; e3euer " aTh. c4e6j eTePW' DESCRI PTION Technical Field The present
invention relates to a sputtering target to be used for formng a
transparent electrically conductive filmby a sputtering nethod, and a
transparent electrically conductive filmformed using the target. Techni cal
Background Oning to excellent display performances and | ow

consunption, thin filmliquid crystal displays have cone tojlmmmmwmmwmmm
di spl ay devices for portable personal conputers and tel evision iquid

crystal display has a sandw ch stru;ﬁgg@@eﬁgﬂch aliquid crystal di spl ay
device is interposed between transp N I ically conducti mmlumnl’mm,llmuw,,
Transparent electrically conductive filnms for use in these dis

are generally formed by a sputtering nmethod using a sintered body igpget
As a material for the target, c3mverdrionaltargesnantdi umtin oxide (to be
abbreviated as "I TO' hereinafter) has been used. That is because a
transparent electrically conekRRFRAFINY Hnsiuatd vier drhlthe | TO target has
high light transmttance and further has excellent electrical conductivity.
However, the transparent electrically conductive filmformed fromthe ITO
target. has arqurobledn tfiadlssi nce the etching thereof requires a strong acid
such 2 as aqua regia, hydrochloric acid or hydrobromc acid, a wiring
material in a thin me¢npiQﬁﬁmt(ﬁQMﬂnﬂiQﬁ:ﬂﬂhﬁ%ewayob@ Spuitireréng al so

etched. For .overco th ove bI em therefore, JP-A 6-234565 and
JP- A- 6- 318406 1#%p ?soe%f eﬁf) i‘“&ﬁgaafFFﬁPFEaFSPHeﬂf?FBH%a%Mtteru ng

target for d| C in e
transparen%rgjct%l? Icf;/q)(f:don UC%'[I @g&??k%ﬁgogl%gb?f o%ngﬁge % over sput er| ng
target for medladtsod o, @ondRdtidieuian deepatiaubing thtethdget s used, a
weak acid such as oxalic acid can be used, so that the wiring material in a
thin filmliquid crystal display is no longer likely to be ultimately

etched. Sin howev.er. he above sputtering target formed of a
Zi nc- oxi de- Qleéa‘thPrﬁcaﬁ cFeacéi%ﬁ nﬂ ng material has a high volunme resistivity

itself, there is causgpth@ €6 Obt&M idl dig ity PRI fRaRlE el an@uisy abnor mal
di scharge during sputtering. Further, for decreaS| ng the volune resistivity

of the abovermpart taamsvgndtarayst ﬁmrmﬁdlmf ladquid crystal displays have
zi nc- oxi de-i ndi unoxi de-caontai ning material, JP-A-9-71860_proposes a
sput tering teRRettd SRRy afudting lay éﬁwaseéf farnﬁpatahael H@r§°ﬂ®¥ nal

val ence of 3 t i dein d gsont.al i terlal
However, therée?ﬁq“{spélresprgb ]{éﬁnt%)& q‘[raﬂégare °§| ect Sfti’%:i;lc?]y cor?’ducat Ve film
f or med froméa}mv@mﬁﬂﬁm@réﬂ% R ighf & ququ&debgpseglpaesﬁlay dévibeugh
the volume resistivity of the target can be decreased by adding an oxide of
a netal havurﬁg intrrprded dednseroft rainspamens. electgigalbpj ecndettive

_ present inve on to provide a sputtering target that has a | ow vol une

resistivity *3 permts stable sputtering, and a transparent
el ectrically CO”dUCtTi/&né;béf‘éﬁ@aélééufme f x}é’cﬁvteagﬁq_@ 2
excellent in etchability.” The present 1nve ave ma i gent st udi es,

and as a resin tthede hbisgilegn destinest hate tgbﬁeabm‘lg gbjrmetl bgnabe achieved by
a sputtering target containing a hexagonal |am nar conpound formed of

i ndi um oxi de‘SF&HbFezlilrﬂQ mtd@dan@mgr ehedngeredi hrdy sarestde Ztﬁ @ third

el enent havi N9 a.nor ﬁ} ce of 4 or t he_basi 1um %he above

finding, thd"preee ¢ SRR b SBRVED I PBRGY Y. e Ih

oxide (to be abbreviated as “ITO” hereinafter) has been
used. That is because a transparent electrically conductive
film formed from the ITO target has high light
transmittance and further has excellent electrical
conductivity. However, the transparent electrically
conductive film formed from the ITO target has a problem

that since the etching thereof requires a strong acid such



Di scl osure of the Invention That is, the subject matters of the present
invention are as follows. (1) A sputtering target containing a hexagonal

| am nar compound forned of indium oxide and zinc oxide and represented by
I n203(Zn0) m wherein mis an integer of 2 to 7 and further containing 0.01
to 1 ate of an oxide of a third el enent having a normal val ence of 4 or
nore. (2) A sputtering target as recited in the above (1), wherein the
atomic ratio of indiumatomto the total of indiumatomand zinc atom
[In/(In + Zn i r 0,7 . 95. (.3) A.sputtering,target as recited in
the above (1 El’oérlélf%)I,Qé%\}fae’r eﬁg\adﬁo%cgﬁtcfélr% aéﬁl«g?r@ﬁt Hﬁ\’flgﬁﬁoggﬁo?ﬁﬁfj'val ence of
4 o1 IOre | SuDAEn@mAWE i £l offerl il ealiad 1M bey8kaUPa2aBILY! hAg Of
titanium zirconium hafnium cerium vanadi um niobium tantalum

rut henium rihediliimitely umisgertahedsm tin, antinony and lead. (4) A
sputtering target as_recited in_ any one of 4 the above (%q) to (JC::E), whi ch
has a rel ative densi F§LoPVBre8myRI nbhe akeye prollaiyatdiprediar@r idFaAy
conductive fgl rogm4t he ri t arge recgited.i ny.one of
the above (1§ oj%ﬁvﬁ/&a@p%t e%%éig%&.s%%sbeﬁgag fct%)l_r ‘e"’gépﬁylgnélgﬁt t he
I nventi on Thes speikhéd | fgorh af Gduttedt iy HA%RA fotHeat b@Nal $iAcSBYiBeLi ng
target containing a hexagonal |am nar conpound fornmed of indium oxide and
zi nc oxi de ahediepreskdeeepmiaimixos (@i®nhaiher ¥hannai sramspatener of 2 to 7
and further containi 0.01 to 1 ate .af oxide of a third el enent having
a normal val %ﬁ%%t’aJrC% TRAQUCER Ve t@ﬁfb%nr?élmeldarfrirﬁﬁ‘r tBEnpOaRE for med of
indiumoxidelg,glg,f ] Ol t CantAl i he,_ | terl arget, is a
conmpound tha? ex %%ﬁ?% anﬂ%ray ﬁ#g&ctaroztr}tﬁ%a??gﬁﬁ zggﬁgﬁeggggga hexagonal

| am nar conpoormta imi @y esiser e nis hasel] e waakXacay éuthr ast bgalaet hod, and
t he hexagonal |ami nar conpound contained in the sputtering target of the
present inved®i@rcar Re cospburiP ridpteddiet ed mipa mageerzad) An enthhs above
formula, mi pr ef.er abl That i s, because a

. j nt f 2t0,.7 3t N
conpound of er'ngnF‘]fjojlrjl s r?%’%?]cﬁd’rﬁﬁlsayl Wa?onéoﬁgfggiﬁ§le YafPnRf structure,
and because @wmﬂf Sfchdie. forad a Hdmewrept;?ﬂee?é%%@ss uf@8ranfi gh

vol unme resistivity although it has a hexagona am nar stfucture. "The above
hexagonal | abanget chopoemdof sa fzimetbiydesiimidd nimrgxd de-xbutaiaingndi um oxi de
and zinc oxide, In this case, indiumoxide and zinc oxide form a_ hexagonal

| ani nar conpBRHRF 3 R Brb Ut Il G lgm riesdFddiity & SeRdir thesrechBonetri c
oL O ot PAEHA e AL o Sl AL AR R B o
body. discharge during sputtering.
Further, for decreasing the volume resistivity of
the above sputtering target formed of a zinc-oxide-indium-
oxide-containing material, JP-A-9-71860 proposes a
sputtering target formed by adding an oxide of a metal
having a normal valence of 3 or more to a zinc-oxide-
indium-oxide-containing material. However, there is a
problem that a transparent electrically conductive film
formed from the above target has no sufficient etching
property, although the volume resistivity of the target can
be decreased by adding an oxide of a metal having a normal
valence of 3 or more.

It is an object of the present invention to provide

a sputtering target that has a low volume resistivity and




Concerning the content ratio of indiumoxide and zinc oxide contained in
the sputtering target, the atomc ratio of the indiumatomto the total of
the indiumatomand the zinc atom [In/(In + Zn)] is preferably 0.7 to
0.95. Wien the atomic ratio of the indiumatomis less than 0.7, the
specific resistance of a transparent elecgrically conductive filmforned
fromsuch a sputtering target can increase. Wen the atomc ratio of the

i ndi um at om exceeds 0.95, a transparent electrically conductive filmfornmed
fromthe target can be .crystallized to decrease |light transm.ttan or its
specific res‘ggf%}]@% %ta%b%ée/ RN 1 rﬂﬂdga?s .ra’ﬁ?@%ﬁ? e® FSﬁir&cP;ﬁfyo of
the indi um atenahst s ef PIRT eiab! ¥s Oedmed - Fom HhRCR a3deR anspyktering
target al so has excellent durability. Further, the third el ement hawing a
normal val enexcellenbrimoeechamit#iyned in the sputtering target of the
present invention, preferably is ,one or nore elenents, sel ected fromthe

y .
group consisting of EPEaRFEAENE; 1RBARLATS BAYE Urde &t ligentaridndigs,
ni obi um t a“&ﬁ%“ﬁé Surbem um ; ¢ odl ym e rfoﬂnlﬁn&h%%r TRA' 4, b dp ;8RL! mony
and lead. O these, ceriuny tTn, antinony, lead, zirconium ha Al um
ger mani um angdar Ub&eachieve@ HRrd | spllid iy efaigetd cohftaig@nkeat of an oxide
of the third elenent having a normal valence of 4 or nore in the sputtering
target is 0.0axagornahtkamByabriompound Momma exft iodiam oxiide ehdt kénthird
el ement into_the aboye_range, the volunme resistjvity of the sputtering
target can b8x+§?l§/n e%?’é&g%ﬂ.c%tﬁlqﬁg tafe Wdﬁ’r@f)r/ésitgtlir\?i Fge@ﬁﬁ‘tbe
decreased 1t Op{y{R2CMN Q5 rh&FSvaledcd & & A \ord 526/ Phe! §§§i tophi g8
abnormal di scharge does not occur or the target does not break during the
formation ofaloteél fiifid byt hehé aygedent himmwimior dagebegnyesmpletadspar ent
el ectrically conductive filmthat can be easily etched wth a weak acid
such as oxalic acid. Wen the content of the above oxide of the third
el enent is |gss ihan 0.0 1?{le,Ithe vol ume resistivity of the sputtering
target cannoPBE LOMTT Pt PRt ARG YL a fully | ow val ue. When the content
of the above oxide ofhhRe;khi tfce58RFAEL eXSEELSs loflthe ifrdBndbe difficult
to etch a transparent electrically conductive filmfornmed fromthe target,
with a weak aovenstich ase oxsl felhowsl. The content of the oxide of the third
elenment is nore preferably 0.02 to 0.2 at% still nore preferably 0.03 to
0.1 at% The above spttt8r SRYttergee hasget rerrtaimingmsihgxagorss a or

, f % : rae ' i cal, h
P o AP T 2R 0 Ll AR S

. I

€ target can Have i mproved
stability dugépgesonté@rbPormidshzhoe, tiedid nxad 29 antRgeFragrebr @8 7
sputtering apparatus or a DC magnetron sputtering apparatus. The above
rel ati ve denandyfuetkers contapeinend dje b lamtdctafalany oxdgsuodd adshdicdy of
a sputtering target based on a theporetjcal density calculated from
densities i nﬁi?’@%?ttl&aYth?n%%fﬂ%faYﬂiiez‘?% cb{;i4dé’%:alrl’tﬁ"’:t’anei r conpositional
rati o. Concerning th h raduei hg.a ut fer,ng etqythe
sputtering target cagzgghp%g’ggfggglgg f’hggg%egg gggg‘lt)é(?n%hi %h?u%ggglgdté})éi nc
oxi de and anwhzrdenofhé hetohil ¢ dret boresf raddiung st onoreRlt healtenead off 4 or
nore as raw materials, shaping a mxture of the raw materials into a
shaped body, 18fiuBr 2 ket d shbpe e by Hhd Bhredn)dg i® firemefed Bedy. The
i ndi um oxi de0 §gnc oxi de and the oxide of the third elenent are desirably
selected fromfFaw materials having high purity, and the raw naterial s have
a purity of at least (39 3% ShatPukihy thegeefassrosafed abl verd divasd 89 9 %
nore preferably at | east 99.99 % The reason therefor is that when raw
mat eri al s haokng2hj ghheunein ythe ethubed, e rersenit dread rigpdy nvawiarlg va léarse
systemis obtained, and a, sputtering target forned of the sintered body
comes to hav@fa?l 8% DOFEimS r @Re se¥ vIe¥e s ssdechissy £noBt &heoxi des as

raw nateri al it . a arj dj t . 0. . 10 Eun,
preferably OaﬁéHt’oégﬁ%b%?Yﬁ%r(gf gt\r!g#%?%g?’y &ﬁé&(ﬁ{gﬁﬁgﬁv&&n tc%lt la\gw‘ér age
particle di agrhediah, tHesKiGR} at aoxi D@, | SudRss drlanrHO A Lin\IM; Aike wet al
oxides are liable to aggregate. Wen it exceeds 10 ~.un, they have an

i nsuf fici ent garRangupr opént yantimory samd ekeatl body havi ng a dense system may
not be obt ai ned. Thesg1 t al %xi des aﬁFraw materials gan be mxed with a
general mixing device 3ubhSRYtEeEAPE HAFPCt a5 efeRt e ot £LBHIMHIE . Whi l e
the thus-obtained m xture may be directly shaped into a shaped body, it is
preferred to carry out prelimnary firing treatnment thereof before the
shapi ng. Concerning prelimnary firing treatnent conditions, the
prelimnary firing tenperature is 800 to 1,500C, preferably 900 to 1, 400C,
nore preferably 1, 000 to 1, 300C, and the firing time period is 1 to 100
hours, preferably 2 to 50 hours, nore preferably 3 to 30 hours. Wen the

. e - Y




8 hexagonal | am nar conpound forned of indiumoxide and zinc oxide is
pronoted. The above prelimnary firing treatnment nay be carried out once,

or may be repeated twice or nore tinmes. Further, when granul ated, the netal
oxi de powder subjected to the above prelimnary firing treatnment cones to
be inproved in flowability and filling prgperty in the shaping step later.
The above granul ation treatnent can be carried out with a spray dryer, or
the like. Preferably, the above granulation treatnment is carried out by a
met hod usi ng u ol yt i I ti.on of . the abqy al

oxi de pomdertgﬁdgggg?ngéf éﬁchggéo‘ﬁ%%/@ﬂﬁ% aztlogcet)ﬁha{otll?'el'ﬁjée ngS <'}1:t¥uI°£te iod t5
product forned hyréhe above granul ation treatnment has a particle dianeter
of 1 to 100 Vim preferably 5 to 100 Eun, nore preferably 10 to 100 Vi m
Then, in the shaping (SYep, traespendet elegtahohhlyoropduwciuite ofilrhe neta
oxides is sh?ﬁed gy a ne%ﬁod such as gress-nnlding,,cast,nDLding, i njection
nol di ng, Enpf BroRFNG pERI M RELRY st e P DIBFIHAA Ad 2™ §Resioft eri ng
density as a u LN agge t b Shap is preferably
carried out Bégagﬁg?ﬁogl?n£§h$% %fﬁ?éﬁ%%fnargkgﬁgﬁﬁﬁgLis perfornmed by
press-nol ding and then a prelimnary-shaped product is further conpacted
under pressure by a nmethod of cold hydrostatic-pressure press-nolding or
the like. |nBERE MPE9eferaprrEY 5 PUY dthe Uk aEiony ai ds can be used, and

it is preferred to u palyyinyl. _al cohal thyl cellulose, polywax or

ol eic acid. The shapiiﬁﬁ %P}é\s%#énps%‘—i'r%'é gg E%e@ﬁ?sﬁtéf@‘é% Ay WL t o
10 GPa. FurtBguttéhenghepi§ot téoRePERing £ateReydintentmedd @ Bgm nut es
to 10 hours. Ehe abovg sha%ed body pré?grablfgﬁ%s a forn1haviﬁgﬁﬁ%hé%sions
corr espondi nformedt oft hedilumeosidasamd ziria ansiphy enid eepaiasetaleldy by

conductive filmto be forned by sputtering for easily finishing the
sputtering taPefalZ2BP)adVherehy Mnks fan nfeesr 9hietind. and dhetdesp of
sintering th - ajn ape ody, . the shap bqody. can .be sintered by
a general ly gﬁ%ngggHéi%fggiﬁg ge%%%dgsd%%(§§i§%ﬁ§§5h33¥63€53§§ﬁpé
sintering, habvphgss BOARELI VglORcdObf hy dsOSiGHd C- press sintering.
Concerning the condition for the above sintering, the sintering tenperature
is 1,200 to 1, 600C, phefbezbopnal2ieminar, 660 undrfommed evfbindiimB00 to
1,500C. When _the above sintering tenperature is _|ower than 1,200C a
hexagonal | aRFRAP BRARALRG BF P SO LA RS i i@ IS S B & %e ful ly

formed in a g} ed; bo i . t RN > S rd erature
exceeds 1, 60%%?5t€%'e égn%ogig@%ﬂﬁ%ftlfﬁ %ﬁqmﬁ%&?i%gt@ifﬁéﬁ ody

obt ai ned maypaatgrdusssbghdée solbhil@kagengl lIadingp @orgurd is BRC oxi de,
and the value of min the fornmula In203(Zn0) min- the hexagonal |am nar
conmpound f or ReASHA§MERERASTI @ amaX-raYiditfeirartiody nedhogl, hiagial Thleune

resistivity. i ring dependi ng .upon the sintering tenperature,
the sinteri naé%%grggggr?%{riiﬁ%rlg?%p %n‘ﬁo f:ao ee(‘lf e]f’aaﬁl‘f PRYGTSE1RGurs, nore
preferably 3thegd® bouthe FhesahFOSPRSHE SHINiNG thGRRANE rFdHe@lhgdmy be
air, a reducing gas such as hydrogen gas, nethane gas or carbon nonoxi de,
or an inert BssIBBHZa®)ar gdm dde @baviet fogemlgasm Thean intéberaofieal i ng
step, the thgs-gbtain?d sigte%ed body is annealed in a sintering furnace or
a hot press F8dhci RESFEFRARLE Attan andditi A§ besasss: ar ecBporpd ©6 theooc,
preferably 3 , DO0G + or e I 00 t 0QQC,. far an annealing
time period ggrffﬁ%% g'g ohérgig,rﬁ P 0I ?E%be%%é‘fe%afo%néa%gaﬁ&@rasr, 5%5 gture,
preferably 3ahd Béchasesa Ybrpollie &#ANGH | fAgrdRAtIFERIhich GRlxicedqaul under
t he above conditions, the volune resistivity of the sintered body can be
decreased. TR@Sadnkighnyolvieet nesistiyitye altihdugh dit has \wahexagooalit may
be carried ouyt_in_the_atnpsphere, of redyci n as such as hydrogen gas,
net hane gas g?mﬁg?ﬁoﬁt5§$ggp as%&Pi%$QWﬁé%§¥ﬁg§gﬁiréaﬁFnﬁﬁ FHBPPUBAsIZuch
as argon gasfgemByt bog i ndO. i Yt eri ar, f.caomt he

t husobt ai ned sintgrgg ﬁg%€?§%%€'ifﬁ?%ggﬂgﬁgaéﬂggﬁﬁtéﬂgf%hﬁig%zéégas to have
a form suit abkédéor Ihouitingdde,t dnalispuickddiengnappanat vgiasdfapmaat achi ng
tool is fixed thereto. Wien the above sputtering target is used to forma
transparent BPEREPRRA| 13MinaEUSPTRRUAG |1 ahanqunts Fatdet coirsesponding
conductive f}] is:fo bstrate. The sSubstrate is preferab

sel ect ed fro%#??gﬁééa%gﬁgcgg%ﬁ?gg.%sfg%ﬂﬁ'aEBSﬁV@nPF6H§IP§ gé@ﬂ afbgé
substrate, or a filmor sheet nmade of a highly transparent synthetic resin
can be used. The above synthetic resin includes polycarbonate resins,

pol ynet hyl nethacryl ate resins, polyester resins, polyether sulfone resins
and polyallylate resins. Wen the above sputtering target is used to forma
transparent electrically conductive filmon the transparent substrate by a
sputtering nmethod, a magnetron sputtering apparatus is preferred.

Y r " o - . a o I



The present invention will be explained in detail with reference to

Exanpl es and Conparative Exanples hereinafter. Exanple 1 (1) Preparation of
sputtering target 280 Grans of an indium oxi de powder (average particle

di anmeter.|l Eun) having a purity of 99.99 ~ and 19.7 g of a zinc oxide
powder (average particle dianmeter 1 Eun) faving a purity of 99.9 ~ and 0.3
g of a tin oxide powder (average particle dianmeter 1 Vim having a purity
of 99.99 ~ 12 as an oxide of a third elenent having a nornal val ence of 4

or for & vier o plaGed £ SR UnBUR | Alet ithe? 0l FRUGRE iROLULTLIgS! 0get her
al cohol s, an

wi th ethyl and zirconi a bal these material's werée m xed by

nmeans of a pbrewmémt yadad |crpdtallime MarwrdalThentheheiabeaededogowler
m xture was placed in a nold of a press-nolding machine and prelininarily
shaped under a presstPBCHFNINI MRS ZORtRped Poldy btigiddaun K idee and

orel | mnery s1abiap IR SURRELEd bl SR Rl gtk DEpesi B

press- nol di ng nmachi'ne” under a pr

sintering furfece enckrd rahivh atad tALMRSRRREE alr tnhd50Rdfian SctbRurs. The
t hus- obt ai ned sintered body was evaluated for its crystal structure with an

X-ray diffraatd obhereastne i agomppbial (Bn stipfxh) pdidypRefekatsha, 01D shiodv. dhat a
hexagonal | am nar, conpound formed of indi,um oxide and zinc oxide and
represent ed YR RS (SN dift i @furhhexiigdivep pEomnded LBy snbannls &
present. Fur r i e 0 si_tion-analyzed with inductive
coupling pl attél?r% 2 %%ﬁ%%r%%gelc%%s%ﬁ\f%l (é%gg‘%gﬁ);?flg) eE?lcﬁﬁlgﬁgllXSOOVR

suppl i ed by Sendwct ined RNt Sordned A%ond siedulat spiuftt\é@eingouaé thatahhe
atomic ratio of indiumoxide to the total of indium oxide ang zi nc oxi de,
[In/(In + Zndjciensse Hhenetbe btdpinaradigoefahiet hadiwheatbromexcesdd tin
oxide to the,tptal_of indiumoxide, zinc._qoxide and tin oxide Sn/(In + Zn

| (] 3,
+ Sn)] x 1007 I D, GRPIRAE SiSiere FOBOYY tHYE 18 QPLWEddensi ty
of 96.5.0. FEiMOfne A 2dinaa d hdMlry s IT RN Bl el uag Piggated from the

above sintered body, a e test plece was neasure or a vo

resistivity twassiiranreobeor ¥ rpiduddiico rekawt@ntenBdanbe( dhukbfietbne
test of sputtering tar 3et The sintered body obtained in the above (1) was
ground to prEparease spiiecabayet atguichagetng af dtherirdiwh atoutis Onare and

a thickness of about. 5 T utt.ering target mpunted to, a

magnet ron sPRRTeTIHY Appat at Etg‘,gssgnflém[er %‘H?g‘a eﬁP\GEEEE%PPCEPWeEoﬂggBU ve
filmwas forpes &fcan Bddsasrdisitriatye at room tenperature. Concerning
sputtering conditions, a mxture prepared by m xing argon gas with a proper

amount of oxygen gasFuwathesedtlag twmiad nelsgimarte haanicha d ifoaimate viadenhceor 100

hours was carried out under a sputtering pressure of 3 x 10-1 Pa at an
ulti mate predsut CHIMY S REFNeG N tg‘l?bsgpr‘%ﬂ:értléﬁpéﬁﬁﬂﬁiteoéf thec and at

T

observed, a no breakin aluation of
transparent sébedtédattom aaieluptdute ddnsisitahgebehalichhi ¥imPart rebniig,

transparent electrically conductive filmforned on the glass substrate in
t he above (2)afburet crraeiumt vanediza, aisbidmagtents lsn), uribhehavwinng an
rhodium, iridium, germanium, tin, antimony and lead. Of
these, cerium, tin, antimony, lead, zirconium, hafnium,
germanium and ruthenium are particularly preferred.
The content of an oxide of the third element having
a normal valence of 4 or more in the sputtering target is
0.01 to 1 at$. By bringing the conFent of an oxide of the
third element into the above range, the volume resistivity

of the sputtering target can be fully decreased. That is,

the volume resistivity can be decreased to 7 mQcm or less,




oxalic acid concentration of 3.4 mass% at 30C. As a result, the transparent
electrically conductive filmshowed an etching rate of 860 A/mn. and it
was found that the transparent electrically conductive film had excellent
etchability. Table 1 shows the conposition, properties and eval uation
results of the sputtering target preparedgin this Exanple. 14 Example 2
(1) Preparation of sputtering target A sputtering target was obtained in
the sane manner as in Exanple 1 except that the amount of zinc oxide was

changed to 19.9 the amount of tin oxid s changed to 0.1 g as raw
e al s, (BFOTPTaT et TR ot o Foot oA i G it ke
carried out héttdeceandr ¥ earfet Nded At Braay aukigyCept FBamathen
sputtering target was replaced wth the sputtering target obtained in the

above (1). (Sf &v&llmtfuoemothe reargetrefhelabome talroptcgridest Bve film for
cLonabr 1Y, Aog kb BISRE Sl Sl LT ol endietents L Lapned Lot
Exanple 1. Taptged $HOWSa sk e84 d Ssudp P lckal il hRuePaiRt, ofh Of
sputtering target
content of the above oxide of the third element is less
than 0.01 at%, the volume resistivity of the sputtering
target cannot be controlled so as to be a fully low value.
When the content of the above oxide of the third element
exceeds 1 at%, it may be difficult to etch a transparent
electrically conductive film formed from the target, with a
weak acid such as oxalic acid. The content of the oxide of
the third element is more preferably 0.02 to 0.2 at%, still
more preferably 0.03 to 0.1 at$%.

The above sputtering target has a relative density
of 95 % or more, preferably 96 % or more. Such a target has
high mechanical strength and excellent electrical
conductivity, so that the target can have improved
stability during sputtering with the target fixed to an RF
magnetron sputtering apparatus or a DC magnetron sputtering
apparatus. The above relative density refers to a
percentage of an actually measured density of a sputtering
target based on a theoretical density calculated from
densities inherent to indium oxide and zinc oxide and their
compositional ratio.

Concerning the method of producing the above
sputtering target, the sputtering Farget can be produced by
the steps of mixing indium oxide, zinc oxide and an oxide
of the third element having a normal valence of 4 or more

as raw materials, shaping a mixture of the raw materials



A sputtering target was obtained in the same manner as in Exanple 1 except
that the tin oxide powler was replaced with 0.2 g a cerium oxi de powder (an
average particle diameter of 3 )un) having a purity of 99.99 ~ as an oxide
of a third el enent having a normal valence of 4 or nore as a raw nateri al
(2) Lifetinme test of sputtering target Afifetine test was carried out in
the same manner as in (2) of Exanple 1 except that the sputtering target
was replaced with the sputtering target obtained in the 15 above (1). (3)

Eval uati on of ¢ ANSPRASEE SAEF! T4 SRl P o bk,Ongt GRARLLL hY The
t ransparent e?ectrica]??acoﬁﬁﬁbt%ve f%f%ffornegﬁﬁﬁ tEé bgge %gg was §
eval uated foa etcbebedilbydyn the same manner as in (3) of Exanple 1. Table
1 shows the results. Exanple 4 (1) Preparation of sputtering target A

sputtering target waShebibfihes Pridee zime owitrrang the Pids e'§>f10’|Cci‘1>t3ce\%I
that the tin I de powder was replaced with Q.2 a zirconium oxide powder
(aﬁ ave?ag; B@?#&c?géTﬁ?ﬁmﬁﬁﬁ éﬁégféﬁiﬁ ﬁﬁ%ﬁ%%fda%ﬁﬁWEF?woﬂag§F§§&§bas an
oxi de of a tRhvfng! RIGNpRAM NI I HHE rNA RS 181 <4 nAkeMr puiity bRW
material. (2) Lifetine test 6? sputtering target Alifetine test S

carried out ah itéasta®d® %Panmhe puriny( 2heoboExdsppeeteraiobptat heeasthe
sputtering target was replaced with the sputtering tar%et obtained in the

above (1). (%% B4 uRFerretierahspatericadted%-i9ark-y The reason

therefor is that when raw materials having high purity are
used, a sintered body having a dense system is obtained,
and a sputtering target formed of the sintered body comes
to have a low volume resistivity. Further, the above metal
oxides as raw materials suitably have an average particle
diameter of 0.01 to 10 um, preferably 0.05 té 5 pm, more
preferably 0.1 to 5 pum. When the average particle diameter
of these metal oxides is less than 0.01 pm, the metal
oxides are liéble to aggregate. When it exceeds 10 pm, they
have an insufficient mixing property, and a sintered body
having a dense system may not be obtained. These metal
oxides as raw materials can be mixed with a general mixing
device such as a ball mill, a jet mill or a roll mill.
While the thus-obtained mixture may be directly
shaped into a shaped body, it is preferred to carry out
preliminary firing treatment thereof before the shaping.
Concerning preliminary firing treatment conditions, the
preliminary firing temperature is 800 to 1,500°C, preferably
900 to 1,400°C, more breferably 1,000 to 1,300°C, and the
firing time period is 1 to 100 hou;s, preferably 2 to 50
hours, more preferably 3 to 30 hours. When the metal oxide
powder as raw materials is subjected to the preliminary

firing under the above conditions, the formation of a



conductive filmfor etchability The transparent electrically conductive
filmfornmed in the above (2) was evaluated for etchability in the sane
manner as in (3) of Exanple 1. Table 1 shows the results. Exanple 5 (1)
Preparati on of sputtering target 16 A sputtering target was obtained in
the sane manner as in Exanple 1 except that the tin oxide powder was
replaced with 0.2 g a germani um oxi de powder (an average particle diameter
of 3 dun) having a purity of 99.999 $ as an oxide of a third el enent having

a nor nal Vallgérlg{q&{Aa]]“iJTOJme%&ec%?n JrV eRLel k- tiﬁlé%u{nihéﬁﬁgggaﬁg%iﬁé

Sputtering t etinme test was carried out e's manner —as in

(2) of Exanmieide eixceqpioridtaid.t hehepdbbeei pgel i Oed ryvasi ¥ By acsh tMdrit t he
sputtering target obtained in the above (1). (3) Evaluation of transparent
el ectrical | yr&oRRIGIRAELE] |99 enas,clegbimaiyt peThepeptadphvéae eremorécal |y
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6 (1) Preparaipetdd SR bbb i@l iminary firing treatment comes
to be improved in flowability and filling property in the
shaping step later. The above granulation treatment can be
carried out with a spray dryer, or the like. Preferably,
the above granulation treatment is carried out by a method
using an aqueous solution or alcohol solution of the above
metal oxide powder and a binder such as polyvinyl alcohol.
The granulation product formed by the above granulation
treatment has a particle diameter of 1 to 100 um,
preferably 5 to 100 um, more preferably 10 to 100 um.

Then, in the shaping step, the powder or
granulation product of the metal oxides is shaped by a
method such as press-molding, cast moiding, injection
molding, or the like. For obtaining a sintered body having
a high sintering density as a sputtering target, the above
shaping step is preferably carried out by a method in which
a preliminary shaping is performed by press-molding and
then a preliminary-shaped product is further compacted
under pressure by a method of cold hydrostatic-pressure
press-molding or the like. In the above shaping step,
various shaping aids can be used, and it is preferred to
use polyvinyl alcohol, methyl cellulose, polywax or oleic
acid. The shaping pressure is 1 MPa to 10 GPa, preferably
10 MPa to 10 GPa. Further, the Shaﬁing time period can be
determined to be 10 minutes to 10 hours. The above shaped

body preferably has a form having dimensions corresponding



A sputtering target was obtained in the same nanner as in Exanple 1 except
that the tin oxide powder was replaced with 0.2 g a rutheni um oxi de powder
(an average particle diameter of 4 dun) having a purity of 99.9 ~ as an
oxide of a third el enment having a normal valence of 4 or nore as a raw
material. (2) Lifetinme test of sputteringgtarget Alifetinme test was
carried out in the same manner as in (2) of Exanple 1 except that the
sputtering target was replaced with the sputtering target obtained in the

: t ri.call onductive film
For "ot ehabi 17y The Frenebarent” of aer aaTS) o SAARCE sS40 ROTBRRER"Pn { he

above (2) wafibuvatodbeddnmedtinhaiputteriny tfe A8 1FRFIGR sASngNthd) Of
Example 1. Table 1 shows the results. Conparative Exanple 1 (1 .Preparatlon
of sputterinBPEFYEINA LA Pdgdnavddeofioarmed ten Bhetsamaggarner as
I n Exanpl e 1 except &Fakﬂéhg anDuPt of, indi um oxide as . a raw material was

changed to 260 g, tha h8tin? 0?19?351%%iiﬁfza us TRk et ishanrss
changed to 2@o@¥ﬁn@hé hefapgdie BB MarPiod id) ivele Wacaaﬂggglgg) 20 g. (2)
0

Lifetime test sputtering tardet A lifetime test was carrred out in the
sahme nmanner GmplQNQQ)siﬂtébingﬂmethaﬂasnﬁhtdsabtmbﬁpﬁﬁgﬁtep%??sh?%?Et was
replaced with,the sputtering target obtained in the above . .
Evgluation o?l?F%ﬁﬁﬁhweﬂﬂteﬂ%ﬁﬁ%iﬁﬁﬁq?fjéﬂhﬁﬁbﬁpﬁehwﬁwﬁﬁﬁétlérﬁhabsI|ty The
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1 shows the €1esusiste CHPH PR TRAMRIL 12200 to 1,600°C, preferably
1,250 to 1,550°C, more preferably 1,300 to 1,500°C. When
the above sintering temperature is lower than 1,200°C, a
hexagonal laminar compound of indium oxide and zinc oxide
may not be fully formed in a sintered boy obtained. Further,
when the sintering temperature exceeds 1,600°C, the
composition of the metal oxides in a sintered body obtained
may vary due to the sublimation of indium oxide and zinc
oxide, and the value of m in the formula Iny03(Zn0), in the
hexagonal laminar compound formed may exceed'7, so that a
sintered body has a high volume resistivity. Although
differing depending upon the sintering temperature, the
sintering time period is 1 to 50 hours, preferably 2 to 30
hours, more preferably 3 to 20 hours. The atmosphere during
the above sintering may be air, a reducing gas such as
hydrogen gas, methane gas or carbon monoxide, or an inert
gas such as argon gas or nitrogen gas.

Then, in the annealing step, the thus-obtained
sintered body is annealed in a singering furnace or a hot
press reducing furnace at an annealing temperature of 200
to 1,000°C, preferably 300 to 1,000°C, more preferably 400

to 1,000°C, for an annealing time period of 1 to 50 hours,



(1) Preparation of sputtering target A sputtering target was obtained in

t he sanme manner 18 as in Exanple 1 except that the anpunt of i ndium oxide
as a raw material was changed to 294 g, that the anpbunt of zinc oxide as a
raw material was changed to 3.4 g and that the oxide of the third el enent
havi ng a normal val ence of 4 or nore was 1ot added. In the eval uation of
the above sputtering target for a crystal structure by the X-ray
diffraction nethod, the presence of indium oxide was found, while the

presence of proexAgonals! el IO nEHP O S IULIAPNS. 2o hERLLTE ! est
of sputtering target Alifetine test was carried out in the sane manner as
in (2) of Exéhphetle cxmepdlimatttdmtmmtt tiey iday rtiadetutwasdeepaeedpwikh t he
sputtering target obtained in the above (1). As a result, abnornal

di schar ge ma§°8§§5+9%%'ZEh?uﬂR%P@ﬁt%ﬁs%ﬁﬁ%WkﬁMﬂ@ﬁ &heosintergds padgntan

el ectrically,go I fi started. Then, .the sputtering.target

under went br%gk?%gfé%)gﬁ%hrt%f er}e,algig‘gt %aﬂea\%benfti R g’terrﬁtair&’tg\?/agug in

di sconti nuedvadatihp dr showkay Nse r@srt ey SRR eV @ tROAPRkEe30El)
Preparation of sputtering target A sputtering target was obtained in the
same manner HedvalmEyagdps esuckxaeptydivagent hmsanmetthanke igadi vm esxirdenas a raw

mat eri al was ch&nged to 240 g, that the anmount of, zinc oxide as a raw
materi al was®%h %g%ﬁst?FEﬁfgﬁhﬁuPWWRﬁPQQﬁ?(9@ @& dinettte 98§ BYHCBl 8Fent havi ng

a nermal val gpeg, of 5 4 AR £ added. In the evaluation of the above
Sputtering target <Balg&fcor a cryst 'structure by the X-ray diffraction

nethod, it was foundFbbafoamtagpausut €PF Bsent£ehdty # 0 Ha rnswas f or med
as a hexagonal |am nar conpound. (2) Lifetine test of sputtering target A

lifetime tesebhdnedrsinterrd hodihehsarsd niemest baslyi kaf2peofrExadptie 1
bt ained | n TRerang Y B A e 5 hatnilanndtotouds. found 50
hours after sperfoF g APpSfatud ' ANG PR et SLEELS T €581 Vi SOPINSH T VB fLlln was
started, and at the sane tinme, the ,

When the above sputtering target is used to form a
transparent electrically conductive film, the transparent
electrically conductive film is formed on a substrate. The
substrate is preferably selected from transparent
substrates, and a conventionally used glass substrate, or a
film or sheet made of a highly transparent synthetic resin
can be used. The above synthetic reéin includes
polycarbonate resins, polymethyl methacrylate resins,
polyester resins, polyether sulfone resins and polyallylate
resins.

When the above sputtering target is used to form a
transparent electrically conductive film on the transparent
substrate by a sputtering method, a magnetron sputtering
apparatus is preferred. Concerning the condition of film
formation by sputtering using the above apparatus, the
output of plasma varies depending dpon the surface area of
the target or the thickness of the transparent electrically

conductive film. Generally, however, the plasma output is



sputtering target underwent breaking, so that the filmformation was

di scontinued. Table 1 shows the results. 20 Table 1 Exanple .
(CEx.)123456(1)(2)(3)1n/(1n+Zn)0.890a890. 890. 890. 890. 890. 810. 970. 70Thi rd

el enent [ oxi de] Sn02Sn02CeQZZr 02GeOzRu02SnQCz- - r oCont ent of third0 07G rt

el ement (at$)0.0880.0290.0S1. 20.0850. 0666, 6--nRel ativeh

densi t 96. 596. 996. 196. 396. 696. 493. 293. 892. B, 4Vol unerrresi stivity0. 10. 20. 10. 3
0. 20. 10. 968034 5( nB~cm ). mAbnor mal di schar ge _
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(Conpar ative Exa Ie% *1) Unit: A/lmn. *2) 25 hours after start of film
formati on *BPGBQHEGU 20 ahirutes arvhexely |an tframapiamemt* 4)1 &t ieald yaf t er

tart of filmf tion_* 50 hours after start of filmformation
?ngLst?iallLE%Paggg*%% Ebg%t%?Y+Eﬁt%ﬂgﬁﬁtQﬁdqqu¥ﬁiQiﬂ9@F iGAe®S on has a | ow
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during filmformation. Further, a
electrically conductive film changes depending upon
displays in kind, the thickness is generally 200 to 6,000
angstroms, preferably 300 to 2,000 angstroms.

The thus-obtained transparent electrically
conductive film has such transparency that its light
transmittance to light having a wavelength of 500 nm is at
least 80 %. The above transparent electrically conductive
film is therefore suitable for use as a transparent
electrode in varidus display devices such as a liquid
crystal display device and an organic electroluminescence
display device that is required to have high transparency

and electrical conductivity.

Examples

The present invention will be explained in detail
with reference to Examples and Comparative Examples

hereinafter.

Example 1

(1) Preparation of sputtering target

280 Grams of an indium oxide powder (average
particle diameter .1 um) having a purity of 99.99 % and 19.7

g of a zinc oxide powder (average particle diameter 1 pm)

having a purity of 99.9 % and 0.3 g of a tin oxide powder

(average particle diameter 1 pm) having a purity of 99.99 %



transparent electrically conductive filmfornmed therefrom has excell ent
etchability. 21 CLAIMS 1. A sputtering target containing a hexagonal

| am nar compound forned of indium oxide and zinc oxide and represented by

I n203(Zn0) m wherein mis an integer of 2 to 7, and 0.01 to 1 ate of an
oxide of a third elenent having a nornmallZal ence of 4 or nore. 2. A
sputtering target as recited in claiml, wherein the atomc ratio of indium
atomto the total of indiumatomand zinc atom[In/(In + Zn)] is fromO0.7

to 0.95. 3. a8 apubketiengft ar gRirasel eféhednavind a4 Mdrmahergighdde hyj rd
el ement having a normal valence of 4 or nore is one or nore elenments
sel ected frem MREegWeup poASkdt BAgraf mateniahs i rzatumadeafal um

g A i . i L | . in
oot mony angoramids” CaBebbr ek if hikbt A BEORE 1 F e b Mver ef n
the third ebﬁ@ﬁ@heaavmag_e@ia%n@éfg%w&& Vﬁcrﬁe%{s Of & 'ﬁlﬁ%ﬂ%‘@nsk?atllp‘

sputtering target as recited in claiml, as a relative y of

0. 95 or noreil@d. fArt Rahspasent el ectrically conductive filmformed fromthe
sputtering target as recited in claim1l by a sputtering nmethod.
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represented by In»03(Zn0O); and indium oxide represented by

In,03 were present. Further, the sintered body was

composition-analyzed with inductive coupling plasma

emission spectroscopy (ICP analysis) using SPS-1500VR

supplied by Seiko Instruments Inc. As a result, it was

found that the atomic ratio of indium oxide to the total of

indium oxide and zinc oxide, [In/(In + Zn)] in the sintered

body was 0.89, and that the atomic % of tin oxide to the

total of indium oxide,'zinc oxide and tin oxide, [Sn/(In +

Zn + Sn)] x 100, was 0.088 %.

The above sintered body had a relative density of
96.5 %. Further, a 20 mm x 40 mm X 5 mm test piece was

prepared from the above sintered body, and the test piece

was measured for a volume resistivity by a four-probe
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pro\= method to show 0.1 mQ-cm.

(2) Lifetime test of sputtering target

The sintered body obtained in the above (1) was
ground to prepare a sputtering target having a diameter of
about 10 cm and a thickness of about 5 mm. The sputtering
target was mounted to a DC magnetron sputtering apparatus,
and a transparent electrically conductive film was formed
on a glass substrate at room temperature. Concérning
sputtering conditions, a mixture prepared by mixing argon
gas with a proper amount of oxygen gas was used as an
atmosphere, and a lifetime test for 100 hours was carried
out under a sputtering pressure of 3 x 107! Pa at an
ultimate pressure of 5 x 107* Pa, at a.substrate temperature
of 25°C and at an input voltage of 5 W/cm?’. As a result, no
abnormal discharge was observed, and the sputtering target
caused no breaking.

(3) Evaluation of transparent electrically

conductive film for etchability

Part of the transparent.electrically conductive
film formed on the glass substrate in the above (2) was
etched with an oxalic acid aqueous solution having an
oxalic acid concentration of 3.4 mass$% at -30°C. As a result,
the transparent electrically conductive film showed an
etching rate of 860 A/min. and it was found that the
transparent electrically conductive film had excellent
etchability.

Table 1 shows the composition, properties and
evaluation results of the sputtering target prepared in

this Example.
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(1) Preparation of sputtering target

A sputtering target was obtained in the same manner
as in Example 1 except that the amount of zinc oxide was
changed to 19.9 g and the amount of tin oxide was changed
to 0.1 g as raw materials.

(2) Lifetime test of sputtering target

A lifetime test was carried out in the same manner
as in (2) of Example 1 except that the sputtering target
was replaced with the sputtering target obtained in the
above (1).

(3) Evaluation of transparent electrically

conductive film for etchability

The transparent electrically conductive film formed
in the above (2) was evaluated for etchability in the same
manner as in (3) of Example 1.

Table 1 shows the results.

Example 3

(1) Preparation of sputtering target

A sputtering target was obtained in the same manner
as in Example 1 except that the tin oxide powder was
replaced with 0.2 g a cerium oxide powder -(an average
particle diameter of 3 um) haVing a purity of 99.99 % as an
oxide of a third element having a normal valence of 4 or
more as a raw material.

(2) Lifetime test of sputtgring target

A lifetime test was carried out in the same manner
as in (2) of Example 1 except that the sputtering target

was replaced with the sputtering target obtained in the



| SS&10%&' () - $! SS&109B3&' () - $XB( DLDDDDEE} [ 9+1 10!,/ 10%& ()-f!,/

1090D& ()-f,/ 109& ()-f! @10%& ()- S& mlO%& ()-!SS- 10%& () - YEEEEF! GgHHdB1
10!!s 10%-& ()-@ 10% U& ()-@, 109%XX& ()-, 10% U& ()-&10% U& ()- 10

10H KIL: L; L<L?LZLLuV40! P 109%&' ()- Sf 10%& ()-sS 10%& ()- 10 X X 10 X X 10
X XI's 10% X 15

above (1).
(3) Evaluation of transparent electrically
conductive film for etchability
The transparent electrically conductive film formed
in the above (2) was evaluated for etchability in -the same
manner as in (3) of Example 1.

Table 1 shows the results.

Example 4

(1) Preparation of sputtering target

A sputtering target was obtained in the same manner
as in Example 1 except that the tin oxide powder was
replaced with 0.2 g a zirconium'oxide powder (an average
particle diameter of 4 um) having a purity of 99.99 % as an
oxide of a third element having a normal valence of 4 or
more as a raw material.

(2) Lifetime test of sputtering target

A lifetime test was carried out in the same manner
as in (2) of Example 1 except that the sputtering target
was replaced with the sputtering target obtained in the
above (1).

(3) Evaluation of transparent electrically

conductive film for etchability

The transparent electrically conductive film formed
in the above (2) was evaluated for etchability in the same
manner as in (3) of Example 1.

Table 1 shows the results.

Example 5

(1) Preparation of sputtering target
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A sputtering target was obtained in the same manner

as in Example 1 except that the tin oxide powder was
replaced with 0.2 g a germanium oxide powder (an average
particle diameter of 3 um) having a purity of 99.999 % as
an oxide of a third element having a normal valence of 4 or
more as a raw material. _

(2) Lifetime test of sputtering target

A lifetime test was carried out in the same manner
as in (2) of Example 1 except that the sputtering target
was replaced with the sputtering target obtained in the
above (1).

(3) Evaluation of transparent electrically

conductive film for etchability

The transparent electrically conductive film formed
in the above (2) was evaluated for etchability in the same
manner as in (3) of Example 1.

Table 1 shows the results.

Example 6

(1) Preparation of sputtering target

A sputtering target was obtained in the same manner
as in Example 1 except that the tin oxide powder was
replaced witﬁ 0.2 g a ruthenium oxide powder (an average
particle diameter of 4 pm) having a purity of 99.9 % as an
oxide of a third element having a normal valence of 4 or
more as a raw material,

(2) Lifetime test of sputtgring target

A lifetime test was carried out in the same manner
as in (2) of Example 1 except that the sputtering target

was replaced with the sputtering target obtained in the
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(3) Evaluation of transparent electrically
conductive film for etchability
The transparent electrically conductive film formed
in the above (2) was evaluated for etchability in the same
manner as in (3) of Example 1.

Table 1 shows the results.

Comparative Example 1

(1) Preparation of sputtering target

A sputtering target was obtained in the same manner
as in Example 1 except that the amount of indium oxide as a
raw material was changed to 260 g, that the amount of zinc
oxide as a raw material was changed to 20 g and that the
amount of tin oxide was changed to 20 g,

(2) Lifetime test of sputtering target

A lifetime test was carried out in the same manner
as in (2) of Example 1 except that the sputtering tafget
was replaced with the sputtering target obtained in the
above (1).

(3) Evaluation of transparent electrically

conductive film for etchability

The transparent electrically conductive film formed
in the above (2) was evaluated for etchability in the same
manner as in (3) of Example 1.

Table 1 shows the results.

Comparative Example 2
(1) Preparation of sputtering target

A sputtering target was obtained in the same manner
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more was not added.

In the evaluation of the above sputtering target
for a crystal structure by the X-ray diffraction method,
the presence of indium oxide was found, while the presence
of a hexagonal laminar compound was not found.

(2) Lifetime test of sputtering target

A lifetime test was carried out in the same manner
as in (2) of Example 1 except that the sputtering target
was replaced with the sputtering target obtained in the
above (1). .

As a result, abnormal discharge was observed 25
hours after the formation of a transparent electrically
conductive film was started. Then, the sputtering target
underwent breaking 30 hours after, so that the film
formation was discontinued. | |

Table 1 shows the results.

Comparative Example 3

(1) Preparation of sputtering target

A sputtering target was obtained in the same manner
as in Example 1 except that the amount of indium oxide as a
raw material was changed to 240 g, that the amount of zinc
oxide as a raw material was changed to 60 g and that the
oxide of the third element having é normal valence of 4 or
more was not added.

In the evaluation of the above sputtering target
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Table 1 shows the results.
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-1MB *2) 25 hours after start of film formation
*3) 30 hours after start of film formation
*4) 50 hours after start of film formation

*5) 50 hours after start of film formation

Industrial Utility

The sputtering target of the present invention has
a low volume resistivity, so that there is no abnormal
discharge or breaking during film formation. Further, a

transparent electrically conductive film formed therefrom

has excellent etchability.
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the atomic ratio of indiIum atom to the total of indium atom
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and zinc atom [In/(In + 2Zn)] is from 0.7 to 0.95.

3. A sputtering target as recited in claim 1, wherein
the third element having a normal valence of 4 or more is
one or more elements selected.from the group consisting of
titanium, zirconium, hafnium, vanadium, niobium, tantalum,
ruthenium, rhodium, iridium, germanium, tin, antimony and

lead.

4, A sputtering target as recited in claim 1, wherein
the third element having a normal valence of 4 or more is

cerium.

5. A sputtering target as recited in claim 1, which

has a relative density of 0.95 or more.

6. A transparent electrically conductive film formed
from the sputtering target as recited in claim 1 by a

sputtering method.



