e3e(<Z <(6r(T(7R Sputtering Target and Transparent El ectroconductive Film
%echnical Field The present invention relates to a sputtering target which
inhibits formati on of nodul es during sputtering so as to forma transparent
cqnductive film thereby reliably formng the film and "m mmmmmﬂmmgent
conductive filmexhibiting excellent etching processabil mm

Field By virtue of their excellent display performance and sig)d« €l ectric
power consunption, liquid crystal @é a devi ces and el ectrol um nescence
di spl ay devices are w dely enpl oye E %y units in cellular phones,
personal conputers, word processors, teIeV|S|on sets, etc. In any of these
appar at uses, such a display unit has a sandwi ch structure in which a

di splay ele i s .san ar, i il Anong
others, i ndirgf?rﬂtttleﬁl&g r(gisier gnr%itaf £ earnsgab%%é\% aEﬁe t%%rai%%)t“lc\ﬁlx;r% |F{5I§'usual |y
enpl oyed as transparent conductive filmused in these display units,
because I TO fil mexhibits excellent transparency and conductivity, etching

processab&li and_excel | ent adhesion to a substrate. The I TOfilmis
generalIy—%ﬁ%é%&@g—ghﬁgﬁgh sputtering. Although, as nentioned above, |ITO
filmh I th
11 malso has 408 RAGEERE" TRIFTECOR SRR PO & bebPEeRehy faclsl '™
Sput Ler | Ny PLn2s RRYBLEL' RO haLgsh. of! ﬁﬁgu?8908P£§né gg&egigﬂg)ssag

nodul es a he sur ace 9 arge yre i ng t%e film

[or el one8Pesdn & 0andbathAtdeouaLLRIGe: 71TheY BhESenFaLEL G RPONEI OUS

el ectric drschar ge, IS case scatter (0] dep03| on a

SUbStratefB9ﬁ1Bg %hLO%qgﬁlOandtBersberﬁg5599neoesaahea&venf9imthe for med
transparent conductive In the case I n which such nodul es have been

formed, fbkﬁh%@&qablgacgﬁgeakle@cﬂuab peosteppsdiseyas to remove nodul es
formed on the surface of the target by polishing. T erefore, productivity
of transparent conductive filmis detrinmentally decreased. In order to
prevent contam nation of transparent conductive film caused by diffusion of
nodul es wrktheut catiOpfRkng operation of formng transparent conductive film
t here has™been studi ed provision, in an electric power circuit of a film
formation appamgt 4S.rt@fe BFARRIO cxdRRNesT AY spnayelets cetmeicki @ndi schar ge.
However, even when the neans is enployed, formation of nodul es has not been
prevent ed s;qanpl etlelcytrikopoee pohpoasetdabnpr éventdornrgktadddiepfiaymati on, a
target having a theoretical relative density of about 99% has been produced
t hr ough hidghtierze maidurd esitrbdtivigesceaset diaptlaiyn deivglcedgensiet wided yr educe
pores. However, also in this case, nodule formation cannot be prevented
conpl et el ymplloged suc llicpleynemndricsesn ice lilsldesphetictso devrsoopla target for
formng transparent 2

computers, word processors, television sets, etc. In any of

these apparatuses, such a display unit has a sandwich
structure in which a display element is sandwiched between
transparent conductive films. Among others, indium tin oxide
(hereinafter abbreviated as ITO) film is usually employed as
transparent conductive film used in these display units,
because ITO film exhibits excellent transparency and
conductivity, etching ﬁrocessability, and excellent adhesion
to a substrate. The ITO film is generally produced through
sputtering.

Although, as mentioned above, ITO film has excellent

(T

*G00002*

[



conductive film which target can suppress formati on of nodul es when the
filmis fornmed through sputtering and which attains reliable formation of
{§ansparent conductive film From another aspect, the formed ITOfilmis
etched by use of a strong acid or aqua regia so as to formcircuit
patterns. The etching raises a problemthat alum numserving as a wiring
material for fabricating a thin-filmtransistor is generaILﬁ cg&%gdﬁgs
Therefore, it is also desired toGgﬁy@dygu@tﬁw@niﬁémenﬁhéoﬁ& Bt Pve film
whi ch al | %\@f@m{an@ Wt Hod SERFESY sel y affecting such a wiri nﬁ mat eri al .
Thus, an oObject of the present igl\é%ntIiT@nfiis_thsptEovméé sh&pUPt'eri ng target
whi ch suppy essadsd ot maflingr 3 'nd ules during sputtering so as to forma
transparent conductive film %hg£§9% {@f@@@beIankﬁ¢@pQ$ﬁ$§iIrn Anot her

obj ect of iphettevensioh #s5tD bFovi de a transparent conductiﬁgc(%ig)fn the
exhi biting excel |l ent etchiTg Ergggﬁsggigkéyfofhedl@ﬁuF%eo?uf e Tnvention
The presentprovensdpssha¢8 t&rried out extensive studies ia or cgo;o
overcome the above drawbacks, %@g hawe fFeundtbhaetheBuPBESFor med on a
target for thegritng theoePy| meSPS Hasical Iy attributed tQ uns yttered
portions remai ning on the sur.fsa%qeq,fattelae; tcangengd anemeH]l St fe “ease of

form ng suech suhsae é’roé&a&?rtli ons depends on the crystal gr i%sslitzeorpfa a
met al oxi de constituting. the tﬂgq;asg;rirﬁquﬂ,ea reatheent™ $SHave found t hat

occurrence difsatod® I et otn on the surface of the tar g;géntr%i%jyon
a

i ncreases when the crystal, graij i Z€oB, thafedndiald oy netal oxide
constituti n@ubﬂ’@m*é?gé??-%%%ggggd]sﬁ% specific grain_si zerl Tt}‘ee resentn

i nvention has been accogp{;irggggaggnt;heobastsiw EheBe fithdi ngs. The present
i nvention iaofl tdestarPfFst*Invention and a second.inv n%i%gioﬁcéﬁédhﬂgby,
the gist of the firs invethi OR aivac bedas folmefiol Ffow“ng?D (1) "a sputtering

target fornwbieh &Y§i nP&SE gody of metal oxide including Lpdiue exirdece

gal I i um oxi de, and zinc _oxj wheleirentove moCHL eSxiF@&™Cont ai ns one or nor e
hexagonal Iay@rte&’ec&wgfr??s%s%elaect ed fromthe group c8§ LSt ngyOobt
| n203(Zn0) m (wherein m i 'dmﬁgﬁﬂnqxoﬁﬁzrﬁéofﬁ),pFn éaEZn0~, | nGaZn09,
| nGaZn205, |q@d¢2}%66%rqen%a%9¢~, InGazn508, | nGazn609,; angkd Gz o, and
the sintered bodg i s g@npgﬁﬁgc@ivénﬂihn1b&i%ﬁ$¥ﬂmﬁh anount of 90 to 99
mass% and a epMBTRAITon of gal Iium oxi de and zjnc oxide hRspatenal amount
of 1 to 10 mass% (é'zzj Ac$Pubt prengntacgetaBsnaksePibed in (1) above,
wherein the sintef&d 608y i ndi um oxi de in an,annugtnggug@glhuﬂhoutde and
zinc mass% 35 acsgggt@&h&gcbasedhbweﬁhfﬁHélgpn?ere body i ndi um oxi de in
an amount of ©§ PPEGm oxi de and zi nc masso,;  of g%%%lenof 3aduetaxedéiilim, . get
as dE of net%%&%bf%%id%é@éﬂhbd wf forming tran

died provision, in an electric power
there has been stu

circuit of a £ilm formation apparatus, of means for -
suppressing anomalous electric discharge. However, even W
the means 1is employed, formation of nodules has not been
revented completely- For the purpose of preventlion of
iodule formation, @& target having a theoretical relative

density of about 99% has been produced through oigh— e
temperature sintering soO as to attain high density and ¥

iris. However, also in this caseé; nodule formation.caonot
ie revented completely. Under such circumstances, it 1s
i g transparent

in
desired to develop a target for formi



oxide is conposed of 98 mass% and a conbi nation a total amount of 2 to 10
ypcribed in (1) above, oxide is conposed of 97 nmass% and a conbi nation a
total amount of 3 to 8 4 (4) a sputtering target as described in any of
(1) to (3) above, wherein the hexagonal |ayered conpounds have a maxi mum
crystal grain size of 5 ~mor less; (5 a sputtering target as described in
(4) above, wherein the maximumcrystal grain size is 3 ~mor less; (6) a
sputterin . for, o i ptered bady ot petal saxkdeibackydi ng i ndi um
oxi de, ti%ohgpgggv%aF iﬁh]gygég,géng%zinc oiigg, mﬁere?n tﬁe nmet al oxi de
cont ai ns L hexag liay oppeunds selectednhr amyt heignoup
consistinggngFﬁg8§%2n§¥%|?%ﬁg}é%n%%?ﬁgaagﬂgnp gerEFr0n12n?o 10 ) }

Il nzGa2Zn0 I Z iy | n 90~ 5
| nCaznB09 R BT A PR G el Boay s et ad Cof M um

oxide in an ampynt, ofy 49,0 LTRSS Wl 1 G TN 137 ATRURL cBle P o 20

mass% and a conbination of galliumoxide and zinc oxide in a total ampunt
of 1 to 10s288%% GhrcRSRUIELLHNGGLAr §ely1as sdeasr kBedoirh C8)cabeve,

wherein the S|ntere§kbo y of netal ‘oxide’is conposed of indiumoxide in an

amount  of 2% tkQn33 NMEE%tEhIngXidests ANpAsBUEh ©had & Durkbni@sSséevangd a
conbi nation of gallium oxide and zinc oxide in a total anmpbunt of 2 to 10
mass% (8ksaaSRuttiely RGtedigal @y desefiichednigna( @hiabgyem wheneistbhe
sintered body of netal oxide is conposed of indiumoxide in an amount of 80
to 90 massY gleinR raxilge dor rdicdounhe 0éfdrép 12 1BSSYeoaddsare@nbbnati on of
gal I ium oxide and zinc oxide in a total anbunt of 3 to 8 mass% (9) a
sputteringet@nggt aa% rdespaked iddonaietafve( € 10 whichcall8wsabevdingherein
t he hexagonal | ayered conpounds have a maxi numcrystal grain size of 5 ~m
or less; (i@hocatspuiediddly laafgeitiag @Geser abed ring( Aptakawe,. wherein the
maxi mum crystal grain size is 3 ~mor less; (11) a transparent conductive
filmforned of Thumst aln wde-t red udieng dersdinemioxiethe, i ogalilsi wm @xicde,deand
zinc oxide, wherein the netal oxide is conposed of indiumoxide in an
amount of a9Gput t89 imes s%rayet ahdambisugpiressefs galrmatimoox ode nadd Lzisnc oxi de
in a total amount of 1 to 10 mass% (12) a transparent conductive film as
descri bed dur it spaltdes, i ngherceias ttoe fiormala dxiagde pes eatmposdd cofl vien diidm,
oxide in an anount of 90 to 98 mass% and a conbi nati on of gallium oxi de and
zi nc oxi dehieredyt atedliadpurflorpfing ttdel § idmsspnetlRer aoksant paf ehhe
conductive filmas described in (11) above, wherein the netal oxide is
conposed éhviemdilgm dxi de in¥oan deTuMragsPeTend Frnguesdvand iaMconmbi nati on
of galliumoxide and zinc oxide in a total anmount of 3 to 8 mass%
exhibiting excellent etching processability.

Disclosure of the Invention

The present inventors have carried out extensive

studies in order to overcome the above drawbacks, and have
found that nodules formed on a target for forming ITO film
are basically attributed to unsputtered portions remaining on
the surface of the target, and that the ease of forming such
unsputtered portions depends on the crystal grain size of a
metal oxide constituting the target. Briefly, the inventors
have found that occurrence of nodule formation on the surface

of the target markedly increases when the crystal grain size



(14) a transparent conductive filmfornmed of a netal oxide including indium
Oxide, tin oxide, galliumoxide, and zinc oxide, wherein the netal oxide is
conposed of indiumoxide in an anobunt of 70 to 99 mass% tin oxide in an
amount of 5 to 20 mass% and a conbi nation of gallium oxide and zinc oxide
in a total amount of 1 to 10 mass% (15) a transparent conductive film as
described in (14) above, wherein the netal oxide is conposed of indium
oxide in an amgunt of .75 to 93 s%_.tin [ i unt of 5 to 15
nmass% and algaﬁBWnSF?gﬁ_Bbegﬁﬁg' qg%ﬁ%ecgﬁﬁﬂgfﬁgl% i 5%6 ina total

anount of 2 to 10 mass%, (16) a t.ransparent duct.jye tfi s described in
(19) abovE3rAREFer THIRE Hetthl SESG de S §r§§%pgsgz%'of &hgdP%%ngg%%?de in an

amount of . 80 . s [ ' N n t ; ss% and a
combi nat | ST SPEART Fom bebe SaRanER e G TR pRs b ShePor 3 fo 8
massY% (18} gshranspaient coductiyentidm Mipluds produced byesubiecting a
transpar ent conducti ve f fHas recited in any of (14) to (16) above to heat
treatment at, 23Q¢ ar shi;gher ;648) a transparent conductive filmwhich is

pr oduced By subjecting a transparent conductive filmas recited in any of
(14) to (16) agx;avc%xiaq éﬁ,ertmenggi%&d SRR s theak ehteahme Rl 18kde230C or
hi gher; and (1 a nethod for producing a transparent conductive film

char acterg_]ﬁ%dfio@lto t.ot.he method conprises sputtering a sputtering target
as recited in any o (gl) to (10) above for formng film The gist of the
second invention )i ngl 4des tkhentokhoykBgrobhddaosput tent8getiabgay bormed of
a sintered body of netal oxide conprising indiumoxide (al) [Al] in an
amount of ;8% 0 (99 RS %1aRd Yy GerhiuRabixadeyf gaallliummosxivde BBH andc
germaniumoxide [C] in a total anmpbunt of 1 to 15 nass% wherein at | east

t he indi ugyaxiede wplasam dHe hheagi rikered doody inkc budes rgablrieumexbgwm adnd
germani um atons, the two atom c species being dissolved therein by way of

at oni ¢ repla3eerRNtcompour(d®) s 1sfitiderfirog ttargetroap deschisbeédgi wf(1) above,
wherein the sputtering target is formed of the sintered body of netal oxide
conposed gh,bhezwoypongrdrdiAllm iin am dmuedte roff 9 Lo te7 1fass FnaGd22n07,

conbi nati on of the conponent [B] and the conponent [C] in a total anobunt of
3 to 10 mass¥zZn(C3) dnSpGhb@y,i rigdadnget, abnGedTiOrbed@nEazdds,olnGaLnabove,
wherein indiumoxide crystals including the galliumatons or indi um oxide
crystal s iamel UdiGagt;hey,germmaninemsitndresedt b dvivg Satcompe sege Gife 3 Nsd iRy

di ssol ved therein by way of atom c replacenment, have a maxi numgrain size
of 5 ~m orodieks;in 4n amputtt erfi AP ttar & Messdeserd BeF IRt igBowd, wherein
the maxi mumgrain size is 3 ~mor less; (5) a sputtering target formed of a
sintered luedyliofm metiale eide iguhprisiand ma & dedidadmowrdt dfndi R &b de (a2)
and tin oxide (a3) [A2] in a total anmount of 90 to 99 mass% and a

conbi nat i 53 /gal | i um oxi de [B] and germaniumoxide [C] in a total anount

of 1 to 10 mass% wherein at |east the indium Oﬁ"bde pres in the sintered

nt
body incl udes t{4) atomPutFAningmtaress, agndessr ﬁfiur’rf“at(gr)rs,a CHE "t hree

atom c species being dissolved therein b y of atom c replacenent; (6) a
sput t eri ng'heh%ydt e Bl By ﬂpé‘%\?\é{a oxlae 13 compdsed OF

indium oxide in an amount of 90 to 98 mass% and a combination
of gallium oxide and zinc oxide in a total amount of 2 to 10
mass%;

(3) a sputtering target as described in (1) above,
wherein the sintered body of metal oxide is composed of
indium oxide in an amount of 92 to 97 mass% and a combination

of gallium oxide and zinc oxide in a total amount of 3 to 8

mass%;



mhe;éin the sputtering target is forned of the sintered body of netal oxide
conpgsed of the conponent [A2] in an anmount of 90 to 98 mass% and a

conbi nati on of the conponent [B] and the conponent [C] in a total anount of
2 to 10 mass% (7) a sputtering target as described in (5) above, 8

wherein the sputtering target is fornmed of the sintered body of netal oxide
conposed of the conponent [A2] in an anobunt of 92 to 97 mass% and a

conbi nati on of the conpopent.[B] he_c [ i o] agount  of
S To 8 meses (4) aSopuererrhnTt sfpdet asCEEREPER B i E OFY (87T
above, wh i n_indi um oxi de stal.s i udli N Lngdi X1 de
crystals ?ﬁilaaPHS’gngFS%Pagéés%%éggPﬁgﬁugéggfég 8?@@?@ ggiﬁéygh?ng

germani um at ons, the %hree atom ¢ spegiss beigg gigsolved therein by way of
atom c rePPECBRENEIYRAGE FYAERI FoftoPhi A Y1280t ®8%Zm or less; (9) a

Sputtering tarqgﬁ(ia)g§§g£gggggiga%ggta 9V8es¥@$§§%r%ﬁh?4ﬂﬁg'gyg)grai” si ze

is 3 ~mor |ess; transpar ent “conductive ornmed of a netal oxide

ot | SReafb g pe! sl Havbkl 8Ra3HHILC0S83 g, 82 fRag and a

conbi nat i eérmani um oXi d in"a“tbotal anount

of 11to 10 massg, \A’Qegghet@%hgaﬁgﬂ&@e EQdh e QX des presedl Hoag skntered
0 he I

body serving as t'he source o I'mincludes gallium atons and gernmani um

atons, t hﬁeft‘éﬂ(? 1%(9%0 i%r&%id%ﬁb%@quﬁi sx9kiedtt Rebgh Reby guay 1 gh 8LeHk:

repl acement; a transparent conductive filmas described in (10) above,

wherein thefikmd $.fieeTedn@fed nmenel nkhe1cearaserbnkAlhsi Bnanoamigre of 90
conbi nati on o% the conponent [B] and the total anmount of 3 to 10 nmass%

(12) a tragsRelent aRdueld Wenblligexisde «cERr irsbid taecerBupat i on of indium
~tal oxide comnposed t0 97 mass% and a conmponent [C] in a formed of a netal

oxi de (a2koaRd stlifgd of trrzo Ao de (W@dkelifilln iR ant ehakgaroyrbmoh 96 to 99
mass% and a conbi nation of galliumoxide [B] and germaniumoxide [C] in a

total anmoupt ,ofinlchozdd,, Mass4znoher ehoazh,d:caghchia ;0 dinBaps,de, present in
a sintered body serving as the source of the filmincludes tin atons,

gal I i um attes.znd0ns, JBRiCEI d03) abnasInGaBnidiheeandothe speceesdbeody is
di ssol ved therein by way of atom c replacenent; (13) a transparent
conduct i vechiplodeas odederdihed oxideldn aboweounhiendi M0t he Bl maiss%fotied of a
nmet al oxi de conposed of the conmponent [A2] in an amount of 90 to 98 mass%
and a conbixiatel dm e tdrewamedneéntto B0 aad stthe acodnmporent ip@lion e@ft ot al
amopunt of 2 to 10 mass% (14) a transparent conductive filmas described in
(12) gallium oxide and zinc oxide in a total amount of 1 to 10
mass%;
(7) a sputtering target as described in (6) above,
wherein the sintered body of metal oxide is composed of
indium oxide in an amount of 75 to 93 mass%, tin oxide in an
amount of 5 to 15 mass%, and a combination of gallium oxide
and zinc oxide in a total amount of 2 to 10 mass%;
(8) a sputtering target as described in (6) above,
wherein the sintered body of metal oxide is composed of
indium oxide in an amount of 80 to 90 mass%, tin oxide in an
amount of 7 to 12 mass%, and a combination of gallium oxide

and zinc oxide in a total amount of 3 to 8 mass$%;

(9) a sputtering target as described in any of (6) to



above, wherein the filmis formed of a netal oxide conposed of the
conpnent [A2] in an anount of 92 to 97 massy and a conbi nation of the
conponent [B] and the conponent [C] in a total amount of 3 to 8 mass% (15)
a transparent conductive filmwhich is produced by subjecting a transparent
conductive filmas recited in any of (12) to (14) above to heat treatnent
at 230C or higher; and (16) a nethod for producing a transparent conductive
filmcharacterized in.that. t th i putt er.i a ttering

t ar get asa(%éciatbeoa’el’n Weaﬁlr'leyreolfn (%)emt%oex O %brfgvléﬁ’%osrf5 %rogn ﬁé]l%%sl r}ﬁ%Q'%erat Modes

for Carryi ng{,OJt the | nventian Enbodi (ratcergts of ttle present invention wl|
next be 1H@XIYRLLSHEFA 195 FT EaPent’ &F Pie “§55tt ering target according

to the first inuventiaqn_(i IS .S i.an, _herei - t“th [ Lhvention”
may be referred”ﬁ@ s%nﬁ%§@§%QJ§ﬁe%%% ggn?gig%é%?ﬁéﬁb)lbsqggrégévgf a
sintered b?&%ﬁﬁf t al oxi de inclggﬂn indiun1odee3n%glIiuglodee, and

zi nc oxi d&SHFereiT S MEXMETE RISHE cHtPdiThs *dite 6 “nbf'e Rexa§Srial | ayer ed
conmpounds sel ec fro r [.Sti N 0 hn mis
an integer fron¢§8t0a1 r%g%p%ﬁ%éSZ%%8§F%%ﬁggzgééb %§%§§§25gtgwﬁ%g§%306,

| nGaZn90~, . . - 4&56@ I n ~ . t i : y is
conposed ofhgﬁﬁﬁgﬁggﬁpde iﬁﬂggﬁéﬁgﬁ%¥hogﬁégjg%pégﬁ%ggsgfgiéqgﬁigﬁ%?ﬁgtion
of gal i umQxide and #d1%100:481d R 2 dAR)s RN @i uh %14 MBSS% Among
hexagonal Tayered conpounds which are contained in the nmetal oxide forned
of indi umadidg galdd Wy @9 Ges AN NC DriRatlike BBt 3la10%ige JxaRfesent ed
by formula I n203(Zn0) m may be any of conpounds in which mis any integer

from2 toHy Howewariqamng tham) Hhesshaw ng & 1M yrlswg;0of 2 to 7 are
nore preferred, fromthe viewoint of |ow volune resistivity. The netal

oxi de formed of (indi umeexindea rgalk! cmdoxitdee FAdmzbBCdexkedepks ¢amaged of
i ndi um oxide in an anmount of 90 to 99 mass% and a conbi nation of gallium
oxi de and afjdie ,0MHE dih & HeOtrddt 2AMHIdeOfi sl dompbd StRSEY0i nBQnT @ASeRS IWhy
the netal oxide has the foregoing conmposition are as foll ows. Wen the
total amowm sedfougdl IdfupOXidesanth sAnamXisdedmbinesd ohl of gallitdran 1
masso, etching processability of the transparent conductive fil m obtained
by sputt erixiglie hevdspitricerdxigid anrget dotaledmeenht wiereas \idematsss ;t ot al
anount of gallium oxide and zinc oxide is in excess of 10 nmass%
conductivity of(ide abttaiamsgatreanspanentctdioedddinvesf descdebedases.(11)
Regardi ng the conposition of the netal oxide, the anpunt of i ndium oxide
and t he t efalveanoureredin gald imerhadxicdke dend sz iqvopedede odr e rriefrecatilde 9 t o
98 mass%and 2 to 10 mass% respectively, nore preferably 92 to 97 nmass%
and 3 to &mesesMnt eshe iteldy Mresfrerald v adwb igaddoen of gallliiwm oxi de
contained in the netal oxide is equal to or greater than that of zinc oxide
cont ai ned 931 dehe@ntbtziin@xdxdale simeée tdtalt rramespdr @ft 3cdied GeMags ¥ii | m

obt ai ned by sputtering the sputtering target has excellent transparency.
The gal | i um oxi detlcort &Fenisparend FPEAECABIVE & lmedotmedsofi pedetRd zinc
oxi de content, further nore preferably at |east tw ce _the zinc oxide
content. The dfexaydiding s SHdSIFnd < idomrdidted 9o 1inE Retdle  odnge
preferably have maxi mum crystal grain size of 5 ~mor less. This is

a
because, FHNYhE*SRrerdPiody B (e aetodi* Bxilde CHRET S TG cryst al

grain size aof the hexagonal | ed caonpounds present .in the grain boundary
of i ndi umidfe it At AU @%ﬁoolc{loegg‘]t FaS S &0y Qﬁ,d%gﬁ&ma%‘ GG um

oxide crystals in contact, with the hexagqnal |ayered.compounds ¢ he

eUppr essud? hahd D TR Tm T aih SR T oM e TE AR S7gh 7 g6
controlled t.o 10 ~mar |ess. Thys, r r.ef erably, the maxi num crystal
grain si zeoxcﬁdet e Hae%aogtoaﬁlalanfoéﬂlnle{:r eofgoﬁcpog&ﬁ)gsmaisss ‘“ontrolled to 3 ~mor

less, 12 (15) a transparent conductive film as described in (14)

above, wherein the metal oxide is composed of indium oxide in
an amount of 75 to 93 mass%, tin oxide in an amount of 5 to

15 mass%, and a combination of gallium oxide and zinc oxide



wher eby the maxi mum grain size of indiumoxide crystals present in the
sintared body can be controlled to 7 ~mor |ess. Thus, when the grain size
of the crystals present in the sintered body of nmetal oxide is reduced,
nodul e formati on can be prevented during filmformation by sputtering the
sputtering target forned of the sintered body. From anot her aspect, the
effect of reducing the grain size of indiumoxide crystals can be enhanced

as the hexagagnal . lay d _conpound cont LS el evated. However, since
conductivﬁpyaogogﬁg %&%H?gaggn? ggnggc |§§°filn1obtained by sputtering the

sputtering targgle dear 8363l 0ehb! 806838: ; bhCchexagonal ;LayeLad; orpeynds
are formed in anounts corresponding to a total anmount of gall1um oxi de and
zinc oxid 10 or..l.e il | Jl-a c n
orosent | ACCRE mEPEL Oy GLoCAN B Caaart (el r e aan Ana e e i e
xray difLEackloon anal el $0oEkMaS6E eall 0 iBobs Mhchanalysisy. cone
maxi mum grai n size of hexagonal |ayered conpound crystals Is determ ned
through the holdan BGPLOERNifaiihels! Ba13uLkace 0L LAA SRHL! 8kibe target
has been pdlished,’ the surfacé is observ at five points under a scanning

el ectron @i Cros¢QRe al,AntegH K ¢at igon Qfsex2, 500. In the case where the
sputtering target has a circul ar crosssection, the five points include the

center of the cipl ea(‘EQQn@E'aE‘E_%taBQthQEQ'VQt 81 {hoWhi BRI NES)rbahweanpyhe
peri phery and the center, the mdpoints |ocated on two |ines which
intersect sgagkR QLG Al fain@a randl @clduldie veeRtigh aknrkbetdd incasg wiere
the sputtering target has a square cross-section, the five points iInclude
the center 10 the Sqyargd@ne LML) aRdchRIREGk Yot dpei Rignéfour points)
bet ween the vertices ‘and the center, the mdpoints |ocated on the two

di agonal s whi chiiigit esseehnepekeathebnaictheecentar whibe hengestiudeansyer of
the | argest grain observed at each point (frame of 50 ~mx 50 Vin is
measur ed, samd ddie dpngestandipaireindr csalaes ireasuned aisn rele thidvenf bayesfar e
averaged. Alternatively, the sputtering target according to the present

i nvention (mely he f@eedoives tai paartedniody aold 4cbspanent: metal oxi de

i ncl udi ng i ndi um oxide, tin oxide, galliumoxide, and zinc oxide, wherein

t he et al t@dadameiantal PROOEcOr hiigherhexagonal | ayered conpounds sel ected
fromthe group consisting of In203(Zn0)m (wherein mis an integer from2 to
10), 1 n2Ga2Zn0~19)nGaZmethokin@aZn2@dduknGgZa3068anbn&azn90epninGaZms0s,

I nGaZn609, and InGazZn~A o, and the sintered body is conposed of indium

oxi de in &dlanmminetrasft i0 2egl 99 rdsd4thiel mednhiodie ciompaa sgivo $ivu tée r3 ngo a20
mass% and a conbi nati on of galliumoxide and zinc oxide in a total anount
of 1 to 1GPvassHiTee tanuait asf nded tedh igxiadey ednpgdnele grdserbove thiee
sputtering target fornmed of a sintered body of a 4-conponent netal oxide is
control | edadina Fi2d®-mass% The reasons why the target has the foregoing
conposition are as follows. Wen the tin oxide content is |ess than 5
mass% el ectri Chegsttarre Ge tIREYPLtIBIRHE Targdal Udgp 18 to
sufficiently decrease, whereas when the tin oxide content is in excess of
14 20 ndSS%OW W el ectric resistance may excessively increase. Thus, the

tin oxide content of the sintered bod)é is nore pref er,abl¥ a F}o 15 %ass%
further nore prefler &oSPUEtesing FRL96: EQriRer Rdr 8, SLRESEEHaP diobht of the

gal I i um oxi de .conponent and t.he zingc oxide conpqne ontained in_the
sputteri n&‘qq?rlg&ripﬁ‘ge SR8 UKD %%ﬂs@&)) [Ithéﬁcrlint ary ATSFh&t
anount ar f ows. MWen, t he tot.al .amount. of .gal li um.oxi and zinc

oxi de is %é??% ﬁjadn TR SRR Y thEPFodided™ roéfngﬁalgéﬁ &én t?cﬂ?’\}eaﬁ m has a
crystalli neerrrln% S c;[xh'e eGbyC]r %‘qlucai N9, eé[lC@n%nQr %(\fesis%%' I1i5t %’as\g@er eas when
t he total “amount™ o gall |u[m oXi de an(iC Zinc oxide is in éxcess of 10 mass%
conduct i vi of. t bt_aj tr.ans . €O ive .fil.m degr . The
met al oxi H}ekyecroenls i%u%enaggm{]ﬁcgjesﬁurz}slgﬁ E’S‘tﬁager ggté%;eg\r{:rré E)C?et %’gngi%%tggr ed body
of a 4'“”@@13? it j | r (folpaale} fordsndiym @gjde in an
amount of toqrbcg’q}ncgésss%]tqﬁrg%xﬁoge s?r?qgﬁn)@éanount %g?agotg,lg mass(% and a
conbi nat i ; [ L e’ Wi 98 J 2 hotal, amurt,qf. 2 to 10
mass% Nb%er%ogélet?ggrﬂa%%;g,soﬁece%ritagéod}ﬁ’fgi(itgl com:r)laséﬁ ofy i ndi ummoxci de in an
amount of 8Q to. A@ss% tin oxide in an anpunt of 7 to 12 mass% and a
conbi nat i onq)o]T g%%lu'm oxi de and zinc oxide in a total anmount of 3 to 8
mass% Preferably, the amount of tin oxide contained in the sputtering
target is greater than that of zinc oxid7e contained in the sputtering
target, since conductivity of the transparent conductive fil m obtained by
sputtering the 15



sputtering target can be enhanced. The tin oxide content is preferably at
least 1.5 times the zinc oxide content, nore preferably at |east twi ce the
“zinc oxide content. The hexagonal |ayered conpounds contained in the
sputtering target preferably have a maxi numcrystal grain size of 5 ~mor
I'ess. This is because, in the sintered body of the netal oxide, by
controlling the maxi num crystal grain size of the hexagonal |ayered

O e I B e P R MR A

| ess, growth o i ndi 3R stal’s rn contact wt e hexagonal | ayered
conpounds can be suppressed.. and t j LAl e Qf dNdUmRYK de
cryst al s "9 stabégrséjslgzccf%lélglg:a}%%or )ges@é). d?g%pfcef erabl y, the dr%yxi mum

crystal grain size of, the he oynds ;% eNtERUred 4o 3 ~m
or less, Jh&EHF t%dr%xqon%n%sge%gi%ﬁﬂ s‘%hgeg%%?%ion%mqox?del crystals present in
the sintered b can e suppresse 7~ eSS oS enyddergain

size of i ?iﬂnoggzinbaessc? yasr%dzilag CSr esgqn%&lor{1 tc{?ectghlént er gc(lj body [\(/:M(;!nsti tuting the

sputtering target, is.yreduce i Jysevented during film
nﬁ)eg{?entt h@:]splldﬂ tae?clon%g%ﬁo&% Bt ipn£an ke

formati on: arget can be produced through, for

exanple, the f oW r fs I diaimioxide, ogald2hum oxi de,
zi nc oxi de, anggiop}tgl %ﬁﬁ%ﬁ%gﬁfef%ﬁ%ﬁﬁgdﬁge&Il\%r(?ged, t(o )t her eby
produce fi.ne po The; fi POARL d | 5 diHpuste lingn or spray
dryi ng, aan%oY?S’e oér]Freel glr%#lu es are pé%s%%or%‘ld%%@lglnd s(jl)nt ergggle.ﬁIThe sintered
body is Cz!trjéoméo fhﬁ{&ﬁympcsﬁﬁa@ecfyh@tépytmamrﬂ@ the t@dG@iniuvh Xd gnand

pul veri zation of netal oxides serving as raw materials can be perforned by
means of ad YPEoM X1 Sl ¥8The sty @ Gsol Pedethdiddin By lway & beads
mll, or rough ultrasonication. Raw material powders are preferably

pul ver | zed 50; Enalpt fecRubverized priogiichulageai mean 95t | Sl size of 1 -m
or less. The above netal oxide 1s fired inair or an oxygen cont ai ni ng

at nospherg.at. 1,300 to 1,700C, preferably 1,450 to 1,600C for 2 to 36

hour s, pre?erably 4 to 24 hours. The tenperature elevation rate during
firing preferabhy faldsuvidhimg acdvnge of daribedl/in n(3)Thddrs- obt ai ned
sintered body is cut, to thereby formsputtering target having a suitable
shape adaptablent pha SRt LEhI §FadRPaiaéuss Themtet geésss attached to a jig
for placing the target in the sputtering apparatus. The transparent
conductive fil geaccarshugt¢oindetargsentoimyemi on $inforeddt £Substrat e
by sputtering the aforenmentioned sputtering target. A substrate of high
transparemsyalSOgidéecambyismpgoyedombinhéi@@b@frém@%u%nﬁxé@ﬁvéﬁ??oﬁ%ﬁly
used gl ass substrates and transparent synthetic resin filmand sheets can
be enpl oyetin Bxadpl és3df [BRé syneheokalr espunt 0obed@npPof@dnppet uged 2

pol ycar bonate resin, poly(nethyl nethacr¥late) resin, polyester resin,

pol yet her combfioatipespfi, sahdipsl paigral Bl r e8fngerPayayRe?y1ef spht tBrfng
apparatuses can be enpl oyed for formng the transparent conductiye film

t hr ough spataérﬁmgunpapﬁiéuFQrﬂQ,@aﬁﬁéneWPéﬁeébu?Ee}?ﬁﬁtabgﬁré?ﬂ%qu
preferably 17 used. Wien such a nagnetrgn sguitgrinﬁ?apggratus is used,

pl asma po®sidenerefenke 18pineefithgeEEAIPPABNSFORCEBr FRge5°FPI m vari es

depending on the surface area of the target enpployed and_the thickness of
FgHECegBeF%&E98r?tgm%Faﬁggéggg

the transpatéapmcahaiisri @89 PRATEHLHE B par ent
conductive film having a desired %ilnlthi%kn%ss.can bﬁaggoggged generally
under t hePEdNBORLRGOLFECE EFPRGLRoRdi FRENST Bra¥nE poRel 08 (o 4 wene

i.e., 1 cn2 of the surface area_of the tarqget and, filmf ion tine; 5
go 120 ninutesﬁG?heatﬁPEEﬁ@géngft?ﬁge?raﬁsgg?g%}b%%nﬁﬁc{gbegél %1 whi ch

[ d di th i, spl, t t [ t f il mei wed,
Gencral |y BOGSLG GPGOOPA" CRrat b 3B S00 St 508000 A "HRe LGS Srodacdd
t t dyctive, fil f t ' [ hS; t
ot 0 | nePEAFRE 4 m G RO S50 o2 B B CLRA o (A2 o B WRSPan the

t al [ [ d of jndi ' ' tra199n % d
2 Canb natiCor o tGARSEtmegs] de A FPAG ouide Th. SoBCar St ok i 'to 10

mass% Since the tr parent .conducti filegmo § f apmed 5@k ;a netal oxide
conposed 5@“39ﬂe§ﬁiggﬁdéq iy §ﬁﬂgﬁbﬁhkxg% §G 089 mmas6 ahd a combinati on

of gallium oxidg, and zi I i otal : fj 1 8s% the
filmexhibits eC@elFeék%gfgﬁépgrg%géeanégcgﬁggg?FS?tiﬂaﬁg)hggagxcelIent
etching characteristics by virtue of its anorphous nature. Wen the total
anount of galliumoxide and zinc oxide is |l ess than 1 nmasso, the
transparent conductive filmhas a crystﬁ | ine nature, thereby reducing
etching processability, whereas when



18 the total amount of gal l ium oxi de and zinc oxide is in excess of 10
mass% conductivity of the transparent conductive filmdecreases. In
addition, the transparent conductive filmpreferably has a conposition in
whi ch the anount of indiumoxide and the total anmount of gallium oxide and
zinc oxide are 90 to 98 mass% and 2 to 10 mass% respectively, fromthe

vi ewpoi nt of nore excellent conductivity and etching characteristics. Mre
preferably, Lthe fi L1ion i whigdy the aount, ofrddidbduy oxi de
and the t%?% e%%%#n %@?%g??%o%(% e and zinc oxide are 92 to 97 mass% and
3 10 8 g5 % LePPEet by Cbympdhigy 18 ANSRET ERIpGAIACLAVE i | 4R mdiex psesent
invention'Ts ?orme of a 4-conponent metal oxide including indium oxide,
tin oxidey,gall 4moxide,nand 250606t fon yheried Nodgor@ial (DK dled i she
conposed Of rndiumoxide in an anount of 70 to 94 mass% tin oxide in an
amount of % a0de 8 SONBEARLE 0fF of 93l ¢ iR exj de and zinc oxide
in a tot a?éné}&rgﬁ%?tg?éﬁ t% 10 mass% Since the transparent conductive film
is formed of th 4-&0{1@]9@@ L hetal I des Ted A 1indlidHy o dgs) tid oxi de,
gal I'i um oxi de, (ghd zinc ox?fer,@v\heﬁ%iﬁn the netal oxide is conposed of

i ndi um oxide 19,90 apRUpLiAfidQitR 94i aBSEY st s OxhEBudn@Nt A0ABsmSf 5 to
20 mass% and a conbination of galliumoxide and zinc oxide in a total

amount of ; 14t Qn10xMBESeryERg1El L AL exhi Ryt §a EXLEh| £0dns | apsprnienay and
conductivity and has excellent etching characteristics by virtue of its

anor phous,pRatdr eryseaesnNinkhgdangugérabnie 40oms| i theoxtideeeoaponeat
present in the transparent conductive filmis controlled to 5 to 20 mass%
This is bgpauses whengt heskbNvedi reeonheny syl essatbmnc5rapbséemeheetric
resistance of the filmmy fail to decrease, whereas when the tin oxide
content ifaL0 §XpERSmAh gPaBS8Yet Be 8l patoiclesststance of the
transparent conductive filmmay increase. Thus, the tin oxide content of
the sintered bqdy is spuetprehgrabiyet 49 désomsiséd fmrtheralmove, preferably
7 to 12 mass% Preferably, the amount of tin oxide contained in the
transpar ephegeRduehicVRaki il graed 6f za 4scBnpmnent laesal oxide is greater
than that of zinc oxide fromthe viewoint of excellent conductivity. The
tin oxi de conté&nn)of at heahspaseat envndentirce i Tl fernedndf ea pretetabl y at
least 1.5 tines the zinc oxide content, further nore preferably at | east
twice theoziide crimgeicéngenndilineordtel (addunBlodf igahni akPBREdBfafd 2Pnc
oxi de contained in the transparent conductive filmformed of the netal

oxi de is @6nmesiskedntoal copblbamassypiTReléibrepradsf [BheaRADIREMEREYES
follows. Wen the total amount of galliumoxide and zinc oxide is |ess than
1 mass% theder dfdpdnent tosaduemovatt PEmlhae a0cPg8far | FREXRAPURE, t hereby.
reduci ng etching processability, whereas when the tot ag nmount i,S in_excess
of 10 masseastordectn@Eip oK idee PrEsREbaltent ESRGGEEFY ogiyl rd&¢tF8a88s. The
total anmount of gallium oxide _and zinc oxi d?lcont ained in_the H anspar ent
conduct i v&DE ISRUTSeprdf &h&bITy 18 11§ C1F9REs 994 LBl A5PEPe PRI Y3 P8 18 rass %
20 When t he anor phous transparent .conductive.filmfaormed of t

4- conponeRtOMSr altigxitde 1AL OB &Pteé:&elso%ﬁégﬁ ?ﬁé‘ﬁf’%{{ﬁ% gﬁeigée (l%s] Rrdher
after filmformation, the transparent conductive film becones crystalline,

t her eby pPEd@&ioHY S HEPAASEAY conductive fil m having hi gher conductivity.
The heat treat t. is preferably, perfar t C_ar ;hi e
preferably 260%) thﬁ&?psPﬁrFﬁfcscggggg%gﬁg ﬁ%g{?‘ rgeg?%gg‘[?f)?g”gfelr (1)Pr)red
for 0.1 to,five hours.. The heat. tr.eat t iS.per d preter ter
conpl et i oG Spat |lr?ghcg?e f‘%elmarﬁ?r pflr%ﬁls?dt r%gngpgn%ret%? 8%% Sctci%&?éfsi%{dm

obt ai ned b utteri e tt.eri raget ¢l t o8 BiaRGsCaRD

per f or med Orfhfcgjfgﬁoénp%ﬁ&gnt' o] allq{ng?ﬁghgélg%hogs@ghg?oPﬁt ﬂ{ggrgap%gl.d '%he

t hus- produced .t r anspar ent.,co e il ' X | gpt &l i ght
transm tté:nogng);lnlaigo?l ﬁbef;u%h% 0 odrnegltbe[agm g?ldiggl%\g?n%g\#ghggguﬁ@%o for a

beam of 555%1%? fglg,hth}‘tccgptgcffqvilt@/;ma@%;a work function of 4.6 eV or |ower.

Thus, when't Isused 1n an organic el ectrol um nescence el enent,

contact resistanch Wil i .amplachionohihetlhan chaketoeade sl aumbed
Accordingly, th ransparent conductive filmof the present invention is
sui tably I a4 it ; rxde (s eeh Igxidievarsizat wnef wdirspl ay
devi ces s%%%%%%ﬁ@ggbﬁfﬁ%ﬂpﬁ%ﬁﬁces and organ?(czq

el ectrol um nescence display elenments, which are required to have high
transparency and conductivity. The present invention will next be described
in nore detail by way of Exanples and arative Exanples. 21



[ Exanpl e I-1] (1) Production of sputtering target |ndium oxide powder,

gal | i um oxi de powder, and zinc oxi de powder, serving as raw materials, were
‘m xéd such that the conpositional proportions of the conponents were
adjusted to 93 masso, 4 masso, and 3 masso, respectively. The thusprepared
met al oxi de powder mixture was fed to a wet ball m |l and pul verized
through m xing for 10 hours, to thereby forma raw materi al powder having a
mean particle size of 1.8 to | T hus- f@r ped gbawRBketnal apowder was
dri ed an@*dCandirated Hé‘aﬁ‘s%é’f ag] é"‘bn:ag])r/lttd;éi%erg. The resultant granul es were
charged into a netal | d .and _pr ess- mlde glg!;@,@%-gfm dxRldesger], in0a

t her eby SRR aE 45 d’ér%gtﬁlgﬁ ioé(r%edtegﬁ:Bqlgncm thickness: 5 mm . The

obt ai ned nol ded di s pl.ac i oSN NG T4 nace ranthesiimicgriad in a
pressur i E&Ta&xﬁ@?réé\s,\'@ét%tsopﬁ@r e“%fsgsro 'si@%f&r}r s while the sinteri ng

tenperature was nai ntained w.thi I A2Q d @hk 420G cArda wdies
X-ray di f9£8 &fbecsr’if‘%rftp Iﬁbl\ﬁ&nger%efa]de aggvesgsrivr::ltrgbrzed body r evé:al ed that

hexagonal | ayer e%tlgé)%%o%grgsatroe'Fﬁge’ersiJﬁleLqJIpyaQMS(a;{w)g%@f{adinﬁammad been
y. X

formed infk St I'mum crystal grain size of the sintered
body was determned to be 2.8 ~mt hidhe fld awdwe pf asediae.ofBri ef |y,
the sint er¥d HEEE p?%%%? ¥ es(:lp otkgéglra held at five points under a scanning
el ectron mcrpsco & aterﬁl IJ;rglgni fication of x2,500, wherein the five points

i ncl uded FHEEent BB THe Circle (one point) and 22  nidpoints (four

poi nts) between, the aPrEﬁS and dhpncentws fithe a8 dpsiatibdddat ed Dn two
| i nes which int(%ﬁazec%)e%%c oét/]f'uer at right angle at the center. The | ongest
di ameter of the | fai B; ORSELVEEradd eaEha paétdl (fxade ofmBosedn x 50
Vim was %@%‘s’%feﬁﬁégﬁgﬂtge Io%lgest di anmeter val ues nmeasured in the five

frames we J Ihe shbtergdahoghiouas dound to H@aveassHemsdty of 6.6
g/ cnB, thlggh%?{g gg@??ﬂe co?r eqspondi ng theoretical density. The bul k

resistivigxmggng e.5i Bretgd besyonastdeser shaedhéhcomghneht fOLripradbe

met hod, was tound to be 2.4 x 10-3 ~cm The thus-produced sintered body was
cut, to tQﬁgggyagggggcgfazs%ttlgrinags%ar get having a dianeter of about 10
cmand a thickness of about 5 nm (2) Cbservation of nodule formation The
sputtering targetywhichrhadpbeentpeotacediva fl)mabovécspasibeddsd tb2h
copper plate and set in a DC nmagnetron sputtering apparatus. Sputtering was
per f or med 6@k NYALSY rf @he3@ihouls iforardapfosphietalopxadfi SPIPESEEs of
argon contai ning 3% hydrogen. Qher sputtering conditions enpl 0%4 d were as
foll ows: prregsd @onponeh®- 12R4, ibase prevstr ef 92x te0§7PH2S§[Ghs Fafe
tenperature; 25C, and input power; 100 W Notably, the hydrog{gﬂ was _added
to the atrmsphere ism as tthepraompomendr h#li @aofthfoFeMESNeTe Sur f-3c&
conditions of the target after sputtering were observed under a

St er eoscopjctali Gmassope fat3 dardgmafssédt i on. of x50, and the fol | ow ng
procedure was enpl oyed: counting the nunber of_  nodul es, havin Lze,.af 20
23  ~.mor gretl®r foortmed spdreach Cﬂ“éllu&téf’eviféil@nw%‘écﬁ'nﬁ)s 8%8%5\%8?"618 ng
the values. Through this procedure, no nodul e ) idenljtei fiit%% (31@1 the swface
of the spuautereatginarayetrarsere Hdtte FPN AR 1 M i%h, " SShysical prdperti es,
and observation regardi ng nodul e formation of the sputteri P‘g %ar get
produced i (1 Bxanpl 614) lakawee stowreadth tRAATEENY a4 £3%hE Paprad 'el’é’(arrpfje |-1"
is abbreviated as "Exanple 1" for the, sake of _conveni e.

convention is apbfl ed teetdrarhrt B FRAME A 3cd aélrsé)%r\%gl CAnp é::ﬁg;%d to

Tabl es I-lfifhléggracterized in that the method comprises sputtering a

sputtering target as recited in any of (1) to (9) above for

forming film.

Best Modes for Carrying Out the Invention

Fmbodiments of the present invention will next be

10



(3) Production of transparent conductive film The sputtering target which
had heen produced in (1) above was set in a DC magnetron sputtering
apparatus. Transparent conductive filmwas fornmed on a gl ass substrate by
sputtering the target at roomtenperature. The sputtering conditions

enpl oyed were as foll ows: atnosphere; m xture gas of argon containing a
smal | anmobunt of oxygen, sputtering pressure; 3 x 10-1 Pa, base pressure; 5
x 10-9 Pa e%%?ﬁ%%%te tenperature; 25C, input power; 100 W and sputtering
tLﬁeL'ZO glfutes. As a result, a transparent conductive film having a

t hi ckness aho 2 .was formed on the glass substrate, whereby a
transpare&?]glgégg%lggggﬁggﬁgroduced. (4) Eva?uation of transparent Y

conductive fil h j il i f; I
Py %gg{]%?ﬁ.?{\?g%alr%g:d%ﬁdo%ldgl Po&he M &% dnSténtdes | ayer

of the transparent _ plate obtained in 24 (3) above was
evaluated(H?1¥%E§B %%tﬁ@%,f%lﬂ@@n@&t%&09%5%'%ﬁrszh%n%%%Qﬁb%"ahﬁ shawn in

Tabl e |-2. nductivity an i ndex for conductivity, specific

resi stance. of LI ANSRANENt, Conductive i Mwas TRy ad tdarauah othe
four-probeengfkgé'aﬁagéggﬁgpfb be 29%hk f&-G S2cm (Z)qTransparenc; As an

i ndex for &ranspay ey dd ol i RS haRAg Ah ot hedikmosasieeasunadndy
nmeans of a spectrophotoneter and found to be 75% for a beam of 400 nm and

91o for a é}%‘ih@@,()fan%ﬁ@i@{@ o)l WA diinite @erstialdxiibiet Yoot atifg fonlem was
determ ned through X-ray diffractonetry, revealing that the transparent
conduct i Ve irlJpava% aRNoUSs yered compounds selected from the group
consisting of In,03(Zn0)n (wherein m is an integer from 2 to
10), InyGazZn0y, InGaZnO,, InGaZny0s, InGazZns0s, InGazngOy,
InGaZnsOg, InGaZnegOs, and InGaZn,010, and the sintered body is
composed of indium oxide in an amount of 90 to 99 mass% and a
combination of gallium oxide and zinc oxide in a total amount
of 1 to 10 masss.
Among hexagonal layered compounds which are contained
in the metal oxide formed of indium oxide, gallium oxide, and
zinc oxide, the metal oxide represented by formula In;O3(ZnO)n
may be any of compounds in which m is any integer from 2 to
10. However, among them, those having an m value of 2 to 7
are more preferred, from the viewpoint of low volume
resistivity.
The metal oxide formed of indium oxide, gallium oxide,
and zinc oxide is composed of indium oxide in an amount of 90
to 99 mass$% and a combination of gallium oxide and zinc oxide
in a total amount of 1 to 10 mass%. The reasons why the

metal oxide has the foregoing composition are as follows.

When the total amount of gallium oxide and zinc oxide is less

11



(4)‘Etching characteristics In order to investigate etching characteristics
of the film etching was perfornmed at 30C by use of a 3.5 mass% aqueous
oxalic acid solution as an etchant. The etched surface conditions of the
transparent conductive filmafter etching were observed under a
spectroscopi ¢ mcroscope. No etching residue was observed on the etched
surface of the transparent conductive film The above procedure was

repeat ed, .except that, a m xed acid (nitri.c.acid_. .phosphoric acid . acetic
acid . watdAnspmasts . ePelind Hrogsoad {05, Svad TR BCERAN . to

t hereby eval uate .et chi.ng characteristics. .No.etching _residue 25,  _wa
observed 5ﬁ”ﬁL5%é‘§hg§q%hf%§€EJb gﬁ%E%?%ﬁfﬁ&?@ngﬁgoﬁgﬁ%FﬁgénﬁIﬁ%rg
functi on \ar ke Jynetd on, of Lhe JIANSRAL G GOUIGH Ve f 1M s, Teasy ed
t hrough atmospheric ul'traviol et” photoel ectron spectroscopy and was found to
be 4.38 ey, @&%@lq'?{il Ali By RRQAUGE igN 10f pSput erc'o?l%lu;c%lri_ ?tt%/i‘;&qf Lhe

observati on of "nodul'e Tormation € procedure of 'Exanp

vati t For mar T on ocedure of ' ARENY |
repeat od, gxcantd Al dum x| gt 43l Wnigide and 2l ne.gxl deayer e use

Wor k

as raw materirals 1n ano S O arts nmass,

parts by mgss ’Co'hl%%%e.Lcctiio\é'lel&lf i Hr{?eetra%blét)ﬁro%duct%ea aﬁ{&‘&?qtt%if”gntd%%t- In the

produced sputtering target, formation of a Hexagona ayered conpound

repr esent . I > S i S B c r. S| -hat
ol oyed {CEeams T o R g o S S AP s o

i dentify noduls-Jnmil o ud g spitdLiEdng o The 100maeskl | ¢RspRiiedly,

properties, and observation regarding nodule formation of the sputtering

target areciROWrd ekl 9> ko (2) nBIQAUGHOR and sevalsuat i 9 spf defigRaRar ent
conductive film The procedure of Exanple I-1 (3) was repeated, except that

the sputtering gagmetayhy chachkaait Modgced dx%dea%\fﬁa%fecﬁﬁui tered,

to thereby produce a transparent conductive film
the metal oxide is equal to or greater than that of zinc

oxide contained in the metal oxide, since the transparent
conductive film obtained by sputtering the sputtering target
has excellent transparency. The gallium oxide content is
more preferably at least 1.5 times the zinc oxide content,
further more preferably at least twice the zinc oxide content.
The hexagonal layered compounds contained in the metal
oxide preferably have a maximum crystal grain size of 5 um or
less. This is because, in the sintered body of the metal
oxide, when the maximum crystal grain size of the hexagonal
layered compounds present in the grain boundary of indium
oxide crystals is controlled to 5 pum or less, growth of
indium oxide crystals in contact with the hexagonal layered
compounds can be suppressed, and the maximum grain size of
indium oxide crystals can be controlled to 10 um or less.

Thus, more preferably, the maximum crystal grain size of the

hexagonal layered compounds 1s controlled to 3 pm or less,
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In a manner simlar to that enployed in Exanple I-1 (4), the transparent
conductive filmwas evaluated. The results are shown in Table 1-2. [Exanple
1-3] (1) Production of sputtering target and observation of nodul e
formation The procedure of Exanple I-1 (1) was repeated, except that indium
oxide, gallium oxide, and zinc oxide were used as raw nmaterials in amounts
of- 94 parts by mass, 4 parts by mass, and 2 parts by nass, respectively, to

thereby prg gr%%ﬁét%%HEF%aa@gl LR o1l L &elaeqﬁﬁpggéaguggg kg L ar get,

formati on "0 xagona Iayere conpoun réepresen 9 was
confirmed. In manner simlar to t t e 0 1 (2 th
sputtering F&F@&tlﬁb§j5h§3WW€&%§a yt5aggéﬁ¥FP§tﬁ8§§ngF8rhafpgﬁ%durlﬁg
sputteringo the FRIBOS,LLAN:,E g%ggﬁ' sPLOPSELLES, c@ygtggéeﬁeyégéfw{ ggar di ng
nodul e formation of fhe sput ng target are shown'in

Product i Of% g,)l%vcae'rlé%f P £ LRRSRAK ‘?{hheC(R%d‘f%Hh\‘:%df' Lhalhe %%%@%% of
Exanpl e | 3 t ad

was repeated, except at” the sputter|ng target which

been produg gada & glrbly Qe A RP S ed, ﬁfa%%eﬁo rtce@'ﬂ_t%gatweansparent

conductive film "I'n a manner SI l'ar to that enp in Exanple I-1 (4),

tT ggl 2 r ?fls %@ru%te ARAYGHING fid MRS revdluatied e rEke b"o%i%z‘“ t Bréheasbhemarin

aspect, the effect of reducing the grain size of indium oxide
crystals can be enhanced as the hexagonal layered compound
content is elevated. However, since conductivity of the
transparent conductive film obtained by sputtering the
sputtering target decreases in this case, the hexagonal
layered compounds are formed in amounts corresponding to a
total amount of gallium oxide and zinc oxide of 10 mass% or
less.

Meanwhile, hexagonal layered compounds present in the
metal oxide can be identified through analysis; for example,
X-ray diffraction analysis or EPMA (Electron Probe Micro-
Analysis). The maximum grain size of hexagonal layered
compound crystals is determined through the following
procedure. After the surface of the sputtering target has
been polished, the surface is observed at five points under a
scanning electron microscope at a magnification of x2,500.

In the case where the sputtering target has a circular cross-
section, the five points include the center of the circle
(one point) and midpoints (four points) between the periphery
and the center, the midpoints located on two lines which

intersect each other at right angle at the center. 1In the
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[ Exanple 1-4] (1) Production of sputtering target and observation of nodul e
formation The procedure of Exanple I-1 (1) was repeated, except that indium
oxi de, gallium oxide, and zinc oxide were used as raw materials in anmounts
of 92 parts by mass, 6 parts by nass, and 2 parts by mass, respectively, to
t hereby produce a sputtering target. In the produced sputtering target,
formati on of a hexagonal |ayered conpound represented by |In2Ga2Zn0~ was

confirmed. In im | .Q t i - h
spu{ter;naaf§r%@E%““§%8§§§?&§%ré%ga2%%8%?3é%¥?9y%ﬁgﬁéﬁggkéfﬁa%féﬁlaa?iﬁg
sputterin e iti , i I i i - i
bal 6 1 LRS! o eoPRans S AU 6 e, BLRRE BrcEnenBftuabe ikaE! gBshegar dl ng

Production_and eval yation.of transparent ti i - f
== Al

been produced.in (1 ov . : h
e e i i B A

t he trans%%ﬁgggjgﬁggyggé%g%%%ﬁ g&w%%j%¥ikﬂgﬁg nt&he rgﬁglign & shown in

Table I-2 nparative a ) uction sputfering target

and Obser¥fﬁ%ﬁ¥{é¥ &¥M¥Heel%Q@%%Ei%Qa%% observed at each point (frame

of 50 pum x 50 pm) is measured, and the longest diameter

values measured in the five frames are averaged.

Alternatively, the sputtering target according to the
present invention may be formed of a sintered body of 4-
component metal oxide including indium oxide, tin oxide,
gallium oxide, and zinc oxide, wherein the metal oxide
contains one or more hexagonal layered compounds selected
from the group consisting of In;03(Zn0O)n (wherein m is an
integer from 2 to 10), InyGazZn07, InGaZnO4, InGaznzOs,
InGaZni0¢, InGaZns0,, InGaZns0g, InGaZnegOs, and InGazZn;0io, and
the sintered body is composed of indium oxide in an amount of
70 to 94 mass%, tin oxide in an amount of 5 to 20 mass%, and
a combination of gallium oxide and zinc oxide in a total
amount of 1 to 10 mass%.

The amount of the tin oxide component present in the
sputtering target formed of a sintered body of a 4-component
metal oxide is controlled to 5 to 20 mass%. The reasons why
the target has the foregoing composition are as follows.
When the tin oxide content is less than 5 mass%, electric
resistance of the sputtering target may fail to sufficiently

decrease, whereas when the tin oxide content is in excess of
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The procedure of Exanple I1-1 (1) was repeated, except that indium oxide (90
parts by mass) and galliumoxide (10 parts by mass) were used as raw
materials, to thereby produce a sputtering target. In the produced
sputtering target, formation of a hexagonal |ayered conpound was not
confirmed. In a manner simlar to that enployed in Exanple I-1 (2), the
sputtering target was observed so as to identify nodule formation during

sputterin 3 mrso%u%\lglgltg,‘begfeerlve?%%n% ?}f%rgﬂ%%o@nef ![n}%g} 190 Qf ¢ g’yt 21 Hedules were

identifiedina v surtacé of "t he Sputtering

target af i, conpletd on ofs SPULRIJNG 0T LONANOMY 30 AROULS nobhe

conposi tion, physical properties, an rvation regardrng nodul e

f i ; . | _
format i on gf, dheyspytd &d ng, Laraal af&ﬁ@%dg%hloqgfeeg% G2k Prigduct i on

on o ransparent conductive film roce of Exanple I-1

(3) was repeated, Fﬁﬁﬁe&mg%t the %B‘EtaﬁeéinggnrtaEQeEh@h%QﬂlEﬁﬂ BgeRepr oduced

in (1) above was sputtere fo thereby produce a transparent conductive

film In %J}@JH}?DLS'&{HA a{l‘té 9, 1At e Qb tQiliel G4 tHe

transparent conductive filmwas evaluated.” The results are shown in Table

1-2. [Co @"Iﬂé'ﬁﬁ?%fenﬂa EJ'?SJ dohe Ryoduetion ofo sputdidang raeget and

observation of no 1 on
criteria of the amount are as follows. When the total amount

of gallium oxide and zinc oxide is less than 1 mass3%, the
produced transparent conductive film has a crystalline nature,
thereby reducing etching processability, whereas when the
total amount of gallium oxide and zinc oxide is in excess of
10 mass%, conductivity of the obtained transparent conductive
film decreases.

The metal oxide constituting the sputtering target
formed of the sintered body of a 4-component metal oxide is
preferably composed of indium oxide in an amount of 75 to 93
mass%, tin oxide in an amount of 5 to 15 mass%, and a
combination of gallium oxide and zinc oxide in a total amount
of 2 to 10 mass%. More preferably, the metal oxide is
composed of indium oxide in an amount of 80 to 90 mass%, tin
oxide in an amount of 7 to 12 mass%, and a combination of
gallium oxide and zinc oxide in a total amount of 3 to 8
masss.

Preferably, the amount of tin oxide contained in the
sputtering target is greater than that of zinc oxide
contained in the sputtering target, since conductivity of the

transparent conductive film obtained by sputtering the
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The procedure of Exanple 1-1 (1) was repeated, except that indium oxide and
zinc oxide were used as raw materials 29 in anobunts of 90 parts by mass
and 10 parts by mass, respectively, to thereby produce a sputtering target.
In the produced sputtering target, formation of a hexagonal |ayered
conpound represented by 1n203(Zn0)~ was confirnmed. In a manner simlar to
that enployed in Exanple 1-1 (2), the sputtering target was observed so as

to identif dul.e f ti duri i Thy - {on:

mogni 11 caPPBh U6 080 2R KoRd! 6 Pal ™ RERELT | o' re i 1PBI e ol WS on (3 mm2)
th f th tteri t.after L gL [ f

cont | nuouS BOCRBBFY. STheoEohpasct FORC oS APt pobart CeaCenkh BREEr vati on

regar di ng nogﬁkgHégrg%thggs%ft&hggsgﬂgtQﬁhggokﬁﬁgeEORESn?homm in Table I-1.

(2) ProduBfT eval gation o ransparent “conductive film The procedure

P hoop! ® banabd niR oA ohe e (260 oL RS RERTRULLAT L AT Char get it of

had been produce VE - Was spu to thereby produce a

transparee§u§gg99§hi%gfggk rg%e%ag&gnﬁgyéigihg&iﬁemtbﬁ9s%ﬁﬁ'g¥§@ni“

Exampl e |- e nsparent conductive filmwas evaluated. The results

are shown in Tabl § Lol fouRarakye Fxaipl&,de 3154 Lindrodhiction 9lay

sputtering target "a sérvation 0o ormation The procedure of

Exanpl e 13} (1L WR%a1eRsaked v %%BErBQQHngnghgnhgéﬁﬂﬁmaegygﬁhhi@ﬁh@ﬁide
were used as raw nmaterials in anobunts of 95 parts by mass and 5 parts by

mess, 30 si&%sB%p%%%ehﬁxab%n%heﬁ%?ﬁr@@oggﬁ%oﬁnﬁﬁubkéééﬂﬁ taraak. gkAihhe
produced sputtering target, fornmafion of a hexagohal |ayered conpound was

not confi papdlaal 3 -mnnen,Siplar hosthat empkoygdainiExambeolith 62). the

sputtering targéet was obsServ SO as“to i y nodul e formation during
sputteri ngndIthv;nOIégﬁd%b%%ry\é@ah@n iat cdnragRi iieat kae Bbxx56na321agdukas vere

identified in a fiel
compounds can be suppressed, and the maximum grain size of

indium oxide crystals can be suppressed to 10 um or less.
More preferably, the maximum crystal grain size of the
hexagonal layered compounds is controlled to 3 um or less,
whereby the maximum grain size of indium oxide crystals
present in the sintered body can be suppressed to 7 um or
less. Thus, when the grain size of indium oxide crystals
present in thé sintered body constituting the sputtering
target is reduced, nodule formation can be prevented during
film formation.

Next, the sputtering target can be produced through,
for example, the following procedure. Powders of indium
oxide, gallium oxide, zinc oxide, and optional tin oxide are
mixed and pulverized, to thereby produce fine powder. The
fine powder is granulated through casting or spray drying,
and the formed granules are press-molded and sintered. The

sintered body is cut, to thereby produce the sputtering
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of vision (3 mMR2) on the surface of the sputtering target after conpletion
of sputtering for continuous 30 hours. The conposition, physical
properties, and observation regarding nodul e formation of the sputtering
target are shown in Table I-1. (2) Production and eval uation of transparent
conductive film The procedure of Exanple I-1 (3) was repeated, except that
the sputtering target which had been produced in (1) above was sputtered,

to th b t nd ' [ . {1 |

tﬁalt Ekﬁgﬁﬁﬁﬁ%%?@?ﬁbﬁé‘”????ﬁ}yg?ﬁagﬁiéﬁi%élfhn oI A O
eval uated. T I h in _Table |-2. i -9

(1) grodu&?ﬁbﬁm§%&§ %ig%ﬁhgxfggﬁgfrgﬁ gﬁé%%@&%?%%p§¥a%gggygé?ggkgpiSn]The

procedureéﬁagéé%gﬂgg gﬂl (1%1%ﬁ§;&§ﬁ§?§8qa oi o p%e%@%%m%@qiuggo{kqguaﬂd

zinc oxid r S s Yawhateri n~anmount's 0 arts by mass “and 3

parts by %ﬁ%sbs%?%ggﬁﬁk%ﬁlyRa&OmEPSEfgg.g%Q%gfg %rgp £éf%£€%§ arget. In the

31 produced sputtering ‘target, Tornati exagona red
pulverized so that the pulverized product has a mean particle
size of 1 um or less.

The above metal oxide is fired in air or an oxygen-
containing atmosphere at 1,300 to 1,700°C, preferably 1,450
to 1,600°C for 2 to 36 hours, preferably 4 to 24 hours. The
temperature elevation rate during firing preferably falls
within a range of 2 to 10 °C/min. The thus-obtained sintered
body is cut, to thereby form sputtering target having a
suitable shape adaptable to a sputtering apparatus. The
target is attached to a jig for placing the target in the
sputtering apparatus.

The transparent conductive film according to the
present invention is formed on a substrate by sputtering the
aforementioned sputtering target. A substrate of high
transparency is preferably employed as the substrate, and
conventionally used glass substrates and transparent
synthetic resin film and sheets can be employed. Examples of
the synthetic.resin to be employed include polycarbonate
resin, poly(methyl methacrylate) resin, polyester resin,
polyether sulfone resin, and polyarylate resins.

A variety of sputtering apparatuses can be employed for
forming the transparent conductive film through sputtering.

Particularly, a magnetron sputtering apparatus is preferably
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conmpound represented by 1n203(2Zn0)4 was confirnmed. In a manner simlar to
that .enployed in Exanple I-1 (2), the sputtering target was observed so as
to identify nodule formation during sputtering. Through observation at a
magni fication of x50, 12 nodules were identified in a field of vision (3
m?) on the surface of the sputtering target after conpletion of sputtering
for continuous 30 hours. The conp05|t|on phyS|caI properties, and

observatlon QFga?gépganoﬁule f ng%o LtEQ? %égkggu%aige%sgae shown

in Table I"°f i On and eva ua on o parent conductfve film
The procedure of Exanple |-1 é was re eated exc nt . thatfthe S utterlng
tar get whifcl? 4d BP&&T prodice FP?]ﬁp%. 9, ??)ﬁ%é?éﬁ@

et IR e B 2 i
t T

Ecanpl os) EIRICOTRrTS) (A lu%n%n%iﬁsde?%f%@f%é%%%g%% %@‘é?{%h’ AR
fX'yfﬂegfigg%%0%%'10%\:@@%33@@9%%%%2/%; F%(?Eﬁ"c gbRLACELZE film

%Tg%:c:)ngT Sg?‘%vgg‘gegi B ed S tlﬁs?f%loé:’ ﬁge??l%tgg\fﬁ:dg 55863503312 33
rgsigtahcéEFﬁggcﬁfa:§%m%%{0§%0 8042057 4%%%%@%%%%%%(%h%éhépﬁgd@ﬂl 0.3

of 75767576 15Q8%§%%P'th%00 @”@R?Séﬁa%ﬂéa@@ﬁiééé”ﬁ%éiqéﬁMWKéﬁﬁﬁﬁibt
of 9190919090898989pr operti es550 nnof

and film formation time; 5 to 120 minutes. The thickness of
the transparent conductive film, which varies depending on
the display apparatus to which the film is applied, is
generally 200 to 6,000 A, preferably 300 to 2,000 A.

The thus-produced transparent conductive film of the
present invention is formed of a metal oxide including indium
oxide, galliuﬁ oxide, and zinc oxide, wherein the metal oxide
is composed of indium oxide in an amount of 90 to 99 mass$%
and a combination of gallium oxide and zinc oxide in a total
amount of 1 to 10 mass%.

Since the transparent conductive film is formed of a
metal oxide composed of indium oxide in an amount of 90 to 99
mass$% and a combination of gallium oxide and zinc oxide in a
total amount of 1 to 10 mass%, the film exhibits excellent
transparency and conductivity and has excellent etching
characteristics by virtue of its amorphous nature. When the
total amount of gallium oxide and zinc oxide is less than 1
mass%, the trénsparent conductive film has a crystalline

nature, thereby reducing etching processability, whereas when
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transparent Crystal | i ni t yAMAMAMAMMCAMMCMCconduct i veAqueous oxalic film
Etchi.ng aci d sol uti ongoodgoodgoodgoodNEgoodNEER characteri stics Aqueous

m xed_ aci d sol uti ongoodgoodgoodgoodgoodgoodERERWr k function [el ectron
voIt]4 384. 404. 354. 404. 604. 644. 554. 80 AM Anvor phous, MC. Mcrocrystalline,
NE: Not etchable, ER Etching residue observed 34 [ Exanple [-5] (1)
Production of sputtering target and observation of nodule formation The

o QCedur . q‘?{euﬁ%e 131:? a%\/slr%tajt eeat E%dee ef;?lCC{apZtl tch%txzt dl %ml%leqﬁ: 64 parts

oxi de, gal PiAls 1 M amunts y nmass,

b ' t I h d
Chrget, f obd ¢ escﬁﬁb'o%%ﬁt o e %n%&&f%n%%%%q%‘@ﬁﬁgﬂ%“t 5 e
oxi de of 8(16 LRI by HRSS R RALS @%ﬁs%aﬁ% (BALAEGSE. bt he of a

hexagonal e 'm"a manner si enpl oye

Ex I | - h b d
anpl € %ggraédlﬁl rslgmstpﬁr Ir&%élq{l% S, A0S E IR aﬁﬁquI C% 1qﬁﬁt n{y.

nodul e forfration ng € ‘conposi tion, properties,

and obser valion 1, 9a0 N MPAU Rl B | R 10furk N SRR 12100 d ol T €

shown in Table
are 90 to 98 mass% and 2 to 10 mass%, respectively, from the
viewpoint of more excellent conductivity and etching
characteristics. More preferably, the film has a composition
in which the amount of indium oxide and the total amount of
gallium oxide and zinc oxide are 92 to 97 mass% and 3 to 8
mass%, respectively.

The transparent conductive film of the present
invention is formed of a 4-component metal oxide including
indium oxide, tin oxide, gallium oxide, and zinc oxide,
wherein the metal oxide is composed of indium oxide in an
amount of 70 to 94 mass%, tin oxide in an amount of 5 to 20
mass%, and a combination of gallium oxide and zinc oxide in a
total amount of 1 to 10 masss.

Since thé transparent conductive film is formed of the
4-component metal oxide including indium oxide, tin oxide,
gallium oxide, and zinc oxide, wherein the metal oxide is
composed of indium oxide in an amount of 70 to 94 mass%, tin
oxide in an amount of 5 to 20 mass%, and a combination of
gallium oxide and zinc oxide in a total amount of 1 to 10
mass%, the film exhibits excellent transparency and
conductivity and has excellent etching characteristics by

virtue of its amorphous nature. Herein, the amount of the
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(2) Production and eval uation of transparent conductive film The procedure
of Exanple I-1 (3) was repeated, except that the sputtering target which
had been produced in (1) above was sputtered, to thereby produce a
transparent conductive film In a manner simlar to that enployed in
Example 1-1 (9), the transparent conductive filmwas evaluated. The results
are shown in Table 1-4. [Exanple 1-6] (1) Production of sputtering target

o e Y3 Otk AP BN n cHle RLBRRdUER oL EXATRLGS T (1)

was repeat Fam-oxi de,;” tin oxi al'liumwere used as raw

mater | al s . aT0UNLS, RARLs DY TS, 4 PRLe by ARES. 1 ne2oesperhixel V. Lo

t hereby p ced sputtering tar ornatTon conpoun

represent%%eb%i%p%ga%ép%5n %toﬁgf%eF%QQgéhn% 9@%@% OElQQtQQQtS by mass, 6

parts by mass, tittering target. 1n a hexagonal T'ayered confirned.

In a nann%%éygpgﬁaété%téﬁg e lg%gdéanE§%ﬁE%%r%é%e(Zhgekggssaﬂghekk%g

target was 6bserved so as to identPfy nodul'e formati on during sputtering.

T oSyl B BN G Rl sz A ot raon o agandlag podl o
resistance of the transparent conductive film may increase.
Thus, the tin oxide content of the sintered body is more
preferably 5 to 15 mass%, further more preferably 7 to 12
masss. |

Preferably, the amount of tin oxide contained in the
transparent conductive film formed of a 4-component metal
oxide is greater than that of zinc oxide from the viewpoint
of excellent conductivity. The tin oxide content of the
transparent conductive film is more preferably at least 1.5
times the zinc oxide content, further more preferably at
least twice the zinc oxide content.

The total amount of gallium oxide and zinc oxide
contained in the transparent conductive film formed of the
metal oxide is controlled to 1 to 10 mass%. The criteria of
the amount are as follows. When the total amount of gallium
oxide and zinc oxide is less than 1 mass%, the transparent
conductive film has a crystalline nature, thereby reducing
etching proceésability, whereas when the total amount is in
excess of 10 mass$%, conductivity of the transparent
conductive film decreases. The total amount of gallium oxide

and zinc oxide contained in the transparent conductive film

is preferably 2 to 10 mass%, more preferably 3 to 8 mass%.
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(2) Production and eval uation of transparent conductive film The procedure
of Exanple I-1 (3) was repeated, except that the sputtering target which
had been produced in (1) above was sputtered, to thereby produce a
transparent conductive film In a manner simlar to that enployed in
Example 1-1 (4), the transparent conductive filmwas evaluated. The results
are shown in Table I-4. [Exanple 1-7] (1) Production of sputtering target

d ob i f dI
r epeat ZS”Z‘LLSB@% S Vel AR U B e T [ chnyld e
oxi de Wererusc% par gqg%tneg 'n?étsall @%uqtss Of %%t%%f 3, %a@%«ea%n?&t

parts by nBss, y nass, y Irass, respectively, to

her eb d
For mat 1 on 1 25 e 2aoRAD F%?@?f%&‘i‘ﬁ%%ounagﬁsgﬁggﬁﬁ “ByehSkadtsb as
confi r med. Adhx?cﬂ@f@%ﬂ%ﬁ rﬂécacf dd aé;?%toa‘%i"%n%’e%ﬂerke@ya'm‘o%ucﬁg(%) the

sputtering target” was o serve SO ent’i fy nodul € formation during

SPULL T | NG TG SUTOSIS A AW SH10M 1PEOREY iGhe A RbrohsatvAlon mggar di ng

nodul e for mat t he sputterlng target are shown in Table |I-3.

Er ol e, RS SAMAON O AL ANBAP He SN A 2o ShenBbREadul e of

Exanpl e | ) was rep et , except e sputterlng tar ich had

been prod #?%Lék%ﬁgrégﬁ (éé%x% %Qusggpo tht9nt ng qEﬁ 1gansparent

conductive nner simlar at enp oye e -1 (4),
the tr ansp@f@aﬁm&wdl@tgrié/ﬁféméa vesy eyal uad ef.QL-veThﬁ)d'r%'im Tﬁeah@a&‘zhOV\ﬂ in

Table 1-4. [Exanple |- (1) Production of sputtering target and

observat i anOf eyl s FRE MBS AIY preferably after completion of
patterning of the amorphous transparent conductive film
obtained by sputtering the sputtering target. The patterning
can be performed through a conventional method such as
photolithography.

The thus-produced transparent conductive film is

endowed with gxcellent light transmittance; i.e., about 75%
for a beam of 400 nm and about 90% for a beam of 550 nm; high
conductivity; and a work function of 4.6 eV or lower. Thus,
when the film is used in an organic electroluminescence
element, contact resistance with an electron injection layer
can be lowered. Accordingly, the transparent conductive film
of the present invention is suitably employed as a
transparent electrode used in a variety of display devices
such as liquid crystal display devices and organic
electroluminescence display elements, which are required to
have high transparency and conductivity.

The present invention will next be described in more

detail by way of Examples and Comparative Examples.
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The procedure of Exanple I1-1 (1) was repeated, except that indium oxide,
tin oxide, galliumoxide, and zinc oxide were used as raw materials in
anounts of 85 parts by nass, 8 parts by nmass, 4 parts by mass, and 3 parts
by nass, respectively, to thereby produce a sputtering target. In the
produced sputtering target, formation of a hexagonal |ayered 37 conpound
represented by I nGzZn09 was confirnmed. In a manner simlar to that enployed
i n Exanpl -1 (;2) ., t.he sputtering target was observed so as to identify
nodul e foﬁ%ﬁ%%ﬂ%%ﬂﬁfﬂg sputtering. The conposition, physical properties

and observat.i rgg r.din odul.e farnatiq f the sputtering target are
shown in Tadl e 1% .qi Iqg#%dﬁ%%fﬁﬁf%ﬂ%i%ﬁﬁ%éﬁation of transparent conductive

(L e B oCed e i) GRS o (g st SREMPdpeRL AL e
(her b PAUEE R LIOTSSAY SR A LD 0 BRI,
e e T L Te A LRSS
Exanpl e I'tjo (9@ IAI%SS%J’IEDLF%&‘E‘SCL,%’E)&Q]QP@ mass%, respectively. The thus-
prepared metal oxide powder mixture was fed to a wet ball
mill and pulverized through mixing for 10 hours, to thereby
form a raw material powder having a mean particle size of 1.8
to 2 pm. The thus-formed raw material powder was dried and
granulated by means of a spray drier. The resultant granules
were charged into a metal mold and press-molded by means of a
presser, to thereby obtain a molded disk (diameter: 10 cm,
thickness: 5 mm).

The obtained molded disk was placed in a sintering
furnace and sintered in a pressurized oxygen gas atmosphere
for six hours; while the sintering temperature was maintained
within a range of 1,420 to 1,480°C.

Analysis_x—ray diffractometry and EPMA of the above
sintered body revealed that hexagonal layered compounds
represented by In,03(Zn0), or InGazZnO,; had been formed in the
sintered body. The maximum crystal grain size of the
sintered body was determined to be 2.8 pum through the
following procedure. Briefly, the sintered disk product was
photographed at five points under a scanning electron
microscope at a magnification of x2,500, wherein the five

points included the center of the circle (one point) and
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t hat indiumoxide, tin oxide, galliumoxide, and zinc oxide were used as
raw nmaterials in anmounts of 85 parts by mass, 8 parts by mass, 3 parts by
mass, and 4 parts by mass, respectively, to thereby produce a sputtering
target. In the produced sputtering target, formation of a hexagonal |ayered
conpound represented by 1 nGazn205 was confirmed. In a manner simlar to
that enployed in Exanple 1-1 (2), the sputtering target was observed so as

physi cal | PFOREHEIGS, EARF SRVl Kot et aiind ORI G Rt on SBF s

T ans par ot S GRS (1A TRE B GOt D0t iAol 8 T E ) el 1 peat ed.
Cput er ed-2 o SHEY S 1 GHucaD 17 erar GAC CORASRri VooTr oy Pe Srmanmer
i m v VAR OB TG SERANE H'e St 0 TaBrE e BT [T dipre 10 48) (1)
or ocedur o BT° B E 1) Pt AR VA e A,

oxi de, g&éﬂtgnfggﬁgéiﬁ%géﬁéﬂ%?p }gg gesgggggga Egg&ngﬁgrkghgdi@oannunts

of 86 parts by nmass, par nass, 9 parts by nass,

respecti V%la{vaer ;agtgéﬂf%ﬁtoﬂf Oé.gkgf‘gaﬁ%nsr?%k%}qn st 3ugetnel Bothespoadysgd

sputtering 1on exagonal [ayered conpound represénted by

| n203(Zn0) @d%@ié@a@é}{?i!tp}.ay@"h%db%Q']EDQ\éQQS’E@QE%§eBEe@th shREaze@9 were

confirnmed. In a manner simlar to that enployed in Exanple I-1 (2), the

sputteri n%éc%f,geés VESE ORSEL V8 G 1501 ih thd dentd-fordsad e Hod matd HPrEdind ng
sputtering. The conposition, physical properties, and observation 39

regar di ng nogid e, fprypretd-onnot.t he sputtering target are shown in Table I-3.
(2) Production and evaluation of transparent conductive film The procedure

of Exanple I-1 {13 MRssLispsatesd excepted addy heaspulid eridgciergsy which
had been produced in (1) above was sputtered, to thereby produce a

transpar enfr&oneIcd i fsudftd Mnd e J@NNElvisignid alidne tdato £rguayed d rem
Exanple 1-1 (4), the transparent conductive filmwas evaluated. The results
are shown ingy Tabtei dkdes§ GMasait v nmxanpl e 1-5] (1) Production of

sputtering target and observation of nodule formation

(2) Observation of nodule formation

The sputtering target which had been produced in (1)
above was bonded to a copper plate and set in a DC magnetron
sputtering apparatus. Sputtering was performed continuously
for 30 hours in an atmosphere of a mixture gas of argon
containing 3% hydrogen. Other sputtering conditions employed
were as follows: pressure; 3 X 107! Pa, base pressure; 5 x 10~
‘ Pa, substrafe temperature; 25°C, and input power; 100 W.
Notably, the hydrogen was added to the atmosphere so as to
promote formation of nodules.

The surface conditions of the target after sputtering
were observed under a stereoscopic microscope at a
magnification. of x50, and the following procedure was

employed: counting the number of nodules having a size of 20
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The~brocedure of Exanple 1-1 (1) was repeated, except that indium oxide and
tin oxide were used as raw nmaterials in amounts of 90 parts by mass and 10
parts by nass, respectively, to thereby produce a sputtering target. In the
produced sputtering target, formation of a hexagonal |ayered conpound was
not confirmed. In a manner simlar to that enployed in Exanple I-1 (2), the
sputtering target was observed so as to identify nodule formation during
sputtering. Through observation at a nification,of 0, 43 nodul es were
identifieHmiﬁragFPéF8r0¢°€ﬂ§ﬁoﬁn(§aﬁﬁg?g8 di R ¥6F?88e§gmehé %ﬁgttering
target after conpletion of sputtering for, continuous 30 hours. The
conpositiSN?rBﬁggﬁcéhepWS&EPFresfhﬁﬂgg%bé%+%a?{%%e e di R PoHLT &8s
formation.of the.,sputtering target are. shown 4 n le. 1-5,..(2)
Productioﬁggﬁélz&gﬁugpi5heoFuFF%ﬁ§p§;eﬁ eCSHBEg F&ggfgggggﬁeugﬁgcedure of
Exanpl e 'h%r%%% was repeated, except that the sputtering target which had
been produced™in (1) above was sputtered, to thereby produce a transparent
conducti ve fiI@hérE

i myl oar I i d=1 (4),
t he transparent conéﬁ%¥§§31%¥$h£h1saé%gl%gﬁggiqgﬁ%XGinnogé%q@%%lon ( )

o e'results are shown in
T -6 i~ 1 LR gf '
T obser vaPraRR” UGS B NG ol ol knkr SPUELL28pE) HAPUEL L 0a, LRRIT,

[
I on Or no ormat1 on proceaure o

repeated,i%x%QB&pHQa&_ﬁng&%nl@éQQeint&gbqéiQQi and zinc oxi de were used as
raw material § Fhranounts “of 8 parfs by mass, "9 parts by mass, and 3 parts

by mass, resp6%££w&kynz&ﬂf;heﬁgeM¥BEQQu%@ 2 55 RWplreiiing @ trp g e
produced sputtering target, fornmation of a hexagonal |ayered conpound was
not confipmed, J Ry ERAREL SidhRnh ik dehat Teapioyed-bhvE aipheis-1 (2),
applied to other Examples and Comparative Examples and to
Tables I-1 to I-6.
(3) Production of transparent conductive film

The sputtering target which had been produced in (1)
above was set.in a DC magnetron sputtering apparatus.
Transparent conductive film was formed on a glass substrate
by sputtering the target at room temperature. The sputtering
conditions employed were as follows: atmosphere; mixture gas
of argon containing a small amount of oxygen, sputtering
pressure; 3 x 107! Pa, base pressure; 5 x 107" Pa, substrate
temperature; 25°C, input power; 100 W, and sputtering time;

20 minutes.

As a result, a transparent conductive film having a
thickness of about 2,000 A was formed on the glass substrate,
whereby a transparent glass plate was produced.

(4) Evaluation of transparent conductive film

The transparent conductive film serving as a surface

layer of the transparent conductive glass plate obtained in
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the sputtering target was observed so as to identify nodule formation
during sputtering. The conposition, physical properties, and observation
regardi ng nodul e formation of the sputtering target are shown in Table |-5.
(2) Production and eval uation of transparent conductive film The procedure
of Exanple 1-1 (3) was repeated, except that the sputtering target which
had been produced in (1) 41 above was sputtered to thereby produce a

t ransparent,.ca i fi i to it ﬁﬁnﬂﬁ?ﬁgﬁ

Exampl e | -QB )( f{wt;% "y?er aérl\goﬂalﬁale{%&clgﬁggt}?ﬁs\g/ 6% ?Hm V\%sllre@;a at The r esul ts
are shown 4,n. T 6,..42 uoz~2~z0~

aTnpo~89' 0 0%%‘8]9% Oar%e %Q‘%[ qggp%% ~<7Znz~sTSaz

xl ngsaz~zadozd8 L' 9TL' 9[ ~~o/ b]
~~zsuaCﬁpoTS~udtl§$&%3§§f€§$l§ 8L~~l azzs uz~zb T~~s~z0 ~n~zxsWh88ZZapzxo

ouzzZ8~S~9apzxo, =n - d~ . °
2 nzpul OT68L oS el ot f%pg&@ggﬂﬂg%%os%é@ﬁﬁ‘sﬁeéﬁ%@f

the transparent conductive film was measured through the
four-probe method and found to be 290 x 107 Q- cm.

(2) Transparency

As an index for transparency, light transmittance of
the film was measured by means of a spectrophotometer and
found to be 75% for a beam of 400 nm and 91% for a beam of
550 nm.

(3) Crystallinity

Crystallinity of the film was determined through X-ray
diffractometry, revealing that the transparent conductive
film was amorphous.

(4) Etching characteristics

In order to investigate etching characteristics of the
film, etching was performed at 30°C by use of a 3.5 mass%
aqueous oxalic acid solution as an etchant. The etched
surface conditions of the transparent conductive film after
etching were observed under a spectroscopic microscope. No
etching residue was observed on the etched surface of the
transparent conductive film.

The above procedure was repeated, except that a mixed
acid (nitric acid : phosphoric acid : acetic acid : water =
2 : 17 : 1,800 : 1,000) was employed as an etchant, to

thereby evaluate etching characteristics. No etching residue
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Work function of the transparent conductive film was
measured through atmospheric ultraviolet photoelectron
spectroscopy and was found to be 4.38 eV.

[Example I-2]
(1) Productioﬁ of sputtering target and observation of nodule
formation

The procedure of Example I-1 (1) was repeated, except
that indium oxide, gallium oxide, and zinc oxide were used as
raw materials in amounts of 91 parts by mass, 6 parts by mass,
and 3 parts by mass, respectively, to thereby produce a
sputtering target. In the produced sputtering target,
formation of a hexagonal layered compound represented by
Iny,Ga,Zn0; was confirmed.

In a manner similar to that employed in Example I-1 (2),
the sputtering target was observed so as to identify nodule
formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table I-1.

(2) Production and evaluation of transparent conductive film

The procedure of Example I-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent

conductive film.
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45 ‘\Table | -6 (Conparative Exanpl es)(5)(6)Specific resistance

[ ~S2¢m 560380Wavel engt h7567Li ght of 400 nnPhysi cal transm ttance

[ o] Wavel engt hg890pr operti esof 550

nof Crystal | i ni t yMCAM r anspar ent conduct i veAqueous oxal i cfil mEt chi ngaci d
sol uti onERgoodChar act eri sti csAqueous m xedaci d sol uti onERgoodSpeci fic

resi stancel30190after heat treatnent [~.S2cn] AM Anorphous, MC

M crocrystall ine, - _Et.chi.ng r.esi e 4 ] nd_j nygntion
The sputteri nlgIRt ar S'eatnné%crpggrlgt?lnlgaqfoggjﬁtek?%%c%ﬁ?%e\%nﬁ o%%?rﬁﬁfgh?sis\e(ct)fon,
e o nal L fhe LPEaSBE0NA,! RURRLLRDYBY e, Lel BLLERaLOgS! LY ASaulbe -
present invention is tormed of "a sintered body of netal oxide conprising
i ndi um oxi [ AL] i n-agount of 85 to 99 mass% and a conbi nati on of
galliun1o§?§egﬁé%naﬁ ggg%gnﬁu%?oxide [C] in atotal amunt of 1 to 15
mass% wh E?%H.?E #Qﬁit the indium oxide present in the sintered body

i ncl udes ga |8n1a o] and germani um atoms, the two atom c species being
d ssolved (4 hebeLh, B yogfsghgqggiagpka&sgengndTBssgQoseﬂbHXb@eneaa§@nt in
the sintere ody i ncluding gallium atons and ger mani um atons, the two
atom ¢ spegi-gstkghng dissolved therein by way of atomi c replacenent, are
formed by way of atom c replacenent of indiumatons contained in a portion

of indium oxi dener yslalsie 93! |E§)éémp§%o'fﬁl\?\-3q)QQEWQEB%QEBUBEQQ‘%E)QQ
sintering a finely divided raw materi al powder contai ning indi um oxi de,

gal l'i um oxhde. ;andugetrapietme@xidem bRitBi Sapaseinwheribbeyenti 18kY 8k

gal I i um oxi de and gernmani um 0xide forma solid solution with indium oxide
crystal s byywaytefiahanie Lephacamert g4gpawkh B, mHEB, i ndpuMmexbgemak¥st al s
proceeds. Furthernore, when the indium oxide crystals grow to have a grain
size in exgass phrakoul, AW, Mrekbechurber, otof enardbpogdubascenar eases.
According to the sputtering target of the present invention, indium oxide
crystal s tpuftarsek dasglktt.i onnwWehé Brpaitédnspiit gad 1ngim oxgele, and

ger mani um oxi de serving as 47 sources of the sintered body by way of
atom c repbasafreph, ofher ekxagoyatall ageeatihcopbnddumrepxedentad beg
suppressed. The remai nder portions of gallium oxide and ger mani um oxi de are
present i finGagabal wgsaconbbumddri es of indi um oxi de and further suppress
crystal grow h of indium oxide. According to the constitution of the
present inventlinors meothe®e $iomidr oo dunangemployedi hy Eaampéepilelerifed. The
conponent (al) of the sputtering target predom nantly contains indi um

oxi de, a pbet ispmtdfe nimiocltaingeltudes ghkkiruyrdasonmssahd gdentnfymmatods, the
two atom c speci es being dissolved therein by way of atom c repl acenent.
Such i ndi deroritden seinddiongrgditieirdmgand such i ndi um oxi de i ncl udi ng
germanium the two atom c species bein% di ssol ved therein_ by way of atomc
repl acenent, cdeheampafditicad Hysigr laRaopsitdiefor 2a8LaRPISE L VEPHRD

(El ectron Probe M croAnal ysis). The maxi mum grain size of the indi um oxide
crystal s EREPEGHRG FRAULEMILESRE 18Rd OdethENSRIMCAEEREI EREIERD2ELORTEWE
speci es being dissalved therein by way of atom c replacenent, is determ ned
t hrough t h& &épﬁﬁmlﬁ&'procedure. After the surface of the sputtering target
has been palished, the surface is observ&d%at five H%ints unggr a _scanni ng

el ectron ﬁ?ér5§85ﬁ€t&9naaﬁ&bﬁ“ﬁ#&éﬁﬁ8ﬁ 8f x2256821F pﬁ8n88§ %ﬁefé fthe
Center of 't he IR (B S0l EAP IR dodi 0. (PUFRSTALS) BREREIn the
peri phery and the center, the 1 doi nis Logated on LyB,LLags;whi gy
above was sputtered, to thereby produce a transparent
conductive film.
In a manner similaf to that employed in Example I-1 (4),

the transparent conductive film was evaluated. The results

are shown in Table I-2.
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at right angle at the center. In the case where the sputtering target has a
squar.e cross-section, the five points include the center of the square (one
poi nt) and respective mdpoints (four points) between the vertices and the
center, the mdpoints |ocated on the two diagonals which intersect each
other at the center. The | ongest dianeter of the |argest grain observed at
each point (franme of 50 ~mx 50 Vim is neasured, and the | ongest dianeter
val ues neaﬁ%géék#%1quﬁ'five frames are averaged. The indium oxide crystals
whi ch include galliumatons or germani um atons and are present in the
sputteri ng, { Angflandds, wfa.é[%@eﬁ%c'@;rﬁe UhdSRMER LAeres m dy, pay Of
atom c replacement, preferab ave a maximmumgrain size controlled to 5 ~m
or less. Thisds; Hecause when the maxi num grain size of indium oxide
crystals including galliumatons or germani um atons, the two atom c species

bei ng di ssol vedry e féee@%rwf%x%aﬁmc IfPlf‘F%@é‘tr%;ﬁaiﬂéh,eX&féép@f >

Vim growth of 1 ndiumoxide crystals 1ncluding no net c atons to be

di ssol ved e ef Mt Ways &6, LT Lok Pl AGLITENMa PLARCRAS: ad D AIsuPTAls. by
controlling the maxi num grain size of 1 ndiumoxide crystals including

gal l'ium at,ofp of t Sef MBS UM A OB s the I g A1, SR ess halng diypselsed
therein by way of atomc replacenent, to be 5 ~mor |ess, growh “of i ndi um
oxi de crysfad 2 G- 08 1By avesd edre U@ Prefer ald Yohd i yiddauBdrai n si ze of
i ndi um oxi de crystals including galliumatons or gernmanium atons, the two
atom ¢ spegdescdeiny € ssot vedr hekeiptdancery sphitak@ihg ktapbaegment, is 3
~m or 49 | ess. The conposition of the sintered body used for producing
the sputtefdmghtBs9eds i s KOMGORA PA Spohed hadmdhen i ripreaskhady went ai ns
the [ Al] conponent in an anount of 85 to 99 mass% and a conbi nation the [ B]
conponent midatbhaol Gla sorponentedn a total amount of 1 to 15 mass% The
reasons why the total anmount of the [B] conponent and the [C] conponent is
controlled to Inte® hanfABESHiakeaas tbolthaws empheretheant hxalmparountl of2t he
two conponents is less than 1 mass% the anmounts of gallium atons and

ger mani um tete np i ssi0d v dt & 1y & th divasm alos eheveaxd ysd adss iy b taif fyatrarducl e

repl acenent decrease, failing to attain sufficient effect of preventing
growt h of fiowhatm @xider tny s¢@htstembrereas when the total anmount of the two
conponents is in excess of 15 mass% the grain size of indium oxide
crystal s includlimg gahpésht eyl gel nerdrer bt odvs, anndheohswrepeicdres bei ng
di ssol ved therein by way of atom c replacenent, is difficult to control,
and conduct¢danding nordulbdt & reak torarsharentsordusitrio e fdah daws ey
Regar di ng. t he conpositional proportions of the conponents constituting the
sintered bigdylakke Eihtered body is preferably conposed of the conponent
[Al] in an anount of 90 to 97 mass% and a_ conbi nati on of the conponent [B]
and the cohPoreitdyeiom ard R lvmiviit of BrasorRr Shds SRnPrEFsiafiiin t he
conponent [B] (gallium oxide conponent) content is equal to or greater than
t he component [ e(%%?ﬁ%ﬂ‘i‘ﬁ%%&?“g’éa%o%‘e%t§3)cd¥ﬁ%n‘fe,p%4trﬁfé trecept

transparent. conductive fil m obtai ned Qy, ttering the uttering target 50
has excel |HE TSR HHERTY arbke® THET O hptirbRe TaPashass 17 Hor o
preferably at least 1.5 tinmes the co nent content, further nore

pref er abl VRRVT &S ?Wtcfeelf%% c%%p%?f‘e’n%%3[ (ﬁr%ﬂﬁeerﬁ PRSI R er i ng t ar get
according taq res Hmi nvention nmay al so be forned of a sintered body of

he
4conponentc°nr%a Y% de conprising a conbination of indium oxide (a2) and

[ id 3 ' . £.9 d [ [
of gal |1 um oxi b Frr-Badro S ARE R el ErbvR ol Bt ARbaR TR 100 10

Msso, whenel aq‘traénég?aaﬁ%r# h@oﬂcglgén%ﬁwegn&dl% RIES &a L L e fhg%ekggugg y

i ncludes tin ons,”  gallium a germani um-at ons, three atomc

speci es bejng di Iivr?dﬁ@fég{_rb by way of atom c replacenent. The indium
oxi de present 1n the sintered body including tin atons, gallium atons, and

ger mani um ﬁﬁf trod i4xt ered body, the three atom c species

bei ng di ss%fv ﬁﬁ?f%{/}né\g@ I(S)fln']atom' c replacenent, are fornmed by way of
atom ¢ rep|aceme . 4. ndi Motys W oolali ':erdci i . indi j de
crystals b{/la)ti n at%?résl,drggtls#?gu@ni at on}sqfwaﬁraléd ger réa}lncﬁt%e{fg%gl%}r idrqgI nggr@)gri ng
a finely diyged 5w material powder containing indi umoxide, tin oxide,

gal I i um oxi de, and ger mani um oxi de. When the entirety of tin oxide, gallium
oxi de, and germani um oxi de forma solid solution with indiumoxide crystals
t hrough atom c repl acenent, growth of sggh i ndi um oxi de crystal s proceeds,

t hereby increasing the nunber of 51 formed nodul es. Thus, according to
the present invention, indiumoxide crystals forma solid solution with a
portion of tin oxide, galliumoxide, and germani um oxi de by way of atomc
repl acenent, whereby crystal growth of indium oxide can be suppressed. The
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galfiun1atons, or germanium atons and are present in the sputtering target
fornmed of the 4-conponent netal oxide, the three atom c species being

di ssol ved therein by way of atomi c replacenent, preferably have a maxi num
grain size controlled to 5 ~mor less. This is because when the grain size
of indiumoxide crystals including tin atonms, galliumatons, or gernmani um
atons, the three atom c species being dissolved therein by way of atomc
repl acenent, is, in _excess of rowt h qf, \i ndi.u [ cr $

i ncl udi ng no netd BFE S BHE f% %%gglggbﬁggdqg e%gfnq% éﬁg%défgzgghic

repl acenen roceeds. I n other rds, . by ral.l : Lpumgpai n si ze
of i ndi um-6Ridé™ gkgﬁéqengﬁgdg%éq%iHgapg%g? ggplgg%?g?gggéagg égrnanium
atons, the_three atomi G SPEC ei.ng . dis therei,n by, Way of-oateic
repl acemeRE’ o e”?SEﬁl3%S%e§§?%gF%wf%hoﬁgkéggﬁégéxﬁgetcr§st Ig can be
prevented. Nore preferabhl t he ' LOqSLBee PEr i ngi um-gxi de crystals
includingatFﬁugfgégpggggf%ﬁ§rat%ﬁg§hg?gggéﬁg%?u%§gton%, ?he 5% three
atom c specj i ng di_ssal enej i@t @aiC nheplkacer®enkq.i s 3
~m or |es§%r$%§926h%€§i ?%ﬁ% n%ﬁelgﬁﬁgg¥%gﬁﬁgﬁ§nused fgr produci ng the
sputtering target 12l spxf fler i 80 CPRL £ oLk dos88h: hhakakBeesitntered body
contains the ﬁ%ﬁfag%ﬂg%%gn?ﬂﬁn aﬂ a%nunt of goo?o 95 nasgooand a

conbi nat i t . i onant A . wat of 1
to 10 rrasg:&e %ﬁ?elitr%]eearfs\lg\%%\%%&tetta%s he Gl eeonRonRaNt ol B q@nkatryl nak®

| he total anmount of the [B] conponent and the
[C] conponent: s SO AHELE R thli®gl0 TRSSUHyRT 8086riatl MsatVWaen the total

anmount of the two conponents 1s less than 1 nmass% the anounts of tin

at ons, galn!éq?\lg'f%:[c?ar?iiona%df g%roqa@lumo@tug@% g0l yed i ikRdi uma0xiideq
crystal s by y "of atom c replacenent decrease, failing to attain

suffici entoiefvfi%‘itorpf(j)rn@d'z?nbhnthr gukhaet bEdtHE eyihdeceingt ahsgeand
etching characteristics of the transparent conductive filmfornmed by
sputtering fdthe UMM NG tar gttt idef efdrorairgd nusher 8as hehvers .t he t ot al
amount of the two conponents is in excess of 10 nmass% the grain size of

i ndi um oxi de crysd adSmpded g gh s iada0imsp ragsd 1 e ,ateonss ,olerece variemi um
atons, the three species being dissolved therein by way of atomc

repl acementagdrsdidid fricdil e tfomerntirol o farnthe apdudtaniintyy tefr getre aotst shvauh
transparent conductive fil m decreases. Regarding the conpositiona
proportions dafaglhe Bdanponents constituting the sintered body, the sintered
body is nore preferably conposed of the conponent [A2] in an anount of 90
to 98 mass@d)arkk eduminm and re el udtsl oo mio riersn §EBjreavtd aomelusdripendndtlf C] i n
a total amount of 2 to 10 mass% 53 Still nore preferably, the sintered
body i s conposethefpthecdonponexdm@le i rhn( Bnoiag wFPetad FHGRRSY and a
conbi nation of the conponent [B] and the conponent [C] in a total anount of
3 to 8 nasgmt THee agwurie BING | 1R 186 td e gHp difchtP ey HERFUES S HE (ER)
conponent contained in the [A2] conponent is preferably 3 to 20 mass% The
reasons WapPQiRe dUIRUEI D thh HIgRRbYE PrictESRANEYal I's within

t he above range are as follows. Wen the anmount of tin oxide conponent is

| ess than & vhveuf¥ii ent doping effect on the transparent conductive
filmproduced by sputtering the sputtering target fails to he t.ai ped
during heat tr¥atfefePNERdSEBhdEE FQi 14T SR ¥ EPmife W%551Qj¥"%m0§63e,

wher eas when the anount of the tin oxide conponent is in cess of .20
masso, cry<StalirFeRREINY h%m?‘:?%ﬁ%]p‘é‘? e#ﬂdlr?:dﬁg"upceﬁ a\‘fﬁdm cgﬁﬁotreﬁgflgr?hanced
upon heat treatnent,. there equring higher heat treatnent tenperature.
The amount®’ct ?Wﬁw%oﬂ$gﬁgﬁ?¥(gég‘is nore preferably 5 to 15 masso, further

nore preferably 5 tpo 12 nmassp. Regarding the anounts of the conponent [ B]
and the coﬁ%ﬁﬂ%%{afkﬁec %%T?@%tf;%ﬁthe sputtering target, the conponent [ B]

i | d t ' | t
the component TERgRrAAT rrbl ! SfrEHEEY daf e B o el fen

transpareq% %gndfc%ive filmobtained by sputtering the sputtering target
has excel | €t ??g%t transmttance. The conponent [B] content is nore

preferably at I$ggt 1oge&hggzoégﬁﬁ%ﬁég?nfgi &f? content . 544 é*@ég@r nor e

preferably at | eastPtwrce ontent. xt, the sputfering

Larget canbe. produGedothaoualy §08c Sxprml eeLhie, 4l | awi ng, procedul e,

Powder s of “i ndi um oxI d€, g i um oxi de, ger mani um oxi and optional tin
oxi de are m xed and pul verized, to thereby produce fine powder.
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The\fine powder is granul ated through casting or spray drying, and the _
formed granules are press-nol ded and sintered. The sintered body is cut, to
t hereby produce the sputtering target. M xing and pul veri zati on of netal

oxi des serving as raw materials can be perforned by neans of a wet-type

m xi ngpul verizes; e.g., a wet ball mlIl or a beads mll, or through

ul trasonication. Raw material powders are preferably pulverized so that the
pul veri zed pr art | Si f ~m_or_ | .. The above
metal oxi de Fgggﬁﬁﬁg%ﬁ%%ggﬁggF a%ﬁéﬁ%gﬁhébﬁﬁan%ﬁéqét%8sp %Fé at 1,300 to
|, 700C, preferahl. 450 t C.far t r preferably-4 24
hour s. Thé%fgﬁ%£?§$éﬁg gfb&%%?%%g?éF%d'ufi%g%gﬁggﬁéiBﬁe%§F§ﬁﬁy f%?légajthin
a range o g q§§-ob i .Sl ntered .S -C

t her eby f%FéF@%ﬁ%féﬁﬁﬁgﬂ?éﬁ eF%h FﬁgEgrgﬁgﬁéglé%é agggg gb?&bﬁ%yfggg
sputterin r . r i t ed j r, pl acing the

t ar get ing¥ﬁ§Q%6§{3§¥F%§£%%%§€§§h§$2$ﬁQaﬁgﬁhé%grgn fggﬁ%gétive filmof the
present invention i : sups e teri afore tioned
sputtering taHgEF% ﬁ?éﬁ%gﬁgl@££§¥rg egﬁgg ggglgﬁgét?énggabﬁﬁseﬁagig%qfo t he

first invenld i, Gan e £ml.oxed A% IRE SURY LAl & AoValkaly «9f nspuhkering

appar at uses ca e enployed for formng the filmthrough sputtering.

Par ti cul ardoyma 1RIRRLI Y ss%tttt%rﬂi@lgj.ap@ﬁ&e&gﬁ bSsPEGL 18R yruged. Wien
such a magnetron sputteri'ng apparatus is used, the same conditions as
ment | oned yeialialdand o B8 of | k81 Hoaranl Lan aRnRe cemm! oxed: £1Beq of
t hus- produc g transpar ent conductive filmof fhe present inventron s
formed of @ sRfal(0X%inl¢ 6ANMPhESENYrkBEi UM exbdgplade ri Al thRgap appupt of
85 to 99 mass% and a conbi nati on of gallium oxide (B] anhd gefrnmani um oxi de
[C in a t@hplledmmio Ofsph tit@ rih g assYcomtanglon sa ol @ast-st.he i ndi um oxi de
present in a sintered body serving as the source of the filmincludes
gal lium at ons amnt GRINPUN DA, OFhy it I W Hedifli@ s§Peeice pkeinG tdicssol ved
therein by way of atomi c replacenent. Since the transparent conductive film
i S conposee@gafrdime eryudre fofrAtl]ionn ofn troupiitekr@hgt @229eMmas® ahdwa
conbi nati on of the conponent [B] and the conponent [C] in a total anount of
1 to 15 nmass%ebtike IfHl.m exhi bits excell ent transparency and conductivity
and has excellent etching characteristics by virtue of its anorphous
nature. Wien thhe dusttdlorammgente vefl uatie ono o enatn spBlreand cohducanpendiflm C] i s
| ess than 1 nass% the transparent conductive filmhas a crystalline
nat ure, therebyheedqusigafete i hd@xampdes slatii | (3)y wash erepas telden eloepttot al
anount of the conponent [B] and the 56 conponent [C] is in excess of 15
mass% cotdadt ithiet ywroft tetrg ngr daggetewh ichndact beenf proddeedeased 1) n
addition, the transparent conductive filmpreferably has a conposition in
whi ch t he akerenWast Spivd teggsonémt tharebandrofeceoalt ransgatedt t he
conponent [B] and the conponent [C] are 90 to 97 mass% and 3 to 10 mass%
respect i vEROPAVCdviet e Wi-ewpoi nt of nmore excel l ent conductivity and etching
characteristics. The transparent conductive filmof the present invention
is formed of d™-TIMFRht SHREWRT okP dEN@BnPFPLPYEd al R oRBAHALFOA~6f (i¥rdi um
oxide (a2) and tin oxide (a3) [A2] in,% total ampunt of 90 to 99 mass% and
a conbi nat6n SFRNGRALRH SOPFE Bl Cartd [gerRgnrumigRae - [ Fhe nreSeb sl
anount of 1 to 10 nass%;ﬁﬁherein at |l east the indiumoxide present in a
sintered B&8y SO&MR A 4% IsSurce of the filmincludes tin atoms, gallium
atons, an ermani ym at ons, .t he three atom c species being dissol ved
therein b 35 VSt A Pacénent . Since the transparent conductive film
is formed of the 4-canponent tal .oxide _conpased of the conponent [AZ2]
(e e ndd0 a5 F e DT e %) CRaHEonant) oPReE estar SholREOF o0
to 99 mass. gqi conbination of the conponent [B] and the conponent [C] in
a total amount o0f"1 to 10 nmass% the filmexhibits excellent transparency
and conducti vi a cel t-chi char eristi by virtue of its
aor phous. nat ure S ST afal SIS o (R GBtoesERe ey SAToFhe
conponent | ,¢l &%dh%§§o&H%% %n%ag%%hih%fo%H%%SR%&E”ESEEPgECEE%e filmhas a

t y C I

crystalline nature, there reducing e i ng processa rty, whereas when
the total m@%'ﬁ*ﬁtal%f itrlh%m%ZJnts of 95 parts by mass and 5 parts by mass,
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conpbnent [B] and the conponent [C] is in excess of 10 mass% conductivity
of the transparent conductive film decreases. In addition, the transparent
conductive filmpreferably has a conposition in which the anmount of the
component [A2] and the total ampount of the conponent [B] and the conponent
[C] are 90 to 98 mass% and 2 to 10 mass% respectively. Mre preferably,
the transparent conductive filmis has a conposition in which the anmount of
t he conpo (A2 n e tal f_t n and .t h
conponentq %F arekﬁgdgoggﬁi%ggg()a%§%§&¥% § s §§%Eggggp§8%§%éry.l gﬁethe
transpare td fils r of : nen Xi i
subjectede%gﬁﬁg%¥Ff;gﬁ?ﬁ%ﬁ%ﬂg;%aggg ’OF%E?S%é%%gP?eg %F%ﬁb@b?ﬁagggﬁf%g
crystalli ansparent, gondyctive f i1 m having excel l ent conductivity can
be producggw&#%e%ﬁegt tféatnenﬁris preferably perfornmed at 250C or higher,
more pref erably, 2606 0fe i ghRl1at NebNEBafasRp16DEqNEAL EkLARY BEAL 1
performed for 0.1 to f%%e ﬁoursé Tﬁe Eegt trgat nt ﬁs %ér?ggﬁgdlp?gﬁérably

after comphet i-onQfe M3l &NING Qfs <t 1Y AIRIBNAS A" RBSRALARY rGoRdughive film
obtained by sputtering the sputtering target. The patterning can be

per f or ned ftoilrrr%‘%ﬂ%nao%qu‘ﬁ%msip‘?ﬁacleﬂﬁtghOdTﬁPSQgﬁsoBQQ%{?éjclﬁﬁ’gé@p y. The

t hus- produced transparent” conductive filmis endowed wth excellent |ight

transmtt %%;i fll h't’io 3 otf) x%%% fB(%r ﬁ?)éj%q'%@ EréOQd@H‘c%@ egO?{%OE ?Ilglilgr for a

beam of 550 "nm e filmalso has conductivity and a wor uncti on

| ower thar 8 s8%n TUSM*WeA the bikAuks YseehéNsght 08 98R4 Ct&Bget

el ectrol um nescence el enent, contact resistance with an electron injection
| ayer can alFe e3URRMSAd dro oF |spiittevrang Aeeokdnfdhyioukheot hanspar ent
conductive filmis suitably enployed as a transparent el ectrode used in a
variety of dispghay dewdsEs issich @sydidli brepesitdles)i splaaybdewivees cand
organi c el ectrol um nescence di splay el enents, which are required to have

hi gh transpaferdngamnddudrd fidnatdiyn Bie thieesent tefy aat itargei! braexhohe
described in nore detail by way of Exanpl es and Conparative Exanpl es.

[ Exanpl e Lk TbQ®) IPladuction of sputtering target |ndium oxi de powder,

gal I i um oxi de powder, and germani um oxi de powder, serving as raw nmaterials,
wer e m xed 29 udtroduatt itome agwiteosilivuadgnan prfopaehisprseot thedootporedtidmner e
adjusted to 86 parts by nmass, 10 parts by mass, and 4 parts by nass,
respectively. The tinesqsherared Brstalleoxi-de (Sowders miepeatedwasxicegptt o a wet
ball mll and pulverized through mxing for 10 hours, to thereby forma raw
mat eri al pdaderthigaviong t& niegn tpadeitc wdishz badf bees pgoduygiem iThd 10 husf or med
raw materi al powder was dried and granul ated by neans of a spray drier. The
resul t ant 3geFRUMES HPVE teredged o e rabyePaldisked aahdapsessemdl ded by neans
of a presser, to thereby obtain a nolded disk (dianeter: 10 cm thickness:
5 m). ThEFKL&tAYE fdiifed di sk was placed in a sintering furnace and
sintered in a_pressurized oxygen gas atnosphere for six hours, while the
sintering temi%%ﬁtﬂ%PW%& S htaf neel W hi AMRlPvedelnf Exaupbet 6-1, 4d0c. 59
Thr ough conposition analysis,, the th%s-forned sintered body was found to be
conposed & St & 30SHFSHETt PREVGT VEn TAdBuME Sof VB6UREE Sy, The EoRpbhent [ B]
in an anount of 10 mass% ang he conmponent [C] in an anount of 4 nmass%
EPMVA of t Ré<als @nsﬂﬁtgl%&eb d;'revealed that the product contained indium
oxi de crystal s i ncl.udi al.l ium,atons and i ndi um oxi de crystals including
gernaniunﬁgpgﬁﬁfagﬁget%%agFg g_égecies bei ng di ssolved therein by way of

atom c replac nt. . l.n_addition al | i ym oxi de_i.ncludi ng. i.ndi um at and
Ger mni umtai GECORS A FECUTFERa8s A8 o RBFuRPAC5 e baNng Ca GEBESaq

t herein b*owgﬁtq%natonic replacenent, were also identified. The nmaxi mum
crystal grain size of the sintered body was deternmined to be 2.3 ~mthrough
the foll ow ng C re. i ef si-nt.er i_sk

phot ogr aphed aﬁﬁ$3$%H6%¥% 5 Sﬁ;é?égnghgnﬁnéﬁglg@%rgggﬁggggégg%gegF a

magni ficatihon 9f %m5391dgh%5%'Qi%?eo&&&%.QQE@tgséBCEHdE%WtHSt8§EB§E of the
circle (one point) and m dpoints our points) between e periphery and
the centetn Liemidpaisnts Lacated 0fakeo hings ubighyinegsect each other
at right angl'e at the centér. The-”l ongest di aneter of“the l'argest grain
observed gksgachiRQINL &r AR @b yPBraf%e>d Vhik cURsnHER ) %@

| ongest diaﬁgterlvalges neasuﬁédy?%rfhe Five Franes agfeégéggagggg e
sintered body was found to have a density of 6.65 g/cnB8, which is 96~ the
correspondi ng theoretical density. The @ﬁ'k resistivity of the sintered
body, as determ ned through the four-propbe nethod, was found to be 3 . 8 x
10-3 S2 ~ cm 60 The thus-produced sintered body was cut, to thereby
produce a sputtering target having a dianeter of about 10 cm and a

t hi ckness of about 5 mm '



(2) Observation of nodule formation The surface conditions of the target
wer e .observed through the sane procedure as nentioned in relation to the
first invention. Through this procedure, no nodule was identified on the
surface of the sputtering target used herein. The conposition, physical
properties, and observation regarding nodule formation of the sputtering
target produced in the Exanple are shown in Table Il1-1. In the Table,

"Exanmple 11-17 viate a ! for C e

The sane cporncgldeun |o§sbé)l[stetaép (gcf’azl %’Errpr% a|Jtvle r}‘\es aeréé&tal _‘?J}%,le’}le
to 11-6. (3) Producfio t ive, fi The transparent
conducti ve %mﬁorﬁr\l/%s}e A uceaé($ )8 I}f%f Iﬁug&gg“rre apsr occoenc#ulpén glg mentioned in

relation to thg firg “hgou?’%‘?g%ﬁ\o t‘h% uleg.n &ggtéaaqépg{ iolceoridl’l(:t e film

havi ng a thlckness 0 nth substra

wher eby a 2 i 2l t»?aé"'aosos%aﬂe%cesdo A PUALIAN flauy

t ranspar ent co ct|v e transparent conductive ervi ng %s a
surface | uc a tained in (3)

above vvasaﬁ/ec\% étjgaltéerge?#%%%@gt%ww Fg\\fmgﬁghpr%%sgkt@%gégh %Ig ‘raesul ts are
shown i n Tr@.{;g} :télcazt chnl Fandyicty yi t&’c%uq:IES a’lde;?l 9% 3y 160Rdygtd d[ty’

specific re ance He tra{nspar conducti ve m-wWas nmeasured through

the T our - py ol JRINOCS 31 uNdied she A8 ¥c10n8 SBueTLe(R) Tragspar ency As

an index for transparency, light transmttance of | mwas neasured by

means of & spectd OB & £ aégxﬁ(%%é xde Bifos BRAMArA00 nm and
91% for a beam of 550 nm (3) ystallinity Crystallinity of the fil mwas

determ ned thropgh Xohgysotiés achpBicys geyeah 1k t hatd tdssdFansisy ent

conductive filmwas anorphous.
regarding nodule formation of the sputtering target are shown

in Table I-1.
(2) Production and evaluation of transparent conductive film
The procedure of Example I-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.
In a manner similar to that employed in Example I-1 (4),
the transparent conductive film was evaluated. The results

are shown in Table I-2.
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(4) Etching characteristics Etching characteristics were investigated
through the sane procedure as nmentioned in relation to the first invention.
No et ching residue was observed on the etched surface of the transparent
conductive film (5) Wrk function Wrk function of the transparent
conductive fil mwas neasured through atnospheric ultraviol et photoel ectron
spectroscopy and was found to be 4.4 eV. [Exanple I1-2] (1) Production of

sputtering target_and obse

rvati

Example 11-1|(1) was riepes ‘Edé\u
ger mani um oxilge ePeMUsed; ag | Fa
6 parts 62 by mass, land B par
a sputtering(targget. In @ panmng
(2), the sput/tpdng |LAr oet | Was
during sputteriing} The.cohpdsit
regar di ng noduHe—fotratiphrofi—t

I1-1. — ~ i~ {o
IR B I Y
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o el b
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Table I-1

Maximum crystal grain size [pum]

Density [g/cm3]
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on of nodul e formation The procedure of
except that indiumoxide, galliumoxide, and
w materials in amunts of 91 parts by nass,
ts by mass, respectively, to thereby produce
r simlar to that enployed in Exanple I1-1
observed so as to identify nodule formation
ion, physical properties, and observation

he sputtering target are shown in Table

33



.

(2) Production and eval uation of transparent conductive film The procedure
of Exanple I1-1 (3) was repeated, except that the sputtering target which
had been produced in (1) above was sputtered, to thereby produce a
transparent conductive film In a manner simlar to that enployed in

Example 11-1 (4), the transparent conductive filmwas eval uated. The
results are shown in Table Il1-2. [Exanple I1-3] (1) Production of
sputtering target—and—oebservati-op—ef—nogule formati on The procedure of
Exanple 11-1|(1) [was|repeafef,  excent thag indi um oxide, gallium oxide, and
. . N Q 0, .
ger mani um oxi([d& wefe |used as| raw matjer 4l s |n anounts of 93 parts by nass,
4 parts by ndss, |and|3 parts|by inasy, respPe¢tively, to thereby produce a
sputtering target.oln a manner sfimljar tont hat enployed in Exanple I1-1
(2), the sputfterijng tqﬁgqummﬁgobggrvgﬁ s as to identify nodule formation
during sputtdgring. 63 The conposi t|i on,| physi cal properties, and
observati on regardiny notut ej forjmatijon of the sputtering target are shown
. A L4 @ Ap = . .
in Table I1-1. 4)8PTQQU.t&01 nd ®valBuat Hon of transparent conductive film
The procedure BeanpPe|I1P-1L §3 s X epgated, except
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that the sputtering target which had been produced in (1) above was
sputtered, to thereby produce a transparent conductive film In a manner

simlar to that enployed in Exanple I11-1 (4), the transparent conductive
filmwas evaluated. The results are shown in Table 11-2. [Exanple I1-4] (1)
Production of sputtering target and observation of nodul e formation The
procedure of Exanple Il1-1 (1) was repeated, except that indium oxide,

gal | i um oxi de, and mani um oxi de were used as raw materials in anounts of
95 parts H&gﬁﬁggfa§9%grts by mass, and 2 parts by mass, respectively, to

t her eby pr

) ' . L | : h I d
' Exanpl 1 - CHC A Ui Gr o Gt i B abAREd 24 24k Lo "CRRHE  y

nodul e formmatiqgn during sputtering. The conposition, physical properties,
and obserJggi Q“roébarding nodul e formation of the sputtering target are

o e Tvartt e e b dBafrodeti an,and eval et Lo, deddansearaflene o

conductive film pr ocedur was ‘repea , e
that the SRl Sfddigd abosle Wi Gh IAdideciL QA esd de) Gha A% e
puttered, to thereby produce a transgaren

were used as raw materials in amounts of 86 parts by mass, 6
parts by mass, 6 parts by mass, and 2 parts by mass,
respectively, to thereby produce a sputtering target. In the
produced sputtering target, formation of a hexagonal layered
compound represented by In,GaZn0O; was confirmed.

In a manner similar to that employed in Example I-1 (2),
the sputtering target was observed so as to identify nodule
formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table I-3.

(2) Production and evaluation of transparent conductive film

The procedure of Example I-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner\similar to that employed in Example I-1 (4),
the transparent conductive film was evaluated. The results
are shown in Table I-4.

[Example I-6] |
(1) Production of sputtering target and observation of nodule

formation
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conductive film In a manner simlar to that enployed in Exanple 11-1 (4),
t he transparent conductive fil mwas evaluated. The results are shown in
Table 11-2. [Conparative Exanple I1-1] (1) Production of sputtering target
and observation of nodule formation The procedure of Exanple I1-1 (1) was
repeat ed, except that only indium oxi de powder was used as a raw materi al,
to thereby produce a sputtering target. In a manner simlar to that

enpl oyed 10 Exappl & 1dedab 22 ofhﬁ(é@%ﬁé SfiNg({f roughﬂ%ﬁervarv S as to

i dentify nodul ormation during s tering. tion at a

magni fi catd,on na&ﬁﬁn %?ah JQodul £5 aﬂcfe'dg%mtll g dslitd TRl & 50fc Wssin (3

m2) on the su ace of e 'sputtering target after conpletion of sputtering

for continygus 30 ow sy, J%@&Mtiﬁ%m&%% gy efdd &5, ks, ¢

observati on regardlng nodul e formation of the sputtering target are shown

in Table aggagts (A nlfgg)sduq |P951r@g1cb§,a\4§&[é@t iy of J4anspay efsconductive film

The procedure of Exanpl'e 11-1 (3) was repeated, except 'that t’he sputtering
tar get V\hlf&g@&cf\?@w pr&siut%iréwy (FRoARAY & V@S, UM RY eﬂarq[&c thenekye
produce a transparent” conductive film In a nmanner simlar to that enpl oyed

in Exampl g dadcdP sputtering target, formation of a hexagonal layered
compound represented by In,GaZn0O; was confirmed.

In a manner similar to that employed in Example I-1 (2),
the sputtering target was observed so as to identify nodule
formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table I-3.

(2) Production and evaluation of transparent_conductive film

The procedure of Example I-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example I-1 (4),
the transparent conductive film was evaluated. The results
are shown in Table I-4.

[Example I-7]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example I-1 (1) was repeated, except
that indium oxide, tin oxide, gallium oxide, and zinc oxide

were used as raw materials in amounts of 84 parts by mass, 8
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(4),'the transparent conductive filmwas evaluated. The results are shown
in Table I'1-2. [Conparative Exanple I1-2] (1) Production of sputtering
target and observation of nodule formation The procedure of Exanple I1-1
(1) was repeated, except that indium oxide and gallium oxide were used as
raw materials in anounts of 94 parts by nass and 6 parts by nass,
respectively, to thereby produce a sputtering target. In a manner simlar
to that enplaqyed in Exanple 11-1.(2), the sputterin arget _was observed so
as to i de%ﬁ% ﬂoé’dﬁtfaes%’ggrrﬁa\rotr? & imr?QSSSptftntdéh ﬁga.rt‘%hﬁoé’ug *SBservation at a
magni fi cation of x50, 24 nqdules were jdentified.in.a field of vigsi (3
nm2) on jtﬁ:eesspueﬁt&cvee%&?’ :khoeat etﬁet% ri?rﬁf uacregé"'t sg (%écrerclg Iteatrigg% “of kgpgﬁ?eri ng
for continuous, 30, NOUrS.c The, Gompesi i@l RNys| e8! Praneriies, 1and o

observati on regar ding no for i‘on 0 € sputteringtarget dre shown

in Table 1] - q?y_g | ?ggj I i o] rent conductive film
%he proceé%?%xgéﬁﬁfgﬁb e%ﬂ€§F . ?ﬁg§¢€§ggggdgoééggggafhat t he gpuirerihg
target which had begn,prpducgd, ip é%)tﬁ??vémﬁgéxéeu%e&%‘émpﬁ% tthareby
produce a transparent conductive film Tn a nner simlar to that enpl oyed

oSl T ard bR 1o Tl S e O v Ay T e oe e
formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table I-3.

(2) Production and evaluation of transparent conductive film

The procedure of Example I-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example I-1 (4),
the transparent conductive film was evaluated. The results
are shown in Table I-4.

[Example I-8]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example I-1 (1) was repeated, except
that indium oxide, tin oxide, gallium oxide, and zinc oxide
were used as raw materials in amounts of 85 parts by mass, 8
parts by mass, 4 parts by mass, and 3 parts by mass,
respectively, to thereby produce a sputtering target. In the

produced sputtering target, formation of a hexagonal layered
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(1) Production of sputtering target and observation of nodul e formation The
procedure of Exanple I[1-1 (1) was repeated, except that indium oxide and
germani um oxi de were used as raw materials in anounts of 94 parts by nass
and 6 parts by mass, respectively, to thereby produce a sputtering target.
In a manner simlar to that enployed in Exanple 11-1 (2), the sputtering
target was observed so as to identify nodule formation during sputtering.

Thr ough Ogébr%%idﬂ}éﬁ%ﬁ%ﬁﬁgﬁ%ijC%gd%%n?gcégg’c%ﬁfggﬂg?es were identified

inafiel Vi sion 7%t he sur e of e spuffering target after

conpl eti on of uttﬁgﬁggrfg{mffgéiggoyﬁagg?§8¥%§ﬁ%3?§ngggﬂgzgt&Q@,(@pysical

properties, and observation regardrng no € Sputtéri'ng

e arert LAY Silgeh, o) DAty 4 A0 BV AR Hhaute

t ranspar ent i've e procedure O e - was T epeat ed,

except th .Sput i t .whj ch had been produced in (1) above was
sputtered?%?%ﬁﬁﬁz$%6§ﬁéfggf §%¥§ﬁ%ﬁ%parent conductive film In a manner

simlar to thatnrpl ausd i Sl ddar! hibbeiiRd," ARPYRY-LAGICH T Ve
regarding nodule formation of the sputtering target are shown
in Table I-3.
(2) Production and evaluation of transparent conductive film

The procedure of Example I-1 (3) was repeated, except

that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example I-1 (4),
the transparent conductive film was evaluated. The results
are shown in Table I-4.

[Example I-9]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example I-1 (1) was repeated, except
that indium oxide, tin oxide, gallium oxide, and zinc oxide
were used as raw materials in amounts of 85 parts by mass, 8
parts by mass, 3 parts by mass, and 4 parts by mass,
respectively, to thereby produce a sputtering target. 1In the
produced sputtering target, formation of a hexagonal layered
compound represented by InGaZn;0s was confirmed.

In a manner similar to that employed in Example I-1 (2),

the sputtering target was observed so as to identify nodule
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results are shown in Table I1-2. 67 Table I1-1 Exanples (Conparative
Examl es) 1234(1)(2) (3)[ A] | ndi um oxi de

conponent 869193951009494Conposi ti on[ B] Gl | i um oxi de conponent 10643060[ C]
Ger mani um oxi de conponent 4332006Maxi num crystal grain size

[gyn] *12. 33. 13. 43. 2(21) 8. 810. 2Physi cal Densi ty

[ g/ cnB] 6. 656. 496. 506. 866. 506. 206. 30Properti esBul k resistivity

[ x10- 3820[‘%‘2. 84.24. 44.615. 05. 27t‘ 2Nodul e formati on count s0000452421 *1)

| ndi um oxi & e T HY (W G M ons and/ or Ge atoms being di ssol ved

' hai 5}1”0%2’6‘? Shnar it EPofe Tarhiot i dellng ane S B VL,
Ex Co : ol .
[~ 80n a8 0RO LEORA oA PR St of re S e S A Gre shown

nnPhysi cal trag%gi’tt(f_nge [ 94 Wavel engt h of properties 550
nM1909190889 of ystal | i ni t yAVAMAMAVMCAMAM r anspar ent conduct i veAqueous

oxalic fil tchin Ci . : :
sol uti ongog%)go%r g%lgcdg%%lg I\ﬁ\%g%‘(’)%lc%%tr E e?fl stiriacnsS qau%%rh% M %(deucf talc‘lzed film
sol ut i ongoodgoo o] o] netq o | ect

vol t] 4. 4?1. 44934?%%. gggg%@gggﬁf#%% j(i)%s? :(13 F\/Ie"(ﬁ(g)c% .st%ﬁ?'nee,x?\le :t Not
etchabl e Ohat [%@%@?&éfﬂ? g%argéewfaﬁwé ISP terdgd frget (gnd

observation nod or nmat
above was sputtered, to thereby produce a transparent

conductive film.

In a manner similar to that employed in Example I-1 (4),
the transparent conductive film was evaluated. The results
are shown in Table I-4.

[Example I-10]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example I-1 (1) was repeated, except
that indium oxide, tin oxide, gallium oxide, and zinc oxide
were used as raw materials in amounts of 86 parts by mass, 8
parts by mass, 2 parts by mass, and 4 parts by mass,
respectively, to thereby produce a sputtering target. In the
produced sputtering target, formation of a hexagonal layered
compound represented by In;03(Zn0O)s and a hexagonal layered
compound represented by InGazZnOy Were confirmed.

In a manner similar to that employed in Example I-1 (2),
the sputtering target was observed so as to identify nodule
formation during sputtering.

The composition, physical properties, and observation
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The procedure of Exanple I1-1 (1) was repeated, except that indium oxide,
tin oxide, galliumoxide, and germani um oxi de were used as raw materials in
amounts of 86 parts by nmss, 6 parts by mass, 6 parts by mass, and 2 parts
by mass, respectively, to thereby forma srntered body. EPMA of t he above
srntered body reveal ed that the product contained indiumoxide crystals
including tin atoms, indium oxide crystals including galliumatons, and

i ndi um oxi er ato the t ree taom.c eci es
bei ng d|S§Q%L%%¥§ﬁ£f5¥%ﬂ%%%%%§&b 4ng#c re g&éﬁ%ﬁﬁg i addi tron, >t

oxi de i ncl,y #F% q; umn at onms, gal lium oxide including |nd|un1atons and
gernanrunroxr e’inc ud'ng |nd|un1atons the i ndium atons bei ng dlssolved

therein by Q/YayPy_OOf er e;BrE ecplea‘paqr’ﬂag]glovxar gl 59,4 dent i1 f'c%%quclleive tfh

t hus- produced sin y was processed in a nner sim

Ex I M1 (1 put

si %rr})are to tgra%T énggf%é;(’:é e Jg(rjr%?aemﬂé (]tze(3 Pﬁ%e‘%; o%cecfrhgpu e |ng

t t tl t .
Tﬁeggonggsrtron ph srgﬂfrpropert o )“Hl %§L3%2$}5%Q¥g§%¥ﬂ?ﬁ§ nddﬁ{lng

formatlonaqroxrmawgg@cree@eaartqﬁuﬁe% W d el ablig o ggdre(n%) Production

and eval uation of transparent conductive film The procedure of Exanple I1-1
(3) was repgalrdi&xXcept, 70 that the sputtering target which had been
produced in (1) above was sputtered, to thereby produce a transparent

conductive film 4 manABANGELSE AL! 6 Eﬁakhernp%glegy% e&a@ﬁ@p'z&ﬂ Ledy (4),
the transparent conductive fil mwas eval uated he results are shown ‘i'n

Tabl e 11-4nhd B S Adnlcdnldu QAU ctign ofs %Q}étltlf'arﬂe'aﬂ t@ﬁgekeé{mts

observation of nodule formation The procedure of Exanple I1-1 (1)

repeat ed, speceovrhatn imgHimmox de, tin oxide, gallrunroxrde and gernanium
oxi de were used as raw materials in anmounts of 88 parts by nmass, 6 parts by

mass, 4 padchdirdtiSs Bl Parts) by mass, respectively, to thereby
produce a sputtering target. In a manner simlar to that enployed in
Exanpl e |1¢1) (E)gdudie @puif edputs dmingett avass tokser \wede3&aas oho dideridule
nodul e formation during sputtering. The conposition, physical properties,
and obser \fatrnat ireegar di ng nodul e formati on of the sputtering target are
shown
The procedure of Example I-1 (1) was repeated, except
that indium oxide and tin oxide were used as raw materials in
amounts of 90 parts by mass and 10 parts by mass,
respectively, to thereby produce a sputtering target. 1In the
produced sputtering target, formation of a hexagonal layered
compound was not confirmed.

In a manner similar to that employed in Example I-1 (2),
the sputtering target was observed so as to identify nodule
formation during sputtering. Through observation at a
magnification of x50, 43 nodules were identified in a field
of vision (3 mm?) on the surface of the sputtering target
after completion of sputtering for continuous 30 hours.

The composition, physical properties, and observation

regarding nodule formation of the sputtering target are shown
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in Table 11-3 (2) Production and eval uati on of transparent conductive film
The procedure of Exanple I1-1 (3) was repeated, except that the sputtering
target which had been produced in (1) above was sputtered, to thereby
produce a transparent conductive film In a manner simlar to that enpl oyed
in Exanple I1-1 (4), the transparent conductive filmwas evaluated. The 71
results are shown in Table I1-4 [Exanple 11-7] (1) Production of sputtering
target and oq§ rvatlgﬁ of nodule formation The procedure of Exanple I1-1
(1) was réﬁbaf%ﬂ‘ é;cépt t hat indium oxide, tin oxide, gallium oxide, and

ger mani um oxi de wer .used as ra t.erials . .n amunts of 83 parts by nass,
}/%ﬂ%sr,o\%c%éﬂnsadﬁﬁﬁrggu%&gng Ofs transyaren% COI’]% CQLV\?GF):/L?imtO

8 parts b parts by mass, Trespecti

t her eby produce,a sputtering target.  .ln.a er simlar .to that enployed
i n Exampl e |1- 2P 19 SR er MR dorl it GBSersEross s T oktent | fy

nodul e formation duri sputtering. The coppositiaon sical, properties,
and obser&gﬁﬁo%hféf ﬁggﬁﬁgﬁﬁﬁﬁﬁg grﬁgﬁfonhSFF ﬁ&“sEGEE Ffﬁglpaﬁggt are

fsr‘f"n‘n"”' ' TR Wae® Lt Q00 A0 1YY kAN 20% LT 3RsRangNt conducti ve
conductive film.

In a manner similar to that employed in Example I-1 (4),
the transparent conductive film was evaluated. The results
are shown in Table I-6.

[Comparative Example I-6]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example I-1 (1) was repeated, except
that indium oxide, tin oxide, and zinc oxide were used as raw
materials in amounts of 88 parts by mass, 9 parts by mass,
and 3 parts by mass, respectively, to thereby produce a
sputtering target. In the produced sputtering target,
formation of a hexagonal layered compound was not confirmed.

In a manner similar to that employed in Example I-1 (2),
the sputtering target was observed so as to identify nodule
formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table I-5.

(2) Production and evaluation of transparent conductive film

The procedure of Example I-1 (3) was repeated, except

that the sputtering target which had been produced in (1)
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The brocedure of Exanple 11-1 (3) was repeated, except that the sputtering
target which had been produced in (1) above was sputtered, to thereby
produce a transparent conductive film In a manner simlar to that enployed

in Exanple I1-1 (4), the transparent conductive filmwas eval uated. The
results are shown in Table I1-4 [Exanple 11-8] (1) Production of sputtering
target and observation of nodule formation The procedure of Exanple Il-1

(1) was reprateda £XG8Pttied, WRteHNIIMPdARe W B @HFRredal | 1 um oxi de,
and ger mani um oxi de were used as raw materials in anpunts of 85 parts by
mass, 8 paidriaddtingsssi Quparts by mass, and 3 parts by nass, respectively,
to thereby produce a sputtering target. In a manner simlar to that

enpl oyed in Exgdipd embhndr(2imilBe spUthEEi BEphapaat ivasxahseevedisqmas to
identify nodule formation during sputtering. The conposition, physical
properti ex;heand LRsRINaid bR AT iNedW £ fearaMRibit@y .of ThBerspultsring
target are shown in Table I1-3 (2) Production and eval uati on of transparent
conducti veyfd Idnckhe ot ocasiwy ecof, Exanple 11-1 (3) was repeated, except that
the sputtering target which had been produced in (1) above was sputtered,
to thereby produce a transparent conductive film In a manner simlar to
that enployed in Exanple 11-1 (4), the transparent conductive filmwas

eval uated. The results are shown in Table 11-4 [Exanple I1-9] (1)
Production of sputtering target and observati on of nodule formation The
procedure of Exanple I1-1 (1) was repeated, except that indiumoxide, tin
oxi de, gallium oxide, and gernmani um oxi de were used as raw materials in
anounts of 82 parts by nass, 8 parts by nass, 6 parts by mass, and 4 parts
by mass, respectively, to thereby produce a sputtering target. In a manner
simlar to that enployed in Exanple I11-1
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73 (2), the sputtering target was observed so as to identify nodul e
formation during sputtering. The conposition, physical properties, and
observation regardi ng nodule formati on of the sputtering target are shown
in Table I1-3 (2) Production and eval uation of transparent conductive film
The procedure of Exanple I1-1 (3) was repeated, except that the sputtering
target which had been produced in (1) above was sputtered, to thereby
produce a transparent conductive film In a manner simlar to that enployed
in Exanple I1-1 (4), the transparent conductive filmwas eval uated. The
results are shown in Table I1-4 [Exanple I1-10] (1) Production of
sputtering target and observation of nodule formation The procedure of
Exanple 11-1 (1) was repeated, except that indiumoxide, tin oxide, gallium
oxi de, and germani um oxi de were used as raw materials in anmounts of 84
parts by mass, 8 parts by mass, 4 parts by mass, and 4 parts by nass,
respectivel y,rt frergbyrproduc sputtering target. In a manner simlar

to that enpl gqyed,i
as to identiflyi|ro

P (S
niExampte®l (21 (2), the sputtering target was observed so
i3l &' ifOraimtiion Ypring sputtering.
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Table I-3
[pm]

Examples

Indium oxide
Bulk resistivity [x107°Qcm]

Maximum crystal grain size
Nodule formation counts

Tin oxide
Gallium oxide
Zinc oxide
Density [g/cm3]

Composition
Physical
properties




The conposition, physical properties, and observation regardi ng nodul e
formation of the sputtering target are shown in Table 11-3 74 (2)
Producti on and eval uati on of transparent conductive film The procedure of
Exanple 11-1 (3) was repeated, except that the sputtering target which had
been produced in (1) above was sputtered, to thereby produce a transparent
conductive film In a manner simlar to that enployed in Exanple I1-1 (4),
the transparent conductive fil mwas evaluated. The results are shown in
Table I1-4 [Conparative Exanple 11-4] (1) Production of sputtering target
and observation of nodule formation The procedure of Exanple I1-1 (1) was
repeat ed, except that indiumoxide and tin oxide were used as raw naterials
in amounts of 90 parts by mass and 10 parts by nass, respectively, to
thereby produce a sputtering target. In a manner sinmlar to that enployed

in Exanple 11-1 (2) the sputtering target was observed so as to identify
nodul e formatfo grg—sputtering:
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The conposition, physical properties, and observation regardi ng nodul e
formation of the sputtering target are shown in Table I1-5. (2) Production
and eval uation of transparent conductive film The procedure of Exanple Il-1
(3) was repeated, except that the sputtering target which had been produced
in (1) above was sputtered, to thereby produce a transparent conductive
film In a manner simlar to that enployed in Exanple I1-1 75 (4), the
transparent conductive filmwas | uated. The results are shown in Table
[1-6. [Conparative Exanple I1-5] E:%/a% r ction of sputtering target and
observation of nodule formation The procedure of Bxanple [I-1 (1)] was
repeat ed| except tH&CTPRFRGHVEXEFEIPLES)oxi de, and gdPli um okéHe were used
as raw matertats—t+n—amounts—ofr96—parts—by mass;,—5parts—by+rass;| and 5
parts by|mass, respectively, tfardiemebyigeoduce a |spuideringsgarget. In a
manner siimlar to that enployed in Exanple 11-1 (4), the sputterilng target
was obsefved so as to identif)ﬂ%d%IX d%orrration duriqg)spjtte i ngl. The
conposi tijon, physical propertijes,” and oObservation |regardi hg nodul e
formation of tHERPUtTE ng t arget are shown

Gallium oxide 0 0
Zinc oxide 0 3
Mol

ax?mumlcrystal 7.8 3.5
grain size [um]

Density [g/cm®] 6.98 6.68

Physical e} ti
yst properties Bulk resistivity

[x1073Qcm]
Nodule formation
counts

0.48 0.61

43 18
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in Table 11-5. (2) Production and eval uation of transparent conductive film
The procedure of Exanple I1-1 (3) was repeated, except that the sputtering
target which had been produced in (1) above was sputtered, to thereby
produce a transparent conductive film In a manner simlar to that enployed
in Exanple I1-1 (4), the transparent conductive filmwas eval uated. The
results are shown in Table I1-6. [Conparative Exanple 11-6] (1) Production
of sputtering target and observatlon% f nqﬂ %e formation 76 The procedure
of Exanple I1-1 (1) was repeated, ex %&& t i ndi um oxi de, tin oxide, and
ger mani unj oxi de were used as raw nmaterials 1 n amounts of 9Q parts| by nass,
5 parts by mass, and 5 é§9m§aﬁ?thﬁ§sEX?@EbééilveIy to ther Hﬁ)prodﬁ@b a

sputterin target—HnaTa—anner stmtar—to—that cuprquU'lu EXaﬁpi H—~1
(2), the sputtering takgelivas 2RsekY8Hc80 (go4Q i dentify roddce fozsmtion
during sputtering. The_conposition, physjcal properties, and obsefrvation
regardi ng nodul e formation of the sputterWagelangh are shcmn7%n Ta He
I'1-5. (2)] Production amndggval uati on of tyafisp@demh conductive il m The
procedur g of Exanple Ihrgneﬁhtwagc@emgateﬁavgrgggﬁhfhat theg sputtlering
t ar get whi chOH produced in (1) abogg ¥BS ﬁﬂuttered t 088 hey el§yy
produce a PF&H?ﬁ&ﬁ@ﬁtAccnducf'ua—f=!n1 h—a—rarrer—si-rtarte—that—emrplpyed
i n Exanplle |- PE (4), theysransparent conductive filmwas eval yat ed. afhe
resul ts areraheRmCERt Table 11-6. [ Conparative Exanple I1-7] (1) Production
of sputt er icRugtdse and observation of phaduteu$osxation The gé cedur e, of
Exanpl e ||l -1 filmas fepeatied except thpsciadsobuoxbde, tijn oXide’ §§II|um
oxi de, and ger mani um oxihgde ke i4$8dsas & Q@ﬁgrhfké I arounts jof
parts by |mass, 10 parfs by mass, 10 partp ﬁ?d”?éfutf@ 10 parkB bygnasb

respectiviely, to thereby nrndnnn a snutt
P y Specific Seaictance

after heat treatment [puQcm]

130 190

AM: Amorphous, MC: Microcrystalline, ER: Etching residue observed
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77 In a manner simlar to that enployed in Exanple I1-1 (2), the
sputtering target was observed so as to identify nodule formation during
Sputtering. The conposition, physical properties, and observation regardi ng
nodul e formati on of the sputtering target are shown in Table 11-5. (2)
Production and eval uation of transparent conductive film The procedure of
Exanple 11-1 (3) was repeated, except that the sputtering target which had
been prod 1) .above s sputtered, to thereby produce a transparent
conductivg%ﬁq n? %ﬂ%g ﬁﬁﬁﬁg 8Pntlar to that enployed in Exanple 11-1 (4),

t he transparent_.condu t|ve fi evalua ed. Th results r.e_shown in
Table 11-6. 78%h % qa&%ﬁ% f%’ Ingluntox galnven ton

Conponent%688%%&58%%%&f&8ﬂ eﬂ%f%é%qgrCQ%R%“%QE%@%8§§98HQ9%nQnmay be

referred to simply as "the present invention") is formed of a
sintered body of metal oxide comprising indium oxide (al)
[Al] in an amount of 85 to 99 mass% and a combination of
gallium oxide [B] and germanium oxide [C] in a total amount
of 1 to 15 mass%, wherein at least the indium oxide present
in the sintered body includes gallium atoms and germanium
atoms, the two atomic species being dissolved therein by way
of atomic replacement.

The indium oxide present in the sintered body including
gallium atoms and germanium atoms, the two atomic species
being dissolved therein by way of atomic replacement, are
formed by way of atomic replacement of indium atoms contained
in a portion of indium oxide crystals by gallium atoms and
germanium atoms‘during sintering a finely divided raw
material powder containing indium oxide, gallium oxide, and
germanium oxide. In this case, when the entirety of gallium
oxide and germanium oxide form a solid solution with indium
oxide crystals by way of atomic replacement, growth of such
indium oxide crystals proceeds. Furthermore, when the indium
oxide crystals grow to have a grain size in excess of about
10 pm, the number of formed nodules increases.

According to the sputtering target of the present

invention, indium oxide crystals form a solid solution with a

portion of gallium oxide and germanium oxide

serving as
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t[8] Gall
~C0r’rp0nent

i um oxi de conponent 646464[ C] Ger mani um oxi de
223344Maxi mum crystal grain size

[[gym 3. 12. 82. 42. 82. 82. 4Physi cal Densi ty

[/ cnB] 6.

326. 386. 276. 406. 456. 21properti esBul k resistivity

[ x10-3S2cm 0. 720. 680. 640. 660. 710. 67Nodul e formati on count s0O00000 79
I'1-4 Exanpl es5678910Speci fic resistance
[ ~S2cm 48042041 053 540440vaveleng%$59787 808179L%ghgof.400 n ransn%ttance

[ -] Wavel eRgtheP91919%8998BREFEd

nnpr oper t

omlic replacemen

¥5p oY way o

oxal|cgoo%§%%% gg%%%%ﬁ%%ﬁ%@%&@%o%gﬁﬁwgiééﬁggfng acAgyeoguppressed
ol Ut onVEPR TaneePaReT BPEEE TR ) T aE R 8 40 n nsiantiunoatiagodact @
M cr o a“%é??#%%%ﬁ“%i%%25?%iEéf%%ﬁéaééﬁ?%%’%m esﬁ%%f%%’ Sa
component LDEE160] BYCRRFFTuar o s Ehnmeneor oabibily FALE, \Aseozding
ggg&g%/gégﬁgg}gw%ﬁ' oEré‘ﬁ%u?tégeLQyDMeﬁ{%o A7 BZq@1 £hysi cal Densi ty

M crocrys

conponent
conponent
[ g/ cnB] 6.

properties resistivity |x10-352cn] 0.42 0.
formation during sputtering can be prevented.

The component (al) of the sputtering target
predominantly contains indium oxide, a portion of which

includes gallium atoms and germanium atoms, the two atomic

species being dissolved therein by way of atomic replacement.

Such indium oxide including gallium and such indium oxide
including germanium, the two atomic species being dissolved
therein by way of atomic replacement, can be identified
through analysis; for example, EPMA (Electron Probe Micro-
Analysis).

The maximum grain size of the indium oxide crystals
including gallium atoms and germanium atoms, the two atomic
species being dissolved therein by way of atomic replacement,
is determined through the following procedure. After the
surface of the sputtering target has been polished, the
surface is observed at five points under a scanning electron
microscope at a magnification of x2,500. In the case where
the sputtering target has a circular cross-section, the five
points include the center of the circle (one point) and

midpoints (four points) between the periphery and the center,

the midpoints located on two lines which intersect each other
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target of enti-on “car prevent nodul e fof mati on

sputterin fcgﬁld:‘ﬁoit]rﬂehn%ﬁhtterragjsfp%[rl%ntsﬁil%%%uqtoirl\ée fi by ceall isfggcstli%essful
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each other at the center. The longest diameter of the
largest grain observed at each point (frame of 50 pm x 50 pm)
is measured, and the longest diameter values measured in the
five frames are averaged.
The indium oxide crystals which include gallium atoms
or germanium atoms and are present in the sputtering target,
the two atomic species being dissolved therein by way of
atomic replacement, preferably have a maximum grain size
controlled to 5 um or less. This is because when the maximum
grain size of indium oxide crystals including gallium atoms
or germanium atoms, the two atomic species being dissolved
therein by way of atomic replacement, is in excess of 5 um,
growth of indium oxide crystals including no metallic atoms
to be dissolved therein by way of atomic replacement proceeds.
In other words, by controlling the maximum grain size of
indium oxide crystals including gallium atoms or germanium
atoms, the two atomic species being dissolved therein by way
of atomic replacement, to be 5 pm or less, growth of indium
oxide crystals can be prevented. More preferably, the

maximum grain size of indium oxide crystals including gallium

atoms or germanium atoms, the two atomic species being

dissolved therein by way of atomic replacement, is 3 pm or
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1. Asputtering target formed of a sintered body of netal oxide including
indi um oxi de, galliumoxide, and zinc oxide, wherein the netal oxide
cont ai ns one or nore hexagonal |ayered conpounds selected fromthe group
consi sting of 1n203(Zn0)m (wherein mis an integer from2 to 10),

| Nn2Ga22n0~, 1nGazn04, |1nGaznz05, 1nGazn306, |nGazn90~, |nGazn508,

I nGaZn609, and I nGazZn~A o, and the sintered body is conposed of indium
oxide in an _anmount of 90 to 99 mass% and a conbi nation of gallium oxi de and
zinc oxi deS°f-a total anbunt of 1 to 10 mass% 2. A sputtering target as

of 1 ndi um oxi a4 1 HTEARATIE o o6 10 08 e oL Sh A oeanie ke oSt gal 11 u

6] mass a conbination o allium

oxi de andt %n% 2 % %i%%bﬁgﬁﬁ%%li%”%%%krgﬁ%%dtguég gggﬁw hé'Fén%QQEHering

target as descCribed in wherein the sinter body or netal oxide is

d of Jindi ide.i 92.tq.9 i nati
R e o e S e S N

total anmount masso. 4. A

sputterin a%%%g%%da% QEﬁ&QEB%QJﬁ“t%%Y[%Eu%b%'%ﬁeﬁttgnéthQEQQHH the

hexagonal T"ayer ed conpounds have a maximum crystal grain size of 5 ~mor

less. 5. ASPULISL N9 Larkgel1as,Aes6r hed kB Ghakiuds Whenel pod hey grxi mum

crystal grain size ~.mor less. sputtering target fornmed of a

sint ered Q%@yt%% mehah afided %%'%%E”Qﬁ]“%b%ﬁbﬂéh@eanhi@h%xﬁé?, gal I'i um
84 an

oxi de, zinc oxi de, wherein the netal oxide contains one or nore

hexagonal Jgyehed camounds salected if ramihaagkeui reons $bingyeaf,
I nz03(Zn0) m (wherein mis an integer from2 to 10 ) , InZGZZnO~, |nGZn04,

| NGaZn205 | NCaLR3Q6,+ AINGERERERY o | RERZIRB cohpERénea9 4 sand skneadn~@ o, and

the sintered body is conposed of indiumoxide in an amunt of 70 to 94
nmass% ti pa@dede dh AU 0fgaT 1tidin? @ tveeS @ndage raae@hi Adbimen of

gal I ium oxide and zinc oxide in a total anpbunt of 1 to 10 nmasso. 7. A

sputteri ngits¥y0ete AS rd Q&I iAe G il eC |RyBLE.1 MRET @y of atomic
replacement decrease, failing to attain sufficient effect of
preventing growth of indium oxide crystals, whereas when the
total amount of the two components is in excess of 15 mass%,
the grain size of indium oxide crystals including gallium
atoms and germanium atoms, the two species being dissolved
therein by way of atomic replacement, is difficult to control,
and conductivity of the obtained transparent conductive film
decreases. Regarding the compositional proportions of the
components constituting the sintered body, the sintered body
is preferably composed of the component [Al] in an amount of
90 to 97 mass% and a combination of the component [B] and the
component [C] in a total amount of 3 to 10 mass%.

Preferably, the component [B] (gallium oxide component)

content is equal to or greater than the component ([C]

(germanium oxide component) content, since the transparent

conductive film obtained by sputtering the sputtering target
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the sintered body of netal oxide is conposed of indiumoxide in an anount
of 75 to 93 mass% tin oxide in an anmount of 5 to 15 mass% and a

conbi nati on of gallium oxide and zinc oxide in a total anount of 2 to 10
masso. 8. A sputtering target as described in claim®6, wherein the sintered
body of netal oxide is conposed of indiumoxide in an anount of 80 to 90
masso, tin oxide in an anount of 7 to 12 masso, and a conbi nation of

gal I ium oxide and.zin Xi in_a u f %

sputteri nga?a?égfeligngeg&gggeérﬁﬂSg‘%%%?@g}?a?fr%% %&%&%@??%O%ﬁt&t
hexagonal .l ayered conpounds have a_naxi : S | Lze 5 ~ mor

| ess. 10. *A& SﬁFtBFﬁﬁgrﬁggée?%ageaggcﬁr%ggaﬁﬁgcﬁg%ngéﬁb§ﬂ§béi&eghe nexi num
crystal grain size,s ~, m.or . A GALLT rept .co cL.l L
formed of CRVFELAN 5%F&§efnc adi S%?ﬁé%§%¥o§%d§?§§g|??Eﬁgogﬂge%béﬁagébgl

oxi de, mh?ggin th %etal oxi de is conposed of indiumoxide in an 85

anount of F8n§ "fass% and a combi nation of gal I i um oxi de and zi nc oxi de
in a total amount. Qf tQ.. 0 , .ransparent tive filmas
described in cﬂgfh%ffﬁﬁﬁkgﬂé %%?%éEné%§F%g§%§e%?s%%%ngggggHgf i ndi um oxi de
in an ano : S 3. C Lnat | i xi de and zinc
oxide in gﬂﬁgﬁgﬁ%gngﬁﬁ?géggz%éz%%gm%gsgg?blggh%@f?gnggg?egg]gonductive film

as descri [ ai , r.ei a heenks i68MBesed39fimi ndi um
oxide in gﬁﬂgﬁgﬁﬁk g%ké% Po g% ﬁggggﬁgggbagcgébingtién of galliuﬁloxide and

Zinc oxi dgylfea (ohal AMRYRL oofi g3 gsazﬁ Mass%inld. 8tknanaBanenbrcopdystive
f|In1forneg OF a netal oxide including indiumoxide, tin oxide, gallium

oxi de, an@9th%s%X%%%!dMgﬁﬁgi%aEH%n”%EagaQKHQQ bgieemMmesednaf gkRrabHALaXi de
in an anpbunt of 70 to 94 nass% tin oxide in an anount of 5 to 20 mass%

and a compiAald qrr10fingal lkidem10%hdanand fzilnecoxodaaisBsa wwakakiamaynt of 1 to
10 mass% 15. A transparent conductive filmas described in claim 14,

wher ei n t he skt &lheOXindg uns oxaR0$RE sehti Rdi wHeoxiide ciredabodgpint1obed5 to
93 mass% tin oxide in an anmount of 5 to 15 mass% and a conbi nati on of
gal | i um oxiige sarthszi RE1QXIuEe aitond ,t @hal garpant uaf a2ohe, 1@heasd¥eelb. A
transparent conductive filmas described in claim1l4, wherein the netal
oxi de i s eewpasedpeicididibenneXiddesolvar ateuetinoby8@atood0atesd® tin oxide
in an anount of 7 to 12 mass% and a conbi nation of gallium oxide and zinc
oxi de in aefQtzalermmaunt of 3 to 8 mass% 17. A transparent conductive film
whi ch is produced by 86 n subjecting a transparent conductive film as
recited in any Tfe clradinsn kkitde I dsergatite ruhien g iarte regb degiyein dleating
treatnment at 230C or higher.

tin atoms, gallium atoms, and germanium atoms present in the

sintered body, the three atomic species being dissolved

therein by way of atomic replacement, are formed by way of

atomic replacement of indium atoms contained in a portion of

indium oxide crystals by tin atoms, gallium atoms, and

germanium atoms during sintering a finely divided raw

material powder containing indium oxide, tin oxide, gallium

oxide, and germanium oxide.

When the entirety of tin oxide, gallium oxide, and
germanium oxide form a solid solution with indium oxide

crystals through atomic replacement, growth of such indium

oxide crystals proceeds, thereby increasing the number of
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18. A sputtering target forned of a sintered body of netal oxide conprising
Indiumoxide (al) [Al] in an anount of 85 to 99 masso and a conbi nati on of
galliumoxide [B] and germaniumoxide [C] in a total anobunt of 1 to 15
masso, wherein at |east the indiumoxide present in the sintered body

i ncl udes gallium atons and germani um atons, the two atom c species being

di ssol ved therein by way of atomc replacenent. 19. A sputtering target as
descri beded gl 8 gadfe s WAL} TNESRULINGHALIRI i, TofaRd 10 L he
sintered body of netal oxide conposed of” the conponent [Al] in an anount of
90 to 97 : Ao COPBI Ne he, £oaponent : 4,8l 2nd 4 fﬁﬂg@ t [C
in a tota?ﬁgﬁgﬂﬂgg% Sgggéggiﬁngggé %OQDA sputf@%%ng_%argetqgé gscpﬁged in
claim 18 ofnldy; 4berel il ol um i d&&r%éméﬁim%ypa@go% \ea s ! um at oms
or indiumoxide crystals including the germani um atons, the two atonic
speci es begjng. di rej om plac Ve, a
naxinun1g%%?ﬂlgigég%gggméﬁ?brw?%%%?yg%?Q%Fg%u t£¥§ﬁd$€aﬁg§ghg§ﬂgg%%ribed in

clai m 20, .yhergi 0, Lhee JBXL ML i) Zp%f'ciéao%sﬂaprtilne%%fid%%- qallium

sputtering.target tormed of a sintered body of metal oxide conprising a

conbi natiop; 9k, i Adhuge exhAuhadki @0datd nopxider (83)ciPlal NyRaiptal anmount
of 90 to 99 mass% and a conbi nation of gallium oxide TB] and ger nmani um

oxi de [Clpbin@aBies orft PhaluAN®BURNEe 0ind f@rdfe FBSSIprabereiysadl | east the
i ndi um oxi de present in the sintered body includes tin atons, gallium

atoms, angr§RERBSE UThal @fBoxide, t HRELIB) 0P SvSPELAESNE@L G £ S5t Vsxel
therein by way of atomc replacenent. 23. A sputtering target as described
in claimggriMmpesghbtéhengputtering target is formed of the sintered body
of netal oxide conposed of the conmponent [A2] in an anmount of 90 to 98
mass% and a comhenaht®Omobxtibe eeypoaestwhBthanfict hige coopongndmsC] in a
total amount of 2 to 10 mass% 24. A sputtering target as described in
claim 22, gabet ehnatbes spott germgniangetonhs dd nete gfrédentsi i ettesel body of
nmet al oxi de conposed of the conmponent [A2] in an amount of 92 to 97 mass%
and a congpuadteoingftiheetofipomedt of Bthand-¢drepcoapomeata] Gxide a thot al
amount of 3 to 8 mass% 25. A sputtering target as described in any of

cl ai ns 22thoel4atehecespechds upe bng del ssgbvad sthecd Udilmg way af cnsomiadi um
oxi de crystals including galliumatons, or indiumoxide crystals including
ger mani unrep basemene, t preéeatbhy chapecs evabbhvry afaswl veze t¢wripial bsd way of
atom c replacenent, have a maximumgrain size of 5 ~mor less. 26. a
sputteringotargetonsleescried iis degians®d whatme ridien girfag nmepdizeumigr ai n si ze
is 3 ~mor less. 27. A transparent conductive filmforned of a netal oxide
conpri si ngnehdEn upx bte deryatyls Alpclwdarg abbunt toRs 8573 bl DOn EEYE Akl a
conbi nati on of gallium oxide [E% and germaniumoxide [C] in a total anount
of 1 to 13SHRIRWMWAEPBFn BRe| BABEe t HEOTHE THEOXE UL PHEE et ST ¥ di nt er ed

body serving as 88
therein by way of atomic replacement, is in excess of 5 um,

growth of indium oxide crystals including no metallic atoms
to be dissolved therein by way of atomic replacement proceeds.
In other words, by controlling the maximum grain size of
indium oxide crystals including tin atoms, gallium atoms, or
germanium atoms, the three atomic species being dissolved
therein by way of atomic replacement, to be 5 um or less,
growth of indium oxide crystals can be prevented. More
preferably, the maximum grain size of indium oxide crystals

including tin atoms, gallium atoms, or germanium atoms, the
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the source of the filmincludes gallium atons and germani um atons, the two
atom.c species being dissolved therein by way of atom c replacenent. 28. A
transparent conductive filmas described in claim27, wherein the filmis
formed of a metal oxide conposed of the conponent [Al] in an anount of 90
to 97 mass% and a conbi nati on of the conmponent [B] and the conponent [C] in
a total anmount of 3 to 10 mass% 29. A transparent conductive filmfornmed

f tal_ oxid conbi f
oxi G (29 T8 AT G b LT 00 0 66! R 605 e A o

galllumOX|d [ and niumoxide [C] in a total armunt of 1 to 10
mass% %r‘:r‘%émqrgast % H“hcﬂ%ry}teo%ﬁ ‘de present in a sintered body serving

th the fi
T Source of 1 he FLA I US4 LT A Bl o s e
repl acement, ﬁop-u tgaf{tfm&gat%gt fttgcctalveo 'oléﬂlaéc% %111%@1 i aahrgt29

wher ei n theef oxi de corrpose e conponent [ A2]

in an anoynt oflﬁaco ), 19y 9$ ({Kascsg{gtaﬂ Saot?](ytb[i[ IOC%%?S r]Oﬁtnhce fqlo onept,dtBlo and

the conponent amoun t ranspar ent

conduct i ve f i mas r%\e§§'%%5%ﬂﬂ£% 8} (e Jdddnd sdormRd of a

net al oxi de conpose conponent In an anmount of 92 to 97 mass%
and a co oé“rp%ﬂeﬂ 4, 4 he compnentss Cl vha a total
anount otﬁo%dn!I éogﬁbnogssrg}]%ég 2 Aa{nr@alr{gd;ar ent CO%CU vse filmwhich is
produced %&4 H G 1 TEANSPALENNC QUG Ve f iddRgtheraCidred dre

cl ai ns 1411_,ye1 16%28 30, and 31 ton heat trea[tqan]ent a:?}:n23ocaor hi ghg[trm 33.

A et hod f o 0a0dUci 1Y @& d¢AnsRa el canducd inges §9 |apLchay achardwed in that
t he nethod conprises sputtering a sputtering target as recited in any of

claims 1 ;D @apd tjcgtatp a%@)tfr?ar cfprtfﬂeﬂg'_»\fd |<‘£Bm;991en°s A% Aéss than 1
.Ah. A A . Ah AA. AALA A A .A LA A AA A A A . A.A3AL.A . AAA

. AA. AA. A34m¥§s%\/¥hévéﬁ¥hd%%/bf/%idWH&5ﬁ¥5J A 2. A A Al APy Amahi vt

A AA AU, A. AU. AA. AU. AU. Ahl . AU. Al. A A[ATA . A{ AU . AU . A{. AU . A{. A . A A{At

A.DY!A.A”gﬂoﬁﬁLd¥§éle¥ﬁlﬁﬂJfhdidMJdMﬂﬁE crystals by way of atomic
replacement decrease, failing to attain sufficient effect of
preventing growth of indium oxide crystals, and etching
characteristics of the transparent conductive film formed by
sputtering the sputtering target are deteriorated, whereas
when the total amount of the two components is in excess of
10 mass%, the grain size of indium oxide crystals including
tin atoms, gallium atoms, and germanium atoms, the three
species being dissolved therein by way of atomic replacement,
is difficult to control, and conductivity of the obtained
transparent conductive film decreases.

Regarding the compositional proportions of the
components constituting the sintered body, the sintered body
is more preferably composed of the component [A2] in an
amount of 90 to 98 mass% and a combination of the component

[B] and the component [C] in a total amount of 2 to 10 mass%.
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The fine powder is granulated through casting or spray drying,
and the formed granules are press-molded and sintered. The
sintered body is cut, to thereby produce the sputtering
target. Mixing and pulverization of metal oxides serving as
raw materials can be performed by means of a wet-type mixing-
pulverizer; e.g., a wet ball mill or a beads mill, or through
ultrasonication. Raw material powders are preferably
pulverized so that the pulverized product has a mean particle
size of 1 pm or less.

The above metal oxide is fired in air or an oxygen-
containing atmosphere at 1,300 to 1,700°C, preferably 1,450
to 1, 600°C for 2 to 36 hours, preferably 4 to 24 hours. The
temperature elevation rate during firing preferably falls
within a range of 2 to 10 °C/min. The thus-obtained sintered
body is cut, to thereby form sputtering target having a
suitable shape adaptable to a sputtering apparatus. The
target is attached to a jig for placing the target in the
sputtering apparatus.

The transparent conductive film of the present
invention is formed on a substrate by sputtering the

aforementioned sputtering target. The same substrates as
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forming the film through sputtering. Particularly, a
magnetron sputtering apparatus is preferably used. When such
a magnetron sputtering apparatus is used, the same conditions
as mentioned in relation to the first invention can be
employed.

The thus-produced transparent conductive film of the
present invention is formed of a metal oxide comprising
indium oxide (al) [Al] in an amount of 85 to 99 mass% and a
combination of gallium oxide [B] and germanium oxide [C] in a
total amount of 1 to 15 mass%, wherein at least the indium
oxide present in a sintered body serving as the source of the
film includes gallium atoms and germanium atoms, the two
atomic species being dissolved therein by way of atomic
replacement.

Since the transparent conductive film is composed of
the component [Al] in an amount of 85 to 99 mass% and a
combination of the component [B] and the component [C] in a
total amount of 1 to 15 mass%, the film exhibits excellent
transparency and conductivity and has excellent etching
characteristics by virtue of its amorphous nature. When the
total amount of the component [B] and the component [C] is
less than 1 mass%, the transparent conductive film has a
crystalline nature, thereby reducing etching processability,

whereas when the total amount of the component [B] and the
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transparent conductive film decreases. In addition, the
transparent conductive film preferably has a composition in
which the amount of the component [Al] and the total amount
of the component [B] and the component [C] are 20 to 97 mass%
and 3 to 10 mass%, respectively, from the viewpoint of more
excellent conductivity and etching characteristics.

The transparent conductive film of the present
invention is formed of a 4-component metal oxide comprising a
combination of indium oxide (a2) and tin oxide (a3) [A2] in a
total amount of 90 to 99 mass% and a combination of gallium
oxide [B] and germanium oxide [C] in a total amount of 1 to
10 mass%, wherein at least the indium oxide present in a
sintered body serving as the source of the film includes tin
atoms, gallium atoms, and germanium atoms, the three atomic
species being dissolved therein by way of atomic replacement.

Since the transparent conductive film is formed of the
4-component metal oxide composed of the component [AZ2] (i.e.,
the (a2) component and the (a3) component) in a total amount
of 90 to 99 mass% and a combination of the component [B] and
the component [C] in a total amount of 1 to 10 mass%, the
film exhibits excellent transparency and conductivity and has
excellent etching characteristics by virtue of its amorphous
nature. When the total amount of the component [B] and the
component [C] is less than 1 mass%, the transparent
conductive film has a crystalline nature, thereby reducing

etching processability, whereas when the total amount of the
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conductivity of the transparent conductive film decreases.
In addition, the transparent conductive film preferably has a
composition in which the amount of the component [A2] and the
total amount of the component [B] and the component [C] are
90 to 98 mass® and 2 to 10 mass%, respectively. More
preferably, the transparent conductive film is has a
composition in which the amount of the component [A2] and the
total amount of the component [B] and the component [C] are
92 to 97 mass% and 3 to 8 mass%, respectively.

When the transparent conductive film formed of the 4-
component metal oxide is subjected to heat treatment at 230°C
or higher after film formation, a crystalline transparent
conductive film having excellent conductivity can be produced.
Thé heat treatment is preferably performed at 250°C or higher,
more preferably 260°C or higher. In this case, the heat
treatment is performed for 0.1 to five hours. The heat
treatment is performed preferably after completion of
patterning of the amorphous transparent conductive film
obtained by sputtering the sputtering target. The patterning
can be performed through a conventional method such as
photolithography.

The thus-produced transparent conductive film is
endowed with excellent light transmittance; i.e., 75 to 80%
for a beam of 400 nm and 90% or higher for a beam of 550 nm.
The film also has high conductivity and a work function lower

than 4.6 eV. Thus, when the film is used in an organic
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electron injection layer can be suppressed to a low level.
Accordingly, the transparent conductive film is suitably
employed as a transparent electrode used in a variety of
display devices such as liquid crystal display devices and
organic electroluminescence display elements, which are
required to have high transparency and conductivity.

The present invention will next be described in more
detail by way of Examples and Comparative Examples.
[Example II-1]
(1) Production of sputtering target

Indium oxide powder, gallium oxide powder, and
germanium oxide powder, serving as raw materials, were mixed
such that the compositional proportions of the components
were adjusted to 86 parts by mass, 10 parts by mass, and 4
parts by mass, respectively. The thus-prepared metal oxide
powder mixture was fed to a wet ball mill and pulverized
through mixing for 10 hours, to thereby form a raw material
powder having a mean particle size of 1.8 to 2 um. The thus-
formed raw material powder was dried and granulated by means
of a spray drier. The resultant granules were charged into a
metal mold and press-molded by means of a presser, to thereby
obtain a molded disk (diameter: 10 cm, thickness: 5 mm).

The obtained molded disk was placed in a sintering
furnace and sintered in a pressurized oxygen gas atmosphere

for six hours, while the sintering temperature was maintained

within a range of 1,420 to 1,480°C.
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Through composition analysis, the thus-formed sintered
body was found to be composed of the component [Al] in an
amount of 86 mass$%, the component [B] in an amount of 10
mass%, and the component [C] in an amount of 4 mass%. EPMA
of the above sintered body revealed that the product
contained indium oxide crystals including gallium atoms and
indium oxide crystals including germanium atoms, the two
atomic species being dissolved therein by way of atomic
replacement. In addition, gallium oxide including indium
atoms and germanium oxide including indium atoms, the indium
atoms being dissolved therein by way of atomic replacement,
were also identified. The maximum crystal grain size of the
sintered body was determined to be 2.3 pum through the
following procedure. Briefly, the sintered disk product was
photographed at five points under a scanning electron
microscope at a magnification of x2,500, wherein the five
points included the center of the circle (one point) and
midpoints (four points) between the periphery and the center,
the midpoints located on two lines which intersect each other
at right angle at the center. The longest diameter of the
largest grain observed at each point (frame of 50 pm x 50 pm)
was measured, and the longest diameter values measured in the
five frames were averaged. The sintered body was found to
have a density of 6.65 g/cm®, which is 96% the corresponding
theoretical density. The bulk resistivity of the sintered

body, as determined through the four-probe method, was found

to be 3.8 x 1073 Q-cm.
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The thus-produced sintered body was cut, to thereby
produce a sputtering target having a diameter of about 10 cm
and a thickness of about 5 mm.

.(2) Observation of nodule formation

The surface conditions of the target were observed
through the same procedure as mentioned in relation to the
first invention. Through this procedure, no nodule was
identified on the surface of the sputtering target used
herein.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target produced
in the Example are shown in Table II-1.

In the Table, "Example II-1" is abbreviated as "Example
1" for the sake of convenience. The same convention is
applied to Comparative Examples and to Tables II-1 to II-6.
(3) Production of transparent conductive film

The transparent conductive film was produced through
the same procedure as mentioned in relation to the first
invention. As a result, a transparent conductive film having
a thickness of about 2,000 A was formed on the glass
substrate, whereby a transparent glass plate was produced.
(4) Evaluation of transparent conductive film

The transparent conductive film serving as a surface
layer of the transparent conductive glass plate obtained in
(3) above was evaluated in terms of the following properties.
The results are shown in Table II-2.

(1) Conductivity
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As an index for conductivity, specific resistance of
the transparent conductive film was measured through the
four-probe method and found to be 480 x 107% Q- cm.

(2) Transparency

As an index for transparency, light transmittance of
the film was measured by means of a spectrophotometer and
found to be 78% for a beam of 400 nm and 91% for a beam of
550 nm.

(3) Crystallinity

Crystallinity of the film was determined through X-ray

diffractometry, revealing that the transparent conductive

film was amorphous.
(4) Etching characteristics

Etching characteristics were investigated through the

same procedure as mentioned in relation to the first

invention. No etching residue was observed on the etched

surface of the transparent conductive film.

(5) Work function

Work function of the transparent conductive film was
measured through atmospheric ultraviolet photoelectron

spectroscopy and was found to be 4.4 eV.

[Example II-2]

(1) Production of sputtering target and observation of nodule

formation

The procedure of Example II-1 (1) was repeated, except

that indium oxide, gallium oxide, and germanium oxide were

used as raw materials in amounts of 91 parts by mass, 6 parts
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by mass, and 3 parts by mass, respectively, to thereby
produce a sputtering target.

In a manner similar to that employed in Example II-1
(2), the sputtering target was observed so as to identify
nodule formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-1.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example II-1
(4), the transparent conductive film was evaluated. The
results are shown in Table II-2.

[Example II-3]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example II-1 (1) was repeated, except
that indium oxide, gallium oxide, and germanium oxide were
used as raw materials in amounts of 93 parts by mass, 4 parts
by mass, and 3 parts by mass, respectively, to thereby
produce a sputtering target.

In a manner similar to that employed in Example II-1
(2), the sputtering target was observed so as to identify

nodule formation during sputtering.
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The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-1.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example II-1
(4), the transparent conductive film was evaluated. The
results are shown in Table II-2.

[Example II-4]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example II-1 (1) was repeated, except
that indium oxide, gallium oxide, and germanium oxide were
used as raw materials in amounts of 95 parts by mass, 3 parts
by mass, and 2 parts by mass, respectively, to thereby
produce a sputtering target.

In a manner similar to that employed in Example II-1
(2), the sputtering target was observed so as to identify
nodule formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-1.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
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that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example II-1
(4), the transparent conductive film was evaluated. The
results are shown in Table II-2.

[Comparative Example II-1]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example II-1 (1) was repeated, except
that only indium oxide powder was used as a raw material, to
thereby produce a sputtering target.

In a manner similar to that employed in Example II-1
(2), the sputtering target was observed so as to identify
nodule formation during sputtering. Through observation at a
magnification of x50, 45 nodules were identified in a field
of vision (3 mm?) on the surface of the sputtering target
after completion of sputtering for continuous 30 hours.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-1.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example II-1
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[Comparative Example II-2]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example II-1 (1) was repeated, except
that indium oxide and gallium oxide were used as raw
materials in amounts of 94 parts by mass and 6 parts by mass,
respectively, to thereby produce a sputtering target.

In a manner similar to that employed in Example II-1
(2), the sputtering target was observed so as to identify
nodule formation during sputtering. Through observation at a
magnification of x50, 24 nodules were identified in a field
of vision (3 mm?) on the surface of the sputtering target
after completion of sputtering for continuous 30 hours.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-1.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example II-1
(4), the transparent conductive film was evaluated. The
results are shown in Table II-2.

[Comparative Example II-3]
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The procedure of Example II-1 (1) was repeated, except
that indium oxide and germanium oxide were used as raw
materials in amounts of 94 parts by mass and 6 parts by mass,
respectively, to thereby produce a sputtering target.
In a manner similar to that employed in Example II-1
(2), the sputtering target was observed so as to identify
nodule formation during sputtering. Through observation at a
magnification of x50, 21 nodules were identified in a field
of vision (3 mm?) on the surface of the sputtering target
after completion of sputtering for continuous 30 hours.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-1.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example II-1

(4), the transparent conductive film was evaluated. The

results are shown in Table II-2.

67



P410%V&: () -
P410%V&: () -
P410%V&: () -

P410%V&: () -
G

(PAL109%V () -

PA10%VE! () -
PA10%VE ()- 8: <>@EeF+CP410%P410%VE () -

#& *- OMAP410%VE&' () -

P410%VE: () -

J

P4109%VE: () -

P410%V&: () -

PA10%VE () -
(PA10%VE () -
")+, - 82" AF+CP410%VP410%VE, () -

P4109%VE: () -

"0% eF+CP410%vP410%VE () -

P410%V&: () -

2" AF+CPA109%VPA10%VE' () -
P410%v&! () -

#&. *- OMAPAL10%VE, () -
P410%V&’ () -

HUTPNTOUT SPTXO UMTPUT JO PSWIOT T

89

xq -~dwo) JO STe3ISAID

‘UT2I9Y] PSATOSSIP buTreq swole ou

‘quawesneTdal oTwole JO Aem AQ

UToISYl PSATOSSTP DBuTeq swole a9 IO/pPue SwWoOle BH HUTPNTOUT STLISAID SPTXO umTpul (T«

1¢ e S¥ 0 0 0 0 S3IUNOD UOTJPWIOF STNPON

Z°L | 2°S | 0°ST| 9°% by | 2% | 8°¢ [wogy._0Tx] A3TATASTSS1 YInd | sotqradoxg
0€°9 [ 02°9]05°9[98°9|05°9|67°9|G9°9 [(wo/b] Ajtsueq| TeoTsAugd
z'0T | 8°8 | (12) | z°¢ prc | 1T°€ | €72 (ufl] 9zTs urTexb Te3sAID WNWTXER

9 0 0 Z € € 4 Jusuodwod SPIXO uMTuewWI= [J]

0 9 0 € 174 9 0T juauodwod |PIXO WNTTTRY [g] | uoTatsodwo)
76 76 00T G6 €6 16 98 jusuodwod SpTXO umIpul [V¥]

(€) () (1) 7 € 2 T (seTduexy saTieIedwo)) saTduexy

T-I1 °T9el



P410%VE: () -

#&. *- OMAPAL0%VE () -
PA10%VE () -

P410%VE () -
P410%VE: () -

e

P410%V&: () -

EG JKI 2 AF+CP410%VP410%V&: () -
P4109%V&: () -

(PA10%VE: () -

P4109%VE: () -

69

9Tqeyos3® ON :EN ‘SUTITERISAIDOIDTIW :DW ‘snoydiowy :RWY

P410%V&! () -

PA10%V& () -

#&. * - OMAPA10%VE. () -

€]
I'pt x| eF+CP4109%VP410%VE () -

PA10%VE! () -
PA10%E ()- 2 AF+CP410%P4109%VE () -
PA10%VE ()- eF+CP4109%PA10%VE () -

P410%& () -
(P410%&: () -
P410%& () -

9% L°b €°G | €9 €% i A7 [1ToA uUOI1D®TS] UOTIOUNT HIOM
UOT3INTOS pPIO®
AN | poob | EN | poob } poob | poob | poob poxTu snosnby SOT3STID]DRIRYD
UuoT3InTos pIoe putyo3d WTT3
poob aN 4N Poob | poob | poob | poob DTTe%0 snosnby QATIONPUOD
jusxedsueral]
WY WY O WY WY WY WY AjTutTTelsAaD 10
wu 0G5 sat3xadoad
68 o6 88 06 16 06 16 Jo yjbusTonrem| [¢] sdUP33TUSUERI] TeoTsAug
wu Q0¥ ybtI
€L 18 GL 8L LL LL 8L Jo y3bueToneM
0Z% | 086G 09S | 08¢ | 0ZF | 0SSP | 08%¥ [uogsr] souejstsax otyToods
(€) (2) (1) 1 € Z T (soT1durexyg satjeredwo)) soTdwexy
Z-1I °Tgel




PA109VE ()- z' AF+CPA109PAL10%VE ()- (PALO%VE ()- G , #& *- OMIPALO%VE () -
P410%E& ()- eF+CP410%P410%E& () - P410%E ()- P410%E& ()- P410%E& ()-
PA109VE ()- PAL109%VE ()- )z AF+CP4109/PA109%VE ()- (P4AL0%E ()- G ,

#& *- OMAPA10%VE' ()- PA10%VE ()- ) +-/146eF+CPA10%VPA10%E: ()- PAL0%E () -
P410%V&' ()- P4109%V&' ()- PAL10%VE ()- P410%VE ()- 69<=>ABza@+Cl04

& 10%48& () - P410%VE’ () -

[Example II-5]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example II-1 (1) was repeated, except
that indium oxide, tin oxide, gallium oxide, and germanium
oxide were used as raw materials in amounts of 86 parts by
mass, 6 parts by mass, 6 parts by mass, and 2 parts by mass,
respectively, to thereby form a sintered body. EPMA of the
above sintered body revealed that the product contained
indium oxide crystals including tin atoms, indium oxide
crystals including gallium atoms, and indium oxide crystals
including germanium atoms, the three atomic species being
dissolved therein by way of atomic replacement. In addition,
tin oxide including indium atoms, gallium oxide including
indium atoms, and germanium oxide including indium atoms, the
indium atoms being dissolved therein by way of atomic
replacement were also identified. The thus-produced sintered
body was processed in a manner similar to that of Example II-
1 (1), to thereby produce a sputtering target.

In a manner similar to that employed in Example II-1
(2), the produced sputtering target was observed so as to
identify nodule formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-3.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
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that the sputtering target which had been produced in (1)

above was sputtered, to thereby produce a transparent
conductive film.
In a manner similar to that employed in Example II-1

(4), the transparent conductive film was evaluated. The
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regarding nodule formation of the sputtering target are shown

in Table II-3

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except

that the sputtering target which had been produced in (1)

above was sputtered, to thereby produce a transparent

conductive film.

In a manner similar to that employed in Example II-1

(4), the transparent conductive film was evaluated. The

results are shown in Table II-4

[Example II-8]

(1) Production of sputtering target and observation of nodule

formation

The procedure of Example II-1 (1) was repeated, except
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The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.
In a manner similar to that employed in Example II-1
(4), the transparent conductive film was evaluated. The
results are shown in Table II-4
[Example II-9]
(1) Production of sputtering target and observation of nodule
formation
The procedure of Example II-1 (1) was repeated, except
that indium oxide, tin oxide, gallium oxide, and germanium
oxide were used as raw materials in amounts of 82 parts by
mass, 8 parts by mass, 6 parts by mass, and 4 parts by mass,

respectively, to thereby produce a sputtering target.

In a manner similar to that employed in Example II-1
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regarding nodule formation of the sputtering target are shown

in Table II-5.

(2) Production and evaluation of transparent conductive film
The procedure of Example II-1 (3) was repeated, except

that the sputtering target which had been produced in (1)

above was sputtered, to thereby produce a transparent

conductive film.

In a manner similar to that employed in Example II-1
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(1) Production of sputtering target and observation of nodule
formation
The procedure of Example II-1 (1) was repeated, except
that indium oxide, tin oxide, and gallium oxide were used as
raw materials in amounts of 90 parts by mass, 5 parts by mass,
and 5 parts by mass, respectively, to thereby produce a
sputtering target.
In a manner similar to that employed in Example II-1
(2), the sputtering target was observed so as to identify
nodule formation during sputtering.
The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-5.
(2) Production and evaluation of transparent conductive film
The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.
In a manner similar to that employed in Example II-1
(4), the transparent conductive film was evaluated. The
results are shown in Table II-6.
[Comparative Example II-6]
(1) Production of sputtering target and observation of nodule

formation
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X210%& () -F X?&Q®§§%é%a§fe of Example II-1 (1) was repeated, except

that indium oxide, tin oxide, and germanium oxide were used
as raw materials in amounts of 90 parts by mass, 5 parts by
mass, and 5 parts by mass, respectively, to thereby produce a
sputtering target.

In a manner similar to that employed in Example II-1
(2), the sputtering target was observed so as to identify
nodule formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-5.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example II-1
(4), the transparent conductive film was evaluated. The
results are shown in Table II-6.

[Comparative Example II-7]
(1) Production of sputtering target and observation of nodule
formation

The procedure of Example II-1 (1) was repeated, except
that indium oxide, tin oxide, gallium oxide, and germanium
oxide were used as raw materials in amounts of 70 parts by
mass, 10 parts by mass, 10 parts by mass, and 10 parts by

mass, respectively, to thereby produce a sputtering target.
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0, ! -
X210%& () -F In a manner similar to that employed in Example II-1

(2), the sputtering target was observed so as to identify
nodule formation during sputtering.

The composition, physical properties, and observation
regarding nodule formation of the sputtering target are shown
in Table II-5.

(2) Production and evaluation of transparent conductive film

The procedure of Example II-1 (3) was repeated, except
that the sputtering target which had been produced in (1)
above was sputtered, to thereby produce a transparent
conductive film.

In a manner similar to that employed in Example II-1
(4), the transparent conductive film was evaluated. The

results are shown in Table II-6.
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Table II-5

[C] Germanium oxide component

[A] Indium oxide component

[A] Tin oxide component

[B] Gallium oxide component
Maximum crystal grain size [pm]
Bulk resistivity [x1073Qcm]

Nodule formation counts

Density [g/cm’]

(Comparative Examples)

Composition
Physical
properties
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Industrial Applicability

The sputtering target of the present invention can
prevent nodule formation during sputtering for forming a
transparent conductive film, realizing successful film
formation with high productivity. The transparent conductive
film of the present invention can be etched with a weak acid.
Thus, by use of the film, electrodes can be fabricated in a
device such as a thin film transistor without adversely

affecting wiring material.
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Claims

1. A sputtering target formed of a sintered body of
metal oxide including indium oxide, gallium oxide, and zinc
oxide, wherein the metal oxide contains one or more hexagonal
layered compounds selected from the group consisting of
In203(Zn0)n (wherein m is an integer from 2 to 10), InyGaZnOq,
InGaZn0Q4, InGaznjyOs, InGaZn306, InGaZn404, InGaZnsOg, InGaZngOg,
and InGazZns010, and the sintered body is composed of indium
oxide in an amount of 90 to 99 mass% and a combination of
gallium oxide and zinc oxide in a total amount of 1 to 10
mass%.

2. A sputtering target as described in claim 1, wherein
the sintered body of metal oxide is composed of indium oxide
in an amount of 90 to 98 mass% and a combination of gallium
oxide and zinc oxide in a total amount of 2 to 10 mass%.

3. A sputtering target as described in claim 1, wherein
the sintered body of metal oxide is composed of indium oxide
in an amount of 92 to 97 mass% and a combination of gallium
oxide and zinc oxide in a total amount of 3 to 8 mass$.

4. A sputtering target as described in any of claims 1
to 3, wherein the hexagonal layered compounds have a maximum
crystal grain size of 5 um or less.

5. A sputtering target as described in claim 4, wherein
the maximum crystal grain size is 3 pum or less.

6. A sputtering target formed of a sintered body of

metal oxide including indium oxide, tin oxide, gallium oxide,
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and zinc oxide, wherein the metal oxide contains one or more
hexagonal layered compounds selected from the group
consisting of In03(Zn0)n (wherein m is an integer from 2 to
10), InyGa,Zn0O3, InGaZnO4, InGaZn;0s, InGaZni;Og, InGaZns0-,
InGaZnsOg, InGaZngOy, and InGazZn,;0;p, and the sintered body is
composed of indium oxide in an amount of 70 to 94 mass%, tin
oxide in an amount of 5 to 20 mass%, and a combination of
gallium oxide and zinc oxide in a total amount of 1 to 10
masss.

7. A sputtering target as described in claim 6, wherein
the sintered body of metal oxide is composed of indium oxide
in an amount of 75 to 93 mass%, tin oxide in an amount of 5
to 15 mass%, and a combination of gallium oxide and zinc
oxide in a total amount of 2 to 10 mass$.

8. A sputtering target as described in claim 6, wherein
the sintered body of metal oxide is composed of indium oxide
in an amount of 80 to 90 mass%, tin oxide in an amount of 7
to 12 mass%, and a combination of gallium oxide and zinc
oxide in a total amount of 3 to 8 mass%.

9. A sputtering target as described in any of claim 7
or 8, wherein the hexagonal layered compounds have a maximum
crystal grain size of 5 um or less.

10. A sputtering target as described in claim 9,
wherein the maximum crystal grain size is 3 um or less.

11. A transparent conductive film formed of a metal
oxide including indium oxide, gallium oxide, and zinc oxide,

wherein the metal oxide is composed of indium oxide in an
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oxide in a total amount of 1 to 10 mass%.

15. A transparent conductive film as descrikbed in claim

14, wherein the metal oxide is composed of indium oxide in an

amount of 75 to 93 mass%, tin oxide in an amount of 5 to 15

mass%, and a combination of gallium oxide and zinc oxide in a

total amount of 2 to 10 mass%.

16. A transparent conductive film as described in claim

14, wherein the metal oxide is composed of indium oxide in an

amount of 80 to 90 mass%, tin oxide in an amount of 7 to 12

masss, and a combination of gallium oxide and zinc oxide in a

total amount of 3 to 8 mass%.

17. A transparent conductive film which is produced by
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b wherein the sputtering target is formed of the sintered body
of metal oxide composed of the component [Al] in an amount of
90 to 97 mass% and a combination of the component [B] and the
component [C] in a total amount of 3 to 10 mass%.

20. A sputtering target as described in claim 18 or 19,
wherein indium oxide crystals including the gallium atoms or
indium oxide crystals including the germanium atoms, the two
atomic species being dissolved therein by way of atomic
replacement, have a maximum grain size of 5 pum or less.

21. A sputtering target as described in claim 20,
wherein the maximum grain size is 3 pum or less.

22. A sputtering target formed of a sintered body of
metal oxide comprising a combination of indium oxide (a2) and

tin oxide (a3) [A2] in a total amount of 90 to 99 mass%$ and a

combination of gallium oxide [B] and germanium oxide [C] in a
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being dissolved therein by way of atomic replacement.

23. A sputtering target as described in claim 22,
wherein the sputtering target is formed of the sintered body
of metal oxide composed of the component [A2] in an amount of
90 to 98 mass% and a combination of the component [B] and the
component [C] in a total amount of 2 to 10 mass%.

24. A sputtering target as described in claim 22,
wherein the sputtering target is formed of the sintered body
of metal oxide composed of the component [A2] in an amount of
92 to 97 mass®% and a combination of the component [B] and the
component [C] in a total amount of 3 to 8 mass%.

25. A sputtering target as described in any of claims
22 to 24, wherein indium oxide crystals including tin atoms,
indium oxide crystals including gallium atoms, or indium
oxide crystals including germanium atoms, the three atomic
species being dissolved therein by way of atomic replacement,
have a maximum grain size of 5 um or less.

26. a sputtering target as described in claim 25,
wherein the maximum grain size is 3 pm or less.

27. A transparent conductive film formed of a metal
oxide comprising indium oxide (al) [Al)] in an amount of 85 to
99 mass% and a combination of gallium oxide [B] and germanium
oxide [C] in a total amount of 1 to 15 mass%, wherein at

least the indium oxide present in a sintered body serving as
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the source of the film includes gallium atoms and germanium
atoms, the two atomic species being dissolved therein by way
of atomic replacement.

28. A transparent conductive film as described in claim
27, wherein the film is formed of a metal oxide composed of
the component [Al] in an amount of 90 to 97 mass% and a
combination of the component [B] and the component [C] in a
total amount of 3 to 10 mass%.

29. A transparent conductive film formed of a metal
oxide comprising a combination of indium oxide (a2) and tin
oxide (a3) [A2] in a total amount of 90 to 99 mass% and a
combination of gallium oxide [B] and germanium oxide [C] in a
total amount of 1 to 10 mass%, wherein at least the indium
oxide present in a sintered body serving as the source of the
film includes tin atoms, gallium atoms, and germanium atoms,
the three atomic species being dissolved therein by way of
atomic replacement.

30. A transparent conductive film as described in claim
29, wherein the film is formed of a metal oxide composed of
the component [A2] in an amount of 90 to 98 mass% and a
combination of the component [B] and the component [C] in a
total amount of 2 to 10 mass%.

31. A transparent conductive film as described in claim
29, wherein the film is formed of a metal oxide composed of
the component [A2] in an amount of 92 to 97 mass$% and a
combination of the component [B] and the component [C] in a

total amount of 3 to 8 mass%.
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32. A transparent conductive film which is produced by
subjecting a transparent conductive film as recited in any of
claims 14, 15, 16, 29, 30, and 31 to heat treatment at 230°C
or higher.

33. A method for producing a transparent conductive
film characterized in that the method comprises sputtering a
sputtering target as recited in any of claims 1 to 10 and 18

to 26 for forming film.
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