DESCRI PTI ON | NDI UM OXI DE- ZI NC OXI DE- MAGNESI UM OXI DE TYPE SPUTTERI NG TARGET
AND TRANSPARENT CONDUCTI VE FI LM Technical Field [0001] The present
invention relates to a liquid crystal driving electrode substrate and an EL
el ectrode substrate, and particularly to a transparent conductive film
constituting a transparent el ectrode used for these el ectrode substrates.

Al so, the present invention relates to a sputtering target used to produce
this transparent conductive film Background Art [0002] Studies concerning
mat eri al s doped with Sn have been ppederastantransparent conductive film
Sputtering target so far. Particularly, ITO (indiumtin oxide) is being

wi dely used. HowewenIun nox hes-casec afx1IOMACNE STNecesser YyTEee crystallize
it to drop its specific resistance. Therefore, the filmformation of ITO

nmust be carri SRUDIERENG MIAKGET eXpe r BRAN SFARENT tCONMDUIETESSar VLM 0 carry out
specified heat treatnment after the filmformation. [0003] Also, there is
the case where a problemarises that 1 when etching a crystallized ITO
film disorders owing to the

Technical Field

[0001]

The present invention relates to a liquid crystal

driving electrode substrate and an EL electrode substrate,

and particularly to a transparent conductive film

constitutingatransparent electrodeused for theseelectrode

substrates. Also, the present invention relates to a

sputteringtarget used toproduce this transparent conductive

film.

Background Art
[0002]

Studies concerning materials doped with Sn have been
made as a transparent conductive film sputtering target so
far. Particularly, ITO (indium tin oxide) is being widely
used.

However, in the case of ITO, it is necessary to
crystallize it to drop its specific resistance. Therefore,
the film-formation of ITO must be carried out at high
temperatures or it is necessary to carry out specified heat
treatment after the film-formation.

[0003]

Also, there is the case where a problem arises that



use of a strong acid take place because aqua regia (m xture solution of
nitric acid and hydrochloric acid) that is a strong acid is used as an
etching solution. Specifically, there is the case where netal fine wire is
used as gate wire and source/drain wire (or electrode) in liquid crystal

di splays wusing, for exanple, TFTs (Thin Film Transistor). In this case, a
probl em sonetinmes arises that these wire materials are broken or narrowed
by aqua regia when an ITOfilmis subjected to etching processing. [0004]
In |ight ehehhéSchtih@rectgstapl opesalTasile, alimihnd s biwgi €h taor phous | TO
is formed by making hydrogen or water exist in sputtering gas and the
formed amosphofisa IsT@ong etchedh kdyp weakbachdseHoey erggilalQniikselre 1 S
crystalline, giving rise to the problemthat when it is etched by a weak
acid, et cbilngipesifduesr ac ecddrerdat wir o Al so; 1 whend hydragena et rwatger  is nade
to exist in a dispersed state in sputtering gas when formng a film there
is a fear achat ia peoefleeti an eatheug asohodiubre. | Spgendriatdd yon thiserel TO
sputtering target, causing abnornmal discharge. [0005] The follow ng Patent
Ref er ences Saféedfaes oseriragnedinl éxaephé ref 16hespatantd conddreniang a
Sputtering target in which Zn is added as an additional_ netal other than Sn
which is SPHYEE/GSaan Yielded FREGLEFPARLPAr ehfUEOricT ke SLiSPAaYEnd patents

concernin%»condu%tive materials or transparent 2 ,
sing, for example, TFTs (Thin Film Transistor). In this

case, a problem sometimes arises that these wire materials
are broken or narrowed by aqua regia when an ITO film is
subjected to etching processing.

[0004]

In light of this, there is a proposal as to a method
in which amorphous ITO is formed by making hydrogen or water
exist in sputteringgas and the formed amorphous ITO is etched
by weak acid. However, ITO itself is crystalline, giving
rise to the problem that when it is etched by a weak acid,
etching residues are generated. Also, whenhydrogenorwater
is made to exist in a dispersed state in sputtering gas when
forming a film, there is a fear that a projection called a
nodule is generated on the ITO sputtering target, causing
abnormal discharge.

[0005]

The following Patent References are disclosed as an
example of the patents concerninga sputtering target inwhich
Zn is added as an additional metal other than Sn which is
to be usually added in a transparent conductive film, and

patents concerning conductive materials or transparent



conductive films. For exanple, the follow ng Patent Reference 1 discloses a
target containing In and Zn as its nmjor conponents and al so a hexagonal

| ayer compound represented by the fornula 1n203(ZnOm(m= 2 to 20).
According to this target, a transparent conductive filmis obtained which
is superior in noisture resistance to an ITOfilmand has the sane
conductivity and transmttance as an ITOfilm [0006] Al so, the follow ng
Pat ent Reference 2 discloses a liquid crystal display color filter provided
with a |liguhduceryst @&li1gki.ving transparent el ectrode containing an

anor phous oxide in which the value of Zn/(Zn + In) showng an atomc ratio
of a zinc el emeRbricxaaplindinnrel eoRbhgiPstedtRdfEdasse t RaBcQoses the |iquid
crystal driving transparent electrode being resistant to cracks and
peel i ng. R008YHeAl sontdheifigl Iowmg Ratenti tRefrarjenc eocdpdinecltas esida
conductive transparent base material conprising In and Zn wherein the val ue
of In/(lnatszZny hiexdy@alo Iayer thepbasd remtes¢atetdhed nghsupermorlai n et chi ng
characteristics and thernmal stability of specific resistance. [0008]

Mor eover, TapBnnMese(misd dsed Pat eAccRaflenentesthist ga3gethere are Patent
references showng that a target free fromthe generation of nodules is
obt ai ned &ndnareransparefrctEvadhittnvies 1A EWHiShs dgesii®e rilR Tet chi ng

characteristics , ,
in moilsture resistance to an ITO film and has the same

conductivity and transmittance as an ITO film.
[0006]

Also, the following Patent Reference 2 discloses a
liquid crystal display color filter provided with a liquid
crystal driving transparent electrode containing an
amorphous oxide in which the value of Zn/(Zn + In) showing
an atomic ratio of a zinc element to an indium element is
0.2 to less than 0.9, the liquid crystal driving transparent
electrode being resistant to cracks and peeling.

[0007]

Also, the following Patent Reference 3 discloses a
conductive transparent base material comprising In and Zn
wherein the value of In/(In + Zn) is 0.8 to 0.9, the base
material being superior in etching characteristics and
thermal stability of specific resistance.

[0008]

Moreover, among these disclosed Patent References 1
to 3, there are Patent references showing that a target free
from the generation of nodules is obtained and a transparent

conductive filmwhich is superior in etching characteristics



3 and has the sane specific resistance as I TO [0009] Patent Reference 1:
Publ i cati on of Japanese Patent Application Laid-Open (JP-A) No. 06-234565
Patent Reference 2: Publication of JP-A No. 07-120612 Patent Reference 3:
Publ i cation of JP-A No. 07-235219 Patent Reference 4: Publication of JP-A
No. 08-264022 Disclosure of the Invention Problemto be Sol ved by the

I nvention [0010] However, the anorphous transparent conductive filmhas no
cl ear bandgap, nanely, not so | arge bandgap, giving rise to the problem

that theregnbshkbBeteasegabesgetheieondyetiygcef bkmrirs. reduced in Iight

transm ttance at a shorter wavel ength, particularly, a wavel ength range
from 400 700450 nm [0011] In the above Patent Reference 4, on the
contrary, reflectance can be controlled and a highly transparent

conductive fil nPaseptoHactedehyept epaubhficat tonposi Tapanefe Bapsetdo ternary
oxi de. However, this transparent conductive filmhas the problemthat the
conducti vRprplofathen sputitepeng (Farget Nasedotad3fbh this transparent
conductive filmis solowthat it is difficult to carry out sputtering and
t he etchi ng chaPateetiRgfieerme 2notulsbl gailchon wir oVell Ndbefdud80PA& f or med

transparent conductive filmis crystalline.
Patent Reference 3: Publication of JP-A No. 07-235219

Patent Reference 4: Publication of JP-A No. 08-264022

Disclosure of the Invention
Problem to be Solved by the Invention
[0010]

However, the amorphous transparent conductive filmhas
no clear bandgap, namely, not so large bandgap, giving rise
to the problem that there is the case where the conductive
filmisreducedinlight transmittance at a shorterwavelength,
particularly, a wavelength range from 400 to 450 nm.
[0011]

In the above Patent Reference 4, on the contrary,
reflectance can be controlled and a highly transparent
conductive film is produced by preparing a composition of
a pseudo ternary oxide. However, this transparent
conductive film has the problem that the conductivity of the
sputtering target used to form this transparent conductive
film is so low that it is difficult to carry out sputtering
and the etching characteristics are not so much improved
because the formed transparent conductive film is

crystalline.



4 [0012] The present invention has been nade to solve the above problem aid

it is an object of the present invention to provide a target ' ree fromthe

generation of nodules in sputtering. Al so, ano-.her object of the present

invention is to provide an anorphous transparent conductive filmwhich is

superior in etching characteristics and transparency at a wavel ength range

particularly from400 to 450 nm (having high light transmttance at a

wavel ength range from 400 to 450 nm. Means for Solving the Problem[0013]

I nvention[obiajsputtering target (1) In order to solve the above problem

the present invention provides a sputtering target conprising: indium

oxi de; zinc oxi Uae mrekdragnaseumioxiltes bhegnesddeimcoxbleecithd apbher added to

a sputtering target conprising indiumoxide and zinc oxide to thereby

obtai n a ptabget ard thikssarl ol ¢ed cifncihpr gsaet dnivem tdfonnodplresiner e

efficiently in sputtering and is hence reduced in abnormal discharge.

[0014] (2p Thegpt esertt frnmentié greralrsd ipmovit desdal gputrt epungertapget ,

wherei n, when observing crystal peaks obtained by X-ray diffraction of the

sput t eri n§lsar gaio cogmprobsiasy PAdienpredadd, invastorhdes arrdPHaFAESi um oxi de;

said crystal peaks include peaks derived from a hexagonal |ayer conpound
an amorphous transparent conductive film which 1s superior

in etching characteristics and transparency at a wavelength
range particularly from 400 to 450 nm (having high light

transmittance at a wavelength range from 400 to 450 nm).

Means for Solving the Problem
[(0013]

Invention of a sputtering target

(1} In order to solve the above problem, the present
invention provides a sputtering target comprising: indium
oxide; zinc oxide; and magnesium oxide.

Magnesiumoxide is further added to a sputtering target
comprising indium oxide and zinc oxide to thereby obtain a
target which is limited in the generation of nodules more
efficiently in sputtering and is hence reduced in abnormal
discharge.

[0014]

(2) The present invention also provides a sputtering
target, wherein, when observing crystal peaks obtained by
X-raydiffraction of the sputtering target comprising indium
oxide, zinc oxide and magnesium oxide; said crystal peaks

include peaks derived from: a hexagonal layer compound



5 constituted of indiumoxide and zinc oxide and represented by the fornula
I n2AB(ZnO m (where m denotes an integer from 3 to 20) ; and | n2MOM4
constituted of indium oxide and nagnesi um oxide. [0015] The surface of the
sputtering target is neasured by X-ray diffraction, with the result that
when the obtained crystal peaks are observed, it is essential that the
crystal peaks include peaks derived froma specified hexagonal |ayer
conpound and I n2MgO4. Here, the specified hexagonal |ayer conpound neans

t hose conpoinsitiguitrdi om oxd den and cd agdoxifde oandk rapr eserteednbyd he fornul a
I n2AB(ZnO)m (here, mdenotes an integer from3 to 20). Al so, the above

I n2MgA4 | by tbastetmuted Iof,Ok dnQM, okifcker camddenghesi aimioxiadger [f@0T6] Specific
exanpl es of the hexagonal |ayer conpound constituted of indium oxide and

zi nc oxi dé imép udendn2zhR0a  congiZznder ahdnia2Rr5d3] candd megnesgresent ed by
the formula 1n2G3 (ZnO m (here, mdenotes an integer from3 to 20) . Also,
accor di ngo#ddehe nappi ng of EPMA (El ectron Probe M croanal ysis: X-ray

m croanal yzer), the size of crystal particles of these conplex oxides is 10
mor |ess,[99leferably 5 mor less and nore preferably 3 mor |ess. [0017]
When a sputtering target contains neither the above  hexagonal | ayer
conpound const i tHEe8Ubf 2FRdP tint o RHERF HhLarget is measured by

X-ray diffraction, with the result that when the obtained
crystal peaks are observed, it is essential that the crystal
peaks include peaks derived from a specified hexagonal layer
compound and In,Mg0O,. Here, the specified hexagonal layer
compound means those comprising indium oxide and zinc oxide
and represented by the formula In,03(Zn0), (here, m denotes
an integer from 3 to 20). Also, the above In;MgO4 is
constituted of indium oxide and magnesium oxide.

(0016]

Specific examples of the hexagonal layer compound
constituted of indium oxide and zinc oxide include InyZn30g,
In,Zns0O7 and In,ZnsOg and are represented by the formula
In,03(Zn0), (here, m denotes an integer from 3 to 20). Also,
according to the mapping of EPMA (Electron Probe
Microanalysis: X-ray microanalyzer), the size of crystal
particles of these complex oxides is 10 umor less, preferably
5 um or less and more preferably 3 um or less.

[0017]

When a sputtering target contains neither the above

hexagonal layer compound constituted of indiumoxide and zinc

oxidenor Iny,MgOy, thebulkresistanceof the sputteringtarget



oxi de nor In2MgO4, the bul k resistance of the sputtering target 6 sonetines
exceeds 10 mxm Wen the bulk resistance exceeds 10 mxmlike this, this
causes abnornmal discharge in sputtering and the sputtering target nay be
broken. [0018] (3) The present invention also provides the sputtering
target according to the above (1) , conprising: a hexagonal |ayer conpound
constituted of indiumoxide and zinc oxide; and In2ZMgO4 constituted of

i ndi um oxi de and magnesi um oxi de. [0019] (4) The present invention also

provi des theespubkeiidiedd a0 g&bcracCcondnghé uanyronesinddexabeve (1) to
(3), wherein [In]/([In] +[Zn] + [My]) = 0.74 to 0.94, [Zn]/([In] + [Zn] +
[My]) = 0105mfxen0.125%eand syVyJhid rjausdsZrorb ] KWisdha@be tim 0. 20, where
[In] denotes the number of indiumatons per wunit volume, [Zn] denotes the
nunber of spunteatiogsapdr thri sputbkumegandrphy] mdgnbeebrvhennunber of
magnesi um atons per unit volume. [0020] Indium conposition In the
sputteringOPaBdget in the present invention, [In]/([In] +[2Zn] + [M]) =
0.74 to 0.94. Wen the value of [In] / ([In] +[Zn] + [My]) is less than
0.74, there is tReée Theagechfet d nvisa theinka f e PsPaAcle sothe REUSHETLERi ng t ar get
is increased too nuch and the specific resistance of the forned

t r anspar ehBrE6RJUEEPTRLIRP I TR BéCorBe VRal b TR MeS Htherr harggonal

layer compound constituted of indium oxide and zinc oxide;
and In,Mg0O, constituted of indium oxide and magnesium oxide.
[0019]

(4) The present invention also provides the sputtering
target according to any one of the above (1) to (3), wherein
[In]/ ([In] + [Zn] + [Mg]l) = 0.74 to 0.94, [Zn]/([In] + [Zn]
+ [Mg]) = 0.05 to 0.25 and [Mg]/([In] + [Zn] + [Mg]) = 0.01
to 0.20, where [In] denotes the number of indium atoms per
unit volume, [Zn] denotes the number of zinc atoms per unit
volume and [Mg] denotes the number of magnesium atoms per
unit volume.

[0020]

Indium composition

In the sputtering target in the present invention,
[In]/([In] + [Zn] + [Mg]) = 0.74 to 0.94. When the value
of [In]/([In] + [Zn] + [Mg]) is less than 0.74, there is the
case where the bulk resistance of the sputtering target is
increased too much and the specific resistance of the formed
transparent conductive filmbecomes large. Ontheother hand,
when the value of [In]/([In] + [Zn] + [Mg]) exceeds 0.94,

the specific resistance of the formed transparent conductive



when the value of [In]/([In] + [Zn] + [My]) exceeds 0.94, the specific
resi stance of the fornmed transparent conductive 7 filmis icreased and the
transparent conductive filmis «crystallized, causing the generation of
residues during etching. [0021] Zinc conposition In the sputtering target
in the present invention, [Zn]/([Ir] +[2Zn] + [My]) = 0.05 to 0.25. Wen
the value of [zZn] / ( [In] +[Zn] + [My]) is less than 0.05, there is the
case where the specific resistance of the forned transparent conductive
filmis imeneased: teecauel and the transparent ceanduetiverfiihmiss
crystallized. On the other hand, when the value of [Zn]/([In] + [Zn] +

[ MJ)]) exceegst@l25;zetihecaspeapficber gehstrancenobft hesfidupeddurangpar ent
conductive film is increased too nuch. [0022] Magnesium conposition In the
sputteri ngtcarnget in the present invention, [M]/([In] +[2Zn] + [M]) =
0.01 to 0.20. Wien the value of [My] / ([In] +[Zn] + [My] ) is less than
0.01, therl@Okdlthe case where the specific resistance of the formed
transparent conductive filmis increased too nuch, the transparent

conduct i vé1fiC| @OMs 0gi¢apPal | i zed, and al so, the transnmittance of the
transparent conductive filmis not increased. On the other hand, when the
val ue of [M] /IC[FHF $pPzﬁFr;npN§f¥g§§Cé@d§he present 1invention,

[Zn]/([Ir] + [Zn] + [Mg]) = 0.05 to 0.25. When the value
of [Zn]/([In] + [Zn] + [Mg]) is less than 0.05, there is the
case where the specific resistance of the formed transparent
conductive film is increased too much and the transparent
conductive film is crystallized. On the other hand, when
the values of [Zn]/([In] + [Zn] + [Mg]) exceeds 0.25, the
specificresistanceof the formedtransparent conductive film
is increased too much.

[0022]

Magnesium composition

In the sputtering target in the present invention,
[Mg]/([In] + [Zn] + [Mg]) = 0.01 to 0.20. When the value
of [Mg]/([In] + [Zn] + [Mg]) is less than 0.01, there is the
case where the specific resistance of the formed transparent
conductive film is increased too much, the transparent
conductive filmis crystallized, and also, the transmittance
of the transparent conductive film is not increased. On the
other hand, when the value of [Mg]/ ([In] + [Zn] + [Mg]) exceeds
0.25, the specific resistance of the formed transparent
conductive film is increased too much.

[0023]



0.25, the specific resistance of the formed transparent conductive filmis
i ncreased too nmuch. [0023] 8 (5) The present invention also provides the
sputtering target according to any one of the above (1) to (4), further
conprising a positive tetraval ent netal oxide. [0024] The term "positive
tetraval ent” neans that the atomc valence of the netal atomin the neta
oxide is +4. Wien the positive tetravalent netal oxide is contained, the
bul k resistance of the sputtering target is dropped, whereby abnornal

di scharge can besprreveptedent Q022ht(i6h dheo presedksitieBbudnealisg provi des
the sputtering target according to the above (5), wherein said positive
tetraval enbrgeta coxtdiend $0Sal2,on&r Of, tieGdore CéRto (40026 rAhemg t hese
positive tetraval ent netal oxides, Sn02, Zr02, Ge02 and CeQ2 are preferably
used. [002%hpfIpiMbeappeséntvententrbkvalahsompravi desdehe sputtering target
according to the above (6), the sputtering target containing one or two or
more net allOBXAdes selected fromthe group Mconsisting of Sn02, Zr02, Ge02,

Ce@®2 and Ga203. [0028] (8) The present invention al so provides the
sputtering The term “positive tetravalent” means that the atomic

valence of the metal atom in the metal oxide is +4. When
the positive tetravalent metal oxide is contained, the bulk
resistance of the sputtering target is dropped, whereby
abnormal discharge can be prevented.

[0025]

(6) The present invention also provides the sputtering
target according to the above (5), wherein said positive
tetravalent metal oxide is SnO;, Zr0;, GeO, or CeO,.
[0026]

Among these positive tetravalent metal oxides, SnO,,
Zr0O,, GeO, and CeO, are preferably used.

[0027]

(7) The present invention also provides the sputtering
target according to the above (6), the sputtering target
containing one or two or more metal oxides selected from the
group M consisting of SnO,, Zr0O,, GeO,, CeO; and Gay0j3.
[0028]

(8) The present invention also provides the sputtering
target according to the above (7), wherein the amount of said
one or two or more metal oxides selected from said group M
is given by the following equation: [M]/[All metals] =0.0001

to 0.15, where [M] represents the number of metal atoms in



target according to the above (7) , wherein the amount of said one or two
or nore netal oxides selected fromsaid group M is given by the foll ow ng
equation: [M / [AIl netals] = 0.0001 to 0.15, where [M represents the
nunber of metal atoms in 9 one or two or nore nmetal oxides selected from
said group M per unit olune, that is, the nunber of atons of one or two or
nore tapes of Sn, Zr, Ge, Cc and Ga per unit volume and [All netas]
represent all netals per unit volune, that is, the sumo: the nunber of In,
Zn and Myoatoss tand Jwibee fEtadt ORBIEN HNEL OFt AV m eIl debal #xi des
selected fromsaid group Mcar unit volune. [0029] In the sputtering
target, thervahirte -oflynd, thAkl ispt@Ehsnuntse0o0@08tohs OFf ¥me prefevably 0. 0003
to 0.12 and nore preferably .0005t00 1. Wen the value of [M/[Al I netal s]
is | ess thanmOre00Qdss tdferse,i 81t h6ecaSe aneréa toee effiectvodbimai red by t he
addition of [M is not produced, whereas when the value of [M/[AI| netals]
exceeds 0.25] néfer es] gepirescasea Wharaet atheeat chi hgrcharacttéeitsibes of the
formed transparent conductive filmare little inproved. [0030] Invention
of an anpFPRo®dMtG afsFarERPeEonfuEti V& ARAMIg( BHtame andesambeirn@énti on al so
provi des an anor phous transparent conductive filmconprising: i ngi um oxi de;

zinc oxi 86°MAnt naghesi P B @9 re BesE| oxides selected from sai

group M per unit volume.
[0029]

In ~he sputtering target, the value of [M]/[All metals]
is 0.0002 to 0.15, preferably 0.0003 to 0.12 and more
preferab.y 0.0005to 0.1. When the value of [M]/[All metals]
islessthan0.0001, thereisthecasewheretheeffect obtained
by the addition of [M] is not produced, whereas when the value
of [M]/[All metals] exceeds 0.15, there is the case where
the etching characteristics of the formed transparent
conductive film are little improved.

[0030]

Invention of an amorphous transparent conductive film

(9) The present invention also provides an amorphous
transparent conductive film comprising: indium oxide; zinc
oxide; and magnesium oxide.

[0031]

Since the transparent conductive film contains indium
oxide, zinc oxide and further magnesium oxide, a completely
amorphous transparent conductive film is obtained. Making
the transparent conductive film amorphous results in that

almost noetching residue is generatedduringetching. Also,

10



Since the transparent conductive filmcontains indium oxide, zinc oxide and
further nmagnesi um oxide, a conpletely anorphous transparent conductive film
is obtained. Making the transparent conductive fil manorphous results in
that alnbst no etching residue is generated during etching. Also, 10 since
the transparent conductive filmcontains nagnesi um oxide, a reduction in
light transmttance at a wavel ength range from 400 to 450 nm can be
prevented efficiently. [0032] (1C) The present invention also provides the
anor phous sihranspar entinepadaeati ventiubmi aecaot dinngohat he abgwes@8p, wherein
[In]/([In] +[2Zn] + [My]) = 0.74 to 0.94, [Zn]/([In] + [Zn] + [My]) = 0.05
to 0.25 ardifipg] A(fédhcti¢Znin + ] tran@i@tare).a202 wheréehbth denot es

t he nunber of indiumatons per unit volune, [Zn] denotes the nunber of zinc
at ons per raoget fvoludeOand BRG] ndenetebet heenmanberd of faagaesiym at ons per
uni t vol une. 0033] I ndi um conposition In the transparent conductive film
in the pré§€d€!l invention, [In] / ([In] + [Zn] + [My]) = 0.74 to 0.94,
preferably 0.7 to 0.92 and nore preferably 0.75 to O. 9. When the val ue of
[In]/([In] + [Zrﬁ]l()rT[h\?g}j>¥e?§nFé§§7@t“ﬁ&ﬁnoa]7ﬂo PEREEEESSt hpamogrE URher e t he
specific reS|stance of t e fornme conductlve film becones too

? grans par ent
large. On Fﬁ@SBFﬁéPthSHB Uthel® theMvarteretngl AP/ EPFnRR @VFZﬁ?B+ [ My])
exceeds 0,94, SR8 fa1/(1In) + [2n] + [Mg]) = 0.74 to 0.94, [zn]/([In]

+ [Zn] + [Mg]) = 0.05 to 0.25 and [Mg]/([In] + [Zn] + [Mg])
=0.01 to 0.20, where [In] denotes the number of indium atoms
per unit volume, [Zn] denotes the number of zinc atoms per
unit volume and [Mg] denotes the number of magnesium atoms
per unit volume.

[0033]

Indium composition

In the transparent conductive film in the present
invention, [In]/([In] + [Zn] + [Mg]) =0.74t00.94, preferably
0.7 to 0.92 and more preferably 0.75 to 0.9. When the value
of [In]/([In] + [Zn] + [Mg]) is less than 0.74, there is the
case where the specific resistance of the formed transparent
conductive film becomes too large. On the other hand, when
the value of [In]/([In] + [Zn] + [Mg]) exceeds 0.94, there
is the case where the transparent conductive film is easily
crystallized and the specific resistance of the transparent
conductive film becomes large.

[0034]

Zinc composition

In the transparent conductive film in the present

11



is the case where the transparent conductive filmis easily crystallized
and the specific resistance of the transparent conductive film becones

| arge. [0034] Zinc conposition In the transparent conductive filmin the
present 11 invention, [Zn] / ([In] +[Zn] + [My]) = 0.05 to 0. 25,
preferably 0.07 to 0.25 and nore preferably 0.08 to 0.22. Wen the val ue
of [Zn] / ([In] + [Zn] + [My] ) is less than 0.05, there is the case where
the transparent conductive filmis easily crystallized and the specific
resi st ancénoént henf dzmed ( [tIhans pzn grt [ Mondaot DEed 0 | 13 ) prefereased. On t he
et her hand, when the value of [Zn]/([In] + [Zn] + [My]) exceeds 0.25, the
speci fic Pe8i/stcahced ehdmerd oregd rabagspdr®ent cAiducWhee tHa Fmlius i ncreased
too nuch. [0035] Magnesi um conposition In the transparent conductive film
in the presendn] i hvent itohZn] My](Mg1([ La]lasy Zhlkn+Of RG] )tee As tbeO. 2,
preferably 0.01 to 0.15 and nore preferably 0.02 to 0. 1. Wen the val ue
of [My]/ (FRAR whfza] the[ MgpnsparerssCPRARCDiVe, fiher ési saghéy case where the
transmttance of the transparent conductive filmis not increased, the
transpar eREYEbAdLEERPTea Pl RPPsSPRESTEY EP§EERRNFeedl ahbiet RRTBBEci fic
resistance of the transparent conductive filmis increased. Wen the val ue
of [My]/ (FFRTSRAFZRT CRIEVTO! Vex'ceEuS S 3 1og 3R -s pBRitfiec ther hand,

when the value of [Zn]/([In] + [Zn] + [Mg]) exceeds 0.25,
the specific resistance of the formed transparent conductive
film is increased too much.

[0035]

Magnesium composition

In the transparent conductive film in the present
invention, [Mg]/([In] + [Zn] + [Mg]) =0.01to 0.2, preferably
0.01 to 0.15 and more preferably 0.02 to 0.1. When the value
of [Mg]/([In] + [Zn] + [Mg]) is less than 0.01, there is the
case where the transmittance of the transparent conductive
film is not increased, the transparent conductive film is
easily crystallized and the specific resistance of the
transparent conductive film is increased. When the value
of [Mg]/([In] + [Zn] + [Mg]) exceeds 0.20, the specific
resistance of the formed transparent conductive film is
increased too much.

When each content of In, Zn and Mg in the transparent
conductive film is out of the above range, there is the case
where the transparent conductive film fails to obtain
desirable transparency, specific resistance and etching

characteristics.
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resi stance of the fornmed transparent conductive filmis increased too nuch.
When each content of In, Zn and My in the transparent conductive filmis
out of the above range, there is the case where the transparent conductive
filmfails to obtain desirable transparency, specific resistance and
etching characteristics. 12 [0036] (11) The present invention also provides
t he anorphous transparent conductive filmaccording to the above (9) or
(10),further conprising a positive tetraval ent netal oxide. [0037] Wen the
positive fébBaval ent netal oxide is contained in the transparent conductive
film the bulk resistance of the target is dropped, whereby the transparent
conductive fil fléaTheepfoserd inveatda ssadpschadge Wondinbircphoand
therefore, nore stable transparent conductive filmis obtained. [0038] (12)
The presehtanpprerenbncandacp vvi debn tdrecariphds ther abopgr @ esnduct i ve
filmaccording to the above (11), wherein said positive tetraval ent netal
oxide is $hB2; tAMDer cRpRr b lice@r 03 DOBY} tARBAY L RBS A Yokt PrkESt et r aval ent

nmet al OXi?8837?n02’ Zr02, Ge02 and CeQ2 are preferably used.

When the positive tetravalent metal oxide is contained
in the transparent conductive film, the bulk resistance of
the target is dropped, whereby the transparent conductive
film can be formed in a stable discharge condition and
therefore, more stable transparent conductive film is
obtained.

[0038]

(12) The present invention also provides the amorphous
transparent conductive film according to the above (11),
wherein said positive tetravalent metal oxide is SnQO,, ZrO,,
GeO, or CeOs;.

[0039]

Among these positive tetravalent metal oxides, SnOs,
Z2r0,, GeO, and CeO, are preferably used.
[0040]

(13) The present invention also provides the amorphous
transparent conductive film according to the above (9) or
(10), the conductive film containing one or two or more metal
oxides selected from the group M consisting of SnO,, Zr0O,,
Ge0O,, Ce0; and Gajy0j3.

[0041]

(14) The present invention also provides the amorphous
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0040] (13) The present invention also provides the anorphous transparent
conductive filmaccording to the above (9) or (10) , the conductive film
containing one or two or nore netal oxides selected fromthe group M
consisting of Sn02, Zr02, Ge02, Ce02 and Ga203. [0041] (14) The present
invention al so provides the anorphous 13 transparent conductive film
according to the above (13), wherein t e anount of said one or two or nore
netal oxides selected , romsaid group Mis given by the foll ow ng
equation:triMpd At bt metradisdt Fvd. 0001 4d@cdrding whertehd Mbdaepr esents t he
nunber of netal atons in one or two or nore netal oxides selected fromsaid
group M perexmin tvel ameuntthat s58idtdme nuntiero ofr matremsebdl)meidestwo or nore
types of Sn, Zr, Ge, Cc and Ga per unit volune and [All netal s] represent
al | et al s peetedinremes ishgrowhdltis givehdsuhe doltliee imgnpewaoionn, Zn and
My at ons and nunber of atons of one or two or rmre nmetal oxi des selected
from sai dl§t ol M serlsdi © G U t0042p, Ivherre PManspareanteordticti ve film
t he val ue of | I[[ALl netals] is 0.0001 to 0.15, preferably 0.0003 to 0.12
andnore praRRFRBE Y €62 L0010} One P UNTedT FAES FSltae qs%rqumff%@qzte%t als] is

| ess than_0. 0001, there is the case where the effect obt a| ned ny the

addi ti on DFOTM3+S %upp%@l?ée&n%éPé&?eméﬁatthéfvéF%en‘&F ?MO? [All

met al s] excqggs §) ne or &% 5% %QEecgyﬁés of Sn, 7Zr, Ge, Ce and Ga

per unit volume and [All metals] represent all metals per
unit volume, that is, the sum of the number of In, Zn and
Mg atoms znd number of atoms of one or two or more metal oxides
selected from said group M per unit volume.

[0042]

In the transparent conductive film, the value of
[M]/[All metals] is0.0001 to 0.15, preferably 0.0003 to 0.12
andmore preferably 0.0005to0.1. When the value of [M]/[All
metals] islessthan 0.0001, there is the case where theeffect
obtained by the addition of [M] is not produced, whereas when
the value of [M]/[All metals] exceeds 0.15, there is the case
where the etching characteristics of the formed transparent

conductive film are little improved.

Effect of the Invention

[0043]
Asmentionedabove, the sputteringtarget of thepresent

invention generates almost no nodule during sputtering.
Also, the amorphous transparent conductive film

generates almost no residue by etching using a weak acid (for
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where the etching characteristics of the forned transparent conductive film
are little inproved. Effect o' the Invention [0043] As nentioned above, the
sputtering target of the present invention generates al nbst no nodul e
during sputtering. Also, the anorphous transparent conductive film
generates al nost no residue by etching using a weak acid (for 14 exanple, n
organic acid) and is also superior in transparency (light transmttance) at
a wavel ength range from400 to 450 nm Brief Description of the Draw ngs

[ 0044] Figxardpis, anvirewnshowt ixd) the ired exé alippat aretrer sawfpatdecgput t eri ng
targets and transparent conductive filnms in Exanples 1 to 9 and Conparative
Exanpl es (laght Z.r FisgitZansed uiewwstveieng thheaXgeafrohdt0 ob 45@arget 1 in
Exanple 1. Best Mdde for Carrying Qut the Invention [0045] Preferred

enbodi nent®. of the present invention will be expl ai ned hereinbel ow. Exanple
1 [0046] Target 1 An In203 powder having an average particle dianeter

Brief Description of fhe Drawings
[0044]

Fig. 1 is a view showing the material parameters of
the sputtaring targets and transparent conductive films in
Examples 1 to 9 and Comparative Examples 1 and 2.

Fic. 2 is a view showing the X-ray chart of a target

1 in Exanple 1.

Best Mode for Carrying Out the Invention
[0045]
Preferred embodiments of the present invention will

be explained hereinbelow.

Example 1
[0046]
Target 1

An In,03 powder having an average particle diameter
of lumor less, aZnOpowder havinganaverageparticlediameter
of 1 pym or less and a MgO powder having an average particle
diameter of 1 pum or less were respectively weighed in a
specified ratio and mixed. Then, the mixture was placed in
a resin pot, to which was added water to carry out wet ball

mill mixing using a hard Zr0O, ball. At this time, the mixing
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of 1 unor |less, a ZnO powder having an average particle dianmeter of 1 pmor
| ess and a MJO powder having an average particle dianmeter of 1 mor |ess
were respectively weighed in a specified ratio and m xed. Then, the m xture
was placed in a resin pot, to which was added water to carry out wet ball
mll mxing using a hard Zr02 ball. At this tinme, the mxing 15 was carried
out for 20 hours. The obtained m xed slurry was taken out, followed by
filtration, drying and granul ation. The obtai ed granulate was placed in a
nol der, whashtavas sebuttfmma20ohduhydr ddteavbeapnedsnintst e larpryesssire of 3
ton/cn2 was applied to the granulate to nold, thereby obtaining a nolded
article. fabdr]ourtherfoltl@edbbai ekt i ded, artviicloeandsgsamteaedonn t he

foll owinc manner. First, the nolded article was placed in a sintering
furnace ahde ojgen-asasrinoheteiriorihecsi i e nagdefuriace) gasatet of 5 1/ min,
per a volune of 0.1 nB in the sinterinc furnace. In this atnosphere, the
above nol Bed® @Rt dHeElnat it areP atvhEARO@ PEESSUEsuPS. SAECRAFE tinme, the

temmrﬂure|ntheS|MeHngfurmmevmsrmse at arate ,of 1Cdmn. to
1000C and"af @PFat & df° 3T rlGhel G000 lEe tRP6ELY TREFRAREBY, 20xygen was

stopped flo and, t tenperature in the sintering furnace was dropped to
1300C %ﬂf@%go%f%icg rate of 10C/min. Then, Ar was made to flow into the
sinterlng[égﬁp?ce at arate of 10 1/mn. per a volune

Then, the obtained molded article was sintered in the
followinc manner. First, the molded article was placed in
a sintering furnace and oxygen was flowed into the sintering
furnace zt a rate of 5 1/min. per a volume of 0.1 m> in the
sinterinc furnace. In this atmosphere, the above molded
article was sintered at 1470°C for 5 hours. At this time,
the temperature in the sintering furnace was raised at a rate
of 1°C/min. to 1000°C and at a rate of 3°C/min. from 1000°C
to 1470°C.

Thereafter, oxygen was stopped flowing and the
temperature in the sintering furnace was dropped to 1300°C
from 1470°C at a rate of 10°C/min. Then, Ar was made to flow
into the sintering furnace at a rate of 10 1/min. per a volume
of 0.1m° in the sintering furnace. In this atmosphere, the
molded article was kept at 1300°C for 3 hours and then allowed
to cool, thereby obtaining a sintered body.

[0048]

The relative density of the obtained sintered body was

found in the following manner. First, measurement was made

by the Archimedesmethodusingwater tocalculate the relative
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of 0.1 mB in the sintering furnace. In this atnosphere, the nolded article
was kept at 1300C for 3 hours and then allowed to cool, thereby obtaining a
sintered body. [0048] The relative density of the obtained sintered body was
found in the follow ng manner. First, neasurenent was made by the
Archi medes net hod using water to calculate the relative 16 density fromthe
theoretical density, to find that the relative density was 97% This
relative density is shown in Fig. 1. The theoretical density at this tine
was cal cakatedy from the weeghttpestentagesypftdnl203aryssal shévi cksbhite type
structure' w thout oxygen defect and an oxide of Zn and My. [0049] Als),
when therebaténe dénZntanda MPTH. t Thisi meénédvebddysway geanhbwati vel y
anal yzed by an ICP (Inductively Coupled Plasna) em ssion anal ysis nethod,
it was confilgned Thatthelve etiargdeteoonpgost thém tilmervaheat awlabedri al powders
were m xed was kept also in the sintered body. The value of [In]/(,In] +
[Zn] + [ ﬁ/gw theaVeeglef PRZEENCRISE of [7nPs TYPMBLP Ghid- ket ides 8¥PEMy] / ([ I n] +
[Zn] + [N@ which are specific atomc conposition ratios and confirmed at
th|s tine 5P%t§ﬁ%wﬁ“iﬁﬁnﬁi@Xyﬂe“[@éﬁéftﬁﬁ“#ﬁ@ oxidp|af Fepres¥its the number
|nd|uEb§5§Es per unit volume in the sintered body, [Zn] represents the
nunber o] atons per unit volunme in the sintered body

Als>, when the content of Zn and Mg in the sintered
body was guantitatively analyzed by an ICP (Inductively
Coupled Plasma) emission analysis method, it was confirmed
that the charged composition when the raw material powders
were mixed was kept also in the sintered body. The value
of [In]/([In] + [Zn] + [Mg]), value of [Zn]/([In] + [Zn] +
[Mg]) and value of [Mg]/ ([In] + [Zn] + [Mg]) which are specific
atomic compositionratiosandconfirmedat this time are shown
in Fig. 1.

[0050]

In Fig. 1, [In] represents the number of indium atoms
per unit volume in the sintered body, [Zn] represents the
number of zinc atoms per unit volume in the sintered body
and [Mg] represents the number of magnesium atoms per unit
volume in the sintered body.

[0051]

Next, the sputtered surface of the above sintered body
was polished by a grinding stone into the surface having a
diameter of 100 mm and a thickness of 5 mm. Then, a backing
plate was applied to the sputtered surface by using an In

type alloy to produce a sputtering target 1. The bulk
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and [ My] represents the nunber of nagnesium atons per unit volunme in the
sintered body. [0051] Next, the sputtered surface of the above sintered body
was polished by a grinding stone into the surface having a dianeter of 100
mm and a thickness of 5 mm Then, a backing plate was applied to the
sputtered surface by using an In type alloy to produce a sputtering target
1. The bulk 17 resistanc of the sputtering target 1 was found in the

foll owi ng manner: first, the specific resistance of theta rget 1 was

measur ed ussingtdior esta (hhambactariedy e Mdtsubivedd fd@heimicaltlee, Ltd.)
according to the four probe nethod, to find the :sulk resistance based on

t he nmeasufedl epieed fikgner efiissandddnpeal Tivt ae$ oat aThe ovalhget of ge the
calculated bulk resistance is shown in Table 1. [0052] As o the form of
zinc or maghesingd corrdiyreind atrsta ametuflacturgd i mel prdfiettabl e t hat
zinc and nmagnesi um be dispersed in the formof a conplex oxide of indium
oxi de- zi e eBdGale (F-oc LéRanphecOrAPZASEB, then FRRFOROCLENPZRBEB, ofC | N2ZNn407)
than in ;t,\f,e formof zinc oxide (ZnO or nagnesi um oxi de ( Fig. 2is a

vi ew showk 11ef a1k JHeitS I ¢heP a3 getn 1209 ﬁneafr%ect,sxf'\é?%fi& di nat e
0 cates, e Lok el of S tfgect 88, 0T avsand, Lho ahsgl ssa L pdicat es he
i ndi um Oxééjseis‘?tnéjng% nc_ o2 iéjwen are rlp{s{belfeerla.bl y those represented

[0052]

As 2o the form of zinc or magnesium contained in the
target 1, it is more preferable that zinc and magnesium be
dispersec in the form of a complex oxide of indium oxide-zinc
oxide (for example, InyZnsOg, In,Zn;01g9, InyZn30¢ or In,Zng07)
than in the formof zinc oxide (Zn0) or magnesium oxide (MgO) .
Fig. 2 is a view showing an X-ray chart of the target 1. 1In
Fig. 2, the ordinate indicates the intensity of diffracted
X-rays and the abscissa indicates the angle of diffracted
X-rays. The above hexagonal layer compounds comprising
indium oxide and zinc oxide are preferably those represented
by the formula Iny03(Zn0O), (here, m is an integer of 3 to
20) such as InyZn;04, InyZn ;07 or In,yZnsOg.

[0053]

When a zinc atom or a magnesium atom is substituted
for the indium site of indium oxide in the form of a solid
solution and is dispersed at an atomic level in the indium
oxide sintered body, the bulk resistance of the target 1 is

increased too much and there is therefore a fear that stable

dischargeisnotobtainedinsputteringandthereforeabnormal
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by the formula 1n203(ZnO)m (here, mis an integer of 3 to 20) such as

I n2Zn306, 1n2Zn407 or 1n2Zn50g. [0053] When a zinc atom or a nmagnesi um atom
is substituted for the indiumsite of indiumoxide in the formof a solid
solution and is dispersed at an atomc level in the indium oxide sintered
body, the bulk resistance of the target 1 is increased too nuch and there
is therefore a fear that stable discharge is not obtained in sputtering and
t herefore abnormal 18 di scharge is induced. [0054] I|ndium oxide, zinc

oxi de anddimghesgen oxideéucadt he sputtering target 1 are preferably

di spersed in the formof hexagonal |ayer conpounds including indi um oxide
and zinc [oXPde and in the formof |1 n2MgO4 conpri sing i ndi um oxi de and
magnesi um oxi de. Wen t hese oxides are dispersed in such forns, the bulk
resi stance of thediangetide dodsihoxisecems mpgoeksangeoandet harefhere, stable
di scharge is obtained at the time of sputtering. [0055] It has been

confi r nedSBYt 5 ¥ &y9 digraedcti ape il aediluhfisredecdzi ndfexif@&mapd magnesi um
oxide in the sputtering target 1 of this Exanple 1 are dispersed in the
form of tReX2aPBR bnkhiforicditdiiordclugyiéd doRpoinasidRdaNA EhRCT or m of

I n2Mg04. In, this case, the above forns of indiumoxide, zinc oxide and
magnesi unPHxF e h 1 heR S prtiEe P nf 4 yet CIP kP &0 1ndium oxide and

magnesiur oxide. When these oxides are dispersed in such
forms, the bulk resistance of the target 1 does not become
too large and therefore, stable discharge is obtained at the
time of sputtering.

[0055]

It has been confirmed by X-ray diffraction that indium
oxide, zincoxide andmagnesiumoxide in the sputteringtarget
1 of this Example 1 are dispersed in the form of the
aforementioned hexagonal layer compounds and in the form of
InyMg0Os. In this case, the above forms of indium oxide, zinc
oxide and magnesium oxide in the sputtering target 1 were
confirmed based on the crystal peaks obtained by X-ray
diffraction.

[0056]

The above hexagonal layer compounds including indium
oxide and zinc oxide are preferably those represented by the
formula Iny03(Zn0), (here, m is an integer of 3 to 20) such
as InyZn,0q4, InyZngO7 or InyZngOg.

[0057]
When these oxides are dispersed in such a form, the

bulk resistance of the target 1 is less than 10 mQcm, enabling
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confirmed based on the crystal peaks obtained by X-ray diffraction. [0056]
The above hexagonal | ayer conpounds including indium oxide and zi nc oxide
are preferably those represented by the formula .-n203(ZnO m (here, mis an
integer of 3 to 20) such as In2Zn, 06, 1n2Zn407 or 1n2Zn508. [0057] Wen

t hese oxides are dispersed in such a form the bulk resistance of the
target 1 is less than 10 mxm enabling 19 stable sputtering. This target 1
was used to carry out sputtering w thout generation of nodules (Fig. 1).

[ 0058] Transpasespucoaducsi verdid mdayAf tliewdhe st aicethdar gatt 1 was set to
a DC sputtering device, a transparent conductive filmla of 130 nmin film
t hi cknessspastéoingdwdhhaus| geec ghassn av f 20061 dhe(Bpecifi c resistance and
light transmttance (400 nm 450 nm of the forned transparent conductive
filmla wePeSekasured. The neasured val ues of specific resistance and |ight
transm ttance are shown in Fig. 1. Also, this transparent conductive film

| a was nedsanedabyniX-cenpddctivacfibn, 1aith the result that no peak was
observed to find that the transparent conductive fil mwas anorphous. Al so,
when this tramspeeerthcohtiaenpdeFideh lavaasadt ERct DisFRGtReREBR acid, no

resi due was generated (Fig. 1). , , _
device, a transparent conductive film la of 130 nm in film

thickness was formed on a slide glass at 200°C. The specific
resistance and light transmittance (400 nm, 450 nm) of the
formed transparent conductive film la were measured. The
measured values of specific resistance and light
transmittance are shown in Fig. 1. Also, this transparent
conductive film la was measured by X-ray diffraction, with
the result that no peak was observed to find that the
transparent conductive film was amorphous. Also, when this
transparent conductive film la was etched using a weak acid,
no residue was generated (Fig. 1).
[0059]

As mentioned above, in this Example 1, the transparent
conductive film la was obtained which was improved in light
transmittance at a wavelength of 400 to 450 nm though it was

amorphous.

Example 2
[0060]
Target 2
An In,03 powder having an average particle diameter

of lumor less, aZnOpowder havinganaverageparticlediameter
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[ 0059] As nentioned above, in this Exanple 1, the transparent conductive
filmla was obtained which was inproved in light transmttance at a
wavel ength of 400 to 450 nmthough it was anorphous. Exanple 2 [0060]
Target 2 An 1n203 powder having an average particle dianmeter of Inorless, a
ZnO powder having an average particle dianeter 20 of 1 mor |less and a MO
powder having an average particle dianmeter of 1 mor |ess were m xed,
nol ded and sintered in the same nanner as in the above Exanple 1 except
t hat eachofpr Eobki Das ofarideseigpopdetsr Wasy i 4 f=er ankrigenpthat coé Exanpl e
1, to obtain a sintered body. The relative density of the sintered body was
found i n themsaae oanngm @s lias Ewenpl rited, Thel ddd aimed inekatidvéndensity is
shown in Fig. 1. [0061] Also, when the content of Zn and My in the obtained
si ntered bbdysaves nguarty teast ivekeandye dikdyplan | ERcemitsshen eanhbl ysi s
met hod in the same manner as in Exanple 1, it was confirnmed that the
char ged conppsftionoiherescheovder pwieerd d feprowdérsmidied off kednpas kept al so
in the sintered body. The specific values of the conposition ratios in the
sintered lbody Turin mediaterridsbefite aflee sitdvat ive Fiegisity pdosRe
sintered body was found in the same manner as in Example 1.
The obtained relative density is shown in Fig. 1.
[0061]
Also, when the content of Zn and Mg in the obtained
sintered body was quantitatively analyzed by an ICP emission
analysis method in the same manner as in Example 1, it was
confirmed that the charged composition when the raw material
powders were mixed was kept also in the sintered body. The
specific values of the composition ratios in the sintered
body confirmed at this time are shown in Fig. 1.
[0062]
Next, a backing plate was applied to the sputtered
surface of the sintered body in the same manner as in the
above Example 1 to produce a sputtering target 2. The bulk
resistance of the sputtering target 2 was found in the same
manner as in Example 1. The value of the calculated bulk
resistance is shown in Fig. 1. This target 2 was used to
carry out sputtering without generation of nodules (Fig. 1).
[0063]
It has been confirmed by X-ray diffraction that indium

oxide, zinc oxide andmagnesiumoxide in the sputteringtarget

2 of this Example 2 are present in the form of hexagonal layer
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Next, a backing plate was applied to the sputtered surface of the sintered
body in the sanme manner as in the above Exanple 1 to produce a sputtering
target 2. The bulk resistance of the sputtering target 2 was found in the
sanme manner as in Exanple 1. The value of the cal culated bul k resistance
is showmn in Fig. 1. This target 2 was used to <carry out sputtering w thout
generation of nodules (Fig. 1) [0063] It has been confirnmed by X-ray
diffraction that indium oxide, zinc oxide and nagnesi um oxide in the
sputteringoihabgetls 2na@fit Mise Bxanplog 2nameo preisertany tthe ther saek hexagonal
| ayer 21 conpounds and in the formof In2Mj04 simlarly to the case of
Exanpl e 1of[ BR6ApleTiansparent conductive film 2a After the obtained target
2 was set to a DC sputtering device, a transparent conductive film 2a of
130 nmin(PPPA thickness was forned on a slide glass at 200C in the sane
manner as in Exanple 1. The specific resistance and light transmttance

(400 nm 4szenfRprefntt fenflocfedet fanspdpent conductive film 2a were

nmeasured. The neasured val ues of specific resistance and |ight
transmttance aPétSRdWit PRERILgEA 1ar9¢lsa, Wahiset fan3 4 eRELEBAADOti ve film
2a was neasured by X-ray diffraction, with the result that nqg peak was
obser ved FBlFPn&iqﬁﬁnﬁ?ﬁ???%ﬁ%ﬁ%?%ﬁ?ﬂ6b§&&8t?9eof|1ﬂqWH§1§HSF Mous. Al so,
when this, trapspacent cnduciye S M 22 1a3 eLEMsec in the same

manner as in Example 1. The specific resistance and light

transmittance (400 nm, 450 nm) of the formed transparent

conductive film 2a were measured. The measured values of

specificresistance and light transmittance are shown in Fig.

1. Also, this transparent conductive film 2a was measured

byX-raydiffraction, withthe result that nopeakwas observed

to find that the transparent conductive film was amorphous.

Also, when this transparent conductive film 2a was etched

using a weak acid, no residue was generated (Fig. 1).

As mentioned above, in this Example 2, the transparent
conductive film 2a was obtained which was improved in light

transmittance at a wavelength of 400 to 450 nm though it was

amorphous, in the same manner as in Example 1.

Example 3
[0065]
Target 3
An In,03; powder having an average particle diameter
of lumor less, aZnOpowder havinganaverageparticlediameter

of 1 um or less and a MgO powder having an average particle
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using a weak acid, no residue was generated (Fig. 1). As nentioned above, in
this Exanple 2, the transparent conductive film 2a was obtai ned whi ch was
inproved in light transmttance at a wavel ength of 400 to 450 nm t hough it
was anor phous, in the sane nmanner as in Exanple 1. Exanple 3 [0065]

Target 3 An I1n203 powder having an average particle dianmeter of 1 unor

| ess, a ZnO powder having an average particle dianmeter of 1 mor |less and a
MyO powder having an average particle 22 dianmeter of 1 mor |less were

m xed, nobdetecand sf rt @medriTesd he rsane xEaNNes 1 @Sdidhd & nakoeel Exanpl es 1
and 2 except that each proportion of these powders was different fromthat
of Exanpkes dammdhaindroaebirmitiheaabbnteleanhoely.1 Ihed 2 el:atdptethdeénsity of
the sintered body was found in the sane manner as in Exanples 1 and 2. The
rel ative densipyopbtialeredfatheshisowdees ingssHomhciranki grom. th[aones‘] Al so,
when the content of Zn and My in the obtained sintered bod{

quant i t at F¥erylanal yred Zlayt@nopeﬁlérrﬁs%%@?\ef%fhé?%Ys FEhs8 Fiﬁlt’ﬁe sane
manner as in the above Exanples 1 and 2, it was confirned that the charged
conposi ti gRNGAEH Of hehe a%\}%%%‘?cii dil’o%\iﬁesr < aveYe i koG Wwas'°k@pt'"&fso in the
sintered bod The s eC| iC vaéues of the Qorrp03|t| on I’%tl Qs in_the
sintered BSdy"cBRTP 2% R e &rd aSAdGn dPRSEty, obtalned at

this time is shown in Fig. 1.
[0066]

Also, when the content of Zn and Mg in the obtained
sintered body was quantitatively analyzed by an ICP emission
analysis method in the same manner as in the above Examples
1 and 2, it was confirmed that the charged composition when
the raw material powders were mixed was kept also in the
sinteredbody. The specificvaluesof the compositionratios
in the sintered body confirmed at this time are shown in Fig.
1.

[0067]

Next, a backing plate was applied to the sputtered
surface of the sintered body in the same manner as in the
above Examples 1 and 2 to produce a sputtering target 3. The
bulk resistance of the sputtering target 3 was found in the
samemanner as inExamples 1l and2. Thevalueofthecalculated
bulk resistance is shown in Table 1. This target 3 was used
to carry out sputtering without generation of nodules (Fig.
1).

[0068]

It has been confirmed by X-ray diffraction that indium
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1. [0067] Next, a backing plate was applied to the sputtered surface of the
sintered body in the sane manner as in the above Exanples 1 and 2 to
produce a sputtering target 3. The bulk resistance of the sputtering target
3 was found in the sanme manner as in Exanples 1 and 2. The val ue of the
calculated bulk resistance is shown in Table 1. This target 3 was used to
carry out sputtering wthout generation of nodules (Fig. 1). [0068] It has
been confirnmed by X-ray diffraction that indium 23 oxide, zinc oxide and
magnesi unpaxdde zimd drel &pahtieraigng stiamget 1 d&81oft HehdsutExamt@t3rgee present in
the form of hexagonal |ayer conpounds and in the formof In2MO simlarly
to the caseof vhiEXamues 3 carmdpr2esf0069] th¥rfansparf érxapndulcfiryerfi | m 3a
After the obtained target 3 was set to a DC sputtering device, a

t ranspar eApmpenddet ave fi Ithadd i 30 Inmlgu fSimhlamixkvessenasstor ned on a
slide glass at 200C in the sane nmanner as in Exanples 1 and 2. The specific
resi st ancefahdampilght 1t pAAsAFtt ance (400nm 450 nm) of the forned
transparent conductive film 3a were neasured. The neasured val ues of
specific t88f<d ance and light transmttance are shown in Fig. 1. Also, this

transparent conductive film 3a neasur ed
P @ransparent conduct%ve ?lm ga

After the obtained target 3 was set to a DC sputtering
device, a transparent conductive film 3a of 130 nm in film
thickness was formed on a slide glass at 200°C in the same
manner as in Examples 1 and 2. The specific resistance and
light transmittance (400 nm, 450 nm) of the formed transparent
conductive film 3a were measured. The measured values of
specificresistance and light transmittance are shown in Fig.
1. Also, this transparent conductive film 3a was measured
byX-raydiffraction, withtheresult that nopeakwas observed
to find that the transparent conductive film was amorphous.
Also, when this transparent conductive film 3a was etched
using a weak acid, no residue was generated (Fig. 1).

As mentioned above, in this Example 3, the transparent
conductive film 3a was obtained which was improved in light
transmittance at a wavelength of 400 to 450 nm though it was

amorphous, in the same manner as in the Examples 1 and 2.

Example 4
[0070]
Target 4

An In,03 powder having an average particle diameter
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by X-ray diffraction, with the result that no peak was observed to find
that the transparent conductive filmwas anorphous. Also, when this
transparent conductive film 3a was etched using a weak acid, no residue was
generated (Fig. 1). As mentioned above, in this Exanple 3, the transparent
conductive film 3a was obtained which was inproved in light transmttance
at a wavel ength of 400 to 450 nmthough it was anorphous, in the sane
manner as in the Exanples 1 and 2. Exanple 4 [0070] Target 4 An I n203
powder havifiguanr aeesage apdwdd ehdivangteraveXaq@f pdrti or e HesasetarZnO powder
havi ng an average particle dianeter of 1 mor less and a MJO powder havi ng
an aver agefparun clreledsamed er Moo powder hassngvte avierede melrdedland sint er ed
in the same manner as in the above Exanples 1 to 3 except that each
proporti ofishnethesel powders Wess dicffcemeneds riopd dbatargt sibtamsidednl to 3, to
obtain a sintered body. The relative density of the sintered body was found
in the sahBenamhermagsey @SEkanples oo EXxanpiesy & &e i v exgemsi tasbt ai ned at
this tinme is shown in Fig. 1. [0071] Al so, when the content of Zn and My in
t he obt ai RGN RFReFetPbody thasequaliit aridvefy T ARAPYEE B et P eni ssi on

anal ysi s net hoil in_the sane manner as in the above Exanples. 1 to 3, it was
confi r medEFAAP Fﬁelcﬁ‘érgedt%o%%}rii%r?wed body. The relative

density of the sintered body was found in the same manner
as in Examples 1 to 3. The relative density obtained at this
time is shown in Fig. 1.

[0071]

Also, when the content of Zn and Mg in the obtained
sintered body was quantitatively analyzed by an ICP emission
analysis method in the same manner as in the above Examples
1 to 3, it was confirmed that the charged composition when
the raw material powders were mixed was kept also in the
sinteredbody. The specificvaluesof the compositionratios
in the sintered body confirmed at this time are shown in Fig.
1.

[0072]

Next, a backing plate was applied to the sputtered
surface of the sintered body to produce a sputtering target
4 in the same manner as in the above Examples 1 to 3. The
bulk resistance of the sputtering target 4 was found in the
same manner as in Examples 1 to 3. The valueof the calculated
bulk resistance is shown in Table 1. This target 4 was used
to carry out sputtering without generation of nodules (Fig.

1).
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the raw material powders were m xed was kept also in the sintered body. The
specific values of the conposition ratios in the sintered body confirned at
this time are shown in Fig. 1. [0072] Next, a backing plate was applied to
the sputtered surface of the sintered body to produce a sputtering target

4 in the sanme manner as in the above Exanples 1 to 3. The bulk resistance
of the sputtering target 4 was found in the sane manner as in Exanples 1 to
3. The value of the calculated bulk resistance is showm in Table 1. This
target 4 \Was78%ed to carry out sputtering w thout generation of nodul es
(Fig. 1). 25 [0073] It has been confirned by X-ray diffraction that indium
oxi de, zinc oxi @it rerdbeagnesiummed de ¥1rahdispubterpng tar getdiud of this
Exanple 4 are present in the form of hexagonal |ayer conpounds and in the
form of | AZMIOM zsing dardyand magsesdasen oxnfdExambleesput tor Bng 04T
Transparent conductive filmd4a After the obtained target 2 was set to a DC
sputt eri ng ofdédie&ExamnrlraAsi pAesebhducEne e in af 4 6f9ABOL ARYEl fil m

t hi ckness was forned on a slide glass at 200C in the same nanner as in the
above Exafplecindshendpbeithic foedl sfadteMIand inigms It &9s et SREE (400 nm

450 nm ngtggaggiggdl to 3.

[0074]

Transparent conductive film 4a

After the obtained target 2 was set to a DC sputtering
device, a transparent conductive film 4a of 130 nm in film
thickness was formed on a slide glass at 200°C in the same
manner as in the above Example 1. The specific resistance
and light transmittance (400 nm, 450 nm) of the formed
transparent conductive film 4a were measured. The measured
values of specific resistance and light transmittance are
shown in Fig. 1. Also, this transparent conductive film 4a
was measured by X-ray diffraction, with the result that no
peak was observed to find that the transparent conductive
film was amorphous. Also, when this transparent conductive
film 4a was etched using a weak acid, no residue was generated
(Fig. 1).

As mentioned above, in this Example 4, the transparent
conductive film 4a was obtained which was improved in light
transmittance at a wavelength of 400 to 450 nm though it was

amorphous, in the same manner as in the Examples 1 to 3.

Example 5
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transparent conductive film4a were nmeasured. The neasured val ues of
specific resistance and light transmttance are shown in Fig. 1. Also, this
transparent conductive filmd4a was neasured by X-ray diffraction, with the
result that no peak was observed to find that the transparent conductive
fil mwas anorphous. Al so, when this transparent conductive film 4a was
etched using a weak acid, no residue was generated (Fig. 1). As nentioned
above, in this Exanple 4, the transparent conductive film 4a was obtai ned
whi ch was[DfApboved in light transmttance at a wavel ength of 400 to 450 nm
t hough it was anorphous, in the same manner as in the Exanples 1 to 3.
Exanpl e 5T269¢00%5] Target 5 The above powders were mixed in the sane
conposition ratios as in the above Exanple 1, nolded and sintered except
that a Sn02 powdlee akxvaripcedlaens aespenikeéedin athicosatme obnapAitaosi ntered
body. The rel ative density of the sintered body was found in the sane
manner asfﬂﬁl@{E’neﬁSaléﬁv@%?1 eegximpbe 14, mphdedednd siateaesi eycebtai ned at
this time is showmn in Fi . [0076] Al so, when the content of Zn, My and
Sn in thetBptat Red2 %wﬁ%lf é’d‘sbk‘iélj‘;?eﬁ/ajsn &uéﬁ??%ﬁ%?@e‘[%/tlé?valtﬁ@ﬁtﬁﬂrnan 1CP

em ssion analysis thod in the sane nanner as _in the above | es
a sf% eredlggdy The relaéﬁve dens?ty of ghe Qintered Eé oP

was found in the same manner as in the above Examples 1 to
4. The relative density obtained at this time is shown in
Fig. 1.

[0076]

Also, when the content of Zn, Mg and Sn in the obtained
sintered body was quantitatively analyzed by an ICP emission
analysis method in the same manner as in the above Examples
1 to 4, it was confirmed that the charged composition when
the raw material powders were mixed was kept also in the
sinteredbody. Thespecificvaluesof thecompositionratios
in the sintered body confirmed at this time are shown in Fig.
1.

[0077]

In the patent of this case, Mmeans the group consisting
of Sn, Zr and Ge and in particular, M in Fig. 1 represents
any one of Sn, Zr and Ge. Also, [M] represents the number
of Sn, Zr or Ge atoms in unit volume in the sintered body.
[0078]

Next, a backing plate was applied to the sputtered
surface of the sintered body to produce a sputtering target

5 in the same manner as in the above Examples 1 to 4. The
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1to4, it was confirnmed that the charged conposition when the raw materi al
powders were m xed was kept also in the sintered body. The specific val ues
of the composition ratios in the sintered body confirned at this tinme are
shown in Fig. 1. [0077] In the patent of this case, M neans the group
consisting of Sn, Zr and Ge and in particular, Min Fig. 1 represents any
one of Sn, Zr and Ge. Also, [M represents the nunber of Sn, Zr or Ge atons
inunit volume in the sintered body. [0078] Next, a backing plate was

appl i ed tobut herespidtiaerad ofstingagentofe ey Sianigerted bosy dundrioadube a
sputtering target 5 in the sane manner as in the above Exanples 1 to 4. The
27 bul k reshsmamcerofs théxsmptltesr 1 ng 4 ar §ée & Wes of duredcé hcvhetedane nmanner
as in Exanples 1 to 4. The value of the calculated bulk resistance is shown
in Tabl e RUlFHiss itragute Sswelsowisddr Tebleakry Thits Spueeerd wgswhehout
generation of nodules (Fig. ~1). 0079] It has been confirnmed by X-ray

di ffracti bf GHatY PHE TYtoXT Hey "AitheUdxPaBeant i ArRdghle Siogm16R dE1Pn t he
sputtering target 5 of this Exanple 5 are present in the form of hexagona

| ayer cogbounds and in the formof In2MO4 simlarly to the case of

Exanpl es %0699?. [ 0080]

It has been confirmed by X-ray diffraction that indium
oxide, zincoxide andmagnesiumoxide in the sputtering target
5 of this Example 5 are present in the form of hexagonal layer
compounds and in the form of In,MgQOs similarly to the case
of Examples 1 to 4.

[0080]

Transparent conductive film ba

After the obtained target 5 was set to a DC sputtering
device, a transparent conductive film 5a of 130 nm in film
thickness was formed on a slide glass at 200°C in the same
manner as in the above Examples 1 to 4. The specific
resistance and light transmittance (400 nm, 450 nm) of the
formed transparent conductive film 5a were measured. The
measured values of specific resistance and light
transmittance are shown in Fig. 1. Also, this transparent
conductive film 5a was measured by X-ray diffraction, with
the result that no peak was observed to find that the
transparent conductive film was amorphous. Also, when this
transparent conductive film 5a was etched using a weak acid,
no residue was generated (Fig. 1).

As mentioned above, in this Example 5, the transparent
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Transparent conductive filmb5a After the obtained target 5 was set to a DC

sputtering device,

a transparent conductive filmb5a of 130 nmin film

t hi ckness was forned on a slide glass at 200C in the same nanner as in the
above Exanples 1 to 4. The specific resistance and |light transm ttance (400

nm 450 nm) of the

formed transparent conductive film5a were neasured. The

nmeasur ed val ues of specific resistance and light transmttance are shown in

Fig. 1.

t ranspar

(Fig. 1).
conduct i VEFIRHRGY WS

Al so, this transparent conductive film 5a was nmeasured by X-ray
di f fractieomdwittive ffhémr eautas phiabinedpeakchas ohsereeed onflight hat t he
ent conductive filmwas anorphous. Al so, when this transparent
conduct i Ve i BN agt @ hed dsineg raowedkO doi 450 mo thesioduet wess gener at ed

As nentioned above, in this Exanple 5, the transparent

28
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at a wavel ength of 400 to 450 rimthough it was anorphous, in the sane
manner as in the Exanples 1 to 4. Exanple E [0081] Target 6 An |1 n2C3
powder hﬂ¥t£%%an(average particle diameter of | mor |ess, aZznO powder
havi ng ar¥ Ky particle dianeter of | nor less, a MJO powder having an
aver age pgﬁé@l[e dianeter of | amor ;ess and a SnQ2 powder were m xed,
nol ded an ered in the sane manner as in the above Exanple 5 except

t hat eac

i]].“arget 6

An In,03 powder having an average particle diameter
of lpumor _ess, aZnOpowder havinganaverageparticlediameter
of luymor —ess, aMgOpowderhavinganaverageparticlediameter
of lpymor .ess anda Sn0O, powder weremixed, molded and sintered
in the sarie manner as in the above Example 5 except that each
proporticnof these powderswas different fromthat of Example
5, to obtain a sintered body. The relative density of the
sintered body was found in the same manner as in the above
Examples 1 to 5. The relative density obtained at this time
is shown in Fig. 1.

[0082]

Also, when the content of Zn, Mg and Sn in the obtained
sintered body was quantitatively analyzed by an ICP emission
analysis method in the same manner as in the above Example
5, 1t was confirmed that the charged composition when the
raw material powders were mixed was kept also in the sintered
body. The specific values of the composition ratios in the
sintered body confirmed at this time are shown in Fig. 1.
[0083]

Next, a backing plate was applied to the sputtered
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proportion of these powders was different fromthat of Exanple 5, to obtain
a sintered body. The relative density of the sintered body was found in the
same nmanner as in the above Exanples 1 to 5. The relative density obtained
at this time is shown in Fig. 1. [0082] Also, when the content of Zn, My
and Sn in the obtained sintered body was quantitatively analyzed by an I CP
em ssion analysis nethod in the sane manner as in the above Exanple 5, it
was confirmed that the charged conposition when the raw nmaterial powders
wer e m xedunasckept talssinhetrde xidi éredrodody.a Bpatspeding tavakties of the
conposition ratios in the sintered body confirned at this tine are shown in
Fig. 1. PpoD83jheesane adpacki A§ phateewalsoappizamtes thaosput t €hed 29
surface (_f the sintered body to produce a sputtering target 6 in the sane
manner asPPAKtHRS hm@@énb?{@ssﬂu%elsl.ngrﬁ@rw R vesiftuitéofhehe
sputtering target 6 was found in the_ sanme manner as in the_above Exanples 1
to S. The RFUBT =T tHe WCaltlS P8I ChEFRMPEEF st arfte’ i s T9RoWAHA Fable 1. This
target 6 ;,as used to rry out sputtering wthout generation_ of nodul es
(Fig 1), LPBOBATCY 1T Pae bue T Comt 1T eH 1y SOHy b AR flon FRAE | ndi um
oxi de, z- z¢ 8§i@e and€%§ nesi um oxi t he sputteringe%gggggon6 of this

fed
@it T te ot oo NRXagonaTd Fayei "

Exanpl e 6 aré present

of nodule¢s (Fig. 1).
[0084]

It nas been confirmed by X-ray diffraction that indium
oxide, zincoxide andmagnesiumoxide in the sputteringtarget
6 of this Example 6 are present in the form of hexagonal layer
compound: and in the form of In,Mg0O, similarly to the case
of Exampies 1 to 5.

[0085]

Transparent conductive film 6a

After the obtained target 6 was set to a DC sputtering
device, a transparent conductive film 6a of 130 nm in film
thickness was formed on a slide glass at 200°C in the same
manner as in the above Examples 1 to 5. The specific
resistance and light transmittance (400 nm, 450 nm) of the
formed transparent conductive film 6a were measured. The
measured values of specific resistance and light
transmittance are shown in Fig. 1. Also, this transparent
conductive film 6a was measured by X-ray diffraction, with
the resuit that no peak was observed to find that the
transparent conductive film was amorphous. Also, when this

transparent conductive film 6a was etched using a weak acid,
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compound and in the formof In2MOX4 simlarly to the case of Exanples 1 to
S. [0085] Transparent conductive film6a After the obtained target 6 was
set to a DC sputtering device, a transparent conductive film6a of 130 nm
in film thickness was fornmed on a slide glass at 200C in the sane manner
as in the above Exanples 1 to 5. The specific resistance and |ight
transmttance (400 nm 450 nm of the fornmed transparent conductive film 6a
were nmeasured. The neasured val ues of specific resistance and |ight

transm ttancecatdushean ganérgted. (Aiso,lihis transparent conductive film
6a was neasured by X-ray diffraction, with the result that no peak was
observed to f|nﬂsmﬁ%ﬂﬂﬁﬁéxi@b@%@p&ﬁbﬁbl%éh@MEﬂﬁwérﬁﬂkﬁtmagsaﬁﬁﬁphous Al so,
when this transparent conductive film6a was etched using a weak acid, 30
no resi dueCRASCHenBriatldd feFVgS ARtaimedindconeds abviaveh 1hi §9Bkanpl e 6,
the transparent conductive film 6a was obtained which was inproved in |ight
transmtt ﬁ@@sﬁﬁthaQﬁQéﬂéﬁgY%V%ﬁeﬁ@@“ﬁﬁfﬂ@@ H%ﬁﬁﬁbBBHjVF“%&§t Wadr phous, in
t he sane nanneé as in the Exangles 1 to 5. $ g%G] Tar et 7 An

| n203 powdBPTREGhg 4R BUerage pﬁ??P%FeaﬂléﬂeF%? E%? gnor 1e§% a ZnO powder

havi ng an average particle dlaneter

Example ~
[0086]
Target 7

An In,O03 powder having an average particle diameter
of lumor.ess, aZznOpowderhavinganaverageparticlediameter
of luymor —ess, aMgOpowderhavinganaverageparticlediameter
of 1 pm and a SnO, powder were mixed, molded and sintered
in the same manner as in the above Examples 5 and 6 except
that each proportion of these powders was different from that
of Examples 5 and 6, to obtain a sintered body. The relative
density of the sintered body was found in the same manner
as in Examples 1 to 6. The relative density obtained at this
time i1s shown in Fig. 1.

[0087]

Also, when the content of Zn, Mg and Sn in the obtained
sintered body was quantitatively analyzed by an ICP emission
analysis method in the same manner as in the above Examples
5 and 6, it was confirmed that the charged composition when
the raw material powders were mixed was kept also in the
sinteredbody. The specificvaluesof the compositionratios

in the sintered body confirmed at this time are shown in Fig.
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of | nor ess, a MyO powder having an average particle dianeter of 1 mand a
Sn02 powder were m xed, nolded and sintered in the sanme manner as in the
above Exanples 5 and 6 except that each proportion of these powders was
different fromthat of Exanples 5 and 6, to obtain a sintered body. The
relative density of the sintered body was found in the sane manner as in
Exanples 1 to 6. The relative density obtained at this tinme is shown in
Fig. 1. [0087] Also, when the content of Zn, My and Sn in the obtained
sintered body was quantitatively analyzed by an I CP enission analysis
met hod in the same manner as in the above Exanples 5 and 6, it was
confirmed!PA8BIt he charged conposition when the raw material powders were
m xed was kept also in the sintered body. The specific values of the
conposition ratVNest i a PRAEksPGtBERECHOYG eoRfiedetlCatnehFBUEF®ESAre shown in
Fig. 31 1. 0088] Next, a backing plate was applied to the sputtered

- Shuce 4

surface ' SPREASPnt el é§ BoRYCERIGT Brepufeet ISRy ttarged t2TPRt he sane
manner as._in the above Exanples 1 toh6. The bul k gesistance oi t he
sputtering tRriget Alad S0 1PhERe sEHRY Fre PP B35 i h Bk dipl €8°1 to 6. The
val ue of Bh%{cgl cubl at e(gl %jkg reski1 stanr%:eti S shcovyn ig f;roablcgi%. '}I;hi S target 7
was used “to ca?ﬂ/ S?ﬁ %6) ?i?’n% Wi T holle d‘lerr?eerati%ﬁ ofO HEUdiMes ((%Fi g. 1).

same mann=r as in Examples 1 to 6. The value of the calculated

bulk resistance is shown in Table 1. This target 7 was used

to carry »ut sputtering without generation of nodules (Fig.

1).

[0089]

It nas been confirmed by X-ray diffraction that indium

oxide, zincoxide andmagnesiumoxide in the sputtering target

7 of this Example 7 are present in the form of hexagonal layer

compounds and in the form of In,MgO4 similarly to the case

of Examples 1 to 6.

[0090]

Transparent conductive film 7a

After the obtained target 7 was set to a DC sputtering
device, a transparent conductive film 7a of 130 nm in film
thickness was formed on a slide glass at 200°C in the same
manner as in the above Examples 1 to 6. The specific
resistance and light transmittance (400 nm, 450 nm) of the
formed transparent conductive film 7a were measured. The
measured values of specific resistance and light
transmittance are shown in Fig. 1. Also, this transparent

conductive film 7a was measured by X-ray diffraction, with
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[0089] It has been confirmed by X-ray diffraction that indium oxide, zinc
oxi de and nmagnesium oxide in the sputtering target 7 of this Exanple 7 are
present in the form of hexagonal |ayer conpounds and in the formof |n2MO4
simlarly to the case of Exanples 1 to 6. [0090] Transparent conductive
film7a After the obtained target 7 was set to a DC sputtering device, a
transparent conductive film7a of 130 nmin film thickness was fornmed on a
slide glass at 200C in the same manner as in the above Exanples 1 to 6. The
speci fic thesikstantethatd hbghetakreasnmpbsanced(400fhny #68tnhheof the forned
transparent conductive film7a were nmeasured. The neasured val ues of
speci fic F&snspancetarndugthive fians s eancehane -.shdhaoi wErgthis Also, this
transparent conductive film 7a was neasured by X-ray diffraction, with 32
the resul FTRREP2AONpeE AE" OIS ELVBJ/ 3 §afi fach PAMSLNG attemispatant
conductive filmwas anorphous. Al so, when this transparent conductive film
7a was et BRed®isfhg Wahearnaepfed hBifestlue was generated (Fig. 1). As
menti oned above, in this le 7, the transparent . conductive film 7a was
bt i ned whi oh GBS SEIEPRYEr gt e P AT Eaod 1t CASUaVBIERGt h of 400
Lo &S0 mLhauaniL ¥Rf, ATRLBRANS: 1nd 8 HIZSATE [RISIeASA Ribfle Bxamples 1
transmittance at a wavelength of 400 to 450 nm though it was

amorphous, in the same manner as in the Examples 1 to 6.

Example &
[0091]
Target €

The above powders were mixed in the same composition
ratios as in the above Example 4, molded and sintered except
that a Zr0, powder was further mixed in a specified ratio,
to obtain a sintered body. The relative density of the
sintered body was found in the same manner as in the above
Examples 1 to 7. The relative density obtained at this time
is shown in Fig. 1.

[0092]

Also, when the content of Zn, Mg and Zr in the obtained
sintered body was quantitatively analyzed by an ICP emission
analysis method in the same manner as in the above Examples
1 to 7, it was confirmed that the charged composition when
the raw material powders were mixed was kept also in the
sinteredbody. Thespecificvaluesof the compositionratios

in the sintered body confirmed at this time are shown in Fig.
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[0091] Target 8 The above powders were m xed in the sane conposition
ratios as in the above Exanple 4, nolded and sintered except that a Zr02
powder was further mixed in a specified ratio, to obtain. a sintered body.
The relative density of the sintered body was found in the sane manner as
in the above Exanples 1 to V. The relative density obtained at this tine
is showmn in Fig. 1. [0092] Also, when the content of Zn, My and Zr in the
obtained sintered body was quantitatively analyzed by an | CP em ssion
analysis Aethod in the sane manner as in the above Exanples 1 to 7, it was
confirmed that the charged conposition when the raw material powders were
m xed was [R€88lalso in the sintered body. The specific val ues of the
conposition ratios in the sintered body confirmed at this tinme are shown in
Fig. 33 1. [0B93}/NexbPachibackiagepraseanpsiapptpetheosphbtepatt ered
surface ¢ f the sintered body to produce a sputtering target 8 in the sanme
manner asSPRLERE abdve EkﬁﬁﬁF@@-@Qth?%pTﬁéucﬁﬁF@Pﬂggﬁ§ﬁéﬁbéaéﬂthe

sputterin% target 8 was found in.the sanme manner fs [ th% abo¥e Exanples 1
to 7. The®valluk of>athd'dHICulRst éd bk PRYF stamtR’ ¢ inTable 1. This

target 8 yas,used; 10, ALY QUL SRYLLSIING M.tNQUE GEReFALION f the
same manrer as in the above Examples 1 to 7. The value of
the calcilated bulk resistance is shown in Table 1. This
target 8 was used to carry out sputtering without generation
of nodules (Fig. 1).
[0094]

It has been confirmed by X-ray diffraction that indium
oxide, zincoxide andmagnesiumoxide in the sputtering target
8 of this Example 8 are present in the form of hexagonal layer
compounds and in the form of In,MgO4 similarly to the case
of Examples 1 to 7.

[0095]

Transparent conductive film 8a

After the obtained target 8 was set to a DC sputtering
device, a transparent conductive film 8a of 130 nm in film
thickness was formed on a slide glass at 200°C in the same
manner as in the above Examples 1 to 7. The specific
resistance and light transmittance (400 nm, 450 nm) of the
formed transparent conductive film 8a were measured. The
measured values of specific resistance and light
transmittance are shown in Fig. 1. Also, this transparent

conductive film 8a was measured by X-ray diffraction, with
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of nodule (Fig. 1). [0094] It has been confirnmed by X-ray diffraction that

i ndi um oxide, zinc oxide and magnesi um oxide in the sputtering target 8 of
this Exanple 8 are present in the form of hexagonal |ayer conpounds and in
the formof In2MO4 simlarly to the case of Exanples 1 to 7. [0095]
Transparent conductive film8a After the obtained target 8 was set to a DC
sputtering device, a transparent conductive film8a of 130 nmin film

t hi ckness was forned on a slide glass at 200C in the same nanner as in the
above Exahpteseguib ThaTheospeekfwes oleseéstadceocahdndli ghatttlasm ttance (400
nm 450 nm) of the forned transparent conductive film 8a were neasured. The
measur ed vaRpeBapvenspEridiat rvssitstances androhghts. tAhsgnivwtheantbiare shown in
Fig. 1. Also, this transparent conductive film 8a was neasured by X-ray

di ffracti BR2NEAPERERE aelUEsie T haB hoapealkCved UsBoer et toafitfld that the
transparent conductive fil mwas anorphous, Al so, when this transparent
conduct i vBOf FEAT 8acwi’S ef2ReB2 68 ng  a9webk- acid, no residi.e was generated
(Fig. 1). As lentioned above, in this Exanple 8, the transparent conducti~
e f1]mBa was obfalTed WACKREFES” ik Bred-1AALGAt Ths AASREPSTaREe at a

vavel engthof, 400 L0 ARD 0, L Boygh, £ L, 895 ATRLBNOHS, ol Lie Sgiie manner as

transmittance at a wavelength of 400 to 450 nm though it was

amorphou:, in the same manner as in the Examples 1 to 7.

Example “
[0096]
Target S

The above powders were mixed in the same composition
ratios as in the above Example 8, molded and sintered except
that a GeO, powder was mixed in place of a 2r0O, powder, to
obtain a sinteredbody. The relative density of the sintered
body was found in the same manner as in the above Examples
1 to 8. The relative density obtained at this time is shown
in Fig. 1.

[0097]

Also, when the content of Zn, Mg and Ge in the obtained
sintered body was quantitatively analyzed by an ICP emission
analysis method in the same manner as in the above Examples
1 to 8, it was confirmed that the charged composition when
the raw material powders were mixed was kept also in the
sinteredbody. Thespecificvaluesof thecompositionratios

in the sintered body confirmed at this time are shown in Fig.
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Exanpl e [0096] Target 9 The above powders were nmixed in the sanme
conposition ratios as in the above Exanple 8, nolded and sintered except
that a Ge02 powder was mixed in place of a Zr02 powder, to obtain a
sintered body. The relative density of the sintered body was found in the
same manner as in the above Exanples 1 to 8. The relative density obtained
at this time is shomm in Fig. 1. [0097] Also, when the content of Zn, My
and CGe in the obtained sintered body was quantitatively analyzed by an | CP
em ssion lanalysis nethod in the sanme nanner as in the above Exanples 1 to
8, it was confirnmed that the charged conposition when the raw materi al
powders wePe9f xed was kept also in the sintered body. The specific val ues
of the conposition ratios in the sintered body confirmed at this time are
shown in Fig. B84, 2[booBinmertata Baekipryl bPat &0 walse appriedred t he
sputtered rface of the sintered body to produce a sputtering target 9 in
the same ﬁﬁﬁﬁé?eégftﬁetﬁén5%69%kE%§hﬁFé§r@ F%egiS?WéteSGP@'F@§8§Fance of the

6 5. Theovhi U o i cRIurSt 40 BUPKETOLr SAERISS Sicwd - n ¥abl 6 1 Thi s
bulk resistance of the sputtering target 9 was found in the
same manner as in the above Examples 1 to 8. The value of
the calculated bulk resistance is shown in Table 1. This
target 9 was used to carry out sputtering without generation
of nodules (Fig. 1).

[0099]

It nas been confirmed by X-ray diffraction that indium
oxide, zinc oxide andmagnesiumoxide in the sputtering target
9 of this Example 9 are present in the form of hexagonal layer
compounds and in the form of InyMgQO, similarly to the case
of Examples 1 to 8.

[0100]

Transparent conductive film 9a

After the obtained target 9 was set to a DC sputtering
device, a transparent conductive film 9a of 130 nm in film
thickness was formed on a slide glass at 200°C in the same
manner as in the above Examples 1 to 8. The specific
resistance and light transmittance (400 nm, 450 nm) of the
formed transparent conductive film 9a were measured. The
measured values of specific resistance and light
transmittance are shown in Fig. 1. Also, this transparent

conductive film 9a was measured by X-ray diffraction, with

36



target 9 was used to carry out sputtering w thout generation of nodul es
(Fig. 1). [0099] It has been confirnmed by X-ray diffraction that indium

oxi de, zinc oxide and magnesi um oxide in the sputtering target 9 of this
Exanple 9 are present in the form of hexagonal |ayer conpounds and in the
formof In2MO4 simlarly to the case of Exanples 1 to B. [0100]

Transparent conductive film9a After the obtained target 9 was set to a DC
sputtering device, a transparent conductive film9a of 130 nmin film

t hi ckness thas resutd thatans| pdekglvass catse200C itn tthedsahmet mhener as in the
above Exanples 1 to B. The specific resistance and light transmttance (400
nm 450 nigragsrenenti opnedct ¥ endpadimens s cormdudtduse f RLAP9aviver ¢ hisasur ed. The
nmeasured val ues of specific resistance and light transmttance are shown in
Fig. 1. AtSEnsSPRirsntreappariehre fddadbetiaseect FNATOE Mtk anedslureéd Shy X-ray
diffraction, wwth 36 the result that no peak was observed to find that the
transpar eRC &EFdGEE Ve St PrRPwasS cdndFfpRous) Al so, when this transparent
conductive film9a was, etched using a weak acid, ~no residue was generated

(Fig. 1). As neAfiGid-UBEVEaLoVR -t SPERAMHITP Y v het FAASSRAEATY conduct i

?e film9a was obtaipe ich was_inproved in light transm tance at a

mavelengtﬁxﬁgu&%G“Fo ﬁg%W%%W?ﬁg€BEa$¥e§d§”‘*lwas Thorov88H h35RE
transmit-ance at a wavelength of 400 to 450 nm though it was

amorphous, in the same manner as in the Examples 1 to 8.

Example 1.0
[0101]

No particular limitation is imposed on the sputtering
target of the present invention insofar as three components,
specifically, indium oxide, zinc oxide and magnesium oxide
are contained in each specified ratio. Therefore, for
example, the powder mixture consisting of the above three
components were mixed, molded and sintered using a known
method, whereby the sputtering target can be produced.
[0102]

The sputtering target of the present invention
preferably contains components other than the above three
components to the extent that the effect of the present
inventionisnot impaired. Forexample, inthe above Examples
5 to 9, the sputtering targets contain SnO,, Zr0O, or GeO,
in each specified ratio besides the above three components.
However, it is preferable that the sputtering target contain

Ga,03, G20, or the like in addition to the aforementioned
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anor phous, in the sane manner as in the Exanples 1 to 8. Exanple _0 [0101]
No particular limtation is inposed on the sputtering target of the present
i nvention insofar as three conponents, specifically, indiumoxide, zinc

oxi de and magnesi um oxi de are contained in each specified ratio. Therefore,
for exanple, the powder m xture consisting of the above three conponents
were m xed, nolded and sintered using a known nethod, whereby the
sputtering target can be produced. [0102] The sputtering target of the
present i mvewonentspr eResabl ytcoat prasecanpenehdés ovheortihanet he above three
conponents to the extent that the effect of the present invention is not

i mpai red. deowoexamsl eclintefef abovimExahpbes Ge®ot 068;01 hadspedt érsi ng targets
contain Sn02, Zr02 or Ge02 in each specified ratio besides the above three
conponent§OntHGW@¢ePeSﬂﬁeﬁst@ﬁeﬁ@@&@léhﬁﬁétcpm@0§§@¢§erlng target contain
Ga203, Ge2 or the like in addition to the aforenenti oned 37 conponents.
Also, it i[§193dferable that two or nore conponents sel ected from Sn02,

Zr02, Ge02, G203 and CeO2 be contained besides the above three conponents.
[0103] When %2@@%9%%@@% RICRE ELérE;]é? t‘i‘“fgf?% p]rteflesr &S e T@dper sed i n
the formof. a co

InGaI\/anZ@Sl pleﬁfggllzexogé (@%ﬁﬁ%‘as G%Ng( ox1de Su(lyg In(?ac[é?g ZnCe,
InGaMg,0s, InGaMgZnOs, InGaMgZny,Og, InyGasZnO;, InGazZnOy4,
InGaZny0:, InGaZni30g, InGazZngO07, InGaZnsOg, InGazZngOg or
InGazZn;C 5.

[0104]

Wh=n the sputtering target of this Example 10 contains
the aforementioned components such as SnOy, Zr0,, GeO,, Gas0;
or CeO; besides the three components, namely, indium oxide,
zinc oxide and magnesium oxide, the sputtering target of this
Example 10 produces the same action effect as the sputtering
targets of the aforementioned Examples 1 to 9. Also, the
transparent conductive film formed using the sputtering
target like this produces the same action effect as the
transparent conductive films of the above Examples 1 to 9.
[0105]

“Comparative Example 1”
ITO target

A commercially available ITO target, specifically, a
sputtering target constituted of indium oxide and tin oxide
was used to carry out the same treatment and operation as
in the above Examples 1 to 9.

The relative density, composition ratios and bulk

38



| nGazn20O, 1 nCazn306, |InGazn40, 1nGzZn508, InGazZn60Cy or [InGazn-70 D. [0104]
When the sputtering target of this Exanple 10 contains the aforenentioned
conponents such as Sn02, Zr02, GeM2, G203 or Ce2 besides the three
conponents, nanely, indiumoxide, zinc oxide and magnesi um oxi de, the
sputtering target of this Exanple 10 produces the sane action effect as the
sputtering targets of the aforenentioned Exanples 1 to 9. Al so, the
transparent conductive filmformed using the sputtering target like this
produces tres isame cacbifonhef IBCtt asydthee rer dnspdr ént tlcondiunet imeec Hfdd ns of t he
above Exanples 1 to 9. [0105] "Conparative Exanple 1" [ITO target A

commer ci aldsy 1avaihkabbeveTExtmpget, 1spec? i cdld yalaulsmed erdlrg itvar get
constituted of indiumoxide and tin oxide was used to carry out the sane

t r eat nent cEmé 1dpyer aoimprsas ionnrehécaboded Exlanpt ebstaner R e rIdGat i ve
density, conposition ratios and bulk 38 resistance of the ITO target were
found in tHe%Same Fethod” a8 FAdthé-abblle Bxdmd esl raryspentife e cul at ed
relative density, conposition ratio and bul k resistance of the I TO target
a:e shown THEETC!T B0 PXED AEENYPET Wbt ¥9ERTS théNentabet of 24F%r zn at ons

83[ SBL: t v l%g&]%.g&&gg‘?}r%&e%és ﬁlsse%’ to \é@%rr]ytohdtsslpg‘gtte%riggs nv<\ala ull'(lessed to carry
were gern-:rated (Fig. 1).
[0106]

Transpar=nt conductive film

Afrer this ITO target was set to a DC sputtering device,
a transparent conductive film of 130 nm in film thickness
was form=d on a slide glass at 200°C in the same manner as
in the above Examples 1 to 9. The specific resistance and
light transmittance (400 nm, 450 nm) of the formed transparent
conductive film were measured. The measured values of
specificresistance and light transmittance are shown in Fig.
1. Also, when this transparent conductive film was etched
using a weak acid, residues were generated (Fig. 1).
[0107]

As mentioned above, when the transparent conductive
film of Comparative Example 1 was etched using a weak acid,
etching residues were generated.

[0108]
“Comparative Example 2”7
1720 target
A commercially available IZ0 (indium-zinc oxide:

“I1Z0”: trademark) target, specifically, a sputtering target
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were generated (Fig. 1). [0106] Transparent conductive filmAfter this ITO
target was set to a DC sputtering device, a transparent conductive film of
130 nmin filmthickness was formd on a slide glass at 200C in the sane
manner as in the above Exanples 1 to 9. The specific resistance and |ight
transmttance (400 nm 450 nn) of the forned transparent conductive film
were nmeasured. The neasured val ues of specific resistance and |ight
transmttance are shown in Fig. 1. Al so, when this transparent conductive
filmwas etooised tuttsidngf a netialn agide aesizdunesoxede wenesatiedo (dEmgy 1) .

[0107] As nentioned above, when the transparent conductive film of

Conpar at i veltExaaplagelt nasteé¢ched duspeaga al weals acitthe alkdchithgmpdsisdues wer e
generated. [0108] "Conparative Exanple 2" 1ZO target A comrercially

avail abl e 1 Z0 @ -ndi um zi nc oxide: "1ZO': trademark) target, specifically, a
sputtering target 39 constituted of indiumoxide and zinc oxide was used to
carry out the J&mereleitenticand topecaierisdonnreféoghone Bxakples 1 to

9. The? relative density, conposition ratios and bulk resistance of the |1ZO
t ar get werr@sfl&t}ﬁ&‘ienolfhéh§a%griﬁr}ﬁ?dt were found in the same method

as in th: above Examples 1 to 9. The calculated relative
density, composition ratio and bulk resistance of the IZO
target are shown in Fig. 1. Also, when this IZ0 target was
used to carry out sputtering, nodules were generated (Fig.
1).

[0109]

Transparent conductive film

After this IZ0O target was set to a DC sputtering device,
a transparent conductive film of 130 nm in film thickness
was formed on a slide glass at 200°C in the same manner as
in the above Examples 1 to 9. The specific resistance and
light transmittance (400 nm, 450 nm) of the formed transparent
conductive film were measured. The measured values of
specificresistance and light transmittance are shown in Fig.
1. Also, when this transparent conductive film was etched
using a weak acid, no residue was generated (Fig. 1).

As mentioned above, the light transmittance of the
transparent conductive film of Comparative Example 2 at a

wavelength of 400 nm to 450 nm was not so high.
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as in the above Exanples 1 to 9. The calculated relative density,
conposition ratio and bul k resistance of the 1ZO target aie shown in Fig.

1. Also, when this 1ZO target was used to carry out sputtering, nodul es
were generated (Fig. 1). [0109] Transparent conductive filmAfter this |1ZO
target was set to a DC sputtering device, a transparent conductive film of
130 rimin filmthickness was fornmed on a slide glass at 200C in the sane
manner as in the above Exanples 1 to 9. The specific resistance and |ight
transmttance (400nm 450nm of thelfaaMsed transparent conductive filmwere
measured. The neasured values of specific resistance and |ight
transmittance afe showwuiheFigg tdrgdt soomwhemindi s transparent conductive
filmwas etched wusing a weak acid, no residue was generated (Fig. 1). As
ment i oned abovelnth&n pghtdetransnittance of the transparent conductive film
of Conparative Exanple 2 at a wavel ength of 400 nmto 450 nmwas not so

hi gh. 40 CLAI MB211C AXdfGtt éPfng target conprising: indium oxide; zinc

oxi de; and nagnesium oxide. 2. The sputtering target according to claim]l1,
wherein, when BHS8FFIHE OFySfal peaks obtained by X-ray diffraction

2. Thesputteringtarget accordingtoclaiml, wherein,
when observing crystal peaks obtained by X-ray diffraction
of the spittering target comprising indium oxide, zinc oxide
and magn-=sium oxide;

sa.d crystal peaks include peaks derived from:

a Fexagonal layer compound constituted of indiumoxide
and zinc oxide and represented by the formula In;03(Zn0O)y
(where m denotes an integer from 3 to 20); and

In:MgO,; constituted of indium oxide and magnesium
oxide.

3. The sputtering target according to claim 1,
comprising:

a hexagonal layer compound constituted of indium oxide
and zinc oxide and represented by the formula Iny03(Zn0)p
(where m denotes an integer from 3 to 20); and

In,Mg0O4 constituted of indium oxide and magnesium
oxide.

4. Thesputteringtarget accordingtoanyoneof claims

1 to 3, wherein [In]/([In] + [Zn] + [Mg]) = 0.74 to 0.94,
[Zn]/([In] + [Zn] + [Mg]) = 0.05 to 0.25 and [Mg]/([In] +
[Zn] + [Mg]) = 0.01 to 0.20, where [In] denotes the number

of indium atoms per unit volume, [Zn] denotes the number of
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of the spattering target conprising indiumoxide, zinc oxide and nmagnesi um
oxi de; sad crystal peaks include peaks derived from a hexagonal |ayer
conmpound constituted of indiumoxide and zinc oxide and represented by the
formula In2G3(ZnO m (where mdenotes an integer from3 to 20); and In, pH4
constituted of indium oxide and nmagnesi um oxide. 3. The sputtering target
according to claiml1, conprising: a hexagonal |ayer conpound constituted of
i ndi um oxi de and zinc oxide and represented by the fornmula I n203(ZnO m
(where m denet esoaB pategeltfvoMimde tHnR0)Mg jantk 2 @h e onsdderutogd of i ndi um
oxi de and magnesium oxide. 4. The sputtering target according to any one of
clainms 1mbgngsiwhergions] bel/ (hlin] velu#e]. + [My]) = 0.74 to 0. 94,

[Zn]/([In] +[2Zn] + [My]) = 0.05 to 0.25 and [My]/([In] + [Zn] + [M]) =
0.01 to 0.20, whereTli¢nputénotes tehrgaumberrdiofg Endinymrat ofs lpemsuni t

vol ume, [Zn] denotes the nunber of 41 zinc atons per unit volunme and [ My]
denot es t He-héinBer ther qrigndst Urg arers tpae il tawalarenesal Piddsput t er i ng
target according to any one of claims 1 to 4, further conprising a positive
tetraval ent net%b okiePutEerTRE tSPiAe? FRYr ARG EC Hetidt di H§SEE el ai m 5,

wherein said positive tetravalent nmetal oxide is Sn02, Zr02, GeQ2
sald pos.tive tetravalent metal oxide is SnO,, Zr0O,, GeO,

or CeO,.

7. Thesputteringtarget accordingtoanyoneofclaims
1 to 4, tnhe sputtering target containing one or two or more
metal ox: des selected from the group M consisting of SnOs,
Zzr0,, Gel,, CeO, and Gay0j3.

8. The sputteringtarget accordingtoclaim7, wherein
the amount of said one or two or more metal oxides selected
fromsaic groupMis given by the following equation: [M]/[All
metals] = 0.0001 to 0.15, where [M] represents the number
of metal atoms in one or two or more metal oxides selected
from said group M per unit volume, that 1s, the number of
atoms of one or two or more types of Sn, Zr, Ge, Ce and Ga
per unit volume and [All metals] represent all metals per
unit volume, that is, the sum of the number of In, Zn and
Mg atoms and number of atoms in one or two or more metal
oxides selected from said group M per unit volume.

9. An amorphous transparent conductive film
comprising:

indium oxide;

zinc oxide; and

magnesium oxide.
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or Ce02. 7. The sputtering target according to any one of clains 1 to 4,
the sputtering target containing one or two or nore netal oxides selected
fromthe group Mconsisting of Sn02, Zr02, CGe(-2, CeO2 and Ga203. 8. The
sputtering target according to claim7, wherein the anount of said one or
two or nore netal oxides selected fromsaic group Mis given by the
follow ng equation: [M/[AIl nmetals] = 0.0001 to 0.15, where [M represents
t he nunber of netal atons in one or two or nore netal oxides selected from
sai d group M penouni Th& ohidEphdhdat t +Snspieemunbeideodt iaé ofslmf one or two or
nore types of Sn, Zr, Ge, Ce and Ga per unit volume and [All netal s]
represent aaldorniengl sopetaimnPt winkueen thal/(EIn} he sumh of [Mud )nerber of In,
Zn and My atons and nunber of atons in one or two or nore netal oxides

sel ected Or-drh sai @- §f oupZ™ petImhit MollunrelM9l) An @nd? phous 2T amspar ent
conductive film conprising: indiumoxide; zinc oxide; and rmagnesium

oxi de. 42 Mgl /THéndnoriholus {¥ahspaPelt toRdEdi veefil Mnheeaodiaty to cl ai m
9, wherein [In]/([In]_ +[Zn] +[M)]) _ O0.74 to 0.94, [zZn]/([In] + [Zn] +
[My]) = 0105 ponds 25 ahdi Py YLy FEI U ZRval yngy] [Fnd ¢ematesd the20, where

[In] denotes.  the nupber of indiumatons per unit volune, [Zn] denotes the
number of zinc atoms per unit volume and [Mg] denotes the

number oI magnesium atoms per unit volume.

11. The amorphous transparent conductive film
according to claim 9 or 10, further comprising a positive
tetraval=ant metal oxide.

12. The amorphous transparent conductive film
accordingytoclaimll, whereinsaidpositive tetravalentmetal
oxide is Sn0O,, Zr0,, GeO, or CeO,.

13. The amorphous transparent conductive film
according to claim 9 or 10, the conductive film containing
one or two or more metal oxides selected from the group M
consisting of SnO,, Zr0O,, GeO,, CeO, and Gay0s3.

14. The amorphous transparent conductive film
according to claim 13, wherein the amount of said one or two
or more metal oxides selected from said group M is given by
the following equation: [M]/[All metals] = 0.0001 to 0.15,
where [M] represents the number of metal atoms in one or two
ormoremetal oxides selected fromsaidgroupMper unit volume,
that is, the number of atoms of one or two or more types of
Sn, Zr, Ge, CeandGaper unit volume and [All metals] represent
all metals per unit volume, that is, the sum of the number

of In, Zn and Mg atoms and number of atoms of one or two or
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nunber o- zinc atons per unit volune and [ My] denotes the nunber o0':

magnesi um atons per unit volunme. 11. The anorphous transparent conductive
film accordin to claim9 or 10, further conprising a positive tetravalent
nmet al oxide. 12. The anorphous transparent conductive film accordin | to
claimll, wherein saidpositive tetravalent netal oxide is Sn02, Zr02, Ge02
or Ce. 13. The anorphous transparent conductive film according to claim9
or 10, the conductive filmcontaining one or two or nore netal oxides

sel ect ed fucgra méea Jroipiad sebasted ifmgpmosa Bh@2 0uZr 10 2e rGeilRf vod@2neand Ga203.
14. The anorphous transparent conductive film according to claim 13,
wherein the anount of said one or two or nore netal oxides selected from
said group Mis given by the follow ng equation: [M /[AIl nmetals] = 0.0001
to 0.15, where [M represents the nunber of nmetal atonms in one or two
ornorenet al oxides selected fromsaid group Moer unit volune, that is, the
nunber of atons of one or two or nore types of Sn, Zr, Cle, Ce and Ga per
unit volune and [All nmetals ] represent all netals per unit volune, that
is, the sumof the nunber of In, Zn and My atons and nunber of atons of one
or two or 43 nore netal oxides selected fromsaid group M per unit vol une.
44
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