrier density, the nobility and the
transmttance of this transparent el ectroconductive film were neasured. As
aresult, they were 239 -Qcm 7.70 x 1020 /cnB, 35 cnR/Vsec., and 89%
respectlvéﬁ?P€¢éBW§lY- 1fabtrel- ﬂﬁans¥hﬁeﬁﬁaQﬂ@ﬁﬁ@@ﬁxﬂﬁﬁﬁﬁﬁQ@pﬁdwqﬁw%%
subjected to X-ray structural analysis. As a result, it was found out t hat
the filmhia® ‘a%rﬁimi%ct% £t Kok aWoF elsuC i hea + A 1S + r ARspabetitlt

el ectroconductive fil mwas_an annrghous t ranspar ent electroconductlve film

having a Fow'fsiRmhes™ F@)@&nﬁpﬁ ]l@]wa]%@lnl?r’ﬁp@)ﬁudse 2netBRT dERY tin
were m xed to set the value of [In Zn] whi ch represents the
ratio of thE TECHH-EHuUMEE"SERY (?]t éjtclﬂﬂ%lﬁhﬁ}% flolfm dl3® tHe netals, to
0.83 and set the val ue of I n Zn [ Sn] ich 46 represents
t he ratioagprpﬁgu§t5ﬁ95‘ﬁﬁhﬁ%&‘%bg§¥99éqq#¥9ﬁ%ﬁﬁ(f LMt thet 6t to 1.8 x

10-2. This nlx%ure was subjected to wet pulverization to yield powder. The
powder was dr° granulated and press-nolded to yield a nol ded product.
The resul qnlqe% product was heated to 1450C so as to be sintered,

t her eby yle ﬁb a spdttering target B four inches square. The density

thereof was 6 8§.9%§ﬁ§barent electroconductive £film was produced in the
same way as in Example 1-7 except that the Zr wire was put onto
the center of the sputtering target. In the transparent
electroconductive film on the glass substrate, the value of
[2x}/{lIn] + [Zn} + [Zr]}, which represents the ratic of the
atomic number ¢f Zr to the atomic number of all the metals, was
7.9 x 107°. The resistivity, the carrier density, the mobility
andthe transmittance cf thistransparent electroconductive film
were measured. As a result, they were 239 p-Q-cm, 7.70 x 10%°
/cm®, 35 cmz/v-sec., and 89%, respectively (Takle 1-1). The
transparent electroconductive film was subjected to X-ray
structural analysis. As a result, 1t was found out that the
film was amorphous. In other words, the resultant transparent
electroconductive film was an amecrphous transparent
electroconductive film having a low resistance.
[Example 1-10]

Indium oxide, zinc oxide and tin were mixed to set the

value of [In]/([In] + [Zn]), which represents the ratio of the
atomic numbker of In to the atomic number of all the metals, tc

0.83 and set the value of [8n]/{([In] + [Zn] + [Sn]), which
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The maxi num crystal grain dianmeter of zinc oxide in the sputtering target B
was 2.2 m The X-ray structural analysis of the sputtering target B
denonstrated that the target B contained a hexagonal |anellar conpound nade
of 1n2A3(Zn0O)5. A glass substrate was set into an RF nmagnetron sputtering
device of the sanme type as in Exanple 1-1, and the tenperature of this

gl ass substrate was set to 250C. In the sane way as in Exanple 1-1 except
this matter, a transparent el ectrode substrate wherein a transparent

el ectroconductive filmwas , for on the gl ass substrate s produyced. In
Thect T oo PP EhE BT BT et (T T el T RAT O ReaT Vab 1ohee 2 CORE Coal ue of

[Re]/([In] + [Zn]., + [Re]) ich represents the ratio of the atom_c nunber
R B e A VAR A TR e L ISR BBy o toliee
resistivi h arrier_density, ,the bili and the transmttance of
this tranesapeire bRt Rrontuce tud' PRrieaer o T d0ovear %eadliadrt=’ they

were 185 Q.6 10020 %1080 Lemfe: 304cPRI Veer. . A0 9%, rgspect hyely

(Tabl e 1- f anspar e ctroconductive ubj ected to X-ray

SthCtUfaka?ﬂ?kXﬁ%%Dr§§i}f§§ﬁ%%wasﬂé%%ga{@?ﬂgoq@EoEﬂ@&aFQ%iHHdPe S

anor phous. n ot her wor e resultant transparent electrocon dctive

filmwas rp; : W%B?E - t o} i I 1.0g | .ow
resistancgﬁeféggagﬁgg%f%a% trgﬁgbgé§%¥£§ﬁégg$%%%%§S%F%G%Q$%#%iwggeproduced
in the sgggsm@¥ agekBcoEXgHR! €. 3810 except that the Re wire was changed to
an Nb wire and this Nb wire was put onto a central position

The maximum crystal grain diameter of zinc coxide in the
sputtering target B was 2.2 uym. The X~ray structural analysis
of the sputtering target B demonstrated that the target B
contained a hexagonal lamellar compound made of In;03{(Zn0)s.

A glass substrate was set into an RF magnetron sputtering
device of the same type as in Example 1-1, and the temperature
of this glass substrate was set to 250°C. In the same way as
in Example 1-1 except this matter, a transparent electrocde
substrate wherein a transparent electroconductive film was
formed on the glass substrate was produced.

Tn the transparent electroconductive film on the glass
substrate, the value of [Re]/({In} + [Zn] + [Rel}, which
represents the ratio of the atomic number of Re to the atomic
number of all the metals, was 0.5 x 107%. The resistivity, the
carrier density, the mobility and the transmittance of this
transparent electroconductive filmweremeasured. Asaresult,
they were 185 p-Q-cm, 10.20 x 10%° /em®, 36 cm?/V:sec., and 90%,
respectively (Table 1-2}. The transparent electroconductive
film was subjected to X-ray structural analysis. As a result,

it was found out that the f£film was amorphous. In other wcrds,
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bet ween the edge portion and the center of the sputtering target. Inthe
transparent el ectroconductive f ilmon the glass substrate, the value of
[Nb]/([In] + [Zn] + [Nb]), which represents the ratio of the atom c nunber
of Nb to the atom c nunber of all the netals, was 4. 0 x 10-3. The
resistivity, the carrier density, the nobility and the transmttance of
this transparent electroconductive filmwere neasured. As a result, they
were 210 S2 cm 1 0. 50 x 1020 /cnB, 31 cn2/V sec., and 90 O,
respectivel (Table 1-2) . The transparent el ectroconductive fil mwas

subj ect ed tt%e XS T Ut AR P Al y <7 SO AL B Ve i £ 1 1BsWa% o’fhd out t hat
the filmwas anorphous. In other words, th resul t trapsparent

el ect 1 oCorAH VAT |1 NERE ST rfor SHOLAC T SSIar et b1 150 ahdbet i ve £ 1m
having a | ow resistance. [Exanple 1-12] A transparent el ectroconductive
filmwas produced'i® the same way as in Exanple 1-10 except that the Re

W re was change to_ﬁ]Zr wire and this Zr wire was put onto a central
position l{)%faa%gejlhet%e dge portion and the center of the sputtering target.
I nt he transparent . el [ nductivefil monthe glass substrate, .the value of
A R i it s R R R

nunber of Zr4 %aghssait&rﬁxglgg%r@?;glez%géé%%;ﬁmﬁg%@ﬁ AR Qs sockaded. The

resistivity, the“carrier : ¢ y “an ansm't ce of
or oSBT GLEELIEEIIE YR L Tyne, TR eqpat £E3uL ot ey
(Tabl e 1- .t Jhe, LhansRAl 801 ehedioconduatbyve f Lhpas ( SUBLEL et 0 X-Tay
structural analysis. As a result, It was
Inthetransparent electroconductivefilmontheglasssubstrate,
the value of [Nb]/([In] + [Zn] + [Nb]), which represents the
ratio of the atomic number of Nb to the atomic number of all
themetals, was 4.0 x 1073 Theresistivity, thecarrierdensity,
the mobility and the transmittance of this transparent
electroconductive film were measured. As a result, they were
210p-Q-cm, 10.50x 10%° /em®, 31 cm®/V-sec., and 90%, respectively
(Table 1-2). The transparent electroconductive film was
subjected to X-ray structural analysis. As a result, it was
found out that the film was amorphous. In other words, the
resultant transparent electroconductive film was an amorphous
transparent electrcoconductive film having a low resistance.
[Example 1-12]

A transparent electroconductive film was produced in the
same way as in Example 1-10 except that the Re wire was changed
to a Zr wire and this Zr wire was put onto a central positicn
between the edge portion and the center of the sputtering target.

Inthetransparentelectroconductivefilmontheglasssubstrate,

the value of [Zx]/({In] + [Zn] + [Zr]), which represents the
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found out that the fil mwas anorphous. In other words, the resultant
transparent el ectroconductive fil mwas an anorphous transparent

el ectroconductive filmhaving a | ow resistance. [Exanple 1-13] Indium

oxi de, zinc oxide and tin were mxed to set the value of [In] / ([In] +
[Zn]), which represents the ratio of the atomc nunber of In to the atomc
nunber of all the netals, to 0.83 and set the value of [Sn]/([In] + [Zn] +
[Sn]), which represents the ratio of the atom c nunber of Sn to the atomc
nunber thereof, to 2.8 x 10-2. This mxture was subjected to

wet
pul veri zati®dntt & yitéId 3fHdér RUTRE TpGRdéE Was “BRi 84°™1gr BHUPSEEeBS ahd
ress-nolded to yield a ded _product. The . resultant nolded product was
et od o Dmte S bR T i e G £t bl ol el G o o PBeT g ¢ o get
C four inches square. The ensity thereof was_6.88 cnB. The X1 mum
Cryotnl ordre iy B R e S o e g e S 1 m
The X-ray rctwal&%ﬁymﬁioftheﬁ§MteHn%§% et @egpﬁrﬂedthm
0]

t he targeteE ‘386h‘§F%ed a exaﬁbﬂgfelge FPa?déonpoun Sireide FHZ@%{%nC)S.

Lhe tars _ _ g5,
of the Spor ToR BT Gt/ B 1 h b e 10 St A eh AasP2EPFkeBlampl o

1- 10 excep{Tgt{r‘jes TBifter a &FGL%Q}S%&&%%V'}%S eﬁle%cctfg%%oﬁ@\yeatﬁmg\éﬁ na

transparent el ect roconducti or ma o_n gI ass su ate was

R e R it R I SR S

atom ¢ nunpeinffo e 4ihd hen@tPM € was amorphous. In other words, the
resultant transparent electroconductive film was an amorphous
transparent electroconductive film having a low resistance.
[Example 1-13]

Indium oxide, zinc oxide and tin were mixed to set the
value cf [In]/{[In] + [Zn]), which represents the ratio of the
atomic number of In to the atomic number of all the metals, to
0.83 and set the value of [8n]/{[In} + [Zn] + [Sn]), which
represents the ratio of the atomic number ¢f Sn to the atcmic
number therecf, to 2.8 x 107?. This mixture was subjected to
wet pulverization to yileld powder. The powder was dried,
granulated, and press-molded to yield a melded preduct. The
resultantmeldedproduct was heatedto 1450°C soas tobe sintered,
thereby yielding a sputtering target C four inches square. The
density thereof was 6.88 g/cm’.

The maximum crystal grain diameter of zinc oxide in the
sputtering target C was 2.1 um. The ¥X-ray structural analysis
of the sputtering target C demcnstrated that the target C
contained a hexagonal lamellar compound made of In;03{Zn0)s.

Sputtering was performed using the resultant sputtering
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nunber of all the netals, was 0.5 x 10-3. The resistivity, the carrier
density, the nobility and the transmttance of this transparent

el ectroconductive f il mwere nmeasured. As a result, they were 186 uC Fcm
10.20 x 1020 /cnB, 36 cnR/Vsec., and 90% respectively (Table 1-2) . The
transparent el ectroconductive filmwas subjected to X-ray structural
analysis. As aresult, it was found out that the fil mwas anorphous. In
ot her words, the resultant transparent el ectroconductive filmwas an

h t t el ect ducti fil m havi N i :
[Exanpl e AL PARAEALRE G BctPICORIIER FaTEPFNEWaS PrBRRLEALT not he
in Ex le 1-13 t .that the Be wi h d t Nb
W re and CHt bPRESGF Pe ks Dt "ORLS & LETHTSR pBLFIRaN e tct nEen-PRE-Blge
portion ane(cjilet e center of the s}gutterin Ear%?e]t. I n ihettrans ar ent
el ect r ocondUet i VET i 1 Hont Hogl a5asUbst rat el 20T Vat ue of f%??%l[l?h}vgr [Zn] +

[ Nb]), whi represents the ratio of the atomc nunber of No to the atom c
nunber of faj{ﬁlme{'lp e n%ﬁr%?i,o%%h%_%l%sios_ - aetere‘“é‘-ilsét?wﬁ?%e he carrier

density, the mohjLity t%@%sw%e%ftagggckg%g%ﬁg@%ltﬁ?fief ﬁé&%?i‘ﬁ%ﬁ%@&cm 10

el ectroconductive fil mwer é neasur

00 X 1020.4 G0, 30 GIR/M41 88Cor pREY PPEVin{eﬁpg%aivs' Yre{Tablg; 152) . The

transparent el ectroconductive filmwas subj ect o X-ray structural

anal ysi s. fgbfkééﬁ%gtbhé -8, O%OHHQ QH&m%@aﬁuﬁggizéflﬁéN%% # rQbQH?C I'n

other words, the resultant transparent electroconductive filmwas an

anor phous p i 3NSRAT 811 ehewidpandysls ¥esti lip-having ackow resist apge.
carrier density, the mobility and the transmittance of this
transparent electroconductive filmwere measured. Asaresult,
they were 186 u-Q-cm, 10.20 x 10°° /em®, 36 cm?/V-sec., and 90%,
respectively (Table 1-2). The transparent electroconductive
film was subjected to X-ray structural analysis. As a result,
it was found out that the film was amorpheous. In cther words,
the resultant transparent electroconductive fiim was an
amorphous transparent electroconductive film having a low
resistance.
[Example 1-14]

A transparent electroconductive film was produced in the
same way as in Example 1-13 except that the Re wire was changed
to an Nb wire and this Nb wire was put onte a central position
between the edge portion and the center of the sputtering target.
Inthetransparentelectroconductive filmontheglasssubstrate,
the value of [Nb]/([In] + [Zn] + [Nb]), which represents the
ratio of the atomic number of Nb to the atomic number of all

themetals,was4.lX1O'? The resistivity, the carrierdensity,

the mobility and the transmittance of this transparent
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[ Exanpl e 1-15] A transparent el ectroconductive filmwas produced in the
sane way as in Exanple 1-13 except that the Re wire was changed to a Zr
wire and this Zr wire was put onto a central position between the edge
portion and the center of the sputtering target. |Inthe transparent
el ectroconducti vefil nont he gl ass substrate, the value of [Zr]/([In] + [Zn]
+ [Zr]), which represents the ratio of the atom c nunber of Zr to the
atom ¢ nunber of all the netals was 6. 7 x 10-3. The resistivity, t he
carrier den nnbi and t he transgltt nce of t ranspar ent
sul

electrocoﬁﬁgd%gﬁpc?? ' e % ded. TRESETF t ¥6"V'82 cn1 7
iriﬂsﬁarlgn ﬁectrocoﬁ%‘ﬁi%v@e? fﬂ3 a9§ Qéi%, é%?@ﬁ“ iai;gsP?aﬁiu?iif
gtnﬁla)rlsims)r ds, k?]héelsr esul ItTtahe\tNaEtsrralrls par en th tlicgocgognndlhlzn;i\}cegsjffaji m wggu:m a
[Example. 12161 Por e e parsn arat ro%%lxﬁauéi%gelhia.vi AR %%Vb‘éﬁi'e HRSEhe
same way aﬁodr‘l’d EXapl £ 4- @Qeeff%twégaémlvgﬁ?h&s"“ rﬁi"}%&%men cEj% pdo a W

wire and this Wwire was puf onto a centr position ‘e edge

portion anﬁeé&%&éﬁ%“ﬁ?éﬂgpéﬂy%ﬁs%ﬁ%%%rb%%nh% Q%%e Rt s%ﬁ@ﬁ?v?bﬁB%Fl n

el ectroconductive filmon the glass substrate, e va ue of

[Zn] + [Vqt}ansﬁ@Eéﬁhr@Pé@§§8&§n&@§t£@é'91lﬁfh5@§n$t9”18wn9@9§5t95c¥Vt0 the
atom c nunber of all the netals : he resistivity, the

carrier depgtdnpidhe-19pbility and the transmttance of this transparent

A transparent electroconductive film was produced in the
same way as in Example 1-13 except that the Re wire was changed
to a Zr wire and this Zr wire was put onto a central position
between the edge portionand the center of the sputtering target.
Inthetransparent electroconductivefilmontheglasssubstrate,
the value of [Zr]/([In] + [Zn] + [Zr]), which represents the
ratio of the atomic number of 7Zr to the atomic number of all
themetals, was 6.7 x 107°. The resistivity, thecarrierdensity,
the mobility and the transmittance of this transparent
electroconductive film were measursed. As a result, they were
216u-Q-cm,7.BOXJOZO/cm% 36cmaﬂﬁsec.,and90%,respectively
{Table 1-2). The transparent electroconductive film was
subjected to X-ray structural analysis. As a result, it was
found out that the film was amorphcocus. In cother words, the
resultant transparent electroconductive film was an amorphous
transparent electroconductive film having a low resistance.
[Example 1-16]

A transparent electroconductive film was produced in the

same way as in Example 1-10 except that the Re wire was changed
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el ectroconductive filmwere nmeasured. As a result, they were 213t Qcm
9.70 x 1020 /cnB, 30 cn2/V sec. , and 90% respectively (Table 1-2) . The
transparent el ectroconductive filmwas subjected to X-ray structural
analysis. As aresult, it was found out that the filmwas anorphous. In
other words, the resultant transparent el ectroconductive filmwas an

anor phous transparent el ectroconductive filmhaving a | ow resi stance.

[ Exanple 1-17] A transparent el ectroconductive fil mwas produced in the

Exa t that. the R i na t Me
Nre and (r & NBAPREaART Rl ERR bl enerEr %S?P%?Sﬁag%éﬁ%ﬁg?ﬁggsﬁge
t th t f th tt t the t
gfrec!t (r)(r;cgn uct ?vgge?n o%rto(r?ljtrh %lasé %%r ??a?%rtgmf hsémvta erle rt]aai\ﬁnsi%zflnnf + [ Zn]

t M), ‘Qﬁ;ﬁ&t&r %Sf%%hseiQSt 58%81185 5%%911;18’5@%%‘?%30% Me, Qt’ehe

atomc nu er O nmetal s I’ESIS I VI

carrier éfv\é,luet@f Y iy andthe [ ansphLiance, pbsthts érgeagge%aem

electrocon uctive filmwere nmeasure As a result wer e

9.20 x 1020¢ keRB, 321 £ Hum¥e SBE i +oaitk %Q%inc%ﬁ%éf\éﬁi Xll(t@h%t%(l%) The

transparent el ectroconductive filmwas 52 subjected to X-ray structural

analysis. fgsa resul{g3it yas ré99§919yﬁyth@ﬁet8§r£kéﬂ1&@ﬁs%ﬁ?rpBHHs In
other words, the resultant transparent efectroconductive film was an

anmor phous &k ansparend ehect rogondueihve £Fl mbavipgnapkownkesi stance.

[ Exanpl e 1-18] | ndi um oxide, zinc oxide, tin and Re were m xed to set the

value of [¢ndéftdMincdudednte)riimhicah reRLESRALS ABE; Nald 0 Of they were
213p-Q-cm,9.7OXiUFO/cm§,30<nf/v'5ec.,and90%,respectively
(Table 1-2). The transparent electroconductive film was
subjected to X-ray structural analysis. As a result, 1t was
found out that the film was amorphous. 1In other words, the
resultant transparent electroconductive film was an amorphous
transparent electroconductive film having a low resistance.
(Example 1-17]

A transparent electroconductive film was produced in the
same way as in Example 1-10 except that the Re wire was changed
to an Mo wire and this Mo wire was put onto a central positicn
between the edge portion and the center of the sputtering target.
Inthetransparentelectroconductivefilmontheglass substrate,
the value of [Mol]/([In] + [Zn] + [Mc]), which represents the
ratic of the atomic number of Mo to the atomic number of all
themetals, was4.2x107°. Theresistivity, thecarrierdensity,
the mobility and the transmittance of this transparent
electroconductive film were measured. As a result, they were
215p-Q-cm,9.20x1lVO/cm% 32 cm?/V-sec., and 90%, respectively

(Table 1-2). The transparent electroconductive film was
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the atom c nunber of In to the atom c nunber of all the netals, to 0.83,
set the value of [Sn]/([In] + [Zn] + [Sn]), which represents the ratio of
the atom ¢ nunber of Sn to the atom c nunber thereof, to 2.5 x 10-2, and
set the value of [Re]/([In] + [Zn] + [Re]) , which represents the ratio of
the atom c nunber of Re to the atom c nunber thereof, to 0.1 x 10-4. This
m xture was subjected to wet pulverization to yield powler. The powder was
dried, granul ated, and press-nolded to yield a nolded product. The

resul tant nol ded product was heated to 1450C so as to be sintered, thereby
yi el di ng &HPIATET i@ Farget SO e Nadc#as L vegifar eAsTherdenstt ylthea@of was
6.89 g/cnB. The maxi mum crystal grain dianmeter of zinc oxide in the
sput t eri ngt THIYED WS 1 i L heva& raflo 5 Qies ur 4N SRAIsiwer T, e
sputtering target D denonstrated that the target D _contai ned a hexagonal

| amel | ar cﬁ%&&rﬁ%&é‘néﬁ)alrﬁ?%@ﬁ@fSPCﬁ?d“FﬁﬁgetWé,ﬂ Wi BeakMRFPYPRAL i ng
fromthe Re netal was recogni zed, A glass, subhstrate s set into an RF
magnet r on STRIRHIHY A T TS tYpeae % %x/a]a‘?ff)lreeﬁﬁi?a%‘ﬁ%‘the

t enper at ur of thiIs_ gétfss substrate was set to 250C. Sputtering was
performed USTHF the sputtering target D produced as described 53 above at a

ressure of 0.1 Pa,. so as to forma transparent ectroconductjve fil m of
] LR o b

120 nnt hi ckness &rﬁh‘t Yo Og ase Subst FATe. Xt ,anfjhg!egwggg gﬁ%? e>Was

(' anapar erlt 6l Gt Fote CUBGLF HLe * WRBMGr ot het (TARBLTRH SIoebFobohluct | ve

fC;'r m ‘g’fs dfeﬁrgél‘%%%tﬁﬁ ﬁﬁﬁgg}cf’%ﬁ? I%“gét{ﬁé S iR RLRAdUcedr e feshstLyLly, the

Y, e nopllity an
to 0.83, set the value of [Sn]/({In] + [Zn] + [Sn]), which
represents the ratio of the atomic number of Sn to the atomic
number thereof, to 2.5 x 10Q, and set the value of [Re]/ ([In]
+ [{Zn] + [Re]), which represents the ratio of the atomic number
of Re to the atomic number thereof, to 0.1 x 107*. This mixture
was subjected to wet pulverization teo yield powder. The powder
wasdried, granulated, andpress-moldedtoyieldamoldedproduct.
The resultant molded product was heated to 1450°C so as to be
sintered, thereby yielding a sputtering target D four inches
square. The density thereof was 6.89 g/cm’.
The maximum crystal grain diameter of zinc oxide in the
sputtering target D was 2.3 um. The X-ray structural analysis
of the sputtering target D demonstrated that the target D
contained a hexagonal lamellar compound made of Iny03(Zn0)s. At
this time, no peak originating from the Re metal was recognized.
A glass substrate was set into an RF magnetron sputtering

device of the same type as in Example 1-1, and the temperature

of this glass substrate was set tc 250°C. Sputtering was

performed using the sputtering target D produced as described
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the transmttance of this transparent el ectroconductive film on the gl ass
substrate were neasured. As a result, they were 183 S2 cm 10.5- 1020
/cnB, 37 cn2/V sec. , and 90% respectively. The transparent

el ectroconductive filmwas subjected to X-ray structural analysis. As a
result, it was found out that the filmwas anorphous. In other words, the
resul tant transparent electroconductive filmwas an anorphous transparent
el ectroconductive filmhaving a | ow resi stance. A new sputtering target D
whi ch was different fromthe above-nentioned sputtering target D was used

t o perforabosputterni pgecontrenodusl.y Wadersct ke albovermert itorec ceomrditt | ons

for 50 hours. As a result, no abnornal discharge was caused. No nodul es
wer e generatedrinonbecsarvkacelod ftlRiIOsnsphicenkeng crarfgetlabs siisthrates used
in the 50-hour sputtering. [Mdified Exanple 1-1] In the above-nenti oned
Exanpl es Nexttothe r8agssheubhérmak wis dxtarmd ast 2pe’d on the samrgicuss
transparent el ectroconductive filnms were conducted in the atnosphere of Ar.
Needl ess €6 Aaior libuthe Ar Hthhuphiese: rahee donteat eatroAecfubpygdie was 0. 1%
or less by volunme. The present invention is not limted thereto, 54 and
thus the ARBEPRBUSHEr AR3PAPRAENE| ecEFbEBRADERFVEVEI i ndgs TrarnegmbjPcted to
thermal treatnment in the presence of hydrogen also. It is preferred that

t he concent'fafitéf Sof URYHGFEN, YA EF °GE9r-esent together, is from1l to 10%
by vol une. [Cbn&ﬁrative Exanpl e 1-1] Sputtering was performed w thout
putting the Re W'Fer®PlSEx¥nple the SRfbH!Ehedepht ber it ayetiy and t he

sane way %%e transmittance of this transparent electroconductive film
on the glass substrate were measured. As a result, they were
183pu-Q-cm, 10.5x10%° /em®, 37 em?/V-sec., and 90%, respectively.
The transparent electroconductive £ilm was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorpheous. In other words, the resultant transparent
electroconductive film was an amorphous transparent
electroconductive film having a2 low resistance.

A new sputtering target D which was different from the
above-menticoned sputtering target D was used to perform
sputtering continuously under the abcve-mentioned conditions
for 50 hours. As a result, no abnormal discharge was caused.
Noncdulesweregeneratedinthesurfaceof thissputteringtarget
D, which was used in the 50-hour sputtering.

[Modified Example 1-1]

In the above-mentioned Examples 1-1 to 1-18, the thermal
treatment steps for the amorphous transparent electroconductive
films were conducted in the atmosphere of Ar. Needless to say,
in the Ar atmosphere, the concentration of oxygen was 0.1% or

less by volume. The present invention is not limited thereto,
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in Exanple 1-1 except this matter, a transparent el ectrode substrate
wherein a transparent el ectroconductive filmwas formed on a gl ass
substrate was produced. The resistivity, the carrier density, the nobility
and the transmittance of this transparent el ectroconductive film on the
gl ass substrate were neasured. As a result, they were 350 -Qcm 9.20 x
1020 /cnB, 19 cnR/Vsec. , and 890, respectively (Table 1-1). The
transparent el ectroconductive filmwas subjected to X-ray structural
analysis. As a result, it was found out that the filmwas anorphous.

However, ©f€ FRYP SR PEGIPBPUBHE FBIRALHNT CaRET PREGEFICAASFar ATS may
el ectroconductjve film was higher than that of the anorphous transparent
eIectrocoﬁﬁué?PQ@cF?@n¥%ft$& b RATYCoBal 8P BESEXARPI @F 11 Wen
e e R e R A
the. transiit ERRCETGT EHCL M v arGhardil Tl Sct Lo oHUICHFE 11 | m on the gl dse
substrale e asy el f9 2 equl o they were 203 1-Qm o 57 x 1020
Fesul 1. it was FOURGoOAL HAF PRE ST e SHorpiduey FOSnRar T o Exanpl e
L SL AL ST o SELEOPICUE VR 4y erodueRo. Ly Lie. sap e

in Example 1~1 except this matter, a transparent electrode

substrate wherein a transparent electroconductive film was

formed on a glass substrate was produced.

The resistivity, the carrier density, the mcobility and

the transmittance of this transparent electroconductive film

on the glass substrate were measured. As a result, they were

350u-Q-cm,9.20xjuﬁo/cm3,l9cmf/v-sec.,and89%,respectively

(Table 1-1). The transparent electroconductive film was

subjected toc X-ray structural analysis. As a result, it was

found out that the filmwas amorphous. However, theresistivity

of the resultant amcrphous transparent electroconductive £ilm

was higher than that of the amorphous transparent

electroconductive film of Example 1-1.

[Comparative Example 1-2]

A transparent electroconductive film was produced in the

same way as in Example 1-1 except that an Re wire was put onto

an erosicn of the sputtering target A. The resistivity, the

carrier density, the mobility and the transmittance of this

transparent electreoconductive film on the glass substrate were

measured. As a result, they were 263 pu-Q-cm, 6.57 x lOﬂ)/cm3,
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was changed to an Nb wire. The resistivity, the carrier density, the
nmobility and the transmttance of this transparent el ectroconductive film
on the gl ass substrate were neasured. As a result, they were 266 -Q cm
6.69 x 1020 /cnB, 35 cnR/V sec., and 88% respectively (Table 1-1) . The
transparent el ectroconductive filmwas subjected to X-ray structural
analysis. As aresult, it was found out that the filmwas anorphous.

[ Conpar ati ve Exanple 1-4] A transparent el ectroconductive filmwas produced
inthe same way as in Conparative Exanple 1-2 except that the Re wire was
changed t & ‘a7 W $@C- Thende87 8t i VEEYeCEhBeédr (TaPl8ensilty, Thhe mobility
and the transmttance of this transparent . el ectroconductive filmon the

gl ass subStPREEAREFE RESSIFEF NS ta e LHIMT e\ Weres 68 My~ A8 x 1020
/CnB, 29 cnk/Vsec., and 89% respectively (Table 1-1) . The transparent
eIectrocoﬁ&E@FﬁV&aﬁiPﬁﬁié§l§ubj%5t%dr?%u Crabt statcteraf Cdhaiat sthes a
result, it_was found out that the fil mwas anorphous. [Conparative Exanple
1-5] 56 Sput W@ﬁgaW€§p%€P§orned wi thout putting the Re wire of Exanple
1-10 onto sputtering target. .In._the same way as in Exanple 1-10 except
this natté%p %A ﬁgﬁhﬁﬁﬁngfééfgﬁconductive filmwas produced. The

(eiotivity Lhe pailer densliy the, bl ¥ and Lhe, (anom {agce of

measured. . ARaresull.; teywere3s8Q em. 9, 4311920/, (3% OenE/ ¥Essixe
was changed toanNbwire. Theresistivity, thecarrierdensity,
the mobility and the transmittance of this transparent
electroconductive film on the glass substrate were measured.
Asaresult, theywere 266 u-€-cm, .69 x 10%° Jem®, 35 em®/V - sec.,
and 88%, respectively (Table 1-1). The transparent
electroconductive film was subjected to X-ray structural
analysis. As a result, it was found out that the film was
amorphous.
[Comparative Example 1-4]

A transparent electroconductive film was produced in the
same way as in Comparative Example 1-2 except that the Re wire
was changed to a Zr wire. The resistivity, the carrier density,
the mobility and the transmittance of this transparent
electroconductive film on the glass substrate were measured.
As a result, theywere 268 u-Q-cm, 7.78 x 10%° /em?, 29 em®/V - sec.,
and 89%, respectively (Table 1-1). The transparent
electroconductive film was subjected to X-ray structural
analysis. As a result, it was found out that the film was
amorphous.

[Comparative Example 1-5]
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and 89% respectively (Table 1-2) . The transparent el ectroconductive film
was subjected to X-ray structural analysis. As aresult, it was found out
that the filmwas anorphous. [Conparative Exanple 1-6] Wt pul verization
was performed in the state that the value of [Re] / ([In] + [Zn] + [Re]) ,
which represents the ratio of the atom c nunber of Re to the atom c nunber
of all the netals in Exanple 1-18, was set to 1. 5 x 10-2. In the sanme way
as in Exanple 1-18 except this matter, a sputtering target E four inches
square was produced, the density thereof being 6.86 g/cnB. The maxi num
crystal grain difaweterisl reRcPeXfdemed ¥hehospulrutdring ther fet wvEreasf 2. 2 m
The X-ray structural analysis of the sputtering target E denonstrated that
t he tar gett*BMRdGntlailfe@RaChéxagonafr Laget # 59 < onpduidengd& o ayn203¢tZn0) 5.
Sputtering was perfornmed using the sputtering target E instead of the
sputteri n% 1D OEXERRIITE SIMA BE o F nattHe 'siife Skl ast FaceRanpr &va - 18
except thi,lﬁatter, a transparent electroconductive substrate wherein a
t r anspar et 17 "6t PHEOHAGE: i vE™F i 157 Widlsl ¥ idrfred "6h cargradsI8tBst vat B Sas 57
pr oduced. lp resistjvity, the carrier density, the nobility and the
transnittgﬁ’éﬁ&ﬁﬁrﬁ ﬂ?§%§ﬁﬁﬂﬁﬂl tELEG ot ﬁ&ﬁ&i?&????%?e%m the gl ass
substrate re nmeasured.. As result, th wer e §63 C 6.57 X 10%0/cnﬂ,
37cn2/V$eé¥féé%ﬁf &“ﬂ%@ﬁ%éﬁﬂ&éfy{th?hgﬁ%FﬁnEBQF ﬁ?%%Ig%F?o%%ﬁaﬁE? ve film
mas subj egted Lo, Xe! Rhe R HELYER! NG YS! £ ADe8/LEBULE. sLheygs Lound out
and 89%, respectively (Table 1-2). The transparent
electroconductive film was subjected to X-ray structural
analysis. As a result, it was found out that the film was
amorphous.
[Comparative Example 1-6]
Wet pulverizationwas perfcormed in the state that thevalue
of [Rel/{([In) + [Zn] + [Re]), which represents the ratio of the
atomic number of Re to the atomic number of all the metals in
Example 1-18, was set to 1.5 x 107%. Inthe same way as in Example
1-18 except thismatter, a sputtering target E four inches square
was produced, the density thereof being 6.86 g/cm’.
The maximum crystal grain diameter of zinc oxide 1n the
sputtering target E was 2.2 um. The X-ray structural analysis
of the sputtering target E demonstrated that the target E
contained a hexagonal lamellar compound made of InC3;(Zn0)s.
Sputtering was performed using the sputtering target E
instead of the sputtering target D of Example 1-18. In the same
way as in Example 1-18 except this matter, a transparent

electroconductive substrate wherein a transparent

electroconductive film was formed on a glass substrate was
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fil mwas anorphous. However, the resistivity of the resultant anorphous
transparent el ectroconductive filmwas higher than that of the anorphous
transparent el ectroconductive filmof Exanple 1-1. Another new sputtering
target E was used to perform sputtering continuously under the
above-nentioned conditions for 50 hours. As a result, abnormal discharge
was caused. Nodules were observed in the surface of the sputtering target
E after the end of the sputtering. Table 1-1 58 , X, mmmmmmmmmmn m
O mmmmmmmmm~COmmm Uy O.- Onmaal0 mnl10m UC C O a
0 O O Oraduce®-co N O1Eo0o>.~ONOmMmMOOOOnNnmm Emnooom
n NNmnQmof 0) (000 ri~r of ii Ilcr-: cUON QmV XmC 10 mmN
mmo C) mco GIF NeGlsNiwmidy CEhR cercOecOodenmiOyN Nl MPINENLINYNAMNEC) N N
N

the transmittance of this transparent electroconductive film

on the glass substrate were measured. As a result, they were

263u-Q-cm, 6.57 x10%° /em®, 37 cm?/V-sec., and 87%, respectively.

The transparent electroconductive film was subjected to X-ray

structural analysis. As a result, it was found ocut that the

film was amorphous. However, the resistivity of the resultant

amorphous transparent electroconductive film was higher than

that of the amorphous transparent slectroconductive film of

Example 1-1.

Another new sputtering target E was used to perform
sputtering continuously under the above-mentioned conditions
for 50 hours. As a result, abnormal discharge was caused.

Nodules were observed in the surface of the sputtering target

E after the end of the sputtering.

Table 1-1
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Second group embodiments

preferred second group

On the basis of the drawings,

The

embodiments of the inventionwill be describedhereinafter.
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enbodi mrents On the basis of the draw ngs, preferred second group

enbodi nents of the invention will be described hereinafter. The

second group embodiments are embodiments concerned with the
invention of the second group. The following will describe ten
specific examples {Examples 2-1 to 2-10 and six Comparative
Examples (Comparative Examples 2-1 to 2-6).

In the following description, color filters for liquid
crystal displays aremainly described. Examples wherein their
transparent electrode is a liquid-crystal-driving transparent
electrode are described. Of course, however, the color filter
of the invention for display can be applied to various displays
each using a color filter with electrodes.

The liguid-crystal-driving transparent electrodes in the
second group embodiments are substantially equivalent to the
amorphous transparent electroconductivefilmsinthefirstgroup
embodiments. In each of the second group embodiments, an
amorphous transparent electroconductive film is used as an
electrode; thus, attention is paid to the function thereof,
whereby the film is called the liguid-crystal-driving
transparent electrode.

[Example 2-1]

In Example 2-1, there is described an example of a color
filter for liguid crystal display wherein an electrically
insulating transparent substrate, colored layers, and a
liquid-crystal-driving transparent electrode are laminated in
this order.

(1) Formaticn of Colored Layer

Prepared was a product wherein an ITO filmhaving a surface

resistance of 20 Q/0 was formed on a glass substrate as an

ol



60 second group enbodi nents are enbodi nents concerned with the invention of
the second group. The following will describe ten specific exanples
(Exanples 2-1 to 2-10 and six Conparative Exanples (Conparative Exanpl es
2-1to 2-6). In the follow ng description, color filters for liquid crystal
di spl ays are mainly described. Exanples wherein their transparent el ectrode
is aliquid-crystal-driving transparent electrode are described. O course,
however, the color filter of. the invention for display can be applied to
various displays each using a color filter with el ectrodes.

Thel i qui de&F%FéFaléIVlW%%?%Bé?@ﬁ?%?%ﬁ%’s@t@ {RanusacsHacgrvup

enbodi nents are substantially equiyval ent t the a hous transparent
el ect r ocoRGAERFFE FPI met MRt HeP$S r%gg @ﬁ@&d?ngDPg fﬁsédﬁﬁv I the

d . di , h t | ect duct i fil
< used a8 R4S Refoct Fadz> (42 "at PRt Par IS had PGCPRETAncti ofi ner eof
wh by t | 1 ed th I d t t t rode.
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filter forLi stal Iay mhereln an electrically |nsulat|ng
transparengecg%sgyaﬁ% E%C or%@erayers and a I|qU|d crystal -driving

transparent, el 139 Rated Je

Layer Prepated—was—a pre W 3
reS|stanc%hgkogthggwgghgorned on a glass substrate as an

at i on of Col or ed
rface

An ultraviolet curable resist agent (FH22130,
manufactured by Fuji-Hunt Electronics Technology Co., Ltd.) was
applied onto the ITO film by spin ceoating at a rotation speed
0f 1000 rpm. After the spinccecating, the resultant was pre-bakead
at 80°C for 15 minutes. Thereafter, the ITO-glass substrate,
wherein the resist filmwas formed, was set to an exposure device.
The mask adopted therein had a longitudinal pattern of 1920
stripes having a line width of 90 pum, a gap of 20 pm and a line
length of 230 mm.

The used light source was a Z2-kw high-pressure mercury
lamp., A proximity gap of 70 uym was adopted, and the resist film
was exposed to light at 120 mJ/cm®. Thereafter, the resultant
was developed with a develcping sclution (FHDR-5, manufactured
by Fuji-Hunt Electronics Technoclogy Co., Ltd.}) to pattern the
resist pattern into a given form. After the development, the
resultant was rinsed with pure water, and then post-baked at
180°C.

Next, a 1 M solution of FeCl,y, 6N HC1i, 0.1 N HNO;3 and 0.1
N Ce(NO3)4 in water was prepared as an etching solution, and

the above-mentioned resist film patterned into the given form
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61 electrically insulating transparent substrate (manufactured by Geomatec
Co., the glass substrate being a blue glass having a polished surface
(silica dip product) ) . According to the following steps (a) to (d) ,
colored layers were forned by mcelle electrolysis technique. (a) Formation
of ITO Electrode for Electrolysis by Photolithography An ultraviol et
curabl e resist agent (FH22130, nmanufactured by Fuji-Hunt El ectronics
Technol ogy Co., Ltd.) was applied onto the ITOfilmby spin coating at a

rotation eed f 1000 rpm After. t i coati ng, the resultant wa

e bakad  Rar st p o1 mag it stk L dR Pt I SOt e g i Shadngt
wherei n t ist fil f ice. Th K
Adopted e cr i Rad” & THGTTaa rdle part orn (67 2050176 Frges Shadtg o8 T ne.
wdth of 90.m. 3 0ap of, 20 mand,a.line . ength, of 230 . The used. i ght
source was a 2-Kw high-pressure mercury 1 anp. proximty gap o m was

adopt ed, eshst 1] : : e i.aht /

Thereafte??q¥%%ﬁyééﬁh%a%§éé§%§ eve ope w%?ﬁkgggeﬁg%%%ggaﬂgo u |3§e(FHD-5,

nanufactuggghigg EHljk-Hunt El ectroni cs Technology Co., Ltd.) to pattern the
n

resist pattern rnto a given form After the devel opment, the resultant was

i Sed, U sl crye iy e RS e e MG a8 llsaluton

g}Sghngofﬁ$ﬂhiBﬂreaﬁgte£Peaﬁéqyﬁbégﬁﬁéﬁ¥¥¥j€Hgﬁﬁgsféé’?ﬂ¥ﬁt#§é”5%eﬁgbo the
with 1IN NaOH. 1In this way, & stripe-form ITC electrode for
electrolysis was formed on the glass substrate. The glass
substrate having the ITO electrode for electrolysis will be
called the “"ITO-patterned glass substrate” hereinafter. This
ITOelectrode forelectrolysiswasused, andmicelleelectrolysis
technique was applied theretc, thereby forming colored layers,

which will be described later.

{b) Formaticn of Light-shielding Layer

As a resist agent for light-shielding layer formation,
there was used a mixture wherein color mosaics CK, CR, CG and
CB, manufactured by Fuji-Hunt Electronics Technolegy Co., Ltd.,
were mixed at a ratioc (weight ratio) of 3/1/1/1. The
ITC-patterned glass substrate fermed in the step (a) was rotated
at 10 rpm. The resist agent for light-shielding layer formation
was sprayed in an amount of 30 cc onto this substrate. Next,
the rotation number (the rotation number of the ITO-patterned
glass substrate) for the spin coating was set to 500 rpm so as
to form a homogeneous resist film on the ITO-patterned glass
substrate. After the spin coating, the resultant was pre-baked

at 80°C for 15 minutes.
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62 was used as a mask to etch the ITOfilmwth the etching solution for
about 20 m nutes. The end of the etching was decided on the basis of
nmeasured results of the electric resistance. This is because the electric
resi stance changes remarkably when the etching ends. After the end of the
etching, the resultant was rinsed wth pure water, and subsequently the
resist filmwas peeled with 1IN NaOH In this way, a stripe-formITO

el ectrode for electrolysis was fornmed on the gl ass substrate. The gl ass
substrate having the 1 TO el ectrode for electrolysis will be called the

"1 TO patterned ghassasubst rnaiel'e her ekpakt e& .dekhicse hkTOabest radenment

forel ectrol ysis wasused, andm cel |l eel ectrolysis technique was applied

t heret o, fherehynfeoari ngedol®reed dayersgivehi ehishhénbe descyk bed-drat er. (b)
Formation of Light-shielding Layer As a resist agent for |ight-shielding

| ayer foreaagivon dédegre VB xuSed mam ndod ey Wher diimec@liathnogaiws) Ges CR, CG
and CB, manufactured by Fuji-Hunt Electronics Technology Co., Ltd., were
m xed at asedtio sumeigghtheatés)soff i3mlLd/1igiThe ITHE pattlel heldt glaasse
substrate fornmed in the step (a) was rotated at 10 rpm The resist agent
for |ightwshieldilkg Hiagjerpfarsmtd orerway dprayedAi pranimnbungapfoB0 e onto
this substrate. Next, the rotation nunber (the rotation nunber of the

| TO pat t etiliedl s gl eslibendat by fagitthd i9pi nascatpogeivds $eghtoas0@ 0 pm so
as to forma honogeneous resist filmon the ITO patterned gl ass substrate.
After themdgica’ codttigipaitrr r adi tzarnuliean brea hakesce lered0C tlora 15 mi nut es.

developing soluticn {a product wherein a Fuji Hunt CD,
manufactured by Fuji-Hunt Electronics Technology Co., Ltd., was
diluted 4 times with pure water) for 30 seconds, so as to pattern
the resist film into a given form. After the development, the
resultant was rinsed with pure water, and then post-baked at
200°C for 100 minutes. In this way, a light-shielding layer
made of the above-menticned resist film and having a given shape
(thickness: 1.1 um) was formed. The product wherein the
light-shielding layer was formed on the ITO-patterned glass
substrate will be referred to as the “glass substrate with the
light-shielding layer” hereinafter.

(c) Preparation of Dispersion for Micelle Electrolysis

As a dispersion for forming a colored layer having a high
spectral transmittance in a red wavelength range (referred to
as the "R colored layer” hereinafter), a dispersicn (dispersing
medium: pure water) of Chromo Phthal Red A2B (manufactured by
Ciba-Geigy Japan Limited) was used. A dispersion for forming
a colored layer having a high spectral transmittance in a green
wavelength range (referred to as the “G cclored layer”

hereinafter) was prepared by mixing a dispersion (dispersing
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63 Thereafter, while an exposure device having an alignnent function was
used to carry out given alignnment, a nask having a given design (90 x 310
mmrectangles, line width: 20 m was used to expose the resist filmto
light. The used light source was a 2 kw high-pressure nercury lanmp. A
proximty gap of 70 mwas adopted, and the resist filmwas exposed to |ight
at 100 nmid/cnR. Thereafter, the resultant was devel oped with a devel opi ng
solution (a product wherein a Fuji Hunt CD, nanufactured by Fuji-Hunt

El ectroni cs Technology Co., Ltd., was diluted 4 tinmes with pure water) for

30 seconds,e 8uASHLOePRLELEDN of R IneRYest (EirbAshAteacgbvencioemrMier the
devel opnent, the resultant was rinsed with pure water, and then post-baked

at  200C f@anllQ dHureesy JABH Ob$) WalH adiild@its s QB@!E?@r_&&M@rmecﬂTﬂﬂ-@: of the
above-nentioned resist filmand having a given shape thickness: 1.1 m was

formed. Thery eductr \Weet dirydhige | ighirshieldivigd)ayer: was fmrmed on the
| TO patterned glass substrate will be referred to as the "glass substrate
with the (raghifesithieldi bg CaperGeheyerngdt arimi(tdd Prepar akic@noohe Bi sper si on
for Mcelle Electrolysis As a dispersion for formng a colored | ayer having
a high speatatalo tmwanisyritd tranicier )i rofa T wanel iengtdegiange{dtefef rade t o as
the "R colored |l ayer"” hereinafter) , a dispersion (dispersing nedium pure
wat er) of dGlepene iRhtshak Ret A2Bd( franufactdirsgek tyi nCitha Gekgy dapani & m t ed)
was used. A dispersion for formng a colored |ayer having a high spectral
transm tt andé iam algresenivaneirengnh zeandger( Béf rinedeso ad dihepdxG ot or ed
| ayer” hereinafter) was prepared by m xing a dispersion (dispersing

for forming a colored layer having a high spectral transmittance

in a blue wavelength range (referred to as the “B colored layer”
hereinafter) was prepared by mixing a dispersion (dispersing
medium: pure water) of Fastgen (transliteraticn) Blue TGR
(manufactured by Dainippon Ink & Chemicals, Inc.) and Fastgen
(transliteration}) Supper Violet 2RN {(manufactured by Dainippon
Ink & Chemicals, Inc.) with each other at a ratio (weight ratio)
of 80/20 while keeping each of the dispersicns at 20°C.

{(d) Micelle Electrolysis

The glass substrate with the light-shielding layer,
produced in the steps (a) and (b}, was first immersed into the
R colored layer forming dispersion (liquid temperature: 20°C)
prepared in the abcve-menticned step (c¢}. A potentiostat was
connected to the ITC electrode for electrelysis (the electroede
for micelle electrclysis) at its site where an R colored layer
was to be formed, and then the glass substrate was subjected
toconstant-potential electrclysisat 0.5Vvs. SCE for 2bminutes
to yield the R colored layer. After the micelle electrolysis,
the resultant was rinsed with pure water, and subsequently baked

at 100°C for 15 minutes.
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64 nmedium pure water) of Heliogen (transliteration) G een L9361

(manuf actured by BASF Co.) and a dispersion (dispersing nmedium pure water)
of Irgazine (transliteration) Yellow 2RLT (manufactured by G ba-Gei gy Japan
Limted) with each other at a ratio (weight ratio) of 70/30 whil e keeping
each of the dispersions at 20C, and further dispersing the m xed sol ution
with an ul trasoni c honogeni zer for 30 mnutes. A dispersion for formng a
colored |l ayer having a high spectral transmttance in a blue wavel ength
range (referred to as the "B colored layer” hereinafter) was prepared by

m xi ng a di sper siean, (i 5PELSSAG a tRBME $IThmpREe WBd F k- hefc Fasbger 1ayer
(transliteration) Blue TGR (manufactured by Daini ppon Ink & Chem cals,

I nc.) and fastigendicbeasbit el ati08) t SupoestViol et0°2RNcapaukaci urgtk by

Dai ni ppon Ink & Chemicals, Inc. ) with each other at a ratio (weight ratio)
of 80/ 20 whidve keepiingecehehepf (the di ppeestonstat 2OC.coeddeekbeche

El ectrolysis The gl ass substrate with the |ight-shielding |layer, produced
in the stépe edrpcanddebfor waschiredtysimgmersedsi af bet heer® ot arebtayer
form ng dispersion (liquid tenperature: 20C) prepared in the

above- nentliagredvas &p Hecformddpetreht ios tat gless s sansected wee $hie) ¢ T d

el ectrode for electrolysis (the electrode for mcelle electrolysis) at its
site wher écapr R iculloredt¢nlyer l ewastrolsifartn®d; Varsd $PeAcri?d ylmsses
substrate was subjected to constant-potential electrolysis at 0. 5 V vs.
SCE for 25/ Hiteés the Grelarerel Rvedt oritlt ¢ layée. mAte bl ethee gl el Yois,

el ectrolysis, the resultant was rinsed with pure water, and subsequently
baked at HMG0CE$btant Wagurbgsed with pure water, and subsequently baked

at 100°C for 15 minutes.

Lastly, this substrate was immersed into the B colored
layer forming dispersiocn {liquid temperature: 20°C) prepared
in the above-menticned step (¢). A potentiostat was connected
totheITOelectrode forelectrolysisat itssitewhereaBcolored
layer was tobe formed, and then the glass substrate was subjected
toconstant-potential electrolysisat 0.5Vvs. SCEfor 15minutes
to yield the B colored layer. BAfter thismicelle electrolysis,
the resultant was rinsedwith pure water, and subsequently baked
at 100°C for 15 minutes.

In this way, the R cecleored layer, the G colored layer and
the B colored layer were formed in the form of
alternately-arranged stripes. The glass substrate having the
R cored layer, the G colcred layer and the B colored layer will
be referred to as the “glass substrate with the ccleored layers”
hereinafter.

(2) Formation of Transparent Protective Layer

The glass substrate with the colored layers, yielded in

the (1), was set onto a spin coater. A dispenser was used to
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65 Next, this substrate was imersed into the G colored |ayer formng

di spersion (liquid tenperature: 20C) prepared in the above-nentioned step
(c). A potentiostat was connected to the 1TO electrode for electrolysis at
its site where a G colored layer was to be forned, and then the gl ass
substrate was subjected toconstant-potential electrolysis at 0. 5 V vs .
SCE for 20 mnutes to yield the Gcolored |ayer. After the mcelle

el ectrolysis, the resultant was rinsed with pure water, and subsequently
baked at 100C for 15 mnutes. Lastly, this substrate was imersed into the
B col or edarpayer pPoySilAg zdinspes sion OFHB§Einhn eiper ated by P0G sphdpared in
the above-nentioned step (c) . A potentiostat was connected to the |ITO

el ect rodeltor ) el @6t Foltysing patr aintts piotte aftistee la B reoladregdia l.aysit awdd e o be
fornmed, and_then the glass substrate was subjected to constant-potenti al

el ectrol ysirgoaedplageysys AL SOE $oF 1ME, nilhis eslasdy Siksdrate B doldied

| ayer. After this mcelle electrolysis, the resultant was rinsed with pure
wat er, an@°3dGBseglierery vakedl oty IOUGE TSt 215101 AifestNeFeRhiaPENind he R
colored layer, the Gcolored layer and the B colored |ayer were fornmed in
the form &€ 5F% o0 FAKHY 8P aned CtrifsesirfREe P hddSsabsFPai P HAA Y the R
cored layer, the G colored | ayer and the B colored | ayer will be referred
Lo 2 t o HPadte SCHEa b ELh. ¢ HE KO HR d-ay BROLE Tor BPRAFEEP ()

Formation_of Transparent Protective Layer 'eli{be | ass substrate with %?e
colored | & grg,o?%g%dg%ly?ﬂs Wtal?erf’%)a,tea/ait & S%fﬂﬁalepfrﬁ%%& &P YU off spenser
was used %Ohomogeneous resin thin film. Thereafter, the resultant was

baked at 260°C for 2 hours to cure the resin. In this way, a

transparent protective layer was yielded.

(3) Formaticn of Liquid-crystal-driving Transparent Electrcde

The “glass substrate with the colored layers on which the
transparent protective layer was formed”, the substrate being
producedin the (2}, was set up toa DCmagnetrondirect sputtering
machine, and the pressure in its vacuum chamber was reduced to
1 x 107® Torr or less. Thereafter, argon gas having a purity
of 99.99% was introduced into the chamber up to 3 x 107° Torr.

A sintered body target composed of a hexagonal lamellar
compound represented by In;0:{Zn0)s, indium oxide (In,03) and
rhenium oxide (ReQ;) (ICP elementary analysis values in a thin
film thereof: [In]/([In) + [Zn]) = 0.892, and [Rel/{([In] + [Zn]
+ [Re]) = 0.0005) was used to perform sputtering at a target
applied voltage of 420 V and a substrate temperature of 200°C.

In particular, in the above-mentioned expressicns, [In]
represents the number of the indium atoms in unit mass, [Zn]
represents the number of the zinc atoms in unit mass, and [Re]

represents the number of the rhenium atcoms in unit mass (this
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66 apply a polysiloxane resin (0OS-808 manufactured by Nagase &Co., Ltd.),
as a transparent protective |ayer nmaterial, onto the colored |ayers. At
this time, this glass substrate with the colored |ayers was slowy rotated
at 10 rpm thereby applying the resin evenly onto the entire surface of the
gl ass substrate wth the colored | ayers. Furthernore, the glass substrate
with the colored |ayers was rotated at 800 rpmfor 1 minute to yield a
honogeneous resin thin film Thereafter, the resultant was baked at 260C
for 2 hours to cure the resin. In this way, a transparent protective |ayer
was yi el dedtte3)l Foreaainen rofne folldwergsieglcrdpitiiong -Tr AnspaeemomE sct r ode
The "gl ass substrate with the colored |ayers on which the transparent

prot ect i vé sV evgee Flororert eXpRessLUpsE cace el TR 1Py bdaced liobatheeq2) |, was
set up to a DC magnetron direct sputtering nachine, and the pressure inits
vacuum ch&ffePtRES -r edlicélet BTSSR 1026 For r TP NEB®STTREr @&PFT6r 13ar gon gas
having a purity of 99. 99% was introduced into the chanber up to 3 x 10-3
Torr. A sitRPEEEGTHEEY Parget ¢dnpdsedioid Sfexagonal |anmellar conpound
represented by |1 n203(Zn0) 5, indiun1oxide,éln2CB) and. rheni um oxi de (Re@3)
(1 CP el enent aryA&ﬁaFg‘éi“ V8l GBS APACERT AN T i ik tHet €109 1%/ ([9W1eS [zn])

= 0.89, and e]l/([In] + [Zn + [ Re = 0. 0005), was, used to perform

sputteri néf%%ﬁﬁ T‘E%@%‘%ar%‘%‘bl fé’&e\iiﬂlt‘Jf)géaéfFMz@ J\}Cﬁ’rfdi?%lr'a‘f@‘fjé}ﬁ)erat ure

of 200C. In particular, in the above-nentioned expressions, [| represents

Che” number P ERE ST r b BEGHE 1 G ESAE Sz rratetanes L Ehe Tihber of

the zinc atons .in unit _nass anWLR%J r%ﬁyesents.the nunber q{ t he rhenium
d 1ndium €leme elements

atoms in (Mt HELS Y RS 20 s as main cationic

and had a thickness of about 0.12 um. In this way, a target
color filter for liquid crystal displaywas yielded. Thiscolor
filter issuitableasacolor filter foractivematrix type liquid
crystal display of a thin film transistor type.

The surface resistance of the thus-vielded color filter
for ligquid crystal display (the liquid-crystal-driving
transparent electrode) was 18 Q/[. Thiscolor filter for ligquid
crystal display was not recognized as a deformed color filter,
and exhibited a good external appearance. Abcut the
liguid-crystal-driving transparent electrode in this color
filter for liguid crystal display, a tape peeling test based
on a checkedboard test was made, and further there were measured:
the moisture and heat resistance thereof (after the electrode
was allowed to stand at €0°C and a relative humidity of 20% for
24 hours, the generation of cracks, creases or peeling was
observed with the naked eye or a magnifying glass); and the heat
resistance thereof (after the electrode was allowed to stand
at 250°C for 2 hours, the generation of cracks, creases or peeling

was observed with the naked eye or a magnifying glass) were
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67 matter is the same in the follow ng description) . In other words, the
above- nenti oned expressions each represent the ratio between the atons. In
the present patent, the nunber of atons is represented in this way

herei nafter. According to this sputtering, the follow ng was forned on the
transparent protective layer: a liquid-crystal-driving transparent

el ectrode whi ch was nade of an anorphous oxide film containing zinc and
indiumelements as main cationic elenments and had a thickness of about 0.12
pm In this way, a target <color filter for liquid crystal display was

yi el ded. Thizsuwee@lxqr filter is suitable as a color filter for active matrix
type liquid crystal display of a thin filmtransistor type. The surface
resi stance of tRarthusmyirel det edker rbidetwss ekeheki quitk Csystal 2dusmt ay (the
|l iquid-crystal-driving transparent electrode) was 18 QC!'. This color
filter fomum)i quitd ac3ystalwaigp ayo wasi roto fr ecedniczedidsia wefor pedhadol or
filter, and exhibited a good external appearance. About the

| i qui d- cr ysttelecheingiing thieasspacent. ehectiederpdet imd eothing frdsetudor
liquid crystal display, a tape peeling test based on a checked board test
was nade, tdwedefair tiegre tiieree West e itdasursstinn e aniod sitware maindr dweadpa esi st ance
thereof (after the electrode was allowed to stand at 60C and a rel ative
humi dity ofsc@@%ifriar el24t hoursi crdree gehspatifen tofr ecrlay KEOIckeds s dfheel i ng
was observed with the naked eye or a magnifying glass) ; and the heat

resi st anc& ahertgofaqeaftemwn Her dladchs odel was al l owed to stand at 250C for 2
hours, the generation of cracks, creases or peeling was observed with the
naked eye or a ﬁﬁgﬁ@ﬁy@ﬁ§e§W@§§ﬁdN§h@t the liguid-crystal-driving

transparent electrode was amorphous from the measurement result
obtainedby formingatransparent electrodedirectlyontoaglass
substrate under the same conditions as in the (3} and then
subjecting this transparent electrode to X-ray analysis.
[Example 2-2]

A coler filter for liquid crystal display was produced
in the same way as in Example 2-1 except that when its
liguid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagecnal
lamellar compound represented by In;03(7Zn0},4, indium oxide
{Iny;03) and rhenium oxide (ReQ3) (ICP elementary analysis values
ina thin film thereof: [In]/([In} + [Zn]) =0.83, and [Re]/ ([In]
+ {Zn] + [Re]) = 0.0035) was used. The surface resistance of
the thus-yielded cclor filter for liguid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrode) was 19 Q/0.

This color filter for liquid crystal display was not
recognized as a deformed color filter, and exhibited a good

external appearance. The liguid-crystal-driving transparent
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68 neasured. Furthernore, the electrode was etched (line/space: 2 m2 m
with a 3% by weight solution of oxalic acid in water, and subsequently the
shape of the el ectrode and etching residues thereon were observed with a
scanni ng el ectron mcroscope (scanning electron m croscope nmanufactured by
JECQL Ltd.). The results are shown in Table 2-1. It was ascertained that the
| i quid-crystal-driving transparent el ectrode was anorphous fromthe
measurenent result obtained by formng a transparent el ectrode directly
onto a glass substrate under the sanme conditions as in the (3) and then

subj ect i ng 1khits dldeansparestcl @etFiodet Fo% nayuanakysisal dE@mplas2] A
color filter for liquid crystal display was produced in the sane way as in

Exanpl e 2+tksexeeptdihatsuwenabbat dHeBkaect ystabsdih Exagotllanspar erte
el ectrode was fornmed, a sintered body target consisting essentially of a
hexagonal relsartels arecehpeundnr @pbéseated byt | 3 L) 4 mandli Lha o xi roke
(I'n2@B) and rheni um oxi de (Re03) (ICP elenentary analysis values in a thin
filmtherdafquid-lndystal[Hdyi v Znfranspated}, cdndtfpReE préfihngd #n[@dg +
[Re]) = 0.0035) was used. The surface resistance of the thus-yielded col or
filter fompresquitdExeystlal 2dilsphaymetihecf sambagkonestsiancen ofhe Hmsis
| iquid-crystal-driving transparent electrode) was 19 WE. This color filter
for |iqui ¢fctyst akagivgphentwassndt ofedoyal zedz ags as def or methrcgbarerfti | ter,
and exhi bited a good external appearance. The liquid-crystal-driving
transpare@ﬂectrode formed directly onto a glass substrate under the same
conditions as in the present Example 2-2.
[Example 2-3]

A color filter for liquid crystal display was produced

in the same way as in Example 2-1 except that when its
ligquid-crystal-driving ftransparent electrode was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compound represented by Iny;0;(Zn0)s, indium cxide
(InyC3) andniobiumoxide (Nb;0O3) (ICPelementary analysis values
inathin film thereof: [In]/([In] + [Z2n]) =0.89, and [Nbl/([In]
+ [Zn] + [Nbk]1) = 0.0036) was used. The surface resistance of
the thus-yielded color filter for liguid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrode) was 19 Q/0.

In particular, in the above-mentioned expressions, [Nb]
represents the number of the nicbium atoms in unit mass (this
matteristhesameinthe followingdescription). Inotherwords,
the above-mentionedexpressions each represent the ratiobetween
the atoms.

This color filter for liquid crystal display was not

recognized as a deformed coler filter, and exhibited a good
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69 electrode in this color filter for liquid crystal display was tested and
nmeasured about the sane itens as in Exanple 2-1. The results are shown in
Table 2-1. It was ascertained that the Iliquid-crystal-driving transparent
el ectrode produced in the present Exanple 2-2 was nade of anorphous oxide
on the basis of the neasurenent result of X-ray analysis of a transparent
el ectrode forned directly onto a glass substrate under the sane conditions
as in the present Exanple 2-2. [Exanple 2-3] A color filter for liquid
crystal display was produced in the same way as in Exanple 2-1 except that
when its dxdtGiirtrICRy$ledlatidavi Nnghkr angpasent yet ectnedeinast £ o 8Bdrent
sintered body target consisting essentially of a hexagonal |anellar
compound regprasernteed oy hlie263(4nJ b1 t & ndiammidxudel cila2@3) casgdlaiyobhsim oxi de
(Nb203) (ICP elenentary analysis values in athin filmthereof: [In] /
([In] + [ZHsDedabd8faamted Mbput (it gametif&nt aks [NEHIamp 0 QG36) Was used.
The surface resistance of the thus-yielded color filter for liquid crystal
di spl ay (ttesulsis feace glesirstiandeldfe he .l i gui daer ystakzdinwdnghétanspar ent
el ectrode) was 19 WE. In particular, in the above-nenti oned expressions,

[ Nb] reprlésentds-athes tralnber iofnd He ari sgis nem tatedes tine deniptr oimss d( thi shenmat t er
is the sanme in the follow ng description) . In other words, the

above- mentli reth eXpraayslions katts mepicesénenphehpatsi oxbdeweantheheaat ons.
This color filter for liquid crystal display was not recognized as a

def or med cof dhe iMeEsuregmd textfishiltte@fa¥gead analysis of a transparent

electrode formed directly onto a glass substrate under the same
conditions as in the present Example 2-3.
[Example 2-4]

A color filter for liquid crystal display was produced
in the same way as in Example 2-1 except that when its
liquid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compcund represented by In,03(Zn0)s, indium oxide
(Iny,05) and niobiumoxide (Nb;Q03;) (ICP elementary analysis values
inathin filmthereof: [In]/([In] + [Zn]) =0.89, and [Nb]/{[In]
+ [Zn]l + [Nb]) = 0.0045) was used. The surface resistance of
the thus-yielded color filter for liquid crystal display (the
surface resistance of the ligquid-crystal-driving transparent
electrode) was 12 Q/0.

This color filter for ligquid crystal display was not
recognized as a deformed colcr filter, and exhibited a gcod
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The

results are sheown in Table 2-1. It was ascertained that the
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70 external appearance. The liquid-crystal-driving transparent electrode in
this color filter for liquid crystal display was tested and neasured about
the sane itens as in Exanple 2-1. The results are shown in Table 2-1. It
was ascertained that the |iquid-crystal-driving transparent el ectrode
produced in the present Exanple 2-3 was made of anorphous oxi de on the
basis of the neasurenent result of X-ray analysis of a transparent

el ectrode fornmed directly onto a gl ass substrate under the sanme conditions
as in the present Exanple 2-3. [Exanple 2-4] A color filter for liquid
crystal dilsliay Wy Praddiided 1Nt e samentay 1§ tiredex arpiacedliaxeept t hat
when its liquid-crystal-driving transparent electrode was fornmed, a

si ntered BEdPIHr Fe2EdiTsissth WG Sed38Rt PAl PROEPhaUReREGBRaPY FRREPEHFS
conpound represented by 1n203(ZnQ 5, indiumoxide (In203) and ni obi um oxi de
(Nb203) (|Oc$tél|ee%ﬁtséﬁﬁ¢m§ﬁ§| ysitsd LraPtied ~TRN AnNehYALFi Pin 2 NeFadIRATERT /

([In] + [Zn] = 0.89, and [ Nb %&n] + [Zn] + [Nb]) = 0.0045) was used.
The surfa@gefgésﬁ%%eaEEEmSQ dj{l??e‘ltc#ﬁg- ioe?&’eldiscsoFBPSLi‘fF’ ErutGRT MGuF A e r yst al
di splay (the  surface resistance of the |liquid-crystal-driving transparent

el ect r ode)" WS 29 G5 I S HEOIRFEF5 T gq’xar‘"g?%ef i?;"u%/d crystal display was not
recognizedugs a deformed color filter, and exhibited a good externa

appear ance. } iId-crystal-driving transparent electrode in this color

iter or | Lauid caystal dionlay wes,, hestedoand ressuted, aboul e, sare

ascertainggltgﬁg §§%% way as in Example 2-1 except that when its
liquid-crystal-driving transparent electrode was formed, a
sintered body target cconsisting essentially of a hexagonal
lamellar compound represented by Iny03{Zn0);, indium oxide
(Iny03) andzirconiumoxide (Zr0;) (ICPelementaryanalysisvalues
inathin filmthereof: [In}/({In)l + [Zn]) =0.89, and [Z2r]/ ([In]
+ {Zn] + [Zr)) = 0.0042) was used. The surface resistance of
the thus-yielded color filter for liquid crystal display (the
surface resistance c¢f the liquid-crystal-driving transparent
electrode) was 19 Q/0.

In particular, in the above-mentioned expressions, [Zr]
represents the number of the zirconium atoms in unit mass (this
matteristhesame inthe followingdescription). Inotherwords,
the above-mentionedexpressionseachrepresent the ratiobetween
the atoms.

This color filter for liguid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent

electrode in this color filter for liquid crystal display was

tested and measured about the same items as in Example Z2-1. The
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71 liquid-crystal -driving transparent el ectrode produced in the present
Exanpl e 2-4 was made of anorphous oxide on the basis of the neasurenent
result of X-ray analysis of a transparent electrode fornmed directly onto a
gl ass substrate under the same conditions as in the present Exanple 2-4.
[ Exanpl e 2-5] A color filter for liquid crystal display was produced in the

sanme way as in Exanple 2-1 except that when its [|iquid-crystal-driving
transparent electrode was fornmed, a sintered body target consisting
essentially of a hexagonal Iarrel | ar _conmpound represented by 1n203(Zn0) 5,

i ndi um oxF@&31{tEn2es) Saﬁdnzilflcgﬁpﬁl?n éxitde {Zr@d eI ta tidrat ysi s
val ues |nath|nf|Imthereof 0. 89, and[Zr]

+ /
([In] + LZAPIE-FZYF)-3L6 rGU&?)g &éénﬁgéﬂen?]h%lﬁ[iﬁ%@ P)é%?i‘é‘t?%ﬂc]élcﬁ ©the

t hus-vyi eI ded col OE fil ﬁer f | i qui stal displa (i surf

resi st anc&Y6f e PG d grgsf"ﬁﬁ IB? 9|‘ﬁ FRAHRPAF Bt XL &F &t r'dde) a\ﬁa“s'S 19
S2/0. In %r%hcul ar, in the abov tioned expr essi on [Zr represents
Che nurbePof REnBEIFIEBRF N APOHE tr A b < Hee (ERES O 1P A% ame | n

the foll ow,ng, description) ot he e above- rrentlo

expr essi o g&fﬁdﬁeégﬁlg%‘ﬁ dltrr?entrlrﬁ PBICBe? \%gélﬁs ?‘R&é SLEBhe YO tl&%lscﬁme?l | ter
for |IC|UIdC taI dlspla S _not ni zed .as a defornmed color filter,
and exhi bi te((ii *§65d @ extrpe/rt\rﬁ%l p&ﬁpseeélrtané% p%? I%qUI d-crystal -driving
transparent; xa%iaei ro_%ﬁ inthis color filter for liquid crystal display was
tested an ur é out the sane itens as in Exanple 2-1. The

A color filter for liquid crystal display was produced
in the same way as 1in Example 2-1 except that when its
liguid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially cf a hexagonal
lamellar compcund represented by In;0:(Z2n0)s, indium oxide
(Iny03) andzirconiumoxide (ZrQ;) {(ICPelementaryanalysisvalues
inathin filmthereof: [In}/([In] + [Z2n}) =0.89, and [Zr]}/ ([In]
+ [Zn] + [Zr]) = 0.0064) was used. The surface resistance of
the thus-yielded ceolor filter for liquid crystal display (the
surface resistance of the liguid-crystal-driving transparent
electrode) was 19 Q/0.

This color filter for liquid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The
results are shown in Table 2-1. It was ascertained that the
liquid-crystal-driving transparent electrode produced in the
present Example 2-6 was made of amorphous oxide on the basis

of the measurement result of X-ray analysis of a transparent
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72 results are shown in Table 2-1. It was ascertained that the

| i quid-crystal-driving transparent el ectrode produced in the present

Exanpl e 2-5 was made of anorphous oxide on the basis of the nmeasurenent

result of X-ray analysis of a transparent electrode forned directly onto a

gl ass substrate under the same conditions as in the present Exanple 2-5.

[ Exanpl e 2-6] A color filter for liquid crystal display was produced in the

same way as in Exanple 2-1 except that when its |[|iquid-crystal-driving

transparent el ectrode was forned, a sintered body target consisting

essenti al I8} 6T @ Afekaghral A1 Temel Y &P téomedudd FebFesertetndsy EAZ0STENO) 5,

i ndi um oxi de _ (1n203) and zirconi um oxi de (Zr02 | CPel enentary anal ysi s

val ues i FORGHILPIS 138 tHerdst :PYasANY F(P[Elﬂi*ﬂlefz% 1 ) =0.89, and [Zr] /

([Im] +[Zn] + [Zr]). = 0.0064) was used. The surface resistance of the

t hus-vyi el dégt3@R 6t 4ilker for liquid crystal display (the surface

resi stance of the liquid-cr stal-drlving transparent _electrode) was 19 Q O.
p

This color filtér PP if&&itéfcif%t Al IBiEpFayShas AOFPIFECHYRI REYTASER
defornmed colqr_filter, and exhihited a good external appearance. The
i qui d-crﬁ’tdzlhed_rslaﬁend"a@f ghspdt gﬁam@t% Tod& TP i edl’or t1iter for
Exampl o 2213 CUPHE ST G e ShOF 1P T o 5L - e Beger TSt ned that |
e ) L9 ALl g T ansherenl, sttt 1odEeS b, proven
result of fgﬂé¥ﬁ§¥“%3§%§%ﬁ) E%éfé%5%¥%é”gy In,0s{Zn0}s, indium oxide
{InzC3), rheniumoxide (ReO0;) andtinoxide (Sn0;) (ICPelementary
analysis values in a thin film thereof: [Inl/([In] + [Z2n]) =
0.89, [Re]l/([In] + [Zn] + [Re]l) = 0.0004, and [3n]/([In] + [Zn]
+ [Re] + [Sn}) = 0.021) was used. The surface resistance of
the thus-yielded color filter for liguid crystal display (the
surface resistance c¢f the liquid-crystal-driving transparent
electrode) was 17 Q/0.

In particular, in the above-menticned expressions, [Sn]
represents the numpber of the tin atoms in unit mass (this matter
is the same in the following description). In other words, the
above-mentioned expressions each represent the ratio between
the atoms.

This color filter for liguid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
eglectrocde in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The

results are shown in Table 2-1. It was ascertained that the

liguid-crystal-driving transparent electrode produced in the
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73 electrode forned directly onto a glass substrate under the sanme
conditions as in the present Exanple 2-6. [Exanple 2-7] A color filter for
liquid crystal display was produced in the sane way as in Exanple 2-1
except that when its liquid-crystal-driving transparent el ectrode was
formed, a sintered body target consisting essentially of a hexagonal

| amel | ar conpound represented by I n203(Zn0O) 5, indiumoxide (In2G3), rhenium
oxi de (Re03) and tin oxide (SnQ2) (ICPelenmentary analysis values in a thin
filmthereof: [In]/([In] +[Zn]) _ 0.89, [Re]/([In] +[Zn] + [Re]) =

0. 0004, amdessSnl/ Ekample PZN] was hReE f[ &nd)rpEols 021) d@asn uses.badwes sur f ace
resi stance of the thus-yielded color filter for liquid crystal display (the
surface redi shanceastirehenlti gesdicr ySt dtxdyi ynagysianspar entangbeointode) was
17 Q0. In particular, in the above-nentioned expressions, [Sn] represents
t he nunberlefctirhela Faraedmst far-tuly tnimss glelsissswast eateimddretbansmna t he
follow ng description) . In other words, the above-nentioned expressions
each repr esagti ttiivesr &S o rbethwearreashe dixemnleThis/ color filter for liquid
crystal display was not recognized as a defornmed color filter, and

exhi bi t ed [&>géwd e extddrnal appearance. The |iquid-crystal-driving
transparent electrode in this color filter for liquid crystal display was
tested and nmeas@r 68@labolif 1ftRE Saelitend asvshabxahpbbap-yas Miecdyesdiits are
shown in Table 2-1. It was ascertained that the |I|iquid-crystal-driving

t ranspar ent? ééctFFife Wodicdd! ifamele 2-1 except that wheén its

liguid-crystal-driving transparent electrcde was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compound represented by In;0;{Zn0}s, indium oxide
(Iny0s3), zirconium oxide {Zr0;} and tin oxide (SnQC,) (ICP
elementary analysis values in a thin film thereof: [In]/{[In]
+[Zn]) =0.89, {Zx]/([In] + [Zn] + [Zr])) =0.0067, and [Sn]/{[In]
+ [Zn] + [Zx] + [Sn]) = 0.028) was used. The surface resistance
of the thus~yielded color filter for liquid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrcde) was 18 Q/0,

This color filter for liquid crystal display was not
recognized as a deformed ceolor filter, and exhibited a gcod
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The
results are shown in Table 2-1. It was ascertained that the
liquid-crystal-driving transparent electrode produced in the
present Example 2-8 was made of amorphous oxide on the basis
of the measurement result of X-ray analysis of a transparent

electrode formed directly onto a glass substrate under the same
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74 present Exanple 2-7 was made of anorphous oxide on the basis of the
measurenmnent result of X-ray analysis of a transparent electrode forned
directly onto a glass substrate under the sanme conditions as in the present
Example 2-7. [Exanple 2-8] A color filter for liquid crystal display was
produced in the sane way as in Exanple 2-1 except that when its
liquid-crystal-driving transparent el ectrode was fornmed, a sintered body
target consisting essentially of a hexagonal |anellar conpound represented
by In203(ZnC%§ .indiumoxigﬁl &JQ%Q%%glfng ni ngide (Zr02) and tin oxide

(Sn02) (1 CR &Rt &y “ahal Vs ST e 1™ S i fi I mthereof : [In]/([In]

+ [Zn]) :[%Xfﬁﬁgﬁ%%§kg/o([ln] +[Zn] + [Zr]) = 0. 0067, and [Sn] / ([In] +

[Zn] + [Z .028) was used. The surface resistance of the

t hus-yi el ded col,0 LLt ek Lqui BVES LSp e

resi stance of t eEP?EEigg%ggétgF?dgggﬁ%é %?ﬁ%ﬁ%ér%ﬁ%@i%?e%?§§%%§%§%%d18

Q LJ. Thiscol it L qud ystal, di r gni zed as a
def or med gglgf@¥ﬁﬁfg}?&gigﬂ%iﬁ?EP%E ]§§5§gHQb§%#§¥na agggg}éﬁ%g. The

l'i qui d- crm&@li-oﬁ{dr\gs%1tfmsﬂ%{%ererar%f§gér9@%ﬂébém&e cdoredidder for

liquid crystal display was tested and neasured about the sanme itens as in

Exanpl e 2k tHieqd nesH) bl shown 4k labl & drdial 1y Was Asgerd@dmned that
the liquid-crystal-driving transparent el ectrode produced in the present

Exanpl e 2-18maas Jradengfodnphouss axi e 1op ihe-bashs,, ofndhean neass enent
result of X-ray analysis of a transparent electrode forned directly onto a
gl ass substmgte) ypdegsthe SaR: (WO0s) and tinoxide (Sn0,) (ICPelementary
analysis values in a thin film thereof: [In]/([In] + [Zn]) =
0.89, [Wi/([In] + [Zn] + [W]) = 0.0013, and [Sn]/{[In] + [Zn]
+ [W] + [Sn]) = 0.022) was used. The surface resistance of the
thus-yieldedcoleorfilter forliquidcrystaldisplay (thesurface
resistance of the liquid-crystal-driving transparent
electrode) was 17 Q/0.

In particular, in the above-mentioned expressions, [W]
represents the number of the tungsten atoms in unit mass (this
matter isthesame inthe followingdescription). Inotherwords,
the above-mentionedexpressions eachrepresent theratiobetween
the atoms.

This color filter for liquid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The
results are shown in Table 2-1. It was ascertained that the
liquid-crystal-driving transparent electrode produced in the

present Example 2-9 was made of amorphous oxide on the basis
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75 conditions as in the present Exanple 2-8. [Exanple 2-9] A color filter
for liquid crystal display was produced in the sane way as in Exanple 2-1
except that when its liquid-crystal-driving transparent el ectrode was
formed, a sintered body target consisting essentially of a hexagonal

| anel | ar conpound represented by I1n203(Zn0O 5, indiumoxide (1n233),
tungsten oxide (WB) and tin oxide (SnQ2) (ICPelenentary analysis values in
athinfilmthereof: [In]/([In] +[Zn]) = 0.89, [W/([In] +[Zn] + [W) =
0.0013, and [Sn]/([In] + [2Zn] + [W + [Sn]) = 0.022) was used. The surface
r esi st ance fotthiehameashysngngl dedudsl of Krikegrahetvbiqubl zrystaspaispt ay
(thesurface resistance of the |liquid-crystal-driving transparent

el ect r odee s rrpeQformed paredlely anto a allse sapebet rehei Wik &kpr 38§ ons,
[W represents the nunmber of the tungsten atons in unit mass (this nmatter
i s the saf®NHtHETDI9DWhE Hestrs i tozamtfotdet words, the

above- nenti oned expressions each represent the ratio between the atons.

Thi s col orlE5amee 451! 45 quid crystal display was not recognized as a
defornmed color filter, and exhibited a good external _ appearance. The

|'i qui d- cryst al - & CPRG Lrah§parent ll@Pé%t FoUETRA HhPeledl BRSIPTPRFCEdr
liquid crystal display was tested and asured about the sanmg itens as in
Exanpl e 221 Hife SFWsUia% aa?el%h%éﬁinﬁ% %ﬂ L | {nqas" Bt et t2i ned t hat
the [|iqui

e o L LA AL, L s n SLectpde pLossed 10408, prese
sintered body target consisting essentially of a hexagonal
lamellar compound represented by In;0:(Zn0})s, indium oxide
(Iny0s), molybdenum oxide (MoOg) and tin oxide (SnGC;) (ICP
elementary analysis values in a thin film thereof: [In]/{([In]
+ [Zn]) =0.89, [Mo/([In] + [Zn] + [Mol) =0.0042, and [Sn]/([In]
+ [Zn] + [Mo] + [8n]) =0.022) was used. The surface resistance
of the thus-yielded color filter for liquid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrode) was 17 Q/0.

In particular, in the above-mentioned expressions, [Mo]
represents the number of the molybdenum atems inunit mass {(this
matteristhesameinthefollowingdescription). Inotherwords,
the above-mentionedexpressions each represent theraticbetween
the atoms.

This color filter for liguid crystal display was not
recognized as a deformed color filter, and exhibited a gocod
external appearance. The liguid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The

results are shown in Table 2-1. It was ascertained that the
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76 of the neasurenent result of X-ray analysis of a transparent el ectrode
formed directly onto a gl ass substrate under the sanme conditions as in the
present Exanple 2-9. [Exanple 2-10] A color filter for liquid crystal

di splay was produced in the same way as in Exanple 2-1 except that when its
| i quid-crystal-driving transparent electrode was formed, a sintered body
target consisting essentially of a hexagonal |I|anellar conpound represented
by In203(ZnO 5, indiumoxide (1n203), nol ybdenum oxi de (MoO6) and tin oxide
(Sn®) (ICP elenentary analysis values in a thin filmthereof: [In] [In] +
[Zn]) = 0.lggpuifdvis/r v{gtan]~ e IZ2n]9 + ramsop rerd. e0e42 rogrdpsdhced( finjhe + [ Zn]
+ [M] + [Sn] ) = 0.022) was used. The surface resistance of the

t hus-yi el ded EOltoExRIpler 2f6F Vaguheade rafs alo ribsplsap x(de onsth e dewsis
resistance of the liquid-crystal-driving transparent electrode) was 17
(2/0. | n pdr fihEuPERSURTERE a86VeIneAt Kohal exptESsFons, a[ WpInskapeEsent s

t he nunber of the nol ybdenumatons in unit mass (this matter is the sane in
the fol | o if§ dests EpETEA)I1 19 FHot herwor dsilashauapbyal freHtdonéd cexdiessi ons
each represent, the ratio between the atons. This color filter for liquid
crystal diSPIBF VS ot 17 dby et s Haet 6 nedt Col or filter, and

exhi bi ted ood external appearance. The liquid-crystal-driving

t r anspar ent- 8@ ofe q}f?r’iﬁié ?c"o]la]or filter for liquid crystal display was

ot and_measyred about Uie sate el 82, L BATBLE. 8 . Teseliy! 1
in the same way as in Example 2-1 except that when its
liquid-crystal-driving transparent electrode was formed, an ITO
target (containing 5% by weight of Sn0O,) was used. The surface
resistance of the thus-yielded color filter for liquid crystal
display (the surface resistance of the ligquid-crystal-driving
transparent electrode) was 15 Q/0.

The liquid-crystal-driving transparent electrode in this
color filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. However, this ITO film
was not permitted to be etched with oxalic acid. The results
are shown in Table 2-1. According to the measurement result
of X-ray analysis of a transparent electrode formed directly
ontoaglass substrate under the same conditions as in the present
Comparative Example 2-1, a peak of indium oxide was recognized.
Consequently, it was ascertained that the electrode was
crystalline.

[Comparative Example 2-2]

A color filter for liguid crystal display was produced

in the same way as in Example 2-1 except that when its

ligquid-crystal-driving transparent electrode was formed, a
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77 liquid-crystal -driving transparent el ectrode produced in the present
Exanpl e 2-10 was nmade of anorphous oxide on the basis of the neasurenent
result of X-ray analysis of a transparent electrode fornmed directly onto a
gl ass substrate under the same conditions as in the present Exanple 2-10.

[ Conparative Exanple 2-1] A color filter for liquid crystal display was
produced in the sane way as in Exanple 2-1 except that when its

| i quid-crystal-driving transparent el ectrode was fornmed, an I TO target
(containing 5% by weight of Sn02) was used. The surface resistance of the
t hus-yi el gédtealesy adn ér faet Imagld & fordy Sreda gadiaslpl layngt e sufreend

resi stance of the liquid-crystal-driving transparent electrode) was 15 0/0.
The |i qui deerpseaitagr v Ag-Pr bisphr entd elnstiirpdeide thireCstok 8EPfilter for
liquid crystal display was tested and neasured about the sane itens as in
Exanpl e 2 L1 EMEGVEET 2NERYS IFTOM B R T s ThGD peitRi thedced: bel ek chel i t h
oxalic acid. The results are shown in Table 2-1. According to the

measur eneft FE9dl £ Y X- rRP A8 Ysi $N6f SRIER&Rs pESERT 28ICEC ClodéSf or med

directly nto a gl ass substrate under. the sane conditions as in fhe present
Compar at | VS R4Sl 3 A0 1 hakE B Ot ith bt t" 908 L PG BgJEE T ace
Consequently,. it was rtai.ned that the el ectrode was crystalline.

[ Conpar at ir\%ll‘%}:aﬁﬂﬂee Ogé%%eA u&TC}T%XSerTa%T—éJrHI‘Ple dtr(farW%‘%tﬁ spl ay was

pr oduced eir{ne tthe e _vay, a y Exanpl e 2-1 except that when its

li qui d- crysta = drivVi d§ 1 rangg)a ent el ectrode was forned, a

The liquid~crystal~driving transparent electrode in this
celor filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. The results are shown
in Table 2-1. According tc the measurement result of X-ray
analysis of a transparent electrode formed directly onto a glass
substrateunder the same conditions as inthepresent Comparative
Example 2-2, no peak of indium oxide was recognized.
Consequently, the electrode was amorphous.

[Comparative Example 2-3]

A color filter for liquid crystal display was produced
in the same way as in Example 2-1 except that when its
liguid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially cf a hexagonal
lamellar compcund represented by In:03(Zn0)s, indium oxide
{In,03), and rheniumoxide {Re0;) (ICPelementaryanalysisvalues
inathin filmtherecf: [In]/([In] + !2Zn]) =0.89, and [Re]l/{[In]
+ [Zn] + [Re]) = 0.015) was used. The surface resistance of
the thus-yielded color filter for liquid crystal display (the
surface resistance of the liquid-crystal-driving transparent

electrode) was 22 /0.
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78 sintered body target made of a hexagonal |amellar conpound represented
by 1n203(ZnO)5 and i ndi um oxide (1n2C8) (ICP elenentary analysis values in
athinfilmthereof: [In]/([In] + [Zn]) - 0.89) was used. The surface
resistance of the thus-yielded color filter for liquid crystal display (the
surface resistance of the liquid-crystal-driving transparent el ectrode)
was 30 S2/0. The liquid-crystal-driving transparent electrode in this color
filter for liquid crystal display was tested and neasured about the sane
items as in Exanple 2-1. The results are shown in Table 2-1. According to

t he measurenent Th@&t&lcgum—aw@wale@@im%t@fan@pta&@a%@wéﬁr@é@%rmies for med
directly onto a glass substrate under the sane conditions as in the present

Conpar at i ve1oExaipter 2k 1nqupeak: vf td Ndii 410X des Wass IR agAInetured
Consequently, the el ectrode was anorphous. [Conparative Exanple 2-3] A

color fil temuftorhki gahe crarsd als dhspkayphas? pr oducedresnltbeasanhozay as in
Exanpl e 2-1 except that when its liquid-crystal-driving transparent
el ectrode ina§aflcdrenmed,l .a Ascntedied bodyhtamgetuecensnst reguéssetit Kalrlhy of a
hexagonal | anellar conpound represented by I1n203(Zn0O 5, indi um oxi de
(1n233) , aaad yshiend fim txawer Red8 e LelcCR celeehemted Yiaralyyi sntvabugisasd n a
thin filmthereof: [ In] / ([In] +[Zn]) = 0.89, and [Re] / ([In] + [Zn] +
[ Re]) = 0.5015) rwas weekdr thke aur facel tesnsbanoet b prelsentHisepa e tdiede col or
filter for liquid crystal display (the surface resistance of the
| i qui d- cr ysEaic-ldr idring na assparentindluwecto-ody) wes 22@g1ded.

Consequently, the electrode was amorphous.

[Comparative Example 2-4]

A color filter for liquid crystal display was produced

in the same way as in Example 2-1 except that when its
liquid~crystal~driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compound represented by In;03;(Zn0)s, indium oxide
(In;03), andniobiumoxide (Nby;0s) (ICPelementaryanalysisvalues
ina thin filmtherecof: [Inl/({In] + [Zn]) =0.89, and [Nb]/ ([In]
+ [Zn] + [Nb]l) = 0.025) was used. The surface resistance of
the thus-yielded color filter for ligquid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrode) was 22 Q/0.

The liquid-crystal-driving transparent electrode in this
color filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. The results are shown
in Table 2-1. According to the measurement result of X-ray
analysis of a transparent electrode formeddirectly ontoca glass

substrateunder the same conditions as in thepresent Comparative

Example 2-4, no peak of indium oxide was recognized.
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79 The liquid-crystal-driving transparent electrode in this color filter
for liquid crystal display was tested and neasured about the sane itens as
in Exanple 2-1. The results are showmn in Table 2-1. According to the
measurenent result of X-ray analysis of a transparent el ectrode forned
directly onto a glass substrate under the sane conditions as in the present
Conparative Exanple 2-3, no peak of indium oxide was recognized.
Consequently, the el ectrode was anorphous. [Conparative Exanple 2-4] A
color filter for liquid crystal display was produced in the same way as in
Exanpl e 2-CEE&EHR thar W e}?%tr? %UW%ﬁc?@%¥%hoﬂ?IV|ng t ranspar ent

el ectrode s forned sin gody target consisting essentially of a
hexagonal %Wﬁﬂq%ﬁl%%ﬂﬁﬁ %‘% ented by Tn208(zZn0O)5, i ndi um oxi de

I n233) d bi Nb2 I i t hi
Ty oheear: Py 5 0 5 WISE TS PORAEY ORI Pt Shunt . Mo
= 0.025) was sed The surface re |stf ce P the t |elded color filter

for |iqui dlcrys? al H(ljesp?%ya?t%n }éallfp Ate” TesTsrant p}&?t ‘ﬁ%e
o Cryf%éﬁ Loy Ig@g#rgp§&f£§ %r%féé%éégge%l ge&%Eorg$|W?gf for

i quid-crys dri ranspar rode in _ _
<1t AL o g W TRt SO0 Ly R o i
peasty el Pei) Sty opRluse,elss g sheonitgred
Conpar ati ver, BXanphgq2: fn £9: Reaks )l NAcEM-0Xhde Was LREQYREZeda1 es
inathinfilmtherecf: [In]/{[In] + [Zn]) =0.89, and [Sn]/{([In]
+ [Zn] + [8n]) = 0.05) was used. The surface resistance of the
thus-yieldedcolorfilter forliquidcrystaldisplay (thesurface
resistance of the liguid-crystal-driving transparent
electrode) was 28 /0.

The liquid-crystal-driving transparent electrode in this
color filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. The results are shown
in Tabkle 2-1. According to the measurement result of X-ray
analysis of a transparent electrode formeddirectly onto a glass
substrateunder the same conditionsas inthe present Comparative
Exanmple 2-5, no peak of indium oxide was reccgnized.
Consequently, the electrode was amcrphous.

[Comparative Example 2-6]

A color filter for liquid crystal display was produced
in the same way as in Example 2-1 except that when 1its
liquid-crystal-driving transparent electrode was formed, a

sintered body target consisting essentially of a hexagcnal

lamellar compound represented by Inz03{Zn0)s, indium oxide
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80 Consequently, the el ectrode was anorphous. |[Conparative Exanple 2-5] A
color filter for liquid crystal display was produced in the sane way as in
Exanpl e 2-1 except that when its liquid-crystal-driving transparent

el ectrode was fornmed, a sintered body target consisting essentially of a
hexagonal | anellar conpound represented by I n203(Zn0O) 5r i ndi um oxi de
(In2@B), and tin oxide (Sn02) (ICP elenentary analysis values in a thin
filmthereof: [In] / ([In] +[Zn] ) =0.89, and [Sn] / ([In] + [Zn] + [Sn]
) = 0.05) was used. The surface resistance of the thl.le- i el dedcolorfilter
for 1iquid ¢ryst alm WPyt theSGPracee 1o PELhice b th%CPe ementary

i qui d-crystal -driving t t el d 2 .. Th
1 Qui d-cr VIR TTT B e diddt rae P« AAe ] /orr i 17801 or

i qui d e v " 0 i _
Exanpl o 220 md Thdl i e Ghown (15 Table 0.1 SRLCGrB g o thictl
Teasur ement eSult gl X1 By o sanal ¥l pf Ly ansparent. ol ectyode { opred

directly onto g te under the sane con i'ons - as i n the present

Conpar at i v, -5, : i ndi i S

ompar ot e, EXRIDY £ 205, 09 1ol A1, | D box 08 M CepOZe o
color il talsforadiaud Cryst al, dhisplay: wasqproghged ol BoLhgngame way as in
Exanpl e 2-1 except that when i1ts liquid-crystal-driving transparent

el ectrode yps-f psaed, y&s s1nhered body target consisting essentially of a
hexagonal | anellar conpound represented by In203(Zn0O 5, indi um oxi de

The liguid-crystal-driving transparent electrode in this
color filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. The results are shown
in Table 2-1. According tc the measurement result of X-ray
analysis of a transparent electrode formeddirectly ontc a glass
substrate under the same conditions as inthepresent Comparative
Example 2-6¢, no peak of indium oxide was recognized.

Consequently, the electrode was amorphous.

Table 2-1
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81 (1n203) , rheniumoxide (Re03) and tin oxide (Sn02) (ICP elenentary
analysis values in a thin filmthereof: [In]/([In] +[Zn]) _ 0.89,
[Re]/([INn] + [2Zn] + [Re]) = 0.001, and [Sn]/([In] + [Zn] + [Re] + [Sn]) =
0.05) was used. The surface resistance of the thus-yieldedcolorfilter for
liquid crystal display (thesurface resistance of the liquid-crystal-driving
transparent el ectrode) was 27 Q0. Theliquid-crystal -driving transparent

el ectrode in this <color filter for liquid crystal display was tested and
nmeasured about the sane itens as in Exanple 2-1. The results are shown in
Table 2-1. Actaemd to the neasurenent result of X-ray analysis of a

t ranspar ent retectrode—forned UIICb1|y1¥ to—a jaaa“suuaLlarC'dﬁdcr t he sane
conditions as%in the present Cbnparat|¢% mﬁygnﬁfb 2-6, no pea S ndi um
oxi de was recogni zed. Cofs 1ty amRr gs.,- rable 2-1
82 Tabl e2-1 hg Thin fil 'ﬁggﬁ%g5|¥lo é? ace /WPig M+E%P Pf%lzn) M
M (I n+Zn+ Sré,gmjn&+2/_n,+|vrrbn o 86 TT Rgzx%npég 2-170."89"Re 0. 00051
Exanpl e 2-2 .5} RE ' 19 iﬁ?'B'&m% 0. 89 Nb—0.—0035 3919 Exanpl e
2-4 0. 89 N E:?_Yez k5,1 .gélpi e 2-I§)b 0. 861352i‘ B:10642-19 19

Example 2—4 0. 89 Nb [0. 0045 - 19

Example 2—5 0. B9 Zr 0. 0042 - 19

Example 2—6 0. 89 Zr 0. 0064 - 19

Example 2—7 0. 89 Re |0. 0004 0. 021 17

Example 2—8 D. B9 Zr 0. 0067 0. 028 18

Example 2—9 D. 89 W 0. 0013 0. 022 17

Example 2—10 0. 89 Mo |0. 0042 0. 022 17

Comparative Examsls  2—1 | [TO (SnO, : 5wt9) 15

Comparative Example  2—2 | (), 8O —_ — —_ 30

Gemparative Example  2—3 | 0, 8@ Re | 0. 015 - 22

Comparative Examsle 2—4| 9, 89 Nb | 0. 025 - ' 22

—Gomparatwe Example 2—5 1 89 [ 0. 05 28

Gemparative Example  2—6 |, 8O Rs | 0. 001 0. 05 27

No. Tape peeling test Moisture and heat | Heat Residues after the etching

resistance test resistance test

Example 2—1 100100 9] O Not observed

Example 2—2 100.-100 O O Mot observed

Exampie 2—3 1007100 O O Not observed

Example 2—4 1007100 O O Not observed

Example 2—5 1007100 §] O Not observed

Example 2—86 1007100 O O Not observed

Example 2—7 1007100 O Q Not observed

Example 2—8 1007100 O O Not abserved

Example 2—9 100100 9] (@) Not observed

Example 2=—10 100100 o O Not observed

Comparative Example  2—1 | B8 100 b X Unable to be atched

Comparative Example  2—2 | 300,100 O O Not observed

Gomparative Example  2—3 | 100.7100 0 0 Not observed

Gomparative Example  2—-4 | 100,100 O 0 Not observed

Gomparative Example  2—5 | 100,100 O o Observed

Cemparative Examela  2—6 | 100,710Q o @) Observed

O: The generation of cracks, creases or peeling was not recognized.
X : The generation of cracks, creases or peeling was recognized.

As is evident from Takle 2-1, in each of the color filters

for liguid crystal display obtained in Examples 2-1 to 2-10,
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Example 2-6 0.89 _ Zr 0. 0064 - 19 Exanple 2-7 0. 89 Re 0. 0004 0.021 17
Exanple 2-8 0. 89 Zr 0.00 67 0. 028 18 Exanple 2-9 0. 89 WO0.0013 0.022 17
Exanple 2-1 0 0. 89 Mo 0.0042 0. 022 17 Conparative Exanple 2-1

lrQ(SnO2: 5wt %9 15 Conparative Exanple 2-2 0. 89 - - - 30 Conparative
Exanple 2-3 0. 89 Re 0. 015 22 Conparative Exanple 2-4 0. 89 Nb 0. 025 22
Conparative Exanple 2-5 0. 89 - - 0. 05 28 Conparative Exanple 2-6 0. 89 Re

0. 001 0. 05 27 No. Tape peeling test Misture and heat Heat Residues after
the etching resistance test resistance test Exanple 2-1 100/100 0 O Not
observed BXanslUe 2R I60AFGTTE VB INGt VabsBRAded i nERafplew2val1e0r10970 0
Not observed, Exanple 2-4 100/100 Q O Not observed Exanple 2-5 100/100 0 O
Not obser vé¥ " Blamii% 216 f00/' 160 6T0 R6t PEBSEFYea” EXAfpFE 2097900/100 0 0
Not observed anple 2-8 100/100 10 O Not observed . Exanple 2-9 100/100 0 O
Not obser vﬁa%anﬁréeaﬁﬁso F0d7 00t W%tg%‘ifecg l‘Co]ngr ative Exanple 2-1
551100 ¢ X Lnable 12 he ot phed, Comarative Cigqpl e 22 1000100 0.0 1t
ngggﬂ/gdz_ A’sa]iodolflroomo t%eo rl\(leosgulotbssegfletqﬂe ?a@grpaééfiengage éethzét5 g}g[)eO/ 10000

adhesiveness of the liquid-crystal-driving transparent

electrode was high. Furthermore, each of the

liguid-crystal~driving transparent electrodes had excellent

water resistance and heat resistance. Thismatter demonstrated

that even after the prcduction of the color filter, its

liguid-crystal-driving transparent electrode was not easily

cracked or peeled with the passage of time.

On the other hand, in the color filter for liquid crystal

displaycbtained inComparative Example 2-1, etchingwithoxalic

acid was not permitted in the production process thereof. 1In

its liquid-crystal-driving transparent electrode, cracks,

creases or peeling was generated. It would be said from the

result of the tape peeling test that the adhesiveness of the

ligquid-crystal-driving transparent electrode was low. It is

clear from the tables that the water resistance and the heat

resistance of the liquid~crystal-driving transparent electrode

formed in Comparative Example 2-1 were lower than those of each

of the liquid-crystal-driving transparent electrodes formed in

Examples 2-1 to 2-10. In the liquid-crystal-driving

transparent electrodes described in Comparative Examples 2-2

to 2-6, cracks, creases ¢or peeling was not generated but the

surface resistance thereof was 20 /U or more. Thus, when the
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Conpar ati ve Exanple 2-6 100/100 O O Cbserved 0: The generation of cracks,
creases or peeling was not recognized. x : The generation of cracks, creases
or peeling was recogni zed. As is evident from Table 2-1, in each of the
color filters for liquid crystal display obtained in Exanples 2-1 to 2-10,
83 its surface resistance value was made into a | ow value of 20 0/171 or

| ess and further in the production process thereof no cracks, creases or
peeling was generated in its liquid-crystal-driving transparent el ectrode.
It can also be said fromthe results of the tape peeling test that the
adhesi veness 9fi ot ke yisit@ui d-=Crystalr, diirdurd o anspademauiect rode was hi gh.
Furt hernore, each of the |liquid-crystal-driving transparent el ectrodes had
excellent water resistance and heat resistance. This matter denonstrated
that even after the production of the color filter, its

| i quid-crystal-driving transparent el ectrode was not easily cracked or
peeled with the passage of tinme. On the other hand, in the color filter for
liquid crystal display obtained in Conparative Exanple 2-1, etching with
oxalic acid was not permtted in the production process thereof. In its

| i quid-crystal-driving transparent el ectrode, cracks, creases or peeling
was generated. It would be said fromthe result of the tape peeling test
that the adhesiveness of the |iquid-crystal-driving transparent el ectrode
was low. It is clear fromthe tables that the water resistance and the heat
resistance of the liquid-crystal-driving transparent electrode fornmed in
Conparative Exanple 2-1 were |ower than those of each
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of the liquid-crystal-driving transparent electrodes forned in Exanples 2-1
to 2-10. In the liquid-crystal-driving transparent el ectrodes described in
Conparative Exanples 2-2 to 2-6, cracks, creases or peeling was not
generated but the surface resistance thereof was 20 0/0 or nore. Thus, when
the 84 liquid crystal is driven, troubles nmay be caused. 85 CLAIMS 1. An
anor phous transparent el ectroconductive film conprising at |east indium
oxi de and zinc oxide, and further conprising one or nore third nmetals
selected fromRe, Nb, W M and Zr, wherein the follow ng expressions (1)
and (2) are satisfied: 0.75 <_ [In]/io@fplIMs + [Zn]) < 0.95 ... (1) 1.0 x
10-* 5 [M/([In] +[2Z2n] + [M )<_ 1.0 x 10-2 ... (2) where [In), [Zn) or

[M represents the atomi c nunber of In, that of Zn, or that of the third
netal (s), respectively , and wherein the ratio of Re is 0.0001 or nore and

0.005 or 1ess rmiadmyephious herdindphrampunteof ratbnéiheticat £ning el ements,
and the ratio of Nb, Zr, W and Mo is 0.001 or nore and 0.01 or |ess

relative teomhei@imynit ofeddt ieiueadiiotd el eNed $xide, Thehd MRS
transparent el ectroconductive film according to claim1, further conprising

tin. 3. Theompdiphagsote ans pasentt el et teoeand ueiliate: dd | Mmooy dinlg w,0 claim
2, wherein the value of said [Sn]/([In] +
Mo and Zr, wherein the following expressions {1) and (2) are
satisfied:
0.75 < [In)/([In) + [Zn]) < 0.95 .. (1)
1.0 x 107 < M)/ ([In) + [Zn} + [M])< 1.0 x 1072 .. (2)

where [In], [Zn] or [M] represents the atomic number of In, that

of Zn, or that of the third metal (s), respectively , and wherein

the ratio of Re is 0.0001 or more and 0.005 or
less relative to the total amount of all the
caticnic elements, and

the ratio of Nb, Zr, W, and Mo is 0.001 or more
and 0.01 or less relative to the amount of all the

cationic elements.

2. The amorphous transparent electroconductive film
according to claim 1, further comprising tin.
3. The amorphous transparent electroconductive film
according to claim 2, wherein the value of said [Sn]/([In] +
[Znl + [Sn)) is from 1.0 x 1072 to 9.0 x 1072 where [Sn] represents
the atomic number of Sn.
4, A sputtering target for amorphous transparent
electroconductive film, comprising indium oxide,

zinc oxide, and

cne or more third metals selected from Re, Nb, W, Mo and

7zr , and wherein
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[Zn] + [Sn]) is from1.0 x 10-2 to 9.0 x 10-2 where [Sn] represents the
atom ¢ nunber of Sn. 4. A sputtering target for anorphous transparent

el ectroconductive film conprising indiumoxide, zinc oxide, and one or
nore third netals selected fromRe, No, W M and Zr , and wherein 86 the

ratio of Re is 0.0001 or.ppre.and QrO0Re 0f ol@ss: rel afd e 1.0y e ook
amount of all the ggé%o%g Eggegtsthgngoggf Iatio ogfl(;%qal he W and Mo is

0.001 or nore and T.ar . fe gLelati o t he anpunt the cationic
el enents. 5. The spu tering ?a? € abcor%l ng to cI aim 4 wher e| n the

fol |l ow ng expressmns are satlsfled 075< Vg)ln [I E% < 0.95 ...
(3) 1.0 x 10-4 < (b 1; FafzR) © . 50- - P@rf| n] ,
[zn] or [M represeﬁP§ hé aPéml@Sﬁuﬁﬁé? bre e ?rPl%ltam%‘fn?W ot szi‘t of the

third netal (s), resﬁéétllo@épy‘f-‘lsmemﬁé sputtering target according to claim4
or 5, further conprising tin. 7. The sputtering target according to claim

6, whereinsthe mad ug, ofcesairdy [[SHeld b&]:ofd[léal td &Pl :%,Séflffé)f@i]nrgh)é 10" 2
er o n. 8 he

to 9.0 x 10-2 where [Sn] represents the atomc nu

sputteringebal §RingceRpdbBgibRsanY 0880k rekains 4 to 7, wherein the
maxi mum crystal grain dianmeter of said zinc oxide in said sputtering target

is 5 pmor less.p 75 < [In]/([In] + [2n]) < 0.95 .. (3)
1.0 x 107" < [M]1/([In] + [2n] + [M])< 1.0 x 1072 . (4)
where [In], [Zn] or [M] represents the atomic number of In, that

of Zn, or that of the third metal(s), respectively.

€. The sputtering target according to claim 4 or 5, further
comprising tin.

7. The sputtering target according tc claim 6, wherein the
value of said [Sn]/([In] + [Zn] + (Sn]) is from 1.0 x 1072 to
9.0 x 107 where [Sn] represents the atomic number of Sn.

8. The sputtering target according to any one of claims 4
to 7, wherein the maiimum crystal grain diameter of said zinc
oxide in saild sputtering target is 5 pm or less.

9. The sputtering target according to any one of claims 4
to 8, wherein said third metal (s} is/are dispersed in a phase

of said indium oxide.

16. 2An amorphous transparent electrode substrate,
wherein one or more amorphous transparent
electreoconductive fiims, as claimed in any of c¢laims 1, 2

or 3 are formed on a substrate.

11. A process for producing the amorphous transparent
electrode substrate according to claim 10, comprising the step
of using the sputtering target according to any cne of claims

4 to 9 to form said amerphous transparent electroconductive film

on a sSubstrate, and 87



9. The sputtering target according to any one of clains 4 to 8, wherein
said third netal (s) is/are dispersed in a phase of said indiumoxide. 10.
An anor phous transparent el ectrode substrate, wherein one or nore anorphous
transparent el &ewt rocendoftheetingnsaidsanbaphedsi frangpefrecitains 1, 2 or 3
are formed on a substrate. 11. A process for producing the anorphous

t ranspar eaiecetectnddet substiht enasedddiuestvatd At e 0E6npritsightet he step
of using the sputtering target according to any one of claims 4 to 9 to

f or m sai d1anor phiveisptoaaspatent pebdotiogondec eimpephiclus tornsranssttr ate, and
87 the step of heating said anorphous transparent el ectroconductive filmon
sai d substtaterogetn:I200CG o abicghreling 1@ clHiag plocdssrdior spiddieithing he

anor phous transparent el ectrode substrate according to claim 11, wherein
sai d heat shgp $teperSopeed cimed sitate Shawbich ahhchntoatentrati onyyEn oxygen
is 0.1%or less by volune. 13. The process for producing the anorphous
transpar eits Jellécbrodessubst matlem&ccording to claim 11 or 12, wherein said
heating step is perforned in a state in which hydrogen is also present. 14.
The procedss.for Theoduocagst Heramroghousa rtdrss paramphousd dotarsiiea Beibst r at e
according to claim13, e£ein con ﬁ%%zi of _said_hydrogen is froml to

10% by voP4REETIEE %‘\fMﬂ? AR IohT i, T ddnBri 8¢ ng'afr etectdital |y
insulatingeg£?ggRg{ggniéygg¥gg¥ﬁ%d in a state in which hydrogen is also
present.
14. The process for producing the amorphous transparent
electrode substrateaccordingtoclaim13, whereinconcentration
of said hydrogen is from 1 to 10% by volume.
15. A color filter for display, comprising an electrically
insulating transparent substrate,
a colored layer formed on said electrically insulating
transparent substrate, and
a transparent electrode formed on said colored layer,
wherein said transparent electrcde comprises an amorphous

oxide comprising a zinc element and an indium element, and

comprises one or more elements selected from Re, Nb, W, Mo and
7y, and wherein

the ratic of Re is 0.0001 cr more and 0.005 or
less relative to the total amount of all the
cationic elements, and

the ratio of Wb, Zr, W, and Mo is 0.001 or more
and 0.01 cr less relative to the amount of all the
cationic elements.

16. A color filter for display, comprising an electrically
insulating transparent substrate,
a transparent electrode formed on said electrically

insulating transparent substrate, and
38



a colored layer fornmed on said electrically insulating transparent
substrate, and a transparent electrode fornmed on said colored | ayer,
wherein said transparent el ectrode conprises an anorphous oxide conpri sing
a zinc elenent and an i ndiumelenent, and conprises one or nore elenents
selected fromRe, Nb, W No and Zr, and wherein the ratio of Re is 0.0001

or nmore and 0. WS- @Tordé@sbayerl af b¥eed 0o s 1Dt atareemamnénof ekttt d@e, cati onic
el ements, and the ratio of Nbo, Zr, W and No is 0.001 or nore and 0.01 or
less rel ative twhdheimeauat: @ingld rddieel 66t 60¢ omlperiarissan dborahookor
filter for display, conprising an electrically insulating transparent

substr at e;xidé rapgpaienhgehegt nede 1 baenedana sai dndlieat eileakhy, ensul ating
transparent substrate, and 88 a colored |ayer formed on said transparent

el ect r odezompihes €k nos@icd bars paerahtel e€loted chrg iRegsNap @ptipheds oxi de
conprising a zinc elenent and an indium el enent, and conprises one or nore
el enent s &el eciredd WHeraike, Nb, W Mo and Zr , and wherein the ratio of Re

is 0.0001 or nore and 0.005 or less relative to the total anount of all the

cationic elenents, and ¢fie rati® &f 2¥,isZ0,. V1288 MorksaRd001005 spre and
0.01 or less relatiyestoihe Amountef @ait BRount of all the

cationic elements, and

the ratio of Nb, Zr, W, and Mc is 0.001 or more
and 0.01 or less relative to the amount of all the
cationic elements.

17. The color filter for liquid crystal display according to
claim 15 or 16, wherein said transparent electrcde is a
liquid-crystal-driving transparent electrode.

18. The color filter for liquid crystal display according to
¢laim 17, wherein the value of {In]/{[Zn] + [In]), which is an
atomic ratioc between the zinc element and the indium element
in said liquid-crystal-driving transparent electrode, is D.75
or more and less than 0.95 where said [In] is the number of the
indium atoms in unit mass, and said [Zn] is that of the zinc
atoms in unit mass.

19. The coloxr filter for liquid crystal display according to
claim 17 or 18, wherein the atomic ratio of the total amount
of one or more elements selected from said Re, Nb, W, Mo and
Zr to a total amount of all cationic elements in said
ligquid~crystal-driving transparent electrede is 0.0001 or more

and 0.0l or less.
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cationic elenents. 17. The color filter for liquid crystal display according
to claim15 or 16, wherein said transparent electrode is a

| i quid-crystal-driving transparent electrode. 18. The color filter for
liquid crystal display according to claim17, wherein the val ue of
[In]/([Zn] + [INn]), which is an atomc ratio between the zinc element arid
t he i ndi um-g| ene I g4 guids - dri vy i’ r | de, is
0.75 or rmz:ble' an eels:gl{:%%aﬁl%#%% f\c/\é)hrg?%aégihd&]{*%?él?s&fﬁgf%rﬁ)eroﬁlﬁg%

i ndi um at o g} Bnlb £ dTBS%hs aRd Sabd fiided s sta*i%_tl?&uwec%gegalahg%ih@ uni t
mass. 19. The color filter for liquid crystal displfay according to claim17

or 18, whersgijh e 4O Co b ftbQe Ofutheet Ot @ ALt 2 050D QENIDT &gl enent s
selected fromsaid Re, Nbo, W M and Zr to a total amount of all cationic

el ements in said dyguWlnly $halicdbEviagqt SAnSRaran & etld 048 415 foy@R01 or
nmore and 0.01 or less. 89 20. The color filter for liquid crystal display

according tor any ©ne Oft £l ABeldmd R 49in Wogt gl lﬂiéﬁiig—crys_tal—driving
|l i quid-crystal-driving transparent electrode further conprises an Sn

el enent, and e, atom Co1abiPogé £3id. SsebenRhtet Onbheekat @b ampunt3 . of all
the cationic elenments in said liquid-crystal-driving transparent el ectrode

I's 0.015 orpfore @id dAassy Fhanel. f3x li%%l-idTEEySQEQrdigg%§§ QoA Go

crystal display according to any one of claiis 17 to wherein said

l'iquid-cr yséﬁ%'o@'lrei ¥ENG 2 R ANSPAE ent, $hectiQde i $ 1RaLLarned QnresRandiyg to
each pi xel. 0 *

transparent electrode is patterned corresponding to each pixel.
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