.; €3e<X6JT4 1 DESCRI PTI ON SPUTTERI NG TARGET, TRANSPARENT CONDUCTIVE OXI DE,
AND PROCESS FOR PRODUCI NG THE SPUTTERI NG TARCGET Techni cal ﬂwm”mm nt
invention relates to a sputtering target (which may be refer I mmmmmmw
as a target hereinafter), a transparent conductive oxi de nmade Of «ffj6
sputtering target , and a process for prbducing the sputtering target. The
present invention relates particularly to a target ' making it possible to
suppr ess nodul es generated when sputtering is used to forna ﬂ“ﬁMlﬂMNﬁMlmn
conductive oxide into a film and tpEseReEPTheNSputtering sta

transparent conductive oxi de nmade of such a target, and a processgghoed+
produci ng such a target. Background Art In recent years, display devices

e ect rof um FoEbRRoYG: GHFaSF Spnbd gt Ehbdln oy 65p.phokess
or the like are used asp8k SPREYUEENE CRR f§ﬁU?$ﬁkfﬁG”@ﬁ?¢ﬂ@5 such as

per sonal conputers and word processors control systens in
factories. These display devices have a sandw ch structure wherein a

di splay elenent is sandw ched between transparent conductive oxides. As
such transpbeehricahdiitelde oxides, indiumtin oxide (which may be referred

to | TO hereinafter) forned info a f|In1b uttering, ion plating or vapor
deposi tion accounT%efB’Fe§%t n‘hﬁ‘ﬁe‘&m‘?%rﬁgl%'geﬁlg%l%s%ﬂwme’gﬂ& gqt P

"TeChn0|Ogy(ﬁﬂich%may be referred to merely as a target hereinafter), a

..

transparent conductive oxide made of the sputtering target, and
a process for producing the sputtering target.

The present invention relates particularly to a target
making it possible to suppress nodules generated when
sputtering is used to form a transparent conductive oxide into
a film, and to make the sputtering stable, a transparent
conductive oxide made of such a target, and a process for

producing such a target.

Background Art

In recent years, display devices have been remarkably
developed. Liquid crystal display devices (LCD),
electroluminescence display devices (EL), field emission
displays (FED) or the like are used as display devices for office
machines such as personal computers and word processors, or for
control systems in factories. These display devices have a
sandwich structure wherein a display element is sandwiched
between transparent conductive oxides.

As such transparent conductive oxides, indium tin oxide
(which may be referred to ITO hereinafter) formed into a £ilm
by sputtering, ion plating or vapor deposition accounts for the

main current, as disclosed in document 1: “Technology on



,Trénsparent Conductive Filnt (published by Chnsha Ltd., 166th commttee on

transparent oxides and photoelectric materials in Japan Society for the
Pronoti on of Science, 1999). Such ITO is made of indium oxide and tin oxide
of given anobunts and is characterized by having superior transparency and
conductivity, being capable of being etcBed with a strong acid, and having
good adhesion to a substrate. In the neantinme, as disclosed in

JP- A-3-50148, JP-A 5-155651, JP-A-5-70943, JP-A-6-234565 and so on, there
is known a Taagsparadé COHndudtive &dilhe’, (publdshéd Bpdimsica dtidle abéeghven
anounts, or a transparent electrode nade fromsuch a target into ' a film
(whi ch may BemmitEppRn (t&aasparonicp®ifAas adyd photapseechrlpanatiemialsilnh a

weak acid, gnd_is.wi del sed,because it has_gQod sinte i.hity and
transpar ency2PA% 888&9F%eg°§b888,§F?8P5}°P26Fh§§93888rié?ghérfornances as
the material of aghLRANSPYrEN AR Pl nUE uRXbIEae Paa NBn BRI laMtijaL when
a target is used to formITO or 1ZOinto a film nodules (swellings) as
shown in Fl @modn¢phahagiaptharieternbiéd e manainry supetdierstihaspatkeniche

target. Particularly when an anorphous TTO filmis formed to inprove

et chi ng propefatgonduetdvitysckengrasinaine ioft behngsetehed with a stgend s
reduced becau of ery small .a nt . of ter or hydrogen gas introduced
into a sputPgiﬁngaeaaﬁﬁgﬁnpogoPﬁegg g igﬁ,asﬁugﬁﬁ¥aﬁ8dules are nore

easi |y generated. 1 \eQeSHERnROMH! €5526¢888864! £ bﬁ-Ab§-§Hig§9?J?iALhe
target, the nodules are easily scattered by power of plasma during the
sputtering. 5A35866@SWR-AIHeT®I43 )] IPSAa6pRGRAGES dlidikotdie, Thalkkeel£itnown
subst ances adhere, as alien substances, to the transparent conductive oxide
during or i aneairgetmadsf oErindiat oxidei ohinoxide and minc gxthe ofHdiven
generated in the surface of this target account_for one of causes of

abnor mal el BRPPPESH AT RNSHFERNT glegitropgdprie frop sueh agapget Joto
f i i f i t,mef
e [0 SN GO AT 0 R BT e it e

made to reduce por e target denser through

‘sintering abehegBhéanpetRtandeak HiAld, and astwigély hesed pecdlf¥e dansialsy

relative to the theoretical density thereof is produced, but even in this
case nodul egoodnsdntiezabdigitat engd tempeparengysuch a situation, it is

desitied 10 dovel op 2l 2L IRl ILNG L pROSSIELS RUBRLESS LU Seaeral o

stable . Thysg, ¢hBemRtE3EL bEVENELPARsHEFEN EATH aldVAN | HAdL "Dut has a
problem that when a target is used to form ITO or IZ0 into a
£ilm, nodules (swellings) as shown in FIG. 2 (photograph) are
easlly generated in the surface of the target.

Particularly when an amorphous ITO film is formed to
improve etching property, there arises a problem that the
surface of a target is reduced because of a very small amount
of water or hydrogen gas introduced into a sputtering chamber
for the deposition, so that nodules are more easlly generated.

When such nodules are generated in the surface of the
target, the nodules are easily scattered by power of plasma
during the sputtering. As aresult, there arises a problem that
the scattered substances adhere, as alien substances, to the
transparent conductive oxide during or immediately after the

formation of the f£ilm.



repeatedly to solve the above-nentioned problens. As a result, the

i nventors have found out that nodul es generated in the surface of a target
are basically the remai nders of excavation and the cause for generating
this remai nder of excavation depends on the value ( for exanple ( 10 um or
more ) of the crystal grain size of netal3 oxides constituting the target.
Nanely, in the case that a target is struck out fromthe surface thereof by
sputtering, the speeds of the striking-out are different dependently on the
di rections of cryghal npdanes gentlratednevethessurfagenerfatbdsi tatigetsurface
of the target . It has been proved that the size of the unevenness depends
on the crysagicogndi Fog paepfofimsaasesy iofe abpoadad: eleatyd csiddsahaddsody.

Th f , it i t hat ,wh d f int d bod
v ng n | ar e or JOERN GRantociogsrs LR~ AiRordnsade B8ameReRE S pte
surface of ik p&%rs%q_&lggméugéﬁ%/r&@i&n A g8huiest hgla RAdHLES &FfoesenRl ed

fromthe convéx portions 4 of the unevenness. That is, an object of the
present i nvenideotoiredureppoyderyamhiiget tne atgriitalpos sihel tatget Wlsprsess
nodul es generated when a transparent conductive oxide is formed into a film
by sputteri fidpromgh sbnheréng g khgh tempagasuasl e, That Agnsphpeaetddtithid i ve

oxi de made of such a target nd a_progcess, for oducing such .a target.

Di scl osure & 9t9ﬁe'|}1e|‘?\?_é|'ﬁtyig5ﬁ1ﬁ%]lvﬁc£@8rgﬁﬁgglﬁ%c”f‘ﬁg{%?gs‘iﬁ?s+¢P(/£\jrﬂef%(?1?€ S
provi ded 1S HIIdL! i LHICLnCRARE! ShOg Abah PES caniibtB i b Ty NC
oxi de, wher &' e atomc ratio represente y In/(IntZn) 1s set to a val ue
within the naparregd. 0. 75 to 0.97, a hexagonal |ayered conpound represented

by In203(Zn0) m wherein mis an integer of 2 to 20 is contained, and the
crystal grain siz@&nosucheahetiyobabnl ajtr 8 dopbbeddte sdew@len & taTIRE of 5

pmor less . That is , by limting the valuye of the crystal [n_si.ze into
the given r&feng g Epféi&leuﬁ‘év%m@'s%s%éﬁ’& g{ag&rpﬁip eogtﬁ‘?é@jee%fwrf%
target is cqn I i e f jyely
suppr essed. 4 51 ek TRy, 8praEBriAl A ekt CHooEpRERoLEng < BT
constructed, it ighyel AL rididinto Anventdrsmatel @agedf iinvdistdgadidms 5 to
25~ by weight of tin oxide and 2 to 8~ by weight of zinc oxide are

cont ai ned, ampddtediytbcalite bhefatdve tmerdiinnedpreblensa g adegult or

more. Such a construction nmakes the target dense and nakes it ossiqge to
suppr ess t héRgedreantaF HhaR R hhwt e?“%tctr}qpé}a]ﬁs élﬁ%ee‘?'ﬁ?fg HhetB oni ¢

o0 oot AR AME A vagelify N Sl el ol 1 <

transparent HRNOkE | o fier Npar digh SLRETi0Ts afeMiiident tyf caxcaeatabdmi ned.
depends on the value (for example, 10 pm or more) of the crystal
grain size of metal oxides constituting the target.

Namely, in the case that a target is struck out from the
surface thereof by sputtering, the speeds of the striking-out
are different dependently on the directions of crystal planes
so that unevenness is generated in the surface of the target.

It has been proved that the size of the unevenness depends on
the crystal grain size of metal oxides present in the sintered
body.

Therefore, it can be considered that when a target made
of a sintered body having a large crystal grain size is used,

unevenness generated in the surface of the target gradually gets

larger so that nodules are generated from the convex portions



[ 3] When the sputtering target of the present invention is constructed, it
is preferred that a spinel structural conpound represented by ZnZSn04 is
cont ai ned instead of the hexagonal |ayered conpound or together with the
hexagonal |ayered conpound, and the crystal grain size of the spinel
structural conpound is set to a value of %6 umor less. Such a construction
makes the target dense so that the generation of nodules can be nore
effectively suppressed. Such a construction also nakes it possible to yield
a transpar eotf ddvedugtevennesasde havi ng superior transparency and
conductivity by sputtering. [4] Wen the sputtering target of the present
invention is cons&héét 8, an opdeptederthedpraaent N VRN i e disstamiOila eof

i t t I h 1 X 10! ~ Such t ti K it
possi bl ot o EBHEEt AU A1 PRSP APL e ERe 1 patey SRor ire fe WHER
sputtering ang el 2P EIRiddddd 0RiHABlsy £Seraee sl a ifi fheypul k
resistance is a value of 1 X 10-3 S2 ~ cmor nore , charges are accumul ated

in the surf apatdfertimg t angettosmakkathabspuhbérthgcttalwlel stHarayesparardsi | y
generated. [5] When the sputtering target of the present invention is

const r uct ed conduct iyeefaxddey Mage athSURhS (hATdee MG & PROGEFSH KRH ue of
6.7 g/cnB or e.. Such construgtion nmakes it possible to give superior
6 mechani calpr%%félﬁ%/,s %ﬁama sge{tn'e target dense, whereby the generation
of nodul es can be nore effectively suppressed. [6] Another enbodi nent of

the present invention is a transparent conductive oxide (anorphous
t ranspar ent pagedidsiune ofkithe Inorgartiisimng a sputtering target wherein the
atomc ratio represented by In/ ( IntZn ) is set to a value within the

range of 0.791}to Acoprdingetsydhel pPrependd layepddea r PFovdaeced spyp

| nz03(Zn0) m wher.ei i i nt f 2 10.20 is contained,.and ih
crystal gl TS (5 IR O T yE At Lo ARE o a S d AR of

pm or | eSS, Ul AR 408 BRIES rht 18088 P Eh RN | BY U1/ ADERIONS

transparent conductive oxide good I n transparency and conductivity
effectivel ysdt’itoNaerwallve wizhipartaet rangducsti 0e79xtale0 037 | he hpsesporal
invention is constructed, it is preferred that 67 to 93~ by wei ght of

i ndi um oxi dday®nes zompaungdiggrreFentad oy da.QndnP ko wbergine dist a®f zi nc
oxi de are cqgntai ned in_the yttering.target nd the atomc.ratio of .tin
Do sine i s SRt4EE off 20h 20 e, EnEdLbRET Tne i T vEE At SEoLE B Bo
yield an a & QRARELNYCI 9%der §20¢a 1 e URHIRALEMYs SN
conducti vi W@?gg?kégﬁéﬁﬁgi %Eek&transparent cond%ct?ve oj#‘ge gﬁstﬁe
present inventionThatphef,eppllimictiisg ahlel zalluatof thepeyatalegphii ¥ Zor

hi gher. Such a construction nmakes it possible to yield an anorphous

t ranspar ent igdrddidrel gdveri vanget t the jgize sfsyacwgapeghsddennratefvinythe

effectivel y'su%:'er'\ar}:el fof.t r1]:‘1_-‘\1e0¥!'sl(rj'g'\je!tSi; OcroantdroolrELead Ss%bﬁlt':l%t ghetggnégé%iérqaéf

nodules can be effectively suppressed.

[2] When the sputtering target of the present invention is
constructed, it is preferred that 67 to 93% by weight of indium
oxide, 5 to 25% by weight of tin oxide and 2 to 8% by weight
of zinc oxide are contained, and the atomic ratio of tin to zinc
is set to a value of 1 or more.

Such a construction makes the target dense and makes it
possible to suppress the generation of nodules more
effectively.

By setting the atomic ratio of tin to zinc to a value of



the substrate is danaged beconmes small according to such a tenperature. [9]
When the transparent conductive oxide of the present invention is
constructed, it is preferred that the half band width of a binding energy
peak of the oxygen 1S orbit nmeasured by X-ray photoel ectron ,spectroneter (
XPS ) is set to a value of 3 eV or |less.5Such a construction nmakes it
possible to yield an anorphous transparent conductive oxide good in
transparency and conductivity effectively. [10] Wen the transparent
conductive oxbgemetet hfi BhESERhyi, NYABL bOBCEEicOREeEiBCaRde BEte® preferred
that the transparent conductive oxide is formed on a substrate or on a
col ored | ayerydtspdigdtdant he efibectively vaheleectmmhﬁt ot rangParent
possible to provide a tr rent electrode or, a.tr are ctrode
having o coPBRORPELER GFFESPRYERg SYESH Fhamiaie S ashart e BBRAIEERre
oxi de of the present invention is constructed, it is preferred that the P-V
val ue thereof according to JIS B0O610 is set to a value of 1 umor less . If
such a cons{gyct i RRehStHsegpast@ringnsPegentoftn Midsent tinvenrdoants
el ectrode having a color filter or the |ike, the generation of wire
snappi ng or cehskructedui 1t isaprb€eetedcthaelayspinedratgicurigl pomppyndher
enbodi nent of the present invention is a process for produg?1e gea sputterlng
e

t ar get cont§PEFﬁ§e§tﬁQx§§bﬁ§ksnoé3ysaﬁ@Pééleﬁﬁb&&ﬁ&engPgse Hﬁgona
| n203( Zn0) m uhglgln cg}n@%uﬁfa 08 €986 tR6r2yl 8n?Anel HExGEYARY! 1448LS! 2€ Of
t he hexagonafilayer & oun G SPes g fass conpri si ng

the steps (&pmpeuhd), éhbetm)éQf@ﬁﬁdﬂplmlme%@ﬁéeaftm@%mﬁdlr st rigcedueli on
process hereinafter): ( 1) blending indiumoxide powder with zinc oxide

powder havi pgmapuadedageedr dionasvaduef oZ Gmuov olredess(.2) naking a formed
body wherein the atomc ratio of In/(ln+Zn) is mrthlnéihe range of Q. 75 to
0.97, and ( 3) s?HPBrPn@O?ﬂEr‘FBF%@H BKSS abhe targRt defise s© thatodie,
hlgher When t he e i e i s
possi bl e togSP85a§%%§f ggel%%aaggr%gt w%:c%fﬁgkéége}91§u??%Fsggd

suppress the geneggkhog eanegubeiowhsmsa héﬁ€§p&teﬁbsﬁﬂﬂﬂéctbv9lélﬂda s
formed into a filmby sputtering, and which nakes it possible to perform

the sputteritmgnsparept féSfuthivetdieide hstvimgosuperbor prmesandndhend
sputtering target of the present invention is carried out, it is preferred
that in the°§P%§°GiYiFY6PYt§P@§I959nﬁe|ght of indium oxide, 5 to 25~ by

wei ght of tin oxide and 2 to 8~ by weight of zinc oxide are blended, and in
the step (2) the formed body wherein the atomic ratio of tinto zinc is 1

or nore is ﬁqr”EdWh@heBhehQ?ﬁEQéEEhP0ﬂa@§@€e@ﬁ tife Gddearrt Quivdntiidi Sanay,
it is possible to provide effectively a target which nakes it possible to

suppr ess t heopstauattiedn @t hedurefembash that dhephuthiresiritande dhededs i s
formed into a filmby sputtering, and mhlch naygg it possible to perform
t he sputter g setafioya value less than x 107 * cm.

Such a construction makes it possible to reduce abnormal
electric discharge (spark) during the sputtering and yield a
sputtering £ilm stably. Conversely, if the bulk resistance 1is
a value of 1 x 10® Q * cm or more, charges are accumulated in
the surface of the target so that abnormal electric discharge

is easily generated.

[5] When the sputtering target of the present invention is
constructed, it is preferred that the density thereof is set
to a value of 6.7 g/cm’® or more.

Such a construction makes it possible to give superior



9 [14] A still further enbodinent of the present invention is a process for
produci ng a sputtering target containing a hexagonal |ayered conpound
represented by 1n203(Zn0)mwherein mis an integer of 2 to 20 , the crystal
grain size of the hexagonal |ayered conpound being a value of 5 umor |ess,
conprising the steps (1) to (5) (the proéess being referred to as a second
production process hereinafter): (1) produci ng a hexagonal |ayered conpound
represented by 1nz03 ( Zn0O ) mwherein mis an integer of 2 to 20, ( 2)
adj usting thecpandyatdphepeseial ah@ediiesk CHE AatGeto dense ,awBezebySikthg of 5
umor less, (3) blending the hexagonal |ayered conpound havi ng the adjusted
grain size generahionnméxndduperdean bd)morki eaffectdivedrd bupprekeedi.n the
atomc ratio of In/(ln+Zn) is within the range of 0.75 to 0.97, and ( 5 )
sintering the formed body at a tenperature of 1 ( 400C or higher. Wen the
production cess. | red Ln_khj yer ed
conpound mhgéz grg?%égggeé%ggggﬁ%?%h%%dkﬁ%ﬁgg%?%gg %gﬁgﬂgﬂﬁéegg %herefore,
the averagetgaakpatbi® tBnhhietidegski@an(hmofPheusasichiispaeknel | ed. [195]
When the first and second production process of the sputtering target of

t he presentcondeative o0side) rcevpolsingta ispyrieminge danget whereim &hieng
step is perfornmed in the atnosphere of_oxygen gas orlgressured oxygen gas.
Wien the pr88aRirdrR il cepresented-by fnvd ]g'lﬁzq nifniet kg2 ‘fall‘}eswég?y‘bl e

gentrat i on ShenSRIPE L O 7ontPe 0 afa T §ERakbaRT 1aReFeh”cONBBRAR® "¢

performt herégﬂéts@hitea syalh)o, (EA6)), Wiesrd 11¢ of | 15 tard NG tRRFIN G AP0 dC RigoN

processes of tThe present invention are carried out, it is preferred that

t he aver ageigr ebntainedof ahlde thedcuwystaildgrpandsd zesofetheohaxagbonalwi t hi n
the range of 0.1 to 2 um Wen the production processes are carried out in
this way, ilayergdsspppeund peovede tRoAevainecPLyeal PMaOral§Ef -wherein the

crystal grain sizg of the hexagaonal |ayered,co S, CcO I into the
gi ven range. [;7]§9ﬁ%natﬁgé?ngFggﬂa @éggﬁdigrggg%??%% B§pgéé§§o gthe _

present invgabiBRoRse Lt dp£cbPtibonblict $vBIdHiRd §808 Nal tEaRs Pt &iecpander i s
further blended together wth the indium oxi de powder and the average grain

si ze of thecbhnfAuexigetyoed€ecitivedly.to a value within the range of 0.01 to
1 um Wen the production processes are carried out in this way, it is
possible to provide nore effectively a target wherein the crystal grain

sizes of th ex nal .| ayered compound and the spingl structural copgpound
are conprolﬁgg iﬁﬁﬁePhELSi Eﬁ“?&ﬁggB? F?%?Fﬁ@%ﬁetﬁéig?yg% gﬁ% ggggﬁ e
producti on RhoBRTIBA 95 LRasReseRl, AYeAL pRe2b@redl thad @Yt tol b3S by
preferred that when the forned body is forned, a spinal conpound whoseée

grain size weigitusfetinGbuh gride, | 230 25 % byt welghteofietin Wieidd lend 2
production processes are carried out in this way, the spinal structural

conpound wh&Se8drBY Welght af Fdmst erdfe e5ft FRteiPRAnt e EPUTHIE D ¢,
the average grain sizg i R4 98E:1 SUE REnPL G151 Vs &0 2 dfHore .

Such a construction makes it possible to yield an
amorphous transparent conductive oxide good in transparency and

conductivity effectively.

[8] The transparent conductive oxide of the present invention
is preferably crystallized at a temperature of 230°C or higher.

Such a construction makes it possible to yield an
amorphous transparent conductive oxide better in transparency
and conductivity effectively.

Even if the oxide is formed on a substrate, the fear that



11 Brief Description of Drawings FIG 1 is a photograph of a surface of a
target (after sputtering) in a first enbodinent. FIG 2 is a photograph of
a surface of a conventional target (after sputtering). FIG 3 is a graph
showi ng a rel ationship between the crystal grain size and the nodul e nunber
in the target ( after the sputtering) inthe first enbodinent. FIG 4 is a
graph showi ng a rel ati onship between the crystal grain size and the nodul e
nunber in a target (after sputtering) in a second enbodinment. FIG 5 is an
X-ray diffratld gupdtadtedlisa dadarid Gatondy Rnal lhexr@d@ing ayersith a
compound. FTG 6 is an X-ray diffraction chart of a target containing a

spi nel strudempeirademmeound. FIG 7 is a graph showi ng the resistance
stability ratios of transparent conductive oxides. FIG 8 is a graph
showi ng light transmttance curves of transparent conductive oxides. FIG 9

5. 3,0raph N ngrEs AR e ISt Uken o LEAIMALC N SRA0GL G

oxi des. FI G s a graph . . of he treatnent “tenperature
when a tranSpaRiedili oo Sonke rewtda i $tPigdpeeferfé&Sthdl & HUDEASna

charts of producing a color filter.
width of a binding energy peak of the oxygen 1S orbit measured
by X-ray photoelectron‘spectrometer (XPS) is set to a value of
3 eV or less.
Such a construction makes it possible to yield an

amorphous transparent conductive oxide good in transparency and

conductivity effectively.

[10] When the transparent conductive oxide of the present
invention is constructed, it is preferred that the transparent
conductive oxide is formed on a substrate or on a colored layer
disposed on the substrate.

Such a construction makes it possible to provide a
transparent electrode or a transparent electrode having a color

filter effectively.

[11] When the transparent conductive oxide of the present
invention 1s constructed, it is preferred that the P-V value
thereof according to JIS B0610 is set to a value of 1 pm or less.
If such a construction is used as a transparent electrode,
a transparent electrode having a color filter or the like, the
generation of wire snapping or short circuits can be effectively

prevented.

[12] A further embodiment of the present invention is a process

for producing a sputtering target containing a hexagonal



FIG 12 is a diagramshow ng a binding energy peak of the 1S orbit of
oxygen in a transparent conductive oxide (No. 1) . FIG 13 is a diagram
showi ng a bi nding energy peak of the 1S orbit of oxygen in a transparent

conductive oxide (No. 2) . 12 Best Mode for Carrying Qut the Invention
Referring to the drawi ngs, enbodinents 180 8 according to present
inventions (first to sixth inventions) will be specifically described

herei nafter. The drawings for reference nerely illustrate the sizes and the

shapes of reasRRGlddecapitind uireetitRid HYATh ON@rUy,angerent meliat aanship
t her ebet ween schematically to such an extent that the present inventions
can be undedsiteger Adcér diondlly, thee gnyedé@dt duaiantsiiges off dheothexaganed t o

illustrated _exanples. In the draw ngs,. hatching for_representing, sections
my b o ¢ AEY SRR COTDEHBAGPALRT]A YR PEL b ABRE | SO IR et

related Lo Lhagd (ol Ivan Cinciithdchod SRUHPLHINILAAS Yo SUTY it 2t

| east i ndium oXide and zinc oxl rein the atomc ratio represented by

I n/ (1 n+Zn) ipotricti®onn prldeds sMhdieindfarmnge of 0.75 to 0.97, and further
a hexagonal | ayered conmpound represented by 1n203(Zn0) mwherein mis an

integer of 2 to 2@li)sbé¢endingetndim axigde Ppydelr yighnzingeoxide pwder
hexagonal | ayered conpound is set, to a value of 5 umor less. (1)

Conposi tion hayding Ar W@%%tgr&?ﬁb(ﬂjf@nto,f Zodt Fhd&SShposition of the _
respective netal ’ﬁ')dﬁl%k‘ﬁ@' ch gy {n%(&n%to'd&“%te %ngQﬁ]%n%?O%fi L ReehRr ggt, It
e a by 1n

i's necessary to set 't mc ratio represented b I'n+Zn) "t0 "a val ue
within the nmageamizld 4% A thid thEhitande RECAUSS ito At AN ratio
represented by In/(ln+zZn) is less than 0.75, the conductivity of the
transparent conduqBi)veinkedengtitai fedmby isqdy agr a ngenpratne of 13400°C

or higher.

When the production process is carried out in this way,
it is possible to provide effectively a target which makes it
possible to suppress the generation of nodules when a
transparent conductive oxide is formed into a £ilm by sputtering,

and which makes it possible to perform the sputtering stably.

[13] When the first production process of the sputtering
target of the present invention is carried out, it is preferred
that in the step (1) 67 to 93% by weight of indium oxide, 5 to
25% by weight of tin oxide and 2 to 8% by weight of zinc oxide
are blended, and in the step (2) the formed body wherein the
atomic ratio of tin to zinc is 1 or more is formed.

When the production process is carried out in this way,
it is possible to provide effectively a target which makes it
possible to suppress the generation of nodules when a
transparent conductive oxide is formed into a £film by sputtering,

and which makes it possible to perform the sputtering stably.



On the other hand, if the atomc ratio represented by In/ ( In+Zn ) is over
0. 97, the In content becones |arge so that nodul es are easily generated
in the sputtering. Accordingly, the atomc ratio represented by In/(1ln+Zn)
is nmore preferably set to a value within the range of 0.80 to 0.95, and
still nore preferably set to a value witBin the range of 0.85 to 0.95 since
t he bal ance between the conductivity of the resultant transparent
conductive oxide and prevention of the generation of nodul es becones,
better. (2)[Caystalssillcfurehdr Taebddimdn enddile presenthdnyenariicted sby
cont ai ni ng i ndi um oxi de and zinc oxide, out of the target-constituting

el enents, a8 RrhER&§ohAr Pé?éﬂ@éngoﬁpéﬁﬁ@tﬁééﬂéséﬁréétbyonﬁ?QBGESOPm
wherein mis an integ he reason di.u de.and ,zi nc
oxi de are nbBexedBel ?aysgeﬁe%mow@swraﬁe%*?ﬁ%‘v%rféﬂsza%% FRESAI at ed
in the cryshalg éﬂrirﬁt(e Y5 £809, tid é%ygtél A 5828 o Ple h %@ca@%%@.ona'

| ayered conpound are t at the target can é%nse or the density of

the target tagebed sompyedd werhd kavalbe @ﬂrmlqmt bYilos®f ddmpriasitdg abie
transparent conductive oxide is inproved. By causing indium oxide and zinc
oxide to bestepSaKﬁédtpn(ﬁHe(@hﬁsP@DCE§Sanﬁn9h@eﬁéxﬁgdnép Bgy &r é¢cond
conpound, the H{\ést,al row h o%gln oxi.de can be suppressed. As a

resul t, mheﬁrgé FéPPn§r°§eﬁér ﬁE)generatlon of nodules is

pr evented to make fq@,@g d:84d &£ JURsKnce
of the hexagonal I%ée ggagggggun represente by 1nz0 (ZnO)ﬁF@E% bg

verified bybx lm¥o digdo)acwhepeanamysksanf intygéal o8t pucbuge, For exanpl e,
if the X-ray diffraction analysis charts showmn in FIGS . 5 ( a) - (d)
and peaks 14 chék)sadjwesebigdhe pbedueed hetmqsradsényer@ﬂ ¢orRperaxd denal

| ayer ed conRound repr esent ed by InZOS%FnO)n1can be recognlzed (3) Crystal
structure 2 éW?sFaEIGF§1ﬁi§F2€ £ ? e OF A&FSanbodi nent it is necessary to

et ‘the crystal 0y hiishly S REEAGOREL LAYEEES SNBSS AL S ol 0

to
adjusted grain size with indium oxide powder,

{4) making a formed body wherein the atomic ratio of
In/(In+Zn) is within the range of 0.75 to 0.97, and

(5) sintering the formed body at a temperature of 1,400°C
or higher.

When the production process is carried out in this way,
the hexagonal layered compound whose grain size is beforehand
controlled can be used. Therefore, the average grain size in

the target can be more easily controlled.

[15] When the first and second production process of the
sputtering target of the present invention is carried out, it
is preferred that the sintering step is performed in the
atmosphere of oxygen gas or pressured oxygen dgas.

When the production processes are carried out in this way,
it is possible to provide effectively a target which makes it

possible to suppress the generation of nodules still more, and



a value of 5 umor less. This is because if this crystal grain size is over
5 um nodules are very easily generated when sputtering is perforned.
However, if the crystal grain size is excessively small, the control may
become difficult or the kinds of the raw materials which can be used may be
excessively limted. Accordingly, the cry8tal grain size of the hexagonal

| ayered conpound in the target is nore preferably set to a value wthin the
range of 0.1 to 4 um and is still nore preferably set to a value within
the range oiwhdch makdspit 2osHdlvald aes e fodinvatie dpaitterdnel sitadlgr.yst al
grains and the nunber of generated nodules Referring to FIG 3, the

rel ati onship between the value of the crystal grain size of the hexagonal

| d d and the nyrber of ted nadules will be described i
detai | her il o IThBNERafBFe e Sl POG AOEPBA STPEBFELER: PTPRESEFSe OCphpool
crystal graps Qb4 H%&?@%?ﬁ%rén%?ﬁ%cfmuﬁ% 1N A% QI kgt Bfes 1N

FIG 3 represents the nu ul es generated per unit area and unit

sputtering Gvdrage §raoursi 2O the HsdLan nasid poberniiersytoed 4 nandd G
3, if the crystal grain size of the hexagonal |ayered conpound is 5 um or
| ess, the nwitidvinofthehaaga@eercdt €d InddulZegmi.s zero /8 hours/ 900 mR2. On the

other hand, if the crystal grain size of the hexagonal |ayered conpound is
over 5 um the nuMber erPﬁgdg‘@ﬁéP&t%’EP?ﬁ)‘%ﬁﬁ%érPrfgq%&seéioi‘/‘ﬁp‘iIHF?lﬁﬁff‘Y'

nodul es, th i i L I S re
gener at ed. tzger c?asf53{%%%5%?%}6:8"??9?fr#eggkghgrgixg{%gdé?rarc]}%é I@(Qge%hei@t IS
effective t@riRitdingraitstalzd)ic R Rx@igdial hewag@lcdmpyrirerl igonmpound
to 5 pmor less, in order to prevent the generation of the nodul es

ef fecti vel y caarttrdlledydmdraattihen aifvarherang®sl es can surely be prevented by
setting the crystal grain size to 4 umor less. ~3 Method of neasuring the
crystal grain size

[17] When the first and second production process of the
present invention are carried out, it is preferred that tin
oxide powder is further blended together with the indium oxide
powder and the average grain size of the tin oxide powder is
set to a value within the range of 0.01 to 1 pm.

When the production processes are carried out in this way,
it is possible to provide more effectively a target wherein the
crystal grain sizes of the hexagonal layered compound and the
spinel structural compound are controlled into the given

ranges.

[18] When the first and second production processes of the
present invention are carried out, it is preferred that when
the formed body is formed, a spinel compound whose grain size
is adjusted to 5 ym or less is further blended.

When the production processes are carrled out in this way,
the spinel structural compound whose grain size is beforehand
controlled can be used. Therefore, the average grain size in

the target can be more easily controlled.



The crystal grain size of the hexagonal |ayered conpound can be neasured,
using an el ectron beam m croanal yzer (which may be referred to as an EPMVA
herei nafter). Mre specifically, after the surface of the target is
polished into a snooth face, a mcroscope is used to enlarge the target
surface by 5, 000 tines . In this stateflla franme of 30 pm X 30 ~Zmis set
at an arbitrary position, and then the maxi mnum size of crystal grains in

t he hexagonal | ayered conpound observed inside this frame is neasured with
the EPMA. At 3 or nore positions, the maxi mum sizes of the crystal grains
are neasured inside the franme. The average val ue thereof is cal cul ated.
Thi s val ue BamebeDesettipsibheofr Praylingsai n si ze of the hexagonal |ayered

conmpound. This créstal grain size of the hexagonal I%%gred conpo?nd can
easily be distingtifShed b5 Feph PTG AUTFRCe PF & IBN95¢ i ahedt

zinc with the EMPA, e%ﬁbg tthe G Yabahifkakn size can be actually
A . .

measur ed. ntrol o e crystal grain size The crystal grain size of the
hexagonal | ayeredrggnpoung aa?hbeogeaphObted bitPadegb¥en tangenbyonhangi ng
appropriately the selection of the kind of ingredient powder constituting

t he target, tangedvdnfigergsautteripgdf. t he i ngredi ent powder, conditions for

producing the target, or the |ike, For exangle, about ﬁhe i nd and hhe
average grain sizBIBF £hdSi RgPERPBNEPRYRAEr 2 FRLRE1IAFRIRLPEVRED THE

average of afy3128 8hathnS: 24! Sifs RMORLMIRInIABE- 1 LR Alrdet Riadduged | s

set to 2 umor I8ss I's 1S because i € average grain size of the zinc

oxi de powdekhisS spiRfteit®) 2nNEnexirdesdi biwsaimand .moves easily to indium
oxide to make it difficult to control the crystal grain size of the forned

hexagonal | ayer edF@Gnpdund. aCgmaphsehpwipgaki nglaitfionsbipvbesyeeyr &he si ze
of the zinc oxide powder is 2 umor |ess ( indiumoxide diffuses and noves
easi |y to zFRYSERLIETSEN: 8dzer RBG, dhge NGAULRe NUMPETy Ny 2y targete (G
hexagonal |ayered_conpoynd _can be .caontral.l to 5 pmor |ess. However, if
t he averageséP§%ﬁr§P§§ fhESFORE 8%%8§lﬁbq ér becomes excessively snal |

the handling thergef npyshecRIBagighfrirellchiof diir@bEetirgbt JNAA WS ng
necessary to conduct m xing and pul verizing treatnment strictly, so that

costs may riashexbgenafllonayered aompagadgrai n size of the zinc oxi de powder
is preferably set to a value within the range of 0. 1 to 1.8 um isS nore

preferably set toFaGvef & an XnFay Gidfracdd odrcnnt pf atarght canfalnidq | |
the ot ner hand@P ey ¢ Ratntl ot aver age orai n size of the | ndium
oxi de powder is akgg mMde §ubsdDkhaligetnairela sithcavetagel gtpivatside of
the zinc oxide powder. Theretore, the average grain size of the indium
oxi de of transparent conductive oxides.
FIG. 8 is a graph showing light transmittance curves of
transparent conductive oxides.
FIG. 9 is a graph showing refractive index curves of
transparent conductive oxides.
FIG. 10 is a graph showing an effect of heat treatment
temperature when a transparent conductive oxide is produced.
FIGs. 11 are process charts of producing a color filter.
FIG. 12 is a diagram showing a binding energy peak of the
1S orbit of oxygen in a transparent conductive oxide (No. 1).

FIG. 13 is a diagram showing a binding energy peak of the

18 orbit of oxygen in a transparent conductive oxide (No. 2).



powder used when the target is produced is preferably set to a value within
the range of 0.1 to 1.8 um is nore preferably set to a value within the
range of 0.3 to 1.5 um and is still nore preferably set to a value within
the range of 0.5 to 1.2 ~m. (4) Bulk resistance The bul k resi stance of
the target is preferably set to a value léss than 1 X 10-3 S~ cm This is
because if the bulk resistance is 1 x 10-3 SZ amor nore, abnormnal

el ectric discharge is caused during sputtering so that nodul es may be
gener at ed i Belsite Modeg €flors Warayd ng ldmievidre, Infveinftedomul k resi stance is | ess
than 0.5 X 10-3 S2 cm the nature of the resultant filmmay be crystalline.
Therefore, the buRRfeEFiegaheectlRe drpwinggeembodimeats éf bp dhlagcamding a

value within the range .of 0.5 X 10-3 t .9 -3.52 m._ and_.i till
more pref er &8 yrggten&o Ve L ONR Rtﬁ%ﬁs‘[q"ng:or 5?1@‘(]—:\‘:%0$‘nﬁeéléw 33 Wtic}s"o x 10-3
S~ cm (5)sB@gygibéﬂr?.@%@gfﬂbég Hle itf4el- i s preferably set to a value
of 6.7 g/cn3 or nore. This is because if this density is a value of |ess
than 6.7 g/cnB, thaendrheingk generafefencduhesebpnyi hhidtras: the &ibdmsever,

if this density is over 7.1 g/cnB, the target itself becones netallic so
that the stamd ithe shapas wfr ineFRegiioe sengtditvent Adempendsyand &g | m

havi ng supe%ir%%n%%rﬁ‘%% tJi:'\elil.ta\\{iglrllghg.{)atr}xsee:aerb%nc%enﬁagcﬂgﬁaggchi%it%eguch an
extent that the present inventions can be understood.
Accordingly, the present inventions are not limited to
illustrated examples. In the drawings, hatching for

representing sections may be omitted.

[First embodiment]

The first embodiment is an embodiment related to the first
invention, and is a sputtering target comprising at least indium
oxide and zinc oxide, wherein the atomic ratio represented by
In/(In+Zn) is set to a value within the range of 0.75 to 0.97,
and further, a hexagonal layered compound represented by
In,0,(Zn0), wherein m is an integer of 2 to 20 is contained, and
the crystal grain size of the hexagonal layered compound is set

to a value of 5 pnm or less.

(1) Composition ratio
In the first embodiment, about the composition of the
respective metal oxides which are constituent components of the
target, it is necessary to set the atomic ratio represented by
In/(In+Zn) to a value within the range of 0.75 to 0.97.
This is because if the atomic ratio represented by
In/(In+Zn) is less than 0.75, the conductivity of the

transparent conductive oxide obtained by sputtering may drop.



Therefore, the density of the target is nore preferably set to a val ue
within the range of 6.8 to 7.0 g/cnB. [Second enbodi nent) The second

enbodi nent is an enbodi ment related to the second invention, and is a
sputtering target of the first enbodi nment, which conprises 67 to 93~ by

wei ght of indiumoxide, and 5 to 25~ by Meight of tin oxide, and 2 to 8~ by
wei ght of zinc oxide, the atomc ratio of tin to zinc being set to a val ue
of 1 or nore . (1) Conposition ratio |Indium oxide The conposition of the
respective onttale 6xhdehavd chfatlee agbaticinenio ekpiresbated hh&nydrgetn)n t he
second enbodi nent is characterized in that the indium oxide content by
percent age is ¢eert® ¥ vaheelnicontenhdaconps dRrge §0 Ymt pedudieghareThi s

i s because if th indiun1o§ide % ntent is | ess than 67~ by wei ght,
crystal | i zaBRSh1By IRBGLALtPEatReiPCHERBIEETdPPri cult so that the
conductivity of t t NS ngé' i t he
ot her hand, if thggF%ggﬁﬁéggfdg&%onteﬂ?p%gegger %{Q%ﬁ%agﬁaﬂ?¥/Q&ﬂQZn§n

crystalli zaifOforé peEFEraply ddtlle of 9aadeantehsn thatrdhge reft Wr.8ftot he
filminmrediately after sputtering may becone crystalline. Therefore, the

i ndi um oxi dée.8bntamd stsildpmerprefeferiyly sett oz value within the raagge of
80 to 93~ by meight , and is 19 still nore grefergﬁ%% set_t ,a,valu%
within the PAnBelaitaf 1P $30a95 the BAL2EFRcRetHEehd c?émgé’ﬁ%éé’r?'t%é’
conductivit f e LV, L Al eof
becones bet%gg.r%%ﬁﬂggﬁéee#ﬁégﬁgggétf%gaégﬁﬁgﬁgqﬁ%“%%%%%ﬁﬁggb%?ﬁh¥ﬁéQﬁgrget

is set to atyal genwirhitiont B¢ hoadtesl becbReddbelttewri ght. This is because
if the tin oxide content is |less than 5~ by weight, the conductivity is not

i mproved even if the crystallization is advanced by heat treatnent.

Conversely, the conductivity of the resultant transparent conductive oxide
may drop. O620hETFEREL FIFYCtre fe tin oxi de content is over 25~ by

Ureatment ‘so t hat ThRoTsBRAucHPor feht, Thr 8 ahgkeR i shbY! eontHERLRY No
y nmay drop an
indium oxide and zinc oxide, out of the target-constituting
elements, as a hexagonal layered compound represented by
In,0,(Zn0), wherein m is an integer of 2 to 20.

The reasons why indium oxide and zinc oxide are not caused
to be merely present as a mixture but are incorporated in the
crystal form (crystal grain size: 5 ym or less) of the hexagonal
layered compound are that the target can be made dense or the
density of the target can be improved, and that the conductivity
of the resultant transparent conductive oxide is improved.

By causing indium oxide and zinc oxide to be contained
in the crystal form of the hexagonal layered compound, the
crystal growth of indium oxide can be suppressed. As a result,
when sputtering is performed, the generation of nodules 1is
prevented to make it possible to make the sputtering stable.

The presence of the hexagonal layered compound
represented by In,0,(Zn0), can be verified by X-ray diffraction

analysis of crystal structure. For example, if the X-ray

diffraction analysis charts shown in FIGS. 5(a)-(d) and peaks



nodul es may easily be generated. Therefore, the tin oxide content is nore
preferably set to a value within the range of 5 to 20~ by weight, and is
still nmore preferably set to a value within the range of 7 to 15~ by wei ght
since the bal ance between the crystallinity of the transparent conductive
oxi de and the conductivity plus the prevkhtion of generation of the nodul es
becones better. 30 Zinc oxide The zinc oxide content by percentage in the
target is set to a value within the range of 2 to 8~ by weight. This is
‘because if thartisnthexiedd @arl ebitainedsssthiehprezeniy ofi ¢hie, hielkagonal
transparent conductive oxide obtained in sputtering crystallizes easily.

Al t er nat i vellpyeried eppppund ropregentedibie 1501 (HaGarger hredeeednigeger so
that nodul es may easily be generated during sputtering. On the other hand,
if the tin oxide content is over 8~ by weight , the transparent conductive
oxi de may n CE&?% |_J4i heat treatment so that the conductivity
of the trangggren %gﬁdéﬁ??¥gR%§¥ e may not be inproved. If the tin oxide
content is (VedrgstdY yL4INtsikde bul k resistance of the target may excess
1 X 10-3 S~ ~ cmso that stable sputtering may not be attained. Therefore,
the zinc oxide codneite Edrabrangnddimendbl yt dstnecessany e sft hha anvstadnge

of 2 to 6~ by weight, and is still nor referably set. to val ue within
t he range o19¥:§‘itnog§zeb9 wERG Hiexa9a ﬁé’%ﬁeﬁeisgm\égmeﬁntﬁéem%&im ty
of the resu%ﬁg@¢ﬁﬁ;qﬂ§@@&ﬁpgupq$ggptive oxi de plus the bul k resistance of

the target an € prevention of generation of the nodul es becomes better.

Tin/ zinc Preferablppist e wéEdise rist thief ctiy8tad dguldin & Feetial oaedNS 1ins,
substantially equal tp or nore than the atomc ratio of zinc to all the
met al at ons nodgjes farealvery tees idiyordeneratiedl ovhennspytiendngsipgref erably
set to a value of 1 or nore. This is because if the atomic ratio of tin to
zinc is a vREFEOFMEdess than 1, the diffusion and novenent of tin is

reduced even by hﬁ?@f‘f{eﬁgtﬁq é%r%?}%tlé?f?ﬁﬁ_ﬁaéé ﬁg Q}Q‘p'ggi@éif%ﬁg‘p’ones

smal | ._As a resu conductivit “the resultant transparent _
conductive @pedeoitdir ey HaMMRY qiiffildu1x dromhe Kands off tibe tawzinc is

excessively large, unreacted tin remains as an ionic inpurity so that the
materials which can be used may be excessively limited.
Accordingly, the crystal grain size of the hexagonal
layered compound in the target is more preferably set to a value
within the range of 0.1 to 4 pm, and is still more preferably

set to a value within the range of 0.5 to 3 pm.

@ Relationship between the size of the crystal grains and the
number of generated nodules

Referring to FIG. 3, the relationship between the value
of the crystal grain size of the hexagonal layered compound and
the number of generated nodules will be described in detail
herein.

The transverse axis in FIG. 3 represents the size (jum)
of crystal grains of the hexagonal layered compound, and the
vertical axis in FIG. 3 represents the number of nodules
generated per unit area and unit sputtering time (/8 hours/900

mm?) .



conductivity nmay drop by the so-called ionic inmpurity 21 scattering.
Therefore, the atomc ratio of tinto zinc is preferably set to a val ue
within the range of 2 to 10, and is still nore preferably set to a val ue
within the range of 3 to 5. Ratio between percentages by weight of tin
atons and zinc atons The val ue of the perikentage by weight of tin atons to
all the netal atons (Sn/(1n+Sn+Zn) x 100) is preferably at |east 3~ |arger
than the value of the percentage by weight of zinc atons to all the netal
atons (Zn/ (1 n+Sn+X8)can 1E¥H )1y BY sinideriseoaids €rbi Fie. A f fief emee chgkwagn

t hese percentages (~) by weight is made |larger than 3~, the doping effect
of tin basedrahmnheazetofathmeitexagonsd dhveseidvebyppdunivis.S THeoaf de€s .t he
conductivitxpof t he resultant transparent. conductive o

ef f ecti vel y*PRpRBYRET ‘Pﬁm’/fe%rg!e‘}?rat Fogdesnd e BEF_&BZ#C&?‘N&S%/ %@9 d‘g?lzt‘ages
( ~) by wbﬁhghéso&%&?%%ay&' Y%if Fh@ehr ghzglggfgygtéﬂéy hedhaR gxsn%ﬁe
above- nenti one ronltc 1 npuri T Yy scatt eryng. ererore, t%e rati o 8 tween t he

per cent ageshyevRuIBbmabuhian idt e rasd uai, Nénat aimbes BE" €hpr gbaeabltyaset to
a value within the range of 4 to 30~, and is still nore preferably set to a
val ue wi t hi notihéesahgereaséstvapidly (a)d Godstlels ,sthaceuneen ofh wiHeh disget

of the second enbodi nent, indium oxide and zing oxide are grqéerably

cont ai ned a8ighkekQqybRATrtVay¥ed 8c BRNEEAE OPefles Mt 2 DT HECYener al
f la: 1nz03( Z i j 1 f i
O e or oo EShULYAE G B 0at MSIEL uilack i flekln WiR S8 HhateY 20

in the first enmbodiment. t Fucture structura

conmpound ThetCl ¥ dB¢eSt1+E Y Bl thESpead prhiedsRat of St dlex@lgdhnlazed i n
that in the target a spinel structural conpound represented by ZnzSn04 is
cont ai ned i hayeaedofcompeundx AgoBallm ayeldedscodpoordesr toogpaeventwithie t he
hexagonal |ayered conpound, and_the crystal grain size of the spinel

struct ural 6@#&§@ﬁé°Ps°§thPonadVéPﬁee eGLLRF LY - 1L thehigenr PdQuSE the
o Lt by B AGRIELs £AR BE- TR AL, ANCLA NG SORENGE e Yy b ffraan be

i nproved by using T n oxi NC" OXI ent | or m of
the crystal sqet R® APiRElorShleld@t ural conpound represented by ZnZSn04.
Accordingly, by using such a target, a further inprovenent can be made in
stability when sputtering is performed. By incorporating these hexagonal

| ayer ed conmpound and spinel structural conmpound, the growmh of the crystal
of i ndi um o¥d detlod upphressdrtngdt hhe @hﬁsmt)lgzr@intﬁgz%putteri ng target

becores [11e a0 BERERIAYE A RHERE or PiossIpAL fiidsal chulole
di ffracti on apab¥Siheéasured, using an electron beam microanalyzer (which
may be referred to as an EPMA hereinafter).

More specifically, after the surface of the target is
polished into a smooth face, a microscope is used to enlarge
the target surface by 5,000 times. In this state, a frame of
30 pm x 30 pm is set at an arbitrary position, and then the maximum
size of crystal grains in the hexagonal layered compound
observed inside this frame is measured with the EPMA. At 3 or
more positions, the maximum sizes of the crystal grains are
measured inside the frame. The average value thereof is
calculated. This value can be used as the crystal grain size
of the hexagonal layered compound.

This crystal grain size of the hexagonal layered compound

can easily be distinguished by mapping (concentration



The presence of the spinel structural conpound represented by Zn2Sn04 can
be verified by X-ray diffraction analysis of crystal structure. For
exanple, if the X-ray diffraction analysis charts showmn in FIG . 6 ( a ) -
( d) and peaks charts thereof are obtained, the presence of the spinel
structural conpound represented by ZnzZSnDel can be recogni zed. 23 Crystal
grain size The crystal grain size of the spinal structural conpound is
preferably set to a value of 5 umor less . This is because if this crystal
grain size gise¥r@butidi) 58024 8S wak® tREEEMNED) wherablyethe deygedeigaizag i n
sputtering. However, if this crystal grain size becones excessively snall
t he control size bevope dicttiuaddiyt meastupredki nds of the raw materials which
can be used nay be excessively limted. Accordingly, the crystal grain size
of the spinal structural conpound in the target is nore preferably set to a

val ue wi t hi gnt ange l11to stlll nore preferably set to
a val ue mﬁtﬁ? éb?é?? n% B?e CEY?Bagn%ﬁgf %%crlbed in the first

enbodi ment, the ClTMété‘%ygféil Y15 AL s@k el b tHd AakagbhH ! Liyér&é® Eompthinzan
easily be distinguished by mappi ng (concentration distribution) of zinc

wi th t he EPMAn betdmn tsemkl edinimdo asgimbautrange hyxclypreng @)P@I@@Id@‘qﬂiwnd
wher eby the crystal gral size can_be actual ]y neasured. Rel ationshi

bet ween t he t@a selertipm of yhediing aifnl%%%dja%t Pﬁ@%&rﬁ%ﬁlsat%%%?m
nodul es Ref %r . Q: t hie e %Ve%:‘agteh%rra‘il At 'i%%s Q)'fp tj?l%t %g}etdl%n\falp%%der

- conditions for producing the target, or the like.

For example, about the kind and the average grain size
of the ingredient powder, it is advisable that the average grain
size of zinc oxide powder used when the target is produced is
set to 2 pm or less.

This is because if the average grain size of the zinc oxide
powder is over 2 pm, zinc oxide diffuses and moves easily to
indium oxide to make it difficult to control the crysta_l grain
size of the formed hexagonal layered compound. Conversely
speaking, i1f the average grain size of the zinc oxide powder
is 2 pm or less, indium oxide diffuses and moves easily to zinc
oxlilde so that the value of the crystal grain vsize of the hexagonal
layered compound can be controlled to 5 um or less.

However, if the average grain size of the zinc oxide powder
becomes excessively small, the handling thereof may become
difficult. Alternatively, it becomes necessary to conduct
mixing and pulverizing treatment strictly, so that costs may
rise.

Therefore, the average grain size of the zinc oxide powder
is preferably set to a value within the range of 0.1 to 1.8 pm,
is more preferably set to a value within the range of 0.3 to

1.5 pm, and is still more preferably set to a value within the



of the crystal grain size of the spinal structural conpound and the
hexagonal | ayered conpound and the nunber of generated nodules wll be
described in nore detail herein. The transverse axis in FIG 4 represents
the value (um of crystal grain size in the state that the spinal
structural conpound and the hexagonal | aykered conpound coexi st, and the
vertical axis therein represents the nunber of nodul es generated per unit
area and unit sputtering tine ( /8 hours/ 900 24 "2 ) . As can easily be
under st ood tangeFb& 045 tb tthe amystal grain size of the spinal structural
conpound and the hexagonal |ayered conmpound is 5 pmor |less , the nunber of
t he generated nodohdshg othershapdr s/obde prefexyed kbast e avarpdy prapa

crystal graip siz f the spinal, structural conmpoynd and the. agonal
ayer od SonBoaRct LRI RR ne i S S hBSHE itk R E daa

i ncreases rapi u t ugkegnaf ECBxli §e5 #./8 hours/ 900
me, are geﬁgrg#édagggﬁggrgg?§ns%gggi%g,EPg égﬂbngﬁﬁﬁe?égggd'fron1FIG. 4
that it is effectiNeréposet the avyshge grain size of the spanah skidet ural

conpound and the hexagonal |ayered conpound to 5 pmor less, in order to
prevent thepgederansed whenhtheothrgst cfs amaduged isnh@refengddar seitohoof

t he nodul es can_sure|y be prevented hy settin he crystal grain si to 4
pm or | ess. a~‘l§a&ﬂt"i’%¥h%‘? ?pthee GRS éﬂiyargi Rost 22 Wive 1§ QTS pijP%Fﬁ‘éﬁi’e of
t he spi nal u C b t Lol kN§ 0 i V. r

changi ng ap%%gpﬁ);gtg%ayl t Ee Ztgﬁqé‘c?%n?%?g?h‘;epg'%tgfEi‘ﬁg‘%’gaifm j%;g éL?XL
constituti ngotBeptargehbliyhee 8VES a&ralidl Withia ehethangags®di Sittopawder,
conditions for producing the target, or the like. For exanple, about the
ki nd and t hemaverage grain size of the ingredient powder, it is preferred
to set the average grain size of zinc oxide powder used when the target is
produced to 2 umor less , set the average grain size of tin oxide powder

to a val ue wthi, he 1 f 0. OL to 1l um and nmake the average grain
si ze of thew%bnbg%%dgesg%ggpggnalIer than that of the zinc oxide powder.

This is because itnh8apilRf rébesUREQISE OFIdd Nt de®S 1f pPritFeratlyiser @¢ de
powder and the tin oxide powder is limted into such a range, diffusion and

movenent thareaflueanebe thanr al ked 0sb (2 hatmt he crystal grain sizes of the
hexagonal |ayered conpound and the sginel structural conpound in the target
can easily be conThéF| &8 bscauser ifesby. buhkrepsietanfe aGetafelBrarn’size

of the tin Oﬁig%uﬁ? erakﬁpg%gﬁ %ﬁ%% %ﬁ%léﬁ%%ég%@ﬁaiﬁabgﬁs@htﬁh ih@fh;ange

of 0.02 to 0. 'S S nore preféra o a value wthin

range of 0. QéutthQ-iagp%b ahdti aodlesPim@ivebablgensehted anvahee tarigeitn the
range of 0.05 to 0.2 um A desired target can be obtained by producing the

hexagonal | ayefadeconpound and the spinel structural conpound beforehand,
maki ng the conpounds into desired grain sizes, and mxing themwth the
i ndi um oxi de powdBpweyey.Bhfkthesbalhnees hnpremsts L asf thas&cong 10

embodi ment, d hecxl?ll,JI %héel’sl[iélt:lggcgf Oit.het: hFesultant film may be crystalline.

Therefore, the bulk resistance of the target 1is more
preferably set to a value within the range of 0.5 x 102 to 0.9
x 10° Q * cm, and is still more preferably set to a value within

the range of 0.6 x 10 to 0.8 x 10 Q * cm.

(5) Density

The density of the target is preferably set to a value
of 6.7 g/cm’® or more.

This is because if this density is a value of less than

6.7 g/cm’, the number of generated nodules may be large.



target is preferably set to a value less than 1 x 10'3 SZ ~ cm and the
density of the target is preferably set to a value of 6.7 g/cnB or nore in
the sane manner as in the first enbodinment. [Third enbodi ment] The third
enbodi nent is an enbodinent related to the third invention, and is a
transparent conductive oxi de obtained ustg a sputtering target wherein the
atomic ratio represented by In/ ( IntZn ) is set to a value within the
range of 0 . 75 to 0 . 97 , and further, a hexagonal |ayered conpound
represented by | ngowée¥ae) mishenesndehsstanisndbeger70i ¢/ 4w’ ,2@hes taarjedi ned,
and the crystal grain size of the hexagonal |ayered conpound is set to a
val ue of 5 dfinselfl bescomes2@etalllgr got thatt fkhet IsitedpiddHiadiofe sPut tegd ngsed
target is the sanme_as in the first enbodinent. l&erefore the target is a
target wher EBADORe PE: GFPINEL i AP ePr ECEBRLEd ByELHP(RAYIRY PUPGFLRFN the
range of O . 9 refer r get e the atom c
ratio repreggﬁgg%%%&iFX7ngl%gﬁﬁfgfgeaf?ﬁhﬁyﬁﬁg%rgﬁbgw% 1@9 0 to 0.95, and
still nore preferehbyesokrar 0Ehe Vi €i tyy [dFe takOThEgE Bt i© nicy ea@Feattly | n/
( IntZn ) is within the range of 0.85 to 0.95. (2) Filmthickness The film
t hi ckness ofetth&ot maveiaree wtl thdmd kel wangei ¢ Ga8 Ko dpPr gficmat el y sel ect ed
dependently on use purpose, the material of the substrate on which the
transparent conductive oxide is deposited, and so on. In general, the film
t hi ckness pr.ef er abl fr,om3 to 3,000 nm The reasons for this are as
follows. If ?ﬁ%O%%i%m %@g ﬁggs is less than 3 nm the conductivity of the
transparent condughieVge@dhde emboldialht tie ba emdodimentnirel@tedhecother
hand, if the filmthickness is over 3,000 nm the light transmttance

t her eof nay sécomdorinvesadidionr anfde ils lee spat teadingy teagpdnefattde ifixste
transparent conductive oxi de when the transgarent conductive _oxide is

def or med i n egogimant.hEhich L IPTHSSRLT fe PRE B URIGRF & iEGﬁ‘d’g‘]cﬁ’?’ﬂf' .
oK oy S 8, ek Ga A ELSHRRE i i gy ferspeidamenge i
preferably sathd gxdayal uge Wrdhik FAeis e 1af td G ine BedngreetCSa valvd 8
show effects of the filmthickness on the 27 resistance change rate and
the |ight tremamdat aeae.curve of the transparent conductive oxi de,
respectively.
(1) Composition ratio
@ Indium oxide
The composition of the respective metal oxides which are
constituent elements of the target in the second embodiment is
characterized in that the indium oxide content by percentage
is set to a value within the range of 67 to 93% by weight.
This is because if the indium oxide content is less than
67% by welight, crystallization by heat treatment becomes
difficult so that the conductivity of the resultant transparent
conductive oxide may drop. On the other hénd, if the indium
oxide content is over 93% by weight, crystallization is
conversely liable to advance so that the nature of the film
immediately after sputtering may become crystalline.

Therefore, the indium oxide content is more preferably

set to a value within the range of 80 to 93% by weight, and is



It is understood fromFIG 7 that even if the filmthickness of the
transparent conductive oxide (substrate: PET) is changed to 68 nm ( curve
A) , 100 nm( curve B) and 200 nm( curve C), respectively, the resistance
change rates thereof hardly have difference in a 1000-hour heating test at
90C. According to FIG 8, in the case tha® the filmthickness of |ZO was
changed to 100 nm ( curve B) , 220 nm ( curve C) , and 310 nm (curve D),
respectively, a tendency that the light transmttance at the respective

wavel engt hs s¢napppdral ﬁﬁ@féﬂabi%téﬁ: fid B ¥4 & essh BT h@Rdanbar er7 M
found out. (3) Substrate Wien the target is used to formthe transparent

conductive 68ikdby wedghtf isimcet Hdef Dahansep beftaegipl \£hieo comdiuet iyigyb i at e.
Such a substrate is preferably a glass substrate or a fi|Jn££§ heet

substrat e nkdEnsPaxenty Viee S¥FAeeng ShecicEYS tatah 9895yl ass
substrate i B%Ic%ﬁl[%sglb%s&e@ ates made of soda linme, |lead glass, borosilicate
gl ass, hi gh-puri ica ‘glass, non-alkali glass and so on. O these gl ass
pl ates, the non-alkali glass plate is nore preferred since no alkali ions
diffuse into the transparent conductive oxide. The transparent resin is
preferably &reshnokagéeng a sufficiently high light transnmttance and a
superior electric insulation. Specific exanples thereof include polyester

relsi ns Isuch as polhet hinermwlide comhend RrePekcentage y dbsoharaetets set
: t i | t | f in, i in, lyimd in,
D Yo ot e o Voo YA SHd YRS s AL WolsC P HellgrRO) Vi M de Tesin

pol yam de r e Tesin: 8 'Ot hese sins, pol ycarbonate

resin, polyarylateni@si8, pHOaYSs iyt ehe teheptidalcdntdiiSiR, 185sPohaetdwer
sulfone resin is suitably used since these resins also have heat resistance

(4) Heat mbyeateigydit,l rthehedrdarspiaridngt icomedc timperoveddeven tife tthe r d
enbodi nent, the conductivity thereof can be made hi q:h by heat treatnent

(i ncl udi ng exysttalliigatgarn dft mdmancgd &y thgat treatment. Conversely,

the conductivity of the resultant transparent conductive oxide
may drop.

On the other hand, if the tin oxide content is over 25%
by weight, the transparent conductive film does not crystallize
even by heat treatment so that the conductivity may drop and
nodules may easily be generated.

Therefore,.the tin oxide content is more preferably set
to a value within the range of 5 to 20% by weight, and is still
more preferably set to a value within the range of 7 to 15% by
weight since the balance between the crystallinity of the
transparent conductive oxide and the conductivity plus the

prevention of generation of the nodules becomes better.

@ Zinc oxide

The zinc oxide content by percentage in the target is set
to a value within the range of 2 to 8% by weight.

This is because if the zinc oxide content is less than
2% by weight, the transparent conductive oxide obtained in

sputtering crystallizes easily. Alternatively, the crystal



formation into the film About conditions for such heat treatnent,
treatnent time is preferably set to a value within the range of 0.5 to 3
hours in the tenperature range of 180 to 300C, preferably in the
tenperature range of 200 to 250C. It has been proved that if such heat
treatnment conditions are used, the resis2zédvity of the transparent
conductive oxide imedi ately after the formation into the filmcan be nade
|l ow, for exanple, in a rate of 20 to 80~. (5) Resistivity The resistivity

of the trangpaiantisendecthue taxgde bacBmekenakyyrseb thaz nekugeef m@go0 uS2
"'cmor lesS. If this resistivity exceeds 800 pSZ ' cm uses which can be

appl i ed myehgigyceesgeakyaltedi tadinghepataeeinghe resistivity of the
transparent conductive oxide is nore preferably set to a value of 600 pS~ '
cmor less, and i 9nsthe|okbeE harderib| thediin pxlde|qpntemB4E ¢¥er 8@m or

o5, (9 gt bR0S T B0 e P B G UGS Rl do? DOt 0 )

in FIG. ttance (at a wave nm or 550

nm of the LLaRSBY §BLtCeRdUEene 2% d8aitS theteonablt 171ty ve @he’5~ or
nore, nore preferably a value of 80~ or nore in the case that the thickness

~ thereof is, transpaaepltecohfchhvel dxide naymspabentimpoodadt i VELf dtialdimas
such a light transmttance, the transparentconductive oxide can be suitably
used as tranxidecaenteBEtpRe B Ry WRLIRT s ey PUAY ERsistRRca LT ithd d

crystal display elenents and el ectr,olum nescence, di spl el enents. for

whi ch hi gh @ H?ﬁa?‘@ﬁc?/x%%ﬁsc]oﬁ‘dibtai %?1 t Y58 Fé&ﬁi?gg?f%&?‘bﬁ%i% Ri= el
8 is the tr bl 3168 iGegve of the gl ass substrate ( 7059 glass ) ; the
curve Cis g%%g?%hp e wherein an 1 ZO filmof the third enbodi nent, which
had a thi ckness offhgz2efbire , Wweke fimedxadet bentmt dssmbserptefetdiel v gate D

is an exanple wherein an 1ZOfilmof the third enbodi ment, which had a
t hi ckness ofto3aovakye wkthin B 819ndee0f| asko Hindyr Wedghhndanfele FidE i s

an exanpl e wherein an | film _ which had i ckness _of 22 f ormed
on the bl asHoZn BRPLEEabey) SRE FACE (AL T ate pin thE° 2albe’8E 8o 6P by
weight since the balance between the conductivity of the
resultant transparent conductive oxide plus the bulk resistance
of the target and the prevention of generation of the nodules

becomes better.

@ Tin/zinc

Preferably, the atomic ratio of tin to all the metal atoms
is substantially equal to or more than the atomic ratio of zinc
to all the metal atoms. Specifically, the atomic ratio of tin
to zinc is preferably set to a value of 1 or more.

This 1s because if the atomic ratio of tin to zinc is a
value of less than 1, the diffusion and movement of tin is reduced
even by heat treatment so that the so-called doping effect
becomes small. As a result, the conductivity of the resultant
transparent conductive oxide may drop.

However, if this atomic ratio of tin to zinc is excessively
large, unreacted tin remains as an ionic impurity so that the

conductivity may drop by the so-called ionic impurity



As shown by the curve B (TZOQ 7059 glass) in FIG 9, the refractive index
(at a wavel ength of 500 nn) of the transparent conductive oxide is
preferably a value of 2.5 or less in the case that the thickness thereof
is, for exanple, 90 nm |If the transparent conductive oxide has such a | ow
refractive index, the transparent condudtli ve oxide can be suitably used as
transparent el ectrodes of various display devices such as liquid crystal

di splay el ements and el ectrol um nescence display elenents, for which high
transpar encycantdeanhpg-refl ectivity are required. 30 The curve Ain FIG 9
is an exanple wherein an ZO filmof the third enbodi nent, which had a

t hi ckness of 30 nFpeR@EoFrer ndie atomigl rasigudsitdd Eo(7bmo if R¥SferaRly
Surface roughpess (P-V\ value) The P-V_val ue_(,accoydin qQ Jl 601 ) of
The tr anspatBhe tadhdirkdS i b thies YaliSenfEc2rEr I e e At tiddomhEbs
thereof, | SpRLRLeRBRYY <8R! tbOalByhahUCwetninPhe! hiigs: off 3l 6 bransparent
conductive oxide has”such a P-V value, the generation of w re-snapping or
short circuits can be effectively prevented even if the transparent
conductive oxide is used as transparent el ectrodes of various display

devi ces suc® &atiauiatvwrerstpErairsEges dvewertgbdnodfeltdat adlomsi pesc enve
display elenents. In the case that the surface roughness of the transparent
conductive B%kPBE is represented by other indexes ( Ra ( according to JI'S

B0601)  ther eof TSrREC/EIAblar BRL fékerkBldiPrylyd POk sheasoRa At J1 S

BO601 ) thereof is preferably set"to a valu nm or | ess.

Met hod of fenaimgtalfatom¥hesny (EntsRnBHAr-e oo idlpiriefe reblge ats 1basted
into afilmon a substrate, the foll owi ng can be used: a magnetron
sputtering Aichangerahhanethe ovabearnefedis mercantage fivameightacifi adnca
| aser abl ati on machi ne_or the

o g0 e g Shalh g, TSR 00, SBut 1119

e ey on’r ERLbLE5, BRCHRGD. 58, RLEATRCBLLRLL Katgsa ergap et en

transparent peepdHéhige8 ©%)dBy WOYENElisimads larger than 3%, the doping
effect of tin based on heat treatment can be effectively derived.
Therefore, the conductivity of the resultant transparent
conductive oxide can be effectively improved.

However, if the difference between these percentages (%)
by weight is excessively larger, the conductivity may drop by
the above-mentioned ionic impurity scattering.

Therefore, the ratio between the percentages by weight
of tin atoms and zinc atoms is more preferably set to a value

within the range of 4 to 30%, and is still more preferably set

to a value within the range of 5 to 20%.

(2) Crystal structure 1

In the target of the second embodiment, indium oxide and
zinc oxide are preferably contained as a hexagonal layered
compound represented by the general formula: In,0,(Zn0), wherein
m is an integer of 2 to 20 in the same way as in the first

embodiment.



31 in general preferred to set the plasma output to a value within the
range of 0.3 to 4 Wper cnZ of the target area and set filmformng tine to
a value of 5 to 120 mnutes. Such filmformng conditions nake it possible
to obtain the transparent conductive oxide having a desired filmthickness
easily. (10) Uses Exanples of preferred 4&es of the third enbodi nent
include a transparent electrode of a liquid crystal display elenent, a
transparent el ectrode of an el ectrolum nescence el enent, a transparent

el ectrode of 33 seyatatekkruatpaeeat material when these transparent

el ectrodes are formed by etching, an antistatic film and an anti-icing
heat er for QDrﬁHﬁM%ﬂzﬁmruqtux#lrmennmninnt] The fourth enbodi nent is an

enbodi nent relate? to the fg gventl hand IS a ﬁgagareﬂt conducti ve
oxi de obtai ned usifg S-¥phtlePi ﬁﬁc 4 ge? oF Pha®PRP =8 Swhi ch
conpri ses 6zh59a%%erwewxghhaeflﬂ PAb WB:H98 s pARE 15 £ 1 2BTT &Y CBRIpHh O
tin oxide, and 2 to 8~ by weight of zinc oxide, the atomc ratio of tin to
zi nc bei ng seprtseatedl bg @h,9nO; iment@linefangsteadd bife ther hekageacli n

the fourth enbodi nent, the sane target as in the second enbodi ment can be
used. That fayerméd pamg@unﬁsoa taneg heéoW9¢hs¢hg B?Xﬁsoggl B?Yﬂéﬁéht of

i ndi um oxi de, t of. tin.oxide; a 2 to ght
of 21 nc_oxi GemBRLREhcaRdHEE Bk SR 8GR OF e BB peFuREuyel
conposition i t@ 9 h di OXIde 5 to 20~ by
wei ght of tfgﬁgglhg, an§é§ ?8 é V%%“%EPghF g& ??ngggklde . Still nore

preferred is a corpesiid becaosprtise dendq tiyooBLhebyangefiarmbei mudelign de,
8 to 15~ by weight of tin oxide, and 3 to 5~ by weight of zinc oxide. In
the target avddthe phedﬂ@@dwﬁtanﬁb@rﬁeﬁtcanhbevémuﬁovﬁdthy @ﬁ@ﬁﬁ@graﬂmo of

tin atons in gln oxi_de %ﬁill a.constitu ent
t r anspar ent O¥dAGUBRAVEIRG L de Fo PP PRES a al?lggrsp éh'{l etgré'rStﬁ'&re
than the atggi ¢ppal Qnag étt%c%g 15 'cgm%ﬁﬁaozeeﬁ%ehgn%a toge 7fBsAb, atons in
t he same manner as e second enbo T ort , e afom® ratio
of tin to zhgeoraipngekervplusionj suiehdavicdrfet0f alf@fthef eimprovement can

be made in stability when sputtering is performed.

By incorporating these hexagonal layered compound and
spinel structural compound, the growth of the crystal of indium
oxlide 1s suppressed so that the whole of the sputtering target
becomes fine and dense crystal texture. Thus, the conductivity

of the resultant transparent conductive oxide can also be

improved.

@ X-ray diffraction analysis

The presence of the spinel structural compound
represented by Zn,Sn0O, can be verified by X-ray diffraction
analysis of crystal structure.

For example, if the X-ray diffraction analysis charts
shown in FIGs. 6(a)-(d) and peaks charts thereof are obtained,
the presence of the spinel structural compound represented by

Zn,Sn0O, can be recognized.



In the target used in the fourth enbodinent, it is nore preferred to use an
oxi de target having a formin which indiumoxide and zinc oxi de nake a
hexagonal |ayered conpound represented by In203 ( ZnO ) mwherein mis 2 to
20 and t he hexagonal |ayered conpound is locally positioned in crystal of

i ndi um oxi de. The value of min the form®a representing this hexagonal

| ayered conmpound is 2 to 20, preferably 2 to 8, and nore preferably 2 to 6.
The purity of the target used in the fourth enbodi nent is preferably 98~ or
more. |f thi® owystaligradsssis@an 98~, the chemical stability, conductivity
or light transmttance of the resultant filmnmay deteriorate by the
presence of inpurThpesry Tl ausia sigpeohihiet §P¥§e#ﬁ@%@@hl§i°?lp@@d~ or

nore , and i;s still e preferably.99.9 _or nore. 33 Ip the case of using
a sintered PérBE?FeFHBEYe$%Fi% %xﬁ&PﬁyOFtiéﬁ‘} & &Eﬁsdenﬁ?:’rf/)iso?’etcr?i‘?e :
target is pgef I t = r | L RSa¥-Kab1less

t han 96~, a&gr%f?ré%}ﬁqfn%]f gf%gﬁggéﬁggcfegygh % %“%uglsihtagbiggaﬂgsi 'y (]:daau%slgg
Therefore, thabnel ab bve densirated inhhepsittieerded.target is nore preferably

97~ or nore, still nore preferably 98~ or nore. The relative density
(theoretical densHoypvet.thE thig@rvssalheraim shiedbeunes X sEigalhe

densities of the respective raw materials and the respective added anmpunts
(Z"by ' wer ghETatliter EBF ContoLRs: BeFrae b i Thenr RS d g OF ik FHMbnt
conductive gxirde1Qf o B (AU YPULLEHay e ek d¥s@i918d iditee L he
above-nentioned target to make the transparent conductivé oxide into an
amor phous film byaspetraenigly, ane supseauenirhynceyiseablfi thet Bepihellm at 230C
or higher. The reason why the anorphous transparent conductive oxide is
formed in titrustpralecompeund imi therthrdat dpumoaei pgeferahdy $@k & ¢hi ng
property of the anorphous _transparent cqnductive oxin%ﬁé_iss et.ter than that
C

of crystal | Vifd-uer Fidhdme fhec HFMAS iofe Coxdi d© &vélti 2 i %% of
nmet al oxi des i tupi e tr ar .CO cti 0X] e t ane.
Next, the a%%%%o&s?lg éjr%g:p;'{ber?t v?&ﬁ%ugﬁir{vﬁlel%o% etﬂla\sﬁ%(?r y)ss?ggs'lsﬁfg’da‘r t“g' a
transparent condugli 48se¥iB8a tWCtha flirdts BAbeaimeaRqUEhe VErPxt4ilE diasim
hi ghly i nproved conductivity. Such a transparent conductive oxide has
stability i miclecctfi ither egiistedneratcthimgl tcompouamdic@noreastiiv de noi st ure,

as shown in FIG 7. 34 Heat treatnment tenperature when the anorphous
t ranspar ent dé&?&ﬁk&qwe&@é{é“?gp%ﬁ@s(t%qqefg}&q %ﬁésﬁFéPBF&BW %P\Fét% of

250C or hi gher. il I f Eﬂp i ) { S
heat treat r’rg]ﬁ'tt_’ht giﬁ%eér:%%rigl_ ?fs'}ghlgg eIfl?éngle\r%%g%%%%ggg']geﬂéeﬁgggg{?g{' slaér%ozt(ﬁ}%:ed
since cryst Jdnipduidl SRERGdEy fiad &irydiae\Waid ha eadar neatdeiially
tenperature is preferably set to a tenperature which does not cause thernal
def or mat i on mefastdred.r ansparent substrate. Therefore, for exanple, in the

case that a resin is used as the substrate, the heat treatnent tenperature
is preferably set to a tenperature of 250C or lower. In the case that a

gl ass substrate is, used, .this te ature is prefer { v
Jemper at ur o Bt RedEiERShshAeusal T Yafue HETRECARYaE Prdh Bizp ana
treat nent i sHY efifidY YofMshdatdkiddutegpe crystal of only indi um oxide
in light of the heat treatnment tenperature. This is because if the other

hexagonal | ayer ed Redigaouimdgs tor FE@i nél it uetlartdlonsdrijpobrtiveenetkemal ved,

the conductivity may drop by the so-called ionic inpurity scattering.
Referring td’ﬁzltée ‘101,’5?%1@ Birldceige Phdher seinelish ttLB?l?&ePSF'BPBnaaiﬁd be

descri bed in.nore dei' . T%? nsyv §ﬁ [ Sq i &S t%@rr&?r Stdigat
trea_t nment t_e eerl}ﬁ}fﬁ‘ Oqi%) ]a ?#1%@0(?%/ al (l?)z%r?% 1[r}(larrper“};l ure, aiezﬁt e
vertical axighddd€iwii P& B Sriesd Sin idve (RSZaiLMerd$n can easily be
understood fromFIG 10, if the heat
The transverse axis in FIG. 4 represents the value (um)
of crystal grain size in the state that the spinel structural
compound and the hexagonal layered compound coexist, and the

vertical axis therein represents the number of nodules

generated per unit area and unit sputtering time (/8 hours/900



treatment tenperature is less than 230C, the value of the resistivity
becones very high, that is, 3,200 pS2~ cm Conversely, if the heat
treatment tenperature is over 350C, the value of the resistivity becones
high, that is, 1,000 a S2 ~ cm. 35 Conversely speaking, in order to nake
effectively the value of the resistivity24ow, for exanple, into a val ue of
500 uSZ cmor less, the heat treatnent tenperature is preferably set to a
value within the range of 230 to 320C, is nore preferably set to a val ue
within the mmAge of 240 to 300C, and is still nore preferably set to a
value within the range of 250 to 290C according to FIG 10. (3) Etching
treat ment The trafSpaRBneagbhviRe iwlengtewbEroReFiGur 4 h Bhtidu pamms tias

f bl t d h i h ... Ih i t h
pref erabl y SLeedt 2o S,8 ShUAL STARE,. TUAY e IE BICERNOS s
et ched wit hﬂ.a%ﬁ:eﬁxémbgunﬁnigqgﬁﬂﬁj%rsqle‘éts',o'ﬂhgaﬂhrﬂﬂef" SONGRMJ R A Y 5

by weight of Oxalic acid. By making the tenperature of the etching

treat ment hnglduleischs g/ granars Ao coammbe ORPEiY @dhelrdiawd ATFH €he ickyidt@icase
that etching is performed at 40 to 50C, the etching speed can be nade to a
val ue of 0. gradnéhaecHthepppinadcvtmieiyel cempoansr phdushe desqeaoansl

conductive gxide is characterized by being easily etched w thout using a
strong aci d??é’@ﬁ'eé?s RS S OVEE & SM-ad bgragefa w@t @rﬁ%%ﬂti on

or T equi 11 NG oGOARlY §ALEAaRg! AL 0ASy SHER RRAACRIEufiho? BEQUERIA Y f11m

onto a wiring electrode as per or convent'i onal

particul arl y poefier /ad Homrey®0amn Neatt Chengravéd@t i on, an aqueous sol ution
having a concentration of 3 to 10~ by weight of oxalic acid. If the
concentration of 6raversadydspenking. ifjuubesyldanshirdGErandisr. 4Hdat3~ by
wei ght, sufficient etchi r‘l%vs eed may be obtained. On the other hand,

if this cpné'(:frntilsa.teif&?qtél' et hprensrgisitale oraddy sigp 9f &%FM% §6
the sol utiogyhithgadl 88mBEHATLEE thd fEkalBfial SIRFE ALY 'OnPodd e t 8L & 9

or less, in order to prevent the generation of the nodules
effectively, and the generation of the nodules can surely be

prevented by setting the crystal grain size to 4 pm or less.

® control of the crystal grain size

The crystal grain size of the spinel structural compound
can be controlled into a given range by changing appropriately
the selection of the kind of ingredient powder constituting the
target, the average grain size of the ingredient powder,
conditions for producing the target, or the like,

For example, about the kind and the average grain size
of the ingredient powder, it is preferred to set the average
grain size of zinc oxide powder used when the target is produced
to 2 pm or less, set the average grain size of tin oxide powder
to a value within the range of 0.01 to 1 pm, and make the average
grain size of the tin oxide powder smaller than that of the zinc
oxide powder.

This is because if each of the average grain sizes of the



solution to a value within the range of 30 to 90C. This is because if the
tenperature of the etching solution is less than 30C, the etching speed may
excessively drop and if the tenperature of the etching solution is over

90C, the managenent of the etching solution may becone difficult.

Therefore, the tenperature of the etchi®p solution is nore preferably set
to a value within the range of 35 to 70C, and is still nore preferably set
to a value. within the range of 40 to 50C. (4) Filmthickness The form of

t he transpazent cxrihpobwderoandetlies tiat ophdée ippmded ysliimiesd ihao exanpl e,
afilmformis preferred. In this case, the filmthickness can be

appropri at e&lyrmféct@tifﬂé‘pm&iﬂ yTlQﬂﬁ“!GHbt Ienad ean, b@héoﬁﬁféllllaﬂ 8P the

substrate on mhl h the tr arent condyc oxi de i 03|ted and _so
o, “The 111 Mt hi RSy Sped GFabie 14t FhSheRedona baauamad Sonedtane
manner as 'Qn{i d @gi‘i’:ﬁ‘i”’g%h@%ﬂﬁsal(éémb@&ﬁa'ﬂy HeJt §PHROSELE dals 111S be
preferred to e transparent conductive oxide, "a gas barriér layer,
a hard coatcbﬁygbllga aBt pmebketkisn.l ayer, and the |like on the substrate

face opposite to the face on which the transparent conductive oxide is
deposi t ed, therebThem&foyea thd aveageecaravnpdsetel the the Q?‘étd@r pawdﬁa

onol Sﬁef”"gsﬁg&?%ﬁ? Sl Sy ADE Farel BRFRER WS TSRAA i BubR0 %
chloride, pgl Xdeﬁ‘y%L'sdEﬁfli'rd&fé gfgeérsﬁfglg&@to/%é vtafﬁerrmemeltﬁ@&ahaem ng

t he hard coaf “I'aye erel1s u a titanium or silica-based hard cCoat

agent , a p@fydmcm RS OF, Bahm $ LY 4% R6k Y et dfd ramlhaety tat £ vallueaviithahgani ¢
pol ymer material such as pol yphosphazene. As the material for formng the

antirefl ecttba tayge off o0& ite Os2dua. | dndebigedi wrg@ble;@rpdﬂwn’ertaiaed
fluoride such as MyFz or CaFz, or an_oxi de such as 8
A1203. In th¥ PFaﬁgﬁéP@th€oH8§€9P9élo}PM8r8ﬁ fREPERB eﬁPdlﬁbﬁn?PGHelan

or gani ¢ pol f n t a
ouface {neb Sopotllety boflbdtnd"peBAraRthG | flaRihy ThEPYOhBOLBRETINEB B |
transparent gggngdat yraifxsdeesl, hha MARSAGt them with the indium oxide

powder.

(4) Bulk resistance and density

In the second embodiment, the bulk resistance of the
target is preferably set to a value less than 1 x 107 Q * cm
and the density of the target is preferably set to a value of

6.7 g/cm’® or more in the same manner as in the first embodiment.

[Third embodiment]

The third embodiment is an embodiment related to the third
invention, and is a transparent conductive oxide obtained using
a sputtering target wherein the atomic ratio represented by
In/(In+Zn) 1s set to a value within the range of 0.75 to 0.97,
and further, a hexagonal layered compound represented by
In,0,(Zn0), wherein m is an integer of 2 to 20 is contained, and
the crystal grain size of the hexagonal layered compound is set

to a value of 5 pm or less.



i nvention may be produced by any one of various nethods , such as
sputtering, ion plating, vapor deposition, and | aser ablation. Fromthe

vi ewpoi nt of the performance of the transparent conductive oxide, the
productivity thereof, and so on, the use,of sputtering is nore preferred.
The sputtering may be ordinary sputtering (referred to as direct
sputtering), such as RF magnetron sputtering or DC magnetron sputtering; or
reactive sputtering. That is, the conposition of the used sputtering target
or sputtering conditions nay be appropriately sel ected dependently on the
conposition(gf &gg tiansparent conductive oxide. ~2 Filmform ng conditions
1 38 Sputte?ing ondi tions when the transparent conductive oxide is

deposited on the thafreafieitd SMddaiendy the agbaspatyeti 1§ s same as
dependently on the nethod of the direct sputtering, the conposition of the

sputtering tar gbe, fiimstpeobedipenft .t hBhesefonachthe, tandetoisna target
therefore difficult to specify the conditions w thout reservation. However,
in the case"BPTBEM&HReBFORISPERELP | FRPT PR EH IR 1Y/ (tTHb‘fzt,‘bhd'ist Wdridrding
hreferably Hfib fnbgd0e sy dharecl, Ahatln e SLERLR LA HHE
egree in direct sputtering, 1t s ‘preferre 0 reduce € pressure 1nside

a vacuum t agkoRgkorghaBdréptesén¥éd Usy ah /A ( Ph+1h )3 1BawtniAschdaifidfe e
sputtering. The vacuum degree in the sputtering is preferably set to a

val ue wi t hi 0.80etoafg85cf atd3skilD Rore Brefdxablhe rragsls whardin $here as
follows . If the vacuumdegree in the s utterin% i.s higher than 1.3 X 10'2
Pa, stabiliBFoBdcprasif ﬁ%gr%%?’éw%r%‘( n/gInHf@ otiﬁeY’igBﬁH,tli‘? T Wicuum
degree is Igw%% E%a% Qs _Pa, it my be difficult to raise the voltage
applied to the targef.5Therefore, t he vacuum degree in the sputtering is
nore preferably set into the range of 2.7 x 10'2 to 1.3 Pa, and is stil
nore preferably set into the range of 4.0 X 10'2 to 6.7 10'1 Pa .

(2) Film thickness

The film thickness of the transparent conductive oxide
can be appropriately selected dependently on use purpose, the
material of the substrate on which the transparent conductive
oxide is deposited, and so on. In general, the £film thickness
preferably ranges from 3 to 3,000 nm,

The reasons for this are as follows. If this film
thickness is less than 3 nm, the conductivity of the transparent
conductive oxide is liable to be insufficient. On the other
hand, if the film thickness is over 3,000 nm, the light
transmittance thereof may drop or cracks or the like may easily
be generated in the transparent conductive oxide when the
transparent conductive oxide is deformed in or after the step
of producing the transparent conductive oxide.

Therefore, the £ilm thickness of the transparent
conductive oxide is preferably set to a value within the range
of 5 to 1,000 nm, and is more preferably set to a value within
the range of 10 to 800 nm.

FIGs. 7 and 8 show effects of the f£film thickness on the



(Applied voltage) The voltage applied to the target in the sputtering is
preferably set to a value within the range of 200 to 500 V. The reasons for
this are as follows. If this applied 39 voltage is less than 200 V, it
may become difficult to obtain a good quality thin filmor the speed of the
filmformation nay be restricted. On thé&”ther hand, if this applied

vol tage is over 500 V, abnormal electric discharge may be caused.
Therefore, the voltage applied to the target in the sputtering is nore
preferably sesisbanceanmmge rhite did® thenDeglot t230stnd t4a0c¥, cande icf shel |
nore preferably set to a value within the range of 250 to 420 V.

(Sput t eri ngtyarypaserhecapuectivagoyide( neapephévetYgas ) in the
sputtering, a mxed gas of an _iner as such_as_argon S apd. oxygen
gas is preferred%f%Tébe?% QLS ﬂogh%r%%s%IQha. Eﬁiﬁwﬁéh& ?@lﬂ&%dagy“the

i nert gas , I j f; ar 1PUIEN IS
preferably g}é?%@é%@%;%%%b%ﬁ%&é 9:%§%tgfgd¥ﬁ§tlvi%s?9?%§q§§% al prels)gaﬁe of
oxygen is pigfgiaiyes sot6s ama(yatue At D00 frhecuarneges panl 304G (tarGe? X
10-1 Pa, is nore preferably set to a value within the range of 3 x 10-4 to
1 10-1 Pa, @hd ¥espectivedye Phefresigtiame change, gateswithgirgofhbardaye of
4 x 10- to 7 X 10-2 Pa. Qutside the range of this blend ratig and this
partial preRavieecddffekonen, irna LB9ArhaHr heahipdr ERFtcBRAALtTve oxide may

nei t her have a | i hj ' t ] [ m ng
conditions 2 In ?%%éﬁgéﬁégqgfFgg%ogft+%gj%%gg%ﬁa%§%gﬁgﬁ%§g%ﬁaag%%ggggﬁide
on the trangparentwsskgididen B nOAChiny ecEpUEtBY | IR0 aint JlcgRiveT®@Je ahdan
alloy of indium tin and zinc is used as the sputtering target. 40 Thi s
al | oy targeBlomgpmbécubvei Red, réeepeckanply, bytdndpacyi hapokber Ldghthi ps of
tin and zinc into nelted indium and then cooling this dispersant.._ The
purity of thFangmiblapgpqat Fgﬁpﬁ%ﬁQﬁQﬁﬂxﬁSﬁ?YQ$éaﬂ5n§ drepeed, 8LdPRELY 99~
or nore, and.still .pore I 9 r [ h nner as about
t he target €r£g%r£g?&sﬁgﬁggﬁ%%g.¥E§n8?9?0%§9§§¥ ?ﬁ% ?82§§?Sggéputtering
vary dependently on the conposition of the sputtering target, the property
of the machi ne used, and so on. However, the vacuum degree and voltage
applied to (B¢ Sabgtrate the sputtering, and substrate tenperature are
preferably nmade equivalent to the conditions for DC direct s utterigl_g{irf_'3 As

the atmospheric gHSSR heniRBACHAS BFORi ol FRPT “GRSTIOLIRAF <R JPROH
. f Gl ' tt
a val ue i ohBHEr 4 of T SRELEFIR AN pEPPRENOFY ALl TREPAENIR gas”

is used as the inghth3RsubstPatBl BNgreabiraniyd YyMBsEH Ut b £daM t O
oxygen gas is preferably set to 0.5:0.5 to 0.99:0.01. (7) Uses Since the

t ranspar ent oeosHeeti sabstrdéeomatiee offoar tirasspatentnresadsn .t he

above-nentioned properties, the transparent conductive oxide is suitabl e
for a transparentMerecepeasfde gxppples efythal 94psp ayPereatft inglude

transpar ent el get [ oe, 0080 S Ad.0L UILNASGRNES AL og1 £ Jd A SRR

el ectrode of ar ce a paren rial en.fhes ranspar ¢
el ectrodes ﬁﬁ.@htﬁﬁﬂféyﬁ)éilﬁ.&ﬁ:ﬁl Blasd) abhiahabile Hilb&s anRdasbi ohGi ng heater
e.

for wi ndow glass, or the Ii

Of these glass plates, the non-alkali glass plate is more
preferred since no alkali ions diffuse into the transparent
conductive oxide.

The transparent resin is preferably a resin having a
sufficiently high light transmittance and a superior electric
insulation. Specific examples thereof include polyester
resins such as polyethylene terephthalate resin, polycarbonate

resin, polyarylate resin, polyether sulfone resin, acrylic

resin, polyimide resin, polyamide resin, and maleimide resin.



41 [Fifth enbodi ment] The fifth enbodi nent is an enbodinent related to the
fifth invention, and is a transparent conductive oxide of the third or
fourth enbodi ment, wherein the half band width of a binding energy peak of
t he oxygen 1S orbit, which is neasured by Xray photoel ectron spectroscopy (
XPS) ( is set to 3 eV or less . (1) Hal2sband width of a binding energy
peak of the oxygen 1S orbit The transparent conductive oxide of the fifth
enbodi ment can be obtained by using the target of the first to the second

embodi ments and f gEMids& rblshiMsbVpSPyta Lhonge Hag 108! ho Vel redfird
bi ndi ng energy peak of the oxygen 1S orbit in the surface of the

t ranspar ent podgettivilemeoxetdephthathtesrasanured mhylyetlasr photfivel e atersdm
spectroscopy (XPS), is preferably set to 3 eV or less. This is because if
this hal f basdsWwiaaRlysugsResince/thpapiTesins &S PaNerkrdkHagisFange -
beconme | arge or connection resistance during |long-termuse may increase
mar kedl y. However, if this half band width is 1 eV or |less, the range for

sel ecting raw) el al2aMierit can be used may be excessively limted or the
control of the half band wdth may be difficult. Therefore, this half band

width is nore prefiar ahky t¥ansparantakcoadvctthive bikddeapde the thiiwd2. 9 eV,
and is still nore preferably set to a value within the range of 2.0 to 2.8
eV. The reasowofiynemtie Rhef confdchivihy otherrobiganl he Badeghlipgedry dreathe

Yo e Piadyont Terhddlnd ‘G HaiT] S Gttt "R et R0 ON the
formation into the film.
About conditions for such heat treatment, treatment time
is preferably set to a value within the range of 0.5 to 3 hours

in the temperature range of 180 to 300°C, preferably in the

temperature range of 200 to 250°C.

It has been proved that if such heat treatment conditions
are used, the resistivity of the transparent conductive oxide
immediately after the formation into the film can be made low,

for example, in a rate of 20 to 80%,

(5) Resistivity

The resistivity of the transparent conductive oxide is
preferably set to a value of 800 pQ * cm or less.

If this resistivity exceeds 800 u§2' cm, uses which can
be applied may be excessively limited.

Therefore, the resistivity of the transparent conductive
oxide is more preferably set to a value of 600 nQ * cmor less,
and 1s still more preferably set to a value of 300 uf * cm or

less.

(6) Light transmittance

As shown by the curve B (IZ0/7059 glass) in FIG. 8, the



That is, when the surface state of the transparent 42 conductive oxide
formed into a filmby sputtering is neasured by X-ray photoel ectron
spectroscopy (XPS) , two peaks meke their appearance, one thereof being a
peak originating fromits nmetal oxide, and the other thereof being a peak
originating fromits el enment other than 2%he netal - oxygen-the netal, for
exanpl e, hydrogen or carbon bonds as shown in FIG 13. In the case that the
transparent conductive oxide wherein the peak originating fromthe bonds of

the el enent lQPh(tf tthagmti ke afekall a@xygvavéDengEhadt $d@inm Sor t980 hinhdioHy
energy peak of the oxygen 1S orbit is relatively large is connected to an
ext ernal el éberitranspaventsochdastiaveiaguidk drsyprafedabliyng caluaidf 7Ste

connection resistance thereof naé i ncrease or_during |long-termuse thereof
t he connect PEMPER; dACKf BTREGTARLY A TELUPhAE 8 Q% OFHROF ¢ fithh LBRIAF it t he

hal f band vigh g e ol neld. 2910y cgak,ghehfie gxyogh 1S orbit in the

surface of the transparént conducfi Ve oxi de i's measured by X-ray

phot oel ectron spegkr @aeoRYahXBakrenits cdfliub@ivBeostiienn¥al dach! B thgatway,
the initial connection resistance is reduced and further the tendency of a

gradual i ncteassmirn thneeorineciraospaesnstaoiigtiveogiteraamube suditably
suppressed. (2). Measurenent nethod The half band wi dth of the binding
ener gy peakused: ag Banshnned bhedectrrdefeet ard@isofisRéay dghze  much

conduct v, a5 49T 090l ATCHER KO0 Sl A e

" base line tAE&r ak “of "the oxygen € orbi t

can be obtayigdiay Qﬂém@ﬁvgsarfo&Swﬁ&Ehthp{gleraﬁgpah}@weyi an&ldendbdtiNgiti® an
X-ray phot oel ectron spectroneter (XPS). xt, in the resultant oxygen 1S

orbit peak, atdee rleamd reidne 43 thereof can be set up using Shirley's
equation. Since the length fromthis base |line to the peak can be obtai ned,
the position in tABenfaave dfinHelGefyis EhA brargpithanee Fyrydokdihe

iti [ h i.ddl h he_bi ndi ) |
bxygen 15 oPbRESCaRPBEraE Ll RRRSH sdthS A g = ade Sl
can be def Bec:9b +0EnGk LSV #lchookilne ! ko nbhea hal{cRds Wt h 0

Water content in a vacuumtan
220 nm, was formed on the glass substrate; the curve D is an

example wherein an IZ0 £ilm of the third embodiment, which had
a thickness of 310 nm, was formed on the glass substrate; and
the curve E is an example wherein an ITO film, which had a

thickness of 220 nm, was formed on the glass substrate.

(7) Refractive index

As shown by the curve B (1Z0/7059 glass) in FIG. 9, the
refractive index (at a wavelength of 500 nm) of the transparent
conductive oxide is preferably a value of 2.5 or less in the
case that the thickness thereof is, for example, 90 nm.

If the transparent conductive oxide has such a low
refractive index, the transparent conductive oxide can be
suitably used as transparent electrodes of various display
devices such as liquid crystal display elements and
electroluminescence display elements, for which high

transparency and anti-reflectivity are required.



The half band wi dth of the binding energy peak of the oxygen 1S orbit of
the transparent conductive oxide, which is nmeasured by X-ray photoel ectron
spectroscopy, can easily be controlled by the water content in a vacuum
tank at the time of sputtering. That is, in order to obtain the transparent
conducti ve oxi de having a half band wi dt3P of 3 eV or |ess , the water
content in the vacuumtank is preferably set to a value within the range of
1 x 10-5to 1 x 10-1 Pa when the filmthereof is formed by sputtering. Mre
preferably, sputt®henourse geritofiieéd whibeanhexawplke wenelnt am IZkefidouum
tank is kept within the range of 1 x 10'6 to 1 x 10''1 Pa . Applied voltage
When the fiPh ‘é\‘lethléi%f‘?a%‘@%‘?b'ﬁ?n%on%(tﬂil Ve da d'é‘ji"é“\‘ecﬁsrr&f Y &But W&8Ei ng,

he hal f bapd h_of id b |1 ed
by the vol BB ERpPTcl PYePHeCUBAEFaPPnd /PRGRtABRYY exanpl e, tho appl i oo

voltage is preferably set to a 44 value within the range of 200 to 500 V
in the sanme manner as in the fourth enbodinment. O Sputtering gas |In order
to control (B¢ Bakfabandowgtihksef (PR¥ twansparent conductive oxide easily
into the given range, a m xed gas of an inert % such as argon gas, and

oxygen gas is pr eTb?a‘b‘lWVGééG CFCP@%T}!EIttPe‘FI% Oéé’sl)( afn‘ifﬁﬁé“PPéP&&@Pt In

the case that used a he n the xed e

bl end rat i ocBRARPEOaqHcLde BRohnast 140" hhe Al shts RErhSEs $RRreblt
0.6:0.4 to Q49 ?%e@eggﬁl yVBgR guch %aﬁhée@fgisuhSOQSQstthe conductivity of
the resul tant tTransparent conductive oxi de becomes good. Mreover, the
resul tant transparl€nihe erdnspavenaxesieduani vaoxidehhgs duaiha R +ANSLURL, ance.
(4) Substrate As the substrate used when the transparent conductive oxide
is formed, &hgl geserabdonars Unr& smla@péms REeShetiss CAECH 18] EaBf Pg

t ransparent SESI n |s&§ref erre fe:s of .t he Iass subs

t r anspar ent ®§ESSEIFPAY R FEGR %‘F eé’(? the thgﬁ grags, c%%‘#%%*‘f T &S él'%%leass;
hi gh-purity;gi|L68 Egaffa?sﬁQPeﬁ£K@iécﬂf@é&sEﬁﬁjﬁ%%ﬁﬁhs dHspgiRss aedires

pl ates , the non-al kal i ass te 1s nore preferred sincé nd alkali ions
di ffuse int gutchead mq&marcﬁmsmndmepwg edendnts and electroluminescence
display elements.
In the case that the surface roughness of the transparent
conductive oxide is represented by other indexes, Ra (according
to JIS B0601) thereof is preferably set to a value of 100 nm
or less and Rz (JIS B0601) thereof is preferably set to a value

of 500 nm or less.

(9) Method of forming a £ilm

When the transparent conductive oxide is formed into a
film on a substrate, the following can be used: a magnetron
sputtering machine, an electron beam machine, an ion plating
machine, a laser ablationmachine or the 1ike. More preferably,
a magnetron sputtering machine is used.

About conditions for forming the £ilm using, for example,
such a magnetron sputtering machine, plasma output varies to
some extent dependently on the area of the target or the film

thickness of the transparent conductive oxide. However, it is



The transparent resin is preferably a resin having a sufficiently high
light transmttance and a superior electric insulation. Specific exanples

t hereof include polyester resinssuch as pol yethyl ene

t erepht hal at e, pol ycarbonate resin, polyarylate resin, polyether sulfone
resin, acrylic resin, 45 polyim de resth, polyanide resin, and nal ei m de
resin. The light transmttance of the transparent substrate used herein is
70~ or nore, preferably 80~ or nore, and nore preferably 90~ or nore in

ei ther caseinfgémerdl prefaramd gbasst thiesplasmaayutgier Tobatveaiiee wadthiaf
transparent resin. The thickness of the transparent substrate is

appropri at eFElele{a@g?led@pénGénﬁl ¥ eaTt B’ R Hie ttarge s eand cidluct i ve
oxide or th rial reof . The_thicknes al | et to a value
within the féﬂ§é§8Fm1§ CIRT L ﬁnyagﬁa Pg E EPegg 1§8? ®fo a value within
the range of 50 ughtR i {H £éiind IR @ hak%rltrgéégaﬁiétﬂb gBiadhment,
an internediate | ayer having a thickness of 0O 10 umis preferably

di sposed onthbetguhsbaatatsuohdcetatet baidednaotnghachlesheetr #hdmar ent
conductive oxide is disposed, in order to inprove adhesion thereof to the
transpar ent tBdghnessveasiilde. As this internediate layer, there is suitably
used a | ayer conposed of a nonol ayer structure or a nultilayer structure,
whi ch is made of a netal oxide ( which nay be a silicon oxide ) , a netal
nitride (mh% g Qe a silicon nitride ) , a netal carbide (which nmay be a
silicon car %) a crosslinking resin or the like. Exanples of the netal
oxi de incl ude AlZEﬁamiSn_@x 6f0pxaférrednlsandoflbRe Bxappl emboliinbatnet al
nitride include ALN, Si3N4d , and Ti N . Exanples of the netal carbide

i ncl ude Si CiapduBaCa Examslpege@fc ehRectrodel phikiandiauddn cm@ltadedég@)lﬁy

h th d | th t hat
ubstFal nBUETERt B EREREPERERCEIRCtERAC] f, 80 SIECEho] H PPCERREYI at o

layer, its L9LmuRiel or 3l p%§eﬁtbbhax%&oagru%targow%%rgbala &l faslehtk! Ng

| ayer and an T norganic mate |'ayer are successli vel eposite I'n the

case that amhtamspar @hend Ptms-,emtxahls@hreatuaaécas:oaae birangpamedt by
substrate, its formpreferably has a bilayer structure wherein an inorganic
mat eri al | aggéchdnd,arxposdbitaking rlas aniareantt eliging deategl Hodaiasioved.
This is because such a bilayer structure causes a further inprovenent in
the adhesi oH18f&n a nonol ayer structure. In either case, the transparent
conductive oxide having better thermal stability can be obtained if the
i norganic

[Fourth embodiment]

The fourth embodiment is an embodiment related to the
fourth invention, and 1s a transparent conductive oxide
obtained using a sputtering target of the third embodiment,
which comprises 67 to 93% by weight of indium oxide, and 5 to
25% by weight of tin oxide, and 2 to 8% by weight of zinc oxide,
the atomic ratio of tin to zinc being set to a value of 1 or

more.

(1) Target

As the target used in the fourth embodiment, the same
target as in the second embodiment can be used.

That is, the target is a target comprising 67 to 93% by

weight of indium oxide, 5 to 25% by weight of tin oxide, and



material |ayer is arranged on the side which the transparent conductive
oxide of the internediate |ayer contacts. In the case that the crosslinking
| ayer is disposed as the internediate |ayer on the surface of the substrate
made of the transparent resin, an adhesive |layer or a gas barrier |ayer may
be interposed between the substrate surfdée and the crosslinking resin

| ayer. Exanpl es of an adhesive agent used to form such an adhesive | ayer

i ncl ude epoxy-type, acrylurethane-type, and phenoxyet her-type adhesive
agents. |In thé&oc®e biyhateitghits dfi erisywarceriideconducti ve material is used as a
transparent electrode of a liquid crystal display elenment , the gas barrier
| ayer makes it podsi bhe compesiddcom@tethgaeraesyyfemeoPTeheIrere 150 a
diffuse into the liquid crystal. ( Tr rent .conductive. oxi de. 0 Etching
The i1 anspaleBoshiags FomPEtEdRs.l b 16 ST B Beodltan & Hisiites * ana
has super i Orto??‘élﬁs' BY REIBRLL B 60641 88! Yandhb st &g W%ig{@m%@rﬁmc
conductive oxide can easily be 47 etched w thout using a strong acid such
as hydrochl exiideaci 8tallaguee magifemedised clumpp ssidliwin comprisdggi 80 ng
conplicated operations, such as attachnent of a protective filmonto a

wiring el ec898dby welght faf ABdiugy 0E6AQ erft itondP ¥ IOWElgh ofttir Pricirred
to use, as th t chi ol uti.on for_ this amarphous transparent conductive
oxi de, an a&'ﬁ%o&s ol%%t isn(yn a?\ﬂr}htg of c,zc}ﬁlcc_e q'o_n of 3 to 10~ by weight of
oxalic acid, whi Cfindepé @akgg%uaeea%méhgnf&&rm rdiish &1rst £ 0dase Qfardisp! ay
devices. The reasons for this are as follows . It the concentration of

oxal i ¢ aci d dfn HHee aapueelalditdOrtirs dtunndm tthan okidey, waiight is a

sufficient etching speed nay not be obtained. On the other hand, if the
concent r at i @enstidymntccampanentidle thdscbransprren b sonslustdive 0x18¢ , i ght ,

t al il b ted, i th | uti . ~2. He t t toIt,
S aferred 1 Gt HStRd SHOPShbACeqTEh itk on Moren EHRE, bh (B DFHth: ng
and subsequeyy lzingr ysbak! ig& 4 e tBYaleatnd nRAl{ Rk omst RAT €RY same

i mproving the conductivity and further stabilizing the electric resistance

at hi gh t enprimidsr asaindl thiegbebofid dribodinerithi S Inasieort heeheeatoml eatateid
tenperature for the crystallization is preferably set to a value of 230C or
hi gher, is md &ipy dferziply setpreferaklivues o THEC wWwlug giferl andQze stil |

nore preferably set to a val ue of &800 %E%&G’Eﬁg A§ t?_e heat .%rﬁatrrent
tenperature is hi gietPCatABPETT BEBF abit &4 FEUT s SFBREHEPTY pt 6tR S8P%T nce
crystallizi Egie%_%%:%q %o 88584n Jﬂvéfev%%rﬁtetﬁehggf%gté YL KRR AidH Em! S
preferably sé 0 a tenperature at which the subStrate 1s
oxide and zinc oxide make a hexagonal layered compound
represented by In,0,(Zn0), whereinm is 2 to 20 and the hexagonal
layered compound is locally positioned in crystal of indium
oxide.
The value of m in the formula representing this hexagonal
layered compound is 2 to 20, preferably 2 to 8, and more
preferably 2 to 6.
The purity of the target used in the fourth embodiment
is preferably 98% or more.
If this purity is less than 98%, the chemical stability,
conductivity or light transmittance of the resultant film may
deteriorate by the presence of impurities.

Therefore, the purity is more preferably 99% or more, and

is still more preferably 99.9% or more.



48 thermal ly deformed, or |lower. For exanple, in the case that a
transparent resin is used as the substrate, the heat treatnent tenperature
is preferably set to a tenperature of 250C or lower. In the case that a

gl ass substrate is used, the heat treatnent tenperature is preferably set
to a tenperature of 500C or lower . 30 R3Imthickness The thickness of the
transparent conductive oxide can be appropriately sel ected dependently on
the use thereof, the material of the substrate on which the transparent
conductive oxi de Is teposasedpfandisg ansiftheréd| trargetkntbe pedatiwubl y
ranges from3 to 3,000 nmin the sane manner. as in the third enbodi nent or

the forth efBBELEENttheeretiaplKlepsityisphrBhts (GFF6tt 15 PTREYA RN S8
suitably used atr ar l,ectr far L qui i Spl.ay

el enent , a% rgﬁéo%%en gleggig 3%f%Fggﬁlggegg?%#ggi%%g%%%%ghgﬁéﬁgﬁf,aa
transpar ent gebgCihofe1horoPmeRbAEpEEH | or OF i IhQuid K¢ A sTRleR 10908 aus@ aof
superior transparency, conductivity and etching property. [Six enbodi nent]
The sixth enbodi nBhérefozaa, ethedrekativel darsi ty dathehs stim tiemedn ttiagmge tand
is a transparent conductive oxide formed on a colored |ayer disposed on a
substrate. FTHi BoEALBHLARRRDPWY| P7HeoBd8RFE bett bl RAFrOoPTET eheiy &85 ox
color filter. (1) Structure As illustrated in FIG 11 ( d) , the color
filter of tH&%Sixth 49 enbodinment is a color filter nade by depositing,

on a substrate 10Thér!r&.ta9@{k}&a%wsqrt§d(tﬁa@feézcamealéirt?gseerﬁ{a tayd4ct i ve

film( electrode ) 24 in this order” . The organic col or | ayer 12 i's
conposed of iBGh@isxel value edlpuieated foomehepdemes St basl olfl tive resplestived |
16 and 18 ( and a black matrix ( light shading |layer ) 20 disposed

t her ebet weeRawTHpseEdRdFs ANt Ehej Eegpeetbye f«'alq?%@ ARIWH: T drfpMYs ¥¢ igh tido
93~, prefe;gglﬁ 7% to 93~ by weight of indiumoxide, 5 to 25~, preferably 5
to 20~ by §htOSF tin oxide, and 2 to 8~, preferably 2 to 6% by weight of
zinc oxide; has a conposition that the atomc ratio of tin to all netal
atons is not less than the atomc ratio of zinc to all the atons ; and has
t he transpanent cegedadtlivdng teddmenytst al | i zed as an el ectrode by
heattreating a transparent conductive film 22, which is anorphous when
deposited, at a tAhpatatbeetsAnsperest kpyHAEELiwgr expder efabhe fpuzth

tenperature within the range of 230 to 300C, ransparent condquctiyve
1 The r o28BRAAS e LEoRR dB ST RT S tonEse, bt AT MO LRted & Ahdele
constituting tpged rﬁi@?féﬁﬁﬁaﬁ@ﬂg%ﬂdﬁ%ﬁcix}érbkidéeinﬁ@%% 4f6rphous £ilm

above-nentioned range is that the sintered body target made of the

transpar ent pgOgguetbyeng%i d8dhavbHeqlhdn 61 ¢ WMASid110vd ahee faakeat spaigteEri ng
at low tenperature possible. That is, by formng a transparent conductive
filmfromtlee dilghered body using sputtering, the transparent conductive

[ uh o 1 RTORRIokE, 208 BSHL Sho Behe VA GRS Koo Eub BHEER O

to 200C or Lowet -nLheqef @hes falCfhehhehe l PEIRAT S8M&AE WP Kot NSNS AN
that the etching property of the amorphous transparent
conductive oxide is better than that of crystalline transparent
conductive oxide even if the compositions of metal oxides
constituting the transparent conductive oxides are the same.

Next, the amorphous transparent conductive oxide is

crystallized into a transparent conductive oxide. Such a
transparent conductive oxide has a highly improved conductivity.
Such a transparent conductive oxide has stability in electric
resistance at high temperature or at high moisture, as shown

in FIG. 7.



undercoat is damaged in the sputtering is relieved. 50 The thickness of
this transparent conductive filmpreferably ranges from3 to 3 , 000 nm as
descri bed about the first enbodi nent. (3) Substrate Exanples of the
substrate used in the color filter include filnms and sheets nmade of gl ass
or synthetic resins superior in transpar¥hcy, such as pol ycarbonate,

pol yet hyl ene terephthal ate (PET), polyarylate, and pol yethersul fone. (4)

Col ored |l ayer The organic col ored | ayer disposed over the substrate may
directly be fornefleah theatmést r be¢mpenatypraciienfthdecanogpnoescol ored | ayer
may be separated from each other in glan and further_light shading |ayer is
di sposed t hEFapEPaEBRt (anduC tigte pxide Nexgrystathizedigdrrke pspseEabliyer

di sposed on _t he, substr r adj.acently . tq. the |light shading |ayer, a
Conpos 11 o gk ob 26? orh TGHRY ikt b Mome: BRBLRR 2013080 T LikalS! e
of this col 9gha9 @gqmgm;h can be used include perylene pignents, |ake
pi gnents, azo pignments, quinacridon pignents, anthraqui none pignents,
ant hracene pi gnenis, thisi heati heeptgerht sempevataoe i honkelghgnenasmore

pht hal ocyani ne pi gnments, triphenyl met hane basic dyes, indanthrone pignents,
i ndophenol BrYyaEAbPie efiarkeipi gredusedamingpoadFhielpigibat sPeefelsi nder
resin is preferably resin vVin at_ r.esist e | s_sui.tab used,
for exanpl e, ag 8§y r@%‘f%‘feﬁ‘r g?’ﬁarﬁ%agg:ﬁeﬁtmfrng:aggrgg?ﬁggg%gyfrSi gr%glrﬁll,béf.y

pol yvinyl akgehpb 4 arperRturid i€ chegbBs K6t dlse WhRrhAr agkorhtibase
resins, polyimde is particularly preferred since it has hi gh heat 51
resi st ance. oFuthéermanspatdret lsundtofattehe Theveforal i Hordetamiite shadithe
layer is not particularly limted if it prevents interaction between the
organi c col 6agd thykra gesddsisppsed amphe subshyate palhe dreat Emeakmemtii | m
a partially-oxidized chromumfi]| an organi c col ored er, colgred into

|
bl 8ok or t hESRPREAFEre 3 BEPECHABAY SEh) Cooy HRTRFRETHOR CEA TEG Oh 16F Fhe
colored |ayep ﬁﬁ?i Lh¥stErheda i g fd S sutlstirdre il(s iy ed,dh 10 thRp@rhRere

organi c col ore ayer 12, 1t is preferred to blend and di sperse respective

pi gments i nigegrebbrabandseteen, aviefbeaheusel 6€t 800fC oprthéwer. The
above-nentioned col oring agents, and a binder resin in a solvent for them

t her eby prodt¥FhglatyRsabtaine s histyedraty LrepkmREs b RIafepably made

ohoLol L oot Pyt FRIPLEy sk LS SRR SIS AU 5002

LEE )b corr08ad RS AR CoRREERRUEL Rt PhIEsb nLIREIEE %

Red and bl urefaganat Tayered dotpeihds &r pipigledl anduBtpratl sompounds are
contained, the conductivity may drop by the so-called ionic
impurity scattering.

Referring to FIG. 10, the effect of the crystallizing
temperature will be described in more detail.

The transverse axis in FIG. 10 represents heat treatment
temperature (°C) as the crystallizing temperature, and the
vertical axis therein represents resistivity (pQ * cm).

As can easily be understood from FIG. 10, if the heat
treatment temperature is less than 230°C, the value of the
resistivity becomes very high, that is, 3,200 p{ * cm.
Conversely, if the heat treatment temperature is over 350°C,

the value of the resistivity becomes high, that is, 1,000 n

¢+ cm.



may al so be fornmed in the same manner. |If necessary, a protective |ayer
made of polyimde resin nay be fornmed on this organic col ored | ayer.
Formati on of the anorphous transparent conductive film Next, the anorphous
transparent conductive filmis fornmed on the organic colored | ayer or on
the protective | ayer deposited on this &danic colored | ayer, as
illustrated in FIG 52 11(c). Preferably, this anorphous transparent
conductive filmis formed, using a target having a conposition of 67 to
93~, prefer abI y ConveBSelpyspeaking of in norder ot deakd ¢i)f@c5t~iveptyef’ehabl y 5
to 20~ by weight of tin oxide, and 2 to 8~ preferably 2 to 6~ b 8ht of
zi nc oxi de, v Be 9 thiee TRFAFLAVLAY BO%1 H9% et"@“‘&’ﬂf mi:{Y‘é'P AtVGhaq §’fn59 | ess

than the at tio.of to all the at dLursher th
arain oize G 5 biRaAsa nERaGRRAT TESAVEH SABRE TE s 8P Ert PERE T rynen

the tfanspaésetFsoadv&ihgewitm' EnboLaRge 08¢ ! BSo 0£83§26°@0'f§ Gbddyer or

the protectivé [ayer, a nagnetron sputfering mac ine I's suitably used.

Therefore, gpagetapng y\btertot Aeval®s WIS tasspaneatof @aduedi3mod,l ands
formed vary to sone extent dependently on the area or the thickness of the

target. Theliaribhomener Bﬁ@ﬁﬁ?éhﬂ—i’c%ﬁh d& pveakye withlonghe grrge &f 250

t hi ckness can be ysuall obtalned setting plasma output into the range
of 0. 3to ﬁOV\?BQrC(ﬁ’cm ding Y%r%@/ at®a and setting forming tine to a
value of 5 to 120 m nutes. The thickness of the anorphous transparent
conductive film which varies dependently on the kind of a display device
to which the3fi kechsngppkreadmensual |y ranges from3 to 3,000 nm preferably
ranges from 20 to 600 nm and nore preferably ranges from30 to 200 nm

Et chi ng of the a@hpﬁmm@ﬁ&a@@h@u@bﬁW%@ﬁi@éW the frwrehPRECALBEBI v,

t he resul tant anor rent conductive filmis far better than any
crystalli nelﬁraﬁgﬁg ES‘Y ﬁﬁf}ga $8 PRV 3THEVEROFBAPPA et chi ng treat nent

for patterning, tHRLE GANLRE AREARELQAULAD AN EORAREL BviRaki & ndde
into a film by sputtering can easily be etched with, for example,
an aqueous solution having a concentration of 5% by weight of
oxalic acid.

By making the temperature of the etching treatment high,
etching property can be improved. For example, in the case that
etching is performed at 40 to 50°C, the etching speed can be
made to a value of 0.1 pm/minute or more.

Accordingly, this amorphous transparent conductive oxide
is characterized by being easily etched without using a strong
acid such as hydrochloric acid or aqua regia as an etching
solution or requiring complicated operations such as attachment
of a protective £ilm onto a wiring electrode as performed for
conventional ITO films.

It is particularly preferred to use, as the etching
solution, an aqueous solution having a concentration of 3 to
10% by weight of oxalic acid. If the concentration of oxalic
acid in this aqueous solution is thinner than 3% by weight,

sufficient etching speed may be obtained. On the other hand,



53 whi ch does not cause corrosion of wiring material, for exanple, an
aqueous solution having an oxalic acid concentration of 3 to 10~ by weight.
For exanpl e, under conditions of 40 to 50C using a solution having an
oxalic acid concentration of 5~ by weight as an etching solution, the

anor phous transparent conductive filmha¥® such a superior etchrng property
that the etching speed is 0.1 pmimnute or nore. Crystallization of the
transparent conductive film Next, the forned anorphous transparent
conducti ve LEl this pretensbhyisobjiecbwert dO0keby wWedghttentrystad maybée
crystallized after the p atternrn% of the filmby the etching, as

i |1 ustrat edIPREEPELA1ipd)De| SOLH §°ﬂay a crystalline transparent

conduct ve f11m NaY(019,3UBSH Vot cDesl StARCR AL LRLAL ecoshahdnee | o

prepared. Prefera rea con |s case I's sep

200C or hi gbghytRbaf ebahl i&aiﬁgcw%hﬁhg@ﬁé réﬂQe”Bfewr gbevar y 294G s
H gher, and treatnent tine is set to a value 0 to 3 hours . [Seventh

enbodi ment ] b@bausevbf\tdheenbmdenenUresniamhen@b@hmtsorlettatoedlsol@ssprtbaaass
for producing the first and second inventions, and is a first process for
produci ng a3 ﬂ%ttbﬁ@ngt@h}g@tSﬁ%ﬁ@amﬁYngxgeﬁ%¥agbﬂa¢r¢ay@3@dlﬁoﬁ%@und

r epr esent ed b | n203 erein.mis an integer,of 2 to 20,

Crystal o abARPTBtEre T the Ak P BEEn T BRER P B, nha nGRAdE SRt
or less . TBEStHEOE%%ﬁlk@ aoﬁw%asmw pBEefechngFibaigputtering target,
conprising the steps (1) to (3): (1) the step of blending indi um oxide

powder with zinc mheﬂefpnadethhatemgenatareragetgeaenching eblidtionodsl ess,
( 2) the step of naking a formed body wherein the atomc ratio of
| n/ (1 n+Zn) inorei phefierablyasefe tof agvajueowdtihyn thel qarge ofhadSste O,

B1 enai ng st BR-1ENP G NRFOCPTSEPLRRERRET ko iR U5, Madd e dd e g hbe

i ngredi ent s foy  piadegbRg the target are honogenously m xed and pul veri zed
using an orarnary m xi ng pul verizer, such as a wet ball mll) bead m I, or
an ultrasonic device. 2~ Average grain size of the ingredient powders In
the mxing and pul verizing the ingredient powders, the powders are
preferably pd)vEilmedhilgkdesisner grains since the crystal graln size of the
hexagonal | ayered ound i.n it he tar i S, eas ontro 5 um or

less ) . Specificgﬁﬁ OFWeOFnH m-o%P Ba58R5eP°ngﬁ8 }vﬁcoﬁ}ﬁae BoteF and so
on are pref E%%thﬁu&'&@l%cﬁ.ﬁﬂitgdm X4 egwrﬁfﬂré zgt f@ﬂm'f‘ofrﬁ'%.%@:@%r g, the

average grain size thereof be 2 umor less, nore preferably within the
range of 0.1 to 118 pnnssbabb nnhe ﬁnemetabbknasshcantbe appgeppfia@eldyt o
1.5 um and still nore and nore preferably wthin the range of 0.5 to 1.2
Vim | n thesedggitiededepgndgatdysent khe vsq BerrROHovidte material of the

substrate on which the transparent conductive oxide is
deposited, andsoon. The £filmthickness preferably ranges from

3 to 3,000 nm in the same manner as in the third embodiment.

(5) Multilayered composite

It is preferred to fit, to the transparent conductive
oxlde, a gas barrier layer, a hard coat layer, an antireflection
layer, and the like on the substrate face opposite to the face
on which the transparent conductive oxide is deposited, thereby
making a multilayered composite.

As the material for forming such a gas barrier layer, there

is used ethylene-vinyl alcohol copolymer, polyvinyl alcohol,



bl ended to generate a spinel structural conpound, the average grain size of
the tin oxide powder is preferably set to a value within the range of 0.01
to 1 um is nore preferably set to a value within the range of 0.1 to 0.7
um and is still nore 55 preferably within the range of 0.3 to 0.5 pm
This is because by linmting the average Ytain size of the tin oxi de powder
into such a range, the crystal grain size of the hexagonal |ayered conpound
and the spinal conpound in the target can easily be controlled (5 pm or

|l ess). 0 Kipdlpactritonngrédeenpopywieydideeei ctlomidenppodgvanylitenei nc
conmpound used as the ingredients are preferably oxides or conmpounds which
be oxi des afluerifat eri ffe tAKe-i s, indi um oxi de precursors or zinc oxrde

precursors. Exanp es of the indiumoxide precurs nd th 2|nc i d
precursors inclu ?r%ﬁer§ﬁ1‘ g‘]?%s 0T'rﬁ'jtprrgatctg1 %r?gda é’éit( °5ri gé

brom des anggsesof a 4 tBAHRANALESs 1 1 QELAN So R SBbES 4 atzﬁ%olgﬁ\@lrat es,
pr opi onat es, napht hanoates and so on), al koxi de conpounds ( net hoxi
conpounds, mabexide euanoald@pl&méthglonkthandymagam|ornahahnomgph&nes
(acetyl acetonate conpounds and so i ndiumand zinc. O these,

nitrates, opg&mm@ram*deehﬂ@qir Réxli’ W%'@%ﬂﬁc Mt Bhe dikitleles fore
preferred srnce the are gn% ﬁte% ﬁrnal gecg osede ven.at | ow
t enper at ur e Qﬁmtlﬁgt H% Fefi &St eRailAYSE2) tBPE ﬁt 8PPy s t8Y "Next |
this mxthEeﬁaefc%%r iﬁh)éx%@l?h@f:ergdflﬂ‘@ff&b's%&f‘&o (?qnabr%sp et er
the m xture of the indi um conpound, the zinc conmpound an he tin conpound
i s obtai nedanl bxtikes sph- srsneeuzngzsoepsldxzeair tieai.ment is preferably
performed at 500 to 1,200C for 1 to 100 hours.
In the transparent conductive oxide of the present
invention, an organic polymer thin film or an inorganic thin

film may be formed on a surface thereof.

(6) Method of forming a f£ilm
@ Film-forming device

Next, the transparent conductive oxide of the present
invention may be produced by any one of various methods, such
as sputtering, ion plating, vapor deposition, and laser
ablation.

From the viewpoint of the performance of the transparent
conductive oxide, the productivity thereof, and so on, the use
of sputtering is more preferred.

The sputtering may be ordinary sputtering (referred to
as direct sputtering), such as RF magnetron sputtering or DC
magnetron sputtering; or reactive sputtering. That is, the
composition of the used sputtering target or sputtering
conditions may be appropriately selected dependently on the

composition of the transparent conductive oxide.

@ Film-forming conditions 1



This is because the thermal deconposition of the indium 56 conpound, the
zinc conpound and the tin conpound may becone insufficient under the heat
treatnment condition at |ess than 500C or for less than 1 hour. On the other
hand, if the heat treatnent condition is over 1, 200C or over 100 hours ,
the grain may be nade coarse and Iarge-s?%ed. It is therefore particularly
preferred to performthe heat treatnment (pre-sintering) under the
conditions of the tenperature range of 800 to 1,200C for 2 to 50 hours. The
pre-sintered bodySpbttendngheprfihtiongrehenabh¢ pubneparentbepndachbiiag
formed and sintered. The pul verization of the ﬁ:e-s'n erid %odﬁ,is
StHE&PI O P

preferably BELASr hEdAGPPR1LLSHaPP APl LTANSBAFeRT FU regt et

il the_lj Lt h [ ' t i f
0.01 to 1. o°BRt tpxiBe, RrR;aBPeruit) b 8pD e ntieAla) OF B, Mikkei i ony | s

used to be EpukedrifyQ @nshepapseitabheoforna bpugteringt Rargetni kgest ep.
For such form ng processing, nold formng, casting formng, injection
form ng or phepeiriky o pbef aseddmachioedeantdo sebvai.n ht sist thevebHory havi ng

a high sintered density, it is preferred to formthe Ere-sintered body by
CI P (col d i $d8£4Endtptes §peeifyhdhe kondakdoRsh WdGHORt oS85 VaLL O e

resultant fgrmed body t.qg sinteri re i L.l b ihe
after. In tﬁngXPﬁi'n%nptr %é% |en8_3l%g%(]j fm_(?g% ng A gggg?zﬁwéégpo%?/% n_y|ﬂlaef gghol ,
net hyl cell ghaseonB@hiWa% 9 Preiferadiqy Fayx B8 ¥sedowsd) Sintering step
Next, the resultant fine powder is granulated and then 57 formed into a
desired shape by press formng, and the formed body is sintered and

subjected to HIP (hot isostatic press) sintering or the |ike. About
sintering céNacuuBndegieeni s case, the sintering is perforned in the

at nosphere of oxygen or_.pr red - US o1l
600C , preferabl yggpug?ﬁ}&6t&g§%ﬁ\%§§oﬁgéxgﬁ@%eee E)'#e#%%% F%E’élt%tf%g%@tt o]
1,540C for 3@ HisNpteFeh@eh? tRoWedinde ¢her PHagsite 18siaetd RAGuTm tankhe
meantinme, if the mxture of the indiumoxide power and the zinc oxide
powder is sbeferetand tin¢oanmysiner @fcdntxaild hPar®@mwXyegen mfare dihe ered at
a tenperature of less than 1,400C, the reactivity of zinc oxide with indium
oxi de dr ops spytitleaing-ystal of a hexagonal |ayered conmpound may be

noutrctent v ogfec, ST SENL X LhE SRTBLAN S ABrLRbLEdenet |
sufficiently SWARLHIRHINN thi2e rShidel &8 193 x 102 to 6.7 Pa.

The reasons for this are as follows. If the vacuum degree
in the sputtering is higher than 1.3 x 10? Pa, stability of
plasma may deteriorate. On the other hand, if this vacuum
degree 1s lower than 6.7 Pa, it may be difficult to raise the
voltage applied to the target.

Therefore, the vacuum degree in the sputtering is more
preferably set into the range of 2.7 x 10 to 1.3 Pa, and is
still more preferably set into the range of 4.0 x 10? to 6.7
x 107! Pa.

(Applied voltage)
The voltage applied to the target in the sputtering is
preferably set to a value within the range of 200 to 500 V.

The reasons for this are as follows. If this applied



The tenperature-raising rate in this case is preferably from10 to

500 mnute. If the m xture of the indium oxi de powder and the zinc oxide
powder having the given ratio therebetween is sintered in the atnosphere of
oxygen gas or pressured oxygen gas at a tenperature of 1,400C or higher in
this way, crystal of the hexagonal |ayer®d conpound made of indi um oxide
and zinc oxide is generated to be unevenly distributed in gaps between the
crystal grains of indiumoxide. This suppresses crystal growth of indium
oxi de so thubl&agenierbtespoyamBOhy aitinaycrgconme dibdicwlt $d obadn | n

t he above-nenti oned bl endi ng ste:E[H at | east zinc oxide having an average
grain size 8fIP4ARL4tesdhin {up o ﬁB?e?Rﬁ%i of Sbetﬁi'é'-‘%'lﬁﬂ%‘l‘@ji%wif

havi ng a crggt sg%il&g ﬁl zeoﬁ)f e %%%r :‘%SOﬁg%?apsp Vc?elbUCI ng step

In order to na reS|s ance of iform

as a whol e, o{,8gUSHAT VL, BBNERAGL1 élae%%aeh)écas&b@r magi/ ba @aﬁ%@am ng step,
which is an optional step. As such a reducing nethod, 'there is used a

nmet hod based on r@ﬂeceﬁgrgasthervoéﬁagelappb&eédtonthachangetntarthg or an
inert gas. In the case based on the reduci ng gas, Ydrogen met hane, carbon

monoxi de, aSRIkEBTIRY &F TAES LTREAM Scﬁltyﬁéna WRlggaviihdn e Fengeed.
In the case af ;Lhe, reggﬁ Yonaggs%i fy B W& e!fqer”h |enﬁeer1{<e mgly(v %};ggen

, argon , a im Xéd gas of these gases and oxyg
Reduction t gipghiat ¥he h:gngbomflggot 208Q8@, vir ef erably from 200 to 800C)
I

Reduction tinme is fromO. to 10 hours, preferably fromO0.05 to 5 hours.
(6) Working step
(Sputtering gas)
As the sputtering gas (atmospheric gas) in the sputtering,
a mixed gas of an inert gas, such as argon gas, and oxygen gas
is preferred. Therefore, in the case that argon gas is used
as the inert gas, the blend ratio (volume ratio) of argon gas
to oxygen gas is preferably set to 0.6:0.4 to 0.999:0.001.
That is, the partial pressure of oxygen is preferably set
to a value within the range of 1 x 10™ to 6.7 x 10" Pa, is more
preferably set to a value within the range of 3 x 10™* to 1 x
10! Pa, and is still more preferably set to a value within the
range of 4 x 10 to 7 x 107 Pa.
Outside the range of this blend ratio and this partial
pressure of oxygen, the resultant transparent conductive oxide
may neither have a low resistance nor a high 1light

transmittance.

@ Film-forming conditions 2

In the method of depositing the transparent conductive
oxide on the transparent substrate by reactive sputtering, a
target made of an alloy of indium, tin and zinc is used as the

sputtering target.



Preferably, the sintered body obtained by such sintering is cut into a
shape suitable for being fitted to a sputtering machine in a working step,
and a fitting nenber is attached to the cut body to prepare a sputtering
target. In the sputtering target obtained in the |ast step, the conposition
of the respective netal oxides, which artOconstituent el ements of the
target, is set into the above nentioned range, and grains having a size of
2 pmor less are 59 used to sinter the oxides in the atnosphere of oxygen
gas or pressured Bhigenlday iergetempsr heupbtafined4obcroexamgher, bvher eby

causi ng i ndi_.um oxi de and zinc oxide to_be present in the form of hexagonal

| ayered confPdGRETELNS: BPWIGRRPIPS Pﬁetblgla}{’ &dPst 1RER "&ﬁﬁ#s‘“&i‘ﬂbt is
reduced and e g i:ne LG, |.. texture having a crystal grain
size of 5 uﬁbgrtF%éss%X2§§ dF%&%yFﬁﬁﬁéﬁ%ﬁﬁﬁé target is used to forma film
by sputtering, thenggierety of BlifadubestaBgsStinRr BESEsraSl#oB % L more,
scattering of the nodules by plasma is markedly reduced, the sputtering can
be nmade st almbeesprelierabllyi §B2qonl moyet ramd patieht orel potafierabdivd® %.@ 3nhi ch
no alien substances are_ attached can be obtained. [Ei ghth enbodinent] The
ei ghth enbo@TnBRTS 0y dher S@&Mep MARGEFe 2 BYONSs ther TerestctRF PHESCGt st and
second invegthgggri d is a second process for producing a sputtering
target contarning a fHexagonal | ayered conpound represented by 1nz03 ( Zn0 )

m wherein mis ancoilegebnel rérttheFeadta ver ¥ptittegi Ay vty tieperiditly
hexagonal |ayered conpound being a value of 5 pmor less . This process is

a process fon pheduompgstitdogpoft thengpubtgeing ctarget ertlreduppaxiiprassi ng

the steps (1) to (5): (1) the step of producing a hexagonal |ayered
conpound r efhes BRCEE NSy USRI03ERA0FM RRer HAVENEE: g nfaguin sfégres g (2

) the step of .adj usti e, pr.odu g X I P o] ve a
grain size 810]%491% %bggéégt(? t%‘ %? gggt%gq:g’% B g%g!é%gnghggr%%}&sﬁ:a ©
l'ayered cOnpupdr2d\irdd are padirdshed yohahd sqdeval bht | felitHe @i tomier, (
4 ) the step of making a forned body wherein the atom c 60
for DC direct sputtering.
As the atmospheric gas, a mixed gas of an inert gas, such
as argon, and oxygden gas 1s preferred. The percentage of oxygen
gas 1s preferably set to a value higher than that in direct
sputtering.
In the case that argon gas is used as the inert gas, the

blend ratio (volume ratio) of argon gas to oxygen gas is

preferably set to 0.5:0.5 to 0.99:0.01.

(7) Uses
Since the transparent conductive oxide of the fourth

embodiment has the above-mentioned properties, the transparent
conductive oxide is suitable for a transparent electrode of a
liquid crystal display element, a transparent electrode of an
electroluminescence element, a transparent electrode of a solar
cell, a parent material when these transparent electrodes are
formed by etching, an antistatic film, an anti-icing heater for

window glass, or the like.



ratio of In/(In+zZn) is within the range of 0.75 to 0.97, and ( 5 ) the step
of sintering the forned body at a tenperature of 1, 400C or higher . If the
sputtering target is produced in this way, the average grain size of the
hexagonal |ayered conpound and so on in the target can be very strictly

adj usted. Therefore, the generation of rfddul es can be effectively prevented
when the target is used to performsputtering. (1) Step of producing a
hexagonal |ayered conpound When a hexagonal | ayered conmpound represented by
I n203(Zn0) m wherein mis an integer of 2 to 20 is produced, it is preferred
to use a wet_ball mll, a bead mll, or an ultrasonic device to m x
honogeneous| §ifEapewbrddmeBider s of indi um oxide ( 1nz03 ) and Z|nc oxi de (

orooki et Moo CrhFiethBoahdnt 1% 48 FnIRINEN A% 1 8 40T HE R Ben

enbodi ment. Next mels pr e ecte eat ment at

a tenperat uf gy8ht1dR9 aRa 1§£%Ct&ehséar@hr&uesﬁdﬁ@t%Q%&ﬁa@t@m tmethg&agonal
| ayered conpound is obt ai ned. Since the average grain size of the hexagonal

| ayer ed conpoufwursh emiiadinestt i whelreligr bhe hwlzie basdjduwidnl of epbihddngwi | |
be described later, indiumoxide powder and zinc oxide powder having_an
average gr aPRe5gYePeRkoOfinthe P§¥Se&résn8th§ce§§éFPI}Sn@€€§§§ﬁ9 PH e

step of produci ﬁhe hexa or%?e(,lfta(fercgo?ﬁyggsggg#ndis(szelt %t ep gv aoqzl Egtsl ng t he

grain size bFYt HisTis" a step of making 't he
average grain size of the produced hexagonal |ayered conpound to a val ue of
5 umor |ess . 61 By adjusting the grain size of the hexagonal |ayered
conpound i n(Lhi BavfyhahdevpEtterel imobinflingdehesgyapedie cf fidod ioxyigen 1S
prevented when the resultant target is used. However, if the average grain
si ze of theohbk&gonal |ayered conpound is nade excessively snall the

control thereof becone difficult or the [
econom cal di sadm?afg%asn PR SPé‘duf’ﬁéwgv Ja‘g% oﬁﬁd{sf€@ sM f) ment
hexagonal | aygrgd SOPOVEW vys ulBhg Phef E4Al Y c¥elenkOr 8r¥dl £6 téd Riekohiae
range of 0.1 to 4 pm and is still nore preferably set to a value within
the range oémBolimendsuemdTlfernmghigod @filadpysspngtelrdéngr.ain size of the
hexagonal |ayered conpound is not particularly |limted. However, the

adj ust ment can beTharhalfiband widHuofen ibAndgd chenesaFRARK RENERR FETISTY i n,
;?gvfﬁgnFLg1§egmﬁﬁ£2?nQF§%ngﬁrgaggqgfr@hé téﬁﬁé%%f&&é‘%%”&uct eV'C%i%pq then
which is measured by X-ray photoelectron spectroscopy (XPS),
is preferably set to 3 eV or less.

This 1s because if this half band width is over 3 eV,
initial connectlon resistivity may become large or connection
resistance durling long-term use may increase markedly.

However, if this half band width is 1 eV or less, the range
for selecting raw materials which can be used may be excessively
limited or the control of the half band width may be difficult.

Therefore, this half band width is more preferably set
to a value within the range of 1 to 2.9 eV, and is still more
preferably set to a value within the range of 2.0 to 2.8 eV.

The reason why the half band width of the binding energy
peak of the oxygen 1S orbit is limited into the given range in
this way is based on the following finding.

That is, when the surface state of the transparent



(3) Step of blending indiumoxide powder This is a step of blending the
hexagonal | ayered conpound having the adjusted grain size with indium oxide
powder. That is; the indium oxide powder is preferably blended in the
manner that the atomc ratio of In/ ( IntZn ) will be within the range of
0.75 t0 0.97 in the forned body. It is #%o0 preferred to add a spi nel
conpound together with the indiumoxide powder. That is, it is also
preferred to subject zinc oxide (ZnO) and tin oxide (SnQz) to heat

treat ment atomdtuetpee atxide dfoEl Hmtd260L1 inrbBGputrierdng ds3meaansed
subsequently ad just the grain size thereof to 5 umor |ess, and gerform

t he additi ob¥ & 1Ay Bhetagiectipn SRS 3oSaaaN§XRS) orityPeals maksythgdr

conditions jn this_step.ar refera made_+t 0 as_in.the seventh
enbod nent 2Paarapgts Rt EnBEELE Bolsla 5Ca Sradia B IR Prbl 4 RRERT ) o
to meke a forygd hady thef BERBRNEhOYe b RiGR] 4 béQﬁt@Hgﬁx{Hﬁ?@ £ont Res! i ke.
(5) Sintering step The conditions in this step are preterably made to the
sanme as i n ébemerventheenbndnnment. mébal -ofygeh-tBepmetal| efotoegamnpee,t he
formed body obtained in ( 4 ) in the atnosphere of oxygen %e:; or pressured
oxygen gas Rydyogen qk CRbOUCPPBAS Js mhewnesntBHIG2 Ifour §n GASEs tiRs
present invention will be descrihed in re detail way . of _Ex | es and
Conpar at | velBRAAPaTEit firugtivg Bxlaa KbebRLA the FRAProR TBR taR
sputtering fjfasﬁeéopé’rrﬂﬂgﬁ 28k 816RERE o HACE WHAXILHR Ra¥hN0ogPgRYERARE
grain size of 1 dam and zinc oxi de having an average grain size of 1 um as
I ngr edi ent smetakl etidended thet hirddthg cdriergy pdake offatine roxygdn tlse oabam c

ratio of In/ ( In+Zn ) would be 0 . 83 , and this was supplied to a wet
bal | mill, hadediatdveiilpugeds cenneoted tonyextesnplalpetinic cageuditent

powder. The fLRe.Lng" ¢¢,80h BOYEEh1"aR15YRbCE 8dule, 9LAR LS B 1on
resistance thereof may increase or during long-term use thereof
the connection resistance may increase.

Thus, in the fifth embodiment, the half band width of the
binding energy peak of the oxygen 1S orbit in the surface of
the transparent conductive oxide, which is measured by X-ray
photoelectron spectroscopy (XPS), is set to the given value.
In this way, the initial connection resistance is redﬁced and
further the tendency of a gradual increase in the connection

resistance in long-term use is suppressed.

(2) Measurement method

The half band width of the binding energy peak of the
oxygen 1S orbit in the surface of the transparent conductive
oxide can be calculated from the oxygen 1S orbit peak and the
base line thereof.

That is, the binding energy peak of the oxygen 1S orbit
can be obtained as one oxygen 1S orbit peak, as shown in FIG.
12, using an X-ray photoelectron spectrometer (XPS).

Next, in the resultant oxygen 1S orbit peak, the base line



and subsequently the resultant grains were press-forned into a size having
a diameter of 10 cmand a thickness of 5 nm This was put into a firing
furnace and fired in pressured oxygen gas at 1, 450C for 36 hours to yield
a sintered body ( target ) nade 63 of the transparent conductive
material. O Evaluation of the target Aboé8 the resultant target, the
density, the bulk resistance, the X-ray diffraction analysis, the crystal
grain size and various physical properties thereof were neasured. As a
resul t, the wgisdsy s o S A udidy (e dk o esfudtaiome. NBaageedhey a
four-probe nmethod was 0.91 x 10-3 ~ cm About a sanple collected fromthis
si ntered bodyngthe fotam elufs theserhidgtealta rthenh@aakaegmrentolt@ingd i idhe
materi al was observed by X-ray diffraction analysis. As a result, it was

proved t hat PRSHS&ARTbAd "the At & o it HERELL A3 B8 59203 ( zn0 ) 3 and
made of i ndi um oxi and _zi i.d esenty. | essl t t.
The resul tant si n;‘\'%rg{é:d g‘(r)ldlfﬂ\%agé\l}:w §8§§Si§m¥‘t %ﬁa£?%gr%&&%%d§€h%ﬁé;u]ﬁrg%%ﬁ
t her eof was gl b3hadny éMe By WiRLIObE AiSe AWiges AST It Patebalfads bl B
Thereafter, measured was the maxi mum size of the crystal grains of the
hexagonal | mesrsetresbnpdbededioser,vedisnerefgrnmel@th wans headefdhedhas sthe er ed
body surface enlarged by 5,000 tinmes with JXA-8621MX (nmade by JEOL Ltd. )
as an EPMA. %lftﬂ?aééi;%{ . the maxinumgrain sizes were measured in the
frame in the sane way. The average val ue thereof was calculated. In this
way, it was proved that the crystal grain size of this sintered body was
3.0 um The &Nty REIODE OHinece ivhmd wasticut to nmake a sputtering
target [A1 ] having a diameter of 10 cmand a thickness of about 5 mm
Physi cal prdDewhteg tbareat ware thenuneaanked. (2) Formation of a
transparent conductive oxide into a film The sputtering tar &?ﬁ%&%

tihtsh

obtained in the aff\e hald bangd Witk ©f theyRinding PneFwy

sputtering machine for fj t UGt ke 0X4 on.a

o ass subst 1A 08P Be, & e bR e IV BB b fEnchs
argon gas t Qudfi e @ Pl S3F o Bdk BRPE AR | A Sc BRI pYAScAiI CEHPOIRLISS nas
used, and sputtering pressure, attainnent pressure, substrate tenperature,
appl i ed el ectontorginlest ,byarthe iwahedomoontent mp wervecfum tahk #b, the Xcige 4
Pa) 25C, 100 W and 20 mi nutes, respectively. As a result thereof, a
transpar ent @oreRREte®IRF ass wherein a transparent conductive oxi de having

a filmthickness baut 120 nm was fo do h S

obt ai ned. (3) The%glﬁ ‘0 nggﬁgegt 38 ﬁgggﬂgsgg%u?¥%lrllg§§r§v§€ %(l(;)n f%%%?)%l y
perforned f i, f1dauks nd s eartsasa v RNEEt] B09RekE, e JReee- daRtérped (
2 ) except that the spdttering target [Al] obtained in the (1) was fitted
to the DC nmagneheonaspumtterikd s ngodif excalahyl se tnt aedvgaseont Hhitedhieyranige ng
3~ hydrogen gas to argon gas was used. Next, the targ{gt surface after_ the
sputtering @ krt kGedtdyl 30 19 rePaaheshsbey Ed 1By tAeEAST ol S 4f QFBeR 0R¥opi ¢
m croscope. At _each, of 3 positions on the target, the nunber of generated
nodul es havi trefidn 20 pmor nore was neasured in a visual field of

900 Mm%, and then ydig %\f%_as@&%btﬂge,rs t¥851 £§liGUbatedrmAa whiBs thie wapdsl es
were not observed at all in the surface of the sputtering target [Al]

obt ai ned i n ¢hetemovin rtvet vanadm( tank ass depinwilthEnGthé aquhgs e apk)1074)
Eval uation of physi f{?'m pg operties of the transparent conductive oxide
to 1 x - a.

@ Applied voltage

When the film of the transparent conductive oxide is
formed by sputtering, the half band width of the transparent
conductive oxide can be controlled by the voltage applied to
the sputtering target.

For example, the applied voltage 1s preferably set to a



65 About the conductivity of the transparent conductive oxide on the
transparent conductive glass, which was obtained in the above-nentioned
(2), the resistivity thereof was neasured by a four-probe nethod. As a
result, it was 2.5 x 10-4 S~ cm. It was al so proved by X-ray diffusion
anal ysis that this transparent conducti & oxi de was anor phous. Meanwhil e,

it was proved that the snoothness of the filmsurface was good since the
P=V val ue (according to JI SB0601) thereof was 5 nm Furthernore, about the
t ranspar encyadtiet Wishinahhparange cohd2eQ i e 500 de,im theeshmep vahoeet as
denonstrated that the |light transmttance about |ight having a wavel ength
of 500 nm w&B 8he fougsh embodimgBBarency was al so superior. [Exanples 2-3]
(1) Production of sputtering targets Targets [Bl] and [Cl] were obtained in
the sane way as in the (1) of Exanple 1 except that in Exanples 2 and 3
there were ' lents, a mxture wherein the sanme indi um oxi de
and zinc ox@ﬁgsdpa%@'?%f%%%% 1 were mxed a.n the nmanner that the atomc
rati o of indium [Ihwrded BoLontdowankdhalef BandSdidtiapd Ehentxanseaneartei n
the sane indium oxide and zinc oxide as in Exanple 1 were mxed in the
manner t hat condugtdrecorifdeoeasilvdinke [the (9ivem)gangsd  Pixpdygas of
respectively. asurenent results of the co sitions and .physi cal
properties %f‘ %Yﬁ%r?a‘?%%t ss‘fc%i]a%ﬁlfgf)&ljgaﬁbt gﬁﬁeﬁxﬁ?%i%%rj@ ﬁt‘f&%ﬁrﬁ?l’?’abl e
1. ( 2) Bv tian S d uctive oxides In the
same way asﬁ}s%ﬁ&%ﬁﬁﬁ% %B%Fftl%%ﬁgf gtarear(légglgggﬁg%a&agggducti ve oxi des were
made from the respht ené tas@etbat &gdn agjuk [LHlluse@ e dheydnertThyast dnget s
and the transparent conductive oxides were evaluated. The resultant results
are shown i thgabliilzed. ghSonpheablerd Erabpd exf largon YaspPrigd gvigan ¢gas is
sputtering targets Effects of the_atom c ratio

t | n/ I Z
) 1 in the PEP§ETaRdYe Seky &St PgXRdye ?ﬁaP-.ﬁs:P-#Q%Q ZSPB‘E‘M%&[-[EE] \(Ner2+ "

obtained in the s S_ 1 Ns : t j ug)dmar i
Exanples 1 and 2 ﬁﬁgrrl%geau@le ,&g@élgn]éjsr egl ent s%ﬂggtcr(#lr{g ure tgg;éﬁ tt ee

sane i ndi unre)iude aakt: ZaNSp M ie caaaubt Brargditielb¥EsRe Higoed .i NMbheaoragner
that the atomc ratio of indium[In/(lIn+Zn)] would be 0 . 98 , and a

m xt ur e whetherresiel same tiradisparexitdzondut tZve oyt idecamshavie Bxahgh d iphter e
m xed in the manner that the atomc ratio of indium[In/(In+Zn)] woul d be
0.6, respectFPRFPLILERCSenent results of the conpositions and physi cal
properties of the resultant targets [D1] and [El] are shown in Table 1. ( 2
) Evaluation of the targets and transparent conductive oxides In the sane
way as in Exanpkapktrabite™ of transparent conductive oxides were nmade from
the resultant targets [Dl1] and [El], respectively. The targets and the
transparent condudsi tbeogsubetradecused wheadthehérpaspprgnt cesducsiyee
shown in Table 2.

oxide is formed, a glass substrate or a £film or sheet substrate

made of a transparent resin is preferred.

Examples of the glass substrate include transparent glass
plates made of soda lime, lead glass, borosilicate glass,
high-purity silica glass, non-alkali glass and so on. Of these
glass plates, the non-alkali glass plate is more preferred since
no alkali ions diffuse into the transparent conductive oxide.

The transparent resin is preferably a resin having a
sufficiently high light transmittance and a superior electric
insulation. Specific examples thereof include polyester
resins such as polyethylene terephthalate, polycarbonate resin,

polyarylate resin, polyether sulfone resin, acrylic resin,



[ Conparati ve Exanple 3] (1) Production of a sputtering target 67 Effects
of the atomc ratio represented by [ In/ ( IntZn ) ] in the target and
sintering tenperature were investigated. That is , targets [ F1 ] was
obtained in the same way as in Exanple 1 except that there was used, as an
ingredient , a mixture of indiumoxide ah?® tin oxide wherein they were

m xed in the manner that the atomc ratio of indium/[In/(In+Sn)] would be
0.90 and the sintering tenperature of a formed body obtained fromthis

i ngredi ent yal ydalideo resA®)Cpdiyasirderatets imes wnids mafl etiind dee selstiant
conposition and physical properties of the target [F1] are shown in Table
1. ( 2 ) Eval uati heckighie trapgaitinnceg af AhsgdidrPaasidusrpgtrakedsath t he

same way as_in anpl , afilmof a transparent conductiv i de was made
fromthe r e?ﬁlrtegﬁ‘t %a?&ét C’[r l‘—"fr]e’. PHT e[rgtba.ért Bg)%d “thé' ;i.rednsaglgtr))é]r?tre
conductive oxi.4e WeNns g¥dl YAtRfe ThCe 1 BANL G e IS ¥hb St AdEs AN iglakabl e
2. Table 1 anpl eConparati ve

Exanpl e1231233ba/tidateZmr0.t330 .93t 0 dade0 dfn /tdansParent 1@s30Si nt er ed
bodyDensity (g/cnB)6.86.86.96.96. 36. 9Bul k

resi st ance( nSZcnm Fhel1Ghdesness o5 Ahecroapsparegitasybstrate is

si ze3,03.84.67.89.818. Q(u ar get_. synbol AIBI1IC1DIE1EF1 68 Tahl.e 2
Tr anspar ent 2PHFORI; nrbp‘@ﬁ‘?#cﬁgr pendaén%:'ly oH- e usd of Ve
filmrarget Nogiy %?3 ' '%éggﬂlcﬁt/ iR Ysliad HCPRY dtdt land AUEPJE SZTh
cm) 1A10250Anor Sh u%ﬁ@loz Armrlphou53C10180Armr phousM cr o- 01D118'3200reyst al |
i Ne2E18680 Ampripkaies 3B iL3343aCnyst8kl tdea value within the range of 15 pm
to 3 mm, and is preferably set to a value within the range of

50 pm to 1 mm.

(5) Intermediate layer

In the £fifth embodiment, an intermediate layer having a
thickness of 0.5 to 10 pm is preferably disposed on the substrate
surface at the side on which the transparent conductive oxide
is disposed, in order to improve adhesion thereof to the
transparent conductive oxide.

As this intermediate layer, there is suitably used a layer
composed of a monolayer structure or a multilayer structure,
which is made of a metal oxide (which may be a silicon oxide),
ametal nitride (whichmay be asilicon nitride), ametal carbide
(which may be a silicon carbide), a crosslinking resin or the
like.

Examples of the metal oxide include Al,0,, Si0, (0<x=
2), ZnO and Ti0,. Examples of the metal nitride include AlN,
Si,N,, and TiN. Examples of the metal carbide include SiC and
B,C. Examples of the crosslinking resin include epoxy resin,
phenoxy ether resin and acrylic resin.

"In the case that the substrate made of a transparent resin



[ Exanpl e 4~ (1) Production of a sputtering target Indium oxide powder
havi ng an average grain size of 1 um zinc oxide powder having an average
grain size of 1 umand tin oxide powder having an average grain size of 0.5
um as ingredients, were supplied to a wet ball mll in the manner that the
per cent ages of indi um oxi de, zinc oxide #nhd tin oxide would be 75~ by

wei ght, 5.5~ by weight, and 19.5 by wei ght, respectively. Next, the

i ngredi ents were bl ended and pul verized to yield fine ingredi ent powder.
The fine i ngsedsedtaspcuihr anbt et ewnedisates 1.ayes,subpetomn frefprahilyahiasn,

and subsequently the resultant grains were press-forned into a size having
a di anet er @fbigayﬁraﬁ&récﬁﬁrékWB§§eéﬂ 5 REPSPALBKIAG paverneddadhiring

f dfired d t 1.450 36 h t | d
it or ed” bodPORAARL6r RERELEPInd AP en Ao RUREEFS L RAF e APRPELFRE  denei Ly of
this sintered bodzg\fﬁ%e CIhna¥Ba %é&f‘ren@%bl&‘él km&%ékih@“f@ JERAS Wsed by

a four-probe nethod was 0.84 X 10-3 S~ ~ cm a sanple collected from

t hi s sintereHdebegdsinshbheestasabstrabe, ciystfdrm pridietatans feer bddaget i ve
mat eri al was observed by X-ray diffraction analysis . As a result , as
shown in FI etrecthrenabegedpednt naprgﬁanerrrm@%eaéaénéayeﬁcaasau @le were

t | . st t | d th
oot tant sPROBPASTHI0g SRS LR ARG AUGCPBBERoLYAEPFRGESNr 1 VLK S eof
was pol i Sheﬁeﬁhh%sﬁﬂ&hn@ BT ﬂﬁ' Q%‘fh@@u@egéahge@&%l&ftl{ér §.m¥>@ovement

Thereafter was USE to measure the maxi num size of he maxi mum

crystal graif ehet hankeiagoraanl ayaoadlegepodttduatdriehe spinel structural
conmpound in the sintered body surface( inside a frame 30 pm square )

enl arged by 5, 000Ini ﬂbshentcatsﬁ.eéh@otnassmrﬁ@tmm@m@vgiqxiﬁezé@v(imgt he
ﬁHXIﬁUﬁ]CFySta| rains were neasured in %g P& sane mg%P .The

aver age val RELERE, &bpTAL SiPLAALdqCaRs ?epFSQE &t the
crystal grajnat4g Oaaérgg t{?@ﬂ?ﬁgé baé’ﬁ ﬁg%us L d”H‘q: He '@ 3R 3%%1' 3

struct ural conpoun alned sintere
cut to makecendpditife Bgider ¢¢t the?linherimediatdi daRieer cohtalkayt. 10 cm and a

t hi ckness of about 5 mm

In the case that the crosslinking layer is disposed as
the intermediate layer on the surface of the substrate made of
the transparent resin, an adhesive layer or a gas barrier layer
may be interposed between the substrate surface and the
crosslinking resin layer. Examples of an adhesive agent used
to form such an adhesive layer include epoxy-type,
acrylurethane-type, and phenoxyether-type adhesive agents.
In the case that this transparent conductive material is used
as a transparent electrode of a 1liquid crystal display element,

the gas barrier layer makes it possible to prevent water vapor,

oxygen or the like to diffuse into the liquid crystal.

(6) Transparent conductive oxide

() Etching

The transparent conductive oxide of the fifth embodiment
is amorphous, and has superior etching property. Accordingly,

this amorphous transparent conductive oxide can easily be



Measurenent results of the conposition and physical properties of the
target [A2 ] obtained herein are shown in Table 3. (2) Formation of a
transparent conductive oxide into a film The sputtering target [A2]
obtained in the above nentioned ( 1 ) was fitted to the DC magnetron
sputtering machine to forma transparent4dtonductive oxide filmon a gl ass
substrate 70 at room tenperature. About sputtering conditions, argon gas
to whi ch oxygen gas of an appropriate anount was incorporated was used, and
sputtering ptenedr &ithbuti QBRAY Ar €B8oHE, acidBuct aad eiyicinloricadidced
el ectric power, and filmformng tine were 3 X 10-1 Pa, 5 x 10-4 Pa, 25C,
100 W and 20 atunateediaaapaur ekehjingasodutien|er tmegudafing compddsated
conductive gl ass wherein the tranﬁpa ent cogductiv oxi.de fil m havin

\ a
t hi ckness oPPEEAHLCNS0 FMCRa &St nth @1 B 8T oL e6E Ve & s OB aithed.
(3) The nurhetadly 49Rehabed nAlRe ety $8Y! LRNLAA HBRG0TTON HQ 1S
performed for ours under the sane conditions as I n the above-nentioned (
2 ) except that the sputeférited alodake| AXs |thebetichedg SolGeién IfJr WARLs
fitted to the DC nagnetron sputtering machi ne and subsequently a m xed gas
obt ai ned by anddiphgud~ thpaispgarendasonduatdye gaddeas ans@diuerist solivd itogr get
surface after the sputtering was enl arged by 30 tines and observed by neans

of rr{)he S]E er BYdHE & FFPBF’Sé‘(FGS@:'L_Oﬂt Ogaé_ﬁtﬁfl PGt OF ekl aGtdq he
B sual 1 BGRB8t Bl bBReBpTbA DL Wizl b PbcPROBK: R |0

a result, ngdwieaswere not observed at all in the surface of the sputtering
target [A2] obtained in the above-nentioned ( 1) . The result of the
nunber of the genFhetmzhsonkiifer ilsishvems foThdwe. 4. 1f the Bomloentizatighn t he
transparent conductive oxide film The conducti vit resjstivit of the

t ranspar ent ©f ?%aé&ﬁdGEFﬂvénoipﬁeagPPﬂPﬁb?%}%Eho?%FérﬁP%ﬂRﬁﬁr iHhd¥ ( 2
- b d | i 2 . 0-4
L1 TS .08 BRI ] 550 o, o

SZ cm. It rove -ray raction anaFys

transpar ent (¢pRGURRRYE DKitdRe onetiTadTBRPEP UkaMraRMid €n tle RfudyRy ed
that the P-V value thereof neasured by a surface roughness neter was 5 nm

and t he snoesblmtdonolstdwer ilod sywWedghtwasrygsbdl Ay eheddor ee geinsmntatidve
transparency of this transparent conductive oxide film the |ight
transmttand® ER& &FMFHPN 500 nn) was neasured with the spectrophotoneter.
As a result, this light transmttance was 82~. Thus, it was proved that the
resul tant transparent conductive oxide filmhad superior transparency. (5)
Heat treat n@tHggttJegegfﬁgﬁgar ent conductive oxide film The transparent
conductive glass obtained in the above-nentioned (2) was heat-treated.

Condi tions of theIltedts prefemead Her @at teeme the fAploirphousT e agispag-ends
heated up to 215C at a tenperature-rising_rate of 20C mnute in the

at mospher e GONEGH Vg @%lides bYe R EPAREr @0 JSuREPTUSRY LY Fio(Ftallize the

oxide by heat treatment, thereby improving the conductivity and
further stabilizing the electric resistance at high temperature
and high humidity.

In this case, the heat treatment temperature for the
crystallization is preferably set to a value of 230°C or higher,
is more preferably set to a value of 250°C or higher, and is
still more preferably set to a value of 280°C or higher.

As the heat treatment temperature is higher, a more
favorable effect is generally produced since crystallizing
speed is faster. However, the heat treatment temperature is

preferably set to a temperature at which the substrate is



As a result , the resultant transparent conductive oxide fil mwas anorphous
but the resistivity thereof was 2.1 x 10'4 SZ cm. Therefore, it was
proved that this heat treatnent made it possible to reduce the resistivity
of the transparent conductive oxide film by about 25~ . A change in the
resistivity by the heat treatnment of thi48transparent conductive oxide film
is shown in Table 4. 72 (6) Etching workability of the transparent
conductive oxide film Next, the etching workability of the resultant
transparent theRHAANW @ePordRd, bih Wawee\al Bat eskanlhbé , i n , then cageealmt
oxalic acid solution ( concentration 5~ by weight ) of 40C was used to etch
parts of the tramsparent memidutsiusedasddref suhsbnathe theahephitaatment
conductive glass into the formof lines having a wwdth of 10,to 100 pm A
section of tW%@W@lﬁ@lﬁf&#a@éﬂvﬁ%ﬁtPH%tél"EﬁEEtBB?tqfo%éoaFnGrtlf?é"er

non- et ched Rey Lhans, Y8Sphe el Yedal Ly 20- 2L EGd Lol CEASHEE: Yibetnidit! !

it was observe ransparent uctrve oxi mremal ned 1 n the
etched port '%&%dﬂéei@%%fré&ratul%@i tohe tbhpBERANEBIoLH00UC b iR wRe de
filmremaining in the non-etched portions had a sectional shape inclined
snoothly toward the etched portions . Thus , it was proved that the

resul tant transparent conductive oxide filmhad superior etching

wor kabi | i ty SThélet ERialnaefkability of this transparent conductive OXI de
filmwas eval uat equaceRi didldslogd e OLLAULOSOREIdSIAL IV ofihlul can e

etched to have a I'ine W um an e5| ues are not o serve at all.

The film Ca%p#_ﬁ:cﬁiﬂ*ﬁé]l P dted ideparididt f AD the Wyl tiRaibfes @ie not

observed. O filmcan be etched to have a line width of 100 um and
resi dues ar engtaetiiel lof Dhsesulesltra<te drt w&sc@h thectransparenhecdndugtive
etched to have a line width of 100 and mar ked resi dues are observed.

[ Exanpl es 5-9ide i3 depopisadet ABA %cf Gput TEFI A PatHEEENFF RASTRTAHY

bl end
bl end pr 3pg;rtoaggqn% Hrd % &l S10% 0% LRV ERL' 9ahE0madREE 48 1h R AR S

embodiment or the forth embodiment.

() Uses

Such a transparent conductive oxide can be suitably used
as a transparent electrode for a liquid crystal display element,
a transparent electrode for an electroluminescence element, a
transparent electrode for a solar cell, or the like to make good
use of superior transparency, conductivity and etching

property.

[Six embodiment]

The sixth embodiment is an embodiment related to the sixth
invention, and is a transparent conductive oxide formed on a
colored layer disposed on a substrate. This embodiment will

be described by way of an example of a color filter.

(1) Structure

As illustrated in FIG, 11(d), the color filter of the sixth



oxide, tin oxide and zinc oxide were set to 73~ by weight, 20~ by wei ght
and 7~ by weight, respectively. In Exanple 6, the blend proportions of

i ndi um oxi de, tin oxide and zinc oxide were set to 87~ by weight ( 10~ by
wei ght and 3~ by weight ( respectively. In Exanple 7, the blend proportions
of indiumoxide, tin oxide and zinc oxi &2 were set to 88~ by weight, 10~ by
wei ght and 2~ by weight, respectively. In Exanple 8, the blend proportions
of indiumoxide, tin oxide and zinc oxide were set to 91~ by weight, 7~ by
wei ght and embbydimenghis a egpertiddter mpdet hre depos ivdyrgasonrm BExbsiiraté
except the above-nentioned gro ortions , targetstgrBZ], (C2],, (D2] and [EZ2]
were producéf:s RBaSHFRRLAt CPEetPeslafer ne? Hithssitthedseatied thRpeougtive
properties h r .| [ are
shown in Ta F%&Je{’ggg#gégzﬂ %‘gti%ghtzli[osf §% ﬁ]ésrt’ar%%sér%acf[jt%réslﬁgbgintla%ll

conductive @xige adrdﬁsssédlom@sﬁwéwwédiﬁ@m?&efén BikbiBdt{d ®1ue

transparent conductive oxides was made from each of the resultant targets
[B2], [C2], pi@llsanti4 [ B and@hks | sangketsb bank tnad rtixa (3 pgh e rghaxbirdy dayes )

oxi des were evaluated.  The resultant results are shown in Table 4.

( Conpar at i véOEL&FpPreed] therepesWgeni-on of a sputtering target A sputtering
target [ F2 ] was tained_ i e_same_ way, as ...44 1 n.Examle 4 .exce t hat
zi nc oxide povvderTﬁ?ﬁi ﬁafgﬁ g%%?%@el%r%i%a/ CfrZef_loJTteff &'r%l\ﬁg’s S g‘&figsesa t7

i ngredient apdohyrt peerababiyt he Pbeassy PEPRA LGN DO ddAe Yx8es, 5 Y UM
oxi de and zinc oxide were se? to 90~ by wei ght and 10~ by wei ght,

respectivel g5%Vepsafermablyr Bstid t20 Ofoyt weighrtpo€i tinnoxbde pharsd calto 8%,
properties of the resultant target [ F2 ] obtained herein are shown in

Tabl e 3. ( Preipvabdidt Pokoof? thie wediahdt cAnginctedidpurhtat & eeapeslEdodki de
f i Imlint a s in anpl.e 4, a filmof transparen onductive
oxi de was 1 SPREAR? SRS FRLEPIanE IraF gt ] BoFSeALOR 0H B TR gen and
the transpaggpta cichit Y8 ;e tHe1 PRhRI N hd LaHE haPERe TRAWR Pt FAD! €
4. [Conparative Exanple 5-7] (1) Production of sputtering targets Effect of

t he bl end propdutitarne &filmngdedirgstalidzednaestngeliedtrddat biys heaitr
Conparative Exanple 5, the blend proportions of indiumoxide and tin oxide

were set totgeatjponaitrangparamt gpndugighite fidgpadds iwkich is) apemphoms ve
Exanpl e 6, the blend proportions of indium oxide, tin oxjde and zinc oxide
wore st 1 oVBPD HEPRELEAR . BE03 HRTRSTHELE s L08yC weF hLShEF osBREE vel v
oy oo™ PUBSELATRZaL o LU BLER- 2PN A Blohfbtnigs' 85 sodiy
wei ght, respectively. .
(2) Transparent conductive film
The reason why the composition of the transparent
conductive oxide constituting the transparent conductive £ilm
is set into the above-mentioned range is that the sintered body
target made of the transparent conductive oxide having this
composition range makes sputtering at low temperature possible.
That is, by forming a transparent conductive f£ilm from
the sintered body using sputtering, the transparent conductive
film which is amorphous and superior in etching property can
be formed on the organic colored layer even if the temperature
of the substrate is set to 200°C or lower.

Therefore, a fear that the organic colored layer as an

undercoat is damaged in the sputtering is relieved.



Next , in Conparative Exanples 5 and 7 , targets [ Q] and [ 12 ] were
obt ai ned, respectively, in the sane way as in Exanple 4. 75 In
Conparative Exanple 6 , a target [H2 ] was obtained in the same way as in
Exanpl e 4 except that the sintering tenperature of the fornmed body was set
to 1,100C. Measurement results of the coPPositions and physical properties
of the resultant targets [@&], [H2] and [I2] are shown in Table 3. ( 2 )
Eval uation of the targets and transparent conductive oxide filnms In the
sanme way as in Ex@hplehickaeﬁﬁlﬁfoﬁhﬂﬁaﬁgpasenreaﬁnaaedh¢éiaﬂidélwas f or med

fromeach of the resultant tar ets ] H2] 2]. .In this way, the
targets and Ptrﬁéetr nERRFes & L’\/:é Q)Q(‘g &@§§,\QP 3&?3&%“ tHhe %"B‘tséﬁ ned
results are ﬁﬁ pilable 4. About the target [H2] of Conparative Exanple
6, the crystallini y fhereof was observed by X-ray diffraction analysis. As
a result, no hexagonal |ayered conpound represented by |1n203(Zn0) m wherein
mis an integer of 2 to 20 was observed. 76 Table 3

Conpar at i veEddmSubBtaailec4567845671 n203 75 73 87 88 91 90 90 87 90by

wei ght ) SnOz(~ by wei ht)19 52010107010105Zn0 (. ~ by ht%S -
5732210035Si ntere&xs BERT T e(tg%‘tsrf'e‘;%t%essé Yptho %Bl‘%?fb tep ingjude

o ai nd 15, a3 B0 410, REs ek Sl el nl diiints sensementoR A

Table 4 transparency, such as polycarbonate, polyethylene

terephthalate (PET), polyarylate, and polyethersulfone.

(4) Colored layer

The organic colored layer disposed over the substrate may
directly be formed on'the substrate, or pixels of the organic
colored layer may be separated from each other in plan and
further light shading layer is disposed therebetween (black
matrix).

Next, in this organic colored layer disposed on the
substrate or adjacently to the light shading layer, a
composition made of a coloring agent and a binder resin is used.

Examples of this coloring agent which can be used include
perylene pigments, lake pigments, azo pigments, quinacridon
pigments, anthraquinone pigments, anthracene pigments,
isoindoline pigments, isoindolinone pigments, phthalocyanine
pigments, triphenylmethane basic dyes, indanthrone pigments,
indophenol pigments, cyanine pigments, and dioxadine pigments.

The binder resin is preferably a resin having heat
resistance. There is suitably used, for example, epoxy resin,
urethane resin, urea resin, acrylic resin, polyvinyl alcohol
resin, polyimide resin, or a mixture thereof. Of these resins,

polyimide is particularly preferred since it has high heat



Transparent conductive oxide filnmNunberTargetO Il mredi ately afterAfter heat
t reat nent synbol gener at edt he formati on of the

filmMNodul estivityCrystal-EtchingtivityCrystal-(uS2~cm)linityproperty(u
~.cmlinity4A20280Anor phous~O210Anor phous5B20290Anor phous~230Anor phousa~6C2
0270A h~180M cro-norp ouscrystalline 7 2 0 260 Anor phous 0

170M cro-crystal | i ne8E20240Anor phousOL70M cro-crystal | i ne4F20380Anor phous~3
80Anor phousOQy;; ~5G&32260Crystalli nexX190Crystallineb
WWEH218320ARBEBREARPL50Cr yst al | i ne0U7I 221260Anor phousD880Cr yst al | i ne

[ Exanpl e 9] (1) Produgction_of copductiye transparent film As bstrate
e of a1 anapar SAERPEBPRS. o ChEaRLARl bY rhenaRBPS cleat Lpb 15aRYet hyi ene
t erepht hal a ks i-Ng ca i 0 e ar ent
condgctive %gegghg?}%?%gsggrggscg Q?E%P%%§19iﬂ%ﬁ%&ggpg?tgFiﬁégﬁgﬁﬁg as a
target a si nheegdchody wedeeeh th203rgadie rodowkdchayes pikesagonBbr

| ayered conpound (crystal grain size: 4.0 pmor less), In203 and Sn02 [ In/
( In+Zn ) =egampde, aJ@yqr madeneSm rhropiumoBilmpd paritiald ydoxdiddyged
98%]. In this way, a nductive transparent. fil mwas_. produced. That is, the
pol vest or  { PRRPIT, FLEBa T o 8 GOttt LER HELOR THEd Ml d of
its vacuum tgpk14es &%dgﬁﬁ@a5§y1uée39'3 Pa or |ess. Thereafter, a m xed gas
of argon gas %purlty: 99. 990 and oxygen gas [concentration of oxygen gas =
0.28] was introduced thereto so as to have a pressure of 1 X 10-1 Pa (
oxygen partial pressure : 2 . 8 x 10-" Pa ) . Under conditions of a RF

out put of 1(3)Wormingniezhodbstrate tenperature of 200C, a transparent

conductive ide filmhaving a thjckness of 250 nmwas fornmed. (2)
Eval uation o&f EoEnabhemices Ve remspe@enta¥®f m ~1 Fi | m t hi ckness DEKTAK 3030

(made by Sloan cogpany), %@c?ﬁntﬂémﬁ:dpﬁfti}?oﬁchh@Eé‘if%e'i?ﬁ?)%e %;‘_gr%gla.c

resul tant transparent conductive oxI de by a tracer
di ffracti oncegageaemaperRakgr ikl @ Brez@@Be@mide bhynd aalkiu dikpefaat i onal

crp. ) respective pigments in red, blue and green, which are selected
from the above-mentioned coloring agents, and a binder resin
in a solvent for them, thereby producing a paste, and
subsequently form RGB pixels by photolithography.

For example, it is advisable to apply the paste onto a
substrate or a light shading layered worked into a stripe,
semi-cure the paste, form a green organic colored layer (G
pixels) in the form of a stripe corresponding to the pixels by
photolithography, and then cure this.

Red and blue organic colored layers (R pixels and B pixels)
may also be formed in the same manner.

If necessary, a protective layer made of polyimide resin

may be formed on this organic colored layer.

@ Formation of the amorphous transparent conductive film
Next, the amorphous transparent conductive £ilm is formed
on the organic colored layer or on the protective layer

deposited on this organic colored layer, as illustrated in FIG.



~8 was used about the transparent conducitive oxide filmto subject the
filmto X-ray diffraction neasurenent . As a result , it was proved that
the transparent conductive oxide filmwas anorphous. ~3 Inductive coupling
pl asma em ssion spectral analysis An inductive coupling plasm em ssion
spectral analysis device SPS-1500VR (nmade2by Sei ko Instrunments Inc. ) was
used to neasure the atomc ratios In/ ( In+Zn ) and Sn/ ( In+Zn+Sn ) in the
transparent conductive oxide film As a result, it was proved that the
atomc rati dd(ken/.(1 n+Zn) and Sn/ (I n+Zn+Sn) were 0.93 and 0. 08,

respectively. W spectronetr¥ The light transmttance ( Ei ght wavel ength:
500 or 550 nm) of PERECERRAYpatBAE ﬁ%ﬂgﬂQ??%ét¥ﬁﬁ§RP¥?9Fn Yalsift S W t h

sl at aheo! AATBbERBATOYEARG S gL IR Yo h  Slbodd hdn O P RRe, o

resi stance and resistiv rési stance neasuri vice Lor estor

by M tsubi shreEeaagl 740ord JoMaHWSRA ght BFAIHGE ulh @ xSl ase tieist,ance
(initial surface resistance) of the transparent conductive oxide film and
measur e t hepresiestibdiyt b (Honi20albyr esiigfhityicfy tRa) oxiidegofandy 2a tho®s-t er i nal
method. As a result, the initial surface resistance was 10.4 and the

initial resPFEf@TAPLYRE) tok? PYeweight 10f zincPxifghi YReyedr the qtamic
RESI TEST8200 _(..a sur'nqvﬂfvi e.based on van der,§§uml S t hod, de by
Toyo Techni £2 A0rPany ) t6 S AL ALaR R ] oA 355 G 400 F RO Pl L0
coefficientgr( 088 HSash{ AHEPATBRE LRE FBPINd L nef c??%'ﬁ:hirérafﬁ MIEDH T,
It was proved that the nobility of the carriers in the transparent
conduct i ve axicdathinedvkhexAgonad/ Layexed ddepioundsiist Snqe toastleBse

resul tant conductive transparent filmwas divided

When the transparent conductive film is formed on the
organic colored layer or the protective layer, a magnetron
sputtering machine is suitably used.

Therefore, conditions when the amorphous transparent
conductive film is formed vary to some extent dependently on
the area or the thickness of the target. The amorphous
transparent conductive £ilm having a desired thickness can be
usually obtained by setting plasma output into the range of 0.3
to 4 W per cm’ of the target area and setting forming time to
a value of 5 to 120 minutes.

The thickness of the amorphous transparent conductive
film, which varies dependently on the kind of a display device
to which the f£ilm is applied, usually ranges from 3 to 3,000

nm, preferably ranges from 20 to 600 nm, and more preferably

ranges from 30 to 200 nm.

® Etching of the amorphous transparent conductive film

In etching property, the resultant amorphous transparent
conductive film is far better than any crystalline transparent
conductive film. Therefore, in etching treatment for

patterning, there can be used an aqueous solution of a weak acid



into two. One piece thereof was subjected to a heat resistance test. That
is, the conductive transparent filmwas allowed to stand still in the

at nosphere at 90C for 1,000 hours. Thereafter, the resistivity (R ooo) of
t he transparent conductive oxide filmwas neasured. The resistance change.
rate, which is defined as a ratio ~ R-008PRo 1 of the resistivity after the
heat resistance test ( RRooo ) to the initial resistivity ( Ro) , was
calculated. As a result , this rate was as low as |.10. Etching property
eval uati on Aihduth dbesatidiecapseceoxifosien odswitimy madreduietli,vEor resresypalieent
film the etching property thereof was eval uated using an aqueous sol ution
havi ng an 023 BEUEAUS Seddddrraba¥Angs ag-oxgliei akid LFRrcererpeler e df
40C as an et.chi utio As a result , it was proved that the etching
rate ( initia) 1gﬁ%§$%dkﬁé?8& of the transparent conductive oxide filmwas

0.2 unm m nute. [%Eglcie%paﬂr@lda,‘ ‘ﬁ?ﬁ%‘i‘:tcio\ﬁﬁittri%%p%rfg% Q'ogsw'aﬁseagagagg in

the sanme way as in 9 ‘except that #7059 made by rning IncC.

80 used as adlnenispahavimgulast pabd isoathdt cannentaakabn gf a8% mubeigtite was

- used. Conditions for formng the filmherein and atom c ratios about.
constituentfﬁ%@@l§t§hlpﬁe5923ﬁéﬁaweﬁbec%mﬁﬁﬁ¥?vﬁ AP ITEHY HABHIWHS n

Tabl e 5. Evagl.uatjon results of the transparent con ive ide filmin the
t hus obt ai n?&tﬂfbhaﬁcﬁq atsr%es%ac%reﬁ%:cgﬂggsp raorpee%yognbﬁ{g?:nt\fﬁeagigg%pgﬁ#eged1
conductive transpangiimidhass Abtihed herein was divided into 3 test pieces
About the two of these pieces , the initial surface resistance, the
initial resistivity (Ro) , the carrier nobility, the resistance change rate

and the initial etching rate of the transparent conductive oxide filmwere
measur ed i n @neryatelhdgationnoExshpl breanspasensnapningtpvecéibms heated at

200C f 1 h b tl th f i st d.th t chij
Fate of its traneEin tBanGRERFIcaBRTHRCRF| FF ARF B RERE SR FELFR TR way
as in Exanplie, §refiE- A0S} Sél.}ﬁé:{éd‘téﬁ L8 dJANSRA Gl € YU UL 194e gxi de film

after the heating was cal cu ed. Evaluation results of the transparent
conducti ve @dybtdlilined a@tdrhehbepatgrairg sivwhe Eilabbe the [dbaimie, 11]

A conductive transparent glass was obtained in the sane
as illustrated in FIG. 11(d). In this way, a crystalline
transparent conductive £ilm having superior heat resistance and
molisture resistance is prepared.
Preferably, the heat treatment condition in this case is
set to 200°C or higher, preferably 230°C or higher, and more

preferably 250°C or higher, and treatment time is set to a value

of 0.5 to 3 hours.

[Seventh embodiment]

The seventh embodiment is an embodiment related to a
process for producing the first and second inventions, and is
a first process for producing a sputtering target containing
a hexagonal layered compound represented by In,0,(Zn0O), wherein
mis an integer of 2 to 20, the crystal grain size of the hexagonal
layered compound being a value of 5 um or less. This process
is a process for producing the sputtering target, comprising

the steps (1) to (3):



way as in Exanple 10 except that the tenperature of the substrate was set
to 215C. Conditions for formng the filmherein and atomc rati os about
constituent netals of the transparent conductive oxide filmare shown in
Table 5. Evaluation results of the transparent conductive oxide filmin the
obt ai ned conductive transparent glass are4shown in Table 6. 81
Furthernore, evaluation results of the transparent conductive oxide film
after the heating are shown in Table 7. (Exanple 12] As a transparent
substrate, the sarid)pthgestep Ofl|bhliesding Bumadblre xkides powdsr anidif wirker a
sintered body nmade of 1n203(2Zn0)3 whi ch was a hexagonal | ayered conpound
(crystal gr&%+9s powder hay Gn |dyerage graigs Sf02 M o deSfuzn ) =

0. 96, Sn/ ( In +90.) E . Y} i = ~ ] sed
as a sputtering tzréget?ﬂ.e Eegh?%%lnad;%cgﬁgﬁtg?l §8g§%%%%%%§{h ﬁt\n@\%aé;
produced. ArgtarsRE enl/ (I9Rduot h¥ewexhds thénringe fof nedzoNcd he, POl wasd er
filmin the sane way as in Exanple 9 except that a m xed gas of argon gas
(purity: 99.990 arid)oklygertegast (sdavtearingathefoximedkhgén ajas tenieatl: umes
introduced thereto so as to have a pressure of 1 X 10'1 Pa (oxygen parti al
pressure: 50f 10'4903g) or bdgherions for fornming the filmherein and the
atom c ratios about constituent netals of the resultant transparent
conductive oxide filmare shown in Table 5. Evaluations results of the
transparent (Qon@iEiMe P dtdp fil min the resultant conductive transparent

gl ass are shown in Table 6. Furthernore, evaluation results of the

t ranspar ent Momdrchgvpudtedezétrl m after the heating are shown in Table 7.

[ Exanpl e 13] A conductive transparent gl ass_was obtained in the same way as
in Exanpl e 12 exc@gererddveHeetahexidssdised psgingrediants 408 RROAUSIMGNDI e
10 was used,as transparent substrate . .Conditions .for formna the film
herei n and z;?‘&m%@rrgﬁ % otﬂogen@s&gngﬁ)ie@grﬁnqﬁéﬁ:%vser&z% &Y ésliFant
transpar ent GRAGNGY nggﬁpdﬁumﬁ@éﬂ shienak fak! safr mEval UpbhgmiEsul ts
of the transparent "conductive oxide filmin the resultant conductive
transparent oyl ass wdrtrasdonire ideviadd.e 6. Furthernore, evaluation results of
the transparent conductive oxide filmafter the heating are shown in Table
7. [ Exanple 14] A conductive transparent glass was produced in the sane way

as in Examplg 9 except that as a trapsparent bstrate, the sane non-al kal i
gl ass substr@t%"%gagg gxahp| 8146 %stﬁgea?gﬁﬁay?ﬁ tRRVAETE| nt ered body nade

of 1nz03 ( Zn0 ) %n%&*ﬁui‘éﬁ%gaaﬂﬁﬁﬂ%iﬂi%éfiﬁgi h poYEEAL , A N
size: 3.6 pm, I1n203 and SnOz [ In/ ( 1n+Zn =0 . 91, sn/ ( IntZn+Sn ) =

0 . 10 , angowdleais weedppefeyablpulvenbszed dhtas fAnepuygtralhagsincgethe
Conditions for formng the filmherein and the atom c rati os about

consti t uent ortsfiadl @raife sigqafarfhe Mexasenad JARRRd iGRNROUNE T |Fhear e
shown in Tahl e 5. Evalua%'ons results % t he transparegpt c uctive qxide
i m i nt ho RSRG AR 8B hHEATE it Sar BR O 88 ar coRRERRL P Fbl D%,
Further mor €,; oMt L1 T diS, Afhd NaLdd SRR YHweOiE tdy orPdde film
after the heating are shown Iin Table 7. [Exanplé 15]
preferably subjected to mixing pulverization in the manner that
the average grain size thereof will be 2 pm or less, more
preferably within the range of 0.1 to 1.8 pm, still more
preferably within the range of 0.3 to 1.5 pym, and still more
and more preferably within the range of 0.5 to 1.2 pm.
In the meantime, in the case that tin oxide powder is
blended to generate a spinel structural compound, the average
grain size of the tin oxide powder is preferably set to a value

within the range of 0.01 to 1 nm, is more preferably set to a

value within the range of 0.1 to 0.7 pm, and is still more



As a transparent substrate, the sane polyester filmas in Exanple 9 was
used. An epoxy resin layer having a thickness of 1 umwas deposited on a
surface thereof by spin coating. This epoxy resin was photo-cured by W
radiation, to forma 83 crosslinked resin |ayer. Next, a transparent
conductive oxide filmwas deposited on ti s crosslinked resin layer in the
sane way as in Exanple 14. Thus, a conductive transparent film was

obtained. Conditions for formng the filmherein and the atom c ratios
about constptrefarabkyawstbiint hber gsaubtant 0OrantpaPeht mmonducti ve oxide film
are shown in Table 5. Evaluations results of ‘the transparent conductive
oxide filmin theThdSdig RRECAUSRIE thiE tinghERarasmTaqe srade showeh theabl e

6. Furthernpre, e ' r | t f_t an r n tive . .oxi film
tter the nout peLar SopElE SRS R o PRebEan RS BV e G YR 340K, B
substrate, the BeRBgPRAYCEdRErdd |[dBnibound EXANPhE SHhims] Wdithbouit iuthBer a
sintered body nmade of In20§?%n0)3 ﬁﬁ?%h was a hegﬁaonal | ayered conpound
(crystal graangstzean3e8spiy, bandohtr63ledd(Sn@n prnlésarZn) - 0.95, Sn/ (
Int+Zn+Sn ) = 0 . 10, and relative density = 98~ ] was used as a sputtering

target . In this way, a conductive transparent filmwas produced.
Condi ti ons 6jgﬁforn1n the filmherein d the atom c rati os about
consti t uent ind of thee INEnpdignt o ent conductive oxide filmare

shown in Table 5. mkyal HaihlnSonsokhicaRl tHE LiASSEaRESInGORELE!AYCLRYI de
filmin the resultant conductive transparent filmare shown I n Table 6.

Fur t her nor eingratiiahtenaresprésepablpcokt@es par eydmpeaindise whiehowiida biel m

after the heating are shown in Table 7. [Exanple 17 84 As a transparent
substrate, okédesmaf iy génteringl hhat i, BAHRINOOL R PrescuFsORSRIDZINgy er

havi ng a thigiaess of 100 nmwas fornmed thereon by el ectron beam

evapor at i on®*&e%t PTECPFERESar ent conductive oxide filmwas deposited on the

surface of this Spe¥npeskihs BYEMN d) u'Ex FAED MR rED s hfd #HR! 21 ox 15BUS
a conductive transparent filmwas obtalned. "Conditions for formng the film
herei n and phecakresdire hLatladeabalfidesst shlfateset aistrateshehatsdbsant
transparent conductive oxide filmare shown in Table 5. Evaluations results
of the tranéphientidesndurenidedrindesd Pirh, i arhrnaasy czgandemrid sadts

t t fil hown in Table 6. Furth Luat i Lts of
the transpaf B 0RGacPRAC26FPde PEOPAPAALES 1« REPRERPPRG Pe “BHlofR PR Tabl o

. I ' j BmbB&in
7. [Exanpl &1y RagondiphiAs! [AOERGKEA SIS, YRR BnbBankaTe vy

as in Exanp except at the same non gl ass substrate as in
Exanpl e 10 wa8 g6€dnlds andr argpaieninetabscoapdexebe (heptglabeetonhtiehi s

gl ass substrate was set to 215C, and the anmount of oxygen gas in the m xed
gas at the tpmpovndspandesiong@tiaofsdndigm3andory§en partial pressure: 3 x
10-3 Pa) . COnditigni for forning t he fiInLhereig an atonhﬁ rgaios agout
constituent metal SEofPER& ¢ PARSBLPENt OLIABLE PGLEL0RPGESTi PHQFEERoAAY n
Tabl e 5. Evgggg}ﬂgr}né@éi’ lctoﬁlrquexg%eaf:é %%%&%%&n§ﬁ@#‘%we‘{rea9é( 'c‘il)ﬁ\tpfl'elt@l'yn the

obt ai ned conddctive transparent glass are s abl & 6. Furthernore,

eval uation tasiinad 19f delonipoarsparent atonaduc tiewpedatdeef ismtaktenot he
heati ng are shown in Table 7.
impurities remain.

(2) Pre-sintering step

Next, thils mixture is preferably pre-sintered, which is
an optional step, after the mixture of the indium compound, the
zinc compound and the tin compound is obtained.

In this pre-sintering step, heat treatment is preferably

performed at 500 to 1,200°C for 1 to 100 hours.

This is because the thermal decomposition of the indium



85 [ Conparative Exanple 8] A conductive transparent glass was produced in
the sanme way as in Exanple 9 except that as a transparent substrate, the
same non-al kali glass substrate as in Exanple 10 was used, and further a
sintered body nade of a hexagonal |ayered conmpound ( crystal grain size :
12 pm) represented by 1nZ03 ( zn0 ) 3 ,%@nd Inz0O3 [ In/ ( In+tZn) =0 . 95
, and relative density = 80~ ] was used as a sputtering target. Conditions
for formng the filmherein and the atom c ratios about constituent netals
of the resukcbapbundansgper einccootpounde andi dbef ithm sompolodn may Teiclomes.
The resul tant conductive transparent gl ass was evaluated in the sane was as

in Exanpl e dnsyk&igdentatindsr, 688 heabrereatipnt Cordttle at 1ges shéved

f | t X- di.f f i | ysi s that t i ndi i

b esent 1 n RO BRK dRe Shatcl Waby o8 ARenPEREE hefe. JE MR Rt "o
conductive ngggg%hgn%?ﬁéﬂ?goﬂﬁrsebvefﬁs, PLesE 8¢elr01 68 RousCt HE Yrain

[ Conparative A conductive transparent glass was obtainéd in the
sanme way asmay Beamplde tbassecpnd Aatrgeheizade non-al kali gl ass substrate
as in Exanple 10 was used as a transparent substrate and an |ITO target

1nz03/5 at . ~ Sn&E LswhBegefergsrarspablariNgpPrafgered) tonrerpPsPedhr om

results of X-r di ffraction_anal.ysi s .that cryst of | i Xi S
present in %@?Fgﬁfﬁg\e&ﬁ q@&ﬁdﬁ@éi\?éi&gﬁdg anl%Irm%glglre tcr?élr&(r}'g;ilrﬁnt%ar#e _t\ﬁ%
conduct | Ve IeaRRNARE FaltR S0l kNS HYooLOEBENd £8esh! habgrein and
the atom c rati os about constituent netals of the resultant

transparent conduTheverexisdatkired dodysbbiwainedThklrein. iBupireéemabdy
eval uation results of the conductive transparent glass are shown in Table

6. [ Conpar abwl&emigad defgirea bedmdudormed aacs regl-as¥h@as produced in
the sane way as i | e except .t hat a.transparent. substrate he
same non- al %&Iive@qﬁ?%%%gf:‘é}%pﬁg'ﬁﬁnﬁfﬁﬁgf@OQ% %ﬁa%gﬁé%’d?b %&)eﬁﬁwgeré a
sintered bo e I [ ago r

pi1MEA , @ 289 1) mI1M0i Spe@st dexagonak haVer&d the
conmpound (cgégggg gra}n s%%e: 8 un1gr Pgss;b, I nzO3 and gncz (I'n/ (1. ntzZn) -
0.98, Sn/ (| nt%xe+Sah the. Mannamdthakatheegdansi $ize tHeteorisvilkeba<mm
sputtering target. It was proved fromresults of X-ray diffraction analysis
that crystal0.®f itediluf® é%l.de was present in the transparent conductive
oxide filmof the resultant conductive transparent glass. Conditions for
formng the filmherein and the atomc rati os about constituent netals of
t he resultaqg)t@qﬁﬁﬂgkpqhxﬁpnductive oxide filmare shown in Table 5.

Next, the resultant pre-sintered body is used to be formed
into a shape suitable for a target in the forming step.

For such forming processing, mold forming, casting
forming, injection forming or the like is performed. In order
to obtain a sintered body having a high sintered density, it
is preferred to form the pre-sintered body by CIP (cold
isostatic press) or the like, and subsequently subject the
resultant formed body to sintering treatment, which will be
described after.

In the forming processing, a forming aid such as polyvinyl

alcohol, methyl cellulose, polywax or oleic acid may be used.

(4) Sintering step

Next, the resultant fine powder is granulated and then



Furthernore, the evaluation results of the conductive transparent glass are

shown in Table 6. 87 Table 5 Material Substrat eGxygenFi | nof

t het enpera-partial I n/ Sn/thi ck-substrateture

(C) pressure(ln+zn) (1 n+Zn+Sn) ness(Pa) (nm 9PET202. 8x10- 40. 930. 0825010d ass202
. 8x10- 0. 930. 0820011G ass2152. 8x10- 0. 930. B810012PET205. 0x10' 40. 960. 1830013G

ass205. 0x10' ' 0. 960. 1825014G ass200x10- "

50. 910. 10210. 15PET205. 0x10' 40. 910. 1020016PET201. 0x10' 0. 950. 1010017PET205. 0x

10' 40. 950. 1Goa0egiGiads? a59e6iired46heBe. Wy 1D08ES abermbyg 8xard othos fromend

mt' 9G assZOZ 8x101 000..05100E ~V10d as 52. 8% 8Q.05100, 88 Tahle 6
InitiallnitPR0Y dft sditered raé‘sq §ug\7t%ith }ﬁe%'lljlg)t 32’6’3’ gtgl‘ﬂsr@ttlrcar?écrﬁscs

resi stance ' (r3 atetance (~) ( S22/ Cr )~ (x10

Scan)r at e( prﬂlm nut e 1 1.100.20108912.52.5201.120.20119119. 01. 9311

. 270. 1912879. 32. 8351;11%%1&&@%&3&16088&2&5 180). 8181 48, &vhe/ AhtE30inlP1588
14. 02. 8281. 140. 19168924. 02. 4201. 150. 19178822. 02. 2311. 110, 1918911B. 01. 8341, 0

50. 17087943 iz4panBarmd@riabthe tatypins pdtegieed d IXYH B g@S 21 pudE sured@xytasdredo V
10 89 640 gas, usually at 1,400 to 1,600°C, preferably at 1,430 to 1,550°C,
and more preferably at 1,500 to 1,540°C for 30 minutes to 72
hours, preferably for 10 to 48 hours.

In the meantime, if the mixture of the indium oxide power
and the zinc oxide powder is sintered in the atmosphere
containing no oxygen or is sintered at a temperature of less
than 1,400°C, the reactivity of zinc oxide with indium oxide
dfops so that crystal of a hexagonal layered compound may be
insufficiently formed. Consequently, the density of the
resultant target cannot be sufficiently improved so that the
generation of nodules cannot be sufficiently suppressed in the
sputtering.

The temperature-raising rate in this case 1s preferably
from 10 to 50°C/minute.

If the mixture of the indium oxide powder and the zinc
oxide powder having the given ratio therebetween is sintered
in the atmosphere of oxygen gas or pressured oxygen gas at a
temperature of l‘,400°C or higher in this way, crystal of the
hexagonal layered compound made of indium oxide and zinc oxide
is generated to be unevenly distributed in gaps between the
crystal grains of indium oxide. This suppresses crystal growth
of indium oxide so that a sintered body having a fine crystal
texture is formed. |

In the above-mentioned blending step, at least zinc oxide

having an average grain size of 2 pm or less is used; therefore,



64.0 - abe etched 89 Table 7 Initial Surfacelnitial Etching

rat eResi stivityResistance 1 -'S2 (ummnute)(x O

cm g---1010. 07. 00. 191119. 01. 90. 1812---138. 42. 10. 18W49. 01. 90. 1815---16---17
---1818. 01. 80. 17 [Exanmple 19] (1) Production of a transparent conductive
materi al | ndi um oxi de powder having an a@ferage grain size of 1 um zinc
oxi de powder having an average grain size of 1 pmand tin oxi de powder
havi ng an average grain size of 0. 5 pmwere supplied to a wet ball mll
in the mannthetsitnterepdredpivwing adecyissrilderaznnglaniee amd ernlegFde
woul d be 80~ by weight , 5~ by weight and 15~ by weight, respectively.
Next, the p%ﬁd@PEaQB?@ m xed and pul verized for 72 hours to yield fine

i ngredi ent powder. Next, the powder was subjected to granulation and the
grai ns were press-forned into a target form The forned body

(5) Reducing step

In order to make the bulk resistance of the resultant
sintered body uniform aé a whole, reducing treatment is
preferably performed in a reducing step, which is an optional
step.

As such a reducing method, there is used a method based
on reducing gas, or reduction based on vacuum sintering or an
inert gas.

In the case based on the reducing gas, hydrogen, methane,
carbon monoxide, a mixed gas of these gases and oxygen, or the
like may be used. _

In the case of the reduction based on sintering in the
inert gas, nitrogen, argon, amixed gas of these gases and oxygen,
or the like may be used.

Reduction temperature is from 100 to 800°C, preferably
from 200 to 800°C. Reduction time is from 0.01 to 10 hours,

preferably from 0.05 to 5 hours.

(6) Working step

Preferably, the sintered body obtained by such sintering
is cut into a shape suitable for being fitted to a sputtering
machine in a working step, and a fitting member is attached to
the cut body to prepare a sputtering target.

In the sputtering target obtained in the last step, the
composition of the respective metal oxides, which are
constituent elements of the target, is set into the above-

mentioned range, and grains having a size of 2 pm or less are



was then fired at a tenperature of 1, 450C to yield a sintered 90 body.
The relative density of the resultant sintered body (crystal grain size:
4.0 pmor |less) was 98~, and the bulk resistance thereof was 0.83 nS5~~ cm
Next, a menber for fitting to a sputtering machine was set up to this
sintered body. This sintered body was us?d as a target . The used target
was made to have a dianeter of 10 . 16 cm This target was used to forma
transparent conductive oxide filmon a non-alkali glass substrate #7059
(made by Corsedgtbneintby shet oxideg. idhdie iastmadmherm-aff kedygeyl @ or
substrate #7059 was set up to an RF nmagnetron sputtering machi ne, and
subsequent | Presupeds oxvgess dass afa@uiiemperrtugse pEdded®0°d op Bighen, Pa or

| ess. Next, Lxed . gas. apd Y, . | ntroduced .t @ _have
2 pressur e SReSER916RERAR0 ThE2NDER; 0 LANYREL: B0 AT B FRGR 1o
substrate tenpefcitmbe NeadSiil Ahyered dSHAiRd Bi9stabut t'BRERESEYBS, the
performed to forma transparent conductive oxide Tilm In this way, a
t ranspar ent budkduesiigtagcessfwhbisbtarget. i 2Qed@vaddiandrihs tamyetahget and
the transparent conductive oxide film The conposition, the relative
density, thé BiPR FEEFERANEeXERER thAvinty & srvshedy 95pipheizeerdmhedy (
target ) ob&g%ged I n the above-nentioned (1) were evaluated. The results

n

are shown i able 8. Evaluated were the resistivity and the crystallinity

obtained in the cAgBorBiNGLSD #HEn St £rat-LadY o Lakactd £OERI H&d i) yhe

above-nentioned (1) was used to performsputtering while the tenperature of

t he transpasenttewhbagr,atlee generation of nodules is suppressed. Since the
scattering of the nodules by plasma is markedly reduced, the
sputtering can be made stable so that a high-quality
transparent conductive oxide to which no alien substances are

attached can be obtained.

[Eighth embodiment]

The eighth embodiment is related to another process for
producing the first and second inventions, and is a second
process for producing a sputtering target containing a
hexagonal layered compound represented by In,0,(Zn0O), wherein
m is an integer of 2 to 20, the crystal grain size of the hexagonal
layered compound being a value of 5 pm or less. This process
is a process for producing the sputtering target, characterized
by comprising the steps (1) to (5):

(1) the step of producing a hexagonal layered compound
represented by In,0,(Zn0O), wherein m is an integer of 2 to 20,

(2) the step of adjusting the produced hexagonal layered
compound to have a grain size of 5 pm or less,

(3) the step of blending the hexagonal layered compound
having the adjusted grain size with indium oxide powder,

(4) the step of making a formed body wherein the atomic



91 was kept at roomtenperature, and the resistivity and the crystallinity
obtained in the case in which the sane target was used to perform
sputtering while the tenperature of the transparent substrate was kept at
200C. The evaluation results thereof are shown in Table 9. Rotor Flex
RU-200B (made by Rigaku International Cof$®. ) , which is an X-ray
diffraction anal yzer, was used to analyze the crystallinity of the
resultant transparent conductive oxide film It was proved froman X-ray
di ffracti onraltdot offhan/i(Inws )arnsr phtbdn The ramigetof ed chupta My 99 asarad

em ssion spectral analysis device SPS-1500VR (nmade by Sei ko |nstruments
Inc. ) was used t&5ant sdepnef edmiediindohheformed: Py fdr 8 emReididtts e
oxide film The W §Eectrgmabri c device U-3210 (made by Hitachi Ltd. ) was
used to neaS&r & N0 Fi ght PEPBRSNi ttance (1ight wavel ength: 500 nm or 550
nm of this condugli ygel LPATRATERAG Fadyet 1REprddieednssd WRATUWLRY d@W Cce
Lorestor FP (made by M tsubishi Chem cal Corp.) was used to neasure the
surface resiaveaiaee rafiargietk bd tlse tHexadgurialal agarédaonmsaiei andeso on
hereinafter) of the transparent conductive oxide film and neasure the
resi stivityibhdheoftapged £alr beeVariaptREChOY. ativs hed rorBreqsHiong B0

(made by Sl oan conpany) S ed to asure the fillmthickne f t

t ranspar ent 9@5&?&"@@1%{ Odil\?r}?éiuuf P 2% ref%éarcr{r?ﬁer'}'é’d.pr@en&eezdts v’f%reena{]ci%sent of
the transpang NGl b QX fdll“{ns?tg&l{terti transparent conductive

gl asses obt al %gction t he eabove-ﬁr%grnti oned (1), ?ﬁ’e transparent conductive
oxide filmforned in the state that the tenperature of the transparent 92
substrate was set to roomtenperature was subjected to heat treatnent at
280C for 1 Hdur Stam athenadusing enthexaahnal Vaysdede aampaunst ned in t he

state that the tenperature of the transparent substrate was set .to 200C was
subj ected to heat %@é‘aﬁr@ﬁ?‘a&t" éafyﬁrpe'% FSMPOURG, FEPIRE SOE&AS B&r ent

conduct | ve ay] 8% 143 15 wAUREEG! £%1 £ Ol N 1R 103! WBNbe LhGhLodgsdel i tY
and crystal I'TArty wer'e eval uat ed. 'I%e evaluation results thereof are shown
in Tabl e 9. i[yaspeesedt?@fe (@lye Proaduchi bn, afbsdadineled dwdnasl tarskonic
transparent conductive oxide filns In Exanples 20-22 , sintered bodies were

obt ai ned i n Gevd.asaite My hendgerealeresregtépe rRovderhethirdguprapie i ons
of ingredients were chapged a in Tahle 8. . Next, . the re tive

obt ai g_ed i riiZeEel BHG %%g%é%’%l_ Scté?%%a" pf é‘rFr%\‘h%’)é%%ﬂ’i‘g%oﬂgﬁgﬁﬁiﬁ\e/a%% de
films in thg,lasrﬁ,_& ey a9 ﬂlﬁ]@@‘;@:ﬂﬁ,‘ TehbodEndfymper at ures of transparent

substrat es ne tine of e sputtering were set to tenperatures shown in
Table 9. (2) Eval padton t¥fe hiiGtird efseraddiresd 13N Gubie dbed A HRAHE
conductive oxide filns

treatment at a temperature of 1200 to 1300°C for 30 minutes to

3 hours when the hexagonal layered compound is obtained.
Since the average grain size of the hexagonal layered
compound is controlled in the grain size adjusting step which
will be described later, indium oxide powder and zinc oxide
powder having an average grain size of 2 um or less are not
necessarily necessary in the step of producing the hexagonal

layered compound.

(2) Step of adjusting the grain size of the hexagonal layered

compound
This is a step of making the average grain size of the

produced hexagonal layered compound to a value of 5 pm or less.



The sintered bodies and the transparent conductive oxide filnms obtained in
the above-nentioned ( 1 ) were evaluated in the sane way as in the (2) of
Exanpl e 19. The results are shown in Tables 8 and 9. (3) Heat treatnent of
t he transparent conductive oxide filns The transparent conductive oxide
films obtained in the 93 above-nention®d ( 1 ) were heat-treated in the
sane way as in the (3) of Exanple 19 except that the heat treatnent
tenperature was changed as shown in Table 9. The results are shown in Table
9. [ Conpar aBiyvadBranphgstié-di3in Bizder odutheomevdgenat eragk ixatlicompsmuohd
transparent conductive oxide filns |In Conparative Exanples 11-15, sintered
bodi es wer e IBpttilFedayn e IeRETRNORs ofh neditsSe CRY effeatdtredi¥e bl end

proport i ons L9bJdgiealyils e G ahanded. A e d kil e B The fol | oul ng

wer e used: I um oxi having an averagé grain size of 3 um zinc

oxi de powder havi pgwaReaVengendr averageegehid BAzeab® the @avkegopawder
havi ng an average grain size of 3 pm Next , the resultant sintered bodies

wer e ‘used t dayesddceompansddrsenade @xhestsive lyxsualli [t conthel ddwesremely as
in Exanple 19. The tenperatures of the transparent substrates at the tine
of the sput &Y MECRBEe Wt 11 Iite AFe ey Yd$ 1Sh FRY (9T OPathi%e T&SYLE) iyl uati on

of the S'nt%E%%J%%%aﬁ?d%%%d%%%t%%%%%pa@ﬁ@%afore, the average grain size

of the hexagonal layered compound is more preferably set to a
value within the range of 0.1 to 4 pym, and is still more
preferably set to a value within the range of 0.5 to 3 um.
The method of adjusting the grain size of the hexagonal
layered compound is not particularly limited. However, the
adjustment can be carried out by pulverizing the compound
homogeneously in, for example, a wet ball mill, a bead mill,

or an ultrasonic device and then sieving the resultant grains.

(3) Step of blending indium oxide powder

This 1s a step of blending the hexagonal layered compound
having the adjusted grain size with indium oxide powder.

That is, the indium oxide powder is preferably blended
in the manner that the atomic ratio of In/(In+Zn) will be within
the range of 0.75 to 0.97 in the formed body.

It is also preferred to add a spinel compound together
with the indium oxide powder. That is, it is also preferred
to subject zinc oxide (Zn0O) and tin oxide (Sn0O,) to heat
treatment at a temperature of 800 to 1200°C for 30 minutes to
3 hours, subsequently adjust the grain size thereof to 5 um or

less, and perform the addition at this stage.

(4) Step of making a formed body



conductive oxide filns The sintered bodies and the transparent conductive
oxide filnms obtained in the above-nentioned ( 1 ) were evaluated in the
same way as in the (2) of Exanple 19. The results are shown in Tables 8 and
9. (3) Heat treatnent of the transparent conductive oxide filns 94 The
transparent conductive oxide filns obtai%%ed in the above-mentioned ( 1)
were heat-treated in the sane way as in the (3) of Exanple 19 except that
the heat treatnment tenperature was changed as shown in Table 2. The results
are shown in Tabl Bhé. cdadi tignExtmptleiCogiamtanee preferably made to the
Exanpl €1920212211121314151 nz03 by wei ght)808487889090949078Sn02 b¥ .

wei ght) 151298%8 138 451 EBAIRVeRiRy RMPofapend: 5 7Hae hitls e 1pepsiiey to obtain

(-) 489798999308979697BULK ] £9/,5 ADESHIERVD maR o Brnd 5ty pFolefiand? 2 1

by CIP (cold isostatic press) or the like.

(5) Sintering step

The conditions in this step are preferably made to the
same as in the seventh embodiment. That is, it is preferred
to sinter the formed body obtained in (4) in the atmosphere of

oxygen gas or pressured oxygen gas at 1,400 to 1,600°C for 30

minutes to 72 hours.

Examples
The present invention will be described in more detail

by way of Examples and Comparative Examples.

[Example 1]
(1) Production and evaluation of a sputtering target
D Production of a target

Indium oxide having an average grain size of 1 pm and zinc
oxide having an average grain size of 1 pym, as ingredients, were
blended with each other in the manner that the atomic ratio of
In/(In+Zn) would be 0.83, and this was supplied to a wet ball
mill, and mixed and pulverized for 72 hours to yield fine
ingredient powder.

The fine ingredient powder was subjected to granulation,
and subsequently the resultant grains were press-formed into
a size having a diameter of 10 cm and a thickness of 5 mm. This

was put into a firing furnace and fired in pressured oxygen gas

at 1,450°C for 36 hours to yield a sintered body (target) made



2. 4Target synbol AABACADAEAFA(AHAI 4 95 Tabl e 9 Transparentconductive oxide
filmimredi atel yTransparent conductive oxi deTransparent after the
depositionfil mafter the heat treatnent Target s nbol Substrate tem

erat uret hereofyp (C~ Resi s- Heat
Resis-tivityCrystal-treatnenttivityCryst@B-linitytenperature (u ~. ~~linity(
C) AARoon290Anor phous280180 Grysta'l ~
in_a_.tenperaturel9A42002BO0ANor phous250160Cr yst a71lnea~20B4t enper at ur e280Am
or phous25019d( xohst dirans e PMMREeMRREAVE Imede23@I90C yst alllr at enper at ur e22
D4Roonm260Anor phous230200Cr yst al | i net enper at ur el1E4Roonb50Anor phous* 230180CL
yst ai nvst enperaturea~ 12 F4 200 380 Anorphous 300 1400 Anor phous (ARoom

@ Evaluation of the target

About the resultant target, thevdensity, the bulk
resistance, the X-ray diffraction analysis, the crystal grain
size and various physical properties thereof were measured.

As a result, the density was 6.8 g/cm®, and the bulk
resistance measured by a four-probe method was 0.91 x 10™* Q °
cm.

About a sample collected from this sintered body, the
state of the crystal in the transparent conductive material was
observed by X-ray diffraction analysis. As a result, it was
proved that a hexagonal layered compound represented by
In,0,(Zn0),; and made of indium oxide and zinc oxide was present
in the resultant target.

The resultant sintered body was wrapped with a resin, and
the surface thereof was polished with alumina grains having a
grain size of 0.05 pm. Thereafter, measured was the maximum
size of the crystal grains of the hexagonal layered compound
observed in a frame 30 pm square of the sintered body surface
enlarged by 5,000 times with JXA-8621MX (made by JEOL Ltd.) as
an EPMA. At three points, the maximum grain sizes were measured
in the frame in the same way. The average value thereof was
calculated. In this way, it was proved that the crystal grain
size of this sintered body was 3.0 pm.

The sintered body obtained in @ was cut to make a
sputtering target [Al] having a diameter of 10 cm and a thickness
of about 5 mm. Physical properties thereof were then measured.
(2) Formation of a transparent conductive oxide into a film

The sputtering target [Al] obtained in the above-



270 Anor phous* 300 190
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* The synbol "*" indicates that fine crystal was contained. [Exanple 23]

(1) Formation of a transparent conducti & oxide film Indi um oxide powder
havi ng an average grain size of 1 pm zinc oxide powder having an average
grain size of 1 umand tin oxide powder having an average grain size of 0.5
um wer e m xmenandnpdl (k) ivesl fiirk tedvtb baVC mudrietiron sputderdngt mathihe

per cent ages of indium oxide, zinc oxide and tin oxide woul d be 96 84.8 by
wei ght, 5. 2topformi ghfilBnati1p. 6TBYSRRT§RL, CPRABEELVGePFLidenRRedf 4RSSt he

resul tant was, subjected t ran i and the grains were press-fornmed to
have a shap8"BFf ﬁéggragtr8°$hgggh§%a£gng at 1, 450C to yield a sintered

body (crystal grazBostz&puBidrPiiyUon®@sSlondNardresh) n?%rs ftiot rhAgnt 0 a
sputtering machine was set up to the resultant sintered body. This sintered
body was usesygenagasrcgetn. afipeopsbat ¢ sangein twassnbnieorpohaved aradi ageter of

10 . 16 cm Next, this target was used to performsputtering. As a

t r anspar ent 2888b§PRALeriRInBRCEPREAPI §F§§§n§88§tPéﬁéﬁ?ﬁgg(ﬁﬁgét5§t€brning

- par i 101 - beapereyples b Elad SREE R don AT s BB iR (gl

a parall el € nachine vas evacua -5 Pa.

The water cgry ggts i»é;\,stshﬁ 1%2<C !tslt“zcshefrbfdo at él.gt'g Solh{BuMEs, Meapeeedvhih a

mass spectronefer. aresult, 1t was 8 x 6 Pa. Next, argon gas

contai ning 1~ by xsl aneestiloxyhenegfis aasranspadenetdconfiocthve ghahsne.
Sputtering pressure was adjusted into 0.3 Pa to performsputtering. In this
way, a fil nwbﬁraiﬂr%wtgfmﬂr%ﬁnégﬁﬂpq‘éiﬁﬁi@éi%glaf"éﬂgeé il ﬁéi@%aﬁs

substrate. The thic ss of the resultant transparent._conducti oxide film
v 1 2 i OFARUEA A0 et FE e Rb THe S1aRs, SRERkEBFe AP BhraaA et
orbit by X-ray photoel ectron spectroscopy, ESCA5400 nade by Al backphy
conpany was used and My-Ka was used as an X-ray source . As a detector; the
el ectrost at (@ )henes phmbet bfpgeweratteddnoRaiesenergy was set to 35. 75 eV

3d52 of indiumwas set to 444. 4 eV to neasure the criterion of the peak.
About the hal f bafBuiferhngfwascqddiushisiheerreraied £k § haprs uggeat i on

\3/{;15 used tOt eet sgmgaggnéigfor?gdascayncLtjllgt gbggg-%grllgfor?édt{f) %%clgep a?:?lavt\:'i dth.
the sputtering target [Al] obtained in the (1) was fitted to
the DC magnetron sputtering machine and a mixed gas obtained
by adding 3% hydrogen gas to argon gas was used.

Next, the target surface after the sputtering was
enlarged by 30 times and observed by means of a stereoscopic
microscope. At each of 3 positions on the target, the number
of generated nodules having a size of 20 pm or more was measured
in a visual field of 900 mm?’, and then the average thereof was
calculated.

As a result, nodules were not observed at all in the

surface of the sputtering target [Al] obtained in the

above-mentioned (1), as shown in FIG. 1 (photograph).

(4) Evaluation of physical properties of the transparent

conductive oxide



As a result, the half band width of the binding energy band of the oxygen
1S orbit in the surface of the transparent conductive oxide filmwas 2.6 eV
by the XPS nethod. The neasured binding energy peak of the oxygen 1S orbit
in the surface of the transparent conductive oxide film based on the XPS
met hod, is shown in FIG 12. (2) Eval uatf®n of the transparent conductive
oxi de filanhe crystallinity, the light transmttance, the resistivity and
the etching property of the transparent conductive oxide filmobtained in

t he above- nenti onkdodt ltheweordegbluitedof Abbet tramspaysnhl condugtvvet he

transparent conductlve oxide film Rotor Flex RU 200B (made by R gaku
| nt er nat i on@K %r%ﬂ thedransnanes tc FEBRUPL B9 23§ WhHkGhagspRPtained

measur enent ﬁC8§%$g’ EOR% KE?chkgétgesls%@§%g§eg?g99g?aagre t he

l'i ght trans%?t mave nm-or

transpar ent ngga{uehi ¥¢ Lrobde- Ekb%'xﬁ@it&@d Ng Alhg HASEE SURSHRAL L. H% Yy
spectronetry. The Lorestor FP (nmade by M tsubi shi Chemi cal Corp. ) was used

to neasure the emtface resistance of the transparent conductive oxide film
by a four-termnal nmethod. The resistivity thereof was then cal cul ated. As
an et chi ng solut|Bﬁ‘WQ§1Q%$§EBH§V§€IQﬂW&ﬂ¥aﬁé@FﬁSuﬁﬁOB%%W¢%Y%%$that this
concentratlgn of

S oa "y eRalbnRuant, pdRiite R 04NEEs ShoTERE, | HEABETLRY LY BRET Y

conductive gxhgeal that obh&i fikshitthess of the film surface was good since
the P-V value (according to JISB0601) thereof was 5 nm.

Furthermore, about the transparency of this transparent

conductive oxide, a spectrophotometer demonstrated that the

light transmittance about light having a wavelength of 500 nm

was 82%. Thus, the transparency was also superior.

[Examples 2-31]
(1) Production of sputtering targets

Targets [Bl] and [Cl] were obtained in the same way as
in the (1) of Example 1 except that in Examples 2 and 3 there
were used, as.ingredients, a mixture wherein the same indium
oxide and zinc oxide as in Example 1 were mixed in the manner
that the atomic ratio of indium [In/(In+Zn)] would be 0.93, and
a mixture wherein the same indium oxide and zinc oxide as in
Example 1 were mixed in the manner that the atomic ratio of indium
[In/(In+Zn)] would be 0.95, respectively.

Measurement results of the compositions and physical
properties of the targets [B1] and [Cl] obtained herein are

shown in Table 1.

(2) Evaluation of the targets and transparent conductive oxides

In the same way as in Example 1, films of transparent



t he above-nentioned (1) was etched into the formof stripe 98 having a
pitch of 110 umand a gap of 20 utn, and subsequently an ani sotropic
conductive filmwas put on this transparent conductive oxide filmin the
stripe form and heat-pressed thereon at 180C. The connection resistance
bet ween the transparent conductive oxi de&ilm and the anisotropic
conductive fil mwas neasured. The average value of this resistance was 8
SZ. In order to confirmlong-termstability of this connection resistance,
t he test pi eorduobtaveearnkidepwetienyade d rHosatheressilimntheargesstfRipj and
conductive filmon the transparent conductive oxide filmwas allowed to

st and stiII[Pn]anr8§EﬁCt9H§l¥enﬁ%?%tE@%g%ﬁsV@P%htm%stmiﬁﬁp%ﬁe@BC: for 120
hours and subs nt y th on t|on L& tance of t st _pi.ece was

ngai n moasurORCIRRRYRY ekl et APEE o MLIERET e i e lane B TR S B Bance
was observeghgwgniﬁf@gblghg Iong terntheat treatnment. The conposition and
evaluation results of the transparent conductive oxide film obtained herein
are shown in Table 10. (Exanple 24] A target was produced and a filmof a
transparent conductive oxide filmwas forned in the same way as in Exanple
23 except t hGPMBREAYLIBLOPSEAMPERS &f 2detal oxi de conponents of ingredients
wer e change gs fol.lo ht of indium oxide, 9.5~ by weight

of tin oxid ngrgdgc@ﬁgnwg%gﬁpugte¥}ﬁg g§F88t5|n this case, the water
content in the vagHugbedaspand@tonid 1t fo teprdfolidd BATdnYi dhzah 1t he

bi ndi ng energy peak in the oxygen 15 orbit of the resultant transparent
conductive oni dRef thiyeaswerestihedshyghhedXPS nethod. As a result, it was
2.5 99 eV. The conposition and eval uation results of the transparent
conductive oxi de Tham s e Wirgats dDTdbard 1EL] mnppbt%pes& ifar"-'é@t S\M@

produced and a fil spar ent uctl e oxi de wa

same way as"P¥ &R ﬁ%q%‘ '%%geﬁFcFﬁétgganﬁn IRFTTohee 85
conponents of +1, 895 &gl LD L NS easctta@%ﬁlaatgol quﬁxtt%e %&é@r &tate gf miendi Um
oxi de, 12.2 by weight of tin oxide and 6.2~ by wel ght of zinc oxide . In

this case , ihbAgumabrideoah@niind dxdicley acuim ERampee Wagee Xilkked iatheThe
hal f band mrdth of the binding energy peak of the oxygen 1S orbit of the

resul t ant tmangparéhﬁtcbhﬁuét@mecoR¢tﬁpf¢ﬁrﬁDQQHMH{R&%iﬁﬂﬁ%ﬂ)HeMQ§QQ:W@ XPS

t hod, 2.7 eV. Th t t i
{7 anspar ont CcBRa e FovGSFBES MASREE BRI TRIABEte Refiiii prvide

Exampl e 16] 48 { Argelm £ ¥R c0f@kBaSi A ¥ne RaiibrBRal! AICALAR A hid m of

a transparent con ve oxi de was orne sane way as I n Exanple 23
except that oendindiuexide /ganden )awond dabeavebageegpactiveag.of 3 pm tin
oxi de powder having an average grain size of 3 pm and zinc oxide powder
havi ng an aver ageMgpapnenpré s£s8ltm aér theseampagithens| and Ehﬁﬁéﬁ@ﬂons

e are oft Bropsadsng e, the Renltafie LarGert' 18] u S R SRay shopdh,

wat er cont egf, Egbﬁgelyacuuntchanber was 9 X 10-6 Pa .

(2) Evaluation of the targets and transparent conductive oxides
In the same way as in Example 1, films of transparent
conductive oxides were made from the resultant targets [D1] and
[E1l], respectively. The targets and the transparent
conductive oxides were evaluated. The resultant results are

shown in Table 2.

[Comparative Example 3]

(1) Production of a sputtering target



The hal f band wi dth of the binding energy peak of the 100 oxygen 1S orbit
of the resultant transparent conductive oxide film which was neasured by
the XPS nethod, was 2.9 eV. The etching rate of the transparent conductive
oxide filmobtained herein was as snmall as 4.4 angstroni second. The
conposition and evaluation results of thf% transparent conductive oxide
filmare shown in Table 10. [Conparative Exanple 17] A target (crysta
grain size: 11 pn) was produced in the sane way as in Exanple 23 except

t hat i ndi um oxi de Effeddrs bfivilmg sromaive rage ograpneseatedfby [Um/ (T oK) Jde
powder having an average grain size of 3 p.m and zinc oxide powder having

an average draithesitArgstt angnhsiaytenidey tanpanad usee W LS dpviastdea taser eof
wer e changed as fqll . 84.8 b i.ght of jndium. oxi 10. 0 by wei ght of
En oxt deand 5. 2378 Rer ghtTerYs D heeob RekbSh i ie. Sambinis Hs
evacuated i iQmdre 1Q:RdpR Bhat MeirdivddliskiamaPhnt ity SRR | Bhixiifre
pressure was adjusted into 0.3 Pa with argon gas containing 1~ by vol une of
oxygen gas ofTHeddait exidehandatén ornienvhéneihetivay were haisbad Whthe

adjusted into 9 x 10'4 Pa. In the same way as_in Exanple 23 except these
oper at i ons, T@nmigImtdaty thegasprienratbadott i neiwni bn 9% hb woukk teal f

band wi dth qof the hindi ng.ener peak of the oxygen.1S orhit.in.the

Fosul tant DS areh EEo R ahob s URSF A Rest F o BRSO b Sitiea
transparent Gopduglive Qxiaa &l Raesdieals tr egfee at 95C for 120 hours. As
a result, the connection resistance increased to a great degree. The
conposition and evaasatriementexelstid taf offthithet resspaaant compdgditiva axdde
filmare shown in Table 10. 101 [ Conparative Exanple 18] A target

(crystal gr®hysdicad: propenptivss ofr shectdrant &F1)| arefskown gk Rakke 1.
conductive oxide was fornmed in the sanme way as in Exanple 23 except that

i ndi um oxi de powder having an average grain size of 3 um tin oxide powder
havi ng an ayena i i i j (o] i '

aver age.qr ait e angadiation FERb chile A0 SuARrRH R SRR BB ey e
changed as fol |l owgn 8BedPahy W} @t iaf Exadpus DXiad€ildh 3 dyrreigpereft tin
oxi de and 12.3 by weight of zinc oxide. In this case, the water content in
t he vacuum cloadyart iwes oxidelgas magle Tiremhblné eyl tandt faggethkeF bl ndiThe

ener gy peak of th 0 n 1S orbit in the resultant transparent conductive
oxi de £ 11 m aTaets 20 Yhn, ChaRSRARe T (ARG i A, Ve AP AP he
XPS et hod, . OLGRN rdy t, A I he resul tant

t ranspar ent 'I‘S%an uctulqve oxi]%’e%l% malllséqs 1{(g)\?\llnnsiq'”r?f gfa%lgl " The resul t ant
transparent conductive oxide filmwas heat-treated at 95C for 120 hours. As
a result, the connection resistance increased to a great degree. The
conposi tion and eval uation results of Haile tlr ansparent conductive oxide
filmare shpwhin Tabl e I0. [Cprhparative exanpte 19 A targetr (crysta
grain size:|l8pn) was produced|in theExamnpleay as | Romparpitdve3Exaippe |t hat

H H H aascl O hdad b AL H HE a1 =
i ndi um oxi dr’ powaetr—ravig—at—aver agetgr arTStZe—otr—<pPMmTahta—tHh—o6xX+6a¢

powder havi pg an average grain{size of 32pmiwer® usediand| thg bliends
proportionsfthereof were changed as flollows|: 90 D~ by wej ght f indidm

oxide, and 1940 By.wayoht of tingogdde.g 93 | 0.95 | 0.98 | 0.60 | —

In/(In+Sn) — — — — — 0.90

Sintered body
Density (g/cm?®)
Bulk resistance
(mQcm)

Crystal grain size
(pm)

Target symbol Al Bl Cl D1 El F1

6.8 6.8 6.9 6.9 6.3 6.9

0.91 0.94 0.97 2.1 5.4 0.62

3.0 3.8 4.6 7.8 9.8 18.0




102 Next,

t he vacuum chanber was evacuated into 2 x 10-5 Pa at the initial

time of the sputtering. The pressure was adjusted into 0.3 Pa with argon

gas contai ning 1~ by vol une of oxygen gas Thereafter, the
in the vacuum chanber was adjusted into 9 x 10-' Pa. In the
Exanpl e 23 except these operations, a fi?%nof a transparent
oxi de was fornmed. The half band wi dth of the binding energy
oxygen 1S orbit of the thus obtained transparent conductive
3.4 eV. The resultant transparent con@abtievé oxide fil mwas

wat er cont ent
same way as in
conducti ve
peak of the
oxide film was
heat -t reated at

95C for | 20rhoors—AS H Tesuir, te LU””ePIiJ”TkEﬁFEhf ﬁ@ th nggge a
great degre¢. The conppsition and| Bumbeat b@n| r esu kil ranspar gnt
conductive o¢xide film arerahgen i h KaklhieedO. 103 T“
Exanpl eConpar ati ve Exafp QéiSlSl?lgﬁggpo) R%ﬁﬁﬁ o
wei ght 84' 887381. 688. 784. 883. 490. 00 gyhmn@00p. SV V4D, 1h6rpataibiobyy
wei ght wOZnO0 | (%y wei ght 523. 26. 21. 25. 212 3- WAt efnl ‘cm)
cont ent (x10'|6Pa) 8499200. 1900Hal f band wi dth
(Ev) 2. 62. 52/72493.133 88. 40§t al ~F—~, ~O~s~seyal uaPPonLi ght 2PERRAPYEandes181
8281818081( %) Relsi JTTVITY(U = Ny 24P2202402804P0370560ETChi Mg T at 6( pni 6
sec.)0.090. $60509Q. (80| 100. B10. 06 niti & Cont pct 8260211114168MeERhetaANCe ( ~
)Cbntactresistancrafte' t-he81012H 3854 F8Heatt+eatrent(S2) Fhe—word
" Anor phous™ |i n“t he g ystal eyal uation iondi cates agoanor phonsospRbas
[Exanple 261 (1\ Bormation of an wrganir rnlwrpdglaypr n_a_substrate |A
gl ass substfate wds ysed as substratggto fprm gohi ght shadlisFd-ayer |made
of chroniun1dx|d@ on ajsurface thereof The crystalline

é.{:%‘ 2 El 8 680 Amorphous

oK
0
o M 3 Fl 32 420 Crystalline

[Example 4]

(1) Production of a sputtering target

Indium oxide powder having an average grain size of 1 pm,

zinc oxide powder having an average grain size of 1 pm and tin

oxlde powder having an averade grain size of 0.5 um,

as

ingredients, were supplied to a wet ball mill in the manner that

the percentages of indium oxide,
be 75% by weight, 5.5% by weight,
respectively. Next,

pulverized to yield fine ingredient powder.

zinc oxide and tin oxide would
and 19.5% by weight,

the ingredients were blended and

The fine ingredient powder obtained herein was subjected

to granulation,

and subsequently the resultant grains were

press-formed into a size having a diameter of 10 cm and a

thickness of 5 mm.

This was put into a firing furnace and fired

in pressured oxygen gas at 1,450°C for 36 hours to yield a

sintered body made of the transparent conductive material.

The density of this sintered body was 6.8 g/ cm’,

and the



| 04 formation of the light shading | ayer was perforned by sputtering, and
the thickness of the chrom um oxide |ayer was set to 0.1 pm Next, the

| i ght shading |layer was worked into the formof a lattice having a line

wi dth of 30 pm by photolithography. The pitch thereof along one direction
was 110 um and the pitch thereof along PAe direction perpendicular thereto
was 330 um Next, a phthal ocyani ne green pignment (Color |Index No 74160
Pigment Green 36 ) was used as a green pignent, and a paste wherein it was
di spersed i mud reisied anicehmaasuaad ey enfopdl praobdangriesdi wvas 0S8k ut ilan®

Sem cofine SP-910 (rmade by Toray Industries, Inc.) was applied to the
chromi um oxi‘de C8yer in the lattice form This was sem -cured to forma
green organi c col qr I Nt f.ar i avi i dt h, of .90 um
and a pitch of 33g‘b§%t %i%(r:aﬁ'{pcrlgr :&Z)s,ld‘(;.en eegif tff')[lob‘{l %zﬂils% Téj‘?%éa%ee\agf S’gﬁy’t tﬁ%s? was
cured. The thigddegstid ciiyistadr €RNY H28h§pSPLAT b AHRTi MBRatBEih® Wa® PM
As a red pignment , a quinacridon pignment ( Color Index No 73905 Pi gnent Red
209) was usedhsearvbddbyaXblrae dqiffimattien pntbliyisisyanhsea mesa i, gaethdwrCol or
| ndex No 74160 Pi gnent Blue 15-4) was used. From pastes obtai ned_by

di sper si ng/ dXFA§ -t ﬁes%tiWﬁ%RIl?Vﬁ@etB%vbn%‘ﬁ'ﬂiQ?ﬁ&f FRA 2 AN GeOBt de Faks?

solutions, respectively, a red organic_colored |ayer and | ue Qrganic
Colored | aySF IR Po NS REFBEHETRL, AP £5PEF oRpR e RY 4ER0:-
above-nent i oned pRitT ffe RE2UULRAR M%f@d‘b@ﬂ&%éd‘ﬁf&pﬁé&%tﬁ &ebanad

| ayers and curing the applied |l ayer, a protective |ayer having a thickness
of 2 pm was dmt the. syHjade timeireof was pdlriatsghwebh adomdircgt gyaihslmvidgd5 A
transparent conductive film(t rans’ﬁg ent conductive oxide film) was fornmed

on the orgard gradncrie PEYrs Bt tThexgattesybherBRNA Wasi wied e Reagire
colored | ayers obtgined in th bove-nentioned (1) by sputtering. A

Sutt eri g (e BAKHIRT APei o wle DPSAnEBGCRes Fot iaie B kEe iskadonat ¢ o
of 80~ by i i Hdl i Q@/\Qeﬁ . Ot i i wder
and 5~ by %a‘é{ﬁr 0 i%d{gf)c%ﬁms m xeldné.af;lof %ﬁ@edﬁnﬁﬁ%&hﬁ;&%:ﬁ mill.
Thereafter, diitagmsiibodyt sursasabirsiad 4 dramansbainm eauaaed ehtaggadnsy wer e

press-formed. The resultant was sintered in pressured oxygen gas in a
firing furndcd timess0C for 36 hours to yield a target [A6] having a

| i i f.4.0 . Th | AG i d h
D rnanett onsput B hE R BRREES ERS haditr B ¥igks "B Mt et o
was fornmed qi-JNe PHIANNS 88 d ] iﬁftﬁﬁef&ln?é&n%&@étsra?&eewey. The

sputtering. out sputtering conditions in this case, argon gas into which
an appropri aiverdgainialie oky@sofagasecalachdtpad at ¢ waTeassdd ,adt was

at nosphere, and sputtering pressure, attainnent pressure, substrate

t enper at ur e, PrYRA cchal cdhe | erpvit ,glaﬁﬁlfﬂ?ﬁf‘b‘?rﬁhﬁg hexpgeralk ngened |

Pa, 5 X 10-4 P 25C, 100 d 20 m t ti ly. | t
thereof . a SR RS CREETIRAL (1 IS Hy CORETHRE Mk rbst - about
120 nm was forned b@?{ﬁ,h‘?:l'ﬁ%r Qﬂﬂ'scogeclaﬂﬁ@g %fﬁ(@érea-%(ﬁf ¥t lchithkbymQke t A1 S

transparent conductive filmwas observe y X-ray diffraction analysis. As
a result, itspwistexrivedddudt (A2 If havinasaadbamébes . ofSEsiUtall® tanardai ur e
was set to 180C at the tinme of sputtering to forma transparent conductive
filmon the Griggtness abaketbrzdumayer of another glass substrate. This

transparent conducgiive filmwas also anprphous. The ,i,ngredient co sition
and physi cal propg'ietarsé’sr%‘ferlmemtsr%'rfpé)r & SHRAS I Ia}ﬁcgr‘g'lysﬂ%i n

Tabl e 11. (?ﬁﬁ’@ft‘féé‘ 0% Ole tREGRILCIA PP BN Ofe il ar MGWRL G Fable
3.

conducti ve f

(2) Formation of a transparent conductive oxide into a film
The sputtering target [A2] obtained in the above-
mentioned (1) was fitted to the DC magnetron sputtering machine

to form a transparent conductive oxide £ilm on a glass substrate



The etching property of the resultant transparent conductive filmwas

eval uated. That is, parts of the transparent conductive filmforned on the
organic colored | ayer were etched at 40C with an aqueous sol ution
containing an oxalic acid concentration of 5~ by weight and then a section
in the boundary portion between etched pdPti ons and non-etched portions was
observed with an electron mcroscope. As a result, it was found out that no
transparent conductive filmrenmained in the etched portions , and the edge
portion of tde ddomnemipetatanrkluctive filmremaining in the non-etched
portions had a sectional shape inclined snoothly toward the etched
portions. Thus, i®Abgad SPREEETLRS: Cpﬁélité§05t: aRF PR agidpat @ ifth tdn qurergare

filmhad good wo :{abl|lt even .in etchi.n J&&ia wea d When the
et chi ng wor &1 1% bR %p]t:'raatr%r?éttoétﬂt FPF54 as ikt A

eval uation ¢ ﬁéﬂ&ﬁégﬁﬁ ferft Wit Sqﬁ._%ot edipsisgval uati on
results are omn I'n le 2 ystalllzatlon ‘of the transparent

conductive ftidnipdnataas, appata&rmectk(ﬂ: Pewér, bhe fibnsparmiig tcamdugsie e
filmformed on the organic colored | ayer of the glass substrate and

obt ai ned i n 3 kelb®ae-rent 0 drfed 22JC WAS0SUbpadt2imipubest, Jtefsmtamahtel%out
heat treatnment conditions in this case, the filmwas he%ttqu%t 0C at a

terrperature risi nd‘sré‘té:etﬁulfoé/qﬁqﬁ?tfe i%h YRR SRARS . The
time for rAnsHa q%;iﬂfd e film
subj ect ed tﬂ%gasﬁﬁeat treat %\%%%@%t g'I'GTI ne , t“Fte resi Stl vity

t her eof neasiyiaskdws 2 offoabort ol AR Was ﬁmSneEBn)Q:H@-gﬁaf&% subBtrhuetwes nor e
( about the transparency of this transparent conductive oxide film the

| i ght transmtadresd about |ight having a wavel ength of 500 nm was 82%
according to a spectroneter. Thus, the transparency was al so superior. Bad
effects by this heat treatnent, such as thermal deterioration of the

organi c coIo d o) le 27] (1) Formation of a

t ranspar ent c c#'ﬁ%ller\{/%mq@ﬁ[ A ‘-t%f?é)if{‘f‘?%b‘{ crystal grain size: 4 . 0
~.m was produced Ndki h@psdFRrany ﬁés'ébﬁf‘ﬁuﬁ&)sl&fq et 2 € oexgapbutdat
on an organic colored |ayer of a glass substrat aving the organic col ored
| ayer obt ai netieém thieesamaecovadi akons ashén(the aboveEremilionzg (2) mxcepte of

84~ by wei ght of indium oxide powder, 12~ by weight  of t| xi de powde
and 4~ by wdinak P BPHSERLEE HongRt LA gbsdiasd Hé thiyldd, BAE Brtted’

sputtering tar e ve
film The i ngrgg'eenct: (??f‘lpOSIq[q‘I %ﬁ'\ﬂ?ﬁ%ﬁﬁ? r&aa%ﬁiq{tym ca progertl eg t}ﬂiéj}(rgée%f
are shown i ydabjkaihed piPB8aaIhgEYe! Wpdrogewlgdda Llatlyond gasopast yséd. t he
transparent conductive film The etching property of the transparent
conductive fil m otNexthedhen t&m@bmﬁm iafiteat (the )smt:sta;matgtatéw in the
same way as i nple 26 . The results are shown in Table

12
( 3) Crysteﬁﬂ%’é%‘grPYoﬁot Fn%‘“?? aﬁfé‘})é’rbéﬁtr"@(?n'ﬁﬁd‘i‘?‘?}és f fPeyS hebeotreR ?rent

d | uat t f
the transparbhrtestele | b BACHbE 3 buiEh 1S3 ST kardd®S chepayAbaL 2
performed inpt hRpnedsa@Hoat1ks Hahﬁir(gfl)a of 2z &6FPO I 6 BEr & Walsomyaehfled

transparent conductive film The results are shown in Table 12.
in a visual field of 900 mm?, and then the average thereof was

calculated.

As a result, nodules were not observed at all in the
surface of the sputtering target [A2] obtained in the
above-mentioned (1). The result of the number of the generated

nodules is shown in Table 4.

(4) Evaluation of the transparent conductive oxide film

The conductivity (resistivity) of the transparent



[ Exanpl e 28] (1) Formation of a transparent conductive filmA target [ C6 ]
( crystal grain size : 4 . 1 pm was produced in the sane way as in the (2)
of Exanple 26 except that on an organic colored |ayer of a glass substrate
havi ng the organic colored |ayer obtained in the sane way as in the ( 1)
of Exanple 26, a mixture of 87~ by weightlof indium oxide powder, 10~ by
wei ght of tin oxide powder, and 2~ by weight of zinc oxide powder was used
as the ingredient of a sputtering target . This target was used to forma

t ranspar ent conddottivecokiflen £ Tle abigriedicenn thepasote -omrenticomed (2)dwas
physi cal properties thereof are shown in Table 11. (2) Evaluation of the

et chi ng proPersyref Y& fourspapbstnethedict iAfearresilhe idt waABNY- ropbrty of
the transparent conductive film 109 obtained in the above-nentioned ( 1)
was eval uat i ™t he sanme way as in the ( 3 ) of Exanple 26 . The results
are shown in Tabl etldas G130) pLoved My kZRL{ N fHrd8 If aNaRFEERIIFPNqHet | ve
filmby heat treatnment Next 5, heat treatnent of the transparent conductive
fil m obt ai nedansphirentbocvadment veneride 1f ) 1magapanfarpais N Meanwhideyay as
inthe ( 4) of Exanple 26 . The results are shown.in Table 12. [Exanple
29] (1) For ikt vas rioved thadpihen? - ¥ orthute ithereofnnaasurgdt by apsurface
crystal grain size : 4 0 ucn) was uced in the s as in_the (2)
of Exampl e SBUEREESE TRETSIFLA B ul EhErtrethreR pRFnd T T SuZERCE: o( o
havi ng t he gégagbgdgolored | ayer obtained in the sane way as in the ( 1)
of Exanpl e , m xture of 88~ by wei ght of indium oxide powder, 10~ by
wei ght of tin oxi Harphe#fbreandbdut hereirghtpakentcicopXities peadeparentused
as the ingredient of a sputtering target . This target was used to forma

t r anspar ent copaugtivecoxidenfiine theylddhehiranemiddianicen(waee begting 500

hysi cal properties thereof are shown in Taple 11 2) Evaluation of .the
B n e o OB (4AS e e LA R SPBRUEOPROLOTE LRt Th S AR by SBL s of

the transp?‘&%?ﬁtc‘EQQH%Fniiyich!e”h%%te%%@gd)'Tlg?é Eﬁﬁﬁp@%&ﬁ&&%ﬁ”@ﬁaé he VWas

eval uated in e sane way as int eresults are

shown in TakkgulZant t1@nEparkntr yohdukitiak oridk Ehemt hadspapertior

conductive filmby heat treatnment Next , heat treatnment of the transparent
conductive tramspbreneyd in the above-nentioned ( 1 ) was perfornmed in the
sanme way as in the ( 4 ) of Exanple 26 . The results are shown in Table 12.

(5) Heat treatment of the transparent conductive oxide film
The transparent conductive glass obtained in the
above-mentioned (2) was heat-treated. Conditions of the heat
treatment herein were as follows. The glass was heated up to

215°C at a temperature-rising rate of 20°C/minute in the

atmosphere of argon and this temperature was kept for 1 hour.
. As a result, the resultant transparent conductive oxide
film was amorphous but the resistivity thereof was 2.1 x 107
Q -« cm.

Therefore, it was proved that this heat treatment made
it possible to reduce the resistivity of the transparent
conductive oxide film by about 25%. A change in the resistivity

by the heat treatment of this transparent conductive oxide £ilm

is shown in Table 4.



[ Conpar ati ve Exanple 20] (1) Formation of a transparent conductive filmA
target [ E6 ] ( crystal grain size : 1. 2 pm) which was made from a

m xture of 90~ by wei ght of indium oxide powder and 10~ by weight of tin

oxi de powder and contai ned no zinc oxi de powder was used to forma
transparent conductive filmon an organi® col ored | ayer of a glass
substrate having the organic colored |layer obtained in the sane way as in
the (1) of Exanple 26. The crystallinity of the transparent conductive film
obt ai ned hefe)nEvabinpseovkdbhyikyray théf tamahsparantl genduchsva orsdet, it
was crystalllne The ingredi ent conposition thereof and physical properties
t her eof arefihBwn in Tabl e 11 (2) Evaluation of the etchlng property of

t he transparent ctjive m The etchin ro of th nspar ent
conducti ve filn1§g ?he%h %ﬁ 1%%0V%rﬁ€h%?%ﬁ%dg€ ﬁﬁ? 5%%“ %T ated in the
same way aSttBnEB&rén% boﬁﬁu5%§98|6x2§e £Ihg %8§Ué%éléa€e§h0““ in Table 12.
(3) Heat treatnent of the transparent conductive fil | 11 Next, heat

treatment of the Thabsiarentaquamiueoxad ik hmd)tﬁcdlutembn l(lcbheentratlon.
above-nentioned ( 1) was performed in the same way as in the (4 ) of
Exanpl e 26 5% Tt wedgiitt)s ofr €0%howms usedadin etch ppchapf a:thaxérananprenu]

1) For mat t t filmA.t tal i
Sive: 18 unfCURSCBHBRUUEHY & OACOR e A7 aRa kR SRS b AR 1050
except thatipg BBrﬂr8§”1£n€Q|R&?ﬁn{;%%i@éh%ﬂ'f@%é@% ﬁﬁrﬁ.ﬁ %aaggegibhe

organic colored [ayer obtained in The sane way as 1n the Exanpl e
26 , a m xtufethé BOunbiryepghtioh badwaanoxhdeepcwdarpandiaaﬁs bydwehght of
zi nc oxi de powder having an average grain size over 3 umwas used as the

i ngredi ent BPnaetphetaponlons gws 01JI$ie§V18§rgéthvﬁs elestrnon myerpgcope.

transparent conductive fil The cr |1in of . the rans aren
condugtive filn1gg?;¥nﬁﬁé“g¥elﬁtm%§ gﬁ?%gééb§h§¢r%9 FRpP %??% analysis

As f
a resubbnahbe {98 é‘:‘?P&? i reh L a0y %ﬁkffgéf{@&?&? ﬁéiv e 00 Fﬂt he

physi cal properties there wn in uation o

et chi ng progage\pdftidieokridis paafspacentdwsdndiscfivdaroxhdeet L fgmpiapagt y of
the transparent conductive filmobtained in the above-nentioned ( 1 ) was
eval uat ed i hnt hbesann-ehghad bartiheng Bayl of sexshphal2ehap®héncéineds are

hown in Table 12 r f th r ren n film
sho ! agmgothly(g wgl].g ttr;[e g%chegtpgrt}.or?st %‘%\Pa ?.ttwacg pcric%(i}eld\/% I

the resultant transparent conductive oxide film had superior

etching workability.

The etching workability of this transparent conductive
oxide film was evaluated according to the following criteria.

©: The film can be etched to have a line width of 10 pum,
and residues are not observed at all.

(O: The film can be etched to have a line width of 50 um,
and residues are not observed.

A: The film can be etched to have a line width of 100
pm, and residues are partially observed.

X: It is difficult that the £film is etched to have a line

width of 100 pm, and marked residues are observed.

[Examples 5-8]



Next, heat treatnent of the transparent conductive filmobtained in the
above-nentioned ( 1 ) was perforned in the sane 112 way as in the ( 4)
of Exanple 26 . The results are shown in Table 12. [Conparative Exanple 22]
(1) Formation of a transparent conductive filmA target [G5] (crystal grain
size: 15 unm) was produced in the same wa{2as in the (2) of Exanple 26
except that on an organic colored |ayer of a glass substrate having the
organi c colored | ayer obtained in the sanme way as in the ( 1 ) of Exanple
26, a m xt uK&)oPrdduchyoneoghspot terdngntexgdsspowder havi ng an aver age
grain size over 3 _ um 5~ by weight of tin oxide powder having an average
grain size over 3Effpakdof-thy gé?ﬂﬁtPBPPQFﬁéoﬁﬁiﬁg bBﬂH%@iﬁg§Fnﬁa§n
average grain si% qver 3 pmwas used as the ingredient of a sputtering
target . Thir8VP§ 339 %35 used to forma transparent conductive film The
crystallinity of {hgtt §3NSPRArERAMSLERICtiNS HFiidna Pricpoiad Jiy N iwas um
observed by X-ray diffraction analysis . As a result, it was anorphous.

Thi s target ok@de] whs axide tand aimcaokidasperersetctodliddive Waighti n 208e
state that substrate tenperature at the tinme of sputtering was set to 200C.
The resul t aRY WepaaBFapBat 78oRHuEeLdRt f | FASRRCEEYSLY al IThEXamRd§ fgr dient

iti h f d. physi cal N f in,Tahle 11.
(5P Bval uat POREBr ST HRoEE RoE s St nBLIR 58 LI bR as a2 ia ot fad B2, [
The et chi ngspORLEYY f whignt'! al QRL gReNHEB R Y &éi@h@p&@is@@@gi?eg?e

above-nentioned ( 1 ) was evaluated in the same way as in the (
Exanpl e 26 InTBrampisl1s titeebibadnpropdabliens dfl3nd2um( 8kifleattinm extient of
the transparent conductive film Next, heat treatnent of the transparent

conduct i ve BnAnziBenewids wexe isef tRe88HUY MaightendOfablreeight g 23

t t din.th in,th f | 6 .

The'reoul 1 <PF, BeLBln TRARABFLVSLY | ColkrlBLons i I e oELABEE o
of a transp%‘i‘f_e%d‘i?xﬂndgﬁtgﬂg\ée,bft&h”bﬁi&érQﬁ& 10t delastdrdradt & 2% b um

made froma mxture o ~ by wei ght of 1 ndium oxide powder having an
aver age graweighte g¥eby3weighb~ahy 2ei ohtweight n wvespecpbvelky. hawn ridpean
average grain size over 3 pmand 5~ by weight of zinc oxide powder having
an average gemerway as bivExagpdm yescaptdheabeyernentipReadmaaPosdidid i ve

filmon an organic cqQlaored ] ayer of a gl substrate having the organic
col ored | ay&ATIHES ﬁ@&’oli'nc{t 'sa(r‘% ]w%?%agﬁszr] HREe BrogreSmml e 26. The
crystal linity of {8 transpareak,GeRduet ke LohPbsstybhantni@pngasenyed by
X-ray diffraction analysis. As a result, 1t was anorphous. This'target [ H6
] was used peoperBiks bENsRAareadu Comtitiidngetfs [[B2iln [0e]st bb2] tdred [E2]
substrate tenperature at the time of sputtering was set to 200C. The

resul tant texesshowmn imof@kdiE v fil mwas crystalline. The ingredient

conposition thereof and physical properties thereof are shown in Table 11.
(2) Evaluation of the etching property of the transparent conductive film

(2) Evaluations of the targets and transparent conductive oxide
films

In the same way as in Example 4, a film of a tranSparent
conductive oxlides was made from each of the resultant targets
[B2], [Cc2]1, [D2] and [E2]. The targets and the transparent
conductive oxides were evaluated. The resultant results are

shown in Table 4.

[Comparative Example 4]
(1) Production of a sputtering target

A sputtering target [F2] was obtained in the same way as



114 The etching property of the transparent conductive filmobtained in the
above-nentioned ( 1 ) was evaluated in the sane way as in the ( 3 ) of
Exanple 26 . The results are shown in Table 12. (3) Heat treatnent of the
transparent conductive film Next, heat treatment of the transparent
conductive filmfornmed by setting the subdtrate tenperature to room
tenperature was perfornmed in the sane way as in the ( 4 ) of Exanple 26 .
The results are shown in Table 12. Table 11 Exanpl eConparative
Exanpl e26271828xamplz2 3| pX08P80tBat37ing ORide mawdemh \hajeinhtarsSyRIERel2 10
10 10 -

grain size of 3 ym was used as an ingredient and further about

the blend proportions of ingredients, indium oxide and zinc

oxide were set to 90% by weight and 10% by weight, respectively.

Measurement results of the composition and physical properties

of the resultant target [F2] obtained herein are shown in Table

3.

(2) Evaluation of the target and a transparent conductive oxide
film

In the same way as in Example 4, a f£ilm of transparent
conductive oxilde was formed from the resultant target [F2] to
evaluate the target and the transparent conductive oxide. The

obtained results are shown in Table 4.

[Comparative Example 5-7]
(1) Production of sputtering targets

Effect of the blend proportions of ingredients was
investigated.

That is, in Comparative Example 5, the blend proportions
of indium oxide and tin oxide were set to 90% by weight and 10%
by weight, respectively. In Comparative Example 6, the blend
proportions of indium oxide, tin oxide and zinc oxide were set
to 87% by welight, 10% by weight and 3% by weight, respectively.
In Comparative Example 7, the blend proportions of indium oxide,
tin oxide and zinc oxide were set to 90% by weight, 5% by weight
and 5% by weight, respectively.

Next, in Comparative Examples 5 and 7, targets [G2] and
[I2] were obtained, respectively, in the same way as in Example

4.



5 5by wei ght)Zn0 by wei ght)5432-1015Rel ative Density( )g897989998989796Bul k
resi st ance( nsZcn) 0830. 840. 700. 650. 872. 430. 87. 2. 1Tar get

synbol A6B6C6D6E6F6GEHE 115 Tabl e 12 Transparent conductive film

af ter Transparent conductive film afterTarget Substratethe deposition

t her eof t he heat treatnenttem eraturesynbbtp

(O ResistivityCrystal Et chi ngTenperatureResistivityCrystal (u S2

cnm) eval uati onproperty(C) (u S2 ~ cmeval uati onA6Room

t enper at ur e2g0ANDE p hoemEREARBOE Bxsingl 16 6626A8480280D} pracs ©0,t230280Cny st al
| i ne27g6Roonm280Anmor phousO230220Cr yst al | i net enper at ur e28C6Room |

t enper at ur e5BBAFBRENYEYOBS02 ROEXGEPAP| An8ZGBBRoGRAT the sintering

t enper at ur e260Anor phousO250200 stal li ne20E6Room o

{enber at ur cESBRAGPEHEHS CB o0 B0EPYTER: PPAY- V35-8380580AnSPBRbus CR50370ATor ph
ousaEGERoom Measurement results of the comgositions and physical

t enper at ur e270Anmor phousD250230Cryst al | i ne>22G6200200Cr yst al | i nex- - - EHGRoom

t enper at ur ep20pewtpesusE25082@66uLshalt| tae28H62062600CHRdt ahli HEX]- areThe
wor d " Armor phous™ in the cr%stal eval uation indi cates an anor phous state.
*The word " EPPYPafR #@Plen3the crystal eval uation indicates a crystalline
state. Industrial Applicability As described in detail above, according to
the sputtering target of the present invention, the generation of nodul es

when a trangpargpd1copisstds/ enext ey 6s adldmedahBharantiddndic SR beildeg can
be effectively suppressed by controlling the crystal grain size thereof

into a givefitmkue or nore. Thus, the sputtering can be stably perforned
for a long tinme. According to the process for producing a sputtering target
of the present in¥Bnthensane wa¥onesipdmample (4 sufdiyn of transparent

conductive oxide was formed from each of the resultant targets
[G2], [H2] and [I2]. In this way, the targets and the
transparent conductive oxides were evaluated. The obtained
results are shown in Table 4.

About the target [H2] of Comparative Example 6, the
crystallinity thereof was observed by X-ray diffraction
analysis. As a result, no hexagonal layered compound
represented by In,0,(Zn0), wherein m is an integer of 2 to 20

was observed.



effectively a target making it possible to suppress the
nodul es when a transparent conductive oxide is fornmed into a film
According to the transparent conductive oxi de of the present
superior conductivity and transparency can be gained and further snooth

surface property can be gai ned.

116 generation of

i nventi on,

117 CLAMS 1. A sputtering target

conprising at |east indiumoxide and zinc oxide, wherein the atomc ratio
represented by In/ ( In+Zn ) is set to a value within the range of 0.75 to
0.97, and further, a hexagonal Iayere&amdmpdund represented by In203(Zn0)m
wher ei n m i s—an—tnteger—of—2rto26—+s—contarned—amg—thescryst atrmsi ze
of the hexagonal |ayered conpound is EBaimgle a val ue|o g: cﬁ é% The
sputtering ftarget according foclalml, _wherein 67 fn Q3= W&; ght nf
i ndi um oxide, 5 to 25~ by we|ght |ofgtiln x| dg andg2tq 81 gy meggkt of | zi nc
oxide are clontained, and thelatomic ratio of tijn tofzinc|is st tg a value
of 1 or norieIn®,. The sputtefi t ar.get gce éﬁin (0] éba n%i ordg , ﬁherein
a spinel styrustbyavetgnpdpund r@%re ent el by 7sd4 [i €%cpnthi h&Y i|ndPedd of
t he hexagonfal Tayered conpoupd or| t ogéther|wih the[hexagonal| T ayqred
conpound, qn%ﬂ@h éh’y'sftjaélh@)r o S 20 of 1Phe Edijnel st ruct uk@l c]d{rpou%d i S
set to a vatuveof—5pmror—tess @ The sppttering target —accprdrmg—to]any
one of cl ainBnd (t20b$,wedghie) n5t.Bel bul K res| stkance2t heikeof i0s seB tlo & val ue
| ess than 1} x-10-3-SZ-—=-6cm—-5—The sputteri-nrgtarget—actordihg—t-g—any{one
of clains 1 $bnﬁerthEP€Yn the . densi sy ¢ hetgob i 5. 66ts | 5 Al gesdfgba | 7
g/ cnB or mopRensity (g/cm’)
Bulk resistance
.84 | .94 .87} .83 .87 |2.,1 8714.3]1.5
(mQcm)
Crystal grain :
4,113.4|13.8/4.5{4.8|4.2| 18 |7.4 4.8
Size (um)
Target symbol A2 B2 c2 D2 E2 F2 G2 H2 I2
Table 4
Transparent conductive oxide film
Nonper Immediately aft
T t Of mmediately after
s;rntg)il generated the formation of the £ilm After heat treatment
Nodul - -
ocutes l:i:i:y Crystal- Etching lzi\srizy Crystal-
(uQ - cm) linity property (nQ - cm) linity
4 A2 0 280 Amorphous (@) 210 Amorphous
5 B2 0 290 Amorphous Q© 230 Amorphous
2
E 6| c2 0 270 | Amorphous O 180 cr;ﬁizfzine
]
2]
Micro-
7 D2 0 260 Amorphous O 170 crystalline
Micro-
8 E2 0 240 Amorphous A 170 crystalline
4 F2 0 380 Amorphous © 380 Amorphous
[
>
T8l s G2 32 260 |Crystalline X 190 Crystalline
o
g 8
g‘ﬁ 6 H2 18 320 Amorphous A 250 Crystalline
[«]
Q
7 I2 21 260 Amorphous A 880 Crystalline




118 6. A transparent conductive oxi de conprising a sputtering target
wherein the atomc ratio represented by In/(In+Zn) is set to a value within
the range of 0.75 to 0.97, a hexagonal | ayered conmpound represented by

I n203(Zn0) m wherein mis an integer of 2 to 20 is contained, and the
crystal grain size of the hexagonal |ayeféd conpound is set to a value of 5
pmor less . 7. The transparent conductive oxide according to claim®,
wherein 67 to 93~ by weight of indiumoxide, 5 to 25~ by weight of tin
oxide and 2 to 8~ by weight of zinc oxide are contained in the sputtering
target, and the atom ¢ ratio of tinto zinc is set to 1 or nore. 8. The
transpar ent [EFRRIE Vd oxi de according to claim6 or 7 , wherein the

{ranspar ent Gngyeli e 408 4 IS BEASIALLILZ e Al kBRI e of 230C or

hi gher. 9. ransparent conductive 0xi de according o any one of clains

6 to 8 , wherein hBeahahthsbrate Wdlid) 0¥ aatbhndpaderberdyiweak vafaxtika 19xygen
1S orbit neasured by X-ray photoel ectron spectroneter is set to a val ue of

3 eV or | esdra¥d pdhgesteansphlireipodyedigtliene bgirdphtbadatienfito] vayioge of
clainms 6 to 9, wherein the transparent _conductive oxide is_forned on a
substrate o BRlekRessrfd 108yt waisspeedd chtrREBSPARSPLfFRAYqtivgoxide

t ranspar ent nductive oxide accordi f i to

wherei n t hep: ngu%r?‘%écr: c(?;fona%&%r d?%é%&f%%%@chgggﬁ %% %t\J/a%gL?é: of 1
pmor |ess. 5 sidfedda Y REEE DL Bh, AN 2AUGL RB1-hSPAS bCHéREgbRE DQlayered
cont ai ni ng a hexagonal | ayered conpound represented by 1n203 ( Zn0O )m
wherei n m i soapountiederystal grai@, stike:cAydt pin graless) zelwO,t furd h8x@gona
| ayered conpound being a value of 5 umor |less , conprising the steps (1)

to (3): ( 10Endi(dndizRg i U SR/ddNgRAED i th 08 nang i bbiRislensdivhg an

average grain_si.ze of 2 umor |ess, (2 Ki ng for o] wherein the
atomc rati g obY n/(?ﬂ+§ﬁf‘si‘ga§ﬂi’tﬁi ﬁgPﬁgg?éXSetg?ng?%ng g.xb?,%%%d ( 3)
sintering tB&oﬁ%&%ﬁﬂ body at a tenperature of 1, 400C or higher. 13. The
process for producing the sputtering target according to claim12 , wherein
in the step ( 1 ) Thattbs 9Fhdpolgegherafilmdiasnt bkteé, tdatRF Zputhenisigght
of tin oxide and 2 to 8~ by weight of zinc oxide are blended, and_ in the
step ( 2 ) Maehimeneangotihevpeeesnure Hat ditdhivacuam §ask vaa ¥edueerk §2 1 or
more is forned. ;14. A process,for oducing. & sputtering target containing
a hexagonal | g@e:%%OEo Btind eﬁee%;%%re'daﬁgl’fen(gggs(oér?ﬁ%)oﬁ %%%r(é)lu%lrﬁ%ﬁ's an
I nteger of 34 @00, ah*aeoﬁ&ééhabagrFbanééﬁ@rah&ﬁ%ﬁe&wlgA@seroedaa%]
conmpound bei ng a val ue of umor less , conprising the steps (1) to (5):
(1) produci ngsaineradooald thgeeed sonpouny haye espresdulbg bfi203( Ar0) rRa
wherein mis an integer of 2 to 20, (_2 ) adjusting the produced hexagonal
| ayer ed conf@xy@geroPRiFdad BFaFfuseze2 o8 5 1¥m 8R)l-es¥nden)copdheions e
hexagonal |ayered conpound having i he o

: a RF output of 1.2 W/ &m° and a substrate temperature of 200°C,

a transparent conductive oxide f£ilm having a thickness of 250

nm was formed.

(2) Evaluation of the conductive transparent film
@ Film thickness

DEKTAK 3030 (made by Slcan company) was used to measure
the film thickness of the resultant transparent conductive

oxide £ilm by a tracer method.

@ X-ray diffraction measurement

Rotor Flex RU-200B (made by Rigaku International Corp.)



adjusted grain size with indi um oxi de powder, 120 (4) meking a forned
body wherein the atomc ratio of In/(ln+Zn) is within the range of 0.75 to
0.97, and ( 5 ) sintering the formed body at a tenperature of 1, 400C or

hi gher. 15. The process for producing the sputtering target according to
any one of claims 12 to 14, wherein the %8ntering step is performed in the
at nosphere of oxygen gas or pressured oxygen gas. 16 . The process for
produci ng the sputtering target according to any one of clains 12 to 15,
wher ei n t he waeeh 86€ adoritntlsé € ank parenitnebnaa @it tee paiderfilsn setsutgjexctval ue
within the range of 0.1 to 2 pm 17. The process for producing the
sputtering ttawegéllmctoXdinay 46ffngchbhen gleasudiement t ASIB T itei At (Was

oxi de powder is further hl ended together with.the indiumaaoxi de powler and

t he aver age PFrxetd & & &é:aﬂsrP ecﬁ’d\féﬂ’ecrtlivf soé{t(i#ao fgﬁ\%lw & within the
range of 0.%%0&3)%u—3<_m 18. The process for producing the sputtering target
according to any one of clains 12 to 17 , wherein when the forned body is
formed, a spinel conpound whose grain size is adjusted to 5 umor less is
further bl ended.
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conductive oxide film, and measure the resistivity (initial
resistivity R,) thereof by a four-terminal method.
As a result, the initial surface resistance was 10.4 Q

/0 and the initial resistivity (R,) was 2.6 x 10™* Q * cm.

® Mobility of carriers

RESITEST8200 (a measuring device based on van der Pauw's

method, made by Toyo Technica company), which is a device for
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Evaluation results of the transparent conductive oxide
film in the thus obtained conductive transparent glass are shown
in Table 6.

The conductive transparent glass obtained herein was
divided into 3 test pieces. About the two of these pieces, the
initial surface resistance, the initial resistivity (R,)., the
carrier mobility, the resistance change rate and the initial
etching rate of‘the transparent conductive oxide film were
measured in the same way as in Example 9.

The remaining piece was heated at 200°C for 1 hour and
subsequently the surface resistance and the etching rate of its
transparent conductive oxide film were measured in the same way
as in Example 9. The resistivity of the transparent conductive
oxide film after the heating was calculated. Evaluation

results of the transparent conductive oxide film after the

heating are shown in Table 7.

[Example 11]

A conductive transparent glass was obtained in the same
way as in Example 10 except that the temperature of the substrate
was set to 215°C. Conditions for forming the £ilm herein and
atomic ratios about constituent metals of the transparent
conductive oxide film are shown in Table 5.

Evaluation results of the transparent conductive oxide
£ilm in the obtained conductive transparent glass are shown in

Table 6.
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[Example 12]

As a transparent substrate, the same polyester f£ilm as
in Example 9 was used, and further a sintered body made of
In,0,(Zn0), which was a hexagonal layered compound (crystal
grain size: 3.8 pm or less), In,0, and SnO, [In/(In+Zn) = 0.96,
Sn/(In+Zn+Sn) = 0.18, and relative density = 97%] was used as
a sputtering target. 1In thisway, aconductive transparent film
was produced.

A transparent conductive oxide film was formed on the
polyester f£ilm in the same way as in Example 9 except that a
mixed gas of argon gas (purity: 99.99%) and oxygen gas
(concentration of oxygen gas = 0.50%) was introduced thereto
so as to have a pressure of 1 x 10"* Pa (oxygen partial pressure:

v5 x 10™* Pa). Conditions for forming the film herein and the
atomic ratios about constituent metals of the resultant
transparent conductive oxide film are shown in Table 5.

Evaluations results of the transparent conductive oxide
film in the resultant conductive transparent glass are shown
in Table 6.

Furthermore, 'evaluation results of the transparent

conductive oxide film after the heating are shown in Table 7.

[Example 13]

A conductive transparent glass was obtained in the same
way as in Example 12 except that the same non-alkali glass
substrate as in Example 10 was used as a transparent substrate.

Conditions for forming the £ilm herein and atomic ratios about
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way as in Example 9 except that as a transparent substrate, the
same non-alkali glass substrate as in Example 10 was used, and
further a sintered body made of In,0,(Zn0), which was a hexagonal
layered compound (crystal grain size: 3.6 pm), In,0, and SnO,
[In/(In+Zn) = 0.91, Sn/(In+Zn+Sn) = 0.10, and relative density
= 97%] was used as a sputtering target. Conditions for forming
the £ilm herein and the atomic ratios about constituent metals
of the resultant transparent conductive oxide film are shown
in Table 5.

Evaluations results of the transparent conductive oxide
film in the resultant conductive transparent glass are shown
in Table 6.

Furthermore, evaluation results of the transparent

conductive oxide film after the heating are shown in Table 7.

[Example 15]

As a transparent substrate, the same polyester film as
in Example 9 was used. An epoxy resin layer having a thickness
of 1 pm was deposited on a surface thereof by spin coating. This

epoxy resin was photo-cured by UV radiation, to form a
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1l4. Thus, a conductive transparent film was obtained.
Conditions for forming the film herein and the atomic ratios
about constituent metals of the resultant transparent
conductive oxide film are shbwn in Table 5.

Evaluations results of the transparent conductive oxide
film in the resultant conductive transparent film are shown in
Table 6.

Furthermore, evaluation resﬁlts of the transparent

conductive oxide film after the heating are shown in Table 7.

[Example 16]

As a transparent substrate, the same polyester film as
in Example 9 was used, and further a sintered body made of
In,0,(Zn0), which was a hexagonal layered compound (crystal
grain size: 3.8 pm), and In,0, and SnO, [In/(In+Zn) = 0.95,
Sn/(In+Zn+Sn) = 0.10, and relative density = 98%] was used as
a sputtering target. In thisway, aconductive transparent film
was produced. Conditions for forming the film herein and the
atomic ratios about constituent metals of thevresultant
transparent conductive oxide film are shown in Table 5.

Evaluations results of the transparent conductive oxide
film in the resultant conductive transparent £ilm are shown in
Table 6.

Furthermore, evaluation results of the transparent

conductive oxide film after the heating are shown in Table 7.

[Example 17]
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As a transparent substrate, the same polyester £ilm as
in Example 9 was used. A SiO, layer having a thickness of 100
nm was formed thereon by electron beam evaporation. Next, a
transparent conductive oxide film was deposited on the surface
of this SiO, resin layer in the same way as in Example 12. Thus,
a conductive transparent f£ilm was obtained.

Conditions for forming the f£ilm herein and the atomic
ratios about constituent metals of the resultant transparent
conductive oxide film are shown in Table 5.

Evaluations results of the transparent conductive oxide
film in the resultant conductive transparent film are shown in
Table 6.

Furthermore, evaluation results of the transparent

conductive oxide film after the heating are shown in Table 7.

[Example 18]

A conductive transparent glass was obtained in the same
way as in Example 9 except that the same non-alkali glass
substrate as in Example 10 was used as a transparent substrate,
the temperature of this glass substrate was set to 215°C, and
the amount of oxygen gas in the mixed gas at the time of
sputtering was set to 3% (oxygen partial pressure: 3 x 107 Pa).

Conditions for forming the £ilm herein and atomic ratios
about constituent metals of the transparent conductive oxide
film are shown in Table 5.

Evaluation results of the transparent conductive oxide
film in the obtained conductive transparent glass are shown in
Table 6.

Furthermore, evaluation results of the transparent

conductive oxide film after the heating are shown in Table 7.
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10/ t uu* vj vvHaE:as in Example 9 except that as a transparent substrate, e
same non-alkali glass substrate as in Example 10 was used, and
further a sintered body made of a hexagonal layered compound
(crystal grain size: 12 pm) represented by In,0,(Zn0),, and In,0,
[In/(In+Zn) = 0.95, and relative density = 80%] was used as a
sputtering target.

Conditions for forming the £ilm herein and the atomic
ratios about constituent metals of the resultant transparent
conductive oxide film are shown in Table 5.

The resultant conductive transparent glass was evaluated
in the same was as in Example 9. The evaluation results are
shown in Table 6.

It was proved from results of X-ray diffraction analysis
that crystal of indium oxide was present in the transparent
conductive oxide film after the transparent conductive oxide

film formed herein was subjected to heat treatment.

[Comparative Example 9]

A conductive transparent glass was obtained in the same
way as in Example 11 except that the same non-alkali glass
substrate as in Example 10 was used as a transparent substrate
and an ITO target [In,0,/5 at.% SnO,] was used as a sputtering
target.

It was proved from results of X-ray diffraction analysis
that crystal of indium oxide was present in the transparent
conductive oxide f£ilm of the resultant conductive transparent
glass.

Conditions for forming the film herein and the atomic
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ratios about constituent metals of the resultant transparent
conductive oxide film are shown in Table 5.
Furthermore, evaluation results of the conductive

transparent glass are shown in Table 6.

[Comparative Example 10]

A conductive transparent glass was produced in the same
way as in Example 11 except that as a transparent substrate,
the same non-alkali glass substrate as in Example 10 was used,
and further a sintered body made of In,0,(Z2n0O), which was a
hexagonal layered compound (crystal grain size: 8 pm or less),
In,0, and SnO, [In/(In+Zn) = 0.98, Sn/(In+Zn+Sn) = 0.05, and
relative density = 94%] was used as a sputtering target.

It was proved from results of X-ray diffraction analysis
that crystal of indium oxide was present in the transparent
conductive oxide film of the resultant conductive transparent
glass.

Conditions for forming the film herein and the atomic
ratios about constituent metals of the resultant transparent
conductive oxide film are shown in Table 5.

Furthermore, the evaluation results of the conductive

transparent glass are shown in Table 6.
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substrate| ture (°C) pressure (In+2Zn) [ (In+Zn+Sn) ness
(Pa) (nm)
9 PET 20 2.8x10*| 0.93 0.08 250
10 Glass 20 2.8x10°*| 0.93 0.08 200
11 Glass 215 2.8x10°%| 0.93 0.08 100
12 PET 20 5.0x107* 0.96 0.18 300
% 13| Glass 20 5.0x10°*| 0.96 0.18 250
g
:'114 14 Glass 20 5.0x107* 0.91 - 0.10 210
15 PET 20 5.0x10°%| 0.91 0.10 200
16 PET 20 1.0x10°*| 0.95 0.10 100
17 PET 20 5.0x10°*| 0.95 0.10 100
18 Glass 215 3.0x10°*} 0.95 0.10 100
Q 8 Glass 215 2.8x107%| 0.95 - 100
i1
HEl9 Glass 20 2.8x10°%| 1.00 0.05 100
2 X
£ i
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Initial Initial
triﬁggit surface resis- Mobility RSE;ZEZZCG Et:;ieng
. j resistance| tivity (ct/V-sec)
tance (%) (Q/0) (x10°Qam) rate (pm/minute)
9 88 10.4 2.6 27 1.10 0.20
10 89 12.5 2.5 20 1.12 0.20
11 91 19.0 1.9 31 1.27 0.19
12 87 9.3 2.8 25 1.29 0.18
'9_" 13 89 10.8 2.7 27 1.18 0.18
g
B | 14 89 12.8 2.7 28 1.18 0.19
15 88 14.0 2.8 28 1.14 0.19
16 89 24.0 2.4 20 1.15 0.19
17 88 22.0 2.2 31 1.11 0.19
18 91 18.0 1.8 34 1.05 0.17
Unable to
g 8 79 43,2 4,3 18 1.14 be etched
- Q
*«‘1' 'a' Unable to
ﬁ 5 9 89 17.5 1.8 32 - be etched
2 M
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Table 7
e [ mea [
. Resistivity Etchlng-; rate
Resistance (x107*Qcm) (pm/minute)
(Q/0)
9 — — —
10 10.0 7.0 0.19
11 19.0 1.9 0.18
12 - — —
O
~ {13 8.4 2.1 0.18
]
é 14 9.0 1.9 0.18
15 - - —
16 - - —
17 — - —
18 18.0 1.8 0.17

[Example 19]
(1) Production of a transparent conductive material
Indium oxide powder having an average grain size of 1 um,
zinc oxide powder having an average grain size of 1 pm and tin
oxide powder having an average grain size of 0.5 pym were supplied
toawet ballmill in the manner that proportions of indium oxide,
zinc oxide and tin oxide would be 80% by weight, 5% by weight
and 15% by weight, respectively. Next, the powders were mixed
and pulverized for 72 hours to yield fine ingredient powder.
Next, the powder was subjected to granulation and the
grains were press-formed into a target form. The formed body

was then fired at a temperature of 1,450°C to yield a sintered
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body.

The relative density of the resultant sintered body
(crystal grain size: 4.0 pm or less) was 98%, and the bulk
resistance thereof was 0.83 mQ * cm.

Next, a member for fitting to a sputtering machine was
set up to this sintered body. This sintered body was used as
a target. The used target was made to have a diameter of 10.16
cm.

This target was used to form a transparent conductive
oxide film on a non-alkali glass substrate #7059 (made by
Corning Inc.) by sputtering. That is, the non-alkali glass
substrate #7059 was set up to an RF magnetron sputtering machine,
and subsequently the pressure of its vacuum tank was reduced
to 5 x 10-4 Pa or less. Next, a mixed gas of argon gas and oxygen
gas was introduced to have a pressure of 3 x 10 Pa. The output
of RF was set to 100 W. Whilevsubstrate temperature was kept
at room temperature, sputtering was performed to form a
transparent conductive oxide film. In this way, a transparent

conductive glass was obtained.

(2) Evaluation of the target and the transparent conductive
oxide fiim

The composition, the relative density, the bulk
resistance and the crystallinity of the sintered body (target)
obtained in the above-mentioned (1) were evaluated. The
results are shown in Table 8.

Evaluated were the resistivity and the crystallinity
obtained in the case in which the sintered body (target)
obtained in the above-mentioned (1) was used to perform

sputtering while the temperature of the transparent substrate
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crystallinity obtained in the case in which the same target was
used to perform sputtering while the temperature of the
transparent substrate was kept at 200°C. The evaluation
results thereof are shown in Table 9.

Rotor Flex RU-200B (made by Rigaku International Corp.),
which is an X-ray diffraction analyzer, was used to analyze the
crystallinity of the resultant transparent conductive oxide
film. It was proved from an X-ray diffraction chart that it
was amorphous.

Theinductivecmuplingplasmaemissionspectralanalysis
device SPS-1500VR (made by Seiko Instruments Inc.) was used to
analyze the composition of the transparent conductive oxide
film.

The UV spectrometric device U-3210 (made by Hitachi Ltd.)
was used to measure the light transmittance (light wavelength:
500 nm or 550 nm) of this conductive transparent glass.

The resistance measuring device Lorestor FP (made by
Mitsubishi Chemical Corp.) was used to measuré the surface
resistance (referred to as the initial surface resistance
hereinafter) of the transparent conductive oxide film, and
measure the resistivity thereof by a four-terminal method.

Furthermore, DEKTAK 3030 (made by Sloan company) was used
to measure the film thickness of the transparent conductive

oxide film by a tracer method.

(3) Heat treatment of the transparent conductive oxide film
About the transparent conductive glasses obtained in the
above-mentioned (1), the transparent conductive oxide film

formed in the state that the temperature of the transparent
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transparent substrate was set to 200°C was subjected to heat
treatment at 250°C for 1 hour. About the transparent conductive
oxide films subjected to the heat treatment, their resistivity

and crystallinity were evaluated. The evaluation results

thereof are shown in Table 9.

[Examples 20-22]
(1) Production of sintered bodies and transparent conductive
oxide films

In Examples 20-22, sintered bodies were obtained in the
same way as in Example 19 except that the blend proportions of
ingredients were changed as shown in Table 8.

Next, the respective obtained sintered bodies were used
to produce transparent conductive oxide films in the same way
as in Example 19.

The temperatures of transparent substrates at the time

of the sputtering were set to temperatures shown in Table 9.

(2) Evaluation of the sintered bodies and the transparent
conductive oxide films

The sintered bodies and the transparent conductive oxide
films obtained in the above-mentioned (1) were evaluated in the
same wey as in the (2) of Example 19. The results are shown

in Tables 8 and 9.

(3) Heat treatment of the transparent conductive oxide films

The transparent conductive oxide films obtained in the
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[Comparative Examples 11-15]
(1) Production of sintered bodies and transparent conductive
oxide films

- In Comparative Examples 11-15, sintered bodies were
obtained in the same way as in Example 19 except that the blend
proportions of ingredients were changed as shown in Table 8.

The following were used: indium oxide powder having an
average grain size of 3 pm, zinc oxide powder having an average
grain size of 3 pm, and tin oxide powder having an average grain
size of 3 pm.

Next, the resultant sintered bodies were used to produce
transparent conductive oxide films in the same way as in Example
19.

The temperatures of the transparent substrates at the
time of the sputtering were set to temperatures shown in Table

9.

(2) Evaluation of the sintered bodies and the transparent
conductive oxide films

The sintered bodies and the transparent conductive oxide
films obtained in the above-mentioned (1) were evaluated in the
same way as in the (2) of Example 19. The results are shown

in Tables 8 and 9.

(3) Heat treatment of the transparent conductive oxide films
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above-mentioned (1) were heat-treated in the same way as in the
(3) of Example 19 except that the heat treatment temperature

was changed as shown in Table 2. The results are shown in Table

9.
Table 8
Example Comparative Example

19 20 21 22 11 12 13 14 15
(% by weight) 80 84 87 88 90 90 94 90 78
Sno, _
(3 by weight) 15 12 10 10 10 5 5 15
Zno
(% by weight) 5 4 3 2 10 1 5 7
Relative
Density (%) 98 97 98 99 98 98 97 96 97
Bulk resistance .83} .84 .70] .65 .87 (2.4 .87 12.1]|2.4
(mQcm)
Target symbol A4 | B4 | C4 | D4 E4 | F4 | G4 H4 I4
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Table 9
Transparent
conductive oxide Transparent conductive oxide
Transparent film immediately film after the heat t t t
p after the deposition reatmen
Target | Substrate
thereof
symbol |temperature
o Heat
(°c) Resis- Resis-
. Crystal- treatment Crystal-
tivity tivity
linity temperature linity
(n€2-cm) . (n€2-cm)
(°c)
A4 Room 290 Amorphous 280 180 | Crystalline
temperature P
19
A4 200 280 Amorphous 250 160 Crystalline
o}
) Room
g 20 B4 temperature 280 Amorphous 250 190 Crystalline
21| ca Room 230 Amorphous 230 190 | crystalline
temperature P
22| D4 Room 260 Amorphous 230 200 | Crystalline
temperature P
11| E4 Room 550 Amorphous™ 230 180 | Crystalline
temperature P
)
g‘ 12 F4 200 380 Amorphous 300 1400 Amorphous
4 G4 Room 270 Amorphous® 300 190 | crystalline
o temperature
5 13
E G4 200 200 Crystalline - - -
o
% Room ‘
8 H4 temperature 220 Amorphous 250 3200 Crystalline
14
H4 200 3600 Crystalline - — -
15 I4 200 380 Amorphous 230 370 Amorphous

*The symbol "“*" indicates that fine crystal was contained.

[Example 23]
(1) Formation of a transparent conductive oxide film

Indium oxide powder having an average grain size of 1 pm,
zinc oxide powder having an average grain size of 1 ym and tin
oxlide powder having an average grain size of 0.5 pum were mixed
and pulverized in a wet ball mill in the manner that the

percentages of indium oxide, zinc oxide and tin oxide would be
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of a target. This was fired at 1,450°C to yield a sintered body
(crystal grain size: 3.7 pm or less).

Next, a member for fitting to a sputtering machine was
set up to the resultant sintered body. This sintered body was
used as a target. The used target was made to have a diameter
of 10.16 cm.

Next, this target was used to perform sputtering. As a
transparent substrate, anon-alkali glass substrate #7059 (made
by Corning Inc. ) was used. As a sputteringmachine, a magnetron
sputtering machine of a parallel-plate type was used. The
machine was evacuated into 5 x 10 Pa. The water content in
the vacuum chamber at this time was measured with a mass
spectrometer. As a result, it was 8 x 10° Pa.

Next, argon gas containing 1% by volume of oxygen gas was
introduced into this machine. Sputtering pressure was
adjusted into 0.3 Pa to perform sputtering. 1In this way, a film
of a transparent conductive oxide was formed on the glass
substrate. The thickness of the resultant transparent
conductive oxide film was 1.2 nm.

In order to measure a binding energy peak of the oxygen
1S orbit by X-ray photoelectron spectroscopy, ESCA5400 made by
Albackphy company was used and Mg-Ka was used as an X-ray source.
As a detector, the electrostatic hemispheric type was used.
Pass energy was set to 35.75 eV. 3d°? of indium was set to 444.4
eV to measure the criterion of the peak. About the half band
width of the peak obtained herein, Shirley’'s equation was used

to set a base line and calculate the value of the half band width.
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The measured binding energy peak of the oxygen 1S orbit
in the surface of the transparent conductive oxide film, based

on the XPS method, is shown in FIG. 12.

(2) Evaluation of the transparent conductive oxide film

The crystallinity, the light transmittance, the
resistivity and the etching property of the transparent
conductive oxide film obtained in the above-mentioned (1) were
evaluated.

About the crystallinity of the transparent conductive
oxide film, Rotor Flex RU-200B (made by Rigaku International
Corp.) was used to check it by X-ray diffraction measurement.

TheiJ—3210 (made by Hitachi Ltd.) was used to measure the
light transmittance (light wavelength: 500 nm or 550 nm) of the
transparent conductive oxide £ilm including the glass substrate
by UV spectrometry.

The Lorestor FP (made by Mitsubishi Chemical Corp.) was
used to measure the surface resistance of the transparent
conductive oxide film by a four-terminal method. The
resistivity thereof was then calculated.

As an etching solution, an aqueous solution having an

oxalic acid concentration of 3.4% by weight was used to measure

the etching property at 40°C.

(3) Measurement of connection resistance
Next, the transparent conductive oxide f£ilm obtained in

the above-mentioned (1) was etched into the form of stripe
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an anisotropic conductive film was put on this transparent
conductive oxide film in the stripe form, and heat-pressed
thereon at 180°C. The connection resistance between the
transparent conductive oxide film and the anisotropic
conductive film was measured. The average value of this
resistance was 8 (.

In order to confirm long-term stability of this
connection resistance, the test piece obtained by putting and
heat-pressing the anisotropic conductive film on the
transparent conductive oxide film was allowed to stand still
in an oven, the temperature of which was kept at 95°C, for 120
hours and subsequently the connection resistance of the test
piece was again measured. In this test piece, no change in the
connection resistance was observed even after the long-term
heat treatment.

The composition and evaluation results of the transparent

conductive oxide film obtained herein are shown in Table 10.

[Example 24]

A target was produced and a film of a transparent
conductive oxide film was formed in the same way as in Example
23 except that blend proportions of metal oxide components of
ingredients were changed as follows: 87.3% by weight of indium
oxide, 9.5% by weight of tin oxide and 3.2% by weight of zinc
oxide. In this case, the water content in the vacuum chamber
was 7 x 10°° Pa.

The half band width of the binding energy peak in the
oxygen 1S orbit of the resultant transparent conductive oxide

film was measured by the XPS method. As a result, it was 2.5
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target was produced and a film of a transparent
conductive oxide was formed in the same way as in Example 23
except that blend proportions of metal oxide components of
ingredients were changed as follows: 81.6% by weight of indium
oxide, 12.2% by weight of tin oxide and 6.2% by weight of zinc
oxide. 1In this case, the water content in the vacuum chamber
was 9 x 10°° Pa.

The half band width of the binding energy peak of the
oxygen 1S5 orbit of the resultant transparent conductive oxide
film, which was measured by the XPS method, was 2.7 eV. The
composition and evaluation results of this transparent

conductive oxide film are shown in Table 10.

[Comparative Example 16]

A target (crystal grain size: 15 pm) was produced and a
film of a transparent conductive oxide was formed in the same
way as in Example 23 except that indium oxide powder having an
average grain size of 3 pym, tin oxide powder having an average
grain size of 3 pm, and zinc oxide powder having an average grain
size of 3 um were used and the blend proportions thereof were
changed as follows: 88.7% by weight of indium oxide, 10.1% by
weight of tin oxide and 1.2% by weight of zinc oxide.

In this case, the water content in the vacuum chamber was
9 x 10°° Pa.

The half band width of the binding energy peak of the
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transparent conductive oxide film are shown in Table 10.

[Comparative Example 17]

A target (crystal grain size: 11 pm) was produced in the
same way as in Example 23 except that indium oxide powder having
an average grain size of 3 ym, tin oxide powder having an average
grain size of 3 pm, and zinc oxide powder having an average grain
size of 3 pm were used and the blend proportions thereof were
changed as follows: 84.8% by weight of indium oxide, 10.0% by
weight of tin oxide and 5.2% by weight of zinc oxide.

Next, the vacuum chamber was evacuated into 2 x 107° Pa
at the initial time of the sputtering. The pressure was
adjusted into 0.3 Pa with argon gas containing 1% by volume of
oxygen gas. Thereafter, the water content in the vacuum chamber
was adjusted into 9 x 10 Pa. In the same way as in Example
23 except these operations, a £film of a transparent conductive
oxide was formed.

The half band width of the binding energy peak of the
oxygen 1S orbit in the resultant transparent conductive oxide
film was 3.3 eV.

The resultant transparent conductive oxide film was
heat-treated at 95°C for 120 hours. As a result, the connection
resistance increased to a great degree.

The composition and evaluation results of this

transparent conductive oxide film are shown in Table 10.
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[Comparative Example 18]

A target (crystal grain size: 14 pm) was produced and a
film of a transparent conductive oxide was formed in the same
way as in Example 23 except that indium oxide powder having an
average grain size of 3 pm, tin oxide powder having an average
grain size of 3 nym, and zinc oxide powder having an average grain
size of 3 ym were used and the blend proportions thereof were
changed as follows: 83.4% by weight of indium oxide, 4.3% by
weight of tin oxide and 12.3% by weight of zinc oxide. In this
case, the water content in the vacuum chamber was 1 x 10’ Pa.

The half band width of the binding energy peak of the
oxygden 1S orbit in the resultant transparent conductive oxide
film was 3.8 eV. The measured binding energy peak, measured
by the XPS method, of the oxygen 1S orbit in the surface of the
resultant transparent conductive oxide film is shown in FIG.
13.

The resultant transparent conductive oxide film was
heat-treated at 95°C for 120 hours. As a result, the connection
resistance increased to a great degree.

The composition and evaluation results of this

transparent conductive oxide film are shown in Table 10.

[Comparative Example 19]

A target (crystal grain size: 18pm) was produced in the
same way as in Example 23 except that indium oxide powder having
an average dgrain size of 3 um, and tin oxide powder having an
average dgrain size of 3 pm were used and the blend proportions
thereof were changed as follows: 90.0% by weight of indium oxide,

and 10.0% by weight of tin oxide.
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Next, the vacuum chamber was evacuated into 2 x 10™° Pa
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at the initial time of the sputtering. The pressure was
adjusted into 0.3 Pa with argon gas containing 1% by volume of
oxygen gas. Thereafter, the water content in the vacuum chamber
was adjusted into 9 x 10 Pa. In the same way as in Example
23 except these operations, a £ilm of a transparent conductive
oxide was formed.

The half band width of the binding energy peak of the
oxygen 1S orbit of the thus obtained transparent conductive
oxide film was 3.4 eV.

The resultant transparent conductive oxide film was
heat-treated at 95°C for 120 hours. As a result, the connection
resistance increased to a great degree.

The composition and evaluation results of this

transparent conductive oxide film are shown in Table 10.
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Light
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resistance (Q)
Contact
resistance
after the 8 10 12 11 38 54 78
Heat treatment
(€3)

*The word "“Amorphous”

[Example 26]

in the crystal evaluation indicates an amorphous state.

(1) Formation of an organic colored layer on a substrate

A glass substrate was used as a substrate to form a light

shading layer made of chromium oxide on a surface thereof.

The
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and the thickness of the chromium oxide layer was set to 0.1
pm.

Next, the light shading layer was worked into the form
of a lattice having a line width of 30 pm by photolithography.
The pitch thereof along one direction was 110 pm, and the pitch
thereof along the direction perpendicular thereto was 330 pm.

Next, a phthalocyanine green pigment (Color Index No
74160 Pigment Green 36) was used as a green pigment, and a paste
wherein it was dispersed in and mixed with a transparent
polyimide precursor solution Semicofine SP-910 (made by Toray
Industries, Inc.) was applied to the chromium oxide layer in
the lattice form. This was semi-cured tolform a dgreen organic
colored layer in the form of stripe having a width of 90 pm and
a pitch of 330 pm, which corresponded to pixels. Thereafter,
this was cured. The thickness of this green organic colored
layer was set to 1.5 pm. -

As a red pigment, a quinacridon pigment (Color Index No
73905 Pigment Red 209) was used, and as a blue pigment, a
phthalocyanine blue pigment (Color Index No 74160 Pigment Blue
15-4) was used. From pastes obtained by dispersing/mixing
these in/with the above-mentioned polyimide precursor
solutions, respectively, a red organic colored layer and a blue
organic colored layer were formed in the same way as above.

By applying the above-mentioned polyimide precursor
solution onto these organic colored layers and curing the
applied layer, a protective layer having a thickness of 2 pm

was formed.

(2) Formation of a transparent conductive film
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A transparent conductive film (transparent conductive

oxide £ilm) was formed on the organic colored layers of the glass
substrate having the organic colored layers obtained in the
above-mentioned (1) by sputtering.

A sputtering target used herein was produced as follows.
That is, a mixture of 80% by weight of indium oxide powder, 15%
by weight of tin oxide powder and 5% by weight of zinc oxide
was mixed and pulverized in a wet ball mill. Thereafter, the
resultant was subjected to granulation, and the grains were
press-formed. The resultant was sintered in pressured oxygen
gas in a firing furnace at 1,450°C for 36 hours to yield a target
[A6] having a crystal grain size of 4.0 um.

The resultant target [A6] was fitted to the DC magnetron
sputtering machine, and then a transparent conductive £film was
formed on the organic colored layer of the glass substrate by
sputtering.

About sputtering conditions in this case, argon gas into
which an appropriate amount of oxygen gas was incorporated was
used as atmosphere, and sputtering pressure, attainment
pressure, substrate temperature, applied electric power, and
film-forming time were 3 x 10™* Pa, 5 x 10™* Pa, 25°C, 100 W, and
20 minutes, respectively.

As a result thereof, a transparent conductive film having
a £ilm thickness of about 120 nmwas formed on the organic colored
layer.

The crystallinity of this transparent conductive £ilm was
observed by X-ray diffraction analysis. As a result, it was
proved that the film was amorphous.

Substrate temperature was set to 180°C at the time of

sputtering to form a transparent conductive £film on the organic
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colored layer of another glass substrate. This transparent
conductive film was also amorphous.
The ingredient composition and physical properties of the

transparent conductive film are shown in Table 11.

(3) Evaluation of the etching property of the transparent
conductive f£ilm

The etching property of the resultant transparent
conductive film was evaluated.

That is, parts of the transparent conductive film formed
on the organic colored layer were etched at 40°C with an aqueous
solution containing an oxalic acid concentration of 5% by weight,
and then a section in the boundary portion between etched
portions and non-etched portions was observed with an electron
microscope.

As a result, it was found out that no transparent
conductive film remained in the etched portions, and the edge
portion of the transparent conductive film remaining in the
non-etched portions had a sectional shapé inclined smoothly
toward the etched portions.

Thus, it was proved that the resultant transparent
conductive film had good workability even in etching using a
weak acid.

When the etching workability of this transparent
conductive film was evaluated, evaluation criteria described
in Example 4 were adopted. The evaluation results are shown

in Table 2.

(4) Crystallization of the transparent conductive £ilm by heat

treatment
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About heat treatment conditions in this case, the film
was heated to 230°C at a temperature-rising rate of 20°C/minute
in the atmosphere of argon gas. The time for keeping 230°C was
set to 1 hour.

The transparent conductive film subjected to this heat
treatment was crystalline, and the resistivity thereof measured
by a four-probe method was 230 x 10° Q * cm

Furthermore, about the transparency of this transparent
conductive oxide film, the light transmittance about light
having a wavelength of 500 nmwas 82% according to a spectrometer.
Thus, the transparency was also superior.

Bad effects by this heat treatment, such as thermal

deterioration of the organic colored layer, were not observed.

[Example 27]
(1) Formation of a transparent conductive film

A target [B6] (crystal grain size: 4.0 pm) was produced
in the same way as in the (2) of Example 26 except that on an
organic colored layer of a glass substrate having the organic
colored layer obtained in the same way as in the (1) of Example
26, a mixture of 84% by weight of indium oxide powder, 12% by
weight of tin oxide powder, and 4% by weight of zinc oxide powder
was used as the ingredient of a sputtering target. This target
was used to form a transparent conductive film.

The ingredient composition thereof and physical

properties thereof are shown in Table 11.
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(2) Evaluation of the etching property of the transparent

conductive f£ilm

The etching property of the transparent conductive film
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was used as the ingredient of a sputtering target. This target
was used to form a transparent conductive film.
The ingredient composition thereof and physical

properties thereof are shown in Table 11.

(2) Evaluation of the etching property of the transparent
conductive film

The etching property of the transparent conductive film
obtained in the above-mentioned (1) was evaluated in the same

way as in the (3) of Example 26. The results are shown in Table

12.
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target of the present invention, the generation of nodules when
a transparent conductive oxide is formed into a £ilm by
sputtering can be effectively suppressed by controlling the
crystal grain size thereof into a given value or more. Thus,
the sputtering can be stably performed for a long time.

According to the process for producing a sputtering

target of the present invention, it becomes possible to supply

effectively a target making it possible to suppress the
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and 2 to 8% by weight of zinc oxide are contained, and the atomic

ratio of tin to zinc is set to a wvalue of 1 or more.

3. The sputtering target according to claim 1 or 2, wherein
a spinel structural compound represented by Z2n,Sn0O, is contained
instead of the hexagonal layered compound or together with the
hexagonal layered compound, and the crystal grain size of the

spinel structural compound is set to a value of 5 um or less.

4, The sputtering target according to any one of claims 1
to 3, wherein the bulk resistance thereof is set to a value less

than 1 x 102 Q * cm.

5. The sputtering target according to any one of claims 1
to 4, wherein the density thereof is set to a value of 6.7 g/cm’

or more.
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7., wherein the transparent conductive oxide is crystallized at

a temperature of 230°C or higher.

9. The transparent conductive oxide according to any one of
claims 6 to 8, wherein the half band width of a binding energy
peak of the oxygen 1S orbit measured by X-ray photoelectron

spectrometer is set to a value of 3 eV or less.

10. The transparent conductive oxide according to any one of
claims 6 to 9, wherein the transparent conductive oxide is
formed on a substrate or on a colored layer disposed on the

substrate.

11. The transparent conductive oxide according to any one of
claims 6 to 10, wherein the P-V value thereof according to JIS

B0610 is set to a value of 1 pm or less.
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oxide, 5 to 25% by weight of tin oxide and 2 to 8% by weight
of zinc oxide are blended, and in the step (2) the formed body

wherein the atomic ratio of tin to zinc is 1 or more is formed.

14. A process for producing a sputtering target containing
a hexagonal layered compound represented by In,0,(Zn0O), wherein
mis an integer of 2 to 20, the crystal grain size of the hexagonal
layered compound being a value of 5 pm or less, comprising the
steps (1) to (5):

(1) producing a hexagonal layered compound repreéented
by In,0,(Zn0O), wherein m is an integer of 2 to 20,

(2) adjusting the produced hexagonal layered compound to
have a grain size of 5 pm or less,

(3) blending the hexagonal layered compound having the

adjusted grain size with indium oxide powder,
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(4) making a formed body wherein the atomic ratio of
In/(In+Zn) is within the range of 0.75 to 0.97, and

(5) sintering the formed body at a temperature of 1,400°C

or higher.

15. The process for producing the sputtering target according
to any one of claims 12 to 14, wherein the sintering step is
performed in the atmosphere of oxygen gas or pressured oxygen

gas.

16. The process for producing the sputtering target according
to any one of claims 12 to 15, wherein the average grain size
of the indium oxide powder is set to a value within the range

of 0.1 to 2 pm.

17. The process for producing the sputtering target according
to any one of claims 12 to 16, wherein tin oxide powder is further
blended together with the indium oxide powder and the average
grain size of the tin oxide powder is set to a value within the

range of 0.01 to 1 pm.

18. The process for producing the sputtering target according
to any one of claims 12 to 17, wherein when the formed body is
formed, a spinel compound whose grain size is adjusted to 5 pm

or less is further blended.



