; e3e | I " 6X T d*s SPUTTERI NG TARGET, TRANSPARENT CONDUCTI VE FI LM AND
THEI R MANUFACTURI NG METHOD 5 Technical Field The present invention rel ates
to a sputtering target making it possible to suppress the generation of

nodul es. when a transparent conductive filmis fornmed by

attain the formation of the filmstably, a transparent cmﬁmm&nmmﬂmm
excellent in etching workability, and process for producing fham
Background Art 15 Since |iquid c3BEGEHIGABHINy devices and

el ectrol um nescence display devices are excellent in displayer performnce
and consune small el ectri o power they are wdely used in displ ay

i nstruments e%%ﬁygggh ééﬁﬁﬁ
processors, %8’ g ;c eV| Sl ons of tEhese 'S (I:ay msfir'umants have a

sandwi ch structure wherei pHBIHi HMANBYACIrgRERG METHODAW ched between
transparent conductive filnms. The main currents of the transparent
conduetive filnms used in these display instruments are indiumthin oxide

(abbreV| to 1.TQ 25 hereinafter) filns. This is because the ITO filns
are excel’ eéﬁ't niqal %;Pn%Jp‘;a]r ency and electric conductivity, can be etched, and

further are exggld eﬂ}.teééh@dﬂ?@éxywsréfaﬁé@s’ééaée§puﬂjf'§ril-{8 fhl-gerare

usual ly formed by sputtering. 30 As described above, the fi1lmhas
excel | enmakimperivorpeseibhs tot sapspasentheogdneratveohi b nbdweeer, when a
target is used to formthe filmby sputterin bl ack precipitations

(proj ect ivéyen %aﬂ#@fbﬁmﬁsﬂaﬁ’@uﬁ%ﬁ‘é@a?éélmogst'ﬁ@r@mﬂf B¥e of the target.

ACCQﬁgIn%ﬂﬁttering, to attain the formation of the film stably, a
transparent conductive film excellent in etching

workabllity, and process for producing them.

Background Art

15 Since liquid crystal display devices and
electroluminescence display devices are excellent in
displayer performance and consume small electric power,
they are widely used in display instruments such as
portable telephones, personal computers, word processors,

20 | and televisions. All of these display instruments have a
sandwich structure wherein a display element is sandwiched
between transparent conductive films. The maln currents
of the transparent conductive films used.in these display
instruments are i1ndium thin oxide (abbreviated to ITO

25 hereinaftér) films. This is because the ITO films are
excellent in transparency and electric conductivity, can
be etched, and further are excellent in adhesiveness to
substrates. The ITO films are usually formed by
sputtering.

30 As described above, the ITO film has excellent
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5 speed of formng the filmis |Iowered, or discharge voltage rises to cause
abnormal discharge. At this tinme, there arises a problemthat the nodul es
scatter and adhere to the substrate on which the filmis forned, thereby
causing.the incorporation of alien substances into the transparent 10
conductive film Wen the nodul es are generated, it is necessary to
interrupt the operation for formng the filmand renove the nodul es on the
target spefrfoenanqmwldsia ngraksparénts cerdwetivéef plodudioweter pof the
transparent conductive filmis largely |owered. 15 Thus, in order to

prevent ¥hiedn & Hsigftcess B ble? F‘hc‘éﬁ*%o?ja%‘éde nfBubteriRgpar ent

d d [
The. oper Sk Fre g iy CRAE *PETIOEELae P R TRopth b8 otkel D o

i nvesti g@bﬁs@ﬂ&é&ptom&ﬂ@a@&f_we _Scblppfl@éSt@ggaﬁ) t e aaReigipn Bie abnor nal
di scharge in a power source circuit of a filmformng nmachi ne. However, the

generat | spesid dfe frymins the fivtmybs beeered) eor odbechanpgkevelyage

suppressed. Furthernore, .in order suppres e atlo of nodules, a
t ar get plrétﬁ?tssd:ro |°§a‘§entaet?‘é%lr% ‘?{ }Q‘ﬁgg i’r%[ﬁ}j%t '?Fake #e® density of
the resulfg rz-.%e @Jﬁ@lﬁ%mw@rﬁé@i@@r§9a{t9é9daﬁanadﬁe£argst having a

theoreti cal nsi ty rati o of about 99% In this case, however, IS

i npossi blthd Gubhippress dihewlgbeier eiié ofl h  hedfibemedpnphetreby. chlndd:ngsuch a
situation, it has been 30 desired to develop a target, for formng a

t r anspar dde ANCQERRRAL R @flﬁ%i%W‘h‘gSWn%%s?-BF@ theatrapfPeKentor mat i on

of t e f| | m out ener n y. nodul e_at e of the

fil n]} ‘fﬂ"r?%g'y‘y }%"H}%‘rl er’Fu J&ré;urrles ah 'I%nfe’f%t?% € t(:h:!c'sng wor ked
with a Sn%téé%%ﬂﬁh@b Bt FOSt atlQé 61|5@rétf8n\’\f‘8£‘ fofmifiyl thBAELeMN 1S
formed after the formation of the film However) there is caused a problem

that it iand areyeldve fidee atbdhbes admlrrthnemtamgiethsusfacw bingoidsbingl. for
thin filmtransistors, is corroded. Thu een desired to 10 devel op

a transp&iodnttilchiRATR £ Fhn %‘?@‘H"Eﬁ'ﬁifﬁ %fcﬁ]ﬂﬁgtRBPEBBrﬁPFhout pr oduci ng
any advec%%(ﬁ{é@ﬁ; Qfﬁ.dﬁhjcfs 3y % fg&g{,éél An object of the present
0 provi rl

invention I's a sputt g target making it possible to suppress

the 1155 gener at igfusdf 110 Bitd@sr Whe Npfetd ) SHBL €t sepstlastéyeffonm i s for med
by sputtering and attain the formation of the filmstably, and a process

for prodisiing tincezparaedt heto odj transpareet peenductivechidlsn is to
provi de a tr.ans aret conductive film | | ent rkability,
and a pr dESLH r}b%lu%?%bt?ﬁkngaﬂ% nﬂégg?ﬁsuWékﬁ?u%hénFEGEﬁp Hgl n order
to solve {he @M&mtf%eﬁoﬁﬁmbegﬁe %P&n@ﬁ&féﬂ% banaabea%er@qgmeager
investigation repeatedly. As 25 a result, It has been found out that a

nodul e geinerlﬁsecbeem aneegeigabedf bonsay ap héanski Fori suppsesaling a

di ggi ngresi due when the surface of the target is sputtered, and the cause
t hat2@ hi £ht FRMREIELPR URE | 3PRRREBRLt 4SERREABs1BNat REWEFY SPHFCErai n si ze of

a metal oxide, whigh 30 FARSELENIRS hSniREICtHodOAr ! Skt has been found

out 3
generation of the nodules has not yet been able to be

completely suppressed. Furthermore, in order to suppress
the generation of nodules, a target precursor is sintered
25 at high temperature to make the density of the resultant
high and decrease pores, thereby producing a target having
a theoretical density ratio of about 99%. In this case,
however, it is impossible to suppress the generation of
nodules completely. Under such a situation, it has been

30 desired to develop a target, for forming a transparent



that when the crystal of indiumoxide, which is a netal oxide which
constitutes the target, gets large to exceed a given grain size, the
generation of nodules on the surface of the target increases abruptly. Wen
the target surface 5 is struck off by sputtering, the speed that the target
is struck off is varied dependently on the direction of the crystal plane.
Thus) irregularities are generated in the target surface. The size of the

i rregul arcondgctitpentislon mbklsbzetobossﬁb&w tor aittaipr etent in the
sintered 10 product. Accordingly, is considered that in a target nade of

a sint er ckoFPabLer AEvERg ﬁiﬂﬂrﬁéaGQVSFaﬁhgﬂélﬁeﬂﬁﬁétﬁqgwﬁﬂﬂeﬂq Ul
t her eof agl éﬁ-gﬁlﬂﬁdoﬁoﬁﬂge§1§heﬁ%%&%&%% db&L %%@yqﬁggortlons t her eof .

On the ba5|s Oof such a fi resen |on been nade. 15

That is, accor ohr@ﬂtﬁ@rﬁ.b@epraﬁemo' RY @Rt Hanetbhengolvbewead wikit eri ng
targets can be obtained. [1] A sputtering target, conprising indium oxide

and tbn oxtdengtheidonaana begper oenthge laket When @ atigwsitheraditretei ng
from3 to 20 atom.c%of the total of the indium?20 atons and the tin atons,

and the nﬁ§|%%ﬁmﬁ?a?ﬁt§Fth8ffPﬁEPﬁ&PBxP&e they Lidm. |nHPH§V§5utFBPFﬁg t ar get
being 5 dun 05,LE§Sa % briBR SRYk! 8% 1% tl%r%%tlxa g.fr%& 2 (1], which

further conprises an e of a netal the v 'S 25 trival ent

or nore aslamimamd ehmanis aheicdnige niatley ipgr comt a;mrpffitllne third el ement
being from0.1 to 10 atom c% of all netal atons. ég] A sputtering target,
conpr|5|h@rén%1%téréd peogaErogrda nEhus. okt dhagohpensfingigsdt $099% by nass

of um oxi de, ,and 15% f the. total of [B] 4
gal | £ SRToRA] EFREPRARRSNEORAUCE MRe £ PRACH FEG &F product
conpr i Seset@ﬁi_-ﬁ%”ﬁ@fﬁeaswﬁizhbh% P&%wz@l% ARy el BeOd st N gal Iium
atons are soliddissolved by substitution and”i ndium oxi de wherein 5

ger mani unsationa wieingl mdtdirdadl.ved by substitution. [4] A sputtering

target, conprising a sintered product of a netal oxide conprising 90 to 99%
by mass of the Q%t%PJ%Ft[gé]t?ﬁZPrPHSPGnﬂBYPB§18Hd1€a§P Prevdsded® and 1 to

10% by E”Ee% ‘BLEESQ‘C {nk n%r Seg%‘s%ﬁ'b‘i% g3 L%z%%’é‘% um 10 oxi de,

mhereln s n as conponen t hé |nd|un1OX|de

i ndi y; oxgél@ef&ewpnofl float2ee @henseal |t_(i"a(i|1|s?)%(i'|e‘ﬁ€td don auidaikie Wiiiign, i ndium
oxi de wherein gallium atons are solid-dissolved by substitution, and indium

oxi de mhei%iﬁogmedahvuﬁpat@ﬁtiageagdlh@taandwbsoﬁw@md®¢qnnﬁﬁ|ﬁhﬁion. [5] A
sputteri a sint%red pr duct of _a netal oxide

conprisiggibﬁ Eﬁ?%er Lh;érgfﬁﬁﬁﬁfl oducdng, the SAMe et al oxi de
conprising one of,PREE HE¥agenak EBXSbﬁhshﬁ%eﬁh@EnQQGHOHQd% sel ected from

provide a transparent conductive film excellent in etching

20 workability, and a process for producing the same.

Disclosure of the Invention
In order to solve the above-mentioned problems, the

present inventors made eager investigation repeatedlyfl As
25 a result, it has been found out that a nodule generated in

a target for forming an ITO film is basically a digging-

residue when the surface of the target is sputtered, and

the cause that this digging-residue is generated depends

on the crystal grain size of a metal oxide which

30 constitutes the target. That is, it has been found out



20 InZ03 ( Zn0 ) m[ wherein mis an integer of 2 to 10 ] , In2G&GZZn0 ,

| nGaZzn04, 1 nGazZn205, 1nGazn306, |1 nGazn40,, |1nGzZn508, |InGzZn609, and

| nGazn~0 o, and the sintered product having a conposition of 90 to 99% by
mass of .the indiumoxide and 1 to 10% by mass of the total of the 25

gal l ium oxi de and the zinc oxide. [6] A sputtering target, conprising a
sintered product of a nmetal oxide conprising indiumoxide, tin oxide,

gal | i um dhiade wheh zthe orysieal tde bedihmoskiédecowhbichi &g enmetalnore
hexagonal crystal, | anellar, conpounds sel ected from 30 |1 nz03 ZnO)n1%wherein

mis an WS WHICE ¢ongbitutes thekapgab. IehearRESe FRCRXERSES,
B e T G L S

sintered aving a’ conposition o y nass o

oxi de, 5 dfo tHWsiyrgessinéréiices i abouptey . anMhen tthé 14PGEY sussasé t he
total of the galliumoxide and the zinc oxide. Since these sputtering
targeis drse staIICke@et BY c?patherhagi nghe speed gharfntBpzéEproeti dspossibl e

to suppress the eration, o odul es ner at in,the, 10 surface of the
tar got Pwinraek EE LS Y ERLEH ARPPhESRPER PE' Fhe nBak OGO R 2R  puc er i ng
stabl e. %&%@qui&hé he gasentridyeId e d NeraRQVEEBAEE@NES SREttering
targets aré used to formtransparent conductive filns by sputtering. As a

resul t, tteerdet foltfaceg tThensparenf ddreluatregpXatsiesndépends aoned. [ 1]
A transparent conductive film conprising a sintered product of a netal
oxi de corffta F¥rp of tervobabyIRaLns opreAgRt (4P) thadsiRteXede, and 1 to 15%

Y o35S  Hnddifer O Aodrdflaip] MO AL CETfsl TR 4RHGE, uner el

t he sitntered product ¢co seés, "as conponents he" i ndrunt oxi de,

i ndi um oxidife VWEr£i $1 BiedtédNpBOQIEL AhevERi ddlasgbvedyBYajulaghithut i on and
i ndi um oxi de wherein germani um atons are solid-dissolved by substitution.
[2] A traigear eitregntcitiesfithereebngersliagge shdt spdyles preduct of a

metal oxide conprising 90 to 99% by, mass, of the total, of JA2] (a2) indium
oxi de. an@ EBA T HRTnCConTRR 1B OEL GBS by RREESE of Ot RbtBRoLE $8] gal | §um
oxi de an i 0¥y i Lt d d conprises, as
B A e A R e A S

sol ip5 di ssol vedrint sibstad¢adrding 6to thadpuasext denwbrt&on, gahki um at ons

are solid-dissolved by substitution, and indi um oxi de wherein gernmani um
atoms ar £loWLiRg ssPI GEerbyg stasgetat an. bp3pbhadpgAspar ent conducti ve

i s tal 5 oxid g Chdi . T i de.
and 2i nc B db. SRRELTEERS "BRT4BE noGr B B OpBerElBn o5 c80 S G99 by mmss
of the ingdii{a oX{Kle ceRfledt! By 1P&rB¥ntREE 6F the t2hahtehst RBeg@ln um oxide
and the zinc oxide. [4] A transparent conductive film conprising a netal

10 oxi de t=ivpy i Brony 3 ntlo uRO oatdmicti afokhdetoyall péintbei dadismd zi nc oxi de,

t he netal oxide having a conﬁosition of 70 to 94@6b¥ mass .of the indium
oxi &9 5 atPmHoany Haestdr fhemer nagdi fRe FAFLPUR,ITAIPHFIFEsOTof the tota

of thegyﬁﬂéiﬁgcgifﬁéaggygpglziﬂctﬂéigSut%gring target being 5 um

or less.
[2] The sputtering target according to [{1], which further
comprises an oxlde of a metal the valence of which is

25 trivalent or more as a third element, the content by
percentage of the third element being from 0.1 to 10
atomict of all metal atoms.
[3] A sputtering target, comprising a sintered product of
a metal oxide comprising 85 to 99% by mass of [Al] (al)

30 indium oxide, and 1 to 15% by mass of the total of [B]



Best Mbdes for Carrying Qut the Invention Enbodi nents of the present

i nvention are described hereinafter. [Enbodi nent 1] 20 The sputtering
target of the present enbodinent is a sputtering target conprising indium
oxi,de and tin oxide, the content by percentage of the tin atons therein
being from3 to 20 atom c% of the total of the indiumatons and the tin
atons, and the maximumgrain size of crystal in 25 the sputtering target
bei ng 5 dji1 runk essidd hend epsdngebyahhamcontidsat wiepeiacmhage of the tin
atons is set into 3 to 20 atom c% of the total of the indiumatons and the
tin atonsintered drofacti comprisesnt ant Cﬁvpﬁéﬁaéﬁt afetbe dRdivm atons is

| ess than 0 a c% ¢t ductivity.of t trans ar.e conductive 7

filmfor rﬂ?ﬁi% ulls%éqo‘fmt?l’érgﬁ ﬁ%ﬂaﬁa 93¥6%Pm Q%Pg\ﬁe?g gf&dl f the content
by per cenjags, fled té@b@%@ﬁﬁthén”ﬁﬁ@ §1Ha7uR0o&1@g Gorbie conductivity of
the transparent conductive filmis [owered in the same manner. About the 5

conposi t igermdnime atomsmaneai deladddibsoivedobydenbshé tadibant by

percentage of the tin atons is nore preferably from5 to 15 atom c% of the

total of k4b Arpukiarbng GaBdehe CPRPELGAB ¢h§i&¢§§9§| PERAURE SFut teri ng
t t of_t 1 h t
2 0et ol Y B S5eTke LOpRRNELENGo"38, BESS UL bl et

in the SDMZFHM)tﬁ:ﬁafﬁmnsﬁmaeaanaveaagetv_ﬁl uﬁiaet alanad 1agof alolsows; in the
case that the shape of the target is a circle, at the center (1 position)
of the 15nass cb£ timel t«ntelneﬂl Bé pgéilnumngxedepggdt il 61s peoandam t he
center on two central h cr.oss ch other .at the circle center and

circtPar %*%m‘@%ﬁ%é’% gﬁetﬁénﬁﬁﬁgg PERGECEs COMPTESESsi ASons in all, or in
the case ddiloddizcl a5 8etnan2RE: L ax&?gt a@.ﬂhﬁumabi(‘flh% WRRLRS of hareof (1 20

posi tion) Internedi ate positions (4 positions) between the center on
the di agonedmé i es sblibedissbangliebgndubstientioher ealiiumhakiide at 5
positions in all, about the maximum crystal grain obtained by magnifying

t he poli sthereln f geblipmt Akomgs gee sodagd-digeolird @Hsé‘r‘\hsﬁd-taltﬂpa’rre 50 25

~m squar e means of a_scann ectran,mcroscope, the
maxi mum s?rk‘g {'Iﬁ‘a"é%f ggﬁeégﬁi‘:gan dRGMEREN™ ﬁé:%&'%a Ees%?&sldgf t he maxi num
graiy§ presssdivears ?pggggfgt{]ﬁﬁ%s at the five positions are averaged. For
the sputtering targe the present invention, it is nore 30 preferable

t hat the hm(lmPgtaeniagzean{;ethecomps‘tLallnigsa358nterEd~mmddce:ss)f The
sputtering target of the present enbqdi nent may further conprise, as a

third el e@m‘l‘@tahnoﬁ%iﬁecﬁwpéiﬁépﬂl ipgdup, P3Ads  oPaidiam joxidg @idknt or
more. The, Cﬁ)t?tg:%dgy 1?{186@8@9&6‘ 1(af tc'&ﬁ'n %‘H‘SEL“ ely ?@e%tr q?%ebe fromo0.1 to

10 at oni ¢4 et a iS7s egring target is a

sputteri rlgeiagaﬁélceﬂ?étaunmamaduum %h@@unalsn s@llddﬁ:e@nd:'r@m oxi de of the
third el ement, the content by percentage of the tin atoms therein being

fron2@ tol®,18na)enieeneinhe istan dhteaeri adi dntatdMd.and the tin
In,Ga,Zzn0,, InGaZnO,, InGaZn,0,, InGazZn,;0,, InGazn,O,,

InGaZn,0O,, InGazn0,, and InGazn,0,,, and the sintered
product having a composition of 90 to 99% by mass of the
indium oxide and 1 to 10% by mass of the total of the
25 gallium oxide and the zinc oxide.

[6] A sputtering target, comprising a sintered product of
a metal oxide comprising indium oxide, tin oxide, gallium

 oxide and zinc oxide, the metal oxide comprising one or
more hexagonal crystal lamellar compounds selected from

30 In,0,(Zn0), [wherein m is an integer of 2 to 10],



atons, the content by percentage of the third elenent being fromO0.1 to 10
atom c% of all netal atons, and the maxi numgrain size of crystal in the
sputtering target being 5 ~mor less. 15 If this content by percentage of
the third element is less than 0.1 atomc%in such a sputtering target, the
effect of making the crystal grain size finer by the addition of the oxide
of the third elenent is insufficiently exhibited. If the content by

per cent age ,eh, 200} haddi7b ¢! ereatnle, Mrmsd2no, 101 stem o) the
conduct|V|ty of the transparent conductive fil'm obt ai ned by formng the

fil m usi MnGdEn.Oput IrGaRnQar god I0GadnePad. aBdr ther sandgeried i s nore

preferable for t utterin e ap .the tent b rcent age of

Phe 20 ERIMPEH HATELS o8 (FoRRes LELGR OB B £ SHPabT PRESHEEAhE: ons.

Pr ef er ablg, £6af 5@00%09%91‘“1593 bP! EfleCh2fPRk hBC! WA gneqor mor e
met al oxi des selected fromthe group consisting of gallium oxi ger mani um
oxi des yt10% Wy axaske, oS ctineli totaki df, thanghabhiomoskdde andbithen aﬁn@u de,

cerium oxi de, zirconium oxide, hafnium oxide and 9 tant al um oxi de. Next,
t he aboveX#df i oned sputtering target is produced, for exanple, as follows:

the target can roduce uIa y_cgastin y ans of a 5
spray drier, éﬁ %% éhﬁﬁﬁ %#ﬁ%. %y£%¥§?56 ?F% e%%@u@?d§|8 ded by

wet - pul vediwd fig %mﬁtgr& ShalDdhHaI RXE68e, a0 1sNpOXLYBIeSitBI €riNng the
dried fine particles, adding indiumoxide and tin oxide newy to the

S|nteredqnbpm&ssmmh@rgdueraandntbﬁnnméulpalgenerahgdtha rtesul tant; 10
pr ess- nol di the granul ated particles; sintering the _nolded partlcles and

t hent@ut tS 4¢R§ ntRe cBARGEHetNBR oAUt FanFRATENE FPBABST VS TAdBYuCi ng t he
sp_utterlgl_aS §$§ tQﬁd”%éﬁ&Q gngggggggihéfggag ot he respective netal

oxi des 1 ariar ormed using a wet-n xing

pul veri zer Sucm@&ﬁdm@ @l théi presént bﬁasnﬁi&ﬂ ther apetec waves, or the
like. In this case, it Iis preferable that the starting materi al pomder is

pul veri zeeenticued spwhberinghbargatsasceaysegdaitei Epgmsitzansgpaxieat20
pul veri zed product the esugﬁant fine powder is

[l be, 1 ~m
dri ed and9 QQEFiY?v%ki%ﬁspgaﬁngiﬁﬁingheN%?y?nﬁe%? thi §7fi ne powder is
perfps e O SpaRg. PEaﬁ‘QggféhE‘a&%nﬂﬁb%iv&%im\ﬁ.ﬂ‘éhn pRoWh teqRdidt.i ons for

firing the i ne po under the atnosphere of air 25 or oxygen gas,
the firing} ewperatsparestsebndatoite3fD1ing épﬁ@@@sipgebeeahkprh@450 to
1,600C, and the firing tine is set into 2 to 36 hours, preferably 4 to 24
hours. FREMGbref atmebad, exifdaprempsisdngt B8 tem3@ralyr 8¥SS 9f rate at

the time ﬁ%%t E%le H&i'nt§¥%géd gﬁglgcéglgg%eb Rgsglg%ﬁt%% Q QQHFt whi ch

has been I's puIv rizé e puIver|Z|ng
herein, Vg cpB{reyabeidnyoRiGEeahal 10 ]0FeMRhnBUY Bkiidie)J whieTefi@r fthigTed SO as

to set the average particle size of the pulverized product to about 0.1 to
3 Viad 5 dextered pheducht eomprpseducasporaprnebtsi wdd ther dindium
oxide, indium oxide wherein gallium atoms are solid-
dissolved by substitution and indium oxide wherein
germanium atoms are solid-dissolved by substitution.
[2] A transparent conductive film, comprising a sintered
25 product of a metal oxide comprising 90 to 99% by mass of
the total of [A2] (a2) indium oxide and (a3) tin oxide,
and 1 to 10% by mass of the total of [B] gallium oxide and
[C] germanium oxide, wherein the sintered product

comprises, as components of the indium oxide, indium oxide

30 wherein tin atoms are solid-dissolved by substitution,




are added new i ndium oxide and tin oxide. In this case, about the added
anmount of the indiumoxide and tin oxide added newy to the sintered
powder, the mass ratio of the former to the latter is from1:9 to 9:1,
preferably from10 2:8 to 5:5. Next, this mxture is wet-pulverized. The
pul verization of the m xture of the sintered product powder, the indium
oxide and the tin oxide is preferably perforned to set the average particle
size of tihiRM \6afi e duissiie t ga D1 Dudbetiém® . Sréos@1Ediaisdb1¥8a by

t hus- obt ai ned pul veri zed product is injected to a nold and then sintered,

or is graumbsdtiduhtiiarh, cansdriyditumn eoxige eeheneinedeimaniumnatdmd preduct,
and then sintered the npl ded groduct. About sintering conditions in this

case, undHIHALRIRVSHLRY i FURFTLIBI LY gen gas 20 the sintering

t enper at yrg i,s ' 3 s Q0L 1 hre fLO to 1, 600C
and the i%ix%ﬁﬁ%?q%éégééts%?néﬁ?%lggt%iﬁﬁ'h%ﬁ&g?i%%égeggéﬁéég to 24 hours.
The tenpesaldd ednprigini@t tndiuhhexidapr gallibemsoriael ngnahating be set into
2 to 24C/mnute. In order to produce a 25 sputtering target fromthe

resul t anoxside ertdie Mgl exbdechavirgia aempaabtionooEubOt KPs98’nt er ed

product into a shape suijable for,bein itt sputtering chi ne and
attach aﬁﬁtﬂqﬁﬁ)?'QFQ?)i?éigmAPéﬁg?te%?égitggg%€%28Xpﬁ%§ nagiﬁ Funloxide,
tin 30 oXifieBnsk AFhOXGAEL Phmdokhas daglePREt €8 BRigeoduced by 11
granul ating, by casting or by neans of a spray drier, fine powlder obtained
by dryi nd 4] e fprankgpayert decndycteveuliitm| zcogpaigirguaemetatthe i ndi um
oxide, the tin oxide and the_oxide of the third_elenent, sintering the

dri et 5 9% GRRTISHRY nhndhup uAr bt det 1ni AX%PdeIahd I UR BX1HE of the
third el enent_ne t [ d el pLoO h

wet - pul vea?fd;iznign hélex{raéesm a%t@égégsggg#%i%%%?ﬂg érgﬁl& 8?2398% tgl?'cl.]gs;

si nteringd hegydfaraParbf ctes; iaadunherigsl t Engot hessbit aned @&l ded
product. 10 Pul verizing conditions and sintering conditions in this case
can be nedee tioln hexbdere pudvertoi htaby saasepEngheohdtalon &bein the
production of the apove-nenfjoned sputtering target, which conprises two
conponent3Fym £ %x?ﬁ& ghﬁ ??HCOQF% ©-15 Since the thus-obtained
sputfering target of the present enbodiment is nade of the sintered product
obtained by m xing and pul verizing starting material indiumoxide and tin
oxi de, sip¥=t iNgdédefot xCareyinddoay thdi omvexitdenand tin oxide newy to
the sintered 20 pul verized product, m xing and pul verizing the resultant,
nol di ng t he pulEredeeniddREt thenpregank snventipn f2re A8FEEdPBHoduct, the
t ar get hqi?a verytdense texture wherein the maxi numgrain size of crystal
is 5 Eun BFIHRI9ht s can be considered as fol lows: at the time of 25

si nteri ng gffodihée€d pyoduct the powder of the indiumoxide and tin oxide
added afterward to the primary sintered powder as raw material functions as
a simering ai dhe hspwetfoering htasgeat eoEdtheoduesenhtivemyjoddimhng denge
crystal texture is obtained.

sputtering target comprising indium oxide and tin oxide,
the content by percentage of the tin atoms therein being
from 3 to 20 atomic% of the total of the indium atoms and
the tin atoms, and the maximum grain size of crystal in
25 the sputtering target being 5 um or less.

The reason why the content by percentage of the tin
atoms 1is set into 3 to 20 atomic% of the total of the
indium atoms and the tin atoms is as follows: if this

content by percentage of the tin atoms is less than 3

30 atomic%, the conductivity of the transparent conductive



30 Accordingly, known sputtering targets, which are 12 each made of a
sintered product produced by sintering, only one tinme, a nolded product
obt ai ned by m xi ng i ndi um oxi de powder and tin oxi de powder and then
casting.the m xture, or granulating the m xture and then press-nolding 5
the granul ated m xture, have a coarse crystal form wherein the maxi num
grain size of the crystal is nore than 5 dun. The sputtering target having
t he aboverimBNtOAREA Sby UG8 61 EhoSSPuteeirilg ithrgessill aowerkea;m a
transparent conductive filmon a substrate by sputtering. 10 The substrate
used her earmd i Bf ptha¢ ecobtent haneycenangpapﬁntthgubsmr atemsai¢ me@yrebe a

gl ass substrate, or a,fjl or sheet de, of arent synthetic resin
whi ch haslﬁﬂénz%s%éoﬁ%c% h%scgﬂgﬂcga ﬁ?hggl% Eﬁnspﬁg é%can be used
pol ycar b%(ﬁé@ﬂé‘ ffﬁhyi@t *ﬂwees&hilﬁrxhat Sathe fnsalnar pohusaker:héeS' n,

pol yet her s one resin, polyarylate resin or Iike. \Wen a Imis forned
by ths sutipesitiontbe thembhddomcaribie aadfmh&ediusnmgdmaHUMﬁ;sputterlng
machi nes. I n particular, a magnetron sputtering nmachine 20 is preferably
used. /&xﬁﬂntﬁmﬁlbYoh@rﬂﬁEﬁaEﬁlanﬁgﬁeﬁiana§ﬁﬁﬁtéﬁlN@rﬁa@ﬁeﬁ@ﬁa§1d§ed to

Lhe sur 4o 2R ar e nacobgss 4F o EREoF oPa" PR e influb SyPRa Y ©F

transparq&&acgfgug{bmg f|In1to be produced Usual |y, the 25 pomer of the
plasma is set into the range of 0.3 to 4 Wper cnez of the target surface
area and the tiTe fory$bali iy the §puhtesisgt tanget5ofoth20pmesends,

wher eby the transparent conductive film having a desired filmthickness can

be ob@ajrﬁmPOQ¥W%nF|Fﬁ?tﬂFBEﬁeggyﬁFagh§e§6uFPaH§§&P§hP'Eﬁﬁﬂﬂﬁ?‘ve film

Ueual 1y e S0t Pe GEoBor S Fane” PatErudkinR akafh biRs g0 °¢ 1 °

angst rorr&thé\b@#ystas: ihabapaspicyeefingheatriges- mletaaneeh avieraipar ent
conductive film the light transmssibility thereof is 80% or nore about

| i ght hawabue ohvaieadt Asofoldowsm incébedicagey thati dher shaps af

vart ous. dfspi b aRh: 288 81 EGRcH ok Ghel ey (P RRF BRI 1y are

requiged, asnhi | g
ot bol oFhehe and! HLEPRCMIREL RSRIEN T BoBAIOmMOTUtNeen 15 tar get

of the prﬁﬁenbeﬂﬁbndonenwOleeatspmtuenetgwhab@ebrmemphanhuythemramwed
product of a netal 15 oxide conprising 85 to 99% by nass of [Al] (al)

i ndi um oxtle, chrale £enisy, pPdnadEcyiarneirsteFenCss @R Ithem oxi de and
[C] ger M, 0x} Wnergtnt togreqnp q_uctorcqrﬂprﬂhsee%a S

onents
of the |n umbmggt |nd|un1oxp§ ereln ga i‘'umatons are 50|€?' I ssol ved
by 20 S!Jbﬁﬁét’e'hi'gétaBHadeﬂ.BﬁhOkb@QaW@&ée,‘l A tg @& WehBedt WHeIRMOE (1
sol i d-di ssol ved by substitution. The indium oxi de wherein the gallium atons
are 20l i dedsttbobnedandt dnteaingdietiedposdiiomsnt( 4b)P0§dﬂis'lthtaJ)t inatweaeh t he

i ndi um oxi de wherein th ermani um_ 25 .atonms are solid-di into indium
oxi de cohﬁ%ﬁeﬁ?nﬁﬁrsﬂﬁsipg ngﬁ°PﬁltaF§e§|ﬁFéF FﬁgﬁEE IHﬂIdGS
obt ai ned éérﬁgkg%erwe@n fhae &gwi%rt of go%q."lf‘i@n@('iqp aﬁqa' ldydaoXile and

ger mani um oxi de as starting naterials are sintered i'um at ons and

ger mani unmak oMEmaceysahildgiaid shakhiadd miyo magm fydrigs tife qrolsisHedf t he

i ndi um oxi de 14 by substitution. Wien all of the gallium oxide and the
ger mani unsexfaeewafchhar Eagged 2s50Re té-mﬁtseﬁwg ohseviing matfEramg Shre
sol i d-di ssol ved |nt QE i ndi um oxide crystal ﬁ? substi tuti.on), the indium

oxi dé3cr ydif of ‘&Gﬁﬁs fagge RY: MeamSn §fuM SO NS &ICTHBUs in this
case sO tRatrb88oPEai Rhd ﬁl%x&h\%hte%flz%XQ:@x%&%o&"bQ.lﬂ muasmdl hah@engs@t i on of

nodul es i ncreases.
the grain sizes of the maximum grains present in
respectlve frames at the five positions are averaged. For
the sputtering target of the present invention, it is more

30 preferable that the maximum grain size of the crystal is 3



Thus, in the sputtering target of the present enbodi nent, sone parts of the
gal I i um oxi de and the 10 germani um oxi de, anong the sintering starting
materials, are solid-dissolved into the indium oxide crystal by
substitution, so as to suppress the growh of the indiumoxide crystal. The
remai ni ng gal I i um oxi de and ger mani um oxi de are present in crystal
boundaries of the indium 15 oxide, so as to suppress the gromh of the

i ndi um oxhde Crndal still nore. By the structure for attaining the
suppression, the generation of nodul es can be suppressed at the tine of
sputtering. Th&heAlpuwdrgumenttargethict sthe tpresent cegleedimse®® maynl y nade
of indiumoxide, and a part thereof is made of indium oxide wherein gallium
at ons ar &UFSNEE AYRITRRY S UbSRHELt FHEMEmb- | AR oFF 3% 88 RnBRERK

ger mani u t sol i d-di,ssol v. stitytion. i adi i de

wher ei n 3%% %eﬁﬁﬁa orrvg‘gér}g is)%l?%j-'gihséo v"té%l é/fé)ijbsﬁ%eu%%&g%d 5 the

i ndi wn oyt aMitidd Nt heheg erierd Udl &hone mae b6 faemseolved by substitution
can be identified, for exanple, by analysis based on EPVMA (el ectron prove

m cro an@tpsiis)t ghalkxeisd gtems si Zhadf lishe il FRWKEeRIRG yst al wherein
the gallium atons or the ‘?er mani um at ons di ssol &gd

are, 30 solid:
subst i t utit?SHeds RFRYE %[ﬁjer.’%a?%gﬁ% C?%fﬁ?%é% ia‘%g?"dﬁ“l 8tk |'n%¥He case
that the shape ffa tdif SPHEd 8¢ Nhd 2E98Ea | S18mEht ¢! BnedbohBBnteByer (1
position) of the circle and I nternmedi ate positions (4 positions) between
t he cent gler@eritayge e rte | tresadms htkeossn ebebhng dHrbmr 3atot Be circl e
center and circular circunferences on the lines, that is, at 5 positions in

al | ,10r iataHet ol thaitetrl sphit thei hediwpgatompaped; §hg téBtangl e, at the

center thereof ( osition) .and_inter La i$ion .tions)

bet ween t%eonl?e’nté}éoo%oq een%i%%o%%ﬁré??ﬁ%geoégtﬁ%élghfglé@t %éﬁﬁgﬁgnd corners
ther eof, Yty isSromto 51 PEST 16 OREomiicelds abpuhethe FBIMBYMaEHAILReOD ai ned
by magni fying the polished surface of the target 2,500 tinmes and observing
a frane TeaxdMmsqeainisizécofucfustabyineting sputiteringi igrgk&ct r on

m croscope, the maxi num size thereof is neasured; 15 and then the grain

si zes of BEHAOGEKiHRUMRGYrEEFSE. present in respective frames at the five

posifd ons are aeerapd oddedie MPIGEABLFrdge U2 Pn! ER1£QNLIGRLAF (N0 S

Eun ‘or | ess as e nmaximum grain size o e 1 ndium oxi de crystal present

in this sputiedd NEhdmr@el , avbwies nihheu@h gabpuvteaingstatrgelte gaemani um
atons are solid-dissolved by substitution. This is because if the maxi num
grai n si affigct et makimg okhelecey§tall gvhdneshzengigar| Puntheons or the

germani um at o are_sgl i d-dj ssol ved by substitution iis nore than 5 Vim

i ndi um o;ﬁd?tei_tgj‘rs%t%fr %ﬁ%r%ﬁ‘%&? h%geg?% F\_ﬁf’ﬁa ﬁﬁ'@ﬂﬁngrésnot sol i d dissol ved
by subst it ©ry HONE1y TERhi1bStedY SEE N dditdmXi By paFSbRtag&cosf the
i ndi um oxi de crystal V\%erel n the galliumatons or the germani um atons are

sol i1zb di 39 vedi iy sldasént uts omorat bhdnEufd atomied, the growt h of the

i ndi um oxi de_crystal can be 30 suppressed. The maxi num.grain size of the
i ndi um oGUIUGELVELY 0% thpctbeprRSPRECRE| PPOAPGELNE S 1MhePEEARER um at ons

are sol! g SaahRY Pile SEPRR hUIAGNchS UBLELREGRET BRLyed Fun Of |ess .

About the“con y percentage of eac conp S which

consti t utibwded] NiFRITathdisiie! Usets inbidepReesitat iOnEeF this sputtering
target, the content by percentage of the [Al] conponent is set into 85 to

99% by mmmjttemingetavaetnthdy pheceantigatobyt hercensipgef ofhdheB]

Congg?emiﬁqghtéfg é:tcggpggggtoli %8t6i2 8mic%00%5%il the metal
atoms. Preferable examples of the oxide of the third
element include one or more metal oxides selected from the
group consisting of gallium oxide, germanium oxide,
yttrium oxide, scandium oxide, lanthanum oxide, niobium

30 oxide, cerium oxide, zirconium oxide, hafnium oxide and



10 by mass. The reason why the content by percentage of the total of the

[ B] conponent and the [C] conponent is set into 1 to 15% by nass as

descri bed above is that if the content by percentage of the two conponents
is:.less.than 1% by mass, the rate of the galliumatons and the 15 germani um
atons solid-dissolved into the indiumoxide crystal by substitution is

small so that the growmh of the indiumoxide crystal cannot be sufficiently
suppr esseantaninhesxdde, if the content by percentage of the two conponents
is nore than 15% by nmass, it is difficult to 20 control the grain size of

t he indi um oxi AeXiherdie AbRVeraMeRLhore@nsPAEkesbng dtargssl #&d by
substitution or(%he indigq%Ofédeacrggifl m@eEEintthe gergpn'un1atons are
solid-di§5a4HﬁF Y 2 sTIEUR18h, #38n urtiér “the “B6HGCER ? of the

resul t anty A d ANSRANSPI ?95‘1%'2&!@9‘:'5?1 dastenfo¥er 8¢- mAAA4L ofehg content by
per cent age of each of the conponents which constitute this sintered
produgt, dgmayaitbet, hyipingepdwderobbtadnpdlbycdnpbngnfine powdepr ef er abl y
set into 90 to 97% by mass, and the content by percentage of the total of

t he [ B] db‘rﬂﬂd#é‘ﬁtb%n‘ﬂe‘Eh%u{-Y‘}PrﬁélﬁﬂnﬁoﬁéﬁFqu ﬁ%r enpglemepxdte #8d into 3 to
10% by SS- Ab o] n e th conponent and
t he [C]ngaﬁbéﬁéh ?'t%%ﬁ%%€¥%§t9%§ %g%gén?géé Q%E?ESQEEVI?SEE% i de type

~ conponent; rfi Mot Fle CORRODEAt ok SdRr RERLEDLY eHWAkiheegedanore than that of
the germani um 5 oxi de type conponent of the [C] conponent because a
t r anspar entlwonized i peoduct ardethent weh-bhghmerdringntbei pesulfanin be

obt ai ned. This content by percentage_of t Bl .co nent is preferably 1.5
ti mes? or B SS 1o R Y hY etﬂﬁ?nﬂia?ﬁg P%fQEBEﬁ%neﬁgggﬁﬁagglghﬁreferably 2
times or ﬂg¥§éda%%P%iéf§§;FQﬁ& PhehNEut FingOTRENEThte7BE MRHeR i N9 target
of the present enbodinent is also a sputtering target conprising a sintered
product dqfrédd®tys - conponent systens netal oxide conprising 90 to 99% 15 by

mass of the total of [A2] (a2) indiumoxide and (a3) tin oxide, and 1 to
10% by nass of khethibs preogess] Lonl ProfuekndetBadsPeftgEiRanitargski de,

wherein tt}geesi tered oduct conprises, .as conpanent f tt]_g i.ndi um oxi de,
i ndi um oxk '&ﬁ@f% na$§n93§8ﬁ£1g38938?i538i£§§BSS§Q¥§ t?u S I on,
i ndi pen oxd des vher £h§ Mateiyan at egn BéepéQ!Emeéﬁs_ﬁgh.‘ﬁ?dabyie%uh\%dih!gt| on, and
i ndi um oxi de wherein germani um atons are solid-di ssolved by substitution.
The i ndi ymbrextkzehesech abeatwatabedd miélsoli d Yesdomidd by substitution,
t he indi um oxi de wherein the ) . L
ultrasonic waves, or the like. 1In this case, it is
preferable that the starting material powder is pulverized
in such a manner that the average particle size of the
20 pulverized product will be 1 um or less. Next, the
resultant fine powder is dried and fired. It is advisable
that the drying of this fine powder is performed by means
of an ordinary drier for powder. About conditions for
firing the dried fine powder, under the atmosphere of air
25 or oxygen gas, the firing temperature is set into 1,300 to
1,700°C, preferably 1,450 to 1,600°C, and the firing time
is set into 2 to 36 hours, preferably 4 to 24 hours.
Furthermore, it is preferable to set the temperature-

rising rate at the time of the firing into 2 to

30 10°C/minute. The sintered product, which has been fired as

10




25 gallium atons are solid-dissol ved by substitution and the indi um oxide
wherein the germani um atons are soliddi ssol ved by substitution are oxides
obtained as follows: when fine powder of indiumoxide, tin oxide, gallium
oxkde and germani um oxi de as starting materials are sintered) 30 tin atons,
gallium atons and germani um atons therein are 18 solid-dissolved into
sone parts of crystal of the indiumoxide by substitution. Wien all of the

tin oxi dgeddiei s | Abowexi e palvéhezgel Nerlie pukveiel 2wy ohébhese, si nteri ng
starting materials 5 are solid-dissolved into the indi umoxide crystal by
subst i t utwhagh tieey | beli dmy o tieeci yingl oyr ges-pulvanizing.gdherati on of
nodul es conmes to |ncrease, he_tin,oxid the gallium

oxi de an®He EﬂQQEEWLﬁﬁo&?d%eﬁrEhﬁo?Y§r89§SBF§gac}ﬁtBlfﬁe %ngpﬁnloX|de
crystal 9¥¥% s é 5&S@t § gﬁoﬁg §“PpE I &Qe growt h of the indium
T u

oxi de cr mai ning tTin oxide, oxi de and ger mani um oxi de
are pgesent in ms:yts,t ato bmmcatm'eer@dl ph@ductll powd&rdebtabnad heretippress

the growth of the indiumoxide crystal. By the structure for attaining the
15 SLuuneﬁﬁﬁcﬁddQﬁen@%nbméiﬂﬁnoﬁi ﬁoéﬁﬁe§1€aﬁx5@esupbﬁe%%%ﬂ @8Sehe time of

S e T ehe hadeanansihy el bha RALLA’ bAGALALAR 15 Faydey rde of

indiumo a par e |n I'um-oxi déi s composed of

i ndi um 0%&&&\*1%@19 £6NeRE §1ﬁﬁéréaepéaheé dicasohued RWtIeboir teile ON,
i ndi um oxi de wherein galliumatons are sol i d- di ssol ved by substitution and

i ndi um oxfdhemerhetei thgelathenmiat 6memaledstbi @ :di, spuktedalbyys §yom t uti on.
The i ndi um oxi de wherein the tin atons, the galllun1atons or the gernmani um

at onk0 ar e2’255 50| 5 15 di NFvedhls JHEEIEY I DR EIPBEVEHLReHt | he f or _
exanpl e, DYy S0RL YSLSoR5E0:RY FTMRCE! 861 ERE BIAYS ECERARYSIS). It 1S

preferabl izé con Into n or ess as the maxi mum grain

size of thewaéd UphEXifA@13@ 6kyakahnpAr €éhentinnokhide Ipuptefierablyr get made
of the 1 four-conponent system netal oxide, wherein the tin atons, the
galI|Lnne@@r@ptmedhbogeehahhanﬁuﬁﬁﬂﬁeapér§épﬂédﬁ§§ﬁl@@dtbf substitution.

This is because if _the crystal graln size _of the indium oxide crystal
wher ei n tPE%%Bﬁ%FQ@ Braﬁaﬁﬁ 4PEOsBPPYLIPsSoitPed B substitution is nmore

than @ ~cn, indpyn pxheeohtyshal PaeyELDzERepRolBELR! 18! 989 eRtRANYD
a mold and then sintered, or is granulated with a spray
drier, press-molded into a molded product, and then
sintered the molded product. About sintering conditions
in this case, under the atmosphere in air or oxyden gas
20 the sintering temperature is set into 1,300 to 1,700°C,
preferably from 1,450 to 1,600°C, and the sintering time
is set into 2 to 36 hours, preferably 4 to 24 hours. The
temperature-rising rate at the time of the sintering
should be set into 2 to 24°C/minute. In order to produce a
25 sputtering target from the resultant sintered molded
product, it is advisable to cut this sintered product into
a shape suitable for being fitted to a sputtering machine
and attach a fitting jig to this.
A sputtering target comprising indium oxide, tin

30 oxide and an oxide of a third element can be produced by

11




sol i d-di ssol ved by substitution grows. That is, by setting the maxi num
grain size of the indiumoxide crystal wherein the tin atons, the gallium
atons or the germanium 10 atons are solid-dissolved by substitution into 5
Eun or less, the growh of the indiumoxide crystal can be suppressed. The
maxi mum grai n size of the indiumoxide crystal wherein the tin atons, the
gal lium atons or the germanium atons are solid-dissolved by substitution is
15 nore pedriBdting, ~bin casteng. oAbbyt mbhascolit enspuypdrdent,agem each
of the conponents which constitute the sintered product used in the
productlcnpwﬂerh@btébnﬁﬂeanérvaﬂgeﬁln?hEovéﬁfeﬁﬂe§¢e§e¢Wéﬁﬁﬁge of the [A2]

conponent_is _se nto_90.t0 99% hy and.the nt b rcent age
of the tcﬁléfv%ﬁ'%#ég[%] mix Sﬁeﬂ? 5ﬁ8 tﬁ[ﬁ R oé&%Ongﬁ‘t i é%dl o1lto
10% by megsq {he 6§§§8”ofh¥hbh%hﬁ98tEmbmgﬁtpe%&ﬁ%b%&%fokhkh%IﬁQ&ﬁJ of the
[ B] conmponent and the [C] conponent is set into 1 to 10% by mass as
descrsbedf:ab@vpowserhaaddmhgt hed2Gmcontidet, hjinpexddet agel @n toxeldeno

conponents is less than 1% by mass, the rate of the tin atonms, the gallium
atons or ehetherHahrdntieHas sBPW&Ydlt§s6P@e§1pﬁﬁé'efih@qlﬂ(ﬁq}tﬁ%ﬂ de crystal

by substitu ot ha m crystal
cannot beplé%éﬁ%%renﬁﬁa]tg‘sﬁs‘(}%gré‘slé‘g g\% gﬁekgt%ﬁleﬂg[gﬁ 3})9 pssoperty of
the 20 fspaeRgr eRé §eaduthitya babm:q&@ed susitedinly Thepwidirdang tar get
deteriorates. Mreover) if the content by percentage of the two conponents

is nore tpanticiedy nagsthen Futdiingi thet siotesed slolded produddize of the
indiumb5 oxjde cr¥%ta re n the tin atons, the gallium.atons or the

ger mafi urf &t 6REL 2+ RISEPRHA HF‘Q?&I gad 6ynLiaEIng GONGATIoNE Ady ¢ t he
conductiv, o} hgor t apt a rent fi red. About
t he cont e%%y%yé%}érggnﬁggé g? ea%hgo e %ﬂl %'Qli c%’ln\éﬁltdsg rﬂlﬂce'ril:icrgﬁrll\gtl tute
this sintesedipiofdschs ihetn@npeaaubmmr wntm@ea@fovtdme[rﬁmomrponent is
nore preferably from90 to 98% by mass, and the content by percentage of
the totalspittering] tasapbnewhisg Cpm@rP-éFSCGWSoﬁ‘@mPQI@Qﬁﬁ ©referably
from2 to 5 content by percentage of the [A2] conponent

is still jn?)ﬁ? ‘Br@?‘éaﬁbfwaf Féfﬁ §316§-979 by mass, and the content by
percggtage of t@fné&teheothﬁbeo{)6hiﬁeapgsﬁ@fteeeadgt harkelk emerent is still
nore preferably from3 to 8% by mass. The content by percentage of the tin
oxi de typgraSestnpohedimehitciisi madke ofad3hecsipdeged ipradwy A2] conponent
i's preferably from3 to 20% by nass. This is because: if this content by

per cent agePbriRad PYnmiXing F?BePB&NﬁSﬁéﬂ*Pgl §tla€§§-nt9n&]‘f"t@}61tﬁfl mass, the
dopi ng ef h n Sp i f sing 25
t he sputtiel?ﬁi%%&‘t §%§§% %ﬁs&gg c%‘e %t o%hglgter& %g#%n}lrﬁixfsﬂdn%gt Q‘{(#E I c#lent ly
obt ai ned $RqiGmt okh!decﬁﬁduﬁzﬁ.hvbkﬁ.d@ﬁhemty he ithe evedersdl if this content
by percentage is nmore than 20% by mass, the crystallization degree is not
i npraded phiverhgedr Bh‘ggapént nd@ndtaln@e PMJJeriiglslﬂojtéxﬁ a@eol tantheat

treatnment s hat t be necess ry e te ature of the
heat trea‘f‘?ngﬂ ngTh § BB é’fﬁtlz BEP W €is nore
preferab oiag grbaué%% R¥ M ETh ekt 'hlals raow%re;r ﬁe‘ﬂ@'ﬁéﬂm 5 to 12% by

mass. out the contents by percentage of the [B|] conmponent and the [(]

corrponentwhéhéiﬁonhanmammmr eraliageitlk Wi dgidvdimiaxigiqn \yie sygponent of
the [B] conponent is preferably equal to or nore than that of the gernmani um

oxi de typ@héénﬁéﬁehﬁ @Pnlsﬁéeﬂ-'@]d @SnmieddPv e dduddr ey tigra rhspar ent
condyctive,f exc Ient t. tra m Si bl |ned Thi s
cont g%t bf/ B{é%éﬂﬁagg d[l?%%gc‘)lr%o%zlr?t %"}aﬁrﬂe era yq‘%“ﬁml mes or nore
| 'arger thgRihBaknaf ttlheo&@]deccarara@aeratfterﬂwa&dortea‘ &bl pr #@ndhyres or nore

| arger than that of the [(]
sintered powder as raw material functions as a sintering

aid; therefore, the sintered product having such a dense
crystal texture is obtained.

30 Accordingly, known sputtering targets, which are
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15 conponent. Next, a process for producing the sputtering target of the
present enbodi nent is, for exanple, as follows: the sputtering target can
be produced by granul ating, by casting or by neans of a spray drier,

m xture. powder 20 obtai ned by pulverizing a m xture of indium oxide,

gal I i um oxi de and germani um oxi de, or additional tin oxide; press nolding
the granul ated product; sintering the nol ded praqduct; igg:d t.hen cutting the
resul t and, s Nh@a€dopr adsthteredepnodurs BERANGEINBYpSAEEZANY of the
respective netal 25 oxides as starting. nateri.al RS FiYdRe USi Ng a
wet ni xi oglypubner tiwe. sgchodded RECHTY O:%%Iali%c?r% faoyl;g}alg‘ ?nq Il, ul trasonic
waves, or the like. Herei I Hhxifelhoidiedblaad hidfert Reassttiarg ithe nmat eri al
powder igXb'anB?‘r’§86 HSSSE;LR t<'§1)xlr]ﬁann?r that the average particle_ size of the
pul veri Zﬁgxégrer OgyClyréinki1 ata nly the arixtess @@ thesoRresHdAdGHI f or
firing the netal oxides, under the atnosphere of air or 'Oﬁ%ﬂ%‘g@ﬁ‘ t he
firimg tenpepztnndaitedsslxtmmne 1 O b COIRRRC, CHFEid: a5 1 to 1, 600C,
and the firing time is set into tq 36 ho ' Erabdy 4 4e. 24 hours.
It is pre&her mokdmum gxaimsi at eqrri{sgl‘u{a;lg ’?%ﬁﬁe%t the t] rr%@of t he

firing into 2 1 i nute. rdes! Hing nties devover-mgrotiueeed sputtering
target fromt hgﬁPe%gu?é%tglggnﬁg ed productgf it is advisable to cut this
sintered SQ&%ﬁ{ré nted s ape ndke uit appesible b nfP¥Ptfed to a sputtering
machi ne and attach a fitting jig to this. The ng{-_%eB{y”SpE@{:QEEnB@Vi ng the
above- nentdamsgrsntuctandue iR kL 1B MRAKd PEPPosSrbl e’to a transparent

conductive filmon a substrate sput ' bIvealhigHbgtrate and the
sputt@r ﬁ@“%ﬁ%ﬁ%%&%&%%égﬁl%rgg% ?%eﬁggﬁgggs ?naenbgdi nent 1. The

t hus- obt gi_n r_aémo Shtt £o06Ucshdembi| beod ghespr eybatrafBedPie is a
transpar g?ﬁa%%%g uct1 \?&ré filmconprising a sintered E}rgduct 59_1;1 g,h al oxide
conprisi g 39 &6 $wed®0%mbgenaEsaotTpASPArEP) PXBHRLOK 883 8n to 15% by
mass of the total of [B] gallium oxide and PLHH OXtHerewherei n the
si nt er ed o deeen ceapdi §8sfals %ﬁp%‘h%ﬁt% %#%%‘gﬁiggi um oxi de, i ndi um oxi de

wherein ga s b 3LoHEa8l Goatbbiatles 2akYaT D 13t hiytlu riedinagy 126-6 ndi um

oxi de wheF@t nb?ge?ﬁﬁ matons are solid-dissolved by substitution. In this

trangpar epLs £RNJYELy¥atEi! Mestihe poyerthesy sydifens G818 the [Al]
conponent s set into 85 to 99% by mass and the content by percentage of
the total pelyabelpBE gesdonpandidkeand the [C] conponent is set into 1 to
15% by 23 mass; therefore, excellen # qgogﬁwéﬂq@,cmctivity are
exhi bi ted. Addi ¥h8RaP| §,igf“hg‘st ?gr]fg‘ﬁgirex 1%onducti ve filmis excellent in
et chi ng pr.oper [ e fdd #8rinfe @y P usaridug hepwotreiRd by percent age
of the tofggmgpigit %?‘[Hé éjorrponent and the [C] conponent isc,!els than 1%
by mess, hAehim@Rsparanpactidudairve af magnedeome SRYYEINY FLLRTS he
etching property thereof deteriorates. |f .t c te s Rl @ge of the
t ot al200f tilse PIRIf egaRIahattetind A0 Y é]ongoi%%nesn%egpmr e than 15% by mass,

the 10 conductivity, Yfadilifnd "ANSREEE Eo COBRHCERY eE L1 bFORpPRtLOTing,

the power of plasma is varied dependently on the surface

area of the used target or the film thickness of the

transparent conductive f£ilm to be produced. Usually, the

25 power of the plasma is set into the range of 0.3 to 4 W

per cm? of the target surface area and the time for

forming the film is set into 5 to 120 minutesf whereby the

transparent conductive f£ilm having a desired film

thickness can be obtained. This film thickness of the

30 transparent conductive film, which is varied in accordance
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be lowered. As this transparent conductive film a filmwherein the content
by percentage of the [Al] conponent is from90 to 97% by nmass and the
content by percentage of the total of the [B] conponent and the [(
conponent is 15 from3 to 10% by mass is preferable since the filmhas nore
excel l ent conductivity and etching property. The transparent conductive
filmof the present enbodinent is also a transparent conductive film

conpri si RE th YHY 6 RSO &is%léf%e@ﬂé@?nfé‘tuéyéify‘ 2Qofehah oxide
conprising 90 to 99% by mass of the total of [A2] (a2) 1ndium oxi de and
(a3) tintoxiedd0Grahds twodd% e fesabby fhemtd0@l tof 2[ B8pogal | i um oxi de and
[ C germani um oxi de, wherein the sintered product conprises, as conponents
of the i AFIHhTMSte, indi um oxi de wherein tin 25 atons are solid-dissol ved
by substitution,. Jndi i i | 50 1 e | i d-di ssol ved by
substituti-on, arll" Qldr}giﬂu% %%’%%ﬁ%’glﬂ cgérén%gnmu@ni%?%bngéﬁ?%gsol i ddi ssol ved
by supst itiianispardrt tdursdddansdaf £, consluci e trdnsmegsipiiibg 30
four-conponent system netal oxide, the content by 24 per cent age of the

[ A2] conttbeasof timt80%,ox eotetabbowtf tight ad2dvimgpaneavedadgtheofal)
conponent__is set into 90 tqQ 99% by mass and the content b P,ercent age of

the totaP>8f Mhe PEFOLGHBSHENt HHE (HETBRE ARG R iEHHE £an5 to 10%
by [TASS: WGl n XA d £ s 4 OSRALEREYn ATKh COPEAYAL | SE! ¥aBEGuEXNI I ted.

Addi.tionally, the transparent co mi1s excellent rn etching
propertydispdayt Revidces i Sommtipdlousigh fttdespanéedy andper cent age of the
total of the [B] conponent and the [C] conponent is less 10 than 1% by
masstO t heondnedaridit ahdirdyiseed | | sueecavebiquidieryshaladdsphayet chi ng

property thereqf deteriorates. Jf the content by percentage.of the total of
Phe’ () cammsiam i PR ednbreninrashiende M Fe0eP05  Aet s, e
conduct i g indtf t7 pnsparent conductive filmcomes 15 to be lowered. As
this transparent conductive film a filmwherein the content by percentage
of the [A2] cofpenesputiterfimgmtErdet 38R the mMasssemtd éisodimeéerhtibya
percentage of the total of the [B] conponent and the_[C] conponent is from
2 to 109%°RPHReIEinS AT Hh et Ebi g e Dotered | ProferEi Aft Aemebadent by

per @t age ol Wbl FOTBONEILo 40 UF AMI2 08 PDY OYaTRSF ARG e cont ent

by percentage o h comnponent ~an conmponent is

from 3 t @xd¥ely dmBsl ito SI54 |byDids Pref eted! eotZb &Br {Ber gaLEiukhi S
transparent conductive filmnmade of the four-conponent system netal oxide
is fornme@xdde anskdfukrgexmamiun joxide, swipeeirdthe stateredat ment at a

tenperature of 230C or, nore, thereby neking_ it possible to,yield a
T anepar DO AL 158 o o R £y Ot TRADE eRedPront i n

conduct i Yinlghuml Rk A twitere i1l ' &L TEh %Eﬁm@r §r§oifdlai§58§§8di?xe

preferably 250C or nore, nore preferably 260C or nore. However,
t en2r at wud st tistiiadd yambt i mdien tdreidSOerein i gemnan fabl atbhst akbe heat
treatnment tinme in this case is set 5into 0.1 to 5 hours. This heat

t r eat men® ol dndfSH S JOh R T BI N t he anorphous transparent
e e A SR 00 AP BB BB omit e
an ordi ngioy itk Sl amntd PN@t@h | 40088 addponent by
substitution and the indium oxide wherein the germanium
25 atoms are solid-dissolved into indium oxide component by
lsubstitution in this sintered product are oxldes obtained
as follows: when fine powder of indium oxide, gallium
oxide and germanium oxide as starting materials are
sintered, gallium atoms and germanium atoms are solid-

30 dissolved into some parts of crystal of the indium oxide
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The thus-obtained transparent conductive filmhas a light transmssibility
of 75 to 80% about |ight having a wavel ength of 400 nm and has a |ight
transmssibility of 90% or nore about |ight having a wavel ength of 550 nm
15.Since this transparent conductive filmhas a high conductivity and a
work function of less than 4.6 electron volts, it is possible to control
the connection resistance thereof to the electron infection |ayer of an
organi ¢ %f%ﬂfb@c}%dﬁ%ﬁfﬁcwh@newﬂ dflthe? gd 10M uiit gt a Carfif CHi i N9l y, this
transparent conductive filmcan be preferably used in a transparent

el ect r odgyednavdAnind Wk idies prislcltieate essédrashtled dighetingspaaendygand
conductivity are required, such as liquid crystal display elenents and

or gani ¢ &lRdETIEA LA RS *Mekd kel ved ehehe sthosinghwadpRide 3] The
sputtering_tagrget of th resent e dj i p L hg [ge
conprisié}¥§i§¥£brwﬁyqéiéﬁ% l%ﬁ'agﬁét%ﬁggéydéxg%épg%gggéﬂiﬁéﬁﬁ%]%Qide,

gal | igim QAL aRtlenl REIBXI1GRLL U OHRIA c1E L GFGWd SIS @dsdDr e
hexagonal™ 30 crystal |anellar conmpounds selected fromthe group 26

consi st i ®» ahdthAhyd Hx¥hin [shes eillereof exceadsegaboot 20t pm10fihe

| nZ&GzZZn0O,, | nGaZnO,, I nGZnz05, | nGaZn306, I nGZn, O, | nGZn50B,

| nGazZn60genarRtIRm Af @oules) 1BEreasesr ed product having a conposition of

90 to 99% by of i ndi ' % of the total
of the galli uﬁ%sde iéﬂ?f%e%%%&%&%%énéfa?&% d%g%zgr esented by the
gener al feayBd itnd 20X ) pase®Ngr t tike hgxay0GAl okig6t ahdl anel | ar conpounds

whi ch the netal oxide conprising indium oxide, gallium 10 oxi de and zinc
oxi ded corgeaimeninuy dxidey amengftienpbuhesingestanting pactgsiaflsmin this

formula is fro to 10._ Anpn hese, c¢onpounds erein . this value of mis
from 2 t@rFaﬁéi#hﬁéﬁiﬁ%&%%@b?@égiﬁ%% %ﬁgyv%lﬁﬁ%&$e8F¥fF§?t Ythereof is

| ow. 15 £ 1816 LHPOS 14O Of s&PBraBE Ak neXGH6wEANBET £hBJ1hAd MM OXi de,
gal | ium oxi de and zinc oxide, the content by percentage of the indium oxide

is set inbxid doyHO8% by Tes sceanedint ey oant Enim byx e ceend agermdénite t ot al of
the galliumoxide and the zinc oxide is set into 1 to 10% by 20 mass. This
i s becaunxide axp pRepsent by pevYetalapeunflarpest gfathsf ipAdufal | i um oxi de
and e zinc.oxide is Jess than 1% t hi r isLity of the
traﬁggaréﬁf“¥%hdﬂ%t?%e{?iTﬁ?%ﬁ?%%n%gguggﬁét?hgﬁsghgt%ﬁgﬁggtégggf cones to

be | over iy stish idtiDE HOPLENBPR RS PEFreerirger®F dteaiwing ohethe gallium
oxi de and t'he zinc oxide is nore than 10% by mass, the conductivity of the

t r anspar entpmoesiibon vethié | generathed 0fi nhilslesseavohes suppbesiseder ed.

About this conposition of the netal oxide, the content by percentage of the
i ndi um 0@%eErS WP @D PPREESELNY-from 90 to 98% by mass and the content

by 27  percent Hgafig?@%%/ nPfiﬁh€h9§|£%ﬁ€E8¥i98 fRfgbRe gi nc oxide is

nore preferably Trom y mass, and e content by percentage of the
i ndi pon oxigleniy wade | ofLirdpumf exaliby &ndma9pare SRerbyfrissmade oife
content by 5 percentage of the total of the gallium oxide and the zinc

oxi de i s &Fdium exitdpreherapnygpldiim asops, pyengedid-dissolved by

substitution and indium oxide wherein germanium atoms are
solid-dissolved by substitution. The indium oxide wherein
the gallium atoms are solid-dissolved by substitution and
25 the indium oxide wherein the germanium atoms are solid-
dissolved by substitution can be identified, for example,
by analysis based on EPMA (electron prove micro analysis).
The maximum grain size of the indium oxide crystal
wherein the gallium atoms or the germanium atoms are

30 solid-dissolved by substitution means an averade value
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About the galliumoxide and the zinc oxide contained in this netal oxide,
the content by percentage of the galliumoxide is preferably equal to or
nore than that of 10 the zinc oxi de because the transparent conductive film
obtained using this sputtering target is excellent in transparency. This
content by percentage of the galliumoxide is nore preferably 1.5 tinmes or
nore |larger than that of the zinc oxide, still nore preferably 2 tinmes or
15 more |araefyddaks thai 1608t eeh- tABOBhskhenhexafeNahapey diraknleane! | ar
conmpound contained 1n this netal oxide, the maxi numgrain size of crystal

t her eof ispytiedeingl yabgélt mieral esscléhi ati shbecanserby 1cpoisddlilondg t he
maxi mum grai n size of the 20 crystal of the hexagonal crystal |anellar

conpound qff esrtcircheunndr intepnedipte positines hdi BRSHEi®@SInto 5 Eun or
| in thi i nt d d h ide, f the indi
oxi de. or P Enean; BhEne B EEF bu hub BaliFraL THhEE, phitpllRsy Badh® I 19T,

therepf camde £6 £ROtE9LEed bBhee#Oanid eirkbaisar AdgeidifeEencesh@nraxi num
grain size of the crystal of this hexagonal crystal |anellar conpound is

nore prefenablinesnt tbateidlsi nad 3 pomitiohesdn pAlihiogr dasdhe lp@seaxi num
grain size of the indium oxide crystal Bresent in the intere%hproduct can

30 be conthat|Baei APBtveTingotargss. sRpPPedfcPngeChE G &in 338 1% ze of the
crystal pre i signt u of; i 40X i i way, the
generatidﬁeéfg%o%ﬁ?%gggahTbggggsg?ggséhdm%gﬁg?ﬁgﬁg%ﬁ¥% fﬁﬁﬂhgg%gé?:nade of
this sintgsede poREYCHetFedednbockaterachi ke Adagomadontieris ohythe
percentage of this hexagonal crystal |anellar conpound is nade hi gher, the
ef f et® ofrescppnglei agdt hergeasntbezeoss, thati dgi.umtod desdtiang dan be
made hi gher_but_ the conductivity of the Eéﬁg; arent co ctivq:film

obt ai ned ¥s}ng@PARE IRE: MAKIAY™ grgdr & Y REIGHY Pithe 10
hexagonal ,G{ yshak Lﬁﬁ?hh%feoeomaumramulzq 509 admERd ad okeathd a

conpositi%n scope that t content by percentage of the total of the

gal |'i um ogi-ggeasd @ginNSqa¥ireeinsthe~sarfhess by means ofhe heeagdmsd crysta
| anel | ar conpound 1n this 15 netal oxide can be identified, for exanple, by
anal ysi s ®oheetiren miexgsgrpenradhsnPaximyny sigg Jdereefsdd MeaNiediel ectron

prove_m cro.apalysis). T i_um_gr ai j t t
hexaggnalaﬁ?ygﬁﬁﬁ FékePFgﬁng%§6§§n8 ngg%éﬁgﬁﬁﬁﬁé}éﬁ%”%%fﬁ%ﬁ%ﬁﬁgiﬁgﬁ as

foll ows: }.‘Qsﬁaétiﬁﬁef%@mbﬁahtt heesHAR® QositG onputdiel idvBiageg®t is a
circle, at the center (1 position) of the circle and internedi ate positions

(4 positions) betweenprbferabier tonuseo acerizealconitred heid dnter dsgumeach
other at the circle center and circul ar circunferences, on the. |lines, that

is, at 5 95 pBEFt R§n&hEn MAKIMUGY SR itn §1agss &% e it Js‘B‘ht?’éjr?ehg tar get
shape Is 8{33%&3“9&%53?% ngt%ﬂ%t%@dﬂﬁgf¥ﬂb(fhﬁyé%thHQréHHiﬁﬂEer”Ed'ate

positions posSi fion bétween t hé center on the diagonal |ines of the
rect apgl egandichr atomst ber adle, deratanim attdmspeaid iswisid-mibddoleddut the 30

maxi mum grai n obtai ned by nagnifying the polished surface 29
by substitution. This is because if the maximum grain
size of the indium oxide crystal wherein the gallium atoms
or the germanium atoms are solid-dissolved by substitution
is more than 5 um, indium oxide crystal wherein these

25 metal atoms are not solid dissolved by substitution grows.

That is, by setting the maximum grain size of the indium
oxide crystal wherein the gallium atoms or the germanium
atoms are solid-dissolved by substitution into 5 um or
less, the growth of the indium oxide crystal can be

30 suppressed. The maximum grain size of the indium oxide
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of the target 2,500 tinmes and observing a franme 50 Eun square in the
surface by neans of a scanning electron m croscope, the maxi mum size
thereof is nmeasured; and then the grain sizes of the maxi mum grains present
in.5 respective franes at the five positions are averaged. The sputtering
target of the present enbodi nent may be a sputtering target conprising a
sintered product of a four-conponent system netal oxide conprising indium
oxi de, tidkyatiAe vy d i M gier P\GIn Z4 B6m&*b L Crné Nge PREARL ufXhE€Emi0
conprising one or nore hexagonal crystal |anellar Conpounds selected from
t he groupreorsilsid-iadolved Dy s itufivdeer s morée spaafenablgr 3o0f 2 to
10] ( 1nZ&G2zn07, |1 nGazZn04, InGazn205, |nGzZn306, |nGazn, O-, |1 nGazZn508,

| NnGaZn60@m @xd essnGazn, A o, and the sintered product having a conposition

15 of 70 to 94%Db s of .t.he indjum oxi % b of the tin
oxide, and 1 téobf%’ﬂ%ng:}ermcsosntoef%tt hq)eY t%?%%ergfaq(%eéfg)a%%%rg%ﬁé and the zinc
oxi des | Rdnpruiitld ailih t@set 1 QPP t15é NG hbersa npes@dcpr adeat 1af the
four-conmponent system netal oxide, the 20 content by percentage of the tin
oxi de corghengroducisiann off otibls csp@ttéyimastardats tBebeontient bl t he
content by percentage of the tin oxide is |ess than 5% by mass, the

I
electri c hegsentanse f the %’Hﬂt‘é‘?‘f‘ﬁ’l‘@f‘?‘é?g%? ﬁ%ﬂ} .BFOfQPI tguf’Pl%cPXntly; and
|1 the Coplant dia REIE R0 0ot et bdneRqg@Xbfeehs #BEEL! BRNERQY bY. Mass,
the eleciric resistance nmay ri se. e content by percentage of the tin

oxi de coMEIN&IBmpdhdrit Sarsd Ntles efc pr Osipbnéent s esgt eintabllytbragrs to 15%
by mass, still nore preferably from7 to 12% by mass. The content by
per ceht ady ofagshe {Thealregisarhavan e |dantiend dy menprerimgandt t ke zi nc

oxi de conponent in 30 his sputterin rg is set into.,1l to,10% by
mess. Thir%ﬁ%e" t%‘lcan’if%ee:“ﬁ ??f@?‘g%ﬁ?gn?ngygﬁ‘érEéhtﬁa'@p%e?%elﬁofﬁfc of the
gal Ii um qide Aand, 1wy ZhPenRxs des i b8P SbbAARLIVR PYsMRAGL LREthasUl tant
transparent conductive fi1lmb5 crystallizes so that the etching workability

t her eof e Wetpsrosatage anfl thet hwocoompahehyspiscénsagehahn t he t ot al
of the galliumoxide and the zinc oxide is nore than 10% by mass, the
conduct i Vi% \pHoMmasfe ridie ¥ake of ahRpagahiivBnabersvard thecomes to fall. 10

Abo the _conposition of th E j i h p jn rget

corrg]}’? Si r?ge]"r"%ni‘f%tae'f%%s pT u‘g‘ta&gj_fS?_‘E{ég&o%&éo%%ngh%ﬁébs?é‘grharefet al oxi de,
the cont iitydpaPasFenivge: Ohtibe 18dsMaN OXsgethatPtRbegablyynf bemeha to 93%
by mass, the content by percentage of the tin oxide is 15 preferably from5

to 15% byinbism axidéecxystaht cagnpbrbensuféiotenhdyt suppressede gal | i um
oxi de and the zinc oxide is preferabl rom 2 tg 10% b%hga s. This netal
h

f
oxi de whifeH SReTRRRE prif el GOREAt nBY PSR PREAHREPE] WEont ent by
percent a%n&ioﬁ%%nﬂé UMb Xt Hgn ! §?§re§ﬂ 9520 i 99%9&%3& ‘the content

by percentage o etinoxide isfrom7 to 12% by mass and t he content by

per caot agrifréhethotgtadh $heegaf! the ontidamaofitibewnereiaxitthe is from 3
to 8% by mass. About the contents by percentage of the tin oxide 25 and the
zi nc oxi d@iklumiatepsitacei aglidrddssolvedsbyr epbpibtutipat ofhdh&ont ent by

per cent age of thgﬁ%'n oxidg is #arger %Han t hat ?L tggozinc oxi de since the
conduct i vit§ P VRECT SUY TR YPEASHEr AP EBRBREC PP 2P E&RF be i nproved.
The cont efy; fiy- PELSETNEECHPT shib8titAt38n0XhHA EarfRE® RHEferably 1.5 times
or nore |larger than 31
conductivity of the resultant transparent conductive film
25 is lowered. About the content by percentage of each.of
the components which constitute this sintered product, the
content by percentage of the [Al] component is more
preferably set into 90 to 97% by mass, and the content by
percentage of the total of the [B] component and the [C]

30 component is more preferably set into 3 to 10% by mass.
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that of the zinc oxide, still nore preferably 2 tines or nore larger than
that thereof. About the hexagonal crystal |anellar conpound contained in
this sputtering target, the nmaximumgrain 5 size of crystal thereof is
preferably 5 Eun or less . This is because by controlling the nmaxi mum grain
size of the crystal of the hexagonal crystal |anellar conpound present in
boundaries of crystal of the indiumoxide into 5 ~mor less in the sintered
product of thi uEial tREi dntéhes 10y dparbnehabneel RebuTRGXi de crystal
adjacent to this 1s suppressed so t%a t he maXi num grain size thereof can
be contr addmgsonéti® 4RdEtheol Cljeeempdhenmaxithemcghien tsibgye pefirdent aryeyst al  of
t hi s hexagonal crystal, lanellar conpound is nore preferably controlled
into 3 EWE okh¢ egallinmt pridestyngecompengaki MmtHeail B Isicpmpemente i ndi um
oxide crystal ip the sintered, product can.be ntroll intQ 7 E. mor |ess.
By reduc i RREEeFabhYsPadar; tBr 8% RarantadRoEhar, Sratne, detaantil ed <
produgt Wi £hle CRPSLT EURBEnEHE SRULHET reg Lamgeheh? baicausdya the generation
of nodul es 20 can be suppressed when a filmis formed. Next, a process for
produci ngttdmspapent econdutaiget fidm taceddiempl én ddghdl | ows: the
sputtering target can_be produced b¥ ranulating, b% casting or by neans of
a spray d¥rapsmisaibidii¥, cgpt Renel Bg“ﬁpxinﬁhé d°pUteRE| P¥ng 25 powders of

or ess. ol e RReot; ShoFhBC AR saBeneRe, e, PEcFERAIGTE. & MBH W

then cutthgset Der§ept ehad phaduek. ther ¢cn, coomienit)dm@ pul veri zi ng of
the respective netal oxides as starting materials can 30 be perfornmed using
a welom xprgfeuabiyi 2etimeshoasmargeflaz@er Falan what of dheed€lni ||,
ultrasonic waves, or the like. In this case, it is preferable that the
starting FRPRPRENtpowder is pulverized in such a manner that the average

particle size oyl NEpRLYeihgClabb@YUGE hel pBRSLAE EfbORIREESSs ADOU!
conditions for |r|n8 e nmetal oXides, under tﬁe at nrosphere of air or
oxygen gaglsbhe &putbgriagpeaayete compsdising @ bidd@ried praffct peferably
1,450 to 1,600C, and the firing tine is set into 2 to 36 hours, 10

pref erabl § flous-gampenest systeEsnBedal; oxideycomprisiag @ ko (4f3

tenperature-rising.rate at  the ti f ot fird.ng inta 2t m nut e.
Fyrtﬁérng?%,m?ﬁsoaaeggfo%BFagugé g%§§uéﬁg5iﬁﬁdF£§58F Fbﬁygkﬁgﬁégultant
sintered piQdygidelt ahd adtbsabhe biyomaldls 1H Tnd Hoaad g7 qdyct into 15 a
shape suitable for being fitted to a sputtering machine and attach a
fitting jggllbumhbgideéhangpdCt]egierqandugeoxisie nyhereigbdbhe menti oned
structure is used to nake it possible to forma transparent, conductive film
on a Subsg;aggrgg_pgsgpp§rpﬁ@prlses, as components of the indium

oxide, indium oxide wherein tin atoms are solid-dissolved
20 by substitution, indium oxide wherein gallium atoms are
solid-dissolved by substitution, and indium oxide wherein
germanium atoms are solid-dissolved by substitution.
The indium oxide wherein the tin atoms are solid-
dissolved by substitution, the indium oxide wherein the
25 gallium atoms are solid-dissolved by substitution and the
indium oxide wherein the germanium atoms are solid-
dissolved by substitution are oxides obtained as follows:
when fine powder of indium oxide, tin oxide, gallium oxide
and germanium oxide as starting materials are sintered,

30 tin atoms, gallium atoms and germanium atoms therein are
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20 The substrate and the sputtering machine used herein are the sane as in

enbodi nent 1. The thus-obtained transparent conductive filmof the present

enbodiment is a filmconprising a netal oxide conprising indium oxide,

gal l i um oxi de and zinc oxide, the 25 nmetal oxide having a conposition of 90
to 99% by mass of the indiumoxide and 1 to 10% by mass of the total of the
gal I ium oxide and the zinc oxide. Since this transparent conductive filmis

nmade of the 1PI@ s 9K ¢eahantHIsbhe areesSbEi epry8tal0or0tB8%iRviidth nass of
the indiumoxide and 1 to 10% by mass of the total 33 of the gallium

oxi de andxtive Zbhncswstetutkerl | ent transparency and conductivity are
exhi bited. Additionally, the trapsparent conductjve filmis excellent in

et chi ng proper thP&h tHe FRentin %ﬁ%@%hpﬁg? Q?l}ﬁBmS?EéﬂFeﬁde§he
per cent a%eﬂlﬁaﬁﬂﬁ?t&&fﬁe OémzangntgﬁélzéUHTLH?EEQEP?”%t%@@ié?”ﬁa%é&qal'ss | ess

than 1% mass, the transpar conductive I econes crystalline and

the egchidwe HOPEdiFisbeleofi cooBsthe datieumobalide biykialceyt ent by
percentage of the total of the galliumoxide 10 and the zinc oxide is nore

t han 10%sybsisteutioe. coheutndinmyorideheryesndparens sondbedti w&ef i | m cones
to be | owered. thig trgnfggrent cogducti ve film_a film havi ng a
conposi t i FPYF 2GR °HgBLBYLRESEOUPSt hE FRGFERPER dEMWRa 5°P8 BBYEBy mass
of the tqialepl L0 galheum LReOXhie:AR0okIRZbAR PREIGehaRlieher abl e since
the filmhas nore excellent condlctivity and etching property. A film

havi ng a axoid®satée oso0id9aissod¥edbyntasshef inAdumndxideoxiryastald by t o 8%

by mass of the total of the galliumoxide and the zinc oxide is nore
pr ef 29 abl *uUbSOL tREleR an8Par BNt OcEHBRELFFe thR| AreWthheLfptdsednddiBbdi nent

00 R0 CAIPELEATS thd A EATRRRCKl P8 BAE SR papel

i ndi um o3 [T UM oXI and Zi'nc bx oXi de

havi ng a {1 lh 08x e TArbOpPa%ehy WRSEr9bthhevbididamies &F thd 0 25 20%
by mass of the tin oxide, and 1 to 10% by nass of the total of the gallium
oxi de andindiumi oxidei deo ahi $ot supppasentheogdowthy off ithe doddrunsi ng t he

four-conponent system netal oxide is made of the netal oxjde having the
conposi t i VALY & ?BabdgﬁquF&%SSBFu?ﬁ%r%Og?ﬁd?EF?bQ?HE,tgeto 20% by mass

of tfg tiéhﬁ%%@&siéﬂ? %h&ogéﬁeration of nodules can be suppressed

at the time of sputtering.

The [A2] component 1in this sputtering target is
mainly made of indium oxide and tin oxide, and a part of
the indium oxide is composed of indium oxide wherein tin

20 atoms are solid-dissolved by substitution, indium oxide
wherein gallium atoms are solid-dissolved by substitution
and indium oxide wherein germanium atoms are solid-
dissolved by substitution. The indium oxide wherein the
tin atoms, the gallium atoms or the germanium atoms are

25 solid-dissolved by substitution can be ldentified, for
example, by analysis based on EPMA (electron prove micro
analysis).

It is preferable to use a size controlled into 5 pm
or less as the maximum grain size of the indium oxide

30 crystal present in this sputtering target made of the
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10% by mass of the total of the gallium oxide and the zinc oxide, thereby
exhi biting excellent transparency and conductivity. Furthernore, the film
is excellent in etching property since the filmis anorphous. The reason 5
why the. content by percentage of the tin oxide in this

transparent, conductive filmis set into 5 is that: if this content by
percentage of |less than 5% by nmass, the electric resist transparent
conduct i o4 dBnipynéwt §estemlfetabt enidby whecenhagheof inhatoms ,oxi de is
mass, the electric resistance may rise. to 20% by nmass the tin oxide is
ance of tthe agalliumhatems corhbhe2germyniuBuatenEsareafopddent conductive

fil I Si f - I i d (o bl
that ¢ he AR redyPper kR PAEREEh, R £ BRofdte org o SobREREE Aot o
the zinc gqe%g?tiiweof hen&opREshivbkYabsceysehh epherdhf %ﬁ%_@lnvnemal

‘per cent age e tin oxide in this transparent conductive filmis nore
pref e5 ablatdmsd dreresobidrdissbavgdr byhanbshatubfiohhdszmoceoxhad, 5still nore
preferably 2 times or nore |arger than that thereof. 20 The content by

per cent agan ofindieum opxidef cryigtghl vhenedri thegadmekalzptemsxpge nett he

transpar%$%F§99§H%§$y§eéigg}gﬁﬁ?ékggggghPsggggql fﬁ%geiés éft into 1 to 10%

by nmass. ecause: y pércentage [s fess than 1% by

mass, thed¢enspariedtmazif@ndyehinesizbnobeensesnal umt akliigee cand tiahe
etching property thereof conmes to deteriorate; and if this content by

per cent agehéxeimrehe hbhhn 18% g, nbbe, gahéivondtomsypry tbe gleemandmgpar ent
conductive filmcones_to be |owered, The conposition of the netal oxide is
pr ef B9 abl3t AR nPOLLdr 8hs8PLlysdt BYoSUPEY 1kHEL0Bf 1PkE PnéMufFoxi de, 5 to

35 15@@R¥ﬁg?zﬁ%gzﬁ£gﬁtﬁiQfofhg?igﬁgquOdeéO%}g¥tgﬁsEaﬂfb%he total of the

gal I i um oxi e zinc oxi I's nore preferably a conposition of

80 to 90%ipypr@sse@f Uit inkdkimumXgt®in 7sioe 1886 tiye nisdiah dRedéi n oxi de,
and 3 to 5 8% by mass of the total of the gallium oxide and the zinc oxide.
Fur t her novey s tal swhepephotiBet tAnspherar EbRddedldumi pltemsoddr itdieng t he

f our - conponent stem netal oxi i §.forned.and subs ently the filmis
subjectemp?fpﬁ%g.m16g%W§a?ﬁﬁnfogﬁdéaégﬁﬁggggu 4 SP%f%g%u%ﬁ '€, thereby
maki it i i,ehd a rent conductive filmwhich is
crys?glIfﬁ%ggﬁ%Péﬁ%%€P¥%thiﬁﬁc%%dggggvity. The heat treatnment tenperature

in this case | Alpoet etladl goREEKLt obynpeecenbageprEf eaahl p£26BE or nore.
However, the 15 tenperature is usuall¥§not nore than 300C. It is advisable

that the FRIBRORSRES nERichi AENFLILHLE theesiitered Rredyct M5 Hurs. This
Do o prbRuBEELe B8 vnaf ULl AbLaLBE AR QR AT e
pat t er ni nget&&Rt 888t o£ahbe [AaNduehpdnbyitaisokeditnahto 90 to 99% by
20 mass, and the content by percentage of the total of the
[B] component and the [C] component is set into 1 to 10%
by mass. The reason why the content by percentage of the
total of the [B] component and the [C] component is set
into 1 to 10% by mass as described above is that: 1f the
25 content by percentage of the two components is less than
1% by mass, the rate of the tin atoms, the gallium atoms
or the germanium atoms solid-dissolved into the indium
oxide crystal by substitution is small so that the growth
of the indium oxide crystal cannot be sufficiently

30 suppressed and further the etching property of the

20



met hod such as photolithography. The thus-obtained transparent conductive
filmhas a light transmssibility of 75% about |ight having a wavel ength of
400 nmand a light transmssibility of 90% 25 about |ight having a

wavel ength of 550 nm and is excellent in transparency. Additionally, this
filmhas a high conductivity and a work function of 4.6 electron volts or

| ess; therefore, it is possible to control the connection resistance

t hereof tq-dhpatant resndwdenté ofi Bl feyredohsangothasi sputtering

el ectrol um nescence element into a low 36 value. Accordingly, this

t r anspar drargeondigtenkorates catdregiest eridbl §he seententy By anspar ent

el ectrode of various displ devices fo ich high tra arency and
conduct i \Hec‘ipeé}teagre_eq‘iﬁdrég? a’gﬁ%hc%p??ﬁﬁfﬁvg?y@?ﬁF gP?BI Z’@QS{)EI g‘é‘gﬁt’s and
organi ¢ alectd o ¥R NSSEENES SosPEGY €hengPhsn EExanpkethb (hhiBmoduction of
a sputtering target At a ratio of I ndium oxide powder to tin oxide powder,
as stmrtidgidaterystsl whePdipathe bynnasemso thelGapaitm byomsser the two

metal oxides were supplied into a wet ball mll, and the¥_mere m xed and
pul veri zddhe @emRINGIR satemy | are salidntéFralveeuhEr SHRFLAGUAACRver age

particle size of 2 Vi Next .t ulta r L.a i and 15
granmzﬂeﬁP%aqquP%iw€§ed??%QchgYifitS%agkﬁr?ﬁ%uﬁhgﬁgc%rgﬁgpgﬁgﬁqsintered
at 1400C S HauectOrE Sr1 Tihel & epvb 284 . Si ntered product was pul verized with a
crusher, and then pulverized with a hammer m |l and a jet mll to yield

si ntered produdtbgowdere haontentinbrvpengenpagei efeeacheof the 6 wm Next,
to the sintered product powder Xielded herein merg nemﬁﬁ gddg 30 parts by
masslOf iGRITRARORT Slevibbolieronfitiitutepkhis ByntEaIedoPTCANCExi d®onder, and

t hen the who phi ' t ;ha il1l. 25 They
wer e nixé%gg%%r%a$€gﬁ?éggﬁﬁgéeggﬁhgﬁgs[%gqykghgoﬁfggdlgowggglhaving an
average ps¥df&t&pEyZerom 20Vio 9bexby inhks, maxdadthewdenteat dyi ed and

granul ated with a spray drier, and nolded into a disc having a di aneter of
10 cm andpercéntagesst othg hatailt afatbeeéBl3gompraeng machithe [fis disc

was put into a firing furnace 37 nd_sintered a.sintering nper at ure
of 1500C TRRPNERE égnﬂgﬁﬁepﬁegFrBPi¥ng83 2x$8eﬁb§agyngs§’hoa#§. In the

t husy gbt gi eﬁ%%}?r?g Bef¥agkhesCoRLENh2]Y cBRPSABHAIQ sOfs tiNa hidkeat OMB was
9.3 atomic of the 1o af 5 of "the indiumatons and the tin atons. The

surface ofréhésabipt €ren producd7adbypoaisshedndndheheontlemtodryaphs t her eof
magni fied 2,500 tines were taken with a scanning el ectron m.craoscope at the

center (1pebeertass of the §ptelapd theelBddcor@opsditt ddds e J&shi tions)
bet the 10 t . tral 2L i t th
orrere cerpmrontRl.rr  APattopES, PRessrably trh [¥ B0, BAC AT 21 (e

positions in aline ABSNEehBerPBybRUBNhERYSt aF ghai Riabo&ided tiypea franme 50
E, ~m square thereof, the maxi num grain size was neasured. The average val ue
of 120t hecommonentswhéshofist hbendrBiuccoppseat gnaithe diéslent in frames at

these 5 positions was cal cul ated. As a_result, the averag al ye was 2.8
dun. Thi sCRMRPRERY pPoRHEEeRERLY f&rD ray%& 2?.%0%3/ fedi i 'Th'ﬁlg\iéo Pesponded to

98% of t hﬁe&%ﬁg%?t E.%althqgn%i?hée?\%t S rp-g%etm:la@er & SHRNGe Y el 20 this

sintered pro neasur e our -probe nmethod was 0 . 61 x 10-3 S2 cm
The thus-pppai Befpsheher ¢¢ peeduthanasicbly ass,odiee dosimg tefifiewt t ar get

havi ng a dianeter of about 10 cmand a thickness of 5 nm The neasurenent
resul ts ofhereof when the transparent conductive film formed using
25 the sputtering target is subjected to heat treatment is
not sufficiently obtained so that the conductivity may not
be improved; and if this content by percentage is more
than 20% by mass, the crystallization degree is not

improved when the transparent conductive film is subjected

30 to heat treatment so that it becomes necessary to raise
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25 the conposition and physical properties of this sputtering target are
shown in Table 1. (2) Qobservation whet her nodul es were generated or not The
sputtering target obtained in the abovenentioned (1) was adhered to a plate
made of . copper, and 30 the resultant was attached to a DC magnetron
sputtering 38 machi ne. As the atnosphere therein, a m xed gas wherein 3%
hydr ogen gas was added to argon gas was used to perform sputtering

cont i nuousley tempedathos sof Atineitheatidi teéatsehtl tMelspdiesnticbyn this
case, the pressure, the arrival 5 pressure, the substrate tenperature and

t he appl pergesitags iaf vidre 6@3) teomponant 1ipamose xpreferpply2§comngd 100 W

respectivel y._.The hydrogen added to.th t mpspheLi¢c g s for

o onoti % 1o e M Do Br 2RE RPEE Dt Ey TREBRTE FadB3eBh od o

magni fyi pged change in the target surface after the sputtering 50 tines and
observing the change by neans of a stereoscopic mcroscope, and cal cul ating

t he runber averdkgpmtofthedidreseis bynperoenitage of zehgehRtated in a vi sual
field 3 e in 15 size. As a result, the generation of nodules in the

surface SeMpaneHutand itRe t Bf hetomRewehbr efhe weRRRBRt oBEcPGEGENE S

Producti g a ff.ﬁﬂffi‘r o t] ' T t [ obt ai ned
in the aﬁgbgﬁﬁbs%%n |oné§9%q§ aggga%¥§ %%%H%ogg ﬁggnLgleggghgégﬁﬁtering
machi ne, 3G raAdFHBA &iia L o6 UsE | HEré i thaneenkor 68dtRE geﬁh_aﬁiuﬁlUb_St rate
at room tenperature. About conditions for the sputtering herein, a m xed

gas wher eixide siwpe conpenent okythde [GE eemponentpbedavdei At o argon gas

was used as 25 the atnosphere, a the s terin essure, the arrival
pre§§hreF3ﬁﬂ§Eﬁﬁﬁﬁ?eﬁ??%%ﬁ%ﬁY%tEf%@ ?%%g§£5?§iﬁg giﬁ@ ric power and the

Lime for OB d i1 {440 UK Spselutoued, 10l Proftand by Pa, 25C 100 W

and 20 minutes respectl As a result, tal ned was ‘a transparent

conduct i yer@fentdgdéasst Wies ef B] acomposgat ebs poedecabye fli. bmthaeisngra film
t hi ckness of about 2,000 angstrons was formed on the glass substrate. (4)
Eval uat i owxnsf kawrger sthaarthat cofidthei Vel f cPmPen@abbut MPKEE conductivity of

obt ai nod HARSaRPERD VB HNGE ohbahe sy  LeReEpERTh T EbECPE: Eher el The
tranﬁparqﬂﬁmggngy@;ive filmwas nmeasured by a four-probe
Next, a process for producing the sputtering target
of the present embodiment i1s, for example, as follows: the
sputtering target can be produced by granulating, by
casting or by means of a spray drier, mixture powder
20 obtained by pulverizing a mixture of indium oxide, gallium
oxide and germanium oxide, or additional tin oxide; press-
molding the granulated product; sintering the molded
product; and then cutting the resultant sintered product.
Herein, the mixing and pulverizing of the respective metal
25 oxides as starting materials can be performed using a wet-
mixing pulverizer such as a wet ball mill or a bead mill,
ultrasonic waves, or the like. Herein, it is preferable
that the starting material powder 1s pulverized in such a

manner that the average particle size of the pulverized

30 product will be 1 um or less.
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method. As a result, it was 240 x 10-6 ~~cm About the 10 transparency of
this transparent conductive film the light transmssibility thereof was
90~ about light having a wavel ength of 550 nmin accordance with a
spectrometer. Thus, the filmwas al so excellent in transparency. [Exanple
2] 15 (1) Production of a sputtering target The ratio anong used starting
materials was set as follows: 85 parts by nass of indiumoxide, 10 parts by
mass of tin oxixlutansbibdpatdss bforefsrvhggahéi metaki deides,anndeirde of a

third elenment. In this way, raw material 20 powder was prepared. This was
si nt er ed Rl aHEPSPReLRrPEedlrnorhexydne @4y a$henfiRdngl) in Exanple 1.

by mss. REMRRRSHIERT 4B, oSt phere. by SN B0t 7PA G ECARIRLE bafb0by mrse

of galli B o] Q@eoéfﬁ A e £ oSt apimyess pEbyeihz8dat £oY56! Hofkxed
powder . ereafter, a sintered product was yielded in the sanme way as in
the (4) iprdxemgblyl14 Tbe2deheursmenttrisupreferabhe tonpeti then and
physi cal properties of a sputtering target obtained b quttin% this

si nt er ed ¥RTRREILAFR-ShdhRI 3Bt ﬁ*ngBel.time of( ’éilepif%/}éf&&gi RG24

t ranspar ent ctive film A transparent ' i S produced in
t he sane F/%yf(gip#"f%qlhtee‘(3 lﬁrﬁh@%:g'r?p%%é %nexoce%%uﬁ]éa;ﬁ{%‘%dés%u tering target
obt ai ned éputferehgveargoti epel the wesudtunedsiapredspreduican whet her the

generation of nodules was observed or not, and Evaluation of the
transpar eis adwtseblectoi cuiThhisamdnspsed: psedugs REC( 2) shapethe (4) in

10 EARTP St LS SORCHELED: rIUPaRCES' b sBhE RO M DR ahg [ So e
o 12 Sptesech, Eantinionh e, BRiBaLs by T e
third el ement. Thetépsttayingavtangeéer havipgwihe abhsvprmpatddnedhi s was
sintered and then pulverized in the sane wa% as in the (1) in Exanple 1.
structure 1s used to make it possible to a transparent
conductive film on a substrate by sputtering. The
15 substrate and the sputtering machine used herein are the
same as in embodiment 1.

The thus-obtained transparent conductive f£ilm of the
present embodiment is a transparent conductive film
comprising a sintered product of a metal oxide comprising

20 85 to 99% by mass of [Al] (al) indium oxide, and 1 to 15%
by mass of the total of [B] gallium oxide and [C]
germanium oxide, wherein the sintered product comprises,
as components of the indium oxide, indium oxide wherein
gallium atoms are solid-dissolved by substitution and

25 indium oxide wherein germanium atoms are solid-dissolved
by substitution.

In this transparent conductive film, the content by
percentage of the [Al] component is set into 85 to 99% by
mass and the content by percentage of the total of the [B]

30 component and the [C] component is set into 1 to 15% by
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20 Next, to the resultant sintered product powder were new y added 25.5
parts by mass of indiumoxide, 3 parts by nmass of tin oxide and 1.5 part by
mass of cerium oxide, and the resultant was pul verized to yield m xed
powder. . Thereafter, a sintered product was yielded in the sane way 25 as in
the (1) in Exanple 1. The neasurenent results of the conposition and

physi cal properties of a sputtering target obtained by cutting this

si nt er edmasedudheares aafowresxce e trafparemncycandncofidactianspar ent
conductive film30 A transparent conductive filmwas produced in the 41

same way axe |et¥htjﬂ7é-t(e33 i AdgiLdomall Yo x ddst HWSR%%IHQIE@W%W% get

obt ai ned _i,n t QBH; e S a et her the
generat i gi’l q‘ o%’{jceeg'%/vas S&Bbésjteé od\%?r(#?)?"dt% dilllz%l ﬁlg%(l %Hr‘lf@fmlh

transpar grlorph! i ¥¢ frhleMchit end Ty RRIddntiigef ot hthd 2o g éf\e (4) in
Exanple 1 were conducted. The results are shown in Table 1. 10 [ Conparative
Exand e the( 1B IPrasshirieort cind put k@l i ogmpenget ¢ hesat tbanf 1#nbiyum oxi de
powder to tin oxide powder, as starting naterials, of QOBgarts by mass to

10 parts“‘ﬁ‘fsrra@e NSRATRA B CRIUR r%”s'ﬁp‘b‘?‘i’%‘ﬂe? ntBYgtaslige pal |

mll, an h ﬂ;ﬁe Ve to raw nmateri al
_povvder h%\rllltdng%an avera l'gd%ar |1(F:#% sé%g%? (gé\f\%pi i%s th%f ‘raéelg%l tant raw
mat eri al coateit ey Perdsrmrudaties whe htetsprey €liié e[B] aBémpbasnELI ded into

a disc 20 having a diameter of 10 cmand a thickness of 5 nmby neans of a
pr ess- nolagidngheadi hecomponentt sks vigereuthamt b5%H by rmagst uthace and t hen

sintered at 500C nder_t nospher e of r ssured or 8 hours.
The 10l nt EPERBRITHCY VR HiR APRARTEERE <SR IS (o Jit Sodas (5

Producti g gf v%rter@r‘s@%r %@ltlscqwlgﬂa\f%ﬂcﬂ l9rAiddanRaPa €, coneigh i ve film
was produced in the same way as in e (3) in Exanple 1 except that the
sputt eri mhereigetthobtcomezht oy I]Belad:mveagmmf otieel [A) ] wvasmpenrdnt3fs( 3)
bservati on whet her the generation_of nodul es was 42 observed or not,
and Eval &&omo P bfta i/ % r%s’%?%rﬁn the content by percentage of

the total of the [B] component and the [C] component is
15 from 3 to 10% by mass is preferable since the f£ilm has
more excellent conductivity and etching property.

The transparent conductive film of the present
embodiment is also a transparent conductive film
comprising a sintered product of a four-component system

20 metal oxide comprising 90 to 99% by mass of the total of
[A2] (a2) indium oxide and (a3) tin oxide, and 1 to 10% by
mass of the total of [B] gallium oxide and [C] germanium
oxide, wherein the sintered product comprises, as
components of the indium oxide, indium oxide wherein tin

25 atoms are solid-dissolved by substitution, indium oxide
wherein gallium atoms are solid-dissolved by substitution,
and indium oxide wherein germanium atoms are solid-
dissolved by substitution.

In this transparent conductive film made of the

30 four-component system metal oxide, the content by
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conductive film The sane operations as the (2) and the (4) in Exanple 1
were conducted. The results are shown in Table 5 1. Table 1

Com Exanpl eExanpl eExanpl epar ati vel23Exanpl e1Sn/ (1 n+Sn) 9. 39. 19. 19. 3a0Thi rd
element. Ga O z zCeO z-[ oxide ]OThird elenentU content by - 7.3 4.1
-percentage [atom c% bAverage crystal 2. 83.22.99. 3grain size [gyn] b~, Nunber
of generat ed00028nodul esSpecific resistance ' ~ [ x 10-6S2 cm

] 2402802 p@3&@ntagd) of Ithe r|AZ2 pheompomentsi bhatt ys| ~tBeoLOLAD pExanpl e 4]

10 (1) Production of a sputteri n%qltarget At a ratio of indiumoxide powder
to gal | i dheodiadd RARRANEDE RRdahrein %) deopBorert 38 sehrinkg Afterial s,

of 86 parts he net al
oxi des. wits Sl s i EAS SIRPERE b9 SeEORRESOY 02 thiCEosa)

pul veri zed ftdfe I hUbrspdret cad M eme NBE BT EahpPRYAET 1 5aybRginloayer age
particle size of 1.8 to 2 Vim Next, the resultant raw material was dried
and 3 gr dwllftedwinadss; sthexetorer  expellertr tcansparepayt anfles were

filled into a nold and nol ded under pressure by nea of a pressi ng machi ne
to yieldqfqﬂQﬁF#%ﬁqﬁrﬂﬁ?kﬁﬁ Q&Eﬁén A&E&%ionaﬁly,l¥%e traﬁgpareng

conductive film 1s excellent in etching property since the
film is amorphous. If the content by percentage of the
total of the [B] component and the [C] component 1is less

10 than 1% by mass, the transparent conductive f£ilm becomes
crystalline and the etching property thereof deteriorates.
If the content by percentage of the total of the [B]
component and the [C] component is more than 10% by mass,
the conductivity of the transparent conductive film comes

15 to be lowered. As this transparent conductive f£ilm, a
film wherein the content by percentage of the [A2]
component is from 90 to 98% by mass and the content by
percentage of the total of the [B] component and the [C]
component is from 2 to 10% by mass is more preferable, and

20 a film wherein the content by percentage of the [A2]
component 1is from 92 to 97% by mass and the_content by
percentage of the total of the [B] component and the [C]
component is from 3 to 8% by mass is still more
preferable.

25 Furthermore, this transparent conductive film made
of the four-component system metal oxide is formed and
subsequently the film is subjected to heat treatment at a
temperature of 230°C or more, thereby making it possible
to yield a transparent conductive film which is

30 crystalline and excellent in conductivity. The heat
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having a dianeter of 10 cmand a thickness of 5 mm Next, this nol ded
product was put into a firing 10 furnace and then sintered under the

at nosphere of pressured oxygen gas for 6 hours while the sintering
tenperature was controlled into 1420 to 1480C. About the thus-obtained
sintered product, the conposition thereof was analyzed. As a result, the 15
content by percentage of the [Al] conponent was 86% by mass, the content by
per cent agere@tntdret [tRimmpezngpioumest i math 6% dye nhs sprafidrabhdycaadénhtoby

percentage of the [C] conponent_was 4% by mass. This sintered product was
anal yzed MO eEPRTAPELFRAPLY 280 aLHMARe: t HRWEVAd-uk®0 oxi de cryst al
wher ei n \%%ln{ 'eli:rgtqiroémiw&fﬂﬁédﬁ& Sxﬁé’}%!?gngé{ syf&t] tyuld qn and i ndi um oxi de
crystal eFE|n gernenl um at ons were soli d-di ssol'ved by substitution were
present. apdiddtinalihat i thevdsept ovecathant geiheé uthokhie wheeetis isedi um
atonms were solid-dissol ved by substitution and 25 -ger mani um oxi de wherein

i ndi U atio® viberle 513 chenss ol B o heRfbsingarnent wes PprEerably At t he

t 1 it f the disc-f int d t d,int di at
posi 1 onEPHRYSAd 1S oot RROLE FEFh EhePoRE CEhnRRF e PReETIR on-
crossed qaphhf hetidd the ﬁ;bﬁﬁi:&rfﬁ@t%rg“ég 89 gafeakﬁéaei rppg er ences on
the lines, that 1s, at 5 4 positions Tn all thereof, the sintered

product wasettraagnirfg edr&a titént | of sthadt plnspgraphedondtbtavec inimng el ect ron
m croscope. About the maximumcrystal grain observed in a frame 50 fun

squar e t [f&edte CQMBIGREE nbih 2R P BRhnaYY eme HapdofuGRs@feasur ed. The average
val of .th i in sizes of the maxi mumcrystal grains present in
fra#@% qiﬁéiégﬁﬁg%ﬁ%ﬁﬁﬁ%hs was calculated. As a result, it was 2.3 ~.m
The density of g scridUtes € @ dtEdnFSrén 65ch@iGt ivEi 18@arhespanded to
96% of the 10 theoretical density ratio. Furthernore, the bulk resistance

val ue of ltilghst siraresmets ittty ofazdrtd 89%aabout- pight heviod, awas 3 . 8
x 10''" SZ cm The thus-obtai ned sintered oduct was  cut roduce a

Sputteri AEHENE AR 0 B aneRarier obiehtocrsnaniandealthceicss of
about 5 15 (2 LHSET HAEON L NEAvING GeRRLBLLARLAT oBOdubeaptas observed
utterin S O e e

or not The sp g target ser Int ane way as In the (2) in
Exanpd e Isinkk AshBs resathépat et geordatt one of ibmadnhesawasghot observed in

the surface of the sputtering target used
conductivity and a work function of less than 4.6 electron
volts, it is possiblé to control the connection resistance
thereof to the electron injection layer of an organic
electroluminescence element into a low value.

20 Accordingly, this transparent conductive f£ilm can be
preferably used in a transparent electrode of various
display devices for which high transparency and
conductivity are required, such as liquid crystal display
elements and organic electroluminescence display elements.

25 [Embodiment 3]

The sputtering target of the present embodiment is a
sputtering target comprising a sintered product of a metal
oxide comprising indium oxide, gallium oxide and zinc

oxide, the metal oxide comprising one or more hexagonal

30 crystal lamellar compounds selected from the group
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herein. The conposition and physical properties of the sputtering target
produced herein, and observation results 25 as to whether nodul es were
generated or not are shown in Table 2. (3) Production of a transparent
conductive filmA transparent conductive filmwas produced in the sanme way
as inthe (3) in Exanple 1. 30 As a result, there was obtained a
transparent 45 conductive glass wherein a transparent conductive film
havi ng a donsshating i sTmO; 6BBA 1~ A T aky dt rbhsamakn fegeedobn2 atgl ass

{1 anspar 1 o AR PR - T e L ARGEG e it ARG (VASHPADe ! whi ch was

obt ai ned i 44 oaborSERM NN dna3ncHas, 6y al Halieenabgyhtbheal ol | owi ng

items. The resﬁlfs are shown in Table 3. %5 Conductivity 10 About the
conduct i yirodudthenaspiang fa ccomsost bhore of 920etoradspayemassonfiutheve film

was neasured by a fourprove nethod. As a result, the value of the specific
resi st and@diayn agoide @G L-k9n 19§ WY JAapar eficihestabadt ofhEber anspar ency,

the light_ transm ssibil]j u ith a spectroneter. As a result,
t he |ightgatlrlginus"m°ss"si|‘g‘“+|+ﬁ the 2352, %ﬁ?wﬁght havi ng a wavel ength of 400

nm The |ight trpansdesl itidy ¥esrddéppbouty | t98t gbrytay fovmiehengt h of
550 nm 20 3) Crystallinity The crystallinity was neasured by X-ray
di f f ract dmgOg {Z2n@s, amagsdllthe thexadonmak perestakohanellar ¢ompevads

anor phous. 4) Etchi ng proper 25 About the chi ng, pr oper an aqueous
oxal i ¢ adfi-dIthe d??g%&ﬂ‘E’@i‘ggcﬁwﬁgﬁf?é{‘?’oﬁngiu@. gg&gﬁ'nﬁgﬁaﬁg‘ used as an
etchjhg s ' S r tnat Condhess n etched
surpgge éﬁL#%%q?V%ﬁ§B§$e%%igén%%%?#%ggf%?%1g?tgﬁge?g iﬁg &ggﬁgggg%ved W th
a 30 st engRsef Cctie CvaI®é e6f Msin tRssl formtilaassprovmd2t hat 146  no

resi due of the transparent conductive filmwas present on the etched

surface dmanme these, compounds wherein this value of m is from 2
to 7 are more preferable since the volume resistivity
thereof is low.

15 About the composition of the metal oxide comprising
indium oxide, gallium oxide and zinc oxide, the content by
percentage of the indium oxide is set into 90 to 99% by
mass and the content by percentage of the total of the
gallium oxide and the zinc oxide is set into 1 to 10% by

20 mass. This is because: if the content by percentage of
the total of the gallium oxide and the zinc oxide is less
than 1% by mass, the etching workability of the
transparent conductive film obtained using the sputtering
target comes to be lowered; and if the content by

25 percentage of the total of the gallium oxide and the zinc
oxide is more than 10% by mass, the conductivity of the
transparent conductive film obtained in this case comes to
be lowered. About this composition of the metal oxide,
the content by percentage of the indium oxide is more

30 preferably from 90 to 98% by mass and the content by
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The sane operation as descri bed above was perfornmed except that a m xed
acid of nitric acid: phosphoric 5 acid:acetic acid:water = 2:17:1800: 1000
was used as the etching solution, so as to evaluate the etching property.
As.a result, it was proved that no residue of the transparent conductive
filmwas present on the etched surface of the film 10 5) Wrk function The
wor k function was neasured by air ultraviolet ray el ectron spectronetry. As

a resultPQHQ?WK#@@f@ﬁcth%ntgtalhpﬁ thangpadtdpm QEﬁéac?nﬂethﬁlﬁﬁwas 4.4

el ectron vo| Exa 9 Prodyction.of.a s utter| arget, and
observaUQﬂ4é% 1% Wéﬁﬁh% eg?rhgi Sﬁﬁweg &8 EogeRgrQ 88 A% t & ing target
“ﬁs,p“m*&8ﬁkéﬂttgg éf@eM@Hgésofnthéeiﬁéluhnoﬁlégphg 4t919eRbrihat the
rati o anong used starting materials was set as follows: 91 parts by mass
of indi upredeeabby pBroms 92 tass7sf bgainhsemandi ibeacdniepar by by mass of

germani um oxi de. Next, in the sane way as in the (2) in Exanple 4, it was
obser@edHMﬁQQRﬁaQﬁ Pbt thedtpkalyefet engpatdgmapxide 284t the &NEput ter i ng

about the, {54l £2nL, PPUREELNGLALASH 1y ThRAOIPAS! OBy Rd v cal

propertles ? I s~ sputterirng-targe servation S S as to whet her

or not the nod%mw&e OSAET PR doRY e SHBRUNLhE Z8RhEeoR1db2boRiEadHel on and
eval uation of a transparent conductive 30 film 47 A transparent

conduct i vien fihis vestal odxidd, |hheheosaﬂatmby rercenthge( 8 itheExanpl e 4

except that the spuitering tar btaine in the above- nent oned 1) was
v 5 i mobtlas APt REdE ' BuRalotP b noRe ERED that of D

10 the zinc oxide because the transparent conductive film
obtained using this sputtering target is excellent in
transparency. This content by percentage of the gallium

" oxide is more preferably 1.5 times or more larger than
that of the zinc oxide, still more preferably 2 times or

15 more larger than that thereof.

About the hexagonal crystal lamellar compound
contained in this metal oxide, the maximum grain size of
crystal thereof is preferably 5 pum or less. This is
because by controlling the maximum grain size of the

20 crystal of the hexagonal crystal lamellar compound present
in boundaries of crystal of the indium oxide into 5 pm or
less in this sintered product of the metal oxide, the
growth of the indium oxide crystal adjacent to this is
suppressed so that the maximum grain size thereof can be

25 controlled into 10 yum or less. Accordingly., the maximum
grain size of the crystal of this hexagonal crystal
lamellar compound is more preferably controlled into 3 um
or less. In this case, the maximum grain size of the
indium oxide crystal present in the sintered product can

30 be controlled into 7 pm or less. By reducing the grain
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transparent conductive filmwas evaluated in the same way as in the (4) in
Exanpl e 4. The evaluation results herein are shown in Table 3. [Exanple 6]
10 (1) Production of a sputtering target, arid observation as to whether or
not nodul es were generated A sputtering target was produced in the sanme way
as in the (1) in Exanple 4 except that the ratio anong used starting
materials was set as follows: 93 parts by nass of 15 indium oxide) 4 parts
by mass efizgaldfi uhexdxigstmt Brosent by thessbnhtgredaprafuoki d. thext, in

th in th in Exanple 4, it b d.whet h t
nodul o5 MECEIGAIENAR ofP (MY otht dgnetalTan Sbobbanhes: £en) Pant

sputteri ngaditlea A CLEO DR L4 LA PUYE | figho POPPERLES Of this

sputtering target, and obser on results as to whether or not the nodul es
wer e generiattatreat eprsdiwet | s Tadé@ 2o £@ymPaoflutmi orAsanthevednieénvon of a
tranféar ent conductive film25 A transparent conductive filmwas produced
int sd¥e RAEcantage tof timis hexsgenptt grextapt lenallarecepneuedi ng

target ohtained i.n the abgve- Lon d bout the
transpar "&ao(ﬂed&jts_fl%/eerfi o%f%‘it"énée)dg goé'flﬁéP%l@%,sE{?ﬁet]?ggﬁ%%%ﬁe%#zgonducti ve
filmwas gvalj@tatidn ASkidé h@r%@f@l}"@dnaﬁe'rﬂa&@ehiéﬁernbﬁialﬂ’ﬁbe 4. The
evaluation results herein are shown in Table 3. [Exanple 7] (1) Production

of a sputdearductiatigetof atlte obsan sparemt asobduot ket fikimopbhatineddul es were
generated A sputtering target was produced in the same way as in the (1) in
Exanpl e 2shefihthaiPiheting otargel o_k8 LP%epFi ndPIRREITRILY nakhQet as

foll 1.9 b of . 1. el i b gal I i um oxi de
and @y\f)arhteg(a%afﬁr&a? n%lég@%?l gfé?rbréw;ﬁjl'%ﬁ %éllh (gunﬁlegﬁ’ﬁ?% Fﬁgg §gnnl§tiway as in the
(2) in BExami# sudh aesompsei vesh Weebper that nthengdntestweye generated at
the time of sputtering about the resultant sputtering target. The

conposi t ipprcantady oL atheropeatief thethptligmspuider and gdnget, and
observation result s to whether or not the nodul es were generated are
shown in 18 ’?‘&? P HERF i Bh BA%S eval uation of a transparent conductive
f i ImA trans :Wi ' j he, 2 me way as in
the (3) in Exanp e:r%le except t %éft%]%njé%ﬁ??%??ﬁg&?%?ggé g%t g?%gd in the
aboves nenmid e b ilde Wedn UsedidékRkifiadpufothexamphspabgnanadgdist i ve film
obt ai ned herein, the transparent conductive filmwas evaluated in 25 the
same way hesed qrneX(inw%amt@mqtrrh@n@vanaéy%ﬁ pasgft SnhEPMAN are

h [ bl . ' | ' [
Cargot | it esteen T ovE b kS FERREr Ea T cile U Pe S e R "

of the crystal of the hexagonal crystal lamellar compound

means an average value obtained as follows: in the case

20 that the shape of the sputtering target is a circle, at
the center (1 position) of the circle and intermediate
positions (4 positions) between the center on two central
lines which cross each other at the circle center and
circular circumferences on the lines, that 1s, at 5

25 positions in all, or in the case that the sputtering
target shape is a rectangle, at the center thereof (1
position) and intermediate positions (4 positions) between
the center on the diagonal lines of the rectangle and
corners thereof, that is, at 5 positions in all, about the

30 maximum grain obtained by magnifying the polished surface
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30 A sputtering target was produced in the sane way as 49 in the (1) in
Exanpl e 4 except that only indi um oxi de powder was used as starting
material. Next, in the same way as in the (2) in Exanple 4, it was observed
whet her. or not nodul es were generated at the 5 tinme of sputtering about the
resul tant sputtering target. After the sputtering was continuously
performed for 30 hours, 45 nodul es were observed in a visual field of size
3 Mg, woifcthsatarmypt 3 A0G0timeaesand nobservimf agefoaméhb8 pputteri ng

target. 10 The conpqgsition_and physical operties,of the uttering target
pr oduced Sﬁé‘taéien,irhrf&‘eob%‘é‘?%cf?olﬁyr'@%ﬂf sgésgt%c%%jrﬂ%reg?cﬁgfmt he nodul es

wer e gen?nri%t:%%cgd’ shagyn rﬁé’kerxﬁE}hesfze(gﬂePéé?ﬁuféixﬁ@aéﬁf‘e?}/fihﬂét tRBnof a

transparent conductive 15 film A transparent conductive m was produced
in the same waias divddeof )he maxbmmhegdatnsepresdént ihe . sputtering
target obtained in the above-nentioned (1) was used. 20 Next, about the
t r anspar aespestidoke iframes mbbtlke nklivecpPeshtiepe aranadparagedeconductive

filmwas evalugted in . the same way as in . the (4) | anple 4. The

val uat 1 on res dEs SRFHSF L AANRE of 1o L send IR e ¢ 5 5
(1) Prodygt it fesity teAF 58 t 86MsE1is BRE Qbsenvatba@npasahetwaet Ber or not
nodul es were génerated A sputtering target was produced in the sane way as
in the (Foum dongpientd sxsegh mdbaltdridat compeiskrg iBdidumabmidel,s was

set as follows: 94 parts by mass of indium 30 oxide and 6 Rarts_ by mass of
gal | i um ddindexigte. g@idiunoxide sand 7h)Caexider heheopetaleR¥dgre 4, it

e L SR LEE LR SR AL .
cont i nuoyRInp ARTd 1 S8k d €8 a 36rm howe Sgradpneenk estegeosbsalogdnion a Vi sual
field of size 3 mi, which was magnified 50 tines, in the surface of
[wherein m is an integer of 2 to 10], In,Ga,Zzn0O,, InGaiZnO,,
InGain,O;, InGaZnJ%, InGaZn,0O,, InGaiZn,O,, InGazZn,O,, and’
InGaZn,0,,, and the sintered product having a composition
15 of 70 to 94% by mass of the indium oxide, 5 to 20% by mass
of the tin oxide, and 1 to 10% by mass of the total of the
gallium oxide and the zinc oxide.
In the sputtering target comprising the sintered
product of the four-component system metal oxide, the
20 content by percentage of the tin oxide component is set
into 5 to 20% by mass. This is because: if the content by
percentage of the tin oxide is less than 5% by mass, the
electric resistance of the sputtering target may not fall
sufficiently; and if the content by percentage of the tin
25 oxlde is more than 20% by mass, the electric resistance
may rise. The content by percentage of the tin oxide
component in this sintered product is more preferably from
5 to 15% by mass, still more preferably from 7 to 12% by

mass. The content by percentage of the total of the

30 gallium oxide component and the zinc oxide component in
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this sputtering target. The conposition and physical properties of the
sputtering target produced herein, and observation results 10 as to whet her
or not the. nodules were generated are shown in Table 2. (2) Production and
eval uation of a transparent conductive film A transparent conductive film
was produced in the 15 sane way as in the (3) in Exanple 4 except that the
sputtering target obtained in the above-nentioned (1) was used. Next, about
t he transpuksmpeoreiotnyg veargen 8t aghedinher &i §0 1A& byvamggsrenThésnducti ve

filmwas eval uated in, 20 the sa as in the (4) _in EX le 4. The

eval uat i off rRRTAYIC het iﬁh%rEOEH%MH ?ﬁﬁp‘éng??%oﬁﬁpﬁp& i%\ggagxgrfpl e 4] (1)
Product | %&fgélfﬁ%tgﬁma LRAJBhe 2HCOBREA¥ALEORCES ttﬂa‘ﬂhﬁt%h%fﬁ]r or not
nodul es were generated 25 A sputtering target was produced in the same way
as in thendds, i th&xeephbtdnexteghsphaentheondtictilet iddm used nateri al s was

set as follows: 94 parts by mass of indiumoxide and 6 parts by nass of
ger madi urEe%s Bl lhess  spnthak thaeeha)ing FATKARRLAZLY| AhEXSRf Somes ¢ 30
was obseryed et her n nodu ngr.a i me of
sputteriHﬁ’é%%ﬁ?r%%ﬁagééugﬁgnggs%ﬁétg?ﬁﬁag?aﬁgekgqggkgkggh§¥é5&%tering was

cont i NnUOUs) ¥a PESF OEREDgA P13 BRUES, ad BRAULERCWBKE AGDIR Wede Rhanvi sua
field of size 3 m®, M%ICh was magnified 50 tinmes, in the surface of 5 this

sputteringt advgatasThetbenposiiucbhvahy pliyshealrepudpent ésrapisparent
sputtering target produced herein, .and observation results as to whether or
not the reRRARStHES LLtRePaPEE LPef8hdwn in Table 2. 10 (2) Production and

evalfgtion Of.QAéﬁ@PSPﬁéegém gggyfg%ngzg#g}ﬁeéégggﬁgagnchqﬂguctive film

was produced in e same way as I'n cept that the

sputteringphet@eingbtarget tompbesahgvensestineesdd progustlvfused Next,
about the transparent conductive film obtained herein, the transparent
conduct i vEodT + pompenent| axstem methd oxAdewafhgs contemd ©¥) in Exanpl e 4.

The eval ual 1 o0,£85¢" 68 PRECIRAZLE 30948 48 [3RE8301% £rom 75 to

93% by mass, the content by percentage of the tin oxide is

15 preferably from 5 to 15% by mass and the content by
percentage of the total of the gallium oxide and the zinc
oxide is preferably from 2 to 10% by mass. This metal
oxide which 1s more preferably is a metal oxide wherein
the content by percentage of the indium oxide is from 80

20 to 90% by mass, the content by percentage of the tin oxlde
is from 7 to 12% by mass and the content by percentage of
the total of the gallium oxide and the zinc oxide is from
3 to 8% by mass.

About the contents by percentage of the tin oxide

25 and the zinc oxide in this sputtering target, it is
preferable that the content by percentage of the tin oxide
is larger than that of the zinc oxide since the
conductivity of the resultant transparent conductive film
can be improved. The content by percentage of the tin

30 oxide is more preferably 1.5 times or more larger than
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Tabl e 2 Exanpl e (Conparative4567(2)(3)(4)Exanple)[A] |ndium oxide

t ype8691939510094940conponent ~~[ B] Gal | i um oxi de

t ypel0643060oconponent aE[ C] Ger mani um oxi de type4332006conponent Maxi mum
grain size of2.33.13.43.2(21)8.810.2"" ~crystal [ Eun ] "1HoDensity

[ g/ cnB] 6. 656. 496. 506. 866. 506. 206. 30NBul k resi stance

(x10-3523. 84. 24. 44. 615. 05. 27. 2cn] ~~Nunber of generat edp000452421~, nodul es
1) | ndi untloxt def ctet alnghekdde ., Getaldnmmozedpseferabilyne drimes or

sol i d-di ssol ved bg subﬁtit bignt However, the crystal of Conparative
Exanpl e 7'%8 tREIGEL k aﬁag abntheseotndi um oxi de. 53  Table 3

Exanpl e( Conpar afyl 2 a eghil i 045042038056058
0420] B2 cn1]23%*§€§?¥én%%ﬁéééé§§7%?%%%?%4%h%é%%§?,ébﬁgggﬁgb;~wave -cN

~| engt h91862dLD88828R5bA1BMBpultitering target, the maximum grain

Fi ner nAnor - Aor - Anor - Anor - crys- Anor - Anor - Crystal [ ini t

yr ophbus phibze phbuspyistisi akhpireasphsupireferphd YAGuenu oF~Uests .e URhbseoH
ooxal i ¢ Gpo

d d b .
it choim e eatesT B, SR8trRIadEa: BhetmanimEe 2R 8338 GSodMod ood to

be Good t@rﬁta‘ﬂ'a@j‘:‘dtﬁécﬁéﬁagbﬁﬁﬁd?ﬁ?bﬁlbilo'I'Mm\é@.'l'érf offdound present
n[electron4. 44. 44, 34. 35. 34. 74. 6vol ts

in boundaries of crystal of the indium oxide into 5 um or
less in the sintered product of this metal oxide, the

10 growth of the indium oxide crystal adjacent to this is
suppressed so that the maximum grain size thereof can be
controlled into 10 pm or less. The maximum grain size of
the crystal of this hexagonal crystal lamellar compound is
more preferably controlled into 3 pum or less. In this

15 case, the maximum grain size of the indium oxide crystal
in the sintered product can be controlled into 7 pum or
less. By reducing the grain size of the indium oxide
crystal in the sintered product which constitutes the
sputtering farget in this way, the generation of nodules

20 can be suppressed when a film is formed.

Next, a process for producing this sputtering target
is, for example, as follows: the sputtering target can be
produced by granulating, by casting or by means of a spray
drier, fine powder obtained by mixing and pulverizing

25 powders of indium oxide, gallium oxide and zinc oxide, or
additional tin oxide; press-molding the granulated
product; sintering the molded product:; and then cutting
the sintered product. Herein, the mixing and pulverizing
of the respéctive metal oxides as starting materials can

30 be performed using a wet-mixing pulverizer such as a wet
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[ Exanpl e 8] (1) Production of a sputtering target, and observation as 5 to
whet her or not nodul es were generated A sintered product was obtained in
the sane way as in the (1) in Exanple 4 except that the ratio anong used
starting materials was set as follows: 86 parts by nmass of indium oxide, 6
parts by mass of tin oxide, 6 parts by 10 mass of gallium oxide, and 2
parts by mass of gernmani um 54 oxide. This sintered product was anal yzed
by EPVA. beslla mibl|or atbead pidledulhzésbhécewawes,i ndi dimeodiide.crysta
wherein tin atonms were solid-dissol ved b¥§su stitution, indium oxide

crystal wher®t® @3@%¢ unt bt disPHet 8TaBied aHl§§8I§§ér$}n§uﬂ§¢ﬁﬁéﬁﬂon and
| ndi um O3 Mgk Vpd Bbul\PEELEBa 92 BIEHThahARECERAROLhE- divasaled by

SUbStItUtIOI’] T was a I’OVG at there were |n (004 reln i ndi um

at oms wergas®eldle déﬁﬁ@'cvﬁdti@é! %ubeéttuéHOBroaabltl Wanexpde 1Whgr gin i ndi um
atoms were 10 solid-dissolved by substitution, and gernmani um oxi de wherein

i ndi uPn at¥#®S were sol i d-di ssol ved by substitution. Next, this sintered
product was wor in th as.ipn th 1 n. Exapple 4 t roduce a
sputtering tar °u$«Sﬂn&%€$§$%m€éﬁeﬁﬁ£§n%SEP% %ﬁta%Z?xF eExaHBEEQ it 15

was obserped dhiRShers 98t aDPdYLesxyEER gaoer @hedsatihie tinme of
Sputtering about the resultant sputtering target. The cOnposition and

physi cal yumperdteseoist8es spUdt e300 tar yeyootnd phsesvabieni! gsyl ts as
to whether or not the nodul es were generated are shown in Table 4. 20 (2)

Product i di? ahd6 @8] .ua@ndrthsf Hinimmspments coptlutntoe2 f £ 36 hoanspar ent

cond t|v f r u he as in anple 4
excep %%1 eﬁgn%ESE?ﬁﬁ% cﬁﬁ%ﬁ %F*% ?hel%bﬁﬁééﬁ%%?F% 9 (1) was
25 used ﬂ\te@etaawttérhgefaeﬁﬁaaffgtngomuéth»fetfﬂal PLABt dienedeherein, the
transparent conductiv | mwas evaluated in the sane way as in the (4) in

Exanpl e 4£irfing intmspatenl0Wmiimitere Furhsasmonehj dat edtdexr h&ﬁt treat ment
at 250C 30 d the speci fi resi stapnce t hereof was_neasured by

f our - pr o\RF REESEI Rt FRRIebshired ﬁB?eFﬁSH}Eagﬁoﬁﬁntﬁr?gble 5.
[ Exanpl eopgz] cﬁi‘ét Pﬁ“fé'é’ﬁ'v%aﬁlép Silcnghﬁ.?rgfhte g?ﬁﬁ'ﬁ}é@t 4@RAS S5 to
arg

whet her not no es were enera ering was pro uced in

t he ERNMe avashfse lsmitfwoié)fw Egﬂﬂ@l ﬁléteaceat at bptittBeihat macarmeg used
starting materials was set as follows: 88 parts by nmass of indium oxide, 6

parts by anbabiach mokitking phgttopyhis.

The sputtering target having the above-mentioned
structure is used to make it possible to form a
transparent conductive film on a substrate by sputtering.

20 The substrate and the sputtering machine used herein are
the same as in embodiment 1.

The thus-obtained transparent conductive film of the
present embodiment is a f£1ilm comprising a metal oxide
comprising indium oxide, gallium oxide and zinc oxide, the

25 metal oxide having a composition of 90 to 99% by mass of
the indium oxide and 1 to 10% by mass of the total of the
gallium oxide and the zinc oxide.

Since this transparent conductive f£ilm is made of
the metal oxide having the composition of 90 to 99% by

30 mass of the indium oxide and 1 to 10% by mass of the total
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10 mass of galliumoxide, and 2 parts by mass of germani um oxi de. Next, in
the sanme way as in the (2) in Exanple 4, it was observed whether or not
nodul es were generated at the tinme of sputtering about the resultant
sputtering target. 15 The conposition and physical properties of this
sputtering target, and observation results as to whether or not the nodul es .
were generated are shown in Table 4. (2) Production and eval uation of a

t r anspar @t tdtm(ﬂkltlwnf¢$1qﬁ1?0amdt?%ﬁs%’ﬁ@n@xé@ﬁdu@?ﬁﬂ@élfinltm was produced

th t le 4 h
arget oREAMAHPLSPIRAND e Hent TERED €55 SRETRLERd Next . about the:
L1 anspar a0y dﬂye g}mé %P&ﬁ@bé‘f&n@%@ﬁ&&b?wé hfliﬁ\aﬁlép@%@&.}%ﬂ‘l‘:d““ lve

filmwas evauate i'n" the sane way as in t
eval uat i dm reststiirsg herepertay es shoenthe Fabheis. a:hExpnphe 10i £ (d4he Producti on
of a sputtering target, and observation as 30 to whether or not nodul es :

ver e YenotanbdY Dexern tage et t Bhgetotald ‘bfoﬁh‘éeaailﬂlltlﬁe°§éﬁﬁ way as in
the (1) in exce e {i used tarting materials
was set 5’?&6}? ov%in%BOXJa% 1%6‘1%%%'5%&. 'g § parts by mass of
tin OX!dedﬁ%?Hﬁéhﬁhbéhd@@ﬁi@@ ﬂﬁiﬁ'UQ&@MéQecrﬁgﬁaﬁlﬂﬁétSnBYtHESS of
germani um oxi de. Next, in the sane way as in the (2) in Exanple 4, it was

observed emﬂt:lhrg mothoMesoﬁmmgen‘eoadetleai.orhEet| nEf ofhgputtering

about the resultant uttering target. 10 The conposition and physical
propert i &ORFeR Ry ¢entH t%ﬂc'g&l Eﬂﬂaﬁbgﬁrt/]gg galidum pP¥ide 1 o whet her

or t%%dn__q{g ezsj_l)(@r& ‘tge:[gt &7 Ens om%ilgyxlﬂ?gg 4 gZ) Producti on and

eval uat i on of transparent conductive rahspar ent conductive

fllnlwanuﬁnuaxibifyt&ﬁ EREEL Maysparéfitt Benddtt 1 de ERAIRI eomegXgopt t hat
the sputtering target obtained in the above-nentioned (1) was used. Next,
about t hée rlawgrednt Asortduict itrangpnaneit dorethQoiverisim, tdeftkmnspar ent

conductive filmwas eva ated i sa i i.n Exanpl e 8.
The eval divigtg 1R antRonbELen oF SUnearoFh B Rass of cEnkptactep (1)
Product i ) e aaﬁcptﬁtea'm%t@?%assaaﬁ eﬂéeweaioafa&@gs@l%ﬁ.t her or not
nodul es were generated A sputtering target was produced in the sane way as
in tre (bxide Redptice 4zExcepkid@alstpeefatablanshgcesetestai hgsmaterial s

was set as follows: 85 parts bg mass of indiumoxide, 8 parts by mass of -
tin oxi daoxre @FQ%DE%/“'BOC%§§0 }vihy| andh GRFHéngaHHOBeEMYt s byfHh@s of

germsm'uriQav:I.ng a composition of 92 to 97% by mass of the indium
oxide and 3 to 8% by mass of the total of the gallium
oxlide and the zinc oxide is more preferable.

20 The transparent conductive film of the present
embodiment may be a film comprising a four-component
system metal oxide comprising indium oxide, tin oxide,
gallium oxide and zinc oxide, the metal oxide having a
composition of 70 to 94% by mass of the indium oxide, 5 to

25 20% by mass of the tin oxide, and 1 to 10% by mass of the
total of the gallium oxidé and the zinc oxide.

This transparent conductive film comprising the
four-component system metal oxide is made of the metal
oxide having the composition of 70 to 94% by mass of the

30 indium oxide, 5 to 20% by mass of the tin oxide, and 1 to
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oxide. Next, in the same way as in the (2) in Exanple 4, it was observed
whet her or not nodul es were generated at the tinme of sputtering about the
resultant sputtering target. 5 The conposition and physical properties of
this sputtering target, and observation results as to whether or not the
nodul es were generated are shown in Table 4. (2) Production and eval uation
of a transparent conductive film 10 A transparent conductive filmwas
produced 10% thie mase oBytlas totabeof3ihengaxaipmeokidrcaptl that ztine
sputtering target obtained in the above-nentioned (1) was used. Next, about
the transpekdh: ErpirRY i ¢¥hibLlEing: axfedlesthErapaParaBCYr 8R€par ent

conducti ve fcijlcn?-rj‘f\@fiffvalf‘{ﬁ}t%def.r%zwe %rpff%bf% %?c%i%ﬁergg)iﬁn Exanpl e 8.

The eval (&t esurts hereinare shown in anple 12] (1)

Product i qx s 118y SPrép&FtPIsincdetneapd1abssr yabrphoas . 20The #wbgkbRr or not
nodul es were generated A sputtering target was produced in the same way as

in the (MWhyntheaopheent ebyepercantagheofathe &dpngxddedist &htlisng material s
was set as follows: 82 parts by mass of indium oxide, gts by mass of

8
tin oxi deETaPRATANDYCOBANGELVE L4dM L8nPEki 4BfCandt? B9k YhjPartgss of
ger man uﬁvag:%rg%?: g?fagl?iﬁoégﬁtéﬁ@bﬁ’aéegéehgaggeoézkhbn.t%aggiﬁe4’ié t was

observed es wer enerated at the tine sputtering

about thegesuhantsspuyteassg tRegelec8Ritheesaspaacei of and physi cal
properties of this 58 sputt_ering target, and observation results as to
whet her otramspahentodondychive §apmr mpgdnatefahduwnand tpithes, (2)

Production and evaluation of a tra arent conductive filmb5 ranspar ent
condbitt | VPR TonE BE BEBARRERTRNOF hERBaREPWGFLAE 1 FRES( o 2%t o 4

except. ! hatsd NecppULi gt dc! 26k aRbal ARy kaskhe above-mentioned (1) was
used. Next, about the transparent conductive film obtained 10 herein, the

transparent corghbwit vehis!| traasparahtatedduotihe falm wampaisingthe (2) in
Exanpl e 8. The evaluation results herein are shown in Table 5. [Exanple 13]
(1) Produhé ofowr-gomponesEi fgstamgeetadng@xdBser ¢t i6n PESLEFaDd Chhet her or

t dul ted, A tt i t i
o mor heRat e BEAREENE g BRKELRELAE, b2" Bk 433 BIAUMCE WA Same Wy
mat efsal syN@s BRAt asef ehbovsnc8dxhakt siRveMns @Bnid'&@tlimi(tgi des 8 parts by
n

mass of tin oxide, 4 parts by 20 nass of galliumoxide, and 4 parts by nmass
of ger mnexwebkene. Néhe )comteme smnpemagntadgénofhthe2kinnogidaplia 4, it

was observed whether or not nqdules were generated at the ti f
sput t eri nghhBobFaRfRAFERY) Faﬁfiugﬁ&f’ﬁerfilﬁrﬁ‘ & gere %#95@%;55‘%“ on and

physt cal pIgperbkefofl h-BesPUhbar ide! 350%he 2ARLRIAMAL I ESUl LS as

to whet her~or no es were generated are shown 1 n Table 4. (2)
Product i ofo8dpeeabiabilon20timekr oS patrentl azgedudhane that |thedok .

transparent conductive fil mwas produced in the

.20 The content by percentage of the total of the
gallium oxide and the zinc oxide in the transparent
conductive film comprising the metal oxide is set into 1
to 10% by mass. This is because: if this content by
percentage is less than 1% by mass, the transparent

25 conductive film becomes crystalline and the etching
property thereof comes to deteriorate; and if this content
by percentage is more than 10% by mass, the conductivity
of the transparent conductive film comes to be lowered.

The composition of the metal oxide is preferably a

30 composition of 75 to 93% by mass of the indium oxide, 5 to
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59 same way as in the (3) in Exanple 4 except that the sputtering target
obtained in the above-nentioned (1) was used. Next, about the transparent
conductive filmobtained 5 herein, the transparent conductive filmwas

eval uated in the sane way as in the (2) in Exanple 8. The eval uation
results herein are shown in Table 5. [Conparative Exanple 5] (1) Production
of a sputtering target, and observation as 10 to whether or not nodul es

wer e gene¥%&e@¥ﬁﬂ@§ﬁt?€rthg tangexidas Bﬂédacé@ 193 by swes ey e in the

1) i h b d |
Sel a5 [ORTOML: OB0URAr b by MaCELP FR) SACoEMBE, CHIdE0 50 iF BPfass of
tin oxideyrddePe¥iy hncéﬂﬁoﬁ'ﬁﬁowaﬁfaﬁo' Rot l@@g( %%y ?ﬁg%?’%lt?’f 4 1t wvas

observed mhether or not nodul es were generate sputtering
about thein@buhtexidspult eoi bg@%t bygmhssThE thepdadint ioxidand audy 3 aal
properties of this sputtering target, and observation results as to whether

20 or5mn8%rRQTm@ﬁFe§meP§ §8ﬁéia9§dtﬁﬁe9§ﬂé%ﬁmlﬁx¢QGI@W§ th® z3msyuct i on

and evalu of a transparent conductive film A transparent conductive
filmwas pro uced in the sane way as in the (3) in Exanple 4 except that

the 25 sputteripgrtRéarérebt 6hngdanBrbhisuabeyanBpareaRedonghctagelsed.
Next, about the transparent conductive filmobtalined herein, the

transpareﬁllmo@dmnrlsénglthﬁm&guevabmapaénmnwaéemametwdyQxidanmme (2) in

Exanpl e 8, The_evaluatjon 30 results herein are _shown in Table 7. 60
[Cbnparaiﬁ%%m%QaﬂB% eS8 S?@YGPFE Eﬁﬁoﬁl&m &8s gubdectsd té?@@@- and

vas. Y ooubbe o A€ e boflpeR8 bt Uer 2abT o R REER L Engr&fept that the

rati o anigkingdist poksNplERLEr yabadwaswahs@arfe@ltl @wldu‘&:m; /5y nass of
i ndiumoxide, 5 parts by mass of tin oxide, and 5 parts by mass of gallium

oxi de. hbﬂhichniﬁh@rzahél&éyeaénﬂneﬂﬁélégﬁtiﬁnEﬂan§M@t4VﬂﬁN 10Thes observed
whet her 9 not, no

t t, 1 f tt bout th
ot iedt! ESeHnSRL, Eafdsh 5%86 B tPiBncarE AR BER e“&a&? Ves of
h h
sl eo A I b WA s?ﬁn YAREP £684€ (o ?‘%It%ro Rliver® ¥ 1N

eval ugt i Ottbmﬁ)eﬁatﬁ:ﬁésﬂﬁrﬁﬁﬁammf}duﬁtl mertal lthleA BoOBASparentigonductive film
was produced in the sane way as in the (3) in Exanple 4 except that the

sputterlr@ﬂY%?@%%eoBbéFnEHelHePﬁetaﬁéﬁﬂﬁﬁﬁnFF@ﬁeén(Ipiﬁa§a§@ dSedetNext ,
about the SLENGPRT £Qt 5 c t|mfh%%Iﬂgg@t@f@ggmgﬁ£ei$h8£?§?%5gﬂsparent

conducti Ve 71 was ev ated in e safre way as I'n %xanple 8.

The eval L@éﬂ@@cf@éUhfﬁebetﬁénaﬁ\bepﬁbﬁﬁﬂtern"s'gB&’énY:- cdadueRA atilye Exanpl e
7] (1) Production of a sputtering target observation as to whether or

not nodul Eermedcugtngr thedspusperiag tgroetgds wasterogdcedThast he same way

A R g I o
method such as photolithography.

The thus-obtained transparent conductive f£ilm has a
light transmissibility of 75% about light having a
wavelength of 400 ﬁm and a light transmissibility of 90%
25 about light having a wavelength of 550 nm, and is

excellent in transparency. Additionally, this film has a
high conductivity and a work function of 4.6 electron
volts or less:; therefore, it is possible to control the
connectlon resistance thereof to the electron injection

30 layer of an organic electroluminescence element into a low
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I ndium oxide, 5 parts by mass of tin oxide, and 5 parts by nmass of

germani um oxi de. Next, in the sane way as in the (2) in Exanple 4, it was
observed whet her or not nodul es were generated at the 5 tine of sputtering
about the resultant sputtering target. The conposition and physical
properties of this sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 6. (2) Production and
eval uati oralofe a tAcarsphimegity c orlile t tvangafen n donduectpee efit Imoodnct i ve
filmwas produced in the same way as in the ( %'FII’I Exanpl e 4 except that

t he sput RS iBRLEeF Yty opatndth ‘PntFﬂ@SBBB@Etnﬁ cérede( of WaFigusd. 15
Next t th
trgnspargﬂ% ﬁf%kl g@g@@%ef%¥ag§€g§abxg Phgbgggegﬁhelgs |nethe (2) in

Exanpl e &onldeceial tat 4pe requhtsaheéecn aselshawa b@yEaalledlsp[l@@rrpar ative
Exanple 8] 20 (1) Production of a sputtering target, and observation as to
mhetHér(ﬁlemﬂnh%de@sOMEabigeﬁéﬁgtéglﬁm599§ﬁenpﬁgdﬂépééy wdemendduced in
t he sane as . in the (1) in Exanple 4 except that the ratio anong used
starting HFEE¥PLE sl has set as follows: 70 parts by mass of 25 indi um oxi'de,

10 parts hy ”@%?d@étibﬁ‘ Q¥i Qesp&thgﬁla lggr?%%s of gallium oxide, and 10

parts by nass ger mani um oxi de. Next, e sane way as in the (2) in
Exanple 4, it vmas aOhS&?ti/@doﬂ\hﬂhdllBﬁmooxﬂdé podaétestoetengersdet ed at the 30
time of sputtering about the resultant sputtering target. 62 The

conposi t iRAWESE. pﬁ%sﬂ:ﬁ?tbﬁﬁp@ﬁiﬁééaéﬁ tﬁfsgngPFéﬁl F?Q pasgeto d9d

oD S £ o ot Bl b Rh k0, DAY SEOMRIRSLIIRREL e e
wet ball mill, and they were mixed and pulverilized for 10
hours to yleld raw material powder having an average
particle size of 2 pum.

Next, the resultant raw material was dried and

15 granulated with a spray drier, put into a firing furnace
and then sintered at 1400°C for 4 hours. The resultant
sintered product was pulverized with a crusher, and then
pulverized with a hammer mill and a jet mill to yield
sintered product powder having an average particle size of

20 6 um,

Next, to the sintered product powder vielded herein
were newly added 30 parts by mass of indium oxide powder
and 3.3 parts by mass of tin oxide powder, and then the
whole volume thereof was supplied into a wet ball mill.

25 They were mixed and pulverized for 24 hours to yield mixed
powder having an average particle size of 2 um.

Next, this mixed powder was dried and granulated
with a spray drier, and molded into a disc having a
diameter of 10 cm and a thickness of 5 mm with a press-

30 molding machine. This disc was put into a firing furnace
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5 filmA transparent conductive filmwas produced in the same way as in the
(3) in Exanple 4 except that the sputtering target obtained in the
above-nentioned (1) was used. 10 Next, about the transparent conductive
filmobtained herein, the transparent conductive filmwas evaluated in the
same way as in the (2) in Exanple 8. The evaluation 15 results herein are
shown in Table 7. Table 4 Exanpl e8910111213[ A] | ndi um oxi de

t ype8688&aHb&2ficonpdnabt aofAhtéringxiémpeypeae8888caspofenah&rCGal | i um

oxi de type646464oconponent U C] Ger mani um oxi de type223344conponent NVaxi num
grain si ZZéd@fayngsphere afopgessyred oxygepygagl Tpgy#i ROLESsi ty

0766 0. 71 0. 67cH e nEwEr onfafnet, SrhEBbBhuRERy: LB Bantet, Pys O O
Exanpl e8Yddddrdsgwest f treesifit a06me804204165300A9¢40brWEheMtotal
] SWave- "1 engt h797879808179400 nma~Wave-| engt h909191919290550
nnDOF ne+‘efintire Abpdivnoatamsr apdy shantinCafomsl. | | Fhe ysphbasepabus
"this sintered product was polished and then photographs
thereof magnified 2,500 times were taken with a scanning
electron midroscope at the center (1 position) of the disc
and intermediate positions (4 positions) between the
10 center on two central lines which crossed each other at
the cilrcle center and circular circumferences on the
lines, that is, at 5 positions in all. About the maximum
crystal graln observed in a frame 50 um square thereof,
the maximum grain size was measured. The average value of
15 the maximum sizes of the maximum crystal grains present in
frames at these 5 positions was calculated. As a result,
the average value was 2.8 pm. This sintered product had a
density of 7.0 g/cm’. This corresponded to 98% of the
theoretical density ratio. The bulk resistance value of
20 this sintered product measured by a four-probe method was
0.61 x 107° Q-cm.
The thus-obtained sintered product was cut to
produce a sputtering target having a diameter of about 10
cm and a thickness of 5 mm. The measurement results of
25 the composition and physical properties of this sputtering
target are shown in Table 1.
(2) Observation whether nodules were generated or not
The sputtering target obtained in the above-
mentioned (1) was adhered to a plate made of copper, and

30 the resultant was attached to a DC magnetron sputtering
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phous phous tal- phouslinitywAqueousNoxal i cGoodGoodGoodGoodGoodGoodp, aci d
00 ~, sol utionAgqueousm xedGoodGoodGoodGoodGoodGoodQ Uaci dNWsol ut i onw ~
bwork function[el ectron4d. 14.14. 14. 14. 14. 1vol t s] Speci fi cresi stanceafter
heat 180185175150155185treatment|[ i,52 cm] 64 Table 6 (Conparative
Exanpl e) (5)(6) (7) (8)[ A] I ndium oxi de typeconponent 909090700[ A] Ti n oxi de
type conponent 1055100[ B] Gal | i um oxi de typeconponent 050100U[ C] Ger nmani um
oxi de typexdnomentA0 31EVERdmmephge il relnf 7a giPxdd . §&sSehgséah [ E, inm ~
a~Density [g/cm]6.896.686.546. 18~ a~Bul k resi stance [x10-'SZ

cm 0. 420.@88?38112‘?%%%%%%“’6? gededatedargan| €852¥88 118265 to pegiform

( Conpar at j v e ) chki | st 6 [1.52
cn]u~Ligh9%}¢?€£@#8%é§§£€%§§%£§1g@%pganﬁ?g?grt¢9§%§?e%§$%gfg§%go
NMB89089F Y #1ed | It 66€FINY in this case, the pressure, the arrival
Crystallinitycry-crys-cry-Anor-cdstal -tal-stal-phouslinitylinitylinityrdAqu
eousUnablpstermaed; etleeceuRatratactempebatuorbeah@dte applying

Etchingsolutionetchedetchedresidugﬁrgperty Agueoys Unabl e Presence
Presence@ RS acrere oSek BP 3f X BDOdsBRut PolielBhefAesi2duer 8BAdLEBNVT k
functi onfel

treat ment 13%48%}?%%%%%éﬂ? @346%%i§5§ ddddatencapeter heat
atmospheric gas was for promoting the generation of
nodules.

10 There was adopted a method of magnifying a change in
the target surface after the sputtering 50 times and
observing the change by means of a stereoscopic
microscope, and calculating the number average of nodules
20 um or more in size generated in a visual field 3 mm® in

15 size. As a result, the generation of nodules in the
surface of the sputtering target used herein was not
observed.

(3) Production of a transparent conductive film
The sputtering target obtained in the. above-

20 mentioned (1) was attached to a DC magnetron sputtering
machine, and a transparent conductive film was formed on a
glass substrate at room temperature. About conditions for
the sputtering herein, a mixed gas wherein a small amount
of oxygen gas was incorporated into argon gas was used as

25 the atmosphere, and the sputtering pressure, the arrival
pressure, the substrate temperature, the applying electric
power and the time for forming the f£ilm were set to 3 x
10* Pa, 5 x 10™* Pa, 25°C, 100 W, and 20 minutes,
respectively.

30 As a resuit, obtained was a transparent conductive
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[ Exanpl e 14] (1) Production of a sputtering target 5 Indium oxi de powder,
gal I i um oxi de powder and zi nc oxi de powder as starting materials were m xed
at aratio of 93% by nass, 4% by mass and 3% by mass and then m xed powder
of . t hese metal oxides was supplied into a wet ball mll, and they were

m xed and pul verized for 10 hours to 10 yield raw materi al powder having an
average particle size of 1.8 to 2 wn Next, the resultant raw materi al

powder 6@laswawh¥redth anc gHspddetl yonduet by afilihikavingdat feimesul t ant
particles were filled into a nold and nol ded under pressure by neans of a
pr essi ng thdckines s @f/iabahta 21 R0 fangs Womedwas ofleemedaonnghe dilasst er of
10 cn1andP% 3@} i ckness of 5 nm Next, this nolded product was put into a
firing f&HYS then sintered under the atnosphere of pressured oxygen

gas for 4:)0%%1‘4431!1901{ NoE SiHY ef+4s b £FDSE A dhQudBsvEOpiigl 1 €d into 1420 to
1480C. 1 he sintered product obtained herein was analyzed by X-ray :

di ff react onet r y Aboch tERVR otmnduateiswity off tles {ravephtdmt dexdgohavecryst al
| anel | ar conpounds represented by 1n203( Zn0), and |InGazZnQ4 were generated.

At the c&idat qn theodixansnarent eopfuet1ve ndlase Ptiatpreduis 5RE 15

|t er medialg Sl lised 4 PPSTHONSe DB LIEL £50L eLe OO central

lines whiCh 'crossed eac e circle cen ci'rcul ar

ci rcunf ergneRparedthecdidesStivdatiim, wat ReostédOpy & Nfadt-phepsof, the
sintered product was magnified 2,500 tines and phot ographed with a scanning

20 el ect meithudr oasope redimitt, tite wasxi2aom>cryost &2 - gmai rAmdsersteel in a frane
50 Eun square thereof, the maxi num grain size_thereof was nmeasured. The

averidye FHORERFTANRY ki This gt EARSRRTERE oFORARCHEYS nfitlBr yEREI grains
t i { g . lt, it
present 1 Jidin ens:ll.%]siﬁglffitﬁfsfﬁéf’géfv‘@és Cah £ ulgh&d %_f\ghg/ RAIAGN L. |

was 2.8 ~z s sintered product was hi s

cor r espordedviel oot hes o henr bt | aetod@asté ywithi &. specthonseee,. the bul k
resi stance value of this sintered product, measured by a four-prove nethod,
was 2 . Fhuspo-thesXilmwaseive excelbehhi hedtsanspakengyeduct was cut to

67 produyuce a sputfering target having a dianeter of about 10 cm and a
t hi cknesj%d‘fﬂ“}ﬁ}tﬁ?fbg nm

15 (1) Production of a sputtering target
The ratio among used starting materials was set as
follows: 85 parts by mass of indium oxide, 10 parts by
mass of tin oxide, and 5 parts by mass of gallium oxide,
as an oxide of a third element. In this way, raw material
20 powder was prepared. This was sintered and then
pulverized in the same way as in the (1) in Example 1.
Next, to the resultant sintered product powder were
newly added 25.5 parts by mass of indium oxide, 3 parts by
mass of tin oxide and 1.5 part by mass of gallium oxide,
25 and the resultant was pulverized to yield mixed powder.
Thereafter, a sintered product was yielded in the same way
as in the (1) in Example 1. The measurement results of
the composition and physical properties of a sputtering
target obtained by cutting this sintered product are shown

30 in Table 1.
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(2) Observation whether the generation of nodul es was observed or not 5 An
identification was nade in the sanme way as in the (2) in Exanple 1. As a
result, the generation of nodul es was not observed in the surface of the
sputtering target used herein. 10 The conposition and physical properties
of the sputtering target produced herein, and observation results as to
whet her nodul es were generated or not are shown in Table 8. (3) Production
of a transparkmduoniortofeaf ttandparehtanepduentiveofidamti ve fil m was

produced in the sanme way as in the (3) in Exanple 1. As a result, there was
obt ai ned a tradsJeFaHPIRRRLCEPRAUGEEE] fihbReYVaS aPFPANSPdr &Rt thenduct i ve

filmbhaving a fi hj S o} 0,an [ s,20 forned on a

gl ass sulfs reat‘;e%} ?%1% JE‘%/a_ u%t f%L %$ F%%%Pr?gn%pgrgé%P%gglﬁaucFﬁ\‘?e film The

t ranspar efputomeiied | ¥ordét bBbal hedt 1ANERAr 8BbveOREHE L bKeddl(33Svadhi ch was
obtained in the above nentioned (3), was evaluated in the sane way as in
the (%) 2atsed. Exanple 4. The results are shown in Table 9. [Exanple 15] (1)
Production of a s utteriqutar and observation as _to whether or not

nodul es viete QRARFEAEON S Fget dpperatdenpPEdneedirs ¥RE same way as
30 10t eddrydla RAMPOE 14ng¥EeRIubERLN BE EAL! £-AHRRA UREd 68 starting
ol [ ows: ) In

materials was set as arts by mass o umoxi de, 6 parts by
mass of gadddudtDXe deilmnd 3 parts by mass of zinc oxide. It was proved

that a hexagonal crystal |amellar conmpound represented by 5 1 n2Ga2Zn0, was
generated in tHhe cAame presptionsiag thege?) ardtthén(dheinane way as in

gonc At ol AMETR. 1 ¥erer CabiieEPing M AoTH & SRR (EhPHY 1ar BEDLe
1.

[Example 3]
(1) Production of a sputtering target
The ratlio among used starting materlals was set as

15 follows: 85 parts by mass of indium oxide, 10 parts by
mass of tin oxlide, and 5 parts by mass of cerium oxide, as
an oxide of a third element. In this way, raw material
powder was prepared. This was sintered and then
pulverized in the same way as in the (1) in Example 1.

20 Next, to the resultant sintered product powder were
newly added 25.5 parts by mass of indium oxide, 3 parts by
mass of tin oxide and 1.5 part by mass of cerium oxide,
and the resultant was pulverized to yield mixed powder.
Thereafter, a sintered product was yielded in the same way

25 as in the (1) in Example 1. The measurement results of
the composition and physical properties of a sputtering
target obtalned by cutting this sintered product are shown
in Table 1.

(2) Production of a transparent conductive f£ilm

30 A transparent conductive film was produced in the
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10 The conposition and physical properties of this sputtering target, and
observation results as to whether or not the nodul es were generated are
shown in Table 8. (2) Production and evaluation of a transparent conductive
f 1 Imd5 A transparent conductive filmwas produced in the same way as in
the (3) in Exanple 14 except that the sputtering target obtained in the
above-nentioned (1) was used. Next, about this transparent conductive film
the 20 tresampawantasohouthevé3di im Baamplal daeedept thatsame way as in the
(4) in Exanple 14. The evaluation results herein are shown in Table 9.

[ Exanpl e SB}t{aying obaEgebnoBiaineguitetPhgabavgemenidenssddvamash as 25
to mhethqh; not nodul es were-:generated A sputtering target was produced
in the sane Way as in the .(1) in Exanple 14 except that the rati o anong

used star¢3NQOBEéLvaetlién WREesRbraghbohbawsratIbnpakt no@n1ERS wa@f i ndi um
oxi de, 4 parts by mass of galliumoxide, and 2 30 parts by mass of zinc
oxi ded | tohgeryedved nott andoEvahurijgonabfcihet diranspareart conpound
represent ed gg %QGQZ 94 was generated in the resultant sputtering target.
Next, in SHESH Vﬁﬂg W inthe (2) in Exanple 14, it was observed whet her

or not nodules5ﬂﬁ;q¥ﬁ§9e5§éfgt§6n§ EEetBh”?29f?EHUEBErkﬁgSEHOUt this

sputtering target. conposi tion and physical properti of this

sputteri rExdmpetl wateobsrauatean rrsel tesabt$ canbeshewnoinn®abliBe nodul es
were generated are shown in Table 8. (2) Production and eval uation of a
transpareht conductive 10 film A transparent conductive filmwas produced

tar i oo GrHRt SR TRERBBREE bt foned (1) was. ubed. 15 Next . about the
transparent) cORGEEELYEnf bEMoBbatRediAgr ehRgelthe transparent conductive
filmwas evaluated in the sane"way as in the (4) in Exanple 14. The
eval uation resit saheatelio af eisdbun oridabpewler| Emabthheokxifie20 (1)
Production of a sputtering target, and observation as
powder, as starting materials, of 90 parts by mass to 10
parts by mass, the two metal oxides were supplied into a
15 wet ball mill, and they were mixed and pulverized for 10
hours to yield raw material powder having an average
particle size of 2 um.
Next, the resultant raw material was dried and
granulated with a spray drier, and then molded into a disc
20 having a dlameter of 10 cm and a thickness of 5 mm by
means of a press-molding machine. This disc was put into
a firing furnace and then sintered at 1500°C under the
atmosphere of pressured oxygen gas for 8 hours. The
sintered product was cut to yield a sputtering target.
25 (2) Production of a transparent conductive f£ilm
A transparent conductive f£ilm was produced in the
same way as in the (3) in Example 1 except that the
sputtering target obtained in the above-mentioned (1) was

used.

30 (3) Observation whether the generation of nodules was
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t o whet her or

in the sane way as in the (1)

not nodul es were generated A sputtering target was produced

in Exanpl e 14 except that the ratio anong

used starting materials was set as follows: 92 parts by mass of 25 indium

oxi de, 6 parts by nmass of gallium oxide,
It was proved that a hexagona
I nZGa2Zn0, was generated in the resultant sputtering target.

crys

t al

30 Next

and 2 parts by mass of zinc oxide.
| anel | ar conpound represented by

, in

the same pav,3%d b it 2-and EEBIPE forl %of Phe tfaN@5aPBRErved whether or
not nodul es were generated at the tinme of sputtering about this sputtering

target.

conducti
as in th

‘Toaduatydos tfidm and physi cal
and observation results as to whet her

Eanp 8 el QAo FRl e el et

5 or

in the alove-nentioned (1) was used. Next,

fil mobtai ned herein,
sanme way as in the (4)
shown in Table 9.

target,
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sputteri
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this spu
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were gen
t ranspar
t he sane
obt ai ned
t ranspar
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and observation as to whet

[ Conpar ati ve Exa

b

properties of this sputtering target,

not the nodul es were generated

are shown in Tdbiee same PPEXRaIdRNS AF e elZ) ARG othef (4) tiRnspar ent

ering

éﬁ%%ﬁxiﬂrbéq

arge

Sbt

same way

ai ned

about the transparent conductive

the transparent conductive filmwas evaluated in the

in Exanple 14. The evaluation 15 results herein are
e 9]. (1) Production of a sputtering
bIs ot nodul es were generated A

Ng target was produced in tlhe sane y as 2D in the (ég in anpl e

that 90 parts by mass of |i_ndi um oxi de gpd 10 parts "ass of
bxi de were used as starting &y Bxann %w@#?éblﬁ' WRat any

crystal lanellar conpound wast generat%ed ih thd resB¥annte
hg target. 25 Next, in the |[same way|l as in the (2) iph Exhnpl ¢ 14, it
ved—whether—or—Tot—Todut e wer e gemer at ed— gt —the—tymeof
ng abpsm/(EnsSsputtering targek.3 Aflter9-the sputkri ng %8
JS|§/ erfortred—For—S36 huurs, 2+——"o observed—+m—a—vi sual
stye BRiBdne¥emahtch was nagnified 5% Q%nes,'ébtha surfacg of 71
teri Dpokbddg®t. The conposijti on and| p 9% ‘cal] properties of this
g 3 afget—and—ebservationfresu-ts—as—to—whpther—ertnot—the{nodul es
br & edrRi £3dS8D8Meh Table B. 5 (2) |Productipn and eyal uation of a
N0 copgREEh¥epdyi | m A transparent cpnducgive falm was produged in
Way 6SeiBehP8gé3)}atBmEXaqPl € 14 except thap the spyutteringitarget
in the above-mentioned (1) was 10 psed Nekt -abouf the
BN cngggfgbgecgygghgbtalned

o+ _ 2.8 3.2 2.9 9.3

3.@ grain size [pm]

20

E 4 [Number of generated

r~

w ?lhodules 0 0 0 28

o)

.3 Specific resistance 240 280 210 380

D g [[x107°Q cm]

= _

giﬂ Light

o g

8 transmissibility [%] 20 92 o1 20

[Example 4]

(1) Production of a sputtering target

At a ratio of indium oxide powder to gallium oxide

powder to germanium oxide powder, as starting materials,

of 86 parts by mass to 10 parts by mass to 4 parts by
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herein, the transparent conductive filmwas evaluated in the sane way as in
the (4) in Exanple 14. The evaluation results herein are shown in Table 9.
15 [ Conparative Exanple 10] (1) Production of a sputtering target, and
observation as to whether or not nodul es were generated A sputtering target
was produced in the sane way as in the (1) in Exanple 14 except that the
rati o between 20 used starting materials was set as follows: 90 parts by
mass of h@@é{mt@fa ol 05 S tPe Y SBSS1PEA ZiRNEoOXi Wt bhivesiRioved that
a hexagonal crystal |anellar conmpound represented by 1n203(Zn0), was

gener at eéGnid theyy veatd traited panid epuhvetbzg@t fo2510eldbursntbhgliedde way as
inthe (2) in Exanple 14, it was observed whether or not nodul es were

gener at edast mateniale RAVAGKIRAFIRG AHAATCERIL RpLtietengirargétl-Biter the
sputterin S _contJi nuou perfaqrnmed for 30 _.hours, no npdul e was observed
T o0 K e e Bl ERE ol S ok LSS AR DT
surfare Qfrdniiatea wSitd eipray taroet, dhe €RePpsstieanengapbysiesl
properties of this sputtering target, and observation results as to whet her

or not therodilldsedeirtgenanat@dand enghdesh undgnbpregsufe( Ry meadscti on
and evaluation of a transgarent conducti ve A transparent conductive

il
711 m vas G GHRRRFHIY TIAGRHES EG BLTH 3 heLea EPRRERANERE. BHOGREED! t hat
the SPUl byl A PRInALA 8% 6 Mo NEn@PRVERIERALDCHE (8) mifas 10 used.

Next, abou ransparent conductive film al ned herein, the
transparent comdsd, whid ImbMesd gueddintedvas pile Hebe aeFiasngn the (4) in
Exanpl e 14. The evaluation results herein are shown in Table 9. 15

[ Condar atfurmnasearpi@® thgn (sinrevedcanderothe apnespherg f&rget, and

b ti t 0. whet h t | ted, A tteri t t
was pr odUF I The DA v8° akOF o PRUET) RIS ETRECERREp: that the

ratio bel el el ioeds ol AbA LB IPLET ALS 185058, 23ght| ows: 95 parts by

mass of m oxI and parts by nass um oxli de. It was not
proved that anyabwMagdral tiuysitataimed| $intevapopmodwat, geherated in the
resultant sputtering target. Next, in the sane way as in the (2) in Exanple
14, 25 i tCamRPHHEEN ceheFReficvasranalyaedul &S \iereegthler ot at the tine of

cont T huoderr b nbF et pe bt nde  EhShan Lok PhebhEnEPURECEREION . i sual
field of e FHEPconésd vRspaPeshtagd 68 thaessli Bompeneutf aag of 30
this sputtering target. 73
10% by mass, and the content by percentage of the [C]
component was 4% by mass. This sintered product was
analyzed by EPMA. As a result, it was proved that indium
20 oxide crystal wherein gallium atoms were solid-dissolved
by substitution and indium oxide crystal wherein germanium
atoms were sollid-dissolved by substitution were present.
Additionally, it was proved that gallium oxide wherein
indium atoms were solid-dissolved by substitution and
25 germanium oxide wherein indium atoms were solid-dissolved
by substitution were present. At the center (1 position)
of the disc-form sintered product and intermediate
positions (4 positions) between the center on two central

lines which crossed each other at the circle center and

30‘ circular circumferences on the lines, that is, at §
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The conposition and physical properties of this sputtering target, and
observation results as to whether or not the nodul es were generated are
shown in Table 8. (2) Production and evaluation of a transparent conductive
5 filmA transparent conductive filmwas produced in the same way as in the
(3) in Exanple 14 except that the sputtering target obtained in the
above-nentioned (1) was used. 10 Next, about the transparent conductive

i1 mobtgiqied figiel i 4 {hepepa! epheC gavetbucptbhibEagagval vated in the

same way ‘as In 14. The eva |on results herein are
shown in m@d}iﬁfﬁed[ﬁpﬂ@armmue Exanphet&aaj:aﬂaﬁe(ilwlE’hoduebaﬁnmfg a
sputtering target, and observation as to whether or not nodul es were
gener at e YeaixRen €11 GEOSAPRet VRO U oﬂl&éﬁﬁﬂd‘“ﬂnec%ﬁﬁza%a?r%%nl nthe (1) in

Exanpl e 14 except that fhe raijio between used st [ materi al s was set as
fol | ows: QHS?EN q %@ 30t RaRe B MAJFENRERi BREEAT 3 ﬁﬁgt@aﬁﬁmﬁﬁss of zinc

oxi des | tgMas, s o¥edtiidpboR PWE¥AMBABLIEHYSIhe | AFBFAGE ¢QIROUSE tRAr esent ed
by InZOSé&nO)a was generated in the resultant sputtering target. Next, in

t he sane wayimasmigrathme $2¥esnoExthpl magdmuScrysthald gadnsegreisenter or not
nodul es were generated at the tinme of sp utterlngpabout the resul tant

sputt eri rip thiFRes aftEhesneSSPASLLIPRY WaS EBhEPABEESy PBrRormed for 30
hours, 12 no es, were opserved i a |su whi ch was
magnlfl eor%ldﬁ'rr%t V&St § ﬁmsUfﬂé%e Kok % 0 sp%tl erl%&%’g?get 74 The
CoONpOsi t i Wi ANt PRYS | sabspgpeﬁ?.tl ehief dotiresponided it dew g ,thand

observation results as to whether or not the nodul es were generated are
showhOi n theddeeBicdl)denstityt rahiand Burthermere of thet Pakkpar ent conducti ve

resistance value of this sintered product, measured by a
four-prove method, was 3.8 x 107 Q-cm.

The thus-obtained sintered product was cut to
produce a sputtering target having a diameter of about 10

15 cm and a thickness of about 5 mm.

(2) Observation whether the generation of nodules was
observed or not

The sputtering target was observed in the same way
as in the (2) in Example 1.

20 As a result, the generation of nodules was not
observed in the surface of the sputtering target used
herein.

The composition and physical properties of the
sputtering target produced herein, and observation results

25 as to whether nodules were generated or not are shown in
Table 2.

(3) Production of a transparent conductive film
A transparent conductive film was'produced in the
same way as in the (3) in Example 1.

30 As a result, there was obtained a transparent
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5 filmA transparent conductive filmwas produced in the same way as in the
(3) in Exanple 14 except that the sputtering target obtained in the
above-nentioned (1) was used. 10 Next, about the transparent conductive
film obtained herein, the transparent conductive filmwas evaluated in the
same way as in the (4) in Exanple 14. The evaluation results herein are
shown in Table 9. 15 Table 8 Exanpl e

( Conpar af iy 181 oDl WHeldein! 7 Beedid $A 04 i ddhauct
oxide939%8 8%353095§§ fRuaihen ||un1oxﬂ%i464610056@%|ﬁ%eoﬁfde332201003

OMaxi mumh@ivang @ 6 1h a:h'ﬁ.efkri'bsb IR dbdutl. 7, Y0 BanlgStioms wayst al
[N.njoDensity [g/cm]6.66.56.66.66.46.76.56. 3Bul k
resi st anéermed pn @G PRI PSUEILRY{ x10' ' S2 cni ONunber of

generate 32 odu s 75
Exanple(gQSpg$§$1 (5&5{%93??55E&%%% e %e0|*|cre5|stance2903203
1033658042057048@1 tlmi%welr& Wornrotive £1 BB 4TS TBrHTEe8réTR0+~ ~ " 400

nm-+~b'" ~ +~

conductive glass, which was obtained in the above-
mentioned (3), was evaluated about the followlng items.
The results are shown in Table 3.
1) Conductivity

10 About the conductivity, the specific resistance of
the transpafent conductive film was measured by a four-
prove method. As a result, the value of the specific
resistance was 480 x 10°° Q‘cm.
2) Transparency

15 About the transparency, the light transmissibility
was measured with a spectrometer. As a result, the light
transmissibility was 78% about light having a wavelength
of 400 nm. The light transmissibility was 91% about light
having a wavelength of 550 nm.

20 3) Crystallinity

The crystallinity was measured by X-ray

diffractometry. As a result, this transparent conductive
film was amorphous.
4) Etching property

25 About the etching property, an aqueous oxalic acid
solution having a concentration of 3.5% by mass was used
as an etching solution, so as to carry out a test at 30°C.
The state of an etched surface of the transparent
conductilve film after etching was observed with a

30 stereoscopic micrometer. As a result, it was proved that
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~Wave -~| engt h9190919090898989~550

nnfi neFi neFi neCr yst al - Anor - Anor - Anor - Anor - cry- Anor-cry-cry-p)linityphouspho
usphousphousst al - phousstal -stal-linitylinitylinitybH+ Pre-4.., Aqueous

Unabl e Unabl e sence+~oxalic Good Good Good Good to be Good to be ofoacid
etched etched resi-sol uti ondueHaa~, AQueous

m xedsencesence, . i ti GoodGoodGoodGoodGoodGoodof of aci d

sol uti ontesi-, I Yo é@'%%&% : 6 80[ el ectr
onvolts]BFE%gﬁgﬁgugg?g(l) S%iduc ?on of a sput?iéiﬁngggégtéﬂgﬁgﬂt [

obser vat iogn the Btchethedhefams obttiodfd Bs. were generated A sputtering
target was produced in the sane way as in the (1) in Exanple 14 except that
the rati o anon§hgs&amg Ananafinh &9 desciribediakrve gragpwerterpadt s by

mass of indiu ide, 6 parts_b s of tin oxid by 76  mass of
gal | i um 8—%0&@? a‘:ﬁﬁiq? %é'?;t) e‘%ya%%%rsgagfnlziflﬁ%c o?ﬁ?i(;%fg??gg\gg’%%?oved that a
hexagpnala Aidiscd t 1 At @ wesP aLing. 1 £p1 €661 660 bivas 2688788, twas gener at ed
in the resultant sputtering target. 5 Next, in the same way as in the (2)

i n Exanple&chdng tsodast ivisersedashiet hevabnabet thedetesingr prgpaestated at t he

time of sputtering about this sputtering target, The conposition and
physi cal Afr Gp&iagelst oflt Hfas Yedi Hee a?%e??s%ﬂﬂeo% eEBﬁtion results as

L0 punet nSte kb ARIOCHY €5 RSB BLER: 366 BRGBkAedeDl € 10. (2
parent conductive film
surface of the film.
10 5) Work function
The work function was measured by air ultraviolet
ray electron spectrometry. As a result, the work function
of this transparent conductive film was 4.4 electron
volts.
15 [Example 5]
(1) Production of a sputtering target, and observation as
fo whether or nof nodules were generated |
A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio among used
20 starting materials was set as follows: 91 parts by mass of
indium oxide, 6 parts by mass of gallium oxide and 3 parts
by mass of germanium oxide.
Next, in the same way as in the (2) in Example 4, it
was observed whether or not nodules were generated at the
25 time of sputtering about the resultant sputtering target.
The composition and physical properties of this
sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 2.
(2) Production and evaluation of a transparent conductive

30 film
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A transparent conductive filmwas produced in the sane way as in the (3) in
Exanpl e 14 except that the 15 sputtering target obtained in the
above-nmentioned (1) was used. Next, about the resultant transparent
conductive film the transparent conductive filmwas evaluated in the sane
way as in the (4) in Exanple 14. This transparent 20 conductive filmwas
subjected to heat treatnent at 250C, and the specific resistance thereof
was neasured bw araepareme doridesk ivder vl wad | prodeselt snhergi n are
shown in Table 11. [Exanple 19] 25 (1) Production of a sputtering target,
and obsemaame cvayag cimhthéet3 brimoExamplées4 excepyehbaht EHeA sputtering
target was produced in the sane,way as jn the (1) in Exanple_ 14 except that
e r at | GPMEHRT Ao LAY | SRERHESN | L sthasaSareLmeRtipaaR. (85 BaFt < by
mass of dgdi um oxi de, 6 parts by mass of tin oxide, 4 parts by 77 mass
of galliumoxide, and 2 parts by mass of zinc oxide. It was proved that a
hexagpnal crysiNgxt,arsdd (0T otireh ¢ Pk @€ Nt @tld byt 1 W B O, tMes gener at ed
in the resultant sputtering target. 5 Next, in the sane way as in the (2)

i n Exanplt@angpaneniacopiue e whitimevagreviaiuabed| é8 tbeesgBaeraved at the
time of sputterin ouf this spbutjeri target., .The co i tjon and

physi cal 3r dgerth es(a‘g)f jErf‘ui ARt e rng’[‘]—?eareg‘{a U Ffuorbb’%eéﬁr@g% TR ts as

t o whet hgyrel Q¥wr0tn (Fp 1@ d!] es were generated are shown in Table 10. (2)
Producti on and eval uati on of a transparent conductive film A transparent
conduct i @&xfanphenats] produced in the same way as in the (3) in Exanple 14

except that the 15 sputtering target obt ained in the above-nentioned (1)
was Hsed.(INexRroduhikon Hof 12 FRphEeRing ohatigeFveahfl| APEBEEAREANNEEei N, the

t ranspar tuﬁ:ﬁe%%“é’xe ddd r@eg&?leg;%%és@%ggehgrgpgdsane way as in the (2) in

Exanpl e 18. e eval uat'i on eifnare shown in Table 11.

[Exanpl e 20] (&) Jpaduating @irgepes G5 oduéad 08k , tHE0s ARE Sh¥RL hGN as 10

whet her or not nodul es were generated A sputtering target was produced in

t he sane iwaytles (Z5) iin tExaninle i 4 exceptethatekbeprathat amhegr used anong

used starting materials was set as _foll . 84 parts by nmass of indium
fafie s

oxi de, 8 rlﬂ/’??ﬁ‘?sesrjcﬁlii‘?‘ra%ﬁ‘%,a% w8y AdsBabEsgRY| MaAfoREde, and
faﬁgﬁs %mn‘%hg%é{ﬁ% R Fes I%ﬁ br\)’;‘@:?s p&?"ggﬂi‘@ﬂl &Eﬁéaggﬁf‘% F)hﬁ:tsa'

ar conpou resente nGazn was generate e resul tant
78  sputdyemidds teff gpdrmd¥ekim oXidde sane way as in the (2) in Exanple 14,
it was observed whet her or not nodul es were generated at
Next, in the same way as in the (2) in Example 4, it
was.observed whether or not nodules were generated at the
time of sputtering about the resultant sputtering target.
20 The composition and physical properties of this
sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 2.
(2) Production and evaluation of a transparent conductive
film
25 A transparent conductive film was produced in the
same way as in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was
used.

Next, about the transparent conductive f£ilm obtained

30 herein, the transparent conductive film was evaluated in
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the tinme of sputtering about this sputtering target. 5 The conposition and
physi cal properties of this sputtering target, and observation results as
to whether or not the nodul es were generated are shown in Table 10. (2)
Producti on and eval uation of a transparent conductive film 10 A transparent
conductive filmwas produced in the same way as in the (3) in Exanple 14
except that the sputtering target obtained in the above-nentioned (1) was
used. Nexine 3poiL 4BG hLanapehentagoRdugkii@ibl 4 obhal Bedidachgnel n, the
transparent conductive tilmwas eval uate he sane way as in the (2) in
Exanpl e L8 sdbesenakdshi aper eRulvhs iherabnrease shown in Table 11. [Exanple
21] (1) Production of a sputtering target, and observation as 20 to whet her
or not|MﬁﬁKQEP%ErE]generated A sputtering target was produced in the sane
way as in le 14 exgent that the ratiao.anon sed starting
o orsal cChhopEdbubla By PR 8. H4uEEEFRbal DaEoBC R AT D
nmass §f t{d WHéfRerdoPahbt RH¥ad2edBGEral gaaklrat@goxi de, and 3 parts by mass
of zinc oxide. It was proved that a hexagonal crystal |anellar conpound
represented by AnsaZhbdriag gangeatwd5|prbﬂacedsmhtahe spet eralyn@st ar get .
Next, in the same_wa e 14, 30 it was observed

whet her o*nnBPenéaﬁI¥§ ﬁékgpééﬁéréﬁéﬁp§ttﬁét thee ratde Fmal ;4889 ng about
this Sp“t§€§£99n§a&gggrlgﬂﬁ %ggpgﬁkthgn %ﬂqOQstb%agF%Q%P%fIﬁﬁ%%ﬁ g his

sputtering targer, Serva resu ts as to wh er o e nodul es
were genefRiedmasRiaBowd partabbe massb of2)yaRnatuc ioxddearth@evalpatioHn of a
transparent conductive filmA transparent conductive filmwas produced in
the $@ne bmymassi aft berpaninm pxddgl-e 14 except that the sputtering target

obtained in the above Qﬁgoggge wgy as in the (2) in Example 4, it

was observed whether or not nodules were generated at the
time of sputtering about the resultant sputtering target.
The composition and physical properties of this
15 sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 2.
(2) Production and evaluation of a transparent conductive
film
A transparent conductive film was produced in the
20 same way as in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was
used.
Next, about the transparent conductivé film obtained
herein, the transparent conductive film was evaluated in
25 the same way as in the (4) in Example 4. The evaluation
results herein are shown in Table 3.
[Comparative Example 2]
(1) Production of a sputtering target, and observation as
to whether or not nodules were generated

30 A sputtering target was produced in the same way as
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10 used. Next, about the transparent conductive film obtained herein) the
transparent conductive filmwas evaluated in the same way as in the (2) in
Exanpl e 18. The evaluation results herein are shown in Table 11. 15

[ Exanpl e 22] (1) Production of a sputtering target, and observation as to
whet her or not nodul es were generated A sputtering target was produced in
the sane way as in the (1) in Exanple 14 except that the ratio anong used
20 startijng v qri Rl WsaiSle 85 éRLEPYSENEE HRIYSIRT1GMSExhel Ndi UM oXi de,
8 parts by mass of tin oxide, 3 parts by mass of gallium oxide, and 4 parts
by mass glowdient wae desed tasvest prbled maberdahexagonal crystal |anell ar
conpound represented by I nGazZnZ05 was generated, in the resultant 25

sputtering tar JEXE NI they 3RS S5 ARy Bsthh the 12)EXd B anpt ells, it
was obseryed o\msfé dQ&hé‘@{lef‘pgi“ﬁét“ﬁé&u?ﬁ@%@%gdg@{xei-gﬁe&' g% ¢he
u get. The ¢ |

sputtering abou 'S Sp ering targe onpo ron and physical

propesti agne Jfisph R aPLig eibogt t Ehgetesantanbsepuetepingesdryetas to
whet her 80 or not the nodul es were generated are shown I n Table 10. (2)
Product i &ften thealsertierbig wvas apephievneusbyidperformed| o BPanspar ent

conductiye filmwas oduced in the 5 sane way_as i e.(3) .in,Exanpl e 14
oxcept fiRTe ConTLTISE Yot OReraRhetn o YhE Al b HIn FORYES 1) was
used. Nexf mﬁ?oghihhewtarsaﬂé%i@lte&wbﬁ%é@, fid epbtaifeddedei n, the
transparent conductive tfilmwas evaluated in 10 the same way as in the (2)
i n Exanplthils.spiitetevingiataorget esul ts herein are shown in Table 11. .
[ Exanpl e 23] (%? Production of a sputtering target, and observation as to

whetHer or not Thed fampasekiciormndtRiyatcal spreperthestaf gEkewas produced
inth inth 1) i le.14 h h ti

1 L0 SHn ae e oy (MR EXORLEL Y SE6oRbBgheh B8 LAY
oxi de, 8 RAMS HethSS & hof QPEédﬁodglgér{vérgyggﬁéx?aﬁédgﬁkbi dRb@xl de, and

4 parts by mass of zinc oxide. 20 It was proved that hexagonal crystal

| anel | ar icoMEhls2 r epresented by 1nz03 ( Zn0 ) 4 and | nGaZn04 were
generated in the resultant _sputtering target., Next, in the sane way as in
the (2) ilR)EBrRfiuction;qn gvakgaﬂga AhefhEFaBFPABEN hodAPEUCkVE
geneyat e(%ialtm 25 the tine of sputtering about this sputtering target. The
conposi tion and physical properties of this sputtering target, and
observation regsultirampidenheideduetivot fihe wasdupesauese ganenated are

shown in Table 10. (2) Production and evaluation of a transparent

conduct i vvamg) way ms in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was
used.

20 Next, about the transparent conductive film obtained
herein, the transparent conductive film was evaluated in
the same way as in the (4) in Example 4. The evaluation
results herein are shown in Table 3.

[Comparative Example 3]

25 (1) Production of a sputtering target, and observation as

to whether or not nodules were generated
A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio between used

materials was set as follows: 94 parts by mass of indium

30 oxide and 6 parts by mass of gallium oxide.
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81 A transparent conductive fil mwas produced in the sane way as in the
(3) in Exanple 14 except that the sputtering target obtained in
t he, above-nentioned (1) was used. 5 Next, about the transparent conductive
film obtained herein, the transparent conductive filmwas evaluated in the
same way as in the (2) in Exanple 18. The evaluation results herein are
shown in Table 11. [Conparative Exanple 13] 10 (1) Production of a
sputtering targedst Anfln OBRET ¥aihe ORaRSakoinhehBe 20r 1A0ExRRPILe] , WBRE
generated A sputtering target was produced in the same way as in the (1) in
Exanpl e Masxekpervadt whathent po betweedudesdwetrer giemgnadtedy iatl $hemas set as
follows: 90 parts b¥ %5 nass Bf inﬁbunloxi&% and 10 parts by mass of tin
oxi de. |t AR AbtSBHELEHIPHARCRHY HBLagERYL taRys SRUttETdNg taZ@fdound was
gener at edy ¢ h e u ri : 1. I h way as in
hifol ng?% ﬁg{lkeehﬁg WhE' LB i Ah8RE1yNRLrE oirheld| &0321H)

the (2) in 't wa serve not nodul es were

gener gt echair2) 2hendbankesf wepst bbsengeabant at hiisuspuitield@f aigei . After
t he sputteriqg was conti nuousl erfornmed for 30 hours, 43 nodul es were
observed 3 mm .viwugh fWag dqnagn FHOmpimedi chn welke naghf afedog0 tines, in

t he surfage, of thgg sguttsring target. 25 The conposition and physi cal
propertie of TR 25 Pee Fﬁa Farget, and observation results as to whether

or not the nodutgs ¥6mgo8ePesat 8daapRyspenn gﬂoﬁéélt@egszof( £heProduction and
eval uation of a transparent conductive film30 A transparent conductive

fil mwas gpodteetngntange82prodanedwhgradni, n anke op3erivia tboanplesull4d s x cept
that the sputtering target obtajined in_the above-nentioned (1) was used.
Next 10 abddf ‘E‘HeW]P?g}H%EaPEnP.OtCGHEUEPFWée\Si WRTShO8NEER tedh &T& $hawhe
transpare fdyctive filmwas evaluated in the sane way as in the (2) in
Exanpl e 18. € évaluation results herein are shown in Table 13.

[ Conpar at | ¥p ExedRteidfA] ahd) ePadddeiban ol ad trRnspRrend In@RIctiaRd
observation as 10 to whether or not nodul es were generated A sputtering

target wabipnoduced in the same way as in the (1) in Exanple 14 except that
(he ratlo arong, used, SLELLLPOIRbEEials, veg, gt 25, Lol oty q far (s by
of Z§BC OFiME whi ¥8Si1AOtnBr 9¥§dihhakatpy eN9¥ 24t that the
sputtering target obtained in the above-mentioned (1) was
used.
Next, about the transparent conductive f£ilm obtained
herein, the transparent conductive film was evaluated in
20 the same way as in the (4) in Example 4. The evaluation
results herein are shown in Table 3.
[Comparative Example 4]
(1)'Production of a sputtering target, and observation as
to whether or not nodules were generated
25 A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio between used
materials was set as follows: 94 parts by mass of indium
oxide and 6 parts by mass of germanium oxide.
Next, in the same way as in the (2) in Example 4, it

30 was observed whether or not nodules were generated at the
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crystal l|anellar conpound was generated in the resultant sputtering target.
Next, in the sane way as in the (2) in Exanple 14, it was observed whet her
or not nodul es were generated at 20 the time of sputtering about this
sputtering target. The conposition and physical properties of this
sputtering target, and observation results as to whether or not the nodul es
were generated are shown in Table 12. (2) Production and evaluation of a
transpar @3inet ¥ Wi e 2nd | Aout tfﬁ@Sﬁ@é@ntaﬁ@ngyﬁtwﬁiﬁgl fhygetRroduced
in the sane way as in the (3) in Exanple 14 except that the sputtering

t ar get oRifdieredhen shet tdaoimeg rmems | cortifiuyusty perfiorBOANErE, 3about t he
transparent conductive fil m obtained 83 herein, the_transparent

conduct i YOUGS mita Rt B e ORRereedelNay Yispaliftetd) ofnstzgnpl e 18.

Exanpl 01619905, 55340 et R st Tipibald It ekt S BB Gt um
oxi dep4 5433 Wi difu tobe el 384 | mum grai n si ze3. 13.42.72.82. 12. 4of crysta

[gym NN o Density [g/cnB] 6.71 6.74 6.72 6.73 6.75 6.78Bul k resi stance
The composition and physical properties of the

sputtering target produced herein, and observation results
as to whether or not the nodules were generated are shown
in Table 2.
10 (2) Production and evaluation of a transparent conductive
film
A transparent conductive film was produced in the
same way as in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was
15 used.
Next, about the transparent conductive f£ilm obtained
herein, the transparent conductive film was evaluated in
the same way as in the (4) in Example 4. The evaluation

results herein are shown in Table 3.
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[ 10- S2 ]0.870.910. 760. 730. 650. 63x cnNunber of generated nodul es000000a,

84

~, SZ cm yv~-Wavel ength ~ 400 nn¥57675767475~ ~ "~ a~~ a an~ ~
. Wavel engt h919091909090550
nmaAnor - Anor - Anor - Anor - Anor - Anor - a~Cryst al | i ni t yphousphousphousphousphousph

Tabl e 11 Exanpl €181920212223Speci fi c290320310330340340r esi st ance |

ouswAqueousoxal i ¢ aci dGoodGoodGoodGoodGoodGood~ Nsol ution., pVvV f.~W
aAqueousm xed aci dGoodGoodGoodGood -
+~sol uti onNNoWor k. functionalelectron volisl]4 184 164 194 174 184 16 b
USpeci fi ¢~r esgsdniee (abhpaheedivd r eatfment 140145160160170190( ~S2 cn1] 85
Tabl e 12| ( Conpar at ipxambxanp! e) (13) ( 14)4 nfi dm|o0x8 deodsgol? i rf3) (4)
oxi de109Np—Gall ium-oxi-de000Zine—oxi-de03Maxitn-gi-gi-hR—si-ze—g9f—— Prvatal [
N, n] ~. 83{5N¢ [ RenBaddin] oFiaaBtypd . 98 6 NaBul k |resi $t ance 10 3SZ
cni 0. 480, 64 Nusipsnéxit generated Q ncdﬁ?esiﬁie $ab Ek 69 A 44

o

+ .

g [B] Gallium oxide type 10 6 4 3 0 6 0

a component

=

o . .

O |[C] Germanium oxide type 4 3 3 5 0 0 6

component

¢ |Maximum graln size of 2.3(3.1|3.4|3.2|(21)] 8.8 |10.2

D |crystal [pm]

H

é’. Density [g/cm’] 6.65/6.49/6.50{6.86/6.50{6.20{6.30

o

e

~ |Bulk resistance [x107Q | 3 g1 4 54,4 4.6|15.05.27.2

3 |cm] . . .

F

21 Number of generated 0 0 0 0 45 24 21

o |nodules

solid-dissolved by substitution.
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However, the crystal of

1) Indium oxide crystal wherein Ga atoms and/or Ge atoms are

Comparative Example 2 was a crystal made only of indium oxide.



(Conpar ative Exanpl e) (13){14) Specific resistance [i,52

cnj 560380Li ght Wavel engt h 400 nn¥V567trans i

-m ssibilityWavel ength 550 nnB88

~90~.~U Crystallinity Fine p,~orphousccrystallinityONU Aqueous oxalic
Presence ofacid sol utionresi dueGoodEt chi ngpr opertyAqueous m xed

aci dPresence of solution resi dueGoodSpecific resistance afterheat treatnent
Applicability According to the sputtering
target of the present invention, atpifeethnme of using this to forma

[~S2. cn) 130 190 86

| ndustri al

54

“transparent—conductive film the generation of nodules is suppressed 5 and
the formgtion gfardi@ fil mcan bg perfqgrned Vi th st|abi l'itly and [good
producti (i t yccohper&fiaee, @ twmangparsent] cgndyctive |fidayp Raviang |a good
qual ity gqan beExampueced w{th godd productivilty. Silnce tHe transparen
conduct i ve—fi-+m-ef—the—present—Havent-Her—eaf—be—eHehi-rg-worked—wi-t-hla weak
10 aci d, |an |ebectfii@de can|be worfked wijt hout |produdi ng any adverse efffect on
W ring nntéartra’siét:arnca t hi p faBbmit ramosi|stamo dr 3sloe || id6@. |87B80 |Cla¥oVy 1. A
sputteri rg_:ta[@tcmlconpri $ing indiumgxide gnd tirn oxidg, the lcontent by
per cent age~ gF—thert+r—atofis—5b—tReretrnibetngi+rom3—+o—26—atere—ef—the |
total of tge i ndi Waat-onms|and the tin latons,| and tihe maxi num dgrain sji ze of
I ndi um oXi-dg ciiysldeéndth t he Tutjte?Tng t a7t gdt BRI ng %5 ~m oBl| gss73

bl @™ [400 nm

2 |6E

9| 38D

§ | g 3 |Wave-

0 4 '3 |length 91 90 91 920 88 92 89
+ * 550 nm

=

g

g . Fine

@ | crystallinit Amor~ | Amor- | Amor- { Amor- | crys- | Amor- | Amor-
ﬁ b4 b4 phous | phous | phous | phous | tal- | phous | phous
b linity

8

" 5' 2§:izgs Unable (Unable

Q s : Good Good | Good | Good | to be | to be | Good
’ o, acid

+ ) . etched|etched

H 9 solution

2 Q&

&

o

gl £ :g::gus Unable Unable
— ﬁ acid Good Good Good Good | to be | Good | to be
8 + . etched etched
ol K solution

o)

& |Work function

[electron 4.4 4.4 4.3 4.3 5.3 4.7 1.6
volts]
[Example 8]
(1) Production of a sputtering target, and observation as
5 to whether or not nodules were generated
A sintered product was obtained in the same way as
in the (1) in Example 4 except that the ratio among used
starting materials was set as follows: 86 parts by mass of
indium oxide, 6 parts'by mass of tin oxide, 6 parts by
10 mass of gallium oxlide, and 2 parts by mass of germanium



10 2. The sputtering target according to claim1, which further conprises
an oxide of a netal the valence of which is trivalent or nore as a third

el enent, the content by percentage of the third elenment being fromO0.1 to
10-atomc of all metal atonms. 15 3. The sputtering target according to
claim2, wherein the oxide of the third elenent is one or nore netal oxides
sel ected fromthe group consisting of gallium oxide, germani um oxi de,
yttrium Qg fife. SGNY WM PRod@t NARYIM X1 e q NbPPEPIA OXi £e, 5 ceri um
oxi de, zirconium oxide, hafnium oxide and tantal um oxide. 4. A process for
produci ngréel sputt ewasgptravegdt thatotdeng werel dAndibm ostjdel irygtHadle st eps
of : 25 granulatin by casting or by means of a spray drier, fine particles
obt ai ned ELERIR nk R i ALCPSr YEERe SOV LE HdESBYVREt PRUBPYEStAtNG 180 xt ure of

obt ai ned 'BP%R 7 nglR1 AEOBSr YPEPeSO V6L b g
 nai um o e et de oiFREee ' ThEEETA, LATATh GcbhCnREs sPadls: "ana

wet - psil veii gdovédepy esubsentut88n, aftesadiamdoR4dehergisaayl ated
particles; sintering the nolded particles; and then cutiing the sintered

nol ded prvdtrrein Sgerm@anpuncateméowepeodadidgdibeodpett byi ng t ar get

according to claim?2, canprising the steps of: granul ating, by casting or
py means JPSEEHREOUri &t 435 9t?%9%§goﬁﬁ%FnﬁﬁeB? H??gnﬁigine particl es

yi el ded - | Zi ! e i pdh WAL QX i.de 1 «kin oxi de and an
P deof S ek ELn LA A ThELHECwBro! BE1UEL BEEEELVEINEY D Chi ng the
dried fi nulpstitaetesn, addlhgumndkilleowhdeeini indiufe akdthsarede de of a

netal the valence of which is trivalent or nore to the sintered pul verized
prodl@t, seidr@hsseived| b¥r suba§itnéies.r andl ganmangups ©xddiedi ng t he

granul at e articles: . sintering the . ded.particl.es; and then.,qutting the
sintereqvﬂﬁga% p+%§ﬁ%T.a§8m§. i?ﬁrggg%g'aﬁgsﬁﬁ8880§ng % Fd%%%éf@ht_
conduct i Weesft | Mnybes ehPeiB8 pPYALEL! REs! AbYREAAGROHAENG al@ Wad! Bsl 1S used
to formthe filmby sputtering. 7. A sputtering target,. conprising a
sintered 2b thed(t) bh Exampde éxtdeprodpresangpdfteritgdothygesss of [ Al]

(al) indiumoxide, and 1 to 15% by mass of the total of [B] gallium oxide
and [C] ger maniNR¥oxi He, thheFana VAR aFniBrERepfddudh EBAPPLESd, 4¢

comPpgent g ol b et od Wb oxLACo:! RALUILAKL R WaSLEL BTl iUTA! Off, o e

solid 30 dissol'véed on an ndrum oxi d erern ger mani um

atons ar ex 5/ | ¢f dipsOt¥Ldn§yabblist thet reBul@anthepaRiteranigd arajegat
according to claim7, wherein the nmaxi mumgrain size of each of crystal of
the 5 i ndi um oXfhie akepeshtioe gafl bPhwshcahspaepestliprd- afstbived by

Subst 1 LoD, 800, SLPLELCP! LAS LRSLAD.PILAC IR BN 1 ISHIRRYT o
or not the nodules were generated are shown in Table 4.
20 (2) Production and evaluation of a transparent conductive
film
A transparent conductive film was produced in the
same way as in the (3) in Example 4 except that the
sputtering target obtained 1n the above-mentioned (1) was
25 used.
Next, about the transparent conductive f£ilm obtained
herein, the transparent conductive f£ilm was evaluated in
the same way as in the (4) in Example 4. This transparent

conductive film was subjected to heat treatment at 250°C

30 and the specific resistance thereof was measured by a
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10 9. A sputtering target, conprising a sintered product of a netal oxide
conprising 90 to 99% by mass of the total of [A2] (a2) indium oxide and
(a3) tin oxide, and 1 to 10% by mass of the total of [B] gallium oxide and
[ germani um oxi de, wherein the sintered product 15 conprises, as
conponents of the indium oxide, indiumoxide wherein tin atons are

sol i d-di ssol ved by substitution, indiumoxide wherein galliumatons are

sol i d- di seRlvad-de SIDSROA Ut i181b Al d 410 AHN Qd eee WNEL £ {1 9§ 8RNI um at ons
are solid-dissolved by substitution. 20 10. The sputtering target according
to cl ai mshowsheireiTalbhe Sraxi num grain size of each of crystal of the indium
oxi de wherein the tin atons are solid-dissolved by substitution, crystal of
t he i ndi JFE*30RE iherein the 25 gal lium atons are solid-dissol ved by

substi t ut,i.an, (o) i ndi i wher ei n, t he ,mani_um at ons
are sol i d-di sps%fl\ﬂle‘%{%iﬁ ?ﬁ%s%i %ﬁﬁ%ﬁﬂlﬁ%{)ﬁ#%&%r '53 s?bff?:v%\%}?ﬁngﬁar ent
condt i W fWHeBhexo gy isdidnddwlesi weé£e edepepdel of a netal oxide

conprising 85 to 99% by 90 mass of [Al] (al) indiumoxide, and 1 to 15%
by mass of the? emittEring tpirdeurwaxipreodnced Cin gehensamen waydas wherei n

the sintere roduct. c ri ses, as conponents. of the. indium oxide, indium
oxi de mgfbwﬁaﬁ Lﬁﬂ%ﬂpfﬁ et 58X3FP -Bﬁ‘géoFQ%drBPQuB@PPEuPFSﬁ and

i ndi um oxJ i [ r i.d- dR8S titution.
12 At e S LR W Ot Tad Po ot ThBTHAKED BY BHRR 6L i a
oxi de conprdilinn®1d 0 ®Pabys 1Py nmass 0bft bent okalie of 4] paktEaBy i ndi um
oxide and (a3) tin oxide, and 1 to 10% by mass of the total of [B] gallium
oxi d&® andhqsg Qfergmntitm ¥ bde . wied e? npakks shyit @ped pfodarmapdnpri ses, as
corrponentos t he indi um oxi de, indium oxide wherein tin atons are

sol i d- di &% by 15 substitution, indiumoxide wherein galliumatons are
sol i d- di ssol vedidpt SulistiHditddie W AHd MM 02) Whier Bk SmPeE MRNI Y at ons
are solid-dissol ved by substitution. 13. The transparent conducfive film
accor di nyaso diseatweednvilie thvémr cor i sotubhpdeles verbegénéraaedeat aéhea

tenperature of 230C or hjgher. 14. A process for producing a transparent
conduct i V™8 19 SHEYESRIIRARYYE t BRe nEesat bRt a8RPBEERRGNEoAFERH-7 25 s

used g 0 orm S e S SR g TERSSSS 0 B OBlEL N0 o

transparent conductiv arget ‘according to

claim9 isputaest iy frdrgdhe dnd nobyesPatichi PEsuBbs9ds tdbwnbthBpttering
target, conprising a sintered product of a netal oxide conprising indium

oxi de, gaid ingh diedarahiles Wweoxi genexratedeant shkode tonPabiendg.one or nore
hexagonal (‘)r)ibstaal | anel | ar_ conpounds selﬁct ed from5 InzQ, 8 ZnQ ) m|

wher ei n rh3ls ERPGY Prd 2ylygtion of A trapspararl ZA8RIUFAEN®N 205,

| NnGaZn30&4 1kPGaZn40, , 1 nGazZn508, |1 nGazZn609, and | nGaZn, d o, and the
sintered product having a conposition of 90 to 99% by nass of the indium
oxi d® and 1 toAldManspasntofcdritudiotvd ©f 1h head Oppedhced Dixi tikeand t he
zinc oxide. 17. The sputteri né:] target according to claim 16, wherein the
nmaxi num Gefien @z @i ihe of 3 bfin NexaBRigohapXeentt thatakBel ar conpound is

5 ~'”10r§ﬁﬁ¥%efgag target obtained in the above-mentioned (1) was
used.
Next, about the transparent conductive film obtained
25 herein, the transparent conductive film was evaluated in
the same way as in the (2) in Example 8. The evaluation
results herein are shown in Table 5.
[Example 10]
(1) Production of a sputtering target, and observation as

30 to whether or not nodules were dgenerated
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18. A sputtering target, conprising a sintered product of a netal oxide
conprising indiumoxide, tin oxide, gallium oxide and zi nc oxide, the netal
oxi de conprising one or nore hexagonal crystal |anmellar 20 conpounds
selected from 1 nz03( ZnO)m [wherein mis an integer of 2 to 10],

| nZGaZZnO,, I nGazZn04, |1nGazZn205, | nGazZn306, | nGazZn40~, | nGaZn508,

| nGaZn609, and InGazZn,d o, and the sintered product having a conposition of

70 to 94% by nes &gitﬁéﬁlﬁ@dté%@ﬁ('ﬂés 58ud0d0 PY PFRESsQhet Wign

oxide, and 1 to 1 by mass of the total of the gallium oxide the zi nc
oxide. 19n Tilee spl} timiEganplged ercepti thatothkaratid, ambaigeiuseidne maxi mum
grain size of crystal of the-hexagonal 30 crystal |anellar conpound is 5 ~m
or |ess. SPATLIRG MateEhabs  Bas E%ﬁdﬁﬁthélPWFﬁl830?BF¢§|ﬁg aagst &F oxi de

conpri si de Lu n xi d tal oxide
havi ng aqgﬁ%ggﬁ |%ﬁ%of89gg% 58% éé%g %gsgiofofﬁg g 8 §§n§ and 1 to
10% by massPlof hgaiDiah 6%idb8e aa4! BUﬁb@ﬁbdﬁyaﬂﬂgsl’;thZb@(i‘m@ﬁ'l@ﬁl 21. A
transparent conductive film conprising a nmetal oxide conprising indium

oxi de, tiaxige de, galllun110 oxi de, and zinc oxide, the netal oxide having
a conposition Qf 70 to 94% by mass of the indiumoxide, 5 to 20% Db ¥ mass of

the tin oxide, NEEF4 b HRR, PN ERY A5 tHR FB?afzbfiFhEXQQPFPuﬁlo% de and
Lhe zi nC i dbedrvéd wlDenbt EPRALENhoGRIINCHLYE FLAELACEA! dingylo cf ai m

. 21, which is su jected to heat treatnent at a tenperature of

hi gher A3 meThef tgputsber Eng ab@dﬂcthderéshm:aﬁﬁOﬁﬂuﬂgeﬁ:@ngot@h‘@bl‘ﬂ.zj-, whi ch
is patterned and subsequently i;;éected to heat tenperature at a
tenﬁ@?ature ofThﬁM?QﬁP¢ﬁ{ﬁk9n phy? beabsprepept bescPigthisr anspar ent

conductive_ f 4%} e elneéhe S ﬁerln { ar get ai ording to cI ml16 25 is
used tC)f(ﬂHﬁE 391 WY puth r? ﬁer§ tigan reEuLts; gp POHHE|§§
{ranspar qpt fANCKES | ¥Sahibd wubE" GbfletBEeaPHLECERBIN! 2hIRLAECA i Ng {0

claim18 is used to formthe filmby sputtering.
(2) Production and evaluation of a transparent conductive

film
15 A transparent conductive film was produced in the
same way as in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was
used. |
Next, about the transparent conductive film obtained
20 herein, the transparent conductive film was evaluated in
the same way as in the (2) in Example 8. The evaluation
results herein are shown in Table 5.
[Example 11]
(1) Production of a sputtering target, and observation as
25 to.whether or not nodules were generated
A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio among used
starting materials was set as foliows: 85 parts by mass of
indium oxide, 8 parts by mass of tin oxilde, 4 parts by

30 mass of gallium oxide, and 3 parts by mass of germanium
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Next, about the transparent conductive film obtained

10 herein, the transparent conductive film was evaluated in
the same way as in the (2) in Example 8. The evaluation
results herein are shown in Table 5.

[Example 13]
(1) Production of a sputtering target, and observation as

15 to whether or not nodules were generated

A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio among used
starting materials was set as follows: 84 parts by mass of
indium oxide, 8 parts by mass of tin oxide, 4 parts by

20 mass of gallium oxide, and 4 parts by mass of germanium
oxide. _

Next, in the same way as in the (2) in Example 4, it
was observed whether-or not nodules were generated at the
time of sputtering about the resultant sputtering target.

25 The composition and physical properties of this
sputtering target, and observatidn results as to whether
or not the nodules were generated are shown in Table 4.
(2) Production and evaluation of a transparent conductive
film

30 A transparent conductive film was produced in the
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15 Next, in the same way as in the (2) in Example 4, it

was observed whether or not nodules were generated at the

time of sputtering about the resultant sputtering target.

The composition and physical properties of this

sputtering target, and observation results as to whether

20 or not the nodules were generated are shown in Table 6.

(2) Production and evaluation of a transparent conductive

£f1ilm
A transparent conductive film was produced in the

same way as 1in the (3) in Example 4 except that the

25 sputtering target obtained in the above-mentioned (1) was

used.
Next, about the transparent conductive film obtained

herein, the tranSparent conductive film was evaluated in

the same way as in the (2) in Example 8. The evaluation

30 results herein are shown in Table 7.
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or not the nodules were generated are shown in Table 6.

15 (2) Production and evaluation of a transparent conductive

£ilm
A transparent conductive film was produced in the

same way as in the (3) in Example 4 except that the

sputtering target obtained in the above-mentioned (1) was

20 used.
Next, about the transparent c
ive film was evaluated in

onductive £ilm obtained

herein, the transparent conduct

the same way as in the (2) in Example 8. The evaluation

results herein are shown in Table 7.

25 [Comparative Example 7]
(1) Production of a sputtering target, and observation as
to whether or not nodules were generated

A sputtering target was produced in the same way as

in the (1) in Example 4 except that the ratio among used

30 starting materials was set as follows: 90 parts by mass of
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sputtering target obtained in the above-mentioned (1) was
used.

15 Next, about the transparent conductive f£ilm obtained
herein, the transparent conductive film was evaluated in
the same way as in the (2) in Example 8. The evaluation
results herein are shown in Table 7.

[Comparative Example 8]

20 (1) Production of a sputtering target, and observation as

to whether or not nodules were generated

A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio among used
starting materials was set as follows: 70 parts by mass of

25 indium oxide, 10 parts by mass of tin oxide, 10 parts by
mass of gallium oxide, and 10 parts by mass of germanium
oxide.

Next, in the same way as in the'(Z) in Example 4, it
was observed whether or not nodules were generated at the

30 time of sputtering about the resultant sputtering target.
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used.

10 Next, about the transparent conductive film obtained
herein, the transparent conductive f£ilm was evaluated in
the same way as in the (2) in Example 8. The evaluation

results herein are shown in Table 7.

15 Table 4
Example 8 9 10 11 12 13
[A] Indium oxide type 86 38 83 85 82 84
component
g . {de t
9 [[A] Tin oxide type 6 6 8 8 8 8
ﬁ component
0
o} . .
g‘ {B] Gallium oxide type 6 4 6 4 6 4
0 |component
3]
[{C] Germanium oxide type 2 2 3 3 4 4
component
W IMaximum grain size of
o 9 3.1 | 2.8 | 2.4 ] 2.8|2.8]|2.4
ﬁ crystal [um]
Q
g* Density [g/cm?®] 6.3216.38|6.2716.40]16.45|6.21
&
: -3
~ |Bulk resistance [x107Q |4 4510 68| 0.64|0.66|0.71]0.67
© |cm]
0
P
E‘ Number of generated 0 0 0 0 0 0
o [nodules
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+ .. Amor- | Amor- Amor- Amor- crys- | Amor-
8 Crystallinity phous | phous | phous | phous tal- phous
o linity
0
E 5« Aquec?us
+ § |oxallc Good | Good | Good Good | Good Good
- a1 acid
o 8 solution
m Q‘
-g 2 |Aqueous
5 % mJT}.(ed Good Good Good Good Good Good
& S acid
2 m |solution
o,
5 |Work function
S |lelectron 4.1 4.1 1.1 4.1 4.1 4.1
g volts]
ﬁ
Specific
resistance
after heat 180 185 175 150 155 185
treatment
[uQ cm]
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[C] Germanium oxide type 0 0 5 10
component

Maximum grain size of

— 3 crystal [pm]
Ot |pensity [g/cm’] 6.89 | 6.68 | 6.54 | 6.18
)
58
& & |Bulk resistance [x107°Q cm] | 0.42 | 0.58 [ 0.81 | 2.3
a
Number of generated nodules 32 18 21 12
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s |[ibillity
o Wavelength
8 [%] 550 nm 88 90 89 91
0
g Fine Fine Fine
0 . cry- Ccrys- cry- Amor-
E Crystallinity stal- tal- stal- phous
f,;,‘ linity | 1inity | linity
o
ﬁ Aqueous Unable | Unable [Presence
« oxalic acid | to be to be of Good
o E . solution etched | etched |residue
@ tching
.,q..) property Agueous Unable |Presence |Presence
1 mixed acid | to be of of Good
g solution etched |residue |residue
0
o
A |Work function 4.7 _ _ 4.6
% [electron volts] ) )
0
" | Specific resistance
2 | after heat treatment 130 180 150 560
& [uQ cm]
[Example 14]
(1) Production of a sputtering target
5 Indium oxide powder, gallium oxide powder and zinc
oxide powder as starting materials were mixed at a ratio
of 93% by mass, 4% by mass and 3% by mass and then mixed
powder of these metal oxides was supplied into a wet ball
mill, and they were mixed and pulverized for 10 hours to
10 yield raw material powder having an average particle size

of 1.8 to 2 um.

Next,
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$ %& " ( *
yl*j 110948 () -/ K+i ) 1109H& () -) ' 109%4& () -j ' 10944& () -1 1098H& () -) ! 109%4& () -*
+ 679 : >7?
ST:j 110§ 10%4& ()-j!10%4& ()-j!10%4& ()-j!10%4& ()-)!10%4& ()-)!10%& ()-)!
10%4& ()-? CDF G H ]
xAg:g!loj!10%H&f()-j!10%H&'()-/K+i!j!lO%H&f()-j!10%H&f()-j!10%H&f()-] A )
a t . : .

. was dried and granulated with a spray dr , and th
aH) j 1 10O 515000k (T IR I T 1006 () STT 100 () <) 1008 () - 1 10%& () -
t uv resultant particles were filled into a mold and molded

under pressure by means of a pressing machine to yield a
disc-férm molded product having a diameter of 10 cm and a
5 thickness of 5 mm.

Next, this molded product was put into a firing
furnace and then sintered under the atmosphere of
pressured oxygen gas for 6 hours while the sintering
temperature was controlled into 1420 to 1480°C.

10 , The sintered product obtained herein was analyzed by
X-ray diffractometry and EPMA. As a result, it was proved
that hexagonal crystal lamellar compounds represented by
In,0,(Zn0), and InGaZnO, were generated. At the center (1
position) of the disc-form sintered product and

15 intermediate positions (4 positions) between the center on
two central lines which crossed each other at the circle
center and circular circumferences on the lines, that is,
at 5 positions in all thereof, the sintered product was
magnified 2,500 times and photographed with a scanning

20 electron microscope. About the maximum crystal grain
observed in a frame 50 um square thereof, the maximum
grain size thereof was measured. The average value of the
maximum grain sizes of the maximum crystal grains present
in frames at these 5 positions was calculated. As a

25 result, it was 2.8 pum. The density of this sintered
product was 6.6 g/cm’. This corresponded to 94% of the
theoretical density ratio. Furthermore, the bulk
resistance value of this sintered product, measured by a
-four-prove method, was 2.4 x 107 Q-cm.

30 The thus-obtained sintered product was cut to
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produce a sputtering target having a diameter of about 10

cm and a thickness of about 5 mm.

(2) Observation whether the generation of nodules was

observed or not

5 An idenfification was made in the same way as in the

(2) in Example 1.

As a result, the generation of nodules was not
observed in the surface of the sputtering target used
herein.

10 The composition and physical properties of the
sputtering target produced herein, and observation results
as to whether nodules were generated or not are shown in
Table 8.

(3) Production of a transparent conductive film

15 A transparent conductive film was produced in the
same way as in the (3) in Example 1.

As a result, there was obtained a transparent
conductive glass wherein a transparent conductive film
having a film thickness of about 2,000 angstroms was

20 formed on a glass substrate.

(4) Evaluation of the transparent conductive film

The transparent conductive film on the transparent
conductive glass, which was obtained in the above-
mentioned (3), was evaluated in the same way as in the (4)

25 in Example 4. The results are shown in Table 9.

[Example 15]
(1) Production of a sputtering target, and observation as
to whether or not nodules were geherated

A sputtering target was produced in the same way as

30 in the (1) in Example 14 except that the ratio among used
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5 In,Ga,Zn0, was generated in the resultant sputtering
target.

Next, in the same way as in the (2) in Example 14,
it was observed whether or not nodules were generated at
the time of sputtering about this sputtering target.

10 The composition and physical propertlies of this
sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 8.
(2) Production and evaluation of a transparent conductive
film

15 A transparent conductive film was produced in the
same way as in the (3) in Example 14 except that the
sputtering target obtained in the above-mentioned (1) was
used.

Next, about this transparent conductive film, the

20 transparent conductive film was evaluated in the same way
as in the (4) in Example 14. The evaluation results
herein are shown in Table 9.

[Example 16]
(1) Production of a sputtering target, and observation as

25 to whether or not nodules were generated

A sputtering target was produced in the same way as
in the’(l) in Example 14 except that the ratio among used
starting materials was set as follows: 94 parts by mass of
indium oxide, 4 parts by mass of gallium oxide, and 2

30 parts by mass of zinc oxide. It was proved that a
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results herein are shown in Table 9.
[Example 17]

20 (1) Production of a sputtering target, and observation as
to whether or not nodules were generated

A sputtering target was produced in the same way as

in the (1) in Example 14 except that the ratio among used
starting materials was set as follows: 92 parts by mass of

25 indium oxide, 6 parts by mass of gallium oxide, and 2
parts by mass of zinc oxide. It was proved that a
hexagonal crystal lamellar compound represented by
In,Ga,Zn0, was generated in the resultant sputtering
target.

30 Next, in the same way as in the (2) in Example 14,
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(2) Production and evaluation of a transparent conductive

film

A transparent conductive film was produced in the
same way as in the (3) in Example 14 except that the

10 sputtering target obtained in the above-mentioned (1) was
used.

Next, about the transparent conductive film obtained
herein, the transparent conductive film was evaluated in
the same way as in the (4) in Example 14. The evaluation

15 results herein are shown in Table 9.

[Comparative Example 9]
(1) Production of a sputtering target, and observation as
to whether or not nodules were generated

A sputtering target was produced in the same way as

20 in the (1) in Example 14 except that 90 parts by mass of -
indium oxide and 10 parts by mass'of gallium oxide were
used as starting materials. It was not proved that any
hexagonal crystal lamellar compound was generated in the
resultant sputtering target.

25 Next, in the same way as in the (2) in Example 14,
it was observed whether or not nodules were generated at
the time of sputtering about this sputtering target.
After the sputtering was continuously performed for 30
hours, 21 nodules were observed in a visual fleld of silze

30 3 mm?, which was magnified 50 times, in the surfaée of
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sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 8.

5 (2) Production and evaluation of a transparent conductive
£ilm

A transparent conductive film was produced in the
same way as in the (3) in Example 14 except that the
sputtering target obtained in the above-mentioned (1) was

10 used.

Next, about the transparent conductive f£ilm obtained
herein, the transparent conductive film was evaluated in
the same way as in the (4) in Example 14. The evaluation
results herein are shown in Table 9.

15 [Comparative Example 10]

(1) Production of a sputtering target, and observation as
to whether or not nodules were generated

A sputtering target was produced in the same way as
in the (1) in Example 14 except that the ratio between

20 used starting materials was set as follows: 90 parts by
mass of indium oxide and 10 parts by mass of zinc oxide.
It was proved that a hexagonal crystal lamellar compound
represented by In,0,(Z2n0), was generated in the resultant
sputtering target.

25 Next, in the same way as in the (2) in Example 14,
it was observed whether or not nodules were generated at
the time of sputtering about this sputtering target.
After the sputtering was continuously performed for 30
hours, no nodule was observed in a visual field of size 3

30 mm?, which was magnified 50 times, in the surface of this
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The composition and physical properties of this
sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 8.

5 (2) Production and evaluation of a transparent conductive
film

A transparent conductive film was produced in the
same way as in the (3) in Example 14 except that the
sputtering target obtained in the above-mentioned (1) was

10 used.

Next, about the transparent conductive film obtained
herein, the transparent conductive film was evaluated in
the same way as 1in the (4) in Example 14. The evaluation
results herein are shown in Table 9.

15 [Comparative Example 11]
(1) Production of a sputtering target, and observation as
to whether or not nodules were generated

A sputtering target was produced in the same way as
in the (1) in Example 14 except that the ratio between

20 used starting materials was set as follows: 95 parts by
mass of indium oxide and 5 parts by mass of gallium oxide.
It was not proved that any hexagonal crystal lamellar
compound was generated in the resultant sputtering target.

Next, in the same way as in the (2) in Example 14,

25 it was observed whether or not nodules were generated at
the time of sputtering about this sputtering target.
After the sputtering was continuously performed for 30
hours, 32 nodules were observed in a visual field of size
3 mm?, which was magnified 50 times, in the surface of

30 this sputtering target.
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" sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 8.
(2) Production and evaluation of a transparent conductive
5 film
A transparent conductive film was produced in the
same way as in the (3) in Example 14 except that the
sputtering target obtained in the above-mentioned (1) was
used.

10 Next, about the transparent conductive film obtained
herein, the transparent conductive film was evaluated in
the same way as in the (4) in Example 14. The evaluation
results herein are shown in Table 9.

[Comparative Example 12]

15 (1) Production of a sputtering target, and observation as

to whether or not nodules were generated

A sputtering target was produced in the same way as
in the (1) in Example 14 except that the ratio between
used starting materials was set as follows: 97 parts by

20 mass of indium oxide and 3 parts by mass of zinc oxide.
It was proved that a hexagénal crystal lamellar compound
represented by In,0,(Zn0), was generated in the resultant
sputtering target.

Next, in the same way as in the (2) in Example 14,

25 it was observed whether or not nodules were generated at
the time of sputtering about the resultant sputtering
target. After the sputtering was continuously performed
for 30 hours, 12 nodules were observed in a visual field
of size 3 mm?, which was magnified 50 times, in the

30 surface of this sputtering target.
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or not the nodules were generated are shown in Table 8.
(2) Production and evaluation of a transparent conductive
film
A transparent conductive film was produced in the
same way as in the (3) in Example 14 except that the
sputtering target obtained in the above-mentioned (1) was
used.
Next, about the transparent conductive f£ilm obtained
herein, the transparent conductive film was evaluated in

the same way as in the (4) in Example 14. The evaluation

results herein are shown in Table 9.

Table 8

Example (Comparative

Example) 14 15 16 17 (9) [(10)[(11){(12)

Indium oxide 93 91 94 92 90 90 95 97

Gallium oxide 4 6 4 6 10 0 5 0

Zinc oxide 3 3 2 2 0 10 0 3

Maximum grain size

2.812.413.413.2|18.6(1.7]17.8] 7.8
of crystal [um]

Density [g/cm’] 6.6 6.5/ 6.6 | 6.6|6.4}16.7/6.5]6.3

Bulk resistance

2.412.,112.6| 2.8 .41 3.21 4. .
[x1073Q cm] 5 4147

Number of generated
nodules

Physical properties |Composition
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1g& ()-]'10% 'g& ()-i110%g 1 g& ()-| 1100
Example
(Comparative 14 15 16 17 (9) (10) (11) (12)
Example) :
Specific : :
resistance 290 320 310 330 580 420 570 480
[uR cm]
E
=
;‘-j \ Wave -
o wllength| 75 76 75 76 75 68 74 72
2 |+ @ (400 nm
M M-l ]
IS S R 2] o
C | Hgllength| 91 90 91 90 90 89 89 89
S * ~7l550 nm :
42
8 Fine Fine | Fine
26' Crystal - Amor- | Amor- | Amor- | Amor- | cry- |Amor-| Cry- | cry-
g. linity phous | phous | phous | phous | stal- | phous | stal- | stal-
g linity linity|linity
H
" Aqueous Pre-
b o oialic Unable Unable| sence
w| H acid Good | Good | Good | Good |to be | Good | to be of
0| & . etched etched| resi-
[ g |solution
-ld q due
) Q‘
o}
o - -
o & |Aqueous pPre Pre
81 2 |mixea sence | sence
- 3 acid Good | Good | Good | Good | Good | Good of of
Slm . resi- | resi-
it solution
o due due
Dy
s
A [Work
function
[electron 4,38 | 4.40 | 4.35 | 4.40 | 4.60 | 4.64 | 4.55 | 4.80
volts]

[Example 18]
(1) Production

of a sputtering target, and observation as

5 to whether or not nodules were generated

A sputtering target was produced in the same way as

in the (1) in Example 14 except that the ratio among used

starting materials was set as follows: 86 parts by mass of

indium oxide,

6 parts by mass of tin oxide, 6 parts by

7
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'g& () - JAoVSOeljllowg g& () - J|10%g g& () - J|10%g g& ()-j'10%
!g&f()->>>>>>>>tX<JllO@@lljllO@@ g&f() jl109@ g&'() j110% '9& ()-j!10%
lg& ()-j'110% !'g& ()-j!10%y ! g&f() ]110% ! g&f() >>>???bBt X<j 110% ! 1j ! 10%g
lg& ()-j!10% !g&f() j110% !'9g& () - AoVSOelj|10®@ 1g& ()-7??7?7?

&7 7<) 'é@sfﬁ'éél é&@i@urhgécxibeJ '&Q%(@Jz &r@l-, bgli%é@s oF Ghnid Hfe

'g& ()-j!'10% !9& ( *9293 ?1J.<1j1'10% ! g&f() j110%y

g& () - j'ﬂﬂ%@aégﬁré?eﬂ'ﬁﬂ&@ a hexagonal crystal lamellar compound
represented by In,Ga,2n0O, was generated in the resultant
sputtering target. _

5 Next, in the same way as in the (2) in Example 14,
it was observed whether or not nodules were generated at
the time of sputtering about this sputtering target.

The composition and physical properties of this
sputtering target, and observation results as to whether

10 or not the nodules were generated are shown in Table 10.
(2) Production and evaluation of a transparent conductive
film

A transparent conductive film was produced in the
same way as in the (3) in Example 14 except that the

15 sputtering target obtained in the above-mentioned (1) was
used.

Next, about the resultant transparent conductive
film, the transparent conductive film was evaluated in the
same way as in the (4) in Example 14. This transparent

20 conductive film was subjected to heat treatment at 250°C,
and the specific resistance thereof was measured by a
four-prove method. The evaluation results herein are
shown in Table 11.

[Example 19]

25 (1) Production of a sputtering target, and observation as
to whether or not nodules were generated

A sputtering target was produced in the same way as
in the (1) in Example 14 except that the ratio among used
starting materials was set as follows: 86 parts by mass of

30 indium oxide, 6 parts by mass of tin oxide, 4 parts by
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the same way as in the (2) in Example 18. The evaluation
20 results herein are shown in Table 11.

[Example 20]

(1) Production of a sputtering target, and observation as

to whether or not nodules were generated

A sputtering target was produced in the same way as

25 in the (1) in Example 14 except that the ratio among used

starting materials was set as follows: 84 parts by mass of

indium oxide, 8 parts by mass of tin oxide, 5 parts by

mass of gallium oxide, and 3 parts by mass of zinc oxide.

It was proved that a hexagonal crystal lamellar compound

30 represented by InGaZnO, was generated in the resultant
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starting materials was set as follows: 85 parts by mass of

indium oxide, 8 parts by mass of tin oxide, 4 parts by
25 mass of gallium oxide, and 3 parts by maés of zinc oxide.
It was proved that a hexagonal crystal lamellar compound
fepresented by InGaZnO, was generated in the resultant
sputtering target.
Next, in the same way as in the (2) in Example 14,

30 it was observed whether or not nodules were generated at
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Next, in the same way as in the (2) in Example 14,
it was observed whether or not nodules were generated at
the time of sputtering about this sputtering target.
The composition and physical properties of this

30 sputtering target, and observation results as to whether
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sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 10.
(2) Production and evaluation of a transparent conductive

30 film
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or not the nodules were generated are shown in Table 12.
(2) Production and evaluation of a transparent conductive
25 film
A transparent conductive film was produced in the
same way as in the (3) in Example 14 except that the
sputtering target obtained in the above-mentioned (1) was
used.

30 Next, about the transparent conductive film obtained
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wherein the oxide of the third element is one or more
metal oxides selected from the group consisting of gallium
oxide, germanium oxide, yttrium oxide, scandium oxide,
20 lanthanum oxide, niobium oxide, cerium oxide, zirconium

oxide, hafnium oxide and tantalum oxide.

4, A process for producing the sputtering target
according to claim 1, comprising the steps of:

25 granulating, by casting or by means of a spray
drier, fine particles obtained by drying fine particles
vielded by wet-pulverizing a mixture of indium oxide and
tin oxide, sintering the dried fine particles, adding
indium oxide and tin oxide to the sintered pulverized

30 product and wet-pulverizing the resultant;
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and 1 to 10% by mass of the total of [B] gallium oxide and
[C] germanium oxide, wherein the sintered product
15 comprises, as components of the indium oxide, indium oxide
wherein tin atoms are solid-dissolved by substitution,
indium oxide wherein gallium atoms are solid-dissolved by
substitution, and indium oxide wherein germanium atoms are
solid-dissolved by substitution.
20
10. The sputtering target according to claim 9,
wherein the maximum grain size of each of crystal of the
indium oxide wherein the tin atoms are'solid-dissolved by
substitution, crystal of the indium oxide wherein the
25 gallium atoms are solid-dissolved by substitution, and

crystal of the indium oxide wherein the germanium atoms

are solid-dissolved by substitution is 5 pm or less.

11. A transparent conductive film, comprising a

30 sintered product of a metal oxide comprising 85 to 99% by
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oxide, and 1 to 10% by mass of the total of [B] gallium

oxide and [C] germanium oxide, wherein the sintered
product comprises, as components of the indium oxide,
indium oxide wherein tin atoms are solid-dissolved by

15 substitution, indium oxide wherein gallium atoms are
solid-dissolved by substitution, and indium oxide wherein

germanium atoms are solid-dilssolved by substitution.

13. The transparent conductive film -according to
20 claim 12, which 1s subjected to heat treatment at a

temperature of 230°C or higher.

14. A process for producing a transparent conductive
film, wherein the sputtering target according to claim 7

25 is used to form the film by sputtering.

15. A process for producing a transparent conductive
film, wherein the sputtering target according to claim 9
is used to form the film by sputtering.
30
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16. A sputtering target, comprising a sintered
product of a metal oxide comprising indium oxide, gallium
oxide and zinc oxide, the metal oxide comprising one or
more héxagonal crystal lamellar compounds selected from
In,0,(Zn0), [wherein m is an integer of 2 to 10],
In,Ga,zn0,, InGazZnO,, InGaZn,0;,, InGaZn,0,, InGazZn,0O,,
InGaZzn,0,, InGaZn,0O,, and InGaZn.,0,,, and the sintered
product having a compositioh of 90 to 99% by mass of the
indium oxide and 1 to 10% by mass of the total of the

gallium oxide and the zinc oxide.

17. The sputtering target according to claim 16,

wherein the maximum grain size of crystal of the hexagonal

crystal lamellar compound is 5 um or less.

18. A sputtering target, comprising a sintered
product of a metal oxide comprising indium oxide, tin
oxide, gallium oxide and zinc oxide, the metal oxide
comprising one or more hexagonal orystal lamellar
compounds selected from In,0,(Zn0), [wherein m is an
integer of 2 to 10], In,Ga,Zn0,, InGaZnO,, InGazn,O,,
InGaZn,0,, InGaZn,0,, InGazZn,0,, InGaZzn,0,, and InGazZn,0,,,
and the sintered product having a composition of 70 to 94%
by mass of the indium oxide, 5 to 20% by mass of the tin
oxlde, and 1 to 10% by mass of the total of the gallium

oxide and the zinc oxide.
19. The sputtering target according to claim 18,

wherein the maximum grain size of crystal of the hexagonal

crystal lamellar compound is 5 um or less.
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20. A transparent conductive film, comprising a

metal oxide comprising indium oxide, gallium oxide, and

zinc oxide, the metal oxide having a composition of 90 to

99% by mass of the indium oxide, and 1 to 10% by mass of
the total of the gallium oxide and the zinc oxide.

21. A transparent conductive film, comprising a
metal oxide comprising indium oxide, tin oxide, gallium
oxide, and zinc oxide, the metal oxide having a
composition of 70 to 94% by mass of the indium oxide, 5 to
20% by mass of the tin oxide, and 1 to 10% by mass of the

total of the gallium oxide and the zinc oxide.

22. The transparent conductive film according to
claim 21, which is subjected to heat treatment at a

temperature of 230°C or higher.

23. The transparent conductive film according to
claim 21, which is patterned and subsequently subjected to

heat temperature at a temperature of 230°C or higher.

24. A process for producing a transparent conductive
film, wherein the sputtering target according to claim 16
1s used to form the film by sputtering.

25. A process for producing a transparent conductive

film, wherein the sputtering target according to claim 18
1s used to form the film by sputtering.
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