1 DESCRI PTI ON SPUTTERI NG TARGET, TRANSPARENT CONDUCTI VE OXI DE, AND
PROCESS FOR PRODUCI NG THE SPUTTERI NG TARCET Techni cal Field The present
invention relates to a sputtering target (which nay be referred to nerely
as a target hereinafter), a transparent conductive oxi de nade of the
sputtering target, and a process for jproducing the sputtering target. The
present invention relates particularly to a target naking it possible to
suppress nodul es generated when sputtering is used to forma transparent
conductive oxide into a film apgd@iPkehe sputtering stable, a
transparent . conductive oxi de nade of such a target, and a processfor
produci hg such a target. Background Art In recent years, display devices

have been remarkably devel oped. Liquid crystal display devices (LCD),
el ect r ol SRURTEBENCeTARGPI ay TRANSEABENE CONPUCTEVE iPXERPHn AND FRQGES] FED)

or the like are used_a i splay devices f f11 : i nes such as
personal conputers aﬁ@im%PﬁEEW%éggﬁ? Fgﬁ%@@¥ﬂﬁ% © systens in
factories. These display devices have a sandw ch structure wherein a

di spl ay el enent is sandwi ched between. transparent conductive oxides. As
such trapsppheahicendudti ve oxides, indiumtin oxide (which may be
referred to I TO hereinafter) formed into a film by sputtering, ion

pl ati ng or vap®hedppesentodanyepdinns redatelse tong Frettesang &argedcl osed

in docunent 1. "Technol o n :
{(which may be reggrged to merely as a target hereinafter), a

transparent conductive oxide made of the sputtering target, and

e

a process for producing the sputtering target. _
. The present invention relai:es particularly to a target

making it possible to suppress nodules génerated whén | |

sputtering is used to form a transparent conductive oxide into

a film, and to make the sputtering stéble, é. 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.

A

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 anrd word processors, or for
control systems in factories. These diéplay_ devices have a
sandwich structure wherein a display eiement is sandwiched
between. transparent conductive oxides.

As .such transparent conductive oxides, indium tin oxide
-(Whi(_‘;_h may be referred to ITO heréinafter) formed into a £ilm
by sputtering, ion plating or vapor deposition accounts for the

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



2 Transparent Conductive Filnm' (published by Chnsha Ltd., 166th

comm ttee on transparent oxides and photoelectric materials in Japan
Soci ety for the Pronotion of Science, 1999). Such ITO is nmade of indium
oxide and tin oxide of given anmounts and is characterized by having
superior transparency and conductivity, being capable of being etched
with a strong acid, and having good adhesion to a substrate. In the
meantinme, as disclosed in JP-A-3-50148, JP-A- 5-155651, JP-A-5-70943,

P A 6 234202 A0 AfhaddiBFe 119160V Bund 16AEEAy iRl 1l UTkgEhde,

tin oxide anttZine oxi gl ven anounts, or a lransparent el ectrode

made fromsueit fed @ndetah8pareatidtindnbinghpiayodeecef 8¢ nettdrd aas 140
hereinafter). This can be etched with a weak acid, and is w dely used
because ilapms Sqobetysi fverthe| Prgmahilonr afispaienesy, hA898éscri bed above,

| TO or 1 ZO has superior performances__as the material of a transparent
conductive oxi dChHThds Radsy g tRiiHy: '%ﬁEﬂ“ié?db?%#§euggdgggeporm
I TOor 1ZOinto a_ fil (swekl ] ngs): . LN .

( phot ogr aPMWAFR ane%sli%nf hg%g%egr a ele% :Qﬁ ﬂtyhglg%)t}rn agg@%ﬁ? Eettgg%gtg?ency

Parti cul gy i AABF Pifiihd E@E'Eaibh@ bg beingkiched WItVa £tebhay
" property, there arises a problemthat the surface of a target is reduced

because dicid yveand shavinanpond adheshorr torahgubsteatgas i ntroduced into a

sputtering chanber ~for the deposition, so that nodul es nor asily
gener at ed. Mheﬁﬂnﬁﬁ?rﬁﬂﬁﬂ%%m%wea%é%%ﬁ%&%ﬁp@TF?rﬂ?%ﬁﬁ?%ﬁéﬂ%§'t%é'gfarget,

the nodul, _-Sl%&af???{]ﬁ,%g%ﬁrfdJPYA.Pé"—"E&41_9%? gﬁggtorﬂuulageti@kmwn

sputteri t'hére ‘arises a pro
{ ' a target made of indium oxide, tin oxide and zinc oxide of given

amounts, or a transparent élec’:trode made from such a target into

a film (which may be i‘eferred to as IZ0 hereinafter}. 'This can

be etched with a weak acid, and is widely used because 1t has
' good sinterability and transparency. |

As described above, ITO or IZ0 has superior performa-r_lceé

as the material of a traﬁ_s_par—ent conductive oxide, but has .a

. 'problem that when a target is used to form ITO or IZO into a
film, nedules (swellings) as shown in FIG. 2 (photograph) are
easily generated in the surface of the target.

Particularly when an amorphous ITO film is formed to
improve etching pﬁoperty, ther.e‘ arises a problem that 't-hé
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 easily. generated.

When such nodules are generated in the surface of the
target, the nodules are easily scattered by power of plasmé

- during the sputtering. As aresult, there arises a problem that
the scattered substances adhere, &s alien substances, to the

transparent conductive oxide during or immediately-after the

formation of the f£ilm,



the scattered substances adhere, as alien substances, to the transparent
conductive oxide during or immediately after the formationof the film 3
The nodul es generated in the surface of this target account for one of
causes of abnormal electric discharge. -Thus, as disclosed in

JP- A- 8-283934, as neasures for suppressing the generation of nodules in a
target, efforts are nade to reduce pores by making the material of the
target denser through sintering at high tenperature. That is, a target
having a 99% dgieidya flat jufetRebdieid L eburphodoop! tHiL heasglel o
produced, but even in this Case nodul es cannot be conpletely Trenoved. In
such a sij&abu®n, fof bSedesi cedsts devabnprmat aslettriekingchhrgessi bl e.
to suppress the generation of nodules when a filmis formed by sputtering
and make the spthusrsiag dteplesed ThuysJP tieB pi 2325t . | avcRedFUreRdECBager

I nvestigations repeatedly to salve hqﬂigfve:nent{oned pr 'eﬁ§. As a
result, SHRPTRSHGILHICREAMELAF 19 Fod0 8 Yol alfdd 4 s RES

surface qf & tay ?Ig%%@% S 63l ihafic 1A hEBADIRLS1 Off EHEARUAIJAN0AREL! N

cause for genera er ‘'of excavation depends on the val ue
(for exanphfoud® sAMter iy £} hafyht tewmsdystdte . gridiat 56 7@ tirget hhvangdes
constituting the target. Nanely, in the case that a target is struck out
from t he a sa9%-atens ey avdldyiepute ditiengheote tdwadd slegfs ittye tiererRitngSout

are different dependently on the direction f crystal planes _s hat
‘unevenneskFe@ueRte it LTS tH tgli‘r”'f é'@egeopoa?getsaf%gp.o't e ﬁag‘Pﬂs%gﬁigr oved

Paa

that the size q& t he unevenness depends on
removed.

In sich a situation, it is desired to develop a target L
making it possible to suppress the generation of nodules when
a film is formed by sputtering and make the sputtering stable.

“Thus, the present inventors made eager investigations

repeatedly to solve the above-mentioned problems. Asaresult ,-
the inventors have found out that nodules generated in the
surface of a target are bas_ical_iy the remainders of excavation

- and the cause for generating this remainder of excavation
depends on the value (for example, 10 pm or more) of the crystal

grain size of metal oxides constituting the target.

o/

Namely, in the cése 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 cfystal planes
so that unevenness is generated in the surface of the target.
It has i)eenrprove'd 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



the crystal grain size of netal oxides present in the sintered body.
Therefore, it can be considered that when a target nade 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 nodul es are
generated fromthe convex portions 4 qof the unevenness. That is, an

obj ect of the present invention is to provide a target making it possible
to suppress nodul es generated when a transparent conductive oxide is
formed int film _ ttering, and to make the sputtering stable, a
transpareﬁ? %§8n883?¥98agérde made -of such a target, and a process for
produci ng such gn4argel anlbe§beswe tole pheséy aftvedit ok iACEQidade t he
present invention, provided is a sputtering target conprising at |east

i ndi um oxadeargelt aiakd ngxitdpesafiblei to tsppatessi sodales gaprosend ethdny
In/(Int+Zn) is set to a value wthin the range of 0.75 to 0.97, a

hexagonal @ tE§BFEATEBPEARGUCEHVES OFIEG BY ERIBEInSPFOWRetdilt BY s an
integer of _2.10 20 is ni ai st al i ' f.
hexagonalS?3§é?£aég0n%§§n%gf§§g%tEﬁ% : V%ﬁ%%ﬁgﬁﬁﬁgg%%h§#é%?%sﬂéggﬁﬁg
limting theauateeeObxlihe mave! df @i aSita@geitNt antiha preeRssarga; the
si-ze of unevenness generated in the surface of the target is controlled
so that theodeokngt soshoh taadeites can be effectively suppressed. [2] Wen
the sputtering target of the present invention is constructed, it is
preferred that 67 to 93% by wei ght of indium

Disclosure of the Invention

by

[1}] According to the present invention, provided 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, a heXagonai
layered compound represented by In,0,(Zn0), wherein m is an
integer of 2 to 20 is contained, and the crystal grain size of
tﬁe hexagonal layéred compound is set to a value of 5 im or less.
That is. by limiting'the‘valuerof the crystal grain size
into the given range, the size of unevenness generated in the
surface of the target is controiled;so that the generation of

nodules .can be éffectively‘suppressed.

1217 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 ﬁore. “
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
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oxide, 5 to 25% by weight of tin oxide and 2 to 8% by weight of zinc

oxi de are contai ned, and the atomc ratio of tin to zinc is set to a
value of 1 or nore. Such a construction nmakes the target dense and nekes
it possible to suppress the generation of nodules nore effectively. By
setting the atomic ratio of tin to zing to a value of 5 1 or nore in this
way, the electric resistance after crystallization is effectively |owered
so that a transparent conductive oxide having superior conductivity can
be obtai ned-_ | \ . t el J -lavention is
constr uc{1 ecd]ll),r i“fdlfe}s/\yhg{r]et%ﬁ(% %hgﬂ@a%s%%\%fig ?Ereugcltr}’ﬁcrﬁ&?: gérrﬁb%%f]nd ,

r epr esentqd, 86 1NN Gb1 S eFirdidtad diRsiesdrel sbethakagongdnspayened
conpound or together with the hexagonal |ayered conpound, and the crystal
grai n si zmmfudticre pkade aviey smericghponddctivity qan hevabtinggds pm
or-less. Such a construction nmakes the target dense so that the
generation of nodules can be nore effectively suppressed. Such a

const ructipn k50 TRIERS s'ghtre%ﬁ&l @ale¥ BleAe ! pADSORE eNLvERPEYST i ¥e

oxi de havi'ng superior transparéncy an conductivity by sputtering. [4]
When t he sRdtiRidtd | atoes petddiardi ehamt a ispierili §8rustugansésmedbedd it is
preferred that the bulk resistance thereof 1is set to a value less than 1
X 10- 3 SZepmynerSush by donsSnPiici$ opombkised t ipprrad|ef tidhe durragenbr nal

el ectric discharge (spark) during the sputtering andr}/‘_:ileld a és&)uttering

film st adidyenesh\rampaupd (qr (hpgefiier rekty (tig digkagonal layer

compound, and the crystal grain size of the spinel structural

e
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compound is set to a value of 5 pm or less.
Such a construction makes the target dense so that thé
generation of nodules can be more effectively suppressed.
Such a construction also makes it possible to yield a
trans'pai'ént conductive oxide having superior transparency and

conductivity by sputtering.

{4] When the sputtering target of the preseant invention is
constructed, it is preferred that the bulk resistance thereof
is set to a value less than 1 x 107 Q- cm.

Such a construction makes it possible to reduce abnormal

electric discharge (spark) during the sputtering and yield a
sputtering film stably. Conversely, if the bulk resistance is
a value of 1 x 107 & * cm or more, charges are accumulated in
the surface of the target so that abnormal electric discharge

is easily generated.

[51 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



a value of 1 x 10-3 Q cmor nore, charges are accunulated 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/an
or nore. Such a construction makes itgpossible to give superior 6
mechani cal property, and makes the target dense, whereby the generation
of nodul es can be nor e effectively suppressed [ 6] Anot her enbodi nent of
the pre n CtIV oxi de nor phous
transpa?ﬁ%%“ﬁﬁ‘ %% éi %&H] % Eh geln gnge flV%? éﬁﬁﬂ??erlng a

sputter g&ﬁetr%rtg.%fn \Mferrﬁ:ldhllél@ @érQFBé? zﬁ&ﬁé %ffé&@ﬁ@é& @% efd n+Zn) is
set to'a value within the range of 0.75 to exagon ayered

conpound represented by In2CB(ZnC}C}mhere|n |n |s an i nteger of .2 to 20~

S contglned and the crystal grain size of the hexagonal I|ayered ,
cormpound 8ls. sépothen 95@8@1613 d:lhel FresenicHny iy dé& i@on .makes it

" possi bl us LGonduct i ve OXIde good in

wtr anspar%e%glyil)z%f%%%tconctlll Tvity e tii veeiﬁ? qiﬁ%h‘ anspar ent -

conduct i gspdgtive @xRib) WARh K RHABY mtwvmby@aummgemﬁmwﬁﬁ d it I's preferred
that 67 to 93% by weight of Indiumoxide, 5 to 25% by wei ght of tin oxide

and 2 tthg%%erreWﬁhg Btorfit raﬁduefﬂssbﬁedafyqnp(m') Rasht tda V418 Mithint er i ng
tmga he atgom czratio of tin to zinc-is-set to-1 or nore. Such a

constru ?oﬁaﬁﬁﬁegf P §o§§iQI§7boayh§ﬁ@9§ﬁal-é@ﬂ@ﬁﬁﬁh§xwﬁﬁﬂgﬁbrent
CondUCti:é{ﬁrgéélqgeﬂoﬁg Ihrb mp%ﬁgrcglanlg is an 1nteger of 2 to 20

1s contained and the crystal grain size of the hexagonal
layered compound is set to a value of S pm or less.:

Such a construction makes it po-ssiﬁl-e to yield an
amorphous transparent conductive oxide g‘o'od in tra.nsp_arency- and

‘conductivity effectively.

"[_7]_ When the transparent conductive oxide of | the ‘present
invention is cobstructed, 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 Q_xidé are centeinedin the sputd:er_ing
target, and the atomic ratio of tin to zinc is set to 1 oxf mare.
Such a ‘Cbn-stmction' makes. it possible to Yiéld an
. : amorphous transparent conductive. oxlde good in transgarency and

: conduct1v1ty effect].vely.

i -8;1'- ' The transparent conductive (‘)’xi!'de of the presert invelition'
' is preferably crystallized at a temperature of 230°C or highe_r..
' Such a construction makes it possible to -?iel_d an’
. amorphous tran'sp‘areni_: conductive oxide better in'fransparency
. and conductivity effectively.

Even if the oxide is formed on & substrate, the fear that
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conductivity effectively. [s] The transparent conductive oxide of the
present invention is preferably crystallized at a tenperature of 230C or
hi gher. Such a construction nakes it possible to yield an anorphous
transparent conductive oxide better in'transparency and conductivity
effectively. Even if the oxide is formed on a substrate, the fear that 7
the substrate is damaged becones small according to such a tenperature.
[9] When the transparent conductive oxide of the present invention is :
construct efl, Lok rRES! SEM Adnbligh bREHR Hand Wcdiely & Piading, ener gy
peak of the oxygen orbit nedsure y X-ray photoel ectron spectroneter
(XPS) is g&hpbtpabuvalue of 3 eV or less. Such a construction makes it
possible to yield an anorphous transparent conductive oxide good in
transparency and conductivity effectively. [10] Wen the transparent

conductive oxide of the present invention is constructed, it is preferred
that the £9hnsgHremtthe huapsPIEenki ganfectivaeaxifeaotubbier REES6Rton a

col or ed If%@%ntfg)g POS Rl ERE  SHLSLE A Sefod IR Yild HRIP SR L

possi bl e OV ransparenf el ec R e Oor a transpare
havi ng a ¢okeh of id behathbeshby8yypedk of dhblbxhen 1HeritanaRRitea
conductive oxide of the present.invention is constructed, it is preferred
t hat t-he W \X-uslyw@hotoelectron spectrometer (XPS) is set to a value of

3 eV or less. '

Such a construction makes it possible to yield an

S

amcrphous transparent conductive oxide good in transparency and

conductivity effectively.

110] Whe_n the transparent conductive oxide of the p’re_sent
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 eff ectively.

{11] When the transparent conductive oxide of the p_reseﬁt
inveni:ion is constructed, it is preferred that the P-V value
thereof according to JIS B0610 is set to a value of 1 pm or le'sls .
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



steps (1) 1AFersl QERONNEC ESLTEERG e P rIé‘dOitS(

t hereof according to JIS BO610 is set to a value of 1 pmor less. If such
a construction is used as a transparent el ectrode, a transparent el ectrode
having a color filter or the like, the generation of w re snapping or
short circuits can be effectively prevented. [ 121 A further enbodi nent
of the present invention is a process for producing a sputtering target
contai ning a hexagonal 8 |ayered conpound represented by I n2G3(ZnO m
wherein mis an integer of 2 to 20, the crystal grain size of the

hexagonal _ | ayered conpound bei ng a val ue of m.or | ess, conprising the
) I | R whEEELn B BauaP on
process herei [ endi_n J‘:,lgcy m.Qxl;de 1o 1z xjyde
powder h&??cr?g’%artn%gz/ez_r %))e 2tgé_r’air%(rilllesig:z ofaliZ g%)r'gri]lor sﬁg\ségfégs( \%h%nah%}% Og?%lorned
body wher gigycii@ abfpbaniabétn®fa vialidel B2 sriéds D ddeprangey afhd. 75
to 0.97, and (3) sintering the formed body at a tenperature of 1,4000C or

hi gher. Wsdgepshd 1or ddudBilon tireopeoseiss barimdedederred tie sswdy Finat j s

ey

possible to provide effectively a target which makes it possible to
suppr ess PROGSHCR PFROEE SnHERELAMIET )4 transparent conductive oxide is

fornmed.into a fi ferd L whi.c ity P& form
t he spujtteri\ ng ébg]bﬁ%eﬁgﬁé]e{ wen t%ﬁ%?@&%gﬁ?i%%&‘g%ﬁf@ﬁ :
sputteringavihndy @ aQbrtbe Rresantsizeyen opm srcaesised out, it is

pr ef erred that in the step (1) 67 to 93% by weight of indiumoxide, 5 to
25% by wei ght of 2f)i makihdeaafidr@etio bgdybyheaeght the atpmiexirgsio of ‘

In/{In+Zn) is within the range of 0.75 to 0.97, and

S (3) sintering the formed body at a temperature of 1,400°C

‘or higher.

When the production process is -carried ouft in this way,
it is possibie to provide effectively a ta’rget' which makes it
possible to suppress the generation of nbdu'l-es when a
transparent conductive oxide is formed intoa film by sputtering, ‘

and which makes it possible to perform the sputtering stably.

| [13] When the first production process of the sputtering
targ;jet of the present invention is carried out, it is pref'erre_d_
that in the step (1) 67 to 93% by weight of indium oxide, 5 to
25% by weight of tin oxidé and 2 toc 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 c’arried out in’'this way.
it is pessible to provide ef‘fec’cively a target which makes it
possible to suppress the generation of nodules when a
transparent conductive oxide is forme{l into a film by sputtering,

and which makes it possible to perform the sputtering stably.



are blended, and in the step (2) the formed body wherein the atomic ratio

of tinto zincis 1 or nore is forned. Wen the production process is
carried out in this way, it is possible to provide effectively a target
whi ch nakes it possible to suppress the generation of nodul es when a
transparent conductive oxide is formedginto a filmby sputtering, and
whi ch nakes it possible to performthe sputtering stably. 9 [14] A stil
further enbodi nent of the present invention is a process for produci ng a

sput ter g%n%ﬁh%etst%%ae et ol SAAYONR) dNSEeHBOEReUT LaRL SseaLed by

I n20, (ZnO ereim mis eger € Crys graln Si ze of

t he hexagp ca sy ef ? bgi Sgu bt &AL HE @éréeﬁnbéﬁthfﬁingcanpr'S'ng
the steps (1) to (5) (the process being referred to as a second

product i drexagmess lheyeaierhidempour(d )rqrodhie el yhaxaQoialo).aybeedin
conpound represented by I1n2G3(ZnO mwherein mis an integer of 2 to 20,
(2) adj uftiAgn h’étﬁgﬁﬁlﬁ’(fe%l Rekgdhg Gné?ﬂé%&ré&ﬁp%kﬁﬁjOFdfh%a%aaoaﬁéu n

si ze of m.or. | ess l,end a r V|ng
the. ad deRBI g SeRberR RALRY Rara S 08 BN A SR AR sha

body whergidpd her ptidn @y at t19e Oproddd & | PRy FEFUEESE NS h@srang@c@hao. 75
to 0.97, and (5) sintering the tornmed body at a tenperature of 1,400C or
hi gher. \theudieiqr qonmtéson evebsattertarried out in this way, the
hexagonal Iayered conpound whose grain size is _beforehand controlled can
be used. Ther efldrle Profecing fgbegrgrrnad; Javeged compound represented

by In,0,(%Zn0), wherein m is an integer of 2 to 20_,

. S
(2) adjusting the produced hexagonal layered compound to G g

have a grain size of 5 pmm or less,

(3) blending the hexagonal layered compound having the
adjusted grain size with 1nd1um oxide powder |

{4) making a formed body wherein the atomic ratio of
In/{In+%n) 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 productioﬁ process is carried out in this way.
the hexagonal layered compound whose grain size is befoerehand
controlled can be uSed. Therefore, the average grain size in

the target can be more easily controlled.

[15] When the first and secondl production process of the
- spuattering 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 gas.
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.

-
s



the target can be nore easily controlled. [15] Wen the first and second
production process of the sputtering target of the present invention is
carried out, it 1is preferred, that the sintering step is perfornmed in the
at nosphere of oxygen gas or pressured oxygen gas. \Wen the production
processes are carried out in this way, it is possible to provide
effectively a target which nmakes it possible to suppress the generation

of nodules still nmore, and 10 which nmakes it possible to performthe
sputtering stably [ 16] When the first and ggcond E%oductiog ﬁ%ocesses of
t he pres@ﬁ#canéK??oHtansééPFPeHOOB?rfPle pr 8PBHF &G P Hat 1 aver age

grain size of the indiumoxide powder is set to a value wthin the range
of 0.1 to 2 pm Wen the production processes are carried out in this way,

it is posg h@#e WHeR' EME UL PBE caflif S6EbME| yrodhetgen phecesseshef thystal
grain size of the hexagonal |ayered conpound is controlled into the given

range. [ 1pke¥ban tiheehitish amd secgmddppu@uc@tohspP§@§§§r@ﬂ that ﬁh@sent
invention are carried out, it is preferred that t

fur ther 'bPEREEG STRtRELL 44 P THR awwwaep%%%éﬁ 565 PR& Toakige
grain 5|ze %InaOXId pgmge et to a value within the range of
0.01 to 1% H t h&"pro uctlon proc sses are carried out in this way,

it is possi b' € ﬁﬁeﬂrﬂl\é FEodBE£i6h preidestias aré anget edhareiin s wayyst al
grain sizes of the hexagonal |ayered conpound and the spinel structural

corrpound ‘ateis poissdbiledto it goveneffegeely a target wherein the

crystal grain size of the hexagonal layered compound is

o controlled into the given range.

[17] When the first and second production process of ther
present invention are carried out, it is preferred that tin
oxide powder is further blended together with the indium oxide
- powder 'étnd 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 productlon processes are carr:l.ed out in this way,
it is possible to prov1de more effect:wely a target wherein the
crystal gra:t_n 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 pm or less is further blended. -

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

the target can be more easily controlled.



[ 18] When the first and second production processes of the present _
invention are carried out, it is preferred that when the forned body is
fornmed, a spinel conpound whose grain size is adjusted to 5 pmor less is
further blended.. Wen the production processes are carried out in this
way, the spinel structural conpound Whose grain size is beforehand
controll ed can be used. Therefore, the average grain size in the target
can be nore easily controlled. 11 Brief Description of Drawings FIG 1 is
a photograph of a surface of a target (after sputtering.) in a first
enbodinment. FIG 2 is a photograph of a surface of a conventional target

(after syt IiNBeripGor 6 BrHrARls showi ng a rel ationship between the
crystal grain size and the nodule nunber in the target (after the

sputtering) inRite flist acphodiogeraph BEGa 4urfagegpfiph thvgehg{after’
rel ationship between the crystal grain size and the nodule nunber in a
target (&RWtesiig} ot y)firsh YR PHbodinent. FIG 5 is an X-ray

diffraction ch f t ar get j,Ni . ] d.
fla o s an s d i 2 HafR o9 2 BAFROW, 4 VR fARONT

struct ur gl P ol ¥k e putitdSidg Pr aph showi ng the resistance stability
rati os. of transparent conductive oxides. FIG. 8 is a graph show ng
i ght transm t Farte X ursves gyfaptt r<dmsgarerst mwoirduiciisheipieloreen the

crystal grain size ahd the nodule number in the target (after
the sputtering) in the first embodiment.

FIG. 4 is a graph showing é,relationship-between the éié
"erystal grain size and the nodule number in a target (after

sputtering) in a second embodiment.

FIG. 5is ém X-ray diffraction chart of a target containing
a hexagonal layered compound.

FIG. 6 is an X-ray diffractien chart of a target containing
a spinel structural coﬁpound.

FIG. 7 is a graph showing the resistance s-t-abi.lity ratios
of transparent conductive oxides.

FIG. 8 is a graph-shbwing light transmittance curves of
transparent conductive oxides. | _ §:}

FIG. 9713 a graph showing refractive index curves of
transparént conductive oxides.

FIG. 10 is a gréﬁh showing an effect of héat treatment
temperature when a transparent conductive oxide is produced.‘

FiIGs. 11 are process charts of producing a coleor filter.

FIG. 12 is a diagram showing a binding éne;gyipeakAof the
15 orbit of oxygen in a transparent conductive oxide (No. 1).

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

1S orbit of oxygen in a transparent conductive oxide (No. 2}.



pey

FIG 9 is a graph showi ng refractive index curves of transparent _
conductive oxides. FIG 10 is a graph showi ng an effect- of heat. treatnent
tenperature when a transparent conductive oxide is produced. FIGs. 11 are
process charts of producing a color filter. FIG 12 is a diagram show ng
a binding energy. peak of the IS orbit;pf oxygen in a transparent
conductive oxide (No. 1). FIG 13 is a diagram show ng a bi ndi ng energy
peak of the 1S orbit of oxygen in a transparent conductive oxide (No. 2).
12 Best Nbde f.or rrying Qut the lnyention Referring to the draw ngs,
enbodi rrenP?’sg ¥8dgcg85098%ﬁalnf%g&te§éﬁt &Pﬁ9gﬁﬂ)8ns (first to sixth

I nventi ons) “"ée?§$r§ﬂscté'fﬁﬁ'dk&#%ﬂa’,bEQbBEEﬁbHEEthmo?b%c@b%&&ﬂﬁs for
reference nmerelty illustrate the sizes™ and the shapes of respective
constituesb presentsiandnthensafrangenent sielat iowshitpohber ebhatween
schematically to such an extent that the present inventions can be

under st oogrechftondilvgipscribedr besrinpiienti ons are not linmted to

illustrated ex les. In the_draw ngs, hatchi f.qr, _representing_sections
may be om ttedﬁ%i‘?@?ﬁ%%%df%rﬁ%g%%l% F%%reg%%&ai%rﬁtse gﬁeeﬁgaﬁ!smsnt
rel ated tQ.hhenki LihpeENYENEbRectidel SoRstR¥LEAL BlehBhES! aR@MRALSI N at

| east indium oxide and zinc oxide, wherein the atomc ratio represented
by | n/ (| arZapgémen etrdin @iomdhip wheltiebetveenastgemsdit dza/Bl ¢t oG8 anand
further, a hexagonal |ayered conpound represented by Inzo, (ZnO m wherein
mis an i ¢gxbteer beabk the2presesdniavaedionfdcan 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 £irst embodiment isaﬁembod:i.ment related to the first
invention, and is a sputtering target comprisingat l.eést indium
oxide and zinc oxide, wherein the atomic ratio represented by
In/{In+Zn)y 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 pm or less.

(1) Composition ratio
In the first embodiment, about the composition of the
respective metal oxides which are constit-uent comporents 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.



the crystal grain size of the hexagonal |ayered conpound is set to a
value of 5 pmor less. (1) Conposition ratio In the' first enbodi nent,
about the conposition of the respective netal oxides which are

~constituent conponents of the target, it.is necessary to set the atomc

ratio represented by In/(In+Zn) to ajygalue within the range of 0.75 to
0.97. This is because if the atomc ratio represented by In/(In+Zn) is
| ess than 0.75, the conductivity of--the transparent conductive oxide
obt ai ned ut t.erd y. drop. : H@B]gi ' i C
ratio rep %é:?a‘%tée% ﬁﬂgﬁm (Jrﬁ@% ?E&P%%§tg?%0£%6}$é? e nbé{)lr\{tlgﬁ%ﬁ ?algz)rres
| arge, so {hafvdiodubgs ehe 1eadtendenecaned idrdadpubitehbigles are
Accordingly, the atomc ratio represented by In/(ln+zZn). is nore

pr ef er ableasely tgemenatak imtthe spettenpegof 0.80 to 0.95, and still
nore preferably set to a value within the ran 95 ssnce

] ] e .of 0.85 to gL
t he bal ance - betAREF HRG Igon dtét FVP’E‘%/CO‘TatJt%é‘e%é"ﬁIeP&ﬁtd Py alrpatrnfn

conductive oxi de _and. preventiqn, qf jaqn 0 ul.es,bggopes.
better. () “WSPﬁe%?fP?fc uréd ?ﬁeafﬁ%g%tgﬁrrgﬁe F:sa %g’%abgc éfg!ez{éj%_ by
cont ai ni Ng_ g4 NGindMs X1 f e ptleFer@biigesefulo Bf vd e baltdailr €BBSEARYST NG
el enents, as a hexagonal |ayered conpound represented by 1n2G3(Zn0O p,

wher ei n rof 9 .@F itot 0ges sinletithe halkhea basoesnwbhei adnductikviityapt zinc

oxi de are not caused to be merely present as a_m xture but are
i ncor por dihel Hesuliantc trangpamsnh COPECALVEr aFkdsi 3R BIRVENbIONeRE) of

t_he hexagtq{]ealgeneration of nodules becomes, better.

¢

{2) Crystal structure 1

The first embodiment is characterized by containing
indium oxide and zinc oxide, out of the target-constituting
elements, as a hexagonal layered compeun—d represented by
In,0,(Zn0), wherein m is an integer of 2 to 26.

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 pmor 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 is
prevented to make it possible to make the sputtering stable.

‘The -pre'sent:e' df the hexagonal layered compound
represented by In,0,(%n0), can be verified by X-ray diffraction
analysis of crystal structure. For example, if the X-ray

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

/ )
V‘-\,};”s«"'



| ayered conpound are that the target can be nade dense or the density of
the target can be inproved, and that the conductivity of the resultant
transparent conductive oxide is inproved. By causing indium oxide and zinc
oxide to be contained in the crystal formof the hexagonal |ayered
conpound, the crystal growh of indiumoxide can be suppressed. As a
result, when sputtering is perfornmed, the generation of nodules is
prevent ed to make it possible to nake the sputtering stable. The presence

P N L T

verified ﬁ? XPa s*of “crys ucture. For exanple,

IT the X-y Q%erghf(f;cﬁrﬁ;? L8 APt S InsHAMR0)D FiSBe Beabghdreand

peaks 14 “‘charts t eof are obtained, 'the presence of the hexagonal

| ayer ed conmpound represented by |1n20 (ch»n1can be recogni zed. (3)

Crystal structure 2 Q Crystal grain size In the first enbodinent, it is
,necessary(Bb Seystad §F9§E§Preg?aln si ze of the hexagonal Iayered conpound
inthe target to a value of 5 pmor less. This is because if this crystal
grain si 2 iESHEL IR Sidtful es are very easily gener at ed when

sputtering is Fnl‘?rtfn%rf%_dst é&%&%enltf {hesGamsdslagl 8b kel gige bEystal
excessively sma the control may become difficult or the kinds of the

raw nmat egrakis abiehfahd dexsednrdy lbyemedessinpenyd| imithel taggsdr diengl y,
the crystal grain size of the hexagonal 1ayered conpound in the target is
mor e prefarublyesef Honm QX dess. : ,

This is because if this crystal grain size is over 5 um,
' nodules are very easily generated when sputtering is
performed.

However, if the crystal‘ grain 'sirze‘.is excessively small,
the éontrol may become difficult or the kinds of the raw
materiéls which can be used may be excessively Iimited.

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 r_elations-hip 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 répresents the size (prh)
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’) .



within the range of 0. 1 to 4 pm and is still nore preferably set to a
value within the range of 0.5 to 3 pm QQ Rel ati onship between the size of
the crystal grains and the nunber of generated nodul es Referring to FIG
3, the relationship between the value of the crystal grain size of the
hexagonal |ayered conpound and the nynper of generated nodules will be
described in detail herein. The transverse axis in FIG 3 represents the
size (pm of crystal grains of the hexagonal |ayered conpound, and the

vertical axis in FIG 3 represents the n odul n er
unit area and JHi tcag’pt?talsé‘ﬁ&nget 'l‘lﬁéeff gf)ﬁgtr}r?%@%rot &'W%U'ZE% FH§58£%€%]£
easily bg rStQ0G f 19W FbEagdnahf lé?@r@&Y%Iﬁ’ﬂ)oﬁ@'irh Y ot idss,
hexagonal™ 1 ayered conpound is g pmor Tess, the nunber of the generated
nodul es ithe elumber haunthicdgenemBtednotingest herzdwemd,8 itfoutrdse 90y stwdl gr ai n
size of the hexagonal I|ayered conpound is over 5 pm the nunber of the
gener at e®n fdwuloddriembedgdsed £ Bhe Y 2kl riFRiie $1zeneinths eI Lh i s

eight to thirty two /8 hours/ 900 . ar ener.at ed versely. aki ng,
Tt Joan DAL SPIIT B €var (hapm: | Enf an e e B USR e R8T 1]
grain si zg&,ff 408 Nexagnal-aid§ SHaCRBRAYEE, téhd iRy besenibh psder to
prevent the generation of the nodules effectively, and the generation of
t he nodulesisgioants Urtel ytpetwer £8 endeds py0 s e’ ngrehgeneysttald.grain  size to

4 pmor |ess.
' Conversely speaking, it can be understood from FIG. 3 that

it is effective to set the crystal grain size of the hexagonal

layered compound to 5 pm or less, in order to prevent the ‘ s
generation of the nodules effectively, and the generation of
the nodules can surely be prevented by setting the crystal grain

size te 4 pm or Iess.

" (@ Method of measuring the crystal grain size

The crystal grain size of the hexagonal layered compound
can be nieasure.d, using an electron beam microanalyier {which
may be referred to aé an EPMA hereinafter)}.

More specifically, after the surface of the target is
polished into a smooth face, a microscope is used to 'enlaf:ge. }
the target surface by 5,000 times. In this state, a frame of
30 p 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
medsured inside thé frame. The average value thereof 1is
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 -



e,

'0) Met hod of nmeasuring the crystal grain size The crystal grain size of

t he hexagonal |ayered conpound can be neasured, using an el ectron beam

m croanal yzer (which nay be referred to as an EPMA hereinafter). Mre
specifically, after the surface of the target is polished into a snooth
face, a mcroscope is used to enlarge he target surface by 5,000 tines.
In this state, a franme of 30 pm x 30]p is set at an arbitrary position,
and then the maxi mum size of crystal grains in the hexagonal |ayered
conmpound observed inside this frame is neasured with the EPMA. At 3 or
nore posi @19hE1bUREORAXG RS Yashothe FAFY .y Whgrehyathe S tale 4568
inside the.frane. [The ayerage %ggggr%gereof is calculated. This value can
be used ailf%ecg?yg?aﬁ gralnY5|ze of "t he hexagonal |ayered conpound. This
crystal grain size of the hexagonal | ayered-conmpound can easily be’

di stingui shed by mapping (concentration 16 distribution) of zinc with the
EMPA, whedklpprthe crostitle grmistalsigmmiocansises act ual | y neasured. Control of

the crystal grain size The crystal grain_ size of the hexagopal |ayered
compound  can BB GHOHUIA e GTPAR0S h2G iV A DR ANGEABINE i P hSEMBEITA: ol y

the aver AR Qrarenaisd 100 TRET ReRSa o bR g et b ppRobPEaesTki g
the targeipe Yelldtd 1diKes F108 kHANBE §.n@lRAileithpokiisd ik thanwiMaf age grain
size of the ingredient powder, it is advisable that the average grain

si ze of ztargeki dehpoaderagsedrafisnsihe vr gbe ingpeddevédppwder,

- conditions for producing the target, or the likKe.

For example, about the kind and the average grain size
of the ingrediéﬁt powder, it is advisable that the average grain
size of zinc oxide powder used when the targe-t is produced is
gset to 2 pm or less. |

This is because if the avei:age grain sizeé of the zinc oxide
powder is over 2 pm, zinc oxide diffuses and moves easily to
indium oxide to make 1t diff_icu]-_t to control the 'cr-ysta_l grain

- size of the formed hexagonal layered compound.‘ Conversely
speaking, if the average grain size of the zinc oxide powder

" is 2 pm or less, indium oxide diffuses and moves easily to zinc
-oxide so that the value of the crystal grain éize of the hexagonal
layered compound can be controlled to 5 pm or less.

" However, 1f the average grain size of the zinc oxide powder
becomes excessively small, the handling -thereof may become
difficult. Alternativel&, it- becomes nebessary to conduct
miX-ing 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 m, and is still more preferably set to a value within the



set to 2 pmor less. This is because if the average grain size of the zinc
oxi de powder is over 2 pm zinc oxide diffuses and noves easily to
indiumoxide to nake it difficult to control, the crystal grain size of
t he fornmed hexagonal | ayered conpound. Conversely speaking, if the

average grain size of the zinc oxide ggwder
di ffuses and noves easily to zinc.
grain size of the hexagonal

is 2 pmor |ess, indium oxi de
oxi de so that the value of the crystal
| ayer ed conmpound can be controlled to 5 pm or

| ess. However, iqf ,Ot.pieta%v%_?glemgr ain size of the zinc oxide powder becones

excessi v&y Ehdl

ing thereof may become difficult.

Al ternatively, gnt thECH RS RRERES2EYid pregaduel tHhXitHE: avdrAybVeFad zh ng

treatment strictly,

si ze of tsheczéfdlexiddipovaieide powpeefis allby wale suba tealtdiehivtdqual he
range of 0.1 to 1.8 pm is nore preferably set to a value within the
range of 1@ Fheo avEIRgIMILHEN %121 i9F the Lifererids PYM%o a val ue:
within the 17 _range of 0.5 to 1. m t t referred
BR5REcTe oithe et i i U R nd syl Sl

that the avera

subst ant idklae reUsdla when! RBAaraee §5abRoaidBd0t st PeeEE gL DY St pader . .
Therefore, the average grain size of the indiumoxide powder used when

t he target viad.upr edihed theprahgeatf Y0 skttd d . Bapmal Lig mpraipreferataiye of
0.1to 1.8 pm is nore preferably set to a value within the range of 0.3

t
o

2T,

0
f

1.5 pretake psvalype|within Hremangs ¢ttt 3t 4 valfe #Rhis $hielt ange

0.5 t%‘o}?’ezpreferably set to a value within the range of 0.5 to 1.2

pm.

{(4) Bulk resistance -

. The bulk resistance of the target is preferably set to
a value less than 1 x 107 L - cm.

This is because if the bulk resistance is 1 x 107 Q-
Cm Or more, abnorﬁal electric discharge is caused during
sputtering so that nodules may be generated in the target
surface.

However, if the bulk resistance is less than 0.5 x 1077
Q + em, the nature of the resultant film may be crystalline.

Therefore, the bulk resistance of the target is more
preferably set to a value within the range of 0.5 x 107 to b;9.
x 107%Q * em, and is still more preferably set to a value within

the range of 0.6 x 107 to 0.8 x 107 £ - om.

{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 lérge.

so that costs may rise. Therefore, the average grain



e

pm (4) Bul k resistance The bul k resistance of the target is preferably set
to a value less than 1 x 10-3 SZ - cm This is because if the bul k
resistance is 1 x i0-3 S2 cmor nore, abnormal electric discharge is
caused during sputtering so that nodul es may be generated in the target
surface. However, if the bulk resistangg is less than 0.5 x10-' S2 cm
the nature of the resultant filmnmay be crystalline. Therefore, the bulk
resi stance of the target is nmore preferably set to a value within the

range of 0.5 x . .10-3 Q.. a |.S, St re:pr set
to a value with ﬂweYﬁE réﬁ Eﬁét ﬂe%gAtﬁnh ?93% 'i +%F£?,§jR3QL§%%H!Y
Densi ty TgﬁsgiﬁsbéﬁoﬁgstH@t%i&g%tsbstﬁ%%th%b%Xa%&RlEQ'%fV%| tefin® 7
g/cnB or nore. Thi because if this density is a value of |ess than

6.7 g/CﬁBcahhetnbebgtamﬁegeneaatadresdutesanﬁylmehhalgg stperHowever, if
this density is over 7.1 g/cm, the target itself becones netallic so that
t he stablPPﬂ@uetlgpﬁvteﬂﬁnﬁraééﬁﬁéﬁn§§ §exi Red. bRsoRtAdEG% a fil m having

d d
The densi Ly of THE-TRVERL Tae RERELFERE, IR, PokaR®, AP aRbr Real kRN T,

range of Be8 ¢8 4. Oagﬁenﬁlthhﬁe%ﬁedreﬂgedbee@tb Fae 7secgydnerbodi ment is
an enbodi nent related to the

[Second embodiment}]

The second embodiment is an embodiment related to the
second invention, and is a sp.uttering target of the first
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 valiue

of 1 or more.

" (1} Composition ratio
@ Indium oxide |

The composition of the respective metal oxides which are
constituent elements of tb;e 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 conten’e is less than
67% by weight, crystallization by heat treatment becomes
difficult so that the conductivity of the resultant transparent
conductive oxide may drop. On the other hand, if the indium
oxide content is over 93% by weig—ht, cryStailization 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



rany
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f.. second invention, and is a sputtering target of the first enbodi nent,
whi ch conprises 67 to 93% by wei ght of indiumoxide, and 5 to 25% by

wei ght of tin oxide, and 2 to 8% by weight of zinc oxide, the atomc
ratio of tin to zinc being set to a value of 1 or nore. (1) Conposition
rati o | ndium oxide The conposition ofig he respective netal oxides which
are constituent elenents of the target in the second enbodi nent is

‘characteri zed in that the indiumoxide content by percent age is set to a

e e L N L2 Al b ReR3UDY Bl R0 chE PECAYSE a |

i-ndi um ox¥ de coht'en GTEES % crysta ation by heat

treat mant9:b§C@fer$81€h'f: f gnbt tRetbalahbe ﬁeadegﬁl Yhé yc@ﬁdhbelmwl bant
transparent conductive oxide nmay drop. On the other hand, if the indium °

oxi de contemisparenercéBdubyivei ghidecapdt dhei caysbalisnitpnibeseby | i abl e
to advance so that the nature of the film immediately after sputtering
may becorke@e®Rs aPeTHer - Therefore, the indium oxide content is nore
preferably set to a value within the range of 80 to 93% by weight, and is
19 still nore preferably set to a value within the range of 74 to 93% by
wei ght si@c ihheAdeance between the .conductivity of transparent
conductive oxi de ang‘ the crystallinity thereof becones better. Tin oxide
The tin oxide cEmt dritn byigercemtegt by perwendaget insthettangeh irkad
W|th|n the range of 5 to 25% by wei ght.

to a value within the range of 5 to 25% by weight.

This is because if the tin oxide content is less than 5%
by weight, the conductivity is not improved even if the L
crystallization is advanced by heat treatment. Conversely,
the conductivity of the resultant transparent conductive oxide
may drop.

On the other -hand, if the tin oxide contént Is over 25%
by weight, the transparent conductive £ilm does not crystallize
'even by heat treatment so that the conductivity may drop and
nodules may ea51ly 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 ‘ig
weight since the balance between the crystallinity of the
transparent conductive oxide and the conductivity plus the

prevention of generation of the nodules becomes beiter.

@ zinc oxide ,
The zinc oxide content by percentage in the target. is set
to a value within the fange of 2 to 8% by weight.
| This 1is becaﬁSe if the zinc oxide content is less than
2% by weight, the transparent conductive oxide obtained in

sputtering crystallizes easily. Alternatively, the crystal



This is because if the tin oxide content is less than 5% by weight, the
conductivity is not inproved even if the crystallization is advanced by
heat treatnment. 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 ductive filmdoes not crystallize
even by heat treatnent so that the conductivity nmay drop-and nodules 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 nore
pr ef er abl §rate £H29 9§IEEGMF?ﬁgﬁttHECP§ﬁ6e é%ggrt80%§b?5ynoagiaﬁtmgynce

t he bal ance_bet n t LNt t ransparent conductive oxide
and the c%%%ﬁ§¥¥§$t§E%§ﬁ§£¥ﬁeah%?gée%P?%Ekgﬁngéneration of the nodul es
becones better.on 4K oidle Al ZiieE hd der @xigid dontesncast ageri B4t he
target is set to a value within the range of 2 to 8% by weight. This is
because iby ted ghitnctoxitdmmsprmeant confust ivepxidempy nel grYS tepdize
transparent conductive oxide obtained in __sputteri crystalljzes easily.
AIternati%%@?,th%e%FyEF%?tﬁéntgFSiﬁgnggthcPﬂgqugﬁéF bggo § larger so
t hat nodul es Si e, I RUL L 6L P8 . O g Othear

hand, if %ﬁ%ngﬁ%r%ﬁﬁdg&%%%?%%§gﬁ%é%ggr ' Jﬂﬁyﬁmeigﬁ%, t he transsarent
conduct i VexPaé deoiEdnthals ekt akl by eveigiten, hhehbalktireatsenics @ft the t he

conductivity of the transparent conductive oxide may not be inproved. If
the tin target may excess 1 x 107 £ - cm so that stable sputtering may
not be attained.

7 Theréfore, the zinc oxide conten.tr .is more preferably set

to a value within the range of 2 to 6% by weight, and is still
more preferably set to a value within the range of 3 to 5% by
weight since the balance between the conductivity of the
resultant transparent'C'onductive oxide plus the bulk resistance

of the target and the p_reventiori of generation of the nodules

becomes better.

Tin/zinc

Prefera'bly; the dtomic 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. Specifwically, the atomic ratio of tin
to zinc is p-reférably éet to a value of 1 or more.

This is because if the atomic ratio of tin t¢ zinc is a
value of less than 1, the diffusion and movement of tin is reduced
even by heat treatment sco 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



oxi de content is over 8% by weight, the bulk resistance of the target may
excess 1 x 10"3 S2 cmso that stable sputtering may not be attai ned.
Therefore, the zinc oxide content is nore preferably set to a val ue.
within the range of 2 to 6% by weight, and is still nore preferably set
to a value within the range of 3 to 5%by weight since the bal ance

bet ween the conductivity of the resultant transparent conductive oxide
plus the bulk resistance of the target and the prevention of generation
of the nqg ones better. Tin/zinc Preferably, the atomc ratio of
tinto aﬁ%ﬂttﬁ}rrr%f% atons is substantially equal to or nore than the
atom c rati o offhEdEFroren, ahle hbemiretdtiad @ifs tifbpesidimalilsypréherabagi c
ratio of tin to zinc is preferably set to a value of 1 or nore. This is
because ifelt Ho at yalyger gitbisf thenrepdeiek ¢ @ L0alamel 45 péddltmanel, the
di ffusion and vement. of tin is reduced even by hea reat pent so that

t he so-cé?lieefda%%feeq a2 ‘6%@6%"51 |t %\srac\‘y?%s t,5 Fﬂeggonductivi ty
of the resultant transparent conductive oxide nay drop. However, if this
atomic ratio of tin to zinc is excessively large, unreacted tin remains
as an i ofB)CRhPPYT bb¥weent pakckheageandycibyhhy BBYtdhoptbMst Araseisal | ed
lonic inpurity 21 scattering. Therefore, the atomc ratio of tin to zinc
is preferedigims set to a value within the range of 2 to 10, and is still

n‘Drre prefer abl‘I?\{xesierglhg Se \{t%leu%e\ll:\ncte'gltggtehgy rw%q.%%togf?)t;.g toms to all

the metal atoms (Sn/{In+Sn+Zn) x 100) is preferably at least

3% larger than the value of the pl.erc_entage by weight of zinc
atoms to all the metal atoms (Zn/(In+Sn+Zn) x 100)}).
| This is because if the difference between these
percentages (%) by wej:ght is made larger than 3%, the doping
effect of tin based on heat treatiment can be effectively derived.
Therefore, _thé conductivity of the resultant transparent
conductive oxide can be effectively improved.
However, if the diffe'rence- between theseée percentages (%)
by weight is excessively larger, the conductivity may drop bﬁr
_the above-mentioned ionic impurity scattering. '
Therefore, the ratio between the percentages by weight | i
““““ of tin atoms and zinc atoms is more preferably set to a value
‘within the range of 4 to 30%, and is _still more preférably set

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

(2) Crystal stru'ci:ure 1

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

embodiment.



Rati o between percentages by weight of tin atons and zinc atons The val ue
of the percentage by weight of tin atons to all the netal atons
(Sn/ (I ntSn+Zn) x 100) is preferably at |least 3%/l arger than the val ue of
t he percentage by weight of zinc atons to all the netal atons

(Zn/ (1 n+Sn+Zn) x 100)). This is becausesd f the difference between these
percentages (% by weight is made |arger than 3% the doping effect of
tin based on heat treatnent can be effectively derived.. Therefore, the

CondUCtin5¥.8£¥§9§%T ﬁgﬁé@ﬂ£et5ansparent conductive oxi de can be

effectively’inprove wever, 1f the difference between these percentages
(% by wah ahides X02HuMellY ddffing the conductivity may drop by the
above-nmentioned ionic inpurity scattering. Therefore, the ratio between
t he percent agesThy owygial stru¢huseont el seerndtempodimemt eipref erably
set to a value wthin the range of 4 to 30% . and is still nmore preferably
Set | to ahATIEtAFLIPR INEre det s tATORt 0PI R0) oA PaBphREaT |

t he targeéeﬁ%%%gﬁ%%gcggdz§QﬂﬁﬁiEE”FOPEQQBBQ‘EKQQSa&ngf %hech8§agsn§36the

preferably a hexdgonal Tayere conmpound represent ed
general fpspatad EtOSSEAAQDR, tvhetReh withstitd hakegenadf 1dyeépedQ in the

sane way as in the first enbodinent..22 (3) Crystal structure 2 D
Spi nel stcompomad, cowp dived cTiys tedy gralinssize taff éhef spheedegbructnbadi nent
'S " compound is set to a value of 5 pm or less.
This is because the density of the target can be made high
ﬂﬂﬂﬂ . and the conductivity thereof can be improved by causing tin
oxide and zinc oxide to be present in the form of the crystal
of the spinel structural compound represented by Zn,5n0,.
Accordingly, by using such a target, a further improvement caﬁ
be made in stability when sputtering is performed.
By incorporating these hexagonal layered compound and
spinel strucfural compound, the growth of the crystal of indium .
oxide is 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,Sn@®, can be verified by X-ray diffraction
analysis of crystal structure. l |
For example, if the X-ray diffraction analy’s’is; charts
" shown in FIGs. 6(a)-{(d) and peaks charts thereof are obtained,
the presence of the spinel structural compound represented by

Zn,Sn0, can be recognized.



characterized in that in the target a spinel structural conpound
represented by Zn2SnO4 is contained instead of the hexagonal |ayered
conmpound or together with the hexagonal |ayered conpound, and the crystal
grain size of the spinel structural conpound is set to a value of 5 pmor
| ess. This is because the density of time target can be nade high and the
conductivity thereof can be inproved by causing tin oxide and zinc oxide
to be present in the formof the crystal of the spinel structural
conpound A4ept nted_ Z no4. Accordingly, by using such a target, a
further i ?Eg%ﬁ%%thgﬁn %é§%hde in stability when sputtering is
perforned. By imeoepgsabingribese hexagonal spayel edrootpauidcangdousgi nel
structural conpound, the growh of the crystal of indium oxide is

suppr esseids pefieaattlive seffolte afvalie suty &M Ay tefyet TG dAeBePRrRECand
dense crystal .texture._ Thus, the conductivit of _the resultant

Lr anspar ot CB4AITEYF LRl SAUD SAreat SOV 1 My RHILSE ALF BPRFFSERLS,

anal ysi s ;Thg. _ i nel. Iral conpound represented by
Zn2Sn0, cl-a'[Ln 12;{ ﬁ%e@%%%?‘gyﬁgl?ﬁéggg%gﬁe anal ysis of crystal.
structure. For pexargle, iff thhe ryevalidfdnctdione brabpeisserbastsvedhown in
FIGs. 6(a)-(d) and peaks charts thereof are obtained, the presence of the
spi nel stamadtlur §hecoppbual nap besomeedibficrAr Ot heakinds el 3 Fay. 23
o Btk 1 whiert 40 Bo LA RAFO08' kDS 3RVER, PLAYELY!

" Accordingly, the crystal grain size of the spinel

-

structural compound in the target is more preferably set to a E
value within the range of 0.1 to 4 pm, and is still more
preferably set to a wvalue within the range of 0.5 to 3 pm.
As described in the first embodiment, the crystal dgrain

size of the spinel structural compound can easily. be

- disting'uishe_d by mapping (concentration distribution) of zinc
with the EPMA in the same manner as about the héxagonal layered
compound, whereby the crystal grain size can be actualljr

. measured.

@ Relationship between the value of the crystal grain size and

i&v%’”}

the number of generated nodules

Referring to FIG. 4, the relationship between the value
of the crystal grain size of the spinel structural compound and
the hexagonal layered compoﬁnd and the number of generated
nodules will be described in more detail herein.

The transverse .axis in FIG. 4 represents the value {pm)
of crystal grain size in the state that the spinel structural
compound and the hexagonal 1ayered co_mpound coexist, and the
vertical axis therein represents _the number of nodules .

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



Is preferably set to a value of 5 pmor less. This is because if this

crystal grain size is over 5 pm nodules are remarkably Iliable to be
generated in sputtering. However, if this crystal grain size becones
excessively small, the control may beconme difficult or the kinds of the

raw materials which can be used nmay bg, excessively linmted. Accordingly,
the crystal grain size of the spinel structural conpound in the target is
nore preferably set to a value within the range of 0.1 to 4 pm and is
still nore ,preferably set to a value within the range of 0.5 to 3 pm As
descri bed™n’the first enbodinent, the crystal grain size of the spinel

structural Cormggnéaﬁaéh@ It Beaedsthlbagdershedrdy 4BRRI Re crystal
Istribution wth

(concentration of zinc th theEPMA in the same manner as

about theghexageinaé dayaeespiselpaund;turdeddr ebypbhadcaydtidle peabgosniaze can
be actually .neasured. Relationship between the value of the crystal
grain si zéagaged: pemporberinfd gEherat edsnotie dxmgie Ay Ade geppcated t he
rel ati onshi et wee val ue of the crystal.grain size gf the spinel

st ruct ur al® B?rﬁ&ﬂﬁ%a}rfg?‘ot“ﬁévﬁé’?ar&%na! O?a'%’eer 8%11%5_ aélun’dl_gn%ff ﬁgyrslﬁcr?%er of
gener at ed, Qﬁg%féew lenBes §6561 I8%d i Bofipbahl 4¥6d &iHe néREgbhansver se
axis in FPG represents the value (pm of crystal grain size in the :
state thagayheedpkamnboahduskubabr sopmouttHeandmbbe beéxapengknkaptedd

conmpound coexist, and the vertical axis therein represents the nunber of
‘nodul es gendniesdipereanes maridbhdnthredgdgst eERagimber (98 Wdss A500 24

5 to 32 /8 hours/900 mm’, are generated.

Conversely speaking, it can be understood from FIG. 4 that
it is effective to set the crystal dgrain size of the spinel
structural compound and the hexagonal layered compound to 5 pm
or less, in order tb prevent thé 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 ingrédient- 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 sizé of zinc oxide powder used when the target is produced
to 2 pm 6]: 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



mm 2). As can easily be understood fromFIG 4, if the crystal grain size
of the spinel structural conpound and the hexagonal |ayered conpound is 5
pmor |ess, the nunber of the generated nodules is 0 /8 hours/900 mZ. On
the other hand, if the crystal grain size of the spinel structural
conpound and the hexagonal |ayered cggpound is over 5 pm the nunber of
the generated nodules increases rapidly and nodul es, the nunber of which
is 5 to 32 /8 hours/900 nm®, are generated. Conversely speaking, it can

be under st.OOdO;{riafrp Bowaed dliftnel tid %}Eﬂc&eegbwi@rtfs SGlmilthe ¢hYst fhcPrai n

si ze of tzl‘llélcspl ne structural conpound and the hexagonal |ayered conpound
to 5 PM 0h4nges, di%fedon badpmevementhehgeseratannbef coherabied eso
effectively, and the generation of the nodules can surely be prevented by
setting, that thysteystahigraineizesqoprtlye hegggonadyheyeredi CompOERyst al

grain size The crystal grain size of the in structural co und can
be cont r eMdeibentBine | VT ENgR! W“@?&Hﬁf F'r& g%%r'b%’f?%‘f i e?%g gePRcti on

of the kind.,of i i wdgl ponstituting the target, the average
grain sifgn&r%]ﬁéwﬁ(gﬁrgﬁeﬁpose?, conditions for producing the target,

or the like. Faifc9%e3ee, tABUtetdife kirad nasizé e alerape ogridienpswder of
the ingredient powder, it is preferred to set the average ﬁ)(%rai n size of

zi nc oxi des pomepresedabian setetoan gerlye Wridth ddee g@ngepMbof - PEsko set
the average grain size_of tin oxide powder to a ¥a| ue. V\JFI hi, B the range of
0.01 to P-pnimanks Fkid Lt RRTaRIHSF A ARt 57 2Vt ™ HEL Y4 P N8 %der
smal I er tot}aB_bH%OQ;_:I %,Zﬁﬂﬁ 1&“@.& B@é&%’iﬁbly set to a value within

the range of 0.05 to 0.2 pm. A desired target can be obtained M:}
by producing the hexagonal layered compound and the spinel '
structural compound beforehand, making the compounds into’
desired grain sizes, and mixing 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 2+ 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. 7 b

[Third embodiment]} .

| The third embodiment is an embodiment related to the third
. jnvention, and is a transparent conductive oxide obtained using

a sputtering target 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 pm or less.



This is because if each of the average grain sizes of the 25 =zinc oxide
powder and the tin oxide powder is limted into such a range, diffusion
and novenent thereof can be controlled so that the crystal grain sizes of
t he hexagonal |ayered conpound and the spinel structural conmpound in the
target can easily be controlled (5 pmfor |ess). Therefore, the average
grain size of the tin oxide powder is nore preferably set to a val ue
within the range of 0.02 to 0. 5 pm is still nore preferably set to a
value within the range of 0.03 to 0.3 pm and is nost preferably set to a
value within the range of 0.05 to 0.2 pm A desired target can be
obt ai ned (by Paoda&i ng the hexagonal |ayered conpound and the spi nel

structural conpound bef oreha Ki e conpounds jnto,.desired_grain
si zes, and nmi xi g %h%rﬁ%rt‘ﬂ q’ﬁ’@%qﬂ%% X Esgg 0 '?’JC(JZ‘:‘)T B R EsPEt ance
and densi{ JcﬂetEﬁréﬁcgagoaﬁmeﬁltﬁenﬁhef@fopyl ktﬁ@Sta'?xt:@é‘Eelé’f thergdar get
is preferably set to a value less than 1 x 10-3 S2 cm and the denS|ty of
t he targe&heﬁemnefﬁea@tQmBetratnﬁim&ﬂn&seﬁtedib&'gbdﬁ&nGMnmons whthha sane

manner as in the first enbodinent. [Third enbodinment] The third
enbodi nenthe srangerbod ABikto Ce9dt clore RIREaTAR Y aj kkaeT shersid thea

o SRR S S ] RO 3;1%5;@;“.“%&2
range of §. § t8 8,84, az?é‘?stfﬂi hedre %ﬂ@am@ d ¥R ¢aBPeYRdihe
repr esent ed InZCB ZnO)" wherein mis an |nteger of 2to 20 is
Contalnedat@ﬁuk:ratlo represented.by In/{In+Zn) is w1th1n the range of

- 0.85 to 0.95.
{2) Film thickness

The film thickness of the transparent conductive oxide

can be appropriately'selected.dependently‘onluse purbose, the

-material of the substrate on which the transparent conductive
Qxide is deposited, aﬁdLso 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 1eés 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 trangparént conductive oxide when the
transparent conductive oxide is deformed in or after the step
'of producing the transparent conductive oxide.

Therefore, the film thickness of the transparent
:conduCtive'oxide is preferably set to a value withiq the range
of 5 to 1,000 nm, and is more preferably set to a value within
thé range of 10 to 800 nm. |

- F1Gs. 7 and 8 show effects of the film thickness on the



the crystal grain size of the hexagonal |ayered conpound is set to a.
value of 5 pmor less. 26 (1) Target In the third enbodi nent, the used
target is the same as in the first enbodi nent. Therefore, the target is a:
target wherein the atomc ratio represented by In/(In+tzZn) is within the
range of 0.75 to 0.97, nore preferably;a target wherein the atomc ratio
represented by In/(In+Zn) is within the range of 0.80 to 0.95, and stil
nore preferably a target wherein the atomc ratio represented by

L (IneZled & el Bubhgoranae st of 43 cke Lrdfon{ Pladbl Bl kacss, The

filmthickness anspar ent con I ve oxi can be appropriately
sel ect ed {depRISRINY PhdE K RASEe | Respeitanedly .of the substrate on
whi ch the transparent conductive oxide is deposited, and so on. In
general, the fItmishuckeessoosr dromabilE.r dndgdatf eyen3 itffo the0dd mm The
reasons for this are as follows. If this film thickpess is Less han 3
nm the SHAKRCEA F o ERENEPaREDE eRIUCHITREHTVE DRRRECTEtPT UL (o be
i nsufficient. On e. oLl R [ ' $ ol On
the |i ghtls '??gﬁgﬁ%’[}toagye}% ﬁéclr?l %8% Ir’%y ’ r o%’tﬂownc%‘%c% n%?étzhoz) ﬁflﬁﬁ(rec%a‘ggeasm y
be gener ghed eBpble it baySPehentes988HALEVENAXGHErate tihereds anBREI LNt
conductive oxide is deforned in or after the step -of producing the
E ranspar qala&recraﬂ@gf@tﬁemeommm Ihoar-gicarre hetdte g [tastthiadk i8S . of t he
ransparen ithin:

of 1%0 was changed to 100 nm {(curve B}, 220 nm {curve C), and

e

L : 310 nm {curve D), respectively, a tendency that the light
transmittance at the respective wavelengths dropped slightly

if the film thickness was made larger was found out.

(3) Substrate
When the target is used to form the transparent conductive
oxide into a film, the film is preferably formed on a substrate.
Such a substrate is préferably a glass substrate or a film
or sheet substrate made of a transparent resin.

More specific examples of the glass substrate include

L'/"/‘:‘f‘&,\
i
Y

glass plates made of soda lime, lead glass, borosilicate glass,
high-purity silica glass, non-alkali 'gla_isé and so on.

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

The traansparent resin is preferably a resin having a
sufficiently high lig_ht transmittance and a superior electric
insulation. Spe,cif'icr examples t‘hereo,'f; include polyester
resins such as polyethylene- terephthalate resin,- polycarbonate
resin, polyarylate resin, polyether sulfone resin, acrylic

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



of 5to 1,000 nm and is nore preferably set to a value within. the range
of 10 to 800 nm FIGs. 7 and 8 show effects of the filmthickness on the
27 resistance change rate and the light transmttance curve of the
transparent conductive oxide, respectively. It is understood fromFI G 7
that even if the film thickness of theggtransparent conductive oxide
(substrate: PET) 1is changed to 68 nm %curve A), 100 nm (curve B) and 200
nm (curve C), respectively, the resi stance change rates thereof hardly
have difference_in a 1000- hour t| ng Lest at 90C. cor to F1G 8,

in the case t haPft s Fﬁ‘?ﬂﬁ?ck%% bf°1Z res%‘f‘ha‘r’% ?L%%reﬂ(%ur ve
B), 220 np,GGMYS16he %egegﬁ%ﬁa&gm@CHéggnE»@rrﬁsiyg%ﬂéﬁﬂgblfﬁnke&@%&%y t hat

the light  transmttance at the respective wavel engths dropped slightly
if the filie shitknegsuses simde thegerrambng alsd bave HHt Febdsitaneelhen
the target is used to formthe transparent conductive oxide into a film
the filmis preferably forned on a substrate. Such a substrate is

pr ef er abl <’jl %Ia stsub tra e or afilm or sheet substrate nade of a
transpare ¢ V6re™SBeci fic exanpl es of the glass substrate include

gl ass plates nagg eﬁeseﬁangbaﬁenkeé@nah@%avebe&@aeIb@atﬁegtﬁiﬁa
hi gh-purity silica glass, non-alkali glass and so on.. O these gl ass

pl ates, tbmbobanmahkal thglcaslsdlpd:’aieltg tmlaeoﬁ)rtmmebeadaée rfcegndyahlkealti | ons
di ffuse into the transparent conductive oxide. The transparent resin is
pr ef er abl §raateent KancAgdindsgrwisdiadddizing dreptyrptdr A$RTt thce and a

superior electri.c
P % rmatlon 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 1f such heat treatment conditions
are used, the resistivity of the transparent co_nd_u-ct-ive 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 gl - om or less.

| If this résistiv:i_ty' éxceeds' 800 pf2 - cm, uses which can

be applied may. be excessively limited.

Therefore, the resistivity of the transparent conductive
oxide is more preferably set to a vaiue of 600 pQ * cm or less,
and is still more preferably set to a value of 300 nl ¢ cm or

less.

{(6) Light transmittance

As shown by the curve B (120/7059 glass) in FIG. 8, the



s,

I nsul ation. Specific exanples thereof include polyester

resins such as

pol yet hyl ene terephthal ate resin, polycarbonate resin, polyarylate resin,
pol yet her sulfone resin, acrylic resin, polyimde resin, polyamde resin,
and maleimde resin. 28 O these resins, polycarbonate resin, polyarylate

resin,

pol yet hyl ene terephthal ate resiz®, or polyether sulf one resin

suitably used since these resins also have heat resistance. (4) Heat
treatment In the transparent conductive oxide of the third enbodinent,
the condugi i tirrddh£0fardd et TRERRIIGhdth ERaBoot heabresso (hat! adi ng
crystallizing treatnent) after the formation into the film About
condi t i onshd araisgarlwaat coneltatdve, okidat herprefembly o1 yadfier abl ¥5%et to
a value within the range of 0.5 to 3 hours in the tenperature range of

180 to 30BCMOFesf BPERIBFeFeTHeLY feviptiatf 808y &oFe 2B0-% 286Dt has

been proved that .if such heat_treatpent_ ¢ Pt e used, the
resisti viﬁ}ﬁ o‘fthjtﬂg‘?sr‘%n 3 e %:%hdﬁ%fi%%&ﬁg*%’éq?%ﬁgi ately after the
DBl @ tidOToEBM A dutid J ateyf 20 to

formation into ydhedd l¢pHadp
(5) Resistivity The resistivity of the transparent conductive oxide

80%
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is pref ersblsmbetanice Athal teamdpBoih pQooduetivesxidd cahbe swtablyity
exceeds 800 pQ cm uses which can be applied maé be excessi velggl I mted.

Ther ef or a1sachasr EEaBEPIreYt Fledieredenh ofarariond

i3 AeE1FGE

pr efer ab'a}’s Slefqz}i?d acrvfslé‘l el O&is%)faf %1&{1%19{5 ! gx?& 'electroluminescence
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display elements, for which high transparency and condu.ctiv;ty
are.reQuired.

The curve A in FIG. 8 is the transmittance curve of the
g.lés:s substrate (7059 glass); the curve C is an example wherein
an IZ0 film of the third embodiment, which had a thickness of
220 nm, was formed ron the glass substrate; the curve D is an
example wherein an I%O film of the third embodiment, which had
a thickness of 310 nm, was formed on the glass substrate; and
the curire 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 (IZ0/7059 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 coﬁductive oxide has such a low
refractive index, the transparent conductive oxide can be
sruitélbly used as transparent electrodes of various display
devices such as liquid crystal display elements and
electrolumi-nescence display elements, for which high

transparency and anti-reflectivity are required.

SRor e
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and is still nore preferably set to a value of 300 pQcmor |ess. (6)
Light transmttance As shown by the curve B (1ZO 7059 glass) in FIG 8,
the 29 Ilight transmttance (at a wavel ength -of 500 nmor 550 nn) of the
transparent conductive oxide is preferably a value of 75% or nore, nore
preferably a value of 80%or nore in tHe case that the thickness thereof
Is, for exanple, 100 nm |f the transparent conductive oxi de has such a
light transnittance, the transparent conductive oxide. can be suitably
used as transpargatc@hesty odeF10f. vaisous chkamphy vewteias 8UAZO &3 1 qui d
crystal display elenents and el ectrol um nescence display elenents, for
whi ch hi ghft thespat edcgnbedinent ucihifh )ha%rfe ﬁ*@(ﬂh"f&ﬁf fh@0c By e WASi n
FIG 8 is the transmttance curve of t(|9§ ? ubstrate. (7059 gl ass) ;
the curvef@rmedafteRafbraSwiBPER2 ENn ! E)gf? ‘the third embodi nent,
whi ch had a thickness of 220 nm was forned on the glass substrate; the
curve Dis an exanple wherein an 1ZO filmof the third enbodi nent, which
had a thigknsesrate3tofgnaeswagpior yaduen the glass substrate; and the
curve E is an exanple. wherein an ITOfilm which had a thickness of 220
nm was fornmed Bime e/ g&égg Cubeerdiny t@?ﬁ&éﬂ‘)}é&é{}l Q€ thriéXanSPIREWY by
the curve BélZO’?OSQ ass) in FLG 9, the fractl |ndeh

wavel engt‘ﬁOB ug‘g@Vﬁ,ﬁx 1 fig %bﬂgﬁﬁtfé’ﬁﬂtth%gﬁa )5( %Fgf%r’abl y a

val ue Of,g Péféfgﬁl&nségetocgsgaﬁﬂétokhf hﬁ'ﬁkn§§§sther60f is, for
exanpl e, 6 P ,

If the transparent conductive oxide has such a P~V value,
the generation of wire-snapping or short circuits can be
effectively prevented éven if the tr—anép-ar.ent conductive oxide
is used as transparent electrodes of various display devices
such as liquid crystal display elements and electroluminescence
display elements.

In the case that the surféce roughness of the transparent

-gonductive oxide is represented by other indexes, Ra (according
to JIS B0601) thereof is preferably set to a #alue-of-loo nm
or less and Rz (JIS B0601) thereof is preferably set to a value

of 500 nm or less.

( (9) Method of forming a film

When the transparent conductive oxide is formed into a
fiim on a substrate, the following can be used:-r a magnetron
sputtering machine, an electron be-am.machine, an ion plating
machine, a laser ablationmachine or the like. More preferably.
a rmagnetron sputtering machine is used.

About conditions for forming the film using, for example,
such a maghetron sputtering machine, plasma output va:ies to
some extent dependently on the area of the target-or the film

thickness of the transparent conductive oxide. However, it is



If the transparent conductive oxide has such. a low refractive index, the
transparent conductive oxide can be suitably used as transparent

el ectrodes of various display devices such as liquid crystal display

el enents.and el ectrol um nescence di splay elenments, for which high
transparency and anti-reflectivity argirequired. 30 The curve Ain FIG 9
is an exanple wherein an 1ZO filmof the third enbodi nent, which had a

t hi ckness of 30 nm was forned on a glass substrate (7059 glass). (8)
Surface fiqyg%*a%l( ﬁ Yedalug) ¢ I8 Prife ol dénd 3eeptd A9 4 9adhe #PERLY of
the transparent co auctive oxi de, as an index for the surface roughness

t her eof , tHes miwjerabdly. Setotd W pat uamdfofl thim dlarigess areh tih@ tsieanspar ent
conductive oxide has such a P-V value, 4... the generation of _

Wi 1 e- snappiloy frrming teine ke 2 wlieeolf $ ekt i V&0 ynirelemi ed even if the
transparent conductive oxide.  is used as tra arent el.ectrodes of.various
di spl ay devi ces! (?Fr‘iﬁ's' S ICas 3 4 8?93%5908%%‘%;% ) é’l?gﬁtl'gﬁgngo obtain

el ectrol yg e,ﬁhc(%&cé'a eIy LR Sxcidd Thid eadhpted hei pir f ace
roughnessuclﬂ(%] the t an%%gfée%d&%onduc%ﬁ%égﬁ%%ﬂ??r epresented by ot her

i ndexes, tRal@atH€lidwsilp. YIS B0O601) thereof is preferably set to a val ue
of 100 nm or less and Rz/(JIS B0601) thereof is preferably 'set to a
value of 500 nmor less. ~(9) Method of formng a filmWen the
transparent conductive oxide is formed into a filmon a substrate, the

fol | owi nd 1 YeSused: a magnetron _
Examples of preferred uses of the third embodiment

include 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, aﬁ antistatic film, and an aﬁti—iding heater for window

glass.

[Fourth embodiment]

The fourth embodiment is an embodiment related to the
'fourth invention, and is 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 sécond embodiment gan bé used.

1That is, the target is a target comprising 67 -to 93% by

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



sputtering machi ne, an el ectron beam nmachine, an ion plating nachine, a

| aser abl ation nachine or the |ike. Mre preferably, a magnetron
sputtering machine is used. About conditions for formng the fil m using,
for exanple, such a nagnetron sputtering nmachine, plasma output varies to
sone extent dependently on the area ofzihe target or the film thickness
of the transparent conductive oxide. However, it is 31 in general
preferred to set the plasma output to a value within the range of 0.3 to

4-Wper cg, of g4 hg t@%gﬁhtaggazgﬁg sgtgefilmformng time to a value of 5
to 120 n1nu¥es. Suth' Fi mformng conditions nake it possible to obtain
the transparentagopgldcéomposxtionhari tige atdeget edmbrenpréfetrhedkhssa
easily (10).Uses Exanples of preferred uses of the third enbodi ment

i ncl ude acomposphientcehprisbig bt tw 93Gubd vejydhhl ofiWplidn oxideent, a

transparent el ectrode, of. an_e] ectrol um nes e | enent .. a.tran rent
el ect r ode*®f2Q% By a¥etart oh e?ff'l&t‘rmt%r#?%v%e% tHedlE (3 %R%f:

ese rUransparen

el ectrod _ f i _ans i i - 0 .
ectro egﬁ%g%'er %{@ﬁ AN g\i{%&%%‘f@greﬁnl@%{ b%hﬁbbﬁt_ﬁbh”&:oﬂ#ﬂl@fhg 80 to

anti - i ci nght or win ass. [Fourth enbodi nent] The fourth

enbodi meng9$ vy Rreargradbifenh diekaieidid 0 8t he 15Dyt Weilghenof din -erddes a
transparent conductive oxide obtained using a sputtering target of the
third enbsudn@nte S®hbEhwedgpii 9€sz8Rct 8%89%: by wei ght of i ndi um oxi de,

and 5 to
' In the target used in the fourth embodiment, the value

of the atomic ratio of tin atoms in tin oxide, which is a
' { | constituent component of this traxisparént conductive oxide, to.
all the metal atoms is equal to or more than the atomic ratio
of zinc atoms in zinc oxide to all the metal atoms in the same
manner as in the second embodiment. In short, the atomic ratio
of tin to zinc is preferably sef to a value of 1 or more.

In the target used in the fourth embodiment, it is more
preferred to use-‘an oxide target having a form in which indiuam
oxide and zinc oxide make a hexagonal layered compound
represented by In,0,(Zn0)}, wherein m is 2 to 20 and the hexagonal
layered compound is locally ‘positioned- in crystal of indium'
oxide.

The valué of m in the formula représenting 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. o

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.
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25% by weight of tin oxide, and 2 to 8% by wei ght of zinc oxide, the
atomc ratio of tin to zinc being set to a value of 1 or nore. (1) Target
As the target used in the fourth enbodi nent, the sanme target as in the
second enbodi nent can be used. That is, the target is a target conprising
67 to 93% by weight of indiumoxide, 33 to 25% by wei ght of tin oxide; and
32 2 to 8% by weight of zinc oxide. As the conposition of the target,
nore preferred is a conposition conprising 74 to 93% by wei ght of indium

oxide, 5 to 20% ot F ddihdH denidd tardide byenei@tafvei nc
oxide. Still nore preferred is a conposition conprising 80 to 89% by
wei ght ofddnditym{akedeetl clad d&fsbyyhvefithisf targebXisderefendblyt 9e6% by
wei ght of zinc oxide. In the target used in the fourth enbodi nent, the
val ue = ofta Wé%Esnereat i BE ofR1F Fekdie’s et tokilde Lofi ERaps28% . a

constituent cq nt of this tra rent, c |Lve_0X] t t he
rotal ot oo STqdar ¢S B o e TRa g RO SaRA R T5 eaP ey ndeuftts i
zinc oxide to o e r®E! AnAtATRtiRe AEnSANY oFBORE! sBstbAcl NeasgeeNd

enbodiment. In short, the atomc ratio of tin to zinc is preferably set
to a val s efore @referabliyn die dramget ,usedliinmble poefehabhppotBdent, it
Is-nore preferred to use an oxide target having a formin which indium
oxi de andZthc oxi de nake a hexagonal | ayered conpound represented by

I n20, (ZnO ) m ywherei n I S to. 20 and the .hexagonal nd is
l ocal Iy positi gﬁ‘@dr?ﬁagivgt%ﬁm%*%f r{%?l r%re%w%)i 8381 ey ) VLR @8@88
~ is the sum value calculated from the densities of the respective

raw materials and the respective added amounts (% by weight)

- thereof.

{(2) Crystaliizing treatment

About the transparent conductive oxide of the fourth
embodiment, it is preferred.fo use the above-mentioned target
. to make the transparent conductive oxide into an amorphous fiim '
by sputtering, and subsequently crystallize the film at 230°C
or higher.

The reason Why the amorphous trans?arent conductive oxide

is formed in this way when the film is made by sputtering is

o

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
‘transparentconductiveokidehasafﬁghlyinmrovedconductivity.
Such a transparent conductive oxide has stability in elecfric
resistance at high temperature or at high moisture, as shown

in FIG. 7.



oxide. The value of min the fornula representing this hexagonal |ayered
conpound is 2 to 20, preferably 2 to 8, and nore preferably 2 to 6. The
purity of the target used in the fourth enbodinment is preferably 98% or
nore. If this purity is less than 98% the chemical stability,
conductivity or light transmittance ofy4he resultant filmmay deteriorate
by the presence of inpurities. Therefore, the purity is m)re preferably
99% or nore, and is stiII nore preferably 99.9% or nore. In the case

of using a sintered t h t t density) of
this target islﬁ é?é% im%% €§%§%§%£H5eﬂ@@%ﬂ ?&é %§5¥§ﬂ+&€lve density is
| ess t han 96 p@redt CBnlat g 621 ab NG Oriddd DEGMabd bYeESrapsyl y
caused. Therefore, the relative density of the sintered target 1is nore
preferably Rya®rofmasn°csbd hikbies, prsefleﬂabtby‘e9§%ﬁeramy6a Fhtueebdt i ve.
density (theoretlcal density) of the target is the sumvalue cal cul ated
from t he RS wirehighemhe respective raw nmaterials and the respective

sded amounts (28 AU ALEERRLy (AlpGiymtal |12t aghsent goghesbou
preferr edféx%fm& f@f@@@t\! elgﬁﬁicbeﬂéédt §-iﬂ@é ckgst@kei thegt s5pBsgaient
conductive oxide into an anorphous film by sputtering, and subsequently
cryst al | izestdwe. f Howeate12308e heat treatment temperature is preferably
set to a temperature which does not cause thermal deformation
of.the transparent substrate. Therefore, for example, iﬁ the
case that a resin is used as the substrate, the heat treatment
Lemperature 1s preferably set toa temperature of 250°C or lower.
In the case that a glass substrate is used, this temperature
. is preferably set to a temperature of 500°C or lower. The
crystal type obtained by the heat treatment is preferably made
to bixbite type crystal of only indium oxide in light of the
heat treatment temperature. This is because if the other
hexagonal l-ayer'-ed compounds or spinel structural compounds are
contained, the conductivity may drop by the so—Called ionic
impurity scattering.
E Referring to FIG. 10, the effect of the crystallizing
temperature,wiil be described in more detail.

The transverse axis in FIG. 10 represents heat treatment
temperature (°C) as the chstallizing temperature, and the
vertical axis therein represents resistiVity (2 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 nQ * cm.
Conversely, if the heat treatment temperature is over 350°C,

the value of the resistivity becomes high, that is; 1,000 p

Q- cm.
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or higher. The reason why the anorphous transparent conductive oxide 1is
formed in this way when the filmis made by sputtering is that the
etching property of the anorphous transparent conductive oxide is better
than that of crystalline transparent conductive oxide even if the
conpositions of netal oxides constitasing the transparent conductive

oxi des are the sane. Next, the anorphous transparent conductive oxide is
crystallized into a transparent conductive oxide. Such a transparent
conductive oxi dgn (828191 aplexi A, 048l ot AeGUEb! Mk efFUERIFclIkaRTRAT ent
conductive oxide has stability in electric resistance at high tenperature
or at highlaei 6futlee reasisthionity iLowk|l Gor7exadpléadntta eavaine ¢£MIEr at ur e
when t he anorphous transparent conductive oxide is crystallized is nore
pref er abiaf? -acnatwdesfs 230€ bealti heptment| tenperapnes ckamspierabe of
280C or higher. As this heat treatnent tenperature isogi gher, a nore

f avor abl 8¢&f £ecf i‘@lb‘feo&’&t%‘&“sitﬁ@er@r%é’]rH)iQZ”iond:osﬁgé)d k5S¢ BOESr
However, _th t reat t rabl.y °

t enper at B?g%e ﬁgﬁyd%gg 1gr%?j1 ‘c’éﬁgvge‘%ﬁg{%ﬁlﬂ%ﬁ%& t_?gnﬂ%fscﬁ ﬁggt(?éné}snp%r ent
substrat gs Jbel efnies prefeesdIy seti to tthealoasei tivhkt e eangei of USHEH as
the substrate, the heat treatnent tenperature is preferably set to a

t enper at tpe26p°Q58&ordingete FIG.t h€.case that a gl ass substrate is used,
this tenperature is preferably set to a tenperature of 500C or |ower. The
crystal type obtained by the heat treatnent is preferably nade

{3) Etching treatment ,

Th_e transparent conductive.oxide of the fourth embodiment ﬂ}i
is preferably etched to have a given shape.

That is, the amorphous transparent conductive oxide made
intozifihnbysputteringcaneasilybeetchedwith,forexample,
an agueons solution having a c’onceni:ration. 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 Oor more.

Accordingly, this amorphous transparent conductive oxide

R
[
S

is characterizgd by being easily etched without‘ using a strong
acid such as hydrochloric acid or aqua regia as an etching
solution or requiring complicated operation_s such as _attachment
of a protective film onto a wiring el_ectrode_ as performed for
conventional ITO films.

It is particularly preferred to.uSe,‘ as the etching
solution, an agueous solution having a concentration of 3 to
10% by weight of oxalic acid. 1f the concentration of Qxalic
acid in this aqueous. solution is thinmner than 3% by weight,

sufficient etching speed may be obtained. On the other hand,
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to bixbte type crystal of only indiumoxide in [ight of the heat
treatnent tenperature. This is because if the other hexagonal |ayered
conpounds or spinel structural compounds are contained, the conductivity
may drop by the so-called ionic inpurity scattering. Referring to FIG
10, the effect of the crystallizing tmsperature. will be described in
nore detail. The transverse axis in FIG 10 represents heat treatnent
tenperature (C) as the crystallizing tenperature, and the vertical axis

therein r ??r ;’Eﬁfgt Soh8ahtbhyiby §kQvel 108S5b52Res8hk] Y RYsHRICHS kg%@ from

FIG 10, heat ~treatnent tenperature is |ess than 230C, val ue
of the rgshsth¥bllyiheengesovatyohigh, that is, 3,200 p2 cm Conversel Y,
if the heat treatnment tenperature is over 350C, the value of the
resistivity bechbhds algh prusfaried toseobhg tegpegn twse 0@0%%@#1}:19

speaking, in order to nmake effectlvel the valu he resis | ow,
for exanpfelufies 5oy vialye 36§hlﬁcf n?%?g?egg g?h% h33ﬁ§ Ebﬁ ﬁ@
tenperat ugpg, ﬁsgrfé %El%b{:é(mpéfétl]tjfe &/ @hHeei%ﬁ:tﬁd" st idNPesfe L3¢nka 320C,

IS nore pre erab y set to a value wthin the range of 240 to 300C, and

is still gBrE, PEEs s el i eipd&a anygl aecav ¢ hrdl ¥ heré@ngea oif 260 to 290C
according to FIG 10. (3) Etchlng treatment The transpar ent conductive

oxi de of thmpénatuheenbbuemmﬁhxngSglptebaﬂabbyeﬁﬁﬁhéﬁ the Fapagemgingen

shape. That {Se S0SnE3" BOPHR: bR RE0bEBbmE aLHE LT, OX! de made

Therefore, the temperature of the etching solution is
more preferably set to a value within the range of 35 to 70°C,
and is still more preferably set to a value within the range

of 40 to 50°C.

{(4) Film thickness
- The form of the.- transparent conductive oxide is not
particularly limited. For example, a film form is preferred.
In this case, the Ifiim thickness can be appropriately
selected dependently on the use thereof, the material of t_h.e
substrate dn which the transparent condqctive oxide is
deposited, andso on. The £filmthickness preferably ranges from

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

{5) -Milltilayered composite
It is preferr'ed to fit, to the transparent conductive
oxide, a gas barrier layer, a _hard coaf 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 barxrier layer, there

is used ethylene-vinyl alcohol copolymer, polyvinyl alcohol,



into a filmby sputtering can easily be etched with, for exanple, an.
aqueous sol ution having a concentration of 5% by weight of oxalic acid.
By making the tenperature of the etching treatnent high, etching property
can be inproved. For exanple, in the case that etching is perfornmed at 40
"to 50C, the etching speed can be nadé7to a value of 0.1 pm m nute or

nore. Accordingly, this anorphous transparent conductive oxide 1is
characterized by being easily etched without using a strong acid such as
hydrochl p%ilsra%&iy%?{iﬁq% T 8 By @tn @l Bdied) gl o5 0AA] | 961 971 REDiidhag
conplicated operations such as attachnment of a protective filmonto a

W ring elFaslorade as pard drikes. for conventional ITOfilnms. It is

particularly preferred to use, as the etching _solution, an aqueous
sol uti on havi ndsatbenBateriglofost £armgngl §hephandi gRe Lol @8R5t i EReERd. I f

t he concentration of oxalic _aci.d.in this sa u 0N _i [ aner
than 3% B}fﬂﬁ?@l‘ﬁ‘ LR &t et %ﬁﬁnéag%geggﬁgyé%%é%%tﬁeg.5?}11%% ot her
hand, 36 it riiiiS SR Y F1 @i 1Sy PSS tHOe PYa ] Obit , ak T VisdbBdamBy be
generated in the solution.” It is also preferred to set the tenperature of
t he et chipagymeel mhtenitd sushlamz peilyphesphezeaege 8f 30 mate@CalThoxs is
because if the tenperature of the etching solution is |less than 30C the
et chi ng €paed ngay:hex cexsinat 1eekben AR $% - t HeeTe ehpet®dr@ H1¥the et chi ng
solution is over. 90C, .the nagement f 1 [ ut i y become
At Hi cul FEEFRELdS e‘,“di%ﬂo . & éflg’r"rtt"h%% Bhe .%% @gkhtdllgn%aﬁ%? b

an oxide such as S$i0,, 2Zn0, BiO, or AL,0;.

»
2t

In the transparent conductive oxide of the present Y
invention, an organic polymer thin film or an inorganic thin

film may be formed on a surface thereof.

(6) Method of forming a film
@ Film~forming device

Next, the transparent conductive oxide of the present
inﬁention 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 diredt 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



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)
Fil mthickness The form of the transparent conductive oxide is not
particularly limted. For exanple, a filmformis preferred. In this

case, the filmthickness can be appropy ately sel ected dependently on the
use thereof, the material of the substrate on which the transparent
conductive oxide is { deposited, and so on. The filmthickness preferably

ranges from 3¢ égeloﬁnsqn[geenp?&f 2 ﬁfarlébélt&é hi gt ment .

(5) Nhltl-layer I's pre erre to the transparent

conduct i Vexi §¥i §I§, dépaﬁft@@réh ethé ayﬁénspah@mﬂ Sed tFayerpy alirect
antireflection layer, and the like on the substrate face opposite to the

face on mbutherhegtvanyp@epﬂnde@hHmCOnvéh©mekh¢% @@pﬁ%@t@@re$hereby
maki ng a nmul til ayered conposite, t he naterl for ch a gas
barrier |gpekEterhage the %%@EO%%F§?%n%fVF 51 SRy ?Eﬁn%oé B3 yvi nyl

i uort de BFoRRECY FREYHAE pka Tup BRI PRI R BHE SR R, o den

ferrar for form ng the ‘hard coat |ayer,

there 'Sdﬁfﬂcé}_{:'%@%;b@&lﬁf shéi Eandoceend ot Bgestvatigol yner
mat eri al such as polynethyl nethacrylate, or an inorganic polyner

mat eri al Bowdves, pal ypkosphazen®C RegnbEroatsputierng. far srAEPLReOT
antireflection layer, there is used a | ow refrfftlve i ndex polyner, a
f1uori de tlehcerdMgongrizappeferably set as tollows.

- (Vacuum degree) -

About the attainment vacuum degree in direct sputtering,
it is preferred to reduce the pressure inside a vacuum tank
beforehand-inté a value of 1 x 107 Pa or less before the
Spﬂtteting.

The vacuum degree in the sputtering is preferably set to
a value within the range of 1.3 x 107 to 6.7 Pa.

The feasons for this are as follows. If the vacuum degree
in the sputtering is higher than l.3\x 10" Pa, stability of
plasma may deteriorate. On tﬁe other hand, if this wvacuum
degree is lower than 6.7 Pa, it may be difficult to raisé the
voltage applied to the target.

tTherefore, the vacuum degree in the sputtering is more
preferabiy 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.

(Applieé 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



an oxide such as SiQ2, ZnO Bi Q2 or Al203. In the transparent conductive .
oxi de of the present invention, an organic polynmer thin filmor an
inorganic thin filmmy be forned on a surface thereof. (6) Method of
formng a film QFiImformng device Next, the transparent conductive
oxi de of the present invention may béS%produced by any one of various

nmet hods, such as sputtering, ion-plating, vapor deposition, and | aser

abl ation. Fromthe viewpoint of the performance of the transparent

conduct i weIndge ist hespr oHant 2901y, titrehest beabies@igfiicule useobBhin
sputtering is nore preferred. The sputtering nmay be ordinary sputtering
(ref err ed goodaguall ey tthdpyfidm of)thesgphedsoRthenfhdn-§ormgfdondniivig or

DC nagnetron sputterjng; of reactive sputteripg. That .is, the .
Compoet Hih Hoe TS etk QB RS ET S o ShL. SPPIECSBRUERFBNLS ay be
appropri t Pq)q:pﬁh dengt t M%o 14 ; transparent
conduct i \%@gisﬁ QF’(%i) Hm ofénh‘ién%tlglorbnddi‘hﬁ%ns %3%‘} q%pﬁ%?%%;%b condi tions
when -t he transpakgaifotenditid woledagde appldeid Jid atheortdiget riansyras ent
substrate by direct sputtering vary dependently on the method of the
direct sputteniing ishmorenpbeferablypfsehctasguvednenygithigethetpange
property of .the use chine, .and _so.on. It _is_therefore ifficult to
speci fy Ofe Z@Sn&lo_t flg'ﬂg%wi ?ng?srﬁgéi%a‘f‘?’éﬁpr%ﬁ’é@%f? FREtHR 24T DC
Magnet r ogs§RUL Sl Gande RFE 1 420 v.
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(Sputtering gas)

G

As the sputteringgas (atmospheric gas) in the sputtering.
a mixed gas of an inert gas, such as argon gas, and.oxygeh 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 pressur, #gen is preferably set
to a:value.within the range of 1-=<~10‘4 to 6.7 x 10™" Pa, is more
preferably set to a value within the range of 3 x 1Qﬂ to 1 =
10! Pa, and is still more preferably set to é'valué within the

range of 4 x 10" to 7 x 107 Pa. _ 7 ¢

N

st

Qutside 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 light

-transmittance.

@ Film—forming‘ conditions 2

In the method of -deposii\:ing 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.



the conditions is preferably set as follows. (Vacuum degree) About the
attai nnent vacuum degree in direct sputtering, it is preferred to reduce
the pressure inside a vacuumtank beforehand into a value of 1 x 10"" Pa
or less before the sputtering. The vacuum degree in the sputtering is
preferably set to a value within the g@nge of 1.3 x 10.2 to 6.7 Pa. The
reasons for this are as follows. If the vacuumdegree in the sputtering
is higher than 1.3 x 10-2 Pa, stability of plasna may deteriorate. On the

other hand, if this %gfggg?aﬁsgwsesa' Spho¥Btailed, bedr Péxakbigaynpe

difficult to rarse t tage applied to the target. Therefore, the
vacuum degi gget-8ihhepSpddt &1 e ipS 6Brein pingf efabl inisetnaitied tihdinange of
2.7 x 10.2 to 1.3 Pa, and is still nore preferably set into the range of
4.0 x 10-@ndotBeR cgoling Phis(Appbeadansdl-t age) The voltage applied to the

t t inth ttering i r ef er abl t ot | ithin th f
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el ectric discharge nmay be caused. Therefore, the voltage applied to the
target insphetespogtering is nore preferably set to a value within the
range Conditions for the reactive sputtering vafy dependently
on the composition' of the sputtering target. the property of
the machine used, and so on. However, the vacuum degree and
voltage applied to the target in the sputtering. and substrate
temperature are pr‘efe.ré.ibly, made equivalent to the conditions
for DC direct sputtering.

As the atmospheric gés, a mixed gas of an ineri: gas, such
as argon, and oxygen gas 1s preferred. The pexrcentage of oxygen
gas is 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 ﬁroperties . 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 solaxr
cell, a parent material when these transparent e}_ectrodes are
formed by etching, an antistatic £ilm, an anti-icing heater for

window glass, or the like.



of 230 to 450 V, and is still nore preferably set to a value wthin the
range of 250 to 420 V. (Sputtering gas) As the sputtering gas (atnospheric

. gas) in the sputtering, a mxed 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 rat#d (volune ratio) of argon gas to
oxygen gas is preferably set to 0.6:0.4 to 0.999:0.001. That is, the
partial pressui _gen is preferably set to a value within the range of 1 x
10-4 to 6,.7 x.10-1 Pa, is nore preferably set to a value within the
range of 3 x 10-4 to 1 x 10-1 Pa, and is still nore preferably set to a
val ue w tl¥if ttheembaghigeendf] 4 x 10"4 to 7 x 10-2 Pa. Qutside the range of
this blend ratio-and _this partial .pressure_of o n,. t result ant
transparent condfcti&ER b&’?”\‘?é’f hgi%%&%%%%e%%%\%a;tggﬁ g ‘A:E‘ge%%%&a hi gh
1 ght U1 anspldd A andQsEl 4TS 05D Ao ROUtAd AR Wil ofethe i ra
depositing the transparent conductive oxide on the transparent substrate
by react igte reppuithesnbgdifent argedrahdaef hanfabang woifd tmdifum bindimad zi nc
is used as the sputtering target. 40 This alloy target nay be obtained,

for examsinerdy miapatsithe powen oFS @rpkt ofvhich g B8aRuTel P¥eft ed

I ndium and then c¢ooling this dispersani..Jhe purit I S | oy target
i s prefef@ ?hgé:%e&lecﬁgpg, 'SP%FEOBE@& Q%J]ﬁ/) 9@&?3?%%?23{ N ndo“s:ﬂ??g'm)r e
preferably 99. 9% o

(1) Half band width of a binding energy peak of the oxygen 1S
orbif - . {E

The transparent conductive oxide-of the fifth embodiment
can be obtained by using the target of the first to the second
embodimenté and forming a f£ilm by sputtering. |

7 The half band width of a binding energy pe_atk of the oxygen
1S orbit in the surface of the transparentxconductive oxide,
which is measured by X-ray photoelectron spectroscopy (XPS),
is preferably set to 3 eV or less. '

This is because if this half band width is over 3 eV,
initial connection resistivity may become large or connection
resistance during long-term use ma& increase markedly,

However, if this half band width is 1 eV or less, the range
for selecting rawmaterials which can be qsed may be excessively
limited or the centrol 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 df-the binding enerqy
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



or nore in the same manner as about the target for direct sputtering.
Conditions for the reactive sputtering vary dependently on the
conposition of the sputtering target, the property of the machine used,
and so on. However, the vacuum degree and voltage applied to the target
in the sputtering, and substrate tenpgrature are preferably nade
equivalent to the conditions for DC direct sputtering. As the atnospheric
gas, a mxed gas of an inert gas, such as argon, and oxygen gas is

pref err ecod i P& L ARE AUrfl Q3o G9E1 AR WY FRIAYNS P sl RosUbH®

hi gher than ITect sputtering. In se that” argon gas Is used

as the ingy k-4as phbtoebbetdohdpsrtintldomy (APEP) tR¥o pEgRS ngdks: thedXygen

gas is preferably set to 0.5:0.5 to 0.99:0.01. (7) Uses Since the

t r anspar eappeanance i o khdeeof héing eupehk onilgdadiavdmg faemtifs metal

above-nentioned properties, the transparent conductive oxide is suitable
5 Feom Ths
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el ectrode of a so C a paren I al en these trans ent
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heater for w ndow glass, or the like. 41 [Fifth enbodinent] The fifth
enbodi nentheé im@mmmldlmfaﬁ@d orddehehei¢in thenpeaki onighndtinga
transparggém§%3§y%iﬁ¥§;gélgﬁeoéléggnérg{égr than the metal-oxygen-the
metal, that is, the binding energy peak of the oxygen 1S orbit
is relatively large is connected to an external electric circuit
sudh as a liquid crystal driving circuit, the connection
-Tesistance 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 15 oibit 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 iS5 orbitJ
can be obtained as one oxygen 1S orbit peak, as shown in FIG.
12, using an X-ray photoelectroh spectrometer (XPS}.

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



or fourth enbodi ment, wherein the half band width of a binding energy
peak of the oxygen IS orbit, which is nmeasured by X- ray photoel ectron
spectroscopy (XPS), is set to 3 eV or less. (1) Half band width of a

bi ndi ng energy peak of the oxygen 1S orbit The transparent conductive
oxide of the fifth enbodi ment can be ghtained by using the target of, the
first to the second enbodinments and formng a filmby sputtering. The
hal f band wi dth of a binding energy peak of the oxygen 1S orbit in the

surface of _the transparent .conduct.ive Qxi X-ray -
phot oel ectPEH 8 e&alnoi(?o R o S Sglrlelﬂ%fyalﬁm@(g%ﬂ]t 51'3 e Sg fb'ie{ss Thi s
I's becausq ghq hh'&ohla'tfmfga%% difhd TPl Pt cdnlitd Q:lbt‘&l@ié@ﬁt 1
resistivity rray becone large or connection resistance during | ong-term
use nay i posddsenTdnkatley milddiey exf, tife tleingythaldanbdred ssitdth is 1 eV or
less, the range for selecting raw materials which can be used may be
excessively |iHNexéd op the eehtPesibioRnknnthe BEHYLGW W%}%’@ h,

di fficult this half bapdwi dt f
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to a val U%%.h\éﬂsh@ea th@néﬁassref 81195 tehedrdy QMdtTh%aheBéO@emea% hald band

wi-dt h of e binding energy peak of the oxygen 1S orbit is limted into
t he gi venhmamg®and wiilkdith.way i s based on the followi ng finding. That is,
when the surface state of the transparent 42 conductive oxide forned into
a filmby sputtering is nmeasured by X-ray photoel ectron spectroscopy '

(XPS)’ t“Q38e%ontro&e %h%he half band width

RO (D Water content in a vacuum tank

The half band width of the binding energy peak of the
oxygen 1S orbit of the transparent conductive oxide, which is
measured by X-rayAphotoelectron spectroscopy, can easily be
controlled by the water bontent in a vacuum tank at the time
of sputtering.

That is, in order to obtain the transparent conductive
oxide having a half band width of 3 eV of less, the water content
in the vacuum tank is preferably set to a value within the range

of 1 x 10° to 1 x 10" Pa when the film thereof is formed by
éputtering. |

More preferably, sputtering is performed while the water
content in the vacuum tank is kept within the range of 1 x 107°

to 1 x 107 Pa.

@ Applied voltage-
When the film of the transparent Qonductive oxide is
 formed by sputtering, the half band width of the transparent
conductive oxide can be contreolled by the voltage applied to
the sputteringrtarget.

For example, the applied veoltage is preferably set to a



e

appear ance, one thereof being a peak originating fromits netal oxide,
~and the other thereof being a peak originating fromits elenent other
than the netal - oxygen-the netal, for exanple, hydrogen or carbon bonds as
shown in FIG 13. In the case that the transparent conductive oxide
wherein the peak originating fromthasbonds of the el enment other than the
met al - oxygen-the netal, that is, the binding energy peak of the, oxygen
1S orbit is relatively large is connected to an external electric circuit

such as gyl H S tide FdngddGLidot ity s0BEVCOANERET Q8me RFAREANGS
t hereof may iIncrease or during long-termuse thereof the connection
resi st anGa rhe ifeieas embddinent. the fifth enbodi ment, the hal f band
wi dth of the binding energy peak of the oxygen 1S orbit in the surface of
the transparent conductive, oxide, which is neasured by X-ray
phot oel ect.ron spectroscopy (XPS), is set to the given value.. In this
~way, the'¥nPPRELeEtdRfefBPon resistance is reduced and further the

tendency of a g i i G PG | resi i -term
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"bi ndi ng eReIECHIRRK B3fidd@agiXpwoamthS thicbigiven rhageur hamexell 4ée of
transparent conductive oxide can be calculated fromthe oxygen |S orbit
“peak and anhdnedsgabi nsuchepgcdradihgas s andhexlyordi AgScherpfereadBf t he

oxygen 1S orbit an be obt aj ned as_gge oxygen. 1S orbit peak, as shown in.
FIG 120584 @5 dbex SRt WHot e 9 « t’%fb‘ﬁif?er%t%?s)(xpsy Next, in the

resul tant OXyo&H :l:ﬁeobgiste Fll_?l%li:’ arrla%nbﬁﬁg &Enﬁséé as the inert gas in
the mixed gas, the blend ratio of argon gas to oxygen gas is j}
preferably set to a value of 0.6:0.4 to 0.999:0.001.
When such a mixed gas is used, the cohductivity of the
‘resultant tr-ans’pareni: conductive oxide bedomes good. Moregver,
the resultant .t-ransparen_t éonductii’re oxide can have a high ligh‘t'

transmittance.

{4) Sub_strate-‘

As the substrate used when the transparent conductive
oxid.-e- is formed, a glass substrate or a film or sheet substrate .
made of a transparent resin is preferred. r}

Examplés 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,



t hereof can be set up using Shirley's equation. Since the Ilength from
this base line to the peak can be obtained, the position in the m ddle of
the length can be set. Next, in the set position in the mddle of the

| ength, the binding energy width of the oxygen 1S orbit can be actually
measured. Therefore, this energy w dthsgan be defined as the half band
width. (3) Control of the half band width Water content in a vacuum tank
The hal f band width of the binding energy peak of the oxygen IS orbit of

the tr anspéiﬁ%l‘&%” delinVe 4ivdG dehirelk 1S aiRAN1ed mYieX @Y n .

phot oel ectro spect roscopy, can easily be controlled by the water content
i n a vacuum t anfhatlildiet traRsmattapokted thg. trBmtparsnt substieatémseht ai n

t he transparent conductive oxide having a half band width of 3 eV or

N es?], t hehgmeén dsnf7@/t on fofiee @a?&f@ﬁﬁ 3i0§ PrefOrsh| PHgetoFs g vaI ue
wi thin the range 0-5to 1 X t.he f req

f or med bypr§ﬁﬁgfié’rl %&%I\%Fé"oﬁ?eeF‘é‘r%bF er s% gg]ﬁgelgreap%&lfé%%énrgg qei\'hﬁ e the
vater = COBLBAE Liet B %ﬁ%ugmbfs%%ﬂesﬂa%@ oM thiah e changesah.l x 10-6 to
1 x 10-10 Kpp I'i ed voltage When the filmof the transparent conductive
oxi de is forneghbytRpokhessngs the habhspamdnwi dubstfratkeisr anspar ent
conductive oxide can be controlled by the voltage applled to the

sput t eri ngppaegeiatedy sedmsited depeasdsntdy ¢ tth§e '€ Pfeft®Cably set to a

transparent conductive oxide or the material thereof. The
thickness is usually set to a value within the range of 15 o
to 3. mm, and is preferably set to a value within the range of

50 pym to 1 mm.

{(5) Intermediate layer

In the fifth embodiment, an intermediate layer h'av'ing' a
thickness of 0.5 to 10 Bm is preferably disposed on the substrate
surface at the side on which the trahspare—nt conductive oxide
is disposed, in order to improve adhesion thereof to the
transparent conductive oxide. |

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

Examples of the metal oxide include A1,0,, SiO, (0<x=
2), Zn0 and TiO,. Examples of the metal nitride includé A1N,
Si,N,, and TiN. Examples of the metal carbide include SiC and
B,C. Examples of the crosslinking resin include eﬁoxy resin,
phenoxy efher resin and acrylic resin.

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



44 value within the range of 200 to 500 V in the sane manner as in the
fourth enbodi nent. Sputtering gas In order to control the half band w dth
of the transparent conductive oxide easily into the given range, a m xed
gas of an inert gas, such as argon gas, and oxygen gas is preferably

used as. the sputtering gas (atnosphenigc gas). In the case that argon gas
Is used as the inert gas in the mxed gas, the blend ratio of argon gas to
oxygen gas is | preferably set to a value of 0.6:0.4 to 0.999:0.001. Wen
such a mxed, Qa8 55SsiSh Gn tihl}em%%teevaweet ite faﬁp&te%@&ab&gmﬁaérent
conducti ve oxl de beconmes good. Mreover, “the resultant transparent
conduct i ve Wi &fe:€ afcRaveude wgbréight ciéesbmiingceayés)asabahrate As
the substrate used when the transparent conductive oxide is formed, a

gl ass subisiorganic matféetihabrlapertarsgbstceessivale é¢pasite@sparent resin
Is preferred. Exanples of the glass substrate_ include trgf%ﬁﬁrent | ass

pl ates made of Hbdhe Fage thal 3y tzalsPEend; 912af S"ytakh §ietuFty
silica glass,,.non- | gliass. ( . these. bg%a p e
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a resin having a sufficiently high light transmttance and a superior
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such as pol yet hyl ene tereghthalate,gol car bonat e resiﬂ, .
becausé such a bilayer structure causes a further improvement

in the adhesion than a monolayer. structure.

e,
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In either case, the transparent conductive ox-idé having
better thermal stability can be obtained if the inorganic
material layer is arranged on the side which the transparent
conductive oxide of the intermediate layer contacts. .

In the case that the crosslinking layer is disposed as
the intermediate layer on the surface of the substrate made of
the tr-ans.parent resin, an adhesive layer or a gdas barrier layer
may be interposed between_t-he substrate surface and the
crosslinking resin layer. Examples of an adhesive agent used
to form such an adhesive layer indclude époxy—type, |
acrylurethane-type, and 'phenoxyether—tfp’e adhesive agents. E

- In the case that this transparent conductive material is used
as a transparent electrode of a 1iquid crystal display element,
the gas bar.rier layer makes it possible to prevent water vapor,

oxygen or the like to diffuse into the liquid crystal.

{6) Transparent conductive oxide
(D Etching

The transparent conductive oxide of the fifth émbodiment
is amorphous, and has'supe:cior etching property. Aceordingly.

this amorphous transparent conductive oxide can easily be



pol yaryl ate resin, polyether sulfone resin, acrylic resin, 45 polym de
resin, polyamde resin, and maleim 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 either case of the transparent
gl ass substrate or the substrate nadeg9f transparent resin. The thickness
of the transparent substrate is appropriately selected dependently on the
use of the transparent conductive oxide or the material thereof. The

thi ckness L endatgh ko8 ulfnd ¥aLULUY! 0 N tOGH AWG - NP1 A4

~and is pr% | y—se ue W € range o pmto 1 mm (5)

| nt er medi gi-e,4 @Y SFedih HE ol bilknamaodb Ml onddr QiR QldnpAY’latayi ng a
thickness of 0.5 to 10 pmis preferably disposed on the substrate surface
at the sidpeoatwbnsh sheht aansydaahimeadnddct peodeicdd vel Lidinspaded,a i n ‘
order to inprove adhesion thereof to the transparent conductive oxide. As
this int ewiBdngt 81pgyEPder héfe eI fOFMesh by T o8 vatdpanl ddithdddd<of a
nonol ayer structure. or til r. St which Firgg et al
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silicon niphbi-fgbus 2rABEahrearbicddauemiveh okaviehe ad Sigueois caikitden a
crosslinking resin or the |1like. Exanples of the netal oxide include A 20
Si O (0<xBav2hg, aZotheaedtTa@2onErinpl ts bO% the westagllt miff dxdd jchaaide Al N,
si, N4, and Ti N. Exanples of the netal carbide include Si.C and

which does not cause corrosion of wiring electrodes of display
devices.

{ ’ The reasons for this are as follows. If the concentration
of oxalic acid in the agueous solution is thinner than 3% by
weight, sﬁfficient etching speed may not be obtained. On the
other hand, if the concentration of oxalic acid in the agqueous
solution is over 10% by weight, crystal may easily be generated

in the solution.

@ Heat treatment

It is preferred to pattern the amorphous transparent
conductive oxide by etching and subsequently crystallize the
oxide by heat treatment, thereb_y'imp_roving 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 h.igher,
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 highe_f-.

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

pi:eferably set to a temperature at which the substrate is



B4C. Exanpl es of the crosslinking resin include epoxy resin, phenoxy
ether resin and acrylic resin. In the case that the substrate nade of a
transparent resin 46 is used as such an internediate layer, its form
preferably has a bilayer structure wherein a crosslinking |ayer and an
inorganic material |layer are successivay deposited. In the case that a
transparent glass material is used as the transparent substrate, its form
preferably has a bilayer structure wherein an inorganic material |ayer

.and a cr@%rhg&gifgdéfghgeaaygf PEReSUCERISiekainp14ePsi tae. c3BbSthat

because suc ayer structure causes a further inprovenent in the
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gas barri ?m?ayer etmee e substrate surface and the
crosslinking resin Iayer Exanpl es of an adhesi ve agent used to form such
an adhesi ve | ayer include epoxy- type acryl uret hane-type, and
phenoxyeKEbFlﬂmpahadkaaswe agents. In the case that this transparent

conductive naterlal |s used a trans arent elec f [ rysta
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material of the substrate on which the transparent conductive = { }
oxide is deposited, ‘and so on. The film thickness preferably
ranges from 3 to 3,000 nm in the same manner as in the third

. 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 e_lemen_t, a
transparent electrode for a sOla_r cell, or the like t‘o‘make good
use of superior transparency., conductivity and etching. Y

property.

[Six embodiment]

The sixth embodiment is an émbodiment 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



(c)1 Etching The transparent conductive oxide of the fifth enbodinent . is
anor phous, and has superior etching property. Accordingly, this anorphous
transparent conductive oxide can easily be 47 etched without using a
strong acid such as hydrochloric acid or aqua regia as an etching
solution or requiring conplicated opet%tions, such as attachnment of a
protective filmonto a wring electrode, as perfornmed for conventi onal
ITOfilms. It is preferred to use, as the etching solution for this

anor phousefbaaspahenis aopcU6t i el 1t fladeaty depeous: isE,Ubhon sub\tirag ea
concentration of 3 to 10% by wei ght of oxalic acid, which does not cause
corrosi onl@f w'qu')x‘@alei@dtfrbmd olam@ﬂl%pndd@vrt@égspm@nrte@@eaﬂycrcdrvet hi s
are as foll ows- ancentration oxalic acid in the agous
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be obt ai negl.; O [ %seﬁtgeréE’”ﬁilgels tP@a&ﬁ%ﬁ@rgkbaﬂ ﬁixé’ié'e{xﬁib%ﬁh@ 'n

‘the aqueous solution is over by weight, crystal nay easil

gener at edpik81&helsohgt 4na. 18, Hoat atyeaikmatrlik (Bl@ﬁﬂfﬂfa’(ﬂhg o.apafttiern
t he anorphous transparent conductive oxide by etching and subsequently
crystalli2e dhspossddeheéyeheliweeneat nent, thereby inproving the

conductivity and further stabilizing the el ectric resistance at hlgh
tenperature and*hf giP ?ﬂ%gﬁrl%FtQNQ?lfﬁég iFﬁE HBAECY FeRPReFes ©
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25%, preferably 5 to 20% by weight of tin oxide, and 2 to 8%,
preferably 2 to 6% by weight of zinc oxide: has a c.omposition
that the atomic ratio of tin to all metal atoms is not less than
the atomic ratio of zinc to all the atoms; and has the transparent
conductive film 24 crystallized as an electrode by heat-
treating a transparent conductive £ilm 22, which: is amorphous

when deposited, at a temperature of 200°C or higher, more

preferably at a température within the range of 230 to 300°C.

( 2) T-ransparent conductive film

The reaseon why the composition of the 't_ransparent_
conductive oxic’;e constituting the transparent conductive film
is set into the above-mentioned range is that the sintered body
target made of the transpidrent conductive oxide having this
composition range makes sputt_erring at low temperature possible.

That is, by forming a transparent conductive film from
. the sintered body using sputtering, the transparent conductive
film which is amorphous and superior in etching property can
be formed on the erganic colored layer even if the temperatﬁre
of the substrate is set to 200°C or lower.

Therefore, a fear that the organic éolored layer as an

undercoat is damaged in the sputtering is relieved.
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Is nore. preferably set to a value of 250C or higher, and is still nore
preferably set to a value of 280C or higher. As the heat treatnent
tenperature is higher, a nore favorable effect is generally produced
since crystallizing speed is faster. However, the heat treatnent
tenperature is preferably set to a temperature at which the substrate is
48 thermally defornmed, or lower. For exanple, in the case that a
transparent resin is used as the substrate, the heat treatnent

tenperature is &l ek pOkNe88t ok OtRiLC¥PEREpHEBNEf c3RAGCRivEO¥RIm | N the
case that a glass substrate is used, the heat treatnment tenperature is

pr ef er abl yprepérébla deangrey AtomeS bd KOO om dodescribed mbovitckine $9 rHie

t hi ckness of the transparent conductive oxide can be appropriately

sel ect ed eeped@eRty on the use thereof, the -material of the substrate on
whi ch the transparent conductive oxide is deposited, and so on. The film
t hi ckness preferably ranges from3 to 3,000 nmin the same manner as in
the third zengedipeateor the forth enbodiment. Uses. Such a transparent
conductive oxide can be suitably used as a transparent electrode for a
liquid crystal Ekambys elfetkratsubstratanspaddmt tled ecfliogdeiioer dnclude
el ectrol um nescence elenment, a transparent electrode for a sol ar cel
the |i ke £blnalandebeaisengiesobFlaTs (Pafypibetdy reohuntIRATP R AR

or

Setching 7o Bl oReriXeyl SLacRMBRILIROLL HIRa2ex! Bo1GURRGLIRA S an

embodi nent | _
terephthalate (PET), polyarylate, and polyethersulfone.

g

{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 dispo-sed on the
substrate or adjacently to the light shading layer, a
composition made of a colering agent and-a binder resin is used.

Examples .of this coloring agent which can be used include r
perylene pigments,. lake pigments, azo pigments, gquinacridon
pigments, anthragquinone 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, poiyvinyl alcohol
resin,polyimideresin,oraamixturetheréof. Of these resins,

polyimide is particularly preferred since it has ‘high heat



Py

invention, and is a transparent. conductive oxide formed on a colored

| ayer di sposed on a substrate. This enbodinent will be described by way
of an exanple of a color filter. (1) Structure As illustrated in FIG

11(d) , the color filter of the sixth 49 enbodinent is a color filter
made by depositing, on a substrate 1! an organic colored layer 12 and a
transparent conductive film(electrode) 24 in this order. The organic
colored layer 12 is conposed of RGB pixels (red pixels, green pixéls and
bl ue pi xeks)istdncé6 and 18, and a black matrix (light shading |layer) 20
di sposed t herebetween. This color filter is a color filter_which conprises
67 to 93% preferbpprmgne ; otlokid oF ghite APPYRITAR kPR Light 25 9

pref er abl éﬁgd%ggzg% By !Biegefaagér&au%kg? 189 8al P89 pREGLAEEPIY 2 to

6% by wei zi nt oxi a conposition that the atomc ratio of

tin to alk,petabidbANBetwedAt thE€SSrihaic EbEopb@M gyédt pRebbszi Kot 0 al |
the atons; and has the transparent conductive film24 crystallized as an

el ect r odeeckgmhiat -a tlageti mgda 4ff anshaeshtmconducia pertinmlz2oxifdickd s
anor phous when deposited, at a tenperatuyre of 200C or_hi gher, nore
pr ef er abl ghEpmiuR atdly ETHRPHCHCPAETPINHRY OF qg*?ﬁ?ﬁﬂ%ﬁiﬁ blagk or
Transpareﬁﬁecggguctive‘iké .Thgségason why the conposition of the

transpare bhdutti V& oXxidd constituting the transparent conductive film

is set into the above-nentioned range is that the sintered body target
made of the transparent conductive oxide having this conposition range
makes spu{serFogmbatg| Bethedper at ur e possi bl e.

@ Formation of the celored layer

As illustrated in FIG. 11(b)., in order to form the orgaﬁic
colored layer 12, it is preferred‘to blend and disperse ;
respective Pigments in red, blue dnd 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 shadingrlayered worked into a stripe,
semi-cure the paste, form a Qreen organic colored layer (G
pixels) in the form of a stripe corresponding to the pixels by
photelithography, and then cure this.

Redandblueorganiccoloredlayers(R;ﬂxelsandjspixels}
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 f£ilm
Next;theamorphoustransparentconductivefﬁjmlisformed
on the organic colored layer or on the protective layer

deposited on this organic colored layer, as illustrated in FiG.
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That is, by form ng a transparent conductive filmfrom the sintered body
using sputtering, the transparent conductive filmwhich is anorphous and
superior in etching property can be formed on the organic colored | ayer
even if the tenperature of the substrate is set to 200C or | ower.
Therefore, a fear that the organic col®fed |layer as an undercoat is
damaged in the sputtering is relieved. 50 The thickness of this
transparent conductive filmpreferably ranges from3 to 3, 000 nm as
descri bedlabout the first enbodinent. (3) Substrate Exanples of the

or synt het T’ie?e'%?%égr?@ﬁ&?f%{li%%ﬁ#&ﬁéﬁ%ﬁ%ﬁf' PR SOOI b
pol yet hyl epe %ﬁé&phﬁgﬂ %ﬂf%%t 19;94,}{ Y4 & Smp :ﬂﬁ{yc% her s fone. (4)

Col ored Iayer e brganl Iayer |spose over the substrate may
directly heefaraBiyonst bg SQESbf{atq@,lgm: pirxahgiaf blRedeqr ganioc 25¢0l or ed

~layermay be separated fromeach. other in plan and further |ight shading

| ayer is piepesatdlyhbr tbel@ehy( bedgkt wdt i) oxpdet., ang ?h¢§ @ﬁganlc
col ored | ayer dlsEosed on the substrate or ag# centl to t Qﬁ}
shadi ng | Bfeferabl¥ohges ot BY webahbiot 2P a ag“éli’l TSha- HG esin

|5 used. Ex€%§ﬁ§§t9%£%@hiiﬁg$ %i@ﬂxﬁﬂ??&thiSQs§QBuQ?tH%QQté&M%ﬂfg%lo

perylene'ﬁ? e “pi gnen azo- pl gment's, qui nacridon pignents,
ant hr aqui #eng; ik AL ALY, 88t HESREEn @I A He: the crystal grain size of

‘a contained hexagonal layered compound is 5 pm or less.

!

Whén the transparent conductive film is formed on the
organic colored layer or the p-ro-tect-ive 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 t-hiékness 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 %20 minute‘é. |

The thickness of the amorphous transparent .condudtive ' %
fiim, which varies dependently on the kind of a display device
to which the film 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 f£ilm. Therefore, in etching treatment for

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



i soi ndol i ne pignents, isoindolinone pignents, phthal ocyanine pignents,

tri phenyl net hane basi ¢ dyes, i-ndanthrone pignents, indophenol pignments,
cyani ne pignments, and di oxadi ne pignments. The binder resin is preferably a
resin having heat resistance. There is suitably used, for exanple, epoxy
resin, urethane resin, urea resin, acsylic resin, polyvinyl alcohol

resin, polyimde resin, or a mxture thereof. O these resins, polylnlde
is particularly preferred since it has high heat 51 resistance.

Fur t her nogg4 chh@oké R 10Eahhe chawiimnbiranedidd Bhtershadi fer ba¥iplies not
particularly limted if it prevents interaction between the organic

col or ed | apjeagpeeasssofotiosxhapiey @nl@y@l1¢mﬁh&dﬁcqnqﬂﬂtﬂﬁﬁmﬂﬁ|dﬁn3 a
partially-oxidized chromumfilm an organic colored | ayer colored into
bl ack.or tPhdORj k¥ weighiti-ably used. (5) Forming Method t Formation of the

col ored | ayer illustrated ordet t formihe organic
col ored | ayer f%Or'?XP@PEFefBPBSE ?BHéF%ﬁéhgnafdlgpé?sgo($é§%%CQ|%

pi gnents kB1629onPhde1agdaflr 88811 ¥Whh&ha asen&eheed €tbn fgOM g weight
above-nentioned col oring agents, and a binder resin in a solvent for

t hem t heasbgnpebdhthggsalpator, thmiamnﬂmﬁaqueﬁubwsD@EWmRGBOpdmgtgvby'
phot ol it hography, For exanple, it is advisable to a the paste onto a

substrateféﬁmﬁ¢$§th§h§&Pﬁ§HqﬁRﬁ%RF%%PE@@?QHY gFPFﬁ§°h PeGfe t he

paste, form nlc c%b%red | ayer (G pixels) inthe formof a

stripe co}Fegp ree2$lPo heTpi'Xels by

@ crystallization of the transparent conductive £ilm

Next, the formed amorphous transparent conductive £ilm
is preferably subjected to heat treatment so as to be
crystallized after the patterning of the film by the etching,

- as illustrated in FIG. 11(d). In this way, a crystalline

transparentconductivefilmhavingsuperiorheatresistanceand
moisture 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.

‘[8eventh 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 ccntaining
a hexagonal layered compound represented by In,Q,(Zn0), 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, comprising

the steps (1) to (3):



phot ol i t hography, and then cure this. Red and bl ue organic colored | ayers
(R pixels and B pixels) nay also be forned in the sanme manner. |If
necessary, a protective |ayer made of polyimde resin nay be formed on
this organic colored layer. @ Formation of the anorphous transparent
conductive film Next, the anorphous tI3%nsparent conductive filmis forned
on the organic colored |layer or on the protective-layer deposited on this
organic colored layer, as illustrated in FIG 52 11(c). Preferably, this
anor phous transpa) etiie conglcid e fridimg iisidiemmeck ides ipogrdert arigdt zHiand ng a
conposition of 67 to 93% preferably 74 to 93% by wei ght of indi um oxide,
5 to 25%oxpdef ppuBey BavingoanbyvaERght IGR1P| 1R €, 2aH® 2Tt deg%,.

preferably 2 to, 6% i ght _of zinc oxjde erein.the atqm c_.ratio of
tinto all net aigéi%mﬁse%né’ff W@é%nf’hgn th e‘i{l)ooﬁ‘f% ST S ATONS al |
the at Onsréeﬂofgftfﬁ{_) (F0P7& YHL %11?;5%&_ i zerfe oF WORRIREY ReXagenal

layered conpound is pm or | ess. : en the transparent conductive

filmis forned pm) the sbegat sindépind thay formedithelypaotetbnperhayere, a
magnetron sputtering nmachine is suitably used. Therefore, conditions when
t he anor pbibud, $0a73 par dntghesonductive filmis formed vary to sone extent
dependently on the area or the thickness of the target. The anorphous
transparent conductive filmhaving a desired thickness can be usually

obt ai ned y}sgiéh&gnglg§ga output into the range of 0.3 to 4 Wper cn? of
the target area and Setting formng tinme to

@ Mixing pulverizer

ey

Respective metal oxides used as ingredients for producing ,}
the target are homogenously mixed and pulverized using an
ordinary mixing pulverizer, such as a wet ball mill, bead mill,

or an ultrasonic device.

@ Average grain size of the ingredient powders

| ' In the mixing and pulverizing the ingredient powders, the

: powdefs are preferably pulverized into fider grains since the
crystal grain size of the hexagonal layered co’mpbund- in the
target is easgsily controlled (5 pm ox less). Specifically, the

indium oxide powder, the zinc oxide power and so on are &

S

preferably subjected to mixing pulverization in the manner that
the averaé;e 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 mm, and still more
and more preferably within the range of 0.5 to 1.2 pm.

in thé meant--ime, 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 pm, is more preferably set to a

value within the range of O.l- to 0.7 pm, and is still more



a value of 5 to 120 mnutes. The thickness of the anorphous transparent
conductive ="= film which varies dependently on the kind of a display
device to which the filmis applied, usually ranges from3 to 3,000 nm
preferably ranges from20 to 600 nm and nore preferably ranges from 30
to 200 nm Etching of the anorphous trsmnsparent conductive filmln etching
property, the resultant anorphous transparent conductive filmis far
better than any crystalline transparent ' conductive film Therefore, in

etching treasdemhi1d 05 tReht €RBI PAngbhEEeoCaNLHE USEgan aqueous sol ution
of a weak acid 53 " which does not cause corrosion of wiring material, for

exanpl e, an aguenuds Betatserbhadimigiag thealaversgedgraihnentzeabifothef 3

to 10% by wei ght. For exanple, under conditions of 40 to 50C using a
sol uti on HEigHi s Rowdar: Iadiod SEERcBNFRRIF ot B INErght shiemf

etching sal ution, th mor phops transpar ent nduct i.v il.m.nh ch a
superi or &%hwm&?%ﬁ%&o&c iaﬁé E%é;esd 1(%1831 8:.05&)8}#% %ﬁtéﬁl%r

or e. (r)tag%éﬁ akdh 284 & Py Obet BontFE1BHAT EHt pnROBAULSsYE. 11 m Next, the
formed anor phous transparent conductive film is preferably subjected to
heat treatnment so as to:be crystallized after the patterning of the film
by the etching, as illustrated in FIG 11(d). In this way, a crystalline
t r anspar 68t Kdéoddo¢t ithe fingmeddwiniy powderisor heat resi stance and noisture

resistance i's propare P el ablY ol deEa; AL AR E YU T 4l thi s

ingredients are preferably oxides or compounds which will be
oxides after sintering, that is, indium oxide precursors or zinc
‘oxide precursors. |

Examples of the indium oxide precursors and the zinc oxide
precursors include sulfide‘s,\ sulfates, nitrates, halides
(Chlorides . btomide.s and so on), cafbo'néte's, ‘orga-nic acid salts
{acetates, oxa_late,s., propionates., naphthanoates and so on),
alkoxide compounds (methoxide compounds, ethoxide compounds,
and so on)}, and organic metal complexes (acetyl acetonate
compounds and so on) of indium and zinc.

Of these, nitrates', organic acid salts, alkoxides and
organid metal complexés are preferred since they are completely

' " thermally decomposed even at low temperature so that no

impurities remain.

(2) Pre-sintering step

Next, this mixture is preferably pre-sintered, which is
an optional step, after the,mi")'{ture 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 deCo‘mposition of the indiuam



set to 200C or' higher, preferably 230C or higher, and nore preferably
250C or higher, and treatnent tine is set to a value of 0.5 to 3 hours.
enbodi ment] The seventh enbodi nent is an enbodi nent related to a
process for producing the first and second inventions, and is a first
process for producing a sputtering tarfet contai ning a hexagonal
represented by. Tn20 (ZnO mmvherein mis an integer of 2 to 20,

[ Sevent h

conpound

| ayer ed

the crystal grain size of the hexagonal |ayered conmpound being a val ue of

5 pm or | esspoithils phecessc cempopndcess the pinduompguhﬂemapubbebmng
target, conprising the steps (1) to (3): (1) the step of blending

|nd|un1oxiﬂéuﬁgﬁﬂéﬁnﬁnPHdQFnEh%XW%R¢Fﬁﬁ@ﬂﬁ @ﬂﬁuQRPQ%F%RRﬂﬂégéeﬁﬁa¢h3§ize of

2 pmor |
rati o of

Bl endi ng

AP e doap hran hattige o6 CBore Rt dHasa. it he) PeRE o1 op

of sint e”tﬂgai:ltﬂ i:%(ﬂﬁﬂ i8loved ?L”E@'ba&lgxeovgfr HoHB86rar {Hegg‘fs%ln( 1)

step X|ng pul'veri zer Respective netal oxides used

i ngredi enhayfbe padducbagset hedt angge-aieelonngenous|y m xed and

pul veri zed u5|n an ordinary mxing pulverizer, such as a wet ball mil,

bead m ||

t he

b 15t taebpferacnaEeicpbynlEr ageteFapd tpeeBFoFRethe

|ngred|33%?§9m?§é%t%?n£h WIXIn gggn y:xﬁgli:ﬁgrtggnhggredlen% Eggders,

era y puf‘verl Ze grains sincet
temperature range of 800 to 1, 200°C for 2 to 50 hours.

The pre-sintered body obtalned herein is preferably
pu]_.veri_?;ed before being formed and sintered. The
pulverization of the pre-sintered body is preferably performed
with a ball mill, a roll mill, a pearl mill, a jet mill or the
iike,,in the manner that the grain size thereof will be-from

0.01 to 1.0 pm.

{3) Forming step
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—sintei‘ed body by CIP (cold
is-oétatic press) or the like, and subsequently subject the
resultant formed body to sintering treatment, which will be
descrlbed 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

Yo
N
S’
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crystal grain size of the hexagonal |ayered conpound in the target. is
easily controlled (5 pmor less). Specifically, the indium oxide powder,
the zinc oxide power and so on are preferably subjected to m xing

pul verization in the manner that the average grain size thereof will be 2
pmor less, nmore preferably within th@Zrange of 0.1 to 1.8 pm still nore
preferably within the range of 0.3 to 1.5 pum and still nore and nore
preferably within the range of 0.5 to 1.2 pm In the neantine, in the case
that tin @wirfeapender ai Geshirendsdape generede wospime) @id utielfalrmed
compound, the average grain size of the tin oxide powder is preferably

set to a balye iswistiniterelide anshgabdectegdl tioo HEPphhoits ipesd afier Prgisisy set

to a value within the range of 0.1 to 0.7 pm and is still nore. 55
pr ef er abl $1HEERILAS RE RSy -0.3 to 0.5 pm This is because by limiting

the average grakBo‘ﬁ'l:zgiﬁ%eEEﬁ I:bﬁ‘d]%jrgﬁs PAYOE: d ML S UG 13981 righe
crystal grain size of e e%agona ayered conpound and the spinel
conmpound kR jdeFotmEdan €8 Ravidphehe eobyoleheghé Drppressthesd bxyigerd of

t he ingredi ent powders The indi um conpound and the zinc conmpound used as
the i ngregdisenisnalEy ptel sptablty bxé WES , rrebepaviatwhi €30 wol 1, $He0°Coxi des
after sintering, that is, indiumoxide precursprs or zinc oxide

pr ecur sor 3ndERaxRpl pEeseraRdyi adi drrBRi B bretlirs Y At Wi tAsHExide
precur sorgol el Ul Su b dgS rolhbkBS ushblgkes, halides (chlori des,
brom des and”so nf, carbonates, organic acid salts (acetates, oxal ates,
propi onates, naphthiadarbatidd $0 HY 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 1,4006°C, the-A reactivity of zinc oxide with indium oxide
drops so that crystal of a héxag_onal layered compound may be
insufficiently formed. Consequently, the. deﬁ_s.ity of" thé
resultant target cannot be sufficiently impréved so that the
generation of nodules cannot be s-ufficiently suppressed in the
sputtering. - |

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

If the mixture of the indium oxide powder and the zinc
oxider pdwder having the given ratio therebetween is sintered
in the atmosphere of oxygen gas or pressured oxygen gas at a
temperature of 1,400°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 indiumoxide. 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,
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al koxi de compounds (et hoxi de conpounds, ethoxi de conpounds, and so on),
and organi c netal conplexes (acetyl acetonate conpounds and so.on) of
indiumand zinc. O these, nitrates, organic acid salts, al koxides and
organi c netal conplexes are. preferred since they are conpletely thernmally
deconposed even at |ow tenperature so3tthat no inpurities remain. (2)
Pre-sintering step Next, this mxture is preferably pre-sintered, which is
an optional step, after the m xture of the indium conpound, the zinc
conpound sl 4 diad Garpyo bedriingy abtaynedl gnalhisip:s eSisnper bnglssep,

heat treatnment is preferably perfornmed at 500 to 1,200C for 1 to 100
hours. This 9Btadiereise 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 . % égéﬁglgﬁrghe pf the heat treatment condition is over 1, 200C
or over 100 hours e grain may be nade coarse and |large-sized. It is

t herefore partimularder prefredkedtlio pelk aresideandweadf tteatmeniltant
(pre-sintering) under the conditions of the tenperature range of 800 to
1, 200C f crintered by reanifpen pse-aj Waeled Whﬂbﬁa\?ﬁfé@tw’éu#\su s

fer abl | fore b d. The
bul ver | 2 5 PRAD DL Par ARt dPoa BoOYCTR0 BTy Rt hart BPndat %0 th

bal I mllg égroll mll, a pearl mll, ajet mlIl or the like, in the
manner tha grain size thereof mjll be from
As such a reducing method, there is used a method based

on reducing gas, or-reductioa based on vacuum sintering or an
inert gas.

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

In the case of the redﬁction based on'sintering in the
rinertgas,nitrogen,argon,andxedgasoftmesegasesandoxygen,
~or the like may be used.

Reduction temperature is from 100 to 800°C, preferably
froem 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 sputteéring target obtained in the last step, the
composition of the respective metal oxides, which are
constifuent elements of the target, is set intoc the above--

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



o

0.01 to 1.0 pm (3) Formng step Next, the resultant pre-sintered body is
used to be formed into a shape suitable for a target in the form ng step.
For such form ng processing, nold formng, casting formng, injection
formng or the like is perforned. In order to obtain a sintered body
having a high sintered density, it isspreferred to formthe pre-sintered
body by CIP (cold isostatic press) or the |ike, and subsequently subject
the resultant fornmed body to sintering treatnment, which will be

descri beduablgeo kintBe tRENLREABEOERSEhE atodHidid Gl &k s or

pol yvi nyl al cohol, nethyl cellulose, polywax or oleic acid may be used.
(4) Sintepregsatred Neygent yas esuld arimpleiradupenwddr 1i,dogranckahedhand t hen
57 formed into a desired:shape b§igress formng, and the formed body is

si ntered &RETEHE] EBPESPHoIRARUINE §o§?§t?%n%ﬁ%§%§e 9 MeABRF T tife
SRS ; g AT : : . ; . f g
| ke Oll}, oSt SN Bk%fé’%%kéi PAYrelra gt @6@%@&? 8@%&" nt ‘fﬁéﬂgfo{c{i ypcg{e ‘i’r e

I n the atnosphere of ox n gas-ofr pres gen ‘gas, usua

400 to 1, paQRCrepigtanabl ¥rathis488r§et lis SoMuce@hdie: Rfiablias at
1,500 to 1,540C for 30 mnutes to 72 hours, preferably for 10 to 48
hours. | nathgneeanyshel fdéxtinee atine ofcryis¢ailndrasmogide pdHvwerpm and t he
zinc oxide powder is sintered in the atnosphere containing no oxygen or
is sinterd858t a tenperature of less than 1,400C, the reactivity of zinc

oxide with indi Hgb&%&gﬁgly, when this target is used to form a £ilm by
sputtering, the generation of nodules is suppressed. §Since the
scatteri-ng‘ of the nodules by plasma is markedly reduced, the '
‘sputtering can be made stable so that a high-quality

: tranéparent conductive oxide to which no alien substances are

attached can be obtained.

[Eighth embodimén‘t]

The eighth einbodiment is relaf.ed 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,(%4n0), wherein
mis an integér of 2 to 20, thecrystal grain size of the hexagonal
layered compound being a value of 5 pym or less. This process
‘is a process for producing the sputtering target, charadterized
by comprising the steps (1) to (5):

(1) the step of producing a hexagonal layered compound
represented by In,0,(2n0), 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) thé 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



drops so that crystal of a hexagonal |ayered conpound may be ,
insufficiently formed. Consequently, the density of the resultant target
cannot be sufficiently inproved so that the generation of nodul es cannot
be sufficiently suppressed in the sputtering. The tenperature-raising
rate in this case is preferably fromead® to 500 mnute. If the m xture of
t he i ndi um oxi de powder and the zinc oxide powder having the given ratio
t herebetween is sintered in the atnosphere of oxygen gas or pressured
oXygen gasgfiodof LEAPEIRixh ¢ OF i AODE @ie HaGhRY ofnot.lriss teay.. 9gryahal of
the hexagonal | ayered conpound nade of indium oxide and zinc oxide is
generated to be(anenentyeplict sibticedngrilgapsrived westy aher temperalktugeai ns
of indium oxide. This suppresses crystal gromh of indiumoxide so that a
si ntered ®bdy. #AQ T Higherrystal texture is forned. In the
above- nenti one | endi n (g 4 i V] ve e
gug BT N9 PEEPing LhRBRE 2L G- ONdEa 1RVINDL pady CLAD

grain size of’ . Ss'Ts U ere e sintered body
having a .ﬁé!éé?é AN s$kaco Ptz RBkAGohAESl ayérsDdtanpodnd(Snd ReAdushng
0

step In order make the bulk resistance of the resultant sintered body
uni f or m abn atiwd ol ®rgeiedimi roe tveay neintictsly Ediuertatsl.y oefrefowe.i the
reduci ng step, m@ich_is an optional ;teg. As such a,ﬁeducing nmet hod,
there is ggreratherhef padeyesorrBdhei AGTEEEIVEIY  REGEPPERILEBER bR®vacuum
SIHterlngtgéggg is used to perform sputtering.
(1) Step of producing a hexagonal layered compound - igg
When a hexagonal layered compbund represented by
In,0,(%n0), wherein m is an integer of 2 to 20 is produced, it
is preferred to use awet ballmill, a beadmill, or an ultrasonic
device to mix homogeneously respective powders of indium oxide
(I_nzb3) and zinc oxide (Zn0), which are ingredients, in the same
‘manner as in the seventh embodiﬁéntﬂ;
Next, the mixture is preferably subjected to heat
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

-
g

compound is controlled in the grain size adjusting step which
will 5e described later, indium oxide powder and zinc oxide
powder having an average grain size of 2 pm 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 graih size of the

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



Inert gas. In the case based on the reduci ng gas, hydrogen, nethane,
carbon nonoxi de, a m xed gas of these gases and oxygen, or the |ike my
be used. In the case of the reduction based on sintering in the inert
gas, nitrogen, argon, a mxed gas of these gases and oxygen, or the |ike
may be used. Reduction tenperature is $tom 100 to 800C, preferably from
200 to 800C. Reduction time is fromO0.01 to 10 hours, preferably from
0.05to 5 hours. 1' (6) Wirking step Preferably, the sintered body

obt ai ned By saglissingethagyrd s Glilzd Wifo theshapagsnal adwefel desiprgdd tt ed
to a sputtering nmachine in a wrking step, and a fitting nmenber is
attached io thAs way.bsbsy g@ﬂpﬁr@ﬁm@ &fs pedudiisn ganabgetet feptiye ly

sputtering target ained in th ste t.he osition of the -
respectiv rﬁﬁPg%e h '5ﬁsgﬁ 3 gfﬁéﬂf 315%@Ets of the target, is
set into the abﬁxﬁevggnt i Pneflor 308¢aRNd kil @azaaxsusng,-h@ $le%8g8had PmM or
less-are 59 wused to sinter the oxidés in the atnosphere of oxygen gas or
pressur edleygged gaspaind isanpds atddes Givell YIS0&1 b; thiegbentrol hdreatno £
causing indiumoxide and zinc oxide to be present in the form of

hexagonal mhzy beedmeofpslidgudity oraltheTyd m@ﬁ'@H@Plﬁﬂ Kesgditstidnce of
this target is red 81§a§d t he targq& has stal texture haV|ng a

a fine.
crystal gPgPROGLZEL KRBEa9PEss. %\%E%?‘a?ﬁgl‘&l v%e%r‘?%‘? FEYEY 4% used

to form aoif J:ﬁré ti¥ex<’:1gcm:;1l layered compound 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 pmm.

The method of adjusting the grain size of the hexagonal :
layeréd cofnpotmd is not particularly limited. However, the
adjustment can be carried out by pulve,rizing 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 is a step of blending the hexagonal layered compound
hairing 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 :r:-.ange 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 (5Sn0,) to heat
t_reatmént at a temperature of 800 to 1205°C for 30 minutes to
3 hours, subsequently adjust the grain size thereof to 5 pm or

" less, and perform the addition at this stage.

{(4) Step of making a formed body



sputtering, the generation of nodules is suppressed. Since the scattering
of the nodules by plasma is nmarkedly reduced, the sputtering can be nade
stable so that a high-quality transparent conductive oxide to which no
alien substances are attached can be obtained. [Eighth enbodi nent] The

ei ghth enbodinent is related to anothe2 process for producing the first-
and second inventions, and is a second process for producing a sputtering
target containing a hexagonal |ayered conpound represented by |1 n203(ZnO m
wherein mis aphd ARt An? 40 Fs Qs PreFeriably #adel tbhehe
hexagonal | ayered conmpound being a value of 5 pmor |ess. This process

i's a processe fer iproeicevenieesbodtiaenfig t'&h@’etiS.charMu itredbthyn
conpri sing the steps %1) to (5): (1) the ste odu0| a_hexagonal
ayered cofeaatares oSt 8 PR R (o oy AEPERAA A AP REBEBR of 2

to 20, ( pr.ad d agonal |ayered conpound
to have a- raln %%%?o% @Q%%f%é é%%g)(é? #ﬁg %?E% of bl ending the
hexagonal |ayered conpound having the adjusted grain size with indium

oxi de powder, (4) the step of nmaking a fornmed body wherein the atom c 60
rati o of (5 (Sim&Ewing skemin the range of 0.75 to- 0 97, and (5) the step

of sintering the fornmed body at a tenperature of 1,40Q0C or gher If the
sputtering tard&t® iCeRHGd R 3™ HHiss SkSP, aFﬁePI&€§F§&éYgP&Pﬁ PzEDEE the

hexagonal, Jugy o/ ed CUROUL A Wushinldhi N rhk995,°20 B8 YeL¥estEhot!Y

adj ust ed.
' 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 ixﬁ
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 7
ST

Indium oxide having an average gi:a-i—n size of 1 pm and zinc .
. oxide having an average grain size of I um, 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 powdéer was subjected to granulation,
and subsequently the resultant grains were press-formed into
a size having a diameter .of 10 cm and a thiékness of Smm. This

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

at 1,450°C for 36 hours to yield a sintered body (target) made
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generation of nodules can be effectively prevented when the target is
used to performsputtering. (1) Step of producing a hexagonal | ayered
conpound When a hexagonal | ayered conpound represented by 1n,0,(ZnOm
wherein mis an integer of 2 to 20 is produced, it 1is preferred to use a

“wet ball mll, a bead mll, or an ultrasonic device to m x honbgeneously

respective powders of indiumoxide (I1n203) and zinc oxide (ZnO, which
are ingredients, in the same manner as in the seventh enbodi ment.. Next,

the m xt uig ithePrafBimfnestiRi@cdesk i heateridpat ment at a tenperature of
1200 to 1300C for 30 mnutes to 3 hours when the hexagonal | ayered
conpound i s obtained. Since the average grain size of the hexagonal

l.ayer ed ound is controlled in the grain size adjusting step which
will be d&&ckvataaraeerofi kBeufPs9Pde powder and zinc oxi de powder having

an average grai b%hztet?:h%eI%Mtgnﬁ _ éié'te' ﬁe'&?ﬁﬁjﬁﬂ” e %qﬁq{sfsary in

the-step of producing hexagona ere onpound.” (2) Step o

adj ust i ngrha s@fadide Sithe REirhBeaiexcgonsdn layared s Cempodpds #h1 sgi-gi@ step
of making the average grain s.jze of the produced hexagonal |ayered
conpound tsdze waldueragfiows phywidak RrdieriBeadihstdor) wdie greisuside of

t he hexagonal |ayered conpound in this way, the generation of nodules can

be effectively Apr8vEREED tuhdfre HETSdd t4%t -4 gECT s B8EdtPRORRYEr, if
o 20 dL R, 8ol CpU RS B R4 T 0
Cm.

About a sample collected from this sintered body, fhe
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 iayered 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 6f this sintered bbdy was 3.0 pm.

_ The sintered body obtained in (U was cut toAmake a
sputtering target {A‘l] 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 info a film

-

The sputtering target [Al] obtained in the above-



may beconme difficult or the yield may drop to result:in econom cal

di sadvant ages. Therefore,-the average grain size of the hexagonal |ayered
conmpound is nore preferably set to a value within the range of 0.1 to 4
pm and is still nore preferably set to a value within the range of 0.5
to 3 pm The nethod of adjusting the gr4ain size of the hexagonal |ayered
conpound is not particularly limted. However, the adjustnent can be
carried out by pulverizing the conmpound honbgeneously in, for exanple, a

wet bal | lﬂéhkioﬁeaef@ dd fiﬁ%@@o%%@%ﬁ%ﬁ@ﬁ@ﬂ gpuadrifenmaiavnag the
resul tant grains. 33 Step of blending indiumoxide powder This is. a
step of btendbng aheilmxafoaalranypaeentoopodndtinavorngdehenadj gdaed grain
size with indium oxide powder. { That is, the indiumoxide powder is

pr ef er abl yubstndbd afnrepe HAMPeFatWEL-the atomic ratio of In/ (1n+Zn)

w -l be within _the range of.0.75 to 0. 97 i fqr hady + .| L LSal so
preferred to ad%ib%mép?%' t%%Jh%ucnodl 1otgle(%lhserﬂértvﬁqt %hrg'%?ln %%mtgx%BEéEBOV\Uer.

That is, &yggna%é@o&rsﬁ% piaGIRREIN 1ZWAS DidskepdZEda wads Lseagxi de
(Snot) to heat reatnent at a tenperature of 800 to 1200C for 30 m nutes

to 3 houasd sphsequenyl pradiuse,t Attgiamenti peeshereof subssrpheor | ess,

and performthe addition at this stage. (4) Step._ of naking a forned body
62 The cbadperafyren anpldesd ebegteipPeferantyd fddR-foTPREISHRS Y€ t he

seventh enbodiment. That _jis, in,order 1o obfgin . a dense target. Lt is
pr ef er r ed® ol ek a5 bt fled” Body geflé)roe‘#“arf’cf“i g{))/ e Helsgggﬁéyle(bf press)
or the.ILke. As a result thereof, a transparent conductive glass

wherein a transparent conductive oxide having a £film thickness

of about 120 nm was formed on the glass substrate was obtained.

(3) The number of generated nodules

Sputtering was continuously performed for 8 hours under-
the same conditions és in the above-mentioned {2) except that
the sputtering target [Al] obtained in the (1) was fitted to
the DC magnetron sputtefing.machiné and a mixed gas obtained
by adding 3% hydfogen gas to argon gés 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, thernumber
-of g'enerated‘nodules having a size of 20 pm or more was measured
in a visual field of 900 mmﬁ,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



e

(5) Sintering step The conditions in this step are preferably nade to the
same as in the seventh enbodinment. That is, it is preferred to sinter the
formed body obtained in (4) in the atnosphere of oxygen gas or pressured
oxygen gas at 1,400 to 1,600C for 30" mnutes to 72 hours. Exanples The
present invention will be described i®5nore detail by way of Exanpl es and
Conpar ati ve Exanples. [Exanple 11 (1) Production and eval uation of a
sputtering target Production of a target- Indium oxide having an average
grain size of hvpRtantheZ idimdictAxiids havitige arawpagmigradmisczevel 1 pm
as ingredients, were blended with each other in the manner that the
atoni ¢ r axiideobn the(ivedspavent ccdel@z8Bve anidigshi yhigh wagpbbedineda wet
ball mll, and m_xed and pul verized for 72 hours to yjield fine ingredient
powder : T L@ UG RRTROTGE s UEFBLT6H 167 (rAtr 1875 and
subsequent Ly t suld _.arai re press; fornmmg. in [ ing a
di arreterglgfa)éfg&?m{)gn% é@%i%@e‘%@eo c%'n’mﬁé irgslmvxgs' %E?”?ﬁﬁi B;pr?‘?‘ng
furnace gnd fjyred in pressured oxygen gas at 1,450C for 36 hours to yield
a sintered body (target) made 63 of the transparent conductive nmaterial.
Eval uati on of Ghewaaraeio Abmed by XeraytdintTusigeanalwsigepbatythise bul k
resi stance, the X-ray diffraction analysis, the crystal v%a&n )

transparent conductive oxide was amorphous.” Meanwhile, it was

proved that the smeoothness 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 alsoc 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, a;s' ingredients, a mixture wherein the same indium
oxide and _zinc--oxide as in Example 1 -were mixed in the manner 3
that the atomic ratio of indium [In/(In+Zn)] would be.0.93, and N
a mixture wherein the same indium oxi'de and zinc oxide as in
Example 1 were mixed in the manner that the atomic raj:io of indium
[In/({In+Zn)] would be 0.95, respectivély.

Measurement results of the compositions and physical
prepertiées of t-h'e 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



si ze and various physical properties thereof were neasured. As a result,
the density was 6.8 g/cnB, and the bulk resistance neasured by a
four-probe nmethod was 0.91 x 10-3 SZ cm About a sanple collected from
this sintered body, the state of the crystal in the transparent
conductive material was observed by Xaay diffraction analysis. As a
result, it was proved that a hexagonal |ayered conpound represented by

1 n2AB(Zn0O) 3 and nade of i ndium oxide and zinc oxi de was present in the

resul t ant cbaggeet i vENS I &S et msdd trRoR0t RO PL AT ANAPREGe ¥ LB 1 BRI N,
and the surface thereof was polished with alum na grains having a grain

size of 0{0%]1}unesphetiutigr, TRastnrgetwmsandetimaximmspariae of t he
crystal grains of the hexagonal |ayered compound observed in_a frame 30
pm squar eCBRARAELIEPNPEFEES bBeEe stiYd Heatedn| dbgedesyt s aghorerteS SWATR
JXA;862;Ngh&a§d§nb¥agfgL%gtq. ) as an EPVA. At three points, the nmaxi num
grain sizes Were neasure inthe frane 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 pm The sintered body obtained in ( was
cut to nmak€ompasptiitver Ergmpaeget-RA ] having a dianmeter of 10 cmand a

t hi ckness of about 5 mm Physical properties thereof were then neasured.
(2) For maftbnPBPIRcCtiansphr 8RNt EBRADE FFEIBKFde into a film The sputtering

agnet ron Sput UEFT R el e SEEGrFR R i b b A Pt e

- oxi de on #nOtREStarget were investigated.

Py

P

That is, targets [D1] and [El] were obtained in the same
way as in Example 1 excgpt that in Comparative Examples 1.and
2 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
0.98, and a mixture wheérein 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 0.6, respectively.

Measurement results of tﬁe compositions and physical
broperties of the resultant targets [Di] and [E1l] are shown

in Table 1.

(2)Evaluation(ﬁ?thetargetsandtxansparentcondﬁctiveoxides
In the same way as in Example 1, films of transparent
conductive oxides were made from the resultant targets [D1] and
{El], respectively. Thé targets and thertransparent
conductive oxides were evaluated. The resultant results are

shown in Table 2.

[Comparative Example 3]

(1) Production of a sputtering target



substrate at roomtenperature. About sputtering: conditions herein, argon
gas to which oxygen gas of an appropriate anpbunt was i ncorporated was '
used, and sputtering pressure, attainnent pressure, substrate
tenperature, applied electric power, and filmformng tine were 3 x 10-1
Pa, 5 x 10"' Pa, 25C, 100 W and 20 mifltes, respectively. As a result
thereof, a transparent conductive glass wherein a transparent conductive
oxi de having a filmthickness of about 120 nmwas forned on the gl ass
substrate was obfséces.of (the Bhemicnbet iof rgenesarived noddlTay (Spu+zZiari ng
was continuously performed for 8 hours under the sanme conditions as in

t he aboveihehbpohatged)andcepntening trupspatuEei Wgrealge@estAgptest-ai ned
inthe (1) was fitfed t th ( gnetran sputtering machine and a_m xed
o obtsined nihsichtng Lo SEan Bat Teramtih 5L R B P Rb A he
target supfangiafl Skcbhe R EREFEYAPSse§N A S8 dnhYe¥ dhitTes maRd ualaser ved
by neans of a stereoscopic mcroscope. At each of "3 positions on the
target, tde phaben onfdgemedattnl dwilid emdrmbmghesiwee fni2:dmuotheor e

was neasured in a visual field of 900 nm®2, and then the average thereof
was cal copened. thet sthesatemiaomii s aedadiom ddedrVied i) laMould bre

f , ttering t t, [A bt ai 1 i t h b - t.1 d
frToce oo AR AR - ALY A2 SRy e b
propert|e§r8$ %gf?t%%§%§§§§§% WSQ”QHEI£8919Kb9@C§5 About the conduct|V|ty.

of the transparen ,
Measurement results of the resultant composition and

physical properties of the target [Fl] are shown in Table 1. {i}

{2) BEvaluation ofi the target and a transparent conductive oxide

In the same way as in Example 1, a film_of a transparent
conductive oxide was made from the resultant target [F1]. 'The
target and the transparent conductive oxide were evaluated.

The resultant results are. shown in Table 2.

Table 1

Example Comparative Example
In/(In+Zn) | 0.83 | 0.93 0.95 | 0.98 | 0.60 | -
In/(In+Sn) — ~ - — — | 0.90

Sintered body
Density (g/cm’)
Bulk resistance
(mfcm)

Crystal grain size
(jm)

Target symbol Al Bl Cl1 D1 El F1l




oxi de on the transparent conductive glass, which was obtained in the.
above-nentioned (2), the resistivity thereof was neasured by a four-probe
nmethod. As a result, it was 2.5 x 10.4 b2 cm It was al so proved by X-ray
di ffusion analysis that this transparent conductive oxi de was anorphous.
Meanwhile, it was proved that the snogg hness of the filmsurface was good
since the P=V value (according to JI SBO601) thereof was 5 nm

Furt hernore, about the transparency of this transparent conductive oxide,
a spectrophot oneter denonstrated thagptibez Iight transm ttance about |ight
havi ng a wavel ength pf -500-nm-—was—82% Fhys—t-hHe-t+ranspareney—was—al so
-superior{ [Exanples} 2-3] (1) P'ﬁgﬂgggogfof 'g‘@%‘ﬁ%"f‘}r"ﬁg 159 ‘E“étJf‘é'?getS
[B1] and [CI] were obt aj 'Eg oﬁéﬂgs y as i P¥kde (31Rf Exanpplie 1
except that in Exanp| es %fi % ?e e desds-as Jingredients, a

m xture wherein the zitdoridy dg GsystaBExanpte [l were
m xed in the manner | that the a ofp@ndiaym} [In/ (I n+Zn) ]} woul d
be-0. 93, fand T xE urewherei tne saffe~j ndi um oxi de and zi nc oxi dle as

in Exanple xed Ah thej mannér thak th&d5@tonijc rAerPlyiug ndium -
[ 1 n/(In+Zp)]—woy 0-95—respectivety—Measurenent; resutts—of—the
conposi ti pnsEand phylsi calg1 properties of the tasgets |[ Blimautghdus |
obt ai ned "|er§i ntare | shown in Table 1 (2)! Evaluatiod of .the-targetg and
transparent ®ondugtiyve oxifdes |n thg samejway;gg in Exaﬁp(glepﬂougl | s of
transparepnt 66 . :

: Micro-
. 1 D1 18 320 .
o '3 | ! crystalline
G o ‘ _ — . _ ek
g.f: g" 2 El 8 680 Amorphous
[E+ %I ' —
o " o3 F1 | 32 | 420 Crystalline

[Example 4]
(1) i?r-oductilon of a sputtering target

| Indium oxide powder having an average grain size of 1 pm,
zinc oxide powder having an a{re-rage grain size of 1 pm and tin
oxide powder having an average grain size of 0.5 pm, as
ingrediehts , were supplied to a wet ball mill in the manner that
the percentages of indium oxide, zinc oxide and tin oxide would
be 75% by weight, 5.5% by Wéight, and 19.5% by weight,
respectively. Next, the ingredients were blended and

- pulverized to yield fine ingredient powder.

The fine ingredient powde_r- obtained herein was subjected
to grandlation, 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 bedy made of the transparent conductive material.

The density of this sintered body was 6.8 g/ cm’, and the



conductive oxides were nade fromthe resultant targets [Bl] and [d],
respectively. The targets and the transparent conductive oxides were
eval uated. The resultant results are shown in Table 2. [Conparative
Exanples 1-2] (1) Production of sputtering targets Effects of the atomc
ratio represented by [In/(In+t+Zn)] in &%e target were investigated. That
Is, targets [DI] and [EIl were obtained in the sanme way as in Exanple 1
except that in Conparative Exanples | and 2 there were used, as

i ngr edi enbgl kardb X thGcah@ifivrdd ®ysantout Nsihetie et andszd g4 oxiide® as in
Exanple 1 were. mxed in the manner that the atomc ratio of indium
[In/(In+Zﬁ§] @oul d be- 0.98, and a mxture wherein the sane indi um oxi de
and zi nc oxi de.

h
e O L ApERE 7 FBRTs B lBeRetL EESy, BBt ThER e\ Alby: ofuf O™ ©
results ofLihhe &P 'fﬂ%%fﬂr@f‘él %.'?ptﬂ@yéé%paﬂrﬁp‘éﬁhﬁﬁétgtretlﬁl&téﬁﬁé'i

targets [DI] and [ElI] dare shown in (2) Evaluation of the targets
and transpaéeﬂbeddmﬁUchkﬁﬁdﬁffdaﬁtlbm.hh&lﬁﬂﬂﬁ was asresuExangd ehbwif i | M5
of transparent conductive oxides were made fromthe resultant targets
[DI].and iREFIG- respdcvafepyovadcthak gléx%uarnexme W‘én‘@p‘é@ enideomeret i ve
oxi des were evaluated. The. resultant results are shown i

[ Compar at PEESBREH & 9P} Brdtiativh CamPe eR ToRt T Ho Ead 8t 2BaSOc-

Next, the resultant sintered body was wrapped with a resin,

and the surface thereof was polished with alumina grains having

Cod

.a grain ‘srize of 0.5 pm. Thereafter, the EPMA was used to measure \
the maximum size of the maximum crjstal grain of the hexagonal
layered compound and the spinel structural compound in the
sintered body surface(inside a frame 30 pm square) enlarged by
5,000 t-imes- _

At three points, the maximum grain sizes of the maximum
crystal grains were measured in the frame in the same way. The
average value thereof was calculated. As a result, it was
proved that the crystal grain size of the hexagonal layered
compound and the spinel structurai compound was 4.1 pm.

Next, the thus obtained sintered body was cut to make a

ey,
4 By
t B

sputtering target [A2] having a diameter of about 10 cm and a
thickness of about 5 mm.

'Measurement ‘results of the composition and physical
properties of the target [A2] obtained herein are shown in —Tabl,e.

3.

(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 filmon a glass substrate



Effects of the atomc ratio represented by [In/(In+Zn)] in the target and
sintering tenperature were investigated. That is, targets [FI] was
obtained in the same way as in Exanple 1 except that there was used, as
an ingredient, a mxture of indiumoxide and tin oxide wherein they were
m xed in the manner that the atomc radio of indium[In/(In+Sn)] would be
0.90 and the sintering tenperature of a formed body obtained fromthis

i ngredi ent was set to 1,400C. Measurenent results of the resultant

conpositig? ?ggm b cRB¥sh¢ak-cproperties of the target [Fl] are shown in
Tabl e 1. 2) Evaluation of the target and a transparent conductive oxide

I n the sane wayassutnsixatpreénd, canditioos, satgamspes dnt whdrdiu okiygenoxi de
was nade fromthe resultant target [ FI ] . The target and the
transpareﬁﬁScQﬁdaétﬁ?@rQPFéétﬁeﬁ@O@@élM@ﬁednCOTﬁérﬁ§§G{Féﬁt“ﬁ@gulﬁ§dare
shown in Tab%§§2 Tabl e 1 Exanpl

2 3- '
Lg/(in+z??PB r6n§3pﬁe§§u6698a6%§&n %L? Fh%guf%npS%bséréﬁé élntered body
nsity 6. I
7 iy o 15 o g s O

Tar get syghohoA p8l sCGl 1Bt Bh, Els°c, 100 W, and 20 minutes, respect:LVely.
As a reéult thereof, a transparent conductive glass

wherein the transparent conductive oxide film having a

thickness of about 120 nm was formed on the glass substrate was

_ obtained.

(3) The number of generated nodules

Next, sputtering was continuously'performedjfox‘B'houfs
under the same conditions as in the.aboveﬂmentioned.(23 except
that the sputtering target [A2] obtained in the (1) was fitted
to thée DC magnetron sputtering machine and sﬁbsequently a mixed
gas obtained by adding 3% hydrogen gas to argon gas_was'GSed.

Next, the target.surface after the sputtering was
enlarged by 30 times and observed by means of the sterecscopic
microscope. At each of 3 positions on the target, the number
of génerat-ed nodules having a size of 20 Am or more was measured
in a visual field of 900 mm’, and then the averége 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 cf the generated

nodules is shown in Table 4.

{4) Evaluation of the transparent conductive oxide film

The conductivity (résistivity)- of. the transparent



N

68 Table 2 Transparent conductive Nunber of oxide film Target Nodul es
Rests synbol (/BHrs/ "900mm®2) tivity Crystallinity (}aQm 1 Al 0 250
Anor phous r 2 B1 0 230 Anmorphous ro 3 C 0 180 Amorphous Mcro- , 1 D
18 320 crystalline N m2 EIl 8 680 Anorphous o U 3 FI 32 420 Crystalline
[ Exanpl e 4] (1) Production of a sputtérding target |ndium oxide powder
havi ng an average grain size of 1 pm zinc oxide powler having an average
grain size of 1 pmand tin oxide powder having an average grain size of
0.5 pm asondutgt £k eitisle Ware supplined i theveibobal-memitionkeda (h¢ wasaner
that the percentages of indiumoxide, zinc oxide and tin oxide would - be
75% by weiegrurdsl 3% byfqwi ghrobameti®dy, By adiegmlt. iEsprei-Bekyl0Next ,

t he ingr%Sients were bl ended and pulverized to yield fine ingredient
powder . © cm. ' '

It was also proved by X-ray diffraction analysis that the
transparent conductive oxide film was amorphous. Meanwhile,
it was proved that the P-V value thereof fneasﬁréd by a surface
roughness meter was 5 am and the smoothness of the film surface
was good.

Furthermore, about the tral}sparency of this transparent

conductive oxide film, the light transmittance (wavelength: 500 t

nm) was measured with the spectrophotometer. . As a result, this
light transmittance was 82%. Thus, it was proved that the
resultant transparent conductive oxide film had suaperior

transparency.

(5) Heat treatment of the tra_n-éparent conductive oxide f£ilm

The  transparent conductive glass obtained in the |
above-mentioned (2) was heat-tre'ated, 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 {

& &
Nt

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*
£+ cm.

Therefore, it was proved that this heat treatment made
it possible to reduce the resistivity of the transparent
conductive oxide £ilm by about 25%. A change in the resistivity
by the heat treatment of this transparent conductive oxide film

is shown in Table 4.
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<., a graln si

The fine ingredi ent powder obtained herein was subjected to granulation,
and subsequently the resultant grains were press-forned into a size
having a dianmeter of 10 cmand a thickness of 5 mm This was put into a
firing furnace and fired in pressured oxygen gas at 1,450C for 36 hours
to yield a sintered body nade of the t2zansparent conductive material. The
density of this sintered body was 6.8 g/ cm, and the 69 bulk resistance
nmeasured by a four-probe nmethod was 0.84 x 10.3 Q cm About a sanple

col I ect ed¢fyomtthiifgswhiraBd1hedY ort e ttahepatehbecehiitbalivinoklite
transparent conductive material was observed by X-ray diffraction

anal ysi s.£A%ma result, as shown in FIG 6, it was proved that indium

oxi de and zinc oxide were present as a_spinel structural conpound
represented by Q?@@mc?heN%&?hl?ﬂeW?EEGP%éﬁFYs?ﬁtEP%dr%%ﬂ§ M8E wrapped with -

a resin, t%&ﬂségfeﬁHrE@ﬁ&u&@ihgoéxﬁﬁérEQ?ESQnggyéﬂuQLEH‘”a grains having

er ea was uséd to neasure 1..5

t he naXInun1S|Z@n@{]kheaﬂ&ﬁyﬂ&@&§&ﬁ§ﬂﬁk:Qéﬁﬂﬁxﬂﬂﬂhhﬁlh@&ﬁ@@ﬂ@kath@ﬁ@red
conpound and the spinel structural conpound in the sintered body -

surface(i ssitte weifghareoB04pid squausedent atghdpayts, MDA he reansparehtee
points, the maxi mumgrain sizes of the nmaxi num gagstal ralns wer e

measur ed FRREREtEVEAXIde EAdmsaRethfaFrapgRargil, GV HEe (HA% kA
cal cul ate 91|1 Afoﬁafgéui{neé -\ dn?pé%?&ﬁh@% t(h?i <6 gfi' 8&:&820“1 the

hexagonal "Tayere conpoun he spinel ‘structural oun

Next, thegthiige OBb@hALEYy ShOLLEEH QQGVeéﬁStﬁBtet@h@@kﬁoﬁtlons and the
non-etched portions was-observed with an electron microscope..

As a result, it was observed that no transparent

conductive oxide film remained in the etched portions and the
edge portion of the transparent conductive oxide film remaining
in the non;etched portions had a sectional shape inclined
smoothly toward the etched portions. Thus, it was proved that

the,resultant transparent coﬁductive 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 pm,
and residues are not observed at all.

(O: The film can be etched to have a line width of 50 ym,
and residues are not obserVed.

/A: The film can be etched to havé 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 5-81



sputtering target [A2] having a dianeter of about 10 cmand a thickness
of about 5 nm 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- nmertdoned (1) was fitted to the DC
magnetron sputtering nmachine to forma transparent conductive oxide film
on a glass substrate 70 at roomtenperature. About sputtering conditions,

argon gas(iyp mobGhicexygesr gpatebrangapprgetsate anount was incorporated
was used, and sputtering pressure, attainnent pressure, substrate
tenperature, appifieek ebectie cbpon@rproper tioms fof Mmgredhentereas 3 x 10-1
Pa, 5 x 10-4 Pa, 25C, 100 W and 20 minutes, respectively. As a result

t her eof , %‘Y?%ﬁ%%? &Mt conducti ve gl ass wherein t he transparent conductive

oxide T11mhavifighd ;4 hig gm%an@he bOUln 1 29 A8 WaSpEAATBALOBE! iadhitss

substrate was ai'ne gener ated nodul es

sputteri ng:¥@s, Gt oxdeshnapeiherseidd arere Betr o TBRIary w&&gmr.rmw
conditions as I n the above-nentioned (2) except that the sputtering

target [Ani wistghthethd 7% ey (Wighds. frespertivelhe DB Eﬁgﬂ'@tlﬁoﬁ sbh@t ering
machi ne and subsequently a m xed 3% hqd en gas

as . qQbtained b

to argon RERPGRTOROEFIoNSPE %%W%Pﬁéges&lf"a‘éﬁlé?taé’r Ecsoﬁi}t ﬁ‘cfj was

. enlarged by, 39 446§ RAGHLS $o¥ 8 D1 JRABRO]s bSeAE0RE8PbErively .

' In Example"l, the blend proportions of indium oxide, tin oxide
,énd_zinc oxide were set to 88%ﬂby'weight; 10% by weight and 2% ;;5
by weight, respectively. In Example 8, the blend proportions
of indium oxide, tin oxide and zinc oxide were set to 91% by
weight, 7% by weight and 2% by weight, respectively; In the
same way as in Example 4 except the above-mentioned @roportions .
targets {B21, [C2], [D2] and [E2] were produced.
| Measurement results of the compositions and physical
properties of the resultant targets [B2}], [C2], [Dz]'and.[EZ]

are shown in Table 3.

(2}Evaluationscﬂfthetargetsandtransparentconductiveoxide §§
films

| In the same way as in Example 4, a £iim of aftranéparent
conductiveroxides was made. from each of the resultant targets

[B2], [C2]. [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



~mcroscope. At each of 3 positions on the target, the nunber of generated
nodul es having a size of 20 pmor nore was neasured in a visual field of
900 mm2, and then the average thereof was calculated. As a result,

nodul es were not observed at all in the surface of the sputtering target
[A2] obtained in the above-nentioned t4). The result of the nunber of the
generated nodules is shown in Table 4. (4) Evaluation of the transparent
conductive oxide film The conductivity (resistivity) ofthe transparent 71

conduct i venoxkdephkl B ehtaprednhi LhR-abRvEs gg%t&dé}flq;h%j?ﬁg VaS avidagy ed by
a. four-probe ne?hod. As aresult, it was 2.8 x 10-4 SZ cm It was al so
proved byg¥aiays@izéfofict panwasaliyeilsad at inbeedierabspad efir o adicute
oxide fil mwas anorphous. Meanwhile, it was proved that the P-V val ue

t her eof nmheubdgndy Paoperitdcas ydmedssdisete, IRLIZMPANE @R PGt hness
of the filmsurface Furt her nor.e ut. tr f this
t ranspar eﬂ?lagovﬁ%%tsﬁggg%%?%gbﬁY%ﬂté}ﬁga%fi?b%%%gr%%%ﬁﬁft é%c%}%%\:g\%ﬁéﬁgt h:
500 nmM pRssERaskhedrdb el e SRRCLERINPLOIBH Ghd Py Si &85 Wrlopdrdtiies | i ght
transmttance was 82% Thus, it was proved that the resultant transparent
conduct i vefoute aefsiulraawed tatrgerti DF2 ] obarad pedeheyeii BrdHehbwhr tathadrite of
the transparent conductive oxide film The transparent conductive gl ass
obt ai ned Bn the above-nentioned (2) was heat-treated. Conditions of the
heat '

(2) Evaluation of the target and a transparent conductive oxide
film

In the same way as in Example 4, a film of tramnsparent
conductive oxide was fonﬁed 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 bilend 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 weight, 10% by weight and 3% by weight, respectively.
In Comparative Example 7, the blend proportions of indium oxide,
‘tin oxide and zinc oxidé were set to 90% by wéig_ht., 5% by weight
and 5% by welight, respect—ive.ly.
Next, in Cémparative Examples 5 and 7, targets [G2] and

[I2] were obtained, respectively, in the same way as in Example

4.



treatnment herein were as follows. The glass was heated up to 215C at
atenperature -rising rate of 20C mnute in the atnosphere of argon and
this tenperature was kept for 1 hour. As a result, the resultant
transparent conductive oxide filmwas anorphous but the resistivity
thereof was 2.1 x 10, S2 ' cm Theréfore, it was proved that this heat
treatment nmade it possible to reduce the resistivity of the transparent
conductive oxide filmby about 25% A change in the resistivity by the
heat treatnment i dotipariatansp @x@nipleonduat tamyaxi[d If Wan obsashedninn
Table 4. 72 (6) Etching workability of the transparent conductive oxide
fil m Nextthe heame cmn@swokikBxampie ot erecpestranthe shnspaivat
conductive oxide filmwas evaluated. That is, an aqueous, oxalic acid

sol ut i on YRRRRERETER | Oh: theof BTGR| BRTY 1S 4R wed 1stl¥to etch parts of
the transparent afﬁqrﬁfBﬁFéq'ﬁ’ NP6 fod MR dGpd S POERRE etha complictaye gl ass
into the form%ﬁ I nes a?fng a width of fgﬁ%o 100 pm A section of the
boundary mespéon detoeerhd hee et Thagt postgens pezll § heH2] aona- pizhedre
portions was observed with an electron mcroscope.. As a result, it was
obser ved sheun nion t¥alnkpat ent  conductive oxide filmremined in the etched
portions and the edge portion of the transparent conductive oxide film
remai ning in the non-etched portions. had a sectional shape inclined
smoot hl y 0Pt d 118 18LCHRL RO iRt s ThESerdiispiser Gbetidtale bitae
resul tant” transparent conductive oxide filmhad superior

films : _

In the same way as in Example 4, a film of transparent

Ny

conduct‘ive‘ oxide was formed from each Of the resultant targets
[G2}., [H2] and [I2]. 1In this way., the targets and the
transparent conductive oxides were evaluatedf The obtainedr
results are shown in Table 4.

About the target [H21 of Comparative Example 6, the
crystallinity thereof was observed by X-ray diffraction
analysis. As a result, no hexagonal layered compOuhd
represented by In,;0,(Zno0), wherein m-is an integer of 2 to 20

was observed.

e
G
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etching workability. The etching workability of this transparent _
conductive oxide filmwas evaluated according to the following criteria.
(c): The filmcan be etched to have a line width of 10 pm and residues

are not observed at all. O: The filmcan be etched to have a |line w dth of
50 pm and residues are not observed.7é&: The filmcan be etched to have a
line width of 100 pm and residues are partially observed. X : It is

difficult that the filmis etched to have a line wdth of 100 pm and

mar ked residues are observed. [ExamphAs % 8] 73 (1) Production of
sputtering-targets Effect f the bl i < i :

g ~of I ngredients was
i nvestigated. That is, in Exanple Sixdnfift ! end pr gpor tYVHRATALIRII um
oxi de, tijn oxide and zinc ppxide were set to 7.3% by wei giampb® by ei ght
and 7% by] wei ght, respectijely.| In Ex e 6,| the| bJ end_prpport|i ans]of
[ %”parg toJB._? ol§y p ‘pl(
|

S

i ndium oxji de, tin oxide and Zinc oOxiide W se el ght % by
wei ght andrp% by weir ght,. fespdctively. '
proport i one%_zqinMmpxi dle,7§i n 7éxi dé"

I n Bxanplie 7, |the plen

\ aritP i /d oxPle| WP el 6t |t 8988% by

wei ght ;  16% by —werght—and—29% Ry ~weirght —{—Tesjpectifvetyj—tm anfte38] the

bl end pr.qpaid,i(Gnby wefighndi (1m.&4i @@, (tia pxitlg and|zihc| ok® de Merie Setf to

91% by Wei-ght — 7% by wei-ght —add 20 by -weighti—regspectivelyl the— sane

way as in @@g@l@@&)@@&gt ghe |abpve- ment i enad propept (ops,i tarlgets [ B2],
[C2], [DZ]_and [E2]_ were produged. _

6.816.816.9]16.917.0{6.9]7.0]6.3[6.4{

n
LI I

T gty LIS S A

Sintered body
Density (g/cm’)
'Bulk resistance

.84 .94 .87 .83 .87]2.1) .87]14.3)1.5

{mcm)
Crystal grain . L |
cY g 4.1|3.403.8]a.5{4a.8|a.2] 18 |7.4]4.8
Size (pm) . _ 1
' Target symbol ‘A2 B2 c2 ‘D2 E2 F2 G2 H2 I2
Table 4
Transparent conductive oxide film
Number ) _ T
Target of Tmmediately af.ter . After heat treatment
symbol lgenerated the formation qf the f£ilm
Nodules esig— | - , ] Resig- .
igiiiy | Crystal- Etching t?iiiy Crystal-
_ : linity property- . ~ lindty
{92 -cm) : T {(nQ-cm) ‘
4 A2 o 280 | Amorphous fe) 210 Amorphous
5 B2 0 290 Amorphous © 230 Emorphous
% - ) Micro-
E 6 c2 0 270 Amorphous O 180 crystalline
& : T
: Micro-
7 D2 v} _ 260 Amorphous O 170 crystalline
: . ' Micro-
8 E2 0 . 240 Amorphgus FANES 170 crystalline |
4 F2 0 i 380 Amorphous (@ 380 Amorphous
g;a 5 G2 32 260 lcrystalline X 190 Crystalline
{5 | —
g5 6 HZ 18 320 AmoTphous Fay 250 Crystalline
8 , _ .
7 12 21 260 Amorphouns VA 880 “Crystalline




Measurenent results of the conpositions and physical properties of the
resultant targets [B2], [C2], [D2] and [E21 are shown in Table 3. (2)

Eval uations of the targets and transparent conductive oxide ,P filnms In
the sanme way as in Exanple 4, a filmof a transparent conductive oxides
was made from each of the resultant tatfhets [B2], [C2], [D2] and [E2].
The targets and the transparent conductive oxi des were eval uated. The
resultant results are shown in Table 4. [Conparative Exanple 4] (1)
Production of a sputtering target A sputtering target [F2] was obtained in
the sane way as 74 in Exanple 4 except that zinc oxide powder having an
average [g¥fampke 72l of 3 jamwas used as an ingredient and further about

the bl end praqportions of .ingredient indi um oxide. apd. zinc oxide were
set 1o 805k by REIETE- Ak 0% Sgh iy Bhve FEEBRBEFORF VP B ur ament rosul ts
of the conposition aadsRPuSCAhARr 8P4 1 Esnsirdde HeRSW t anbhihRE 8.yl F2]
obt ai ned herein are shown in Table . 3. (2) Evaluation of the target and a
t r anspar entavap pdlgicsterokida [ polpethyl heesoamepiahhalatian fElariphavdpga film

of transparent conductive oxide was formed fromthe resultant tatget [ F2]
to . eval yatbickaesg: gbtlohim s trsatspaPehfaropirer t wongicid verpgide

obtained Jesulls 81 8a30W ok e fR! S 1l hRPRRLELING RAP' & ¥ fhrget
a sintered body made of In,0,(Zn0}, which was a hexagonal layered
cdmpouhd (crystal grain size: 4.0 pm or less), In,0, and SnoO,
[In/(In+Zn) = 0.93, Sn/(In+Zn+Sn) = 0.08, and relative density £
= 98%]. in,this way, a conductive transparent film was
produced.
Thé.t is, th'e,polye-si:er film was fitted to a RF sputtering
méchine, and the pressure of its vacuum tank was redﬂcéd to 1
"x 1077 Pa or less. Theréaft-er, a mixed gas of argon gas (purity':
99.99%) and oxygen gas.[conCentration of oxygen gas = 0.28%]
was introduced thereto so as to have a pressure of 1 x 107 Pa
" {oxygen partial pressure: 2.8 x 107 Pa). Under conditions of
a RF output of 1.2 W/ em® and a substrate temperature of 200°C,
- a transparent conductive oxide film having a thickness of 250 %ﬁ§

. nm was formed.

(2) Evaluation of the conductive transparent film

@ Film thickness
' DEKTAK 3030 (made by Sloan company) was used to measure
the film thickness of the resultant transparent conductive

“oxide film by a tracer method.

@ X-ray diffraction measurement

Rotor Flex RU-200B (made by Rigaku Internaticnal Corp.)
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(1) Production of sputtering targets Effect of the bl end proportions of
ingredients was investigated. That is, in Conparative Exanple 5, the

bl end proportions of indiumoxide and tin oxide were set to 90% by wei ght
and 10% by weight, respectively. In Conparative Exanple 6, the blend
proportions of indiumoxide, tin oxidez@nd zinc oxide were set to 87% by
wei ght, 10% by wei ght and 3% by wei ght, respectively. |In Conparative '
Exanpl e 7, the. blend proportions of indiumoxide, tin oxide and zinc

oxi de wer g.s6tsdPaBOUt BhVetIRE pardh LYot i vaNsk D6 Y 1et @Bhbject
respectlveiay. Next, 1n Conparative Exanples 5 and 7, targets [&] and [
12 1 weretnbtginedo xespgadifmtaction mhassasmendy absianr€xuhbplelit #4as75 In
Conpar ative Exanple 6, a target [H2] was obtained in the same way ‘as in
Exanpl e 4pervept thast thee tspAsPArAlt CERPBFALYPeOSRIPhELLBr HBE body was
set to 1,100C.. Measurenment results of the conpositions and physi cal
properti e@"8FPPAESresul tant targets [@], [H2] and [12] are shown in
Table 3. (2) Evaluation of the targets and transparent conductive oxide
films In the sane way as in Exanple 4, a filmof transparent conductive

oxi de was(@ ormmek:f 1M @At Dig tFeadnes Whibed i dmrgeictrd ®2naiy®is and [12] .

In this way, the targets and the transparent conductive oxides were
eval uat ed. The Bbtin ivesupd indePdAsHA $THIHHPR spectral analysis

device SPS-1500VR (made by Seiko Instruments Inc.) was uéed to
measure the atomic ratios In.-/ (In+Zn} and Sn/{In+Zn+Sn} in the
transparent conductive oxide film.

As a result, it was proved that the atomic ratios

In/{(In+Zn) and Sn/ ('In+Zn+S'n) were 0.93 and 0.08, respectively.

@ uv spectrometry _
The light transmittance (1ight wavel_ength’: 500 or 550 nm)
of the transparent conductive oxide film was measured with an

UV spectrometric device U-3210 (made by Hitachi Lté&.).

(B Surface resistance and resistivity

A resistance measuring device Lorestor FP (made by
Mitsubishi Chemical Corp.) was used to measure*the surface.
"resistance (initial surface resistance) of the transparent
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-+ em.

® Mobility of carriers
RESITEST8200 (a measuring device based on van.der Pauw'.s_

method, made by Toyo Technica company). which is a device for



Py

About the target [H2] of Conparative Exanple 6, the crystallinity thereof
was observed by, X-ray diffraction analysis. As a result, no hexagonal

| ayered conmpound represented by In203(Zno), wherein mis an integer of 2
to 20 was observed. t °~ Y 76 Table 3 Exanple Conparative Exanple 4 5

678456 7 1n203 75 73 87 88 91 90 B9 87 90 (% by wei ght) Sn02(% by

weight) 19.5 20 10 tO7 0 10 10 5 ZnO (% by weight) 5,57 322 100 3 5
Sintered body ' 6.8 6.8 6.9 6.9 7.06.9 7.0 6.3 6.4 Density (g/cm) Bulk
resi st ancme84urdg. Bdl118oefFi@idnt87 whas ukedl toMbkashrertyist alotgiraityyy 4. 1
3.4 3.8 4.5 4.8 4.2 18 7.4 4.8 Size (pm Target synmbol A2 B2 C2 D2 E2 F2
@ H2 12 oFapreriersandparemesebifoudtt vasorraEefi that themadrilibedifatel y

after Targﬁ(ta r%rzl:ieéfstfxr}' egt téé&gf)ggg}lt conductive oxide film was 27

cm’/V ¢ sec.

@ Heat resistance test

The resultant conductive transparent film was divided
into two. One piece thereof was subjecte_d.to. a heat resistance
test. |

That is, the conductive transparent film was allowed to h
'.St-and still in the atmosphere at 90°C for 1,000 hours.

. Thereafter, the resistivity (R,,,) ©f the transparent
conductive oxide film was measured.

The resistance change réte, which 1S defined as a ratio
[R,00/R,1 of the resistivity after the heat resistance test (R}
‘to the initial resistivity (R,). was calculated. as a result,

this _fate was as low as 1.10.

Etching property evaluation .

About the other piece of the resultant conductive 'S

transparent f£ilm, the etching property thereof was evaluated
using an aqueous solution having an Qx_alic acid concentration
of 5% by weight and a temperature of 40°C as an etching solution.
As aresult, it was proved that fhe etching rate' (initial etching
rate) of the transparent conductive oxide f£ilm was 0.2

pm/minute.

[Example 10]
- A conductive transparent glass was obtained in the same

way as in Example 9 except that #7059 made by Corning Inc. was



synbol generated the formation of the, -film Nodules Resis- Resis tivity
Crystal - Etching tivity Crystal- (PQcm linity property (pQcm linity 4
A2 0 280 Anorphous 0 210 Anorphous 5 B2 0 290 Anorphous 0 230 Anorphous

0O E- 6 C 0 270 Anorphous 0 180 Mcro- crystalline W7 D2 0 260

Anor phous 0 170 Mcro- crystalline 8gg2 0 240 Anorphous A 170 Mcro
crystalline 4 F2 0 380 Anorphous 0 380 Anorphous 5 @& 32 260 Crystalline
X 190 C}ystalline n1a OE rt o X6 H2 18 320 Anorphous A 250 Crystalline

0V 712 2l areft B80St ¥stal shnendvd alfxamRiraPl §1dds

60«
Producti oh of & con uct| e transparent filmAs a substrate nade of a
t ranspar eghbebhtle wvabussdal | gondirenpabyesdmniig tme| ﬁj)]_ryd!ltellyellan&nd

terephthalate filn] having
atomic ratios about constituent metals of the transparent
conductive oxide film are shown in Table 5.

Evaluation results of the trénsparent_conductive oxide
fihninthethusobtainedConductivetransparentgiassareshown
in Table 6.

The COndquive transparent glass obtained herein was
divided into 3 tést-p.ie.ces. About the two of these pieces, the
initial surface resistance, the initial resistivity (R,). the
carrier mobility,. the resistance change rate aﬁd the initial
etching rate of.the transparent conductive oxide film were
measured iﬁ'the same way as in Example 9.

The remaining piece was heated at 260°C for 1 hour and
subsequently the surface resis'ta'nce and the etch_j_r-xg rate of its
transparent conductive oxide f£ilm were measured in the same way
as in Exanmple 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 6btﬁined.in,the same
way as in Example 10 except that the température of the substrate
was set to 215°C. Conditions for forming the film 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-aﬁe,shown in

Table 6.



a thickness of 100 pm was used. A transparent conductive oxide filmwas
produced on this filmby sputtering using as a target a sintered body
made of 1n2A8 (ZnO ), which was a hexagonal |ayered conpound (crystal
grain size: 4.0 pmor less), In2GB and Sn®2 [In/(In+Zn) = 0. 93,

Sn/ (1 n+Zn+Sn) = 0. 08, and relative déhsity 98% . In this way, a
conductive transparent filmwas produced. That is, the polyester filmwas
fitted to a RF sputtering machine, and the pressure of its vacuumtank
was reduced toFhrtketkrodePa esalh@ssonl herseAfitselof ahd nﬁﬂatmménzar gon gas
(purity: 99.999% and oxygen gas [concentration of oxygen gas = 0.28%.

was i nt r condatilver exddeolid linoafike® therhaating girel skowy inpiablexygen
partial pressure: 2.8 x 10-4 Pa). Under conditions of a RF output of 1.2
W cn2 and a substrate tenperature of 200C, a transparent conductive

oxi de filmayjiR0 13t hi ckness of 250 nmwas formed. (2) Evaluation of the
conductlve transparent film Filmthickness DEKTAK 3030 (made by Sl oan
conpany) was ugedat eraksparentt Babstkatehi thaesamofpdbgeststl fanh as
transparent conductive oxide filmby a tracer nmethod. X-ray diffraction
measur et ER@mrleFBewaﬁunt (a%éwtﬁlg@@ﬂnﬂ@%tbqﬁmlmmﬁ wf 78

was used ab e tyansparent conducitiv OXId filmto ect the film
o T ay 1003 aRSS oh ABE LGP St FeRRGoR o o daProFt CRIBOPOMEI AR ( he

- transpar 8%%1?1095!282 |y e Qi & hek®)\as, ANRAENGNS, [In/(In+Zn) = 0.96,

.Sn/(In+Zn+Sn) 0.18, and relative density = 97%] was used as.

P
e

a sputtering target. In thisway, aconductive transparent film
was produced. -

A transparent conductive oxide film was formed on the
polyester film in the same way as in Example 9 except that a
mixed gas of argon gas (purity: 99.99%) and oxygen gas
(_concentr‘ation of oxygen gas = 0.50%) was introduced thereto
'so as to have a pressure of 1'x 107" Pa (oxygen partial pressure:
5 x 10" Pa). Conditions for forming the film herein and the
atomic ratios about constituent metals of the resultant
transparent conductive oxide fi'lm are shown  in Table 5.

Evaluations results of the transparent conductive oxide £

£
”\3,-:,&’)

film in the resultant conductive transparent glass are shown
in Table 6.
Furthermore, "evaluation results of the transparent

conductive oxide fiim after the heating are shown in Table 7.

[Example 13]

A conductive transparent glass was obtained in the same
way as in Examplé 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



I nductive coupling plasma em ssion spectral analysis An inductive coupling
pl asma em ssion spectral analysis device SPS-1500VR (nmade by Sei ko
Instrunents Inc.) was used to neasure the atomc ratios In/(ln+zZn) and
Sn/ (In+Zn+Sn) in the transparent conductive oxide film As a result, it
was proved that the atomic ratios In/ghn+Zn) and Sn/ (I n+Zn+Sn) were 0.93
and 0.08, respectively. UV spectronetry The light transmittance (light
wavel engt h: 500 or 550 nn) of the transparent conductive oxide filmwas

measured with,a c devi 3 y Htachi. Ltd.).
Sur f ace rggpg;gﬁggug ﬁg%gglst rééﬁé §n%égﬁ%§gu§P%908€9P€§ VSt est or
FP (nmade RByigM Esubi shie QB%WhC§h @%mgﬁ)5was used to nmeasure the surface
resistance (initial surface resistance) of the transparent conductive
oxide film andeEweasattohheesedtstofitlye (irdnsmirentesicgtduditiveRO)k ildecr eof
by a four-terminal nethod. As a result, the initial surface resistance was
10.4 S2 f&lananthleelmwhta%s%ithlwt:’-yw Rejaneazents glags Arsyshomn  (r)
Mobility of %agilers RESI TEST8200 (a neasuring devi ce based on vander
Pauw s ntPhdd §e by Toyo Technica conpany), which is a device for 79

measuring Hall gQRLALEHhEPES c¥BIuHESEn! PeTRAEY! 6F! hﬁe meRhhkh¥rent _
carriers. As aresult, It was proved that the nobility of the carriers in

the t ranscandnbtioaduziﬂaefj)m def fet mhsaheATingnafé \Ghowrcin [Hxdile 7.
resistance test
[Example 14]

A conductive transparent glass was produced in the same
way as in Examplie 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 _Ihzo_.,( Zn0), which was a hexagonal
layered compound (crystal grain size: 3.6 m), In,O, and SnoO,
[In/{In+%n) = 0.91, Sn/{In+Zn+Sn) = 0.10, and relative density
- 97%] was used as a sputtering target. 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 th'é resultant conductive transparent glass are shown
in Table 6.

Furthermore, evaluation results of the transparent

conductive oxide f£ilm after the heating are shown in Table 7.

. [Example 15]
As a transparent sﬁbstrate, the same polyester f£fiim as
in Example 9 wés used. An epoxXy resin layer having a thickness
of 1 pm was depos'it‘ed on a surface thereof by spin ceoating. This

‘epoxy resin was photo-cured by UV radiation, to form a



The resul tant conductive transparent filmwas divided into twd. One piece
t hereof was subjected to a heat resistance test. That is, the conductive
transparent filmwas allowed to stand still in the atnosphere at 90C for
1,000 hours. Thereafter, the resistivity (RLO00) of the transparent
conductive oxide filmwas neasured. The, resistance change rate, which is
defined as a ratio [RLO00/RO ] of the resistivity after the heat

resi stance test (R1000) to the initial resistivity (R0O),. was cal cul ated.
As aresult, this rate was.as |low as 1.10.. Etching property eval uation
About t heCTeFet - PFedeT8F 12 héa¥85al t ant conductive transparent film the

t chi t [ LQE [
etchi ng proper rYe:EP-?rae%fraly’{g%a%%?k&%&&ﬁuc‘éﬁkr@%ﬁbé%ﬁ%%:a%ohé#)&éggFQﬁV' ng

an oxalic acid concentrat y wei ght and a tenperatu 40C as
an et chi ngn Sl il iGfbssATkeed asdiln liayeand npthyeshhdalayt ke ehchikagphat e
(initial etching rate) of the transparent conductive, oxide filmwas 0.2
pm mi nut el4. [ Bharpl @& Bjndeishtk citarspareishof bt Wil tinesbt ai ned in
the same _way. as in aﬁfle 9_e§§%£t that #7059

o :

. de. by rning Lnc. was

80" uged G o o b OCHHRT R SO e Th AN tRe) PP AEeraLiBSt rat e
was used.,andi L Qﬁ'étﬁ’%n{%g]:gﬂstgﬁ i:hgnkggﬁftﬁnﬁnﬁiraﬁ%gg}:&nfat' 0s about
constituent netals o} the transparent. conductive oxide Tilmare shown in
Tabl e 5. didiuetieos oebdetBibh dhe bthawapaneWabtensuctive oxide
- Evaluations results of the transparent conductive oxide
film in the res'ultant“_condu-c'tive transparent £ilm are shown in
Table 6.

Furthermore, evaluation results of the transparént

conductive oxide film after the heating are shown in Table 7.

[Example 161

As a transparent substrate, the same polyester film as
in Example 9 was used, and further a sintered body made of
In,0,(2n0), which was a hexagonal layered compound (c]fystal
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. 1In this way, aconductive transparent film
was produced. 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 film are shown in
Table 6.

Furthermore, evaluation results of the transparent

conductive oxide film after the heating are shown in Table 7.

[Example '17]



filmin the thus obtained conductive. transparent glass are shown in
Tabl e 6. The conductive transparent gl ass obtained herein was divided
into 3 test pieces. About the two of these pieces, the initial surface
resistance, the initial resistivity (R0O), the carrier nmobility,. the
resi stance change rate and the initialg4 etching rate of the transparent
conductive oxide filmwere nmeasured in the sane way as in Exanple 9. The
remai ning piece was heated at 200C for 1 hour and subsequently the

surface. resi st a0, AR AR S e oA BEAGEERELORTIHOLLYE

oxide filmwere nmeasured’in the sane way as in The resistivity .

of the transpangple GORdEctbEa. oxlsi@flhmaafm@#m@ea hedldkh@ s sf 100
calculated. Evaluation results of the transparent conductive oxide film
after thdum fyeag iﬁcgrmfé HIRAGPH rbyr@mee:troq @emﬁple@amaﬁmduﬂﬁkﬁe a

transparent gl ass ai.ned i le 10 except
hat & ne S SteR & comai Smerigeet i febeRived SR Frbhactor
form ng tdyechiikna sy ebosand @fgmﬁhé@an%swa %19%55@% mepgl,§, of the
transparent conductive OXIdY ' mare shown™in Tabl . Eval'uation”
results of dd‘tﬁiticfianﬁ@aifﬁﬁsp@ﬂﬁhlﬁtfﬂﬁnOwaﬁleobfaiﬁéﬂn t he obt ai ned
conductive transparent glass are shown in Table 6. 81 Furthernore,

eval uati on res@laligiianse forfyariard dondicln rexsdnieand It?h%lfd’@mithe

heating are sho Tabl e Exanpl.e 1
9 -ratios \gq:)ouq: cel?;lstltue matals 0%] the resultant transparent

conductive oxide film are shown in Table 5.

B % Evaluations results of the transparent conductive oxide 4:;%

film in the resultant conductive transparent f‘ilx_n are shown in

Table 6. h |
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,

P

the temperature of this glass substrate was set to 215°C, and i

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 fer forming the £ilm ﬁerein and atomic ratios
about constituent inétals of the transparent conductive éxide
film are shown in _Ta'ble 5. |

Evaluation. results of the transparent cenductive 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.



As a transparent substrate, the same polyester filmas in Exanple 9 was
used, and further a sintered body nmade of [n2Q3(Zn0O 3 which was a
hexagonal |ayered conpound (crystal grain size: 3.8 pmor less), Into,
and Snot [ In/ (In+Zn) = 0.96, Sn/(In+Zn+Sn) = 0.18, and rel ative density
= 97% was used as a sputtering targgls In this way, a conductive
transparent film was produced. A transparent conductive oxide filmwas
formed on the polyester filmin the, same way as in Exanple 9 except that

a mxed %ﬁér%ggg%ggm%n pUrgty: 99.99% and oxygen gas (concentration

of oxygen ga I'ntroduced thereto so as to have a pressure of
1 x 10-1 Pa (oxygemdwitdivd tRagsparent §1¥silvds Rjoadesdliin @ns Lame
forming the filmherein and the atomc ratios about constituent netals of
t he resulwamntas findispepkantd csndpttthat @d detfangnarensisvhstinatelabhe 5.
Eval uations results of the transgar ent conducti ve i filmin_the

xi de CA
resul t antSH AR IdEF afd pEPeRtPgFEe e A% %EWPﬂeT Q15 vsedrt ABfnor e,

eval uati g t f I enl - canguet i Xi ' 1he
neat i ng. o SRbh e HUBPHAN or"3HGh pURA T AE ST b TRORE "] oo
was obt ai d¥al RR-aSABi z8RYL Afmi) r&pedPd et dd bexTel, (Zhoel , | hadsEnp,
non-al kali glass 'substrate as in Exanple 10 was used as a transparent -
subst r at & In/Cobmh % brys Of.®5 .f emd mglaévei denddtein & astashiusedanisod about
82 constituent nmetals of the resultant transparent conductive oxide film
are showPBY beping starget.

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.

The resultant conductive tran'spérent glass was evaluated
in the same was as in Example 9. The evaluation results are
shown in Table 6.

1t was proved from results of X-ray diffraction analysis
that crystal of indium oxide was present in the transparent
conductive oxide film after the transparént 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.® Sn0,] 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 filonf the resultant conductive trahsparent
glass.

Conditions for forming the f£ilm herein and the atomic



Eval uation results of the transparent conductive oxide filmin the

resul tant conductive transparent glass are shown in Table 6. Furthernore,
eval uation results of the transparent conductive oxide filmafter the
heating are shown in Table 7. [Exanple 14] . A conductive transparent gl ass
was produced in the sane way as in BEgonple 9 except that as a transparent
substrate, the sane non-al kali glass substrate as in Exanple 10 was used,
-and further a sintered body made of 1n20Q, (ZnO ), which was a hexagonal

| ayer ed ceipimnidlty Hodls t@raidhisinetald ©Hthe ra2@Btrand Bp&RsphieAf] n+Zn)
= 0.91, Sn/(In+Zn+Sn) = 0.10, and relative density = 97% was used as a
sput t eri repriducfeive Qotidie i Hhbnfarefshowmgint Habi¢ | herein and the atonic
rati os aboutconstituent nmetals . of the resu]tant_ transparent conductive
oxi de film ar e "HIRPTIAFCFapt A EL RGNS rHs s G IHEEt¥%inspar ent
conducti\@:ﬁgﬁ' o gt r L ap ctive transparent glass are
shown in Ta %!fcéﬂ{*ﬂ %Srrr%(ra%,&z% %i%ﬁﬂggsilts of the transparent
conductive oxide filmafter the heating are shown in Table 7. [Exanple
15] As a transparent substrate, the same polyester filmas in Exanple 9
was used.[ Campysdi e izanpderihhvi ng a thickness of 1 pmwas deposited

on a surface thereof b¥_spi n coati ng.. Thi s ‘%?OX I esi rhv_vas phot o- cur ed
by UV radiati o “PBIRGEAVE 85ansPaL P-itnﬂ%ﬁs?e H ’%’r&f’g’r‘?e- 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,(ZnC),; which was a

N
) \\'Qv_;zfﬁ

hexagonal.layered.cbmpound.(crystal.grainpsize: 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 transparen£
conductive oxide film of the resultant conductive transparent
glass.

- 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.

St

Furthermore, the evaluation results of the conductive

transparent glass are shown in Table 6.
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Next ,

a transparent conductive oxide,
crossllnked resin | ayer

filmwas deposited

in the sanme way as in Exanple 14. Thus,

on this

a

conductive transparent filmwas obtained. Conditions for formng the fllm

herein and the atomc rati os

transpare

nt

results of the transparent conductive oxide

conductive transparent filmare shown in

results of the transparent

filmin the resultant

Tabl e 6. Furthernore,

about constituent netals of the resultant
conductive oxide filmaregghown in Table 5. Eval uations

eval uati on

conduct ipue @xisde filmafter the heating are

shown in Table 7. [Exanple 161 As transparent substrate the sane
pol yester| filma Md&&grm,ﬁ)&&mg ugEegemnd further a si ntier Eé&lbody nade
of 1n203(Zn0 3 vihigh pwas |achaxyaaen alpﬁr&}éﬂed éBfpoundSeér yqt &hiclgr aj n
size: 3.8 pm, anduyblgLxds ngu%‘n(%zc[ AP e Fiva ) Ta+ 80 b In+Zouba ) n +ZasSn) | =
0.10, and relative densit. s (%M as  a sputtering|tafB®l |n
this way,| a corbduct | Mgt rcmspaﬁgnt 1 Q@Xﬂ\as Q;gguc d. 4G dift i f or
form ng tihe f]I'mjherein and the tom'c ratijos about constitiuent” netfl s of
t he resulijt ant trans ar entf conduct| e oxidelfilmarje shown itn Table b.
Eval uati dns resdBilt sSH5% he t r par et 8edAdyctd-vé oxi de 08 i Ifm i29% he
resul t ant{ conguctfirve tTangparent—fTr{nrare stiowr i | Tabte 6 Furtherjore,
eval uat'i dn regutltjs 6iagde |trardpar ent2.gevadyctd.v8 oxi de of6i | ;m afto@r the
heati ng gre showdi-n-Table—7—[Exapple171184 :
| 12| PET 20 5.0x10*| 0.96 0.18 300
ﬁ_ 13| Glass 20 5.0x10"| 0.96 0.18 250
E ' _ _
N | 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™*| ©.95 0.10 100
17 PET 20 5.0x10°*] 0.95 0.10 100
18 | Glass 215 3.0x10%| 0.95 0.10 100
2 8 | Glass 215 2.8x107%| 0.95 — 100
24 |
H g' "9 | Glass 20 ' 2.8x107%| . 1.00 0.05: 100
8 g _
£ —
8 10 | Glass 215 2.8x107t} 0.98 0.05 100




.

As a transparent substrate, the sane polyester filmas in Exanple 9 was
used. A Si2 |ayer having a thickness of 100 nmwas fornmed thereon by

el ectron beam evaporation. Next, a transparent conductive oxide filmwas
deposited on the surface of this SiQ2 resin layer in the sane way as in
Exanmpl e 12. Thus, a conductive transmarent filmwas obtai ned. Conditions
for formng the filmherein and the atomc ratios about constituent
netals of the resultant transparent conductive oxide filmare shown in

- Table 5. (1,; Evaluations results ofabhe &ransparent conductive oxide

filmin theresultant conductive transp _ shown in Table 6.
Furthernpre, evd uatéon resills: of EHEIgY Nspanen |reorduet | veraxicdel film
after the heating®@rE 8howasishankahl eivity [[Exaele; 18]cRAreonfuctEitee
transpar ént gl ags* W8S ‘6btlai neddi n[the eamel way as|i n “BXanp| & Jept

t hat thejsang ngn-al kali jgl ass substrate jas in Exanple 10 ywas used ks a
transparent pubdtrat®®, fhe t%fipefat Uré of| thi® gl ass sdbstfat & FRas [set to

215C, anfl tpe gnmount of [OXygenm gas T the mxXed gas at the tiTe
sputteri hg whsoget tse 3% ( oxygen partid.al pressare: {3 =.19" 3| Pap.zo
Condi ti ohs fpr—flermng-t i | Ad-at-om-6—-ati-0s—apout

constituent heidls aef the trangpafent; gonductizye oxidg ,filmaggeshawn in
Tabl e 5.] Eval uatjion resulits of the transparent conductive okide filjmin
t he obt a)] ned cigrductai?ve transgaren gllgss arezghown in _Table 6. '
Furt hernpre, | e%dl uation fesult’s of tHe’trgnspdfent] **° 0.18

@ 113 89 0.8 | 2.7 | 27 1.18 | o.18
o : 7%
A
- e | ] 2
Bl 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
8 79 4 4. 18 ; -
2 3-2 3 1.14 be etched
A @ .
ﬁa : Unable t
{aeg!l o 89 17.5 1.8 32 — . e Lo
o © . be etched
2 X
© 10 g9 . 640 64.0- - - _ — - Unable te

be etched

Y




conductive oxide filmafter the heating are shown in Table 7. 85

[ Conparative Exanple 8] A conductive transparent glass was produced in the
same way as in Exanple 9 except that as a transparent substrate, the

sanme non-al kali glass substrate as in Exanple 10 was used, and further a
sintered body nade of a hexagonal |ayeged conpound (crystal grain size:
12 pm represented by I1n203(ZnO " and 1n2G3 [In/(ln+Zn) = 0.95, and
relative density = 80% was used as a sputtering target. Conditions for
form ng the filmherein and the atoflgif §tios about constituent netals of
the resultant fransparent _conductive oxide filmare shown in Table 5. The
resul tant condlictive t ansb@;bh@lglass ng_ %g_ua ed in the sagne was as

in Exanple 9. IThe eval patioarfasalts ETfabliegbralte \was proved
fromresults of X-ray JIREE&EM&N¢GN] _éi r ygingmiaftienndi um oxi de
was present injthe tra1spaqep}c3pond F%Q ilmafter the

transparent copfductivejoxide . fiimfjorned herein WwasS subj ected jt o heat
treatment. [ Coprpar atPve Exanpte 9] A conductive transparent gl dss was
obt ai ned in the sape—hay—as-+r—Exadpte—ti-exeeptthat—the—sang non- al kal
gl ass substraje a$ jion] ExampbeplO was used . as a tfanspareet suldstrate and
an | TO target {1 n203/5}at. % SnR] s used as a sputtering tariget. It was
proved fromrepults qf X-r1ay dbffractlon angly5|5' thab S%ystal-of i ndi um
oxi de was presgnt %‘ 1e transparent ) .
12 § — — ‘ —
~ | 13 8.4 o 2.1 0.18
- & ,
X | 14 9.0 ' 1.9 0.18
&1 . .
15 - - -
16 - | - —
17 | —~ — B
18 | 18.0 1.8 | 0.17
[Example 19]
(1) Pro'ductiori of a transparent conductive material
L

Indium oxide powder having an average grain size of 1 pm,
zinc oxide powder having an average graln size of 1 pm and tin
_oxide powder having an average gra_ln size of 0.5 pmwere supplied
to awet ballmill in the manner that proportions of indium oxide,
zinc oxide and tin oxide would be 80% by weiglit, 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



. fromresu

P

'1n2A3(2Zn0O) 3 whi ch was_ a . hexagonal £gg coggﬂg?d (ct gtal

conductive oxide filmof the resultant conductive transparent gl ass.
Conditions for formng the filmherein and the atomc 86 ratios about
constituent netals of the resultant transparent conductive oxide filmare
shown in Table 5. Furthernore, evaluatlon results of the conductive
transparent glass are shown in Table 629 [ Conpar ati ve Exanple 101 A
conductive transparent glass was produced in the sane way as in Exanple

11 except that as a transparent substrate,- the same non-al kali gl ass
substrat eb@dyin Exanple 10 was used and further a sintered body nade of
size: 8

pmor less), |TRerehytsn ?%F¥+? o8® Pﬁ+§ﬁﬁ ﬁfedggogg and
el ati = d t t t d
rom recul SRTSHHL TgREH, 22 ?oﬁag‘ﬁgf@f@?ts‘“‘gg?hﬁ?sc??gf PGy TR e

was preseplsifrhihiCet tRESEBECRAs 060BAURI) vecqxi de fil mof the resultant
conductive transparent glass. -Conditions for formng the filmherein and

the atomc ratNest abmmemtﬁqmeﬁﬁttmsalty éf spivd teadma Machimen $jea ent
conductive oxide filmare shown in Table Further%a%mkﬁthe eval yati on

resul ts ofet H® dehdiids Péntersts pRfdnt Epégssja?iéeg?l i 387
Table 5 '\@tt%ffgaét .Sug'fl%rﬁg(gdqglgg?@t Rddhade to have a diameter of 10.16

CIi .

This target was used to form a transparent conductive

o
Y w} '

oxide film on a non-alkali glass substrate #7059 {(made by
Corning Inc.) by sputtering. That is, the non-alkaili glass
substrate#7059wassetupix)anRangnetronsbutteringmddhine;
and subseguently the pressure of its vacuum tank was reduced
to 5 x 10_4' Pa or less. Next, amixed 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. While.substrate 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.

o '~ (2) Evaluation of the target and the transparent conductive

oxide film _

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 ére shown in Table 8.

Evaluateéed were the resistivity and the crystallinity
obtained in the case in which the sintered bod§ {(target)
obtained in the above-mentioned (1) was used to perform

sputtering while the temperature of the transparent substrate



of the tenpera- partial In/ Sn! thick- pressure (In+zZn) (ln+Zn+Sn) ness
substrate ture (C (Pa) (nm 9 PET 20 2.8x10-4 0.93 0.08 250 10 dass 20
2.8x10-4 .0.93 0.08 200 11 dass 215 2.8x10-" 0.93 0.08 100 12 PET 20
5.0x10"" 0.96 0.18 300 H 13 dass 20 5. Ox10"4 0.96 0.18 250 PE m 14

d ass 20 5.0x10-4 0.91 0.10 210 15 PETL 20 5.0x10-4 0.91 0.10 200 16 PET
20 1.0x10-4 0.95 0.10 100 17 PET 20 ]Oxlo 4 0.95 0.10 100 18 dass 215
30x104095010 100 8Gass 215 2.8x104095 100 4| Nul-1ED9

G ass 20 2.8x10"4 05 100 a A . 4C WO 10 .d ass_ 215 2.8x10-4
0.98 0. 05"dDckeRt arEb’F%O% Fﬁ‘f‘??’éﬁ‘t?ﬂgt i ﬁPaLFB‘ﬁtr%“é%?E’r‘éhE% %?@hfjﬁﬁ

crystallinity obtained in the case in which the same target was
used to perform sput-tering lwhile 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 émalee the
crystallinity of the resultant transparent conductive oxide
film. It was proved from an X-ray diffraction' chart that it
- was amorphous.

- The inductive coupling plasma emission-spectral analysis
device SPS-1500VR (made by Seiko Instruments Inc.) was used to
analyzé 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.

VThe resistance measuring device Lorestor FP (made by
Mitsubishi Chemical Corp.) was used to xﬁeasuré the surface -

resistance (referred to as the initial surface resistance

Py

hereinafter) of the transparent conductive oxide film, and
measure the resistivity thereof by a four-ténﬁina.l 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 f£ilm
About the transparent conductive glasses obtained in the
above-mentioned (1), the transparent conductive oxXide film

formed in the state that the temperature of the transparent



surface resis- Mbility transmt- change rate tance (g) resistance 040m
(a~N sac) rate (pmmnute) (S2/~) (x10~cu) 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 0 13 89 10.8 2.7 27 1.18 0.18 H 114 ~ .. -. w14 89 12.8 2.7
28 1.18 0.19 15 88 14.0 2.8 28 1.14 0.4® 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 8 79 43.2 4.3 18
1.14 Unable to my be etched ao a NE 9 89 17.5 1.8 32 - Unable to k be

et ched esMbgtfgeglGa&oseiotggrgéﬂ @émBeQ%t%E%h%Qs subjected to heat
- treatment at 280°C for 1 hour, and the transpareﬁt conductive
oxide film formed in the state that the temperature of the
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.

(1) Produdtion of sintered bodies and transparent conductive
oxide films

 In Examples 20-22, sintered bodies were obtained in the
same way as in Exéhple 19 except that the 5lend.proportions of
ingredients were changed as shown in Table 8.

Next, the respective obtained sintered bodies were used
to‘prOduce transparent conductive oxide £ilms 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
f_iims cbtained in the above-mentioned (1) were evaluated in the
same wéy as in the (2) of Example l9. 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

{Examplés 20-22] ' : _ ) 5

o



89 Table 7 Initial Initial Surface Resistivity Etching rate Resistance
(pm mnute) (0/D) (x10 Ss2 cm 9 - - - 10 10.0 7.0 0.19 11 19.0 1.9
14 13 8.4 2.1 0.18 04 ~X 14 9.01.90.18 15 - - - - - 16 17 - 18

12 - -

18.0 1.8 0.17

mat eri al

| ndi um oxi de powder having any-average grain size of 1 p.m

0.18

[ Exanpl e 191 (1) Production of a transparent conductive

zi nc

oxi de powder having an average grain size of 1 pmand tin oxide powder
havi ng an average grain size of 0. 5 p|n wer e supplled to a wet bal
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he powder was subjected to granul ation and
was changed as shown in Table 2. The results are shown in Table

9.

[Comparative Examples 11-15]

" (1) Production of sintered bodies and transparent conductive

oxide f£ilms

- In C—ompa]fative Exaniples 11-15, sintered bodies were
obtdined in the same way as in Example }9. except that_- the blend
proportions of ingredients were changed as shown in Table 8.

The following were used: indium oxide powdér 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 sinteréd bodies were used to produce
transparent conductive oxide films iﬁ 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 Tab-le

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

mll

ne
t he



grains were press-forned into a target form The fornmed body 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
jamor |ess) was 98% and the bulk resistance thereof was 0.83 nQ cm
Next, a menber for fitting to a sputterd ng nmachine was set up to this
sintered body. This sintered body was used as a target. The used target
was made to have a dianeter of 10.16 cm This target was used to forma
transparent comgueting spddler fddiauit i kil Hilin® aBTagwlest Hat en#7059
(made by Corning Inc.) by sputtering. That is, the non-al kali gl ass
subst r at eaboAB5nevsisisetd Q. )t weas IR egnst toh ispthe evamy wagchs ey, thend
subsequently the pressure of its vacuumtank was reduced to 5 x 10 a Pa
or |ess. Nekiof Exampde dds scehtydhradadhanbeaky §ERATHSR TWASTPRTRAEHEEed t O
have a pressupgndbadsX sttt BR wdiife Ut Pithe Rlo i 483 SEhok hORM] W I €
substrat € Yerper £are” wals ept “at” foom tenperature, spu ?er|ng was
performedgto forma transparent conductive oxide film In this way, a
transparent conductive glass was obtained. (2) Evaluation of the target
and the transparent conductive oxide film The conposition, the relative
density, the bulk resistance and the crystallinity of the sintered body
(target) obtained in the above- ment#®hed® (1) were evaluated. The results
are showfi'Tn Table B. ' '

Example Comparative Example

19 20 21 | 22 11} 12 | 13 14 15

- In,0,

(% by weight)
1 sno,

(% by weight) _
Zno '
'('%byweight)_*rs' 1 _3 2 : 10 .1‘ 5 1 7
- Relative
Density (%)
Bulk resistance

{m{cm)

80 | 84 | 87 | 88 | 90 | 90 | 94 | 90 | 78

15 | 12 { 10 {10 {10 | — | 5 5 | 15

98 | 97 | 98 | 99 | 98 | 98 | 97 | 96 | 97

.83| .84).70| .65 .87 2.4 .87 |2.1}2.4

Target symbol A4 | B4 C4 | D4 E4 ¥4 G4 | H4 T4

oo
Ly
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diffraction analyzer, was used to analyze th crystallinity of the
resul tant| transparent conductlveTﬁ%ﬂaéfgg [t was proved from an
diffractifon chart that it was JANPERNAS e Irekpetany ecogdeplyengkigk ab ma
emi ssi on {spectjr al §m“ceyhﬁ&n§R§miﬁﬁr BVREHFatfdehy PR TFedttnent s
Inc.) wag used"¥¥et afiiIZ8 J.ne conpesédti on of the transparent conductive
oxide fiflm Th 5“@@ SpQedyr ongt gdsgs-deyvi ce U-32%g ﬁgge myﬁﬁL tlachi Ltd})
was used |to ngasure the i ght] trvans | FPRRES (Lo iiay elhengt| h*TTs nm or
. - . in 4 ) 1l
550 nm df thijs conductive tram§barent_grass. Thegr es| se4awe nmeasuri pg
devi ce Lqrgstgr FP{made _by. | M Tsubishi— Chefical” Cor p.) Wwag used 10
measur e tihg syrf&te tém%«ifa%@é ce2¢t ef jemprriorp| as 2Phe ipi P4l [SHrstates |
resi st ange | hgreinaft-err—of—the—t+ransparent—conductvp—oxide—ftm—and
measure tlhg rgsisiiyityadoner gof 2by a Aworghober M rzab nej hado . |Feugstdanapr e
DEKTAK 3(% (Jade by Sl.oan cgonpany) mas used
%‘ 20| Ba temp’gﬁ’a“;’u o] 280 Amorphotis 250 190 | Ciystalline
b ) ] )
Sl—1 :
ROOM _ . s
21 C4 _ t_emperatur_e 239 Amorphous 230 _. 190 CrystalFine
22| b4 temp‘?;’;lure. 260 Amorphous | 230 200 | Crystalline
Room | . : s
11 E4 temperature 550 Amorphous#® 230 - 180 Crystalline
a 12 F4 200 380 .' lmﬁorphous 300 1400 Amérphous
E. g . | ‘ - .
| : Room i . . P
; [; : 'G.4 temperature 270 Emorphous# 300 - 190 Crystalline
1:: 13 — ‘ . ——
H G4 200 2060 Crystaliine — — -
& _
E Room ; - -
8 H4 temperature| 220 Amorphous 250 3200 Crystalline
14 :
| Ha - 200 3600 | Crystalline - - —
15 I4 200 380 Amorphous 230 370 Amorphous

Eval uated were the resistivity and the crystallinity

i n which the sintered body (target)

obtained in the case
obt ai ned in the above-nentioned (1)

was used to perform sputtering while the tenperature of the transparent

substrate 91 was kept at
crystallinity obtained in the case in ghich the sane target was
performsputtering while the tenperature of the

roo

kept at 200C. The eval uation

Fl ex RU-200B (made by Rigaku Internatiqnal, Corp.),
u

m t enper at ur e,

and the resistivity and the
used to
transparent substrate was
results thereof are shown in Table 9. Rotor
which is an X-ray

*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 pm and tin

oxide powder having an averade grain size of 0.5 pm 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

X-ray



to neasure the filmthickness of the transparent conductive oxide fil.mby
a tracer nethod. (3) Heat treatnent of the transparent conductive oxide
film About the transparent conductive gl asses obtained in the
above-nentioned (1), the transparent conductive oxide film forned in the
state that the tenperature of the traffparent 92 substrate was set to
roomtenperature was subjected to heat treatnent at 280C for 1 hour, and.
t he transparent conductive oxide filmformed in the state that the

t enper at B4. 8% bhewelglsphr2htbgubsighte aad s@t0% ob208&iyAs, subj ected to
heat - treatnment at 250C for 1 hour. About the transparent conductive

oxi de fi |F@SReB}EEeLY- téhﬁﬁ?Qﬁﬁﬁrirﬁﬁﬁrﬁﬁﬁ“lEQﬂﬁrWQﬁﬂﬁQhJGﬁﬁ%d Bnd

crystallinit e ev d. The evaluation results reof are shown in
oo Pead bl B B oFATRE P ER B TR e e, g bRabl

t

were: ot arhaenedEh, iR e HLESR JO1THSRRe 33 gRatd o BuhERh BOALSS
proporti ofsryétal ngreth esntse wes e7 clmngediass shown in Table 8. Next, the

respective obtained sintered bodies were used to produce transparent
conducti ve oxidﬁ”ﬁhlﬁsﬂ¥ﬂ¢¥ﬁéf§éh§lWé}ﬂga§0iﬁ EREﬁbG@lag.maﬁbinénwesatures

of transparent trates t.he .ti ne utter.i we, et to
t enper at UFeEs u?ni él?% r‘laa"‘éj\]e af?t SEHCEFS) {i%’k?m 1% ﬁelngl%rﬁeéi g’& off*8s and
the transpalenls aCPRAYSE vemXhde d ithi®et was made to have a diameter :
| of 10.16 cm. ' |

| Next, this target was used to p‘erff)_rm sputtering. As a %;n:% '
trénsparent substrate, a noﬂ—alkali glaés substrate #7059 (made
by C‘_Orning Inc.) was u-s_ed. As a sputtering machine, a magnetro.n
sputtering machine of a parallel-plate type was used. The
At_na‘chi_ne 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 1_0'6 Pa. -

Next, ardon gas containing 1% by volume of oxygen gas was
introduced into this machine. Sputtering pressure was
adjusted into 0.3 Pa to perform spuftering . In thisway, 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-mK'a was used as an X- ray source.
As a detector, the e]_e.ctro:st'-atic‘ hemispheric type was used.
rPass energy was set to 35.75eV. 3d%? of indium was set to 444.4
eV to measure the criterion of the peak. About the half bagd

width of the peak obtained herein, Shirley’s egunation was used

to set a base line and calculate the value of the half band width.



The sintered bodies and the transparent conductive oxide filns obtained
I n the above-nentioned (1) were evaluated in the sane way as in the (2)
of Exanple 19. The results are shown in Tables 8 and 9. (3) Heat
treatnment of the transparent conductive oxide films The transparent
conductive oxide filnms obtained in the 93 above-nentioned (1) were
heat-treated in the sanme way as in the (3) of Exanple 19 except that the
heat treatnment tenperature was changed as shown in Table 9. The results

are shown.in Table [ Conpar at.i ve_Exanpl es. 11-151 (1) .PrqQducti on of
si ntered bodi es®an@ ]Eﬁ’sa‘h]sﬁar%'?ﬁ Iyl ka Ré"l%ﬁ & %W%ﬂﬁ&?ﬁf’?’ve

Exanpl o 19800t B A B R A b B L A e AT ehl e

as shown kBndabkev8. oxhaef thv\mag vEkE cUsBE: thadkem axicdeapowder havi ng
an average grain size of "3 dun, zinc oxide powder having an average
grain size of 3Tpenmeasiitad MMQJWWWﬁthﬁntme?@gngrlﬁ arbiitze of

3 pm Next, the resultant sintered bodies were used to. pro
t r anspar ehP B SvEtare Bﬁlﬁﬁequwqq{?“rﬁ"?&ﬁgc&é}f a%XJrﬁ I Bas¢8  The

tenperatu§SsFﬁL kpg ﬁé@ﬂéﬁargﬁtsﬁBgﬁt ﬁtggga he time of the sputtering

wer e set enper at ures shown "Eval uation of the sintered
bodi es and t he transparent

(2) Evalua'tion of the tranépare’nt conductive -¢oxide £ilm

The crystallinity, the light transmittance, the
resistivity and the etching property of the transparent
conductive oxide film obtained 1n the above-mentioned tl) were
evaluated. |

About the crystatllinity- of the transparent conductive
oxide f£ilm, Rotoi‘- Flex RU-200B {made by Rigaku International
Corp.) was used to check it by X-ray diffraction measurement.

~ The U-3210 (made by Hitachi Ltd.) was used to measure the
light transmittance (light wavelength: 500 nm or 550 nm) of the
tranSparentconductiveoxidefilmincludingthegﬂasssubstrate
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.



conductive oxide filnms. The sintered bodies and the transparent conductive
oxide filns 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 treatnment of the transparent conductive oxide filns 94

The. transparent conductive oxide fil mm obtained in the above-nenti oned

(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 2. The
results | 5 -] Canppa Y2 19 20
21 22 116}{1&5"%@%‘% &%%%81 1%0'%4%@ %8@33@;0%34 Hpeaga %‘?/?%&"%E%‘Sﬁ%’) Sncp
15 12 10 4 dilisotrdpid cidbyt et ghilmZng: . pot 4018 thild frdndpatémby '
wei ght) Relative.98 97 98 99 98 98 97 96 97 Density (% Bulk resistance
83 .84 . mpndEte oxidg7APln n4the ngERjpqafee. synbdieald-Bresie®] E4 F4-
4 H4 14 :

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 Q.

In order to confirm long-term stability of this

connection resistance, the test piece obtained by putting and

it

(/ heat-pressing the anisotropic conductive film on the
transparent conductive oxide film was allowed to stand still
-in an oven, the temperatﬁre of which was kept at 95°C, for 120
hours and subséquen‘tly the connection resistance of ﬁhe test
piece was again mé—asured. In this test piece, no change in the
copnection resistance was obserired 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]

5T

N
) i .\‘;

A target was: produced and a film of a transpafe;nt
conductive oxide film was formed in the same way as in Example
" 23 except that blend proportions of metal oxide.cdmponents 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 Watér cont’ent'in the Vacguﬁ_ chamber
was 7 x 107° Pa.
The half band width of the binding enerqy peak in the
oxygen 1S 6rb-it of the resultant transparent conductive oxide

film was measured by the XPS method. As a result, it was 2.5



e

95 Table 9 Transparent conductive oxide Transparent conductive oxide
filmimredi ately Transparent after thedeposition filmafter the heat
treatment Target -Substrate thereof synbol tenperature Heat (C) Resis-
Resis- Crystal- treatnment Crystal- tivity unity unity (P tenperature nity
(© (P -cm A4 Room 290 Anprphous 280 480 Crystalline tenperature 19 A4
200 280 Anorphous 250 160 Crystalline 0 a 54 Room 20 tenperature 280

Anor phous 250 190 C}ystalline ~- 21 C4 Room tenperature 230 Anorphous 230
190 Crystgyllne D4 Room 260 Anor phous 230 200 Crystalline tenperature
11 E4 Roort 550 AnDrphous 230 180 CYystalline tenperature 12 F4 200 380

Anmor phous 300 1419(9 d@@o@lﬂ%n éllrd evaluation results of the transparent

conductive oxide film are shown in Table 10.

[Example 25]

A target was produced and a film of a transparent
conductive oxide was formed in the same Waﬁr 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 o‘_f’ zinc
‘oxide. 1In this case, the water content in the vacuum chamber
Wés 9 x 107° Pa.

The half band width of the binding energy peak of the’
oxygen 1S orbit of the resultant transparent coﬁdu-ctive oxide
film, which was measured by the XPS method, was 2. 7 eV. The
compos:.tz_on and evaluatlon results of this transparent

conductive ox:Lde film are shown in Table 10.

[Comparative Example 16]
1 7 A target (crystal grain size: 15 pm) was produced and a
film of a transparent condudtj_ve 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 pm, and zinc oxide powder having an average grain
size of 3 pm were used and the blend proﬁortions 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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E ro0 Roomw A4 270 Anorphous 300 190 crystalline tenperature 1 13.(4
200 200 Crystalline - - - Aos . SL rature 220 Anorphous 250 3200
Crystalline H4 tenpeRoom 14 H4 200 3600 Crystalline - - - ~:.... 15 14
200 380 Anorphous 230 370 Anorphous *The synbol "k" indicates that fine
crystal was contained. [Exanple 23] (190Formation 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 pmand tin

oxi de povsigfgdiavidGrdl tAver 858 S Nt & € & eindhdraun wenduritied oande

pul verized in a wet ball mll in the manner that the percentages of

i ndi um oxiidley, zZ@nbclhxvale mﬂdSﬂrﬁdo&Ydéhﬂo&Pa petbed. 8ﬁ38@@b9 Q¥ ght, 5.2%

by wei ght, and 10. 0% by wei respect|v Ther t h t ant

ves subj ected (e G ERAPELFOR OFntio6 e AHSHAE VPR IPRL TP PG FoiMave

shape obata]‘?ﬁ&?theggiﬁ was égrgqaﬁ_ ds420% LAg¥EELH/8c8bRAET ed body
The composition and evaluation results of tﬁis

transparent conductive oxide film are shown in Table 10.

{Comparative Example 17]

A target (crystal grain size: 11 pm) was produced in the

i

same way as in Example 23 except that indium oxide powder having

P
e

anvaverage grain‘-size of 3 pm, tin oxide powder having an aver-age-
grain size of 3 pm, and zinc oxide powder having an average grain
size of 3 pm were used and the blend proportions thereof wefe
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 10 Pa
~at the initia-i 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 cha;m'ber

was adjusted into 9 x 107 Pa. 1In the same way as in Example

(W

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 résul—tant transparent conductive oxide film was
héat-~treat-ed at 95°C for 120 hours. As a result, the connection
resistance increaseg to a great degree.

The comp'osit:i@)n and evaluation results of this

transparent conductive oxide film are shown in Table 10.



(crystal grain size: 3.7 pmor less). Next, a nmenber for fitting to a.

~sputtering machine was set up to the resultant sintered body. This

VY

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, a non-al kghi glass substrate #7059 (rmade by
Corning Inc.) was used. As a sputtering nmachine, a magnetron sputtering
machi ne of a parallel-plate type was used. The nachine was evacuated into
5 x 10-5 Pa. The water content in the vacuum chanber at this tinme was
nmeasured with a mass spectronmeter. As a result, it was 8 x 10-° Pa. Next,
argon gasy;&ontal-0i Nge 1946.8% !glggq of oxygen gas was introduced into this
machi ne. gput ering pressufe was adjusted into 0. 3 Pa to perform
sputtering. In Ahisrgey, (crfdtan gfaid snarspasepn) ogas yRtddeeaXiadil was
formed on the glass substrate. The thickness of the resultant transparent
conduct i vEibmiele # itransparent gandurtgvgepxigendasukeraedi ity samegy

oo §L t&S%‘;sé%%%Eg%ﬂ%gi%&éaé’%ﬁééﬁwh%ﬁﬁﬁéégﬂgZﬁgﬁéééi%% i SBour eo
As ) ' i i _ .
a det eg&ggg% f%;ﬂrg%z%s tggt ?_;,ém, s BQ&%C?B%BérV@évﬂ%@%n abasaganer gy

was set to lumwas set to 444. 4 eV to neaslre the
criteriongphihhafeeek:3 Maouind henbadstidapdwasrdidvinig bheapsrdkgobirained

herein, Shirley's equation was used to set a base |line and cal culate the
val ue of sheehef 3 WandrewedtisedozandAshe hlend praper tigifs Fhedeifdweref t he

weight of tin (')xide_: and 12.3% by weight of zinc oxide. In this
caée, the water content in the vacuum éh-axhber was 1 x 1077 Pa.
The half band width of the binding energy peak of the
oxygen 15 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_ FIGa-
13.
- ‘The resultant trapnsparent 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 resu-lts_ of this

trahsparent conductive oxide film are shown in Table 10.

{Cbmparative Example 19]

A target (crystal grain size: 18um) was produced in the
same way as in Example 23 except that indium okide powder having
an average grain size of 3 pm, ana tin oxide powder having an
average grain size of 3 ym were used and the blend proportions
thereof were changed as follows: 9 0.0% by weight of indium oxide,

and 10.0% by weight of tin oxide.



band of the oxygen 1S orbit in the surface of the transparent conductive
oxide filmwas 2.6 eV by the XPS nethod. The neasured bi ndi ng energy peak
of the oxygen 1S orbit in the surface of the transparent conductive oxide
film based on the XPS nethod, is showmn in FIG 12. (2) Evaluation of the
transparent conductive oxide film Theggrystallinity, the |ight
transmttance, the resistivity and the etching property of the
transparent conductive oxide filmobtained in the above-nentioned(1l) were
eval uat ed. Aboyt, dihe Gy tRlddidnaniferdt R < LRSRALEAt ineRducki ye= pxi de
film Rotor Flex RU 200B (nmade by Rigaku International Corp.) was used to
check it &y the aynfiidT acimenoreardr spettering. UBR @xemderdywdd t achi |
Ltd. ) was used to neasure the light transmttance (light wavel ength: 500
nm or 55Cadigsdd tinde Or3nBpavthlk aegriudeisyeoBkpEBIRg| by it VOdURY Phe

gl ass substrate by UV spectronetry. The Lorestor. F made. b t subi sh

Cheni cal CBfHY IRds %E%ge?%£ﬁﬁas "¢ %?§ﬁ?&§8’:? gP%fﬁﬁ%%H%?ﬁ%ﬂégr

transpar ﬂ{ﬁs %@ﬁfg‘féd Vi @i gl fid-m By, a fhowhe! 8hfbNghyBENeH. EX8Rp1e
ITy thereo

resistiv was then cal culated. As an etching solution, an
aqueous st WikiceptheleBe Gperakabhs, acifd 1600f entrahispareh t3cdfidbytivesght
was used to neasure the etching property at 40C. (3) Measurenent of
connect i orxi@&sivaantermgskt ., the transparent conductive oxide film

cprained Tn  the, AR Tand Widul Ue "B SANEMhS Uil OF SOIOSE L' P 98

oxygen 1S orbit of the thus obtained transparent conductive
oxide film was 3.4 eV. ] Nj@
The resultant transparent conduc{:-ive oxide film was
heat-treated at 95°C for 120 hours. As a resuit ., the connection
resistance increased to a great degree. '
The composition and evaluation results of thié

transparent conductive oxide film are shown in Table 10.




having a pitch of 110 pmand a gap of 20 pm and subsequently an _
conducti ve oxi de
thereon at 180C. The connecti on

ani sotropi ¢ conductive filmwas put on this transparent

filmin the stripe form and heat-pressed

resi stance between the
ani sotropic
resi stance was 8 Q
connecti on resi stance,
heat - pressi ng the ani sotropic cond
conductive oxide filmwas all owed t

conductive filmwas neas

u

Gt |

| m on
still

t he

in an oven,

transparent conductive oxide filmand the

d. The average value of this
In order to confirmlong-termstability of this
the test piece obtained by putting and
t ranspar ent

t he

t enperat gyre of whichjwas kept at 95C, for| 120 hours and subsequentl)y the
connectign resi stanceg of theek®ele .piece was agenmrasasuxedieln this test
pi ece, nq change in tfthe connection resisftance was observed even after the
| ong-term heat treatfment. The conposition and gval uatifon resblts of| the
transparéent conductijvez2dxi @le ﬁ%ln‘ob&aiﬂedJhercinlare_shémn n Table 10.
[ Exanple|24] t A tanget was$ produged and a filmof a §ranspafent
conductiye oxide ngln1mas formed ip the siame way as injExanpl g 23 eikcept
that bl end pripREids@ps 8818 mpt &F-%ox| dél-Gonpotfet § oF-8 | $grﬁéd1 et 8o \Rer e
changed as§f | lows: 87.3% by wei ghi indium gxide 5% by| wei ght} of
tin oxide &ng 3,2% by weight of zipc oxijde. Injthis case, thk water
content iln&t Hey\Vacdsuin dRghber °-Ras] 71%210- 6'%4. [THE-hal f bdnd] wieith lof the
bi ndi ng ¢né@rdy peak in the : '
(&) . .
- 'i?%ézmj 5.2 3.2 6.2 1.2 5.2 12.3 —
Water content :
(x10-Pa) 8 y 9 9 20 0.1 960
‘giiinb?gg) 2.6 2.5 2.7 2.9 3.3 3.8 3.4
Crystal l ; ; . Bavorphious | X
.} evaluation - Amorphous. | Amorphous | Amorphous Amorphous | Arorphous
Light . ,
transmittance 81 81 82 81 81 80 81
Resistivity 240 220 | . 240 280 490 370 560
(pQm) AR
Etching rate 0.09 0.06 0.09 0.03 0.10 0.11 0.06
 (un/60 sec.) .09 . . N 1 ) .
Initiél | .
Contaqt. 8 10 1z - i1 14 16 34
resistance (Q)
Contact
resistance
after the 8 10 12 11 38 54 78
'Heat treatment
()

*The word “Amorphous” in the crystal evaluation indicates an amorphous state.

[Example 26}

(1} Formation of an organic colored layer on a substrate

shading layer made of chromium oxide on a surface thereof.

A glass substrate was used as a substrate to form a light

The



oxygen 1S orbit of the resultant transparent conductive oxide filmwas
neasured by the XPS nethod. As a result, it was 2.5 99 eV. The
conposition and evaluation results of the transparent conductive oxide
filmare shown in Table 10. [Exanple 25] A target was produced and a film
of a transparent conductive oxide wa3Oflornmed in the sane way as in

Exanpl e 23 except that blend proportions of netal oxide conponents of

i ngredi ents were changed as follows: 81.6% by wei ght of indium oxide,

12. 2% by feihghtioh of the1lida tasithdiRya byerweighpedforingd byoxpaetetinghi S
case, the water content in the vacuum chanber was 9 x 10-6 Pa. The half
band wi dtanéfthectlvickiegs eneridie pruakowiun xidsx Jgeierl Fag Isiett ¢ Ohd

resul tant transparent conductive oxide film which was nmeasured by the
XPS net hdd®-was 2.7 eV. The conposition and evaluation results of this
transparent congductiv isdg .f i r taciy%t T : arat|ve
Exanpl e 16] A target cér)y)&sltagggrﬂzg%rgq zle: I"‘%r% %g{e%i?% l}:&)ﬁﬁ%ng%yn film
of a transpa eattaerdHativg #Xiide: wWasithobEesD ifn YREpRAEB1LiIVAYgRSPhY .
Exanpl e 23 except that indium oxide powder having an average grain size
of 3 pm %Yhe pdtickethendef dbong@rendivecigon wsilltime aid Thenpisel zi nc
oxi de powder having an average grain size of 3 Bm were used and the bl end
proporti dieTeRY @(}%’%F‘E‘e gﬁgﬁﬁgﬂloﬁsp?BP?B%?ué%. 7R TR 360 Pfdi um

oxi de, 10. 1% byge el Aty iifn 41 dbyfiil fife Afodn TR MW 8818 FAEEL O d€-
74160 P‘igment Green 36) was used as a green pigment, and é paste.

wherein it was dispersed in and mixed with a transparent A

P

polyimide precursor solution Seinicofine SP-910 (made by Toray-'
- Industries, Inc.) was applied to the chromium oxide layer in
the lattice form. This was semi-cured to‘fo:m a green or.ga.nic
colored layer in the form of st_ripe having a width of 90 pm and
a pitch of 330 pm, which corresponded to pixels. 'fher_eafter,
this was cured. The thickness of this green organic colored
layer was set to 1.5 pm. ‘

A 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

™

P
£ s

Tl
et

- 15-4) was used. From pastes obtained by dispersing/mixing
these in/with the above-mentioned polyimide preéu‘rs_o]-:'
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:
solurtio_n onto these or.ganic- colored layers and cdring the
applied layer, a protective layer having- a thickness of 2 pm

was formed.

(2) Formation of a transparent conductive film



In this case, the water content in the vacuum chanber was 9 x 10-6 Pa.
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 film obtained herein was as smglyls; as 4.4 angstronisecond. The
conposition and evaluation results of this transparent conductive oxide
filmare shown in Table 10. [Conparative Exanple 17] A target (crysta
grain size: roduced i n except
Phat "i ndi um oxi R pUTRRRFRAY: rgralntave, Salfol s tsParoBr SOPAE AT ook do
powder haé!kf]&e%l%’)eﬁég%ox%&i ansetzeeopa_;aélereolmazwge% et po\Wdels shavi ng
an average, grain 'size 3 pmwere uSed and the bl end proportions

t her eof \A@ﬁﬁstﬁhaegﬁdvaﬁg takl owganié. 8Ulbyedeilghteraf obtdiimedodindehel(. 0%
by weight of tin oxide and 5.2% by weight of zinc oxide. Next, the vacuum
chanber waBoe¢aBeatéanedt 612 RY16P9b4eTandt-he initial tine of the

tt Th t to. 0. P h :
contai ni ng 19 oy SO CHTE S CaRpeiniead Pt ekEaPe BrothRed 2o i nEent i n
the vacuum ghaqber, ny\@eupd 45187 bﬁ}tv@ej‘?grjﬂttéf ind3um 9x18E FAMRMAYS3S N

Exanple 23 except These oper at i ons, a transparent conductive
oxi de wasby oveght Toe tibd fosbade powlidr aind s i dieigtenery ipeakxdidet he

oxygen 15 orbit in the resultant transparent conductive oxide filmwas

3.3 eV. was mixed and pulverized in a wet ball mill. Thereafter, the
resultant was subjected to granulation, and the" grains were
press-formed. The resultant waé sintered in pressured oxygern
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 pm.

The resultant target [A6] was fittedr to the DC magnetron
sputtering machine, and then a transparent conductive £ilm was
formed on the orgénic colored layer of the glass substrate byi
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 107 Pa, 25°C, 100 W, and
20 minutes, respectively.

| As a result thereof, a transparent conductive film having
a £film thickness of about 120 nmwas 'féx:med on the organic colored
lavyer.
| The crystallinity of this transparent conductive £ilmwas
(SbserVed by X.—i‘ay diffraction analysis. As a result, it was
-pi:oved that the film was amorphous.
‘Substrate temperature was set to 180°C at thé time of

sputtering to form a transparent conductive film on the organic



™

The resultant transparent conductive oxide filmwas heat-treated at 95C
for 120 hours. As a result, the connection resistance increased to a
great degree. The conposition and evaluation results of this transparent
conductive oxide filmare shown in Table 10. 101 [Conparative Exanple 18]
A target (crystal grain size: 14 pn) was produced and a filmof a
transparent conductive oxide was fornmed in the sane way as in Exanple 23
except that indium oxide powder having an average grain size of 3 pm tin
oxi de poVESroRaY i Ty S e4AGEhe! §18sST 28bEratdM |k ZiMin Hxd£len powder
havi ng an average grain size of 3 pmwere used and the bl end proportions
t her eof wermelucihiargetiitis was| awso 8Boxdphbyswei ght of i ndi um oxi de, 4.3% by
1 weight of tin oxide and 12.3% by wei ght of zinc oxide.-In this case,
the water cont&he ingradioaéenArdEhbn fad physimnlyppaperthesiafi £hgand

wi dt h of ,the hindi7f ne eak_of the o Pit in the resultant
transpargﬁFl53%83%9?9%”%%%%%99$iF%iﬁa%gﬁ.éﬁggg %ﬁéﬂég%%u¥gﬂ bi ndi ng ener gy
peak, measured by the XPS nethod, of the oxygen IS orbit in the surface
of the resultant transparent conductive oxide filmis shown in FIG 13.
The resul(tBntEvalanstpisrre gt coneluetcrengxpdepértyn abisthéettatspatentat 95C
for 120 hours. As a result, the connection resistance increased to a
great degi®¥luctierednbb®iti on and eval uation results of this transparent

conductive OXi%%Jiéégﬁﬁﬁ% t%%%hfg&1g¥”§hé1%esultant transparent
conductive film was evaluated}

That is, parts of the transparent conductive £ilm formed E
on the o-rganic colored layer were etched at 40°C with an aqueous
sclution containing an exalic 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.

&bmﬂ‘

. Thus, it was proved that the resultant tranSparenf
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 film by heat

treatment



[ Conparati ve Exanple 19] A target (crystal grain size: 18pm was produced
in the sanme way as in Exanple 23 except that indium oxi de powder having
an average grain size of 3 pm and tin oxide powder having an average
grain size of 3 pmwere used and the blend proportions thereof were
changed as follows : 90. 0% by wei ght I ndi um oxi de, and 10. 0% by

wei ght of tin oxide. 102 Next, the vé§uum chanber was evacuated into 2 x
10.5 Pa at thé initial time of the sputtering. The pressure vvas adj ust ed

into 0.3 Pa with argon gas containing 1% by vol une, of  oxygen
Thereafter, theNoAfertRRntEARSPATERE GaRtbntEhanbbln fiakmad; 08t §Hel nto 9 x

10-4 Pa. Inthesa e 0 afllm
of a tranggg'?lél €on uc'%‘ 3 erox%?% orne%)él%%%at%a?ﬂ?ldg 5%5“11 of t he
bi ndi ng eﬂﬁégbibQGékaﬁtiBﬁedO}q?eﬂaéssﬁ’()?é&téﬁ thenthys tebhainkad .
transparent conductive oxide mwas 3.4 eV aye The resultant

transparent conbiett ieeoiitteed trhan hWasondidaitonts dax ddbismt c@5€@.f dhel 26 1wour s.
As a result, the connection resistance increased to a great degree. The
conposi ti ons hehtaditeal 3OTE pésaltempsratine - Itlrsécrli@pﬁﬁéﬁtoﬁmﬁétﬂiv@tém de

filmare sho in Table 10. 103 Table 1 arativ e 23
24 25 16 1% pamoppsgEe AL I FRe - 84'9%5&%% %freﬁggp%ng &5‘? %94 90. 0
set to 1 hour.
The transparent conddctive film subjected toc this heat

treatment was crystalline, and the resis'tivity thereof measured

. :”'ﬁ"“g

bir a foﬁr~-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 obsexrved.

[Example 271
(1) Formation of a tramsparent conductive film

R A target [B61 (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 Wéight 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 f£ilm.

The ingredient composiftion thereof and physical

properties thereof are shown in Table 11.



0 6n02 (% 10.0 9.5 12.2 10.1 10.0 4.3 10.0 o by weight 0 Zno f by wei ght
5,2 3.2 6.2 1.2 5.2 12.3 - Water content (k10-6Pa) 8 7 9 9 20 0.1 900
Half band 2.6 2.5 2.7 2.9 3.3 3.8 3.4 wdth (Ev) Crystal Pl ph u. Anpi #h
Anor phous Anor phous Afl hour Anoxpbws M ot phous eval uation Light
.transmttance 81 81 82 81 81 80 81 (YWsgResistivity (PQ m 240 220 240
280 490 370 560 Etching rate 0.09 0.06 0.09 0.03 0.10 0.11 0.06 (pnf 60
sec.) Initial Contact. 8 10 12 11 14 16 34 resistance (0) Contact

resi stancgy aidgfud Hfod c;-f) 1Re 1étéﬁll§§ pRoptedl oF e@ﬂgeﬂkangﬁgr\éﬁ'i:d

'Annrphous" in the crystal evaluation™indi cates an anorphous state
conductive film

The étching 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.

(3) Crystallization of the transparent conductive film by heat

treatment and evaluation of the transparent c_on-du.cti__ve £film

o

Next, heat treatment of the transparent conductive film
obtained in the above-mentioned (1) was performed in the same
way as in the (4) of Example 26, so as to yield a transparent

conductive film. The results are shown in Table 12.

[Example 28] .
.(1) Formation of a transparent conductive film
A target [€6]1 {crystal grain size: 4.1 pm) was produced
in the same way‘ as :|.n the (2) of Example 26 except that on an
organic cblored layer of a glass substrate having the organic
colored layer kob,i:ainre_d in the same way as in the (1) of Example ’4
26, a mixtu:pe of 87% by weight of indium oxide powder, 10% by
weilght 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 form a transparent conductive film. |
The ingrediént_ -compo-sition thereof and physical

properties thereof are shown in Table 11.

(2) Evaluation of the etching property of the transparent’
conductive film

The etching préperty of the transpareht conductive _filn_i



[ Exanpl e 26] (1) Formation of an organic colored |l ayer on a substrate A

gl ass substrate was used as a substrate to forma light shading |ayer
nmade of chrom um oxi de on a surface thereof. The 104 fornation of the

i ght shading | ayer was perfornmed by sputtering, and the thickness of the
chrom-um oxi de layer was set to 0.1 pme Next, the light shading |ayer
was worked into the form of a lattice having a line width of 30 pm by
phot ol i t hography. The pitch thereof along one direction was 110 pm and

the pitch f:al i i endi.c ef : pm

. Next, a pﬁ’tb tﬁa égga%?ngﬂgr&eﬂgv%ir%%?eﬁ&?%gﬁgp %ﬁe%ﬁ%uagg%%gﬁﬁ?ne%tma een
36) was us@g &S ih §hee(B PoFEAmpABNRA. PABlcCre ¥HPE £iat-d bhvwas thaparsed in

and m xed with a transparent polyimde precursor solution Sem cofine

SP-910 (mdé&e by Toray Industries, Inc.) was applied to the chrom um oxi de

layer in the lattice form This was senm-cured to forma green organic

colored layer in the formof stripe having a width of 90 pmand a pitch

of 330 p ! pPonge i hereaft dhi s r The
hi ckness (3 P E o LERRONOE e P18 P afend LORE obBuoral By NGSpr dat, ]
red pi gmegsea@mgditnacri don pignent (Color Index No 73905 Pignent. Red 209)
was used, and as a blue pignent, a phthal ocyani ne blue pignent (Color

| ndex No 74160 Fegherhed daddtmens.of) thest trrsparenmgeastuet iots £iided by

di spersing/mxing these in/with the aboye-nenti oned_pol yi mi de precursor
sol 5ti ons,ng§§B§8t?‘9e‘F1§f? abgvsr msaned di rgasl%?/’éﬁggﬁ%da”bltd’% same

way as in the (4) of Example 26. The results are shown in Table

12,

[Examp;e 291
{1) Formation of a transparent '6onductive f£ilm
A target [D6] (crystal grain size: 4.0 mm) 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 inh the (1) of Examplé
26, a mixture of 88% by weight of :'Lndium' oxide powder, 10% by
weight of tin oxide powder, and 2% by weight of zinc oxide powder
was used as the ingredient of a sputtering target. This target
ﬁas used to form a transparent conductive f£ilm. |
The ingredient composition thereof_. and physical

properties thereof are shown in Table 11.

{2) Evaluation of the etching property of the transparent
conductive f£ilm

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 Exaxﬁple 26. The results are s;how-n in Table

12,



organic colored layer were fornmed in the sane way as above. By applying

t he above-nentioned polyi m de precursor solution onto these organic
colored layers and curing the applied |layer, a protective |ayer having a
t hi ckness of 2 pm was forned. (2) Formation of a transparent conductive
film 105 A transparent conductive fijpn(transparent conductive oxide
film was fornmed on the organic colored |ayers of the glass substrate
havi ng the organic colored | ayers obtained in the above-nentioned (1) by
sputtering. A sputtering target used herein was produced as follows. That
is, a mxture of 80% by wei ght of indium oxide powder, 15% by weight of
tin oxi de%i’f‘@i%fs-ﬁl‘ii@%t@bry\ﬁfgﬁﬁe YraZispar®titdeonyas thiviesi Bithpulewer i zed
inawet ball mll. Thereafter, the resultant was subjected to
granul at itarpatameht he grains were press-forned. The resultant was sintered
in pressured oxygen gas in a firing furnace at 1, 450C for 36 hours to

yield a target Ng¥ip] hea ﬁﬁeét@?9§tgf haitraisparsmy cOnRAGt iMee fiday| t ant
target -[AG], was fitt to. the DC magnet tterd i ne, dth
tr aoepar Htafiied et aer fphPEEEnTEBREY S 9B Heis HEhdBAM 35 ' 021

the gl ass;sphst ALY 1) SPREERRPIE 2800Ufn & RESAN NE re0Klbih oS ThB1khI S
case, argon gas into which an appropriate anbunt of oxygen gas was

i ncorpor atzd was used as atnosphere, and sputtering pressure, attainment
pressure, substrate tenperature, applied electric power, and filmformng
tine were 3 x 10-1 Pa, 5 x 10-" Pa, 25C, 100 W and

[Comparative Example 20]

:i | (1) Formation of a transparent conductive £ilm g%

A target [E6} (cr"jrsftal grain size: 1.2 pm) which was made
from a mixture of 90% by weight of indium 6xide-powder and 10%
by ﬁeigh’t of tin oxide powder and contained no zinc oxide péwde—r
was used tb-form a transparent conductive film on an organic
colored layer of a glass substra£e=having the organic colored
layer-ébtained in the same way as in the (1) of Exampile 26.

" The crystallinity of the transparent conductive film

cbtained herein was observed -by X-ray diffraction analysis. As
a result, it was-c:yStalline.

The ingredient compositicon thereof and physical

b

-pro;pertie-s thereof are shown in Table 11.

-(25 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
wayras in the (3) of-Examgle 26. The results are shown in Table

12.

(3) Heat treatment of the transparent conductive Ffilm



sy

20 m nutes, respectively. As a result thereof, a transparent conductive
filmhaving a filmthickness of about 120 nmwas forned on the organic
colored layer. The crystallinity of this transparent conductive filmwas
observed by X-ray diffraction analysis. As a result, it was proved that
the fil mwas anorphous. Substrate tenpgrature was set to 180C at the tine
of sputtering to forma transparent conductive filmon the organic 106
colored I ayer of another glass substrate. This transparent conductive
filmwas al so h redi
axg&rd? Yat 131% t’&% niCh %“&h&“ﬁ? %?ééalx%tﬁ%%n%ﬂ %11%%

properties of t transpare conduct rve 'm-are own in (3)
Eval uati oppphih88 £h CHHS GHYRPelHM idfhedd¢ 10T RAS r;aélemm@@&dy%hbvga&él m The

‘etching property of the resultant transparent conductive film was

eval uat edwa¥hett insthedra)s off Exdreple 6spalbatreanidix aireeshiowminofabdle on
the organic colored |layer were etched at 40C with an aqueous sol ution
cont ai ni n§2an 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 mcroscope. As a result, it was

f ound out[éaﬁéaﬁgtiﬁéngﬁaﬁgmg 2¢¢pnductive filmrenained in the et ched
portions, the edge portion of the transparent conductive film

remai ni ng(Lh Ehemahnunebfhadtpan&pansnhadoadgetivenﬁilmhape inclined
serOt hi'y A target [F6] (crystal grain size: 18 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 90% by weight of indium oxide powder and 10%
by weight of zinc oxide powder having an averagde grain size over
3 mm was used as the iﬁgredient of a sputtering target. This
target was used to form é transparent conductive film.
The c¢rystallinity of the transparent conductive film

obtained hereirn wds- observed by X-ray diffraction analysis. As

a result, it was amorphous. The ingredient composition thereof

and physical properties thereof are shown in Table 11.

-(2) Evaluation of the etching propérty" 0f the transparent
conductive film

The etching property of the tfan’s—parent conductive £ilm
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.

{3) Heat treatment of the transparent conductive film
Next, heat treatment of the transparent conduective £film

obtained in the above-mentioned (1) was performed in the same



P

toward the etched portions. Thus, it was proved that the resultant
transparent conductive filmhad good workability even in etching using a
weak acid. Wen the etching workability of this transparent conductive
filmwas eval uated, evaluation criteria described in Exanple 4 were
adopted. The evaluation results are shpwn in Table 2. (4) Crystallization
of the transparent conductive filmby heat treatnent 107 Next, the
transparent conductive filmformed on the organic colored | ayer of the

gl ass squ te.. 0 i q%' t ab s R Suhj ed to
heat trea.%%%fﬁlg éh?hﬁégﬁ }?%gﬁﬁggg'cgﬁ ?tiongggﬁgf%?%hﬁggéﬁl?ﬁgi%iIm
was heateghto 230C at a tenperature-rising rate of 200 mnute in the

-at nosphere of "argon gas. The tine for keeping 230C was set to 1 hour. The

transparent conductive filmsubjected to this heat treatnment was
crystalline, and the resistivit%}thereof measured by a four-probe nethod

was 230 X Gumriyichie fffameteote! about the transparency of this

transpare onduct i ve. ox] ' _ ' . spi{tance about |ight
havi ng a cgbeﬁ?ﬁﬁ#ﬁ‘b dégﬁ%%ééﬂ%ﬁéﬁgcéééﬁﬁ?éé?% gl%%ectroneter. Thus,
the transparengy p4aged! $@6JURyRa1B¢athf 8648 :DY 5t ing RE3t pté@atgant ,
such as thernmal deterioration of the organic colored | ayer, were not
observed.in [Hheampe Rdy as in the (2) of Example 26 except that on an
organic cblored 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 94% by Weight of indium oxide powder having

e,
o

an average grain size over 3 pm, 5% by weight of tin oxide powder
having an average grain size over 3 pm and 1% by weight of zinc
oxide powder having an average grain rsi'ze over 3 pm was used
as the ingredient of a sputtering target. This target was used
to form a transparent conductive film.

The crystallinity of -.thé transparent conductive film
obtained herein was observed by X-ray diffraction analysis. As
a result, it was amorphous. |

This target [G6] was used te form a transparent conductive

film in the state that substrate temperature at the time of

L

sputtering was set to 200°C.
The resultant transparent conductive film was
crystalline. 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



s
AT,

(1) Formation of a transparent conductive filmA target [B6] (crystal .
grain size: 4.0 pn) was produced in the sane way as in the (2) of Exanple
26 except that on an organic colored | ayer of a glass substrate having
the organic colored |layer obtained in the sane way as in the (1) of
Exanple 26, a mxture of 84% by wei gh{sof indium oxide powder, 12% by

wei ght of tin oxide powder, and 4% by wei ght of zinc oxide powler was
used as the ingredient of a sputtering target. This target was used to
forma transparent conductive film The ingredient conposition thereof and
physi cal “Pproperties thereof are shown in Table 11. 108 (2) Eval uation of
the etching property of the transparent conductive film The etching
property of the transparent conductive film obtained in the

above- men{3 pngeat Iyreatmentl afit tdei hréhepspemt seydastivet fielf3) of
Exanpl e 26. The results are shown in Table 12. (3) Crystallization of the
t Fanspar ent corfiREE i Peat tRefmeadt oft thathaRspatrendy sPadursives i ha

transhar egbogeRduclives [Llime ekt oheat hieqtienl, of (L0 |LaTspaLent

conduct i ove- nentl one was pertorned TR the

sane  WayydS ddt-fdiandd in0f hEXSmd §a30asStn acslglt 2%‘% ﬁ)@aﬂﬂ@é@ar efthe

conductive film The results are shown in Ta . Exanpl e 28] (1)
For mat i onre@dubt4 rans pstnewah  onTlablevezfilm A'target [C6] (crystal grain
size: 4.1 }un) was produced in the sane way as in the (2) of Exanple 26
except that on an ' - :

[Comparative Example 23]
) (1) Formation of a transparent conductive film

A target {H6] (crystal grain size: 17 pm} made from a
mixture of 90% by weight of indium oxide powder having an average
grain size over 3 pm, 5% by weight of tin oxide powder having
an average grain size over 3 pm and 5% by wéight of zinc oxide
powder having an average grain si#Ze over 3 pm was used to form
a transparent conductive film 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.

The crys-t-aliinity of the transparent conductive film
resdlfant was observed by X-ray diffraction analysis. As a
‘result, it was amorphous. | |

This target [H6] was used to form a transparent conductive
f£film in the state that suﬁstrate temperature at the time of
sputtering was set to 200°C. o

The resultant transparent conductive film was
crystalline. The ingrédient compoéition thereof and physical

properties thereof are shown in Table 11,

(2} Evaluation of the etching property of the transparent

conductive film



organic colored layer of a glass substrate having the organic col ored

| ayer obtained in the sane way as in the (1) of Exanple 26, a m xture of
87% by wei ght of indium oxi de powder, 10% by weight of tin oxide powder,
and 2% by wei ght of zinc oxide powder was used as the ingredient of a
Sputtering target. This target was uged to forma transparent conductive
film The ingredient conposition thereof and physical properties thereof
are shown in Table 11. (2) Evaluation of the etching property of the
transparent copgicddcnfidd PPRoHRe 8t 6 Aige RQRRIH -t RAAUAIRAES M
conductive film 109 obtained in the above-nentioned (1) was evaluated in
t he sane ombyimsdiin tihe @Bpvelmenaipned?61) Tikes resillustad drs tbenshmneTabl e
12. (3) Crystallization of the transparent conductive film by heat

t r eat nent¥&EAs, ipddie (Baphditanyle B6 -t r Bae gmsarit congushowe i Table

obt ai ned #? t he above-nentioned (1) was perforned in the sane way as in
the (4) of"Exanple 26. The results are shown in Table 12. [Exanple 291
(1) Formation of a transparent conductive filmA target [D6} (crystal
grain size: 4.0 pm was produced in the sane way as in the (2) of Exanple
26 except{1hateadn areatuigani 6f coher edahayerewt comglassisabsinate havi ng
the organic colored |layer obtained in the sanme way as in the (1) of
Exanpl e 26, . a Nis&.uheadf tggatpenkepfHihe triongparyest gengduciidve 1dHlnby

formed by setting the substrate temperature to room temperature

was performed in the same way as in the (4) of Example 26. The

kkkkkk results are shown in Table 12. £
Table 11
Example Comparative Example
26 | 27 | 28 | 29 | 20 | 21 | 22 | 23
In,0, — . ) s ‘ T
(% by welght) 80 | 84 | 87 | 88 | 90 | 90 | 94 | 90
Sno, 15 | 12 | 10 { 10 | 10 | — 5 5
{2 by weight) ' ' | T
- Zno ' ' } | '
(% by weight) 5 4 3 | 10 |1 5
Relative 98 | 97 | 98 | 99 | 98 | 98 | 97 | 96
Density(%) N . i e oy
Bulk resistance * - : L
0.8310.84 { 0.7010.65]0.871]12.43[10.87] 2.1
(mQcm) . | 4 : .
Target symbol A6 B6 | C6 | De E6 Fé6 Gob H6




wei ght of tin oxide powder, and 2% by wei ght of zinc oxide powder was
used as the ingredient of a sputtering target. This target was used to
forma transparent conductive film The ingredient conposition thereof and
physical properties thereof are shown in Table 11. (2) Evaluation of the
etching property of the transparent ggnrgductive film The etching property
of the transparent conductive film obtained in the above-nentioned (1)
was evaluated in the same way as in the (3) of Exanple 26. The results
are shown in Table 12. 110 (3) C)¥é£?éL'§ation of the transparent
X1,

conductive _film by heat treatnent eat treatnent of the transparent
conductivle filjm objtaine nmmmaeﬁbmmaﬁmmmtﬁmnbd1ﬁﬁymma$mwmﬂkdmnﬂd i the
same wayl as ijnakgee H?m%g Exarfpldepo@®n théleef r esul t s arffe hgdtesimentn Tabl @ 12
[ Conpar atf ve E&@mplé? ,;;E RedstVifTet il OF Efnidg PrRARAMPN [ReGMGYCt ey Tl m A
target [HB) (cryspal_dr '“’ﬁﬂ?%ﬁ)Lw@uﬁﬁﬁ Mhdet WagcyTadruOf & &alBt Yre of
90% by tght—of —ndignroxde—powyder—and| 109 py werght—of —ti[im oxide
powder and :odtamneq ﬁ ”k}ncZ&Xid&mmmWﬂe‘ (as| use@l t of f &BIn d Crydatispqr ent
conducti vie {94 mon PREPE%hi ¢ cdl ored Layer a—ghasb—substirate—hayi ng
the organic Cﬂlqmed | gyer| obg@i regholphout Ne ane wayy as| i g hg drjstaned |
Exanpl e 26, [ The cryistallinjty of ithe transparent condugtive flilm obflai ned
herein maﬁgagse&%gd byma&rayzgiff&%%&hgg.aqglyS|szmAs 220 | Crystalline
g femperature} _
N T Room ' : . '
_28 C6 temperature] 230 Amorphous O 230 210 Czystaﬂl_ne _
| 291 D6 Room 260 -Am()rp;}ous O 250 | 200 Crystalline |
s _ - | temperature ' '
' Room |} 1 ' .
20| EB  temperature] 550 Amorphous A 230 180 Crystalline
‘@ |21} F6 ' 200 | 380 | Amorphous ]| O 250 L 370 Amorphous
£} - :
@ " Room - o A o9 _ -
%_ ” G6 temperature ZYQ Arno_.:phous A 250 230 Cr_ysta[lme
g | o6 200 200 | Crystalline | X - - —
3 | Room | i . . : .
” HE  temperaure 220 Amorphous FAN 250 N 3200 Crystalline
H6 200 | 3600 .| Crystaline { X° - - —

*The word "Amorphous” in the crystal evaluation indicates an amorphous state.
*The word “Crystaliine” in the crystal evaluation indicates a crystalline state.

Industrial Applicability

As described in detail above, according to the sputtering
target of the present invention, the generation of nodules when
a transparent conductive oxide is formed into a film by
sputtering can be effectively suppressed by controlling . the
crystalrg-rain 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 ._inventiori, it becomes possiblé to supply

effectively a target making it proSsible o suppress the



aresult, it was 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 The etching property
of the transparent conductive film obtained in the above-nentioned (1)
was evaluated in the same way as in tig (3) of Exanple 26. The results
are shown in Table 12. (3) Heat treatnent of the transparent conductive
film111l Next, heat treatnent of the transparent conductive fil m obtained
in the a fQr S (4) of
1 e gRRIRNP B0 bl RS R B TRl bR SR B SN T (4

(1) FornmbmmmdﬁlﬁtdraﬂﬁmmM£Hu conductive filmA target [F6] (crysta
grain size: 18 pn) was produced in the same way as in the (2) of Exanple
26 except that Aegoxidingr danitdrec direneparngpdr condycdliyes oxildet o&t dhleavi ng

t he organic er obtained in the sa s in the 1) of :
Eeanpl o Bsgsoft RPPELEn o8 B T A v AP SR ORI B 0% by
vei ght oheZ igBg nd Qﬁdpﬁvﬂ*%ﬁega‘sﬂnegtﬂnsﬂi‘fﬁégepﬂ%%éf't)?'ozz?n B lgarhdyl Was
used as the7ingredient of a sputtering target I's ~target s used to
forma transparent conductive film The crystallinity of the transparent
conductive film obtained herein was observed by X-ray diffraction

analysis. As a result, it was anorphous. The ingredi ent conposition
t her eof ‘ S

RN
.
-y
. nwf‘g .



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-nentioned (1) was evaluated in the sane way as in the (3) of
Exanpl e 26. The results are shown in Jable 12. (3) Heat treatnent of the
transparent conductive film Next, heat treatnent of the transparent
conductive film obtained in the above-nentioned (.1) was perforned in the
same 112 way as in the (4) of Examgﬁtﬁ% The results are shown in Table
12. [Conparative Exanple 22] (1) Formation of a transparent conductive
filmA target [G5) (crystal grain size: 15 pn) was produced in the sane
way as in.the (2) of Exanple 26 except that on an organic colored |ayer
of a gl ass. subsA sad: Heaviingg talrgedr gampcis tod artedehayeindixmiondde antihe
sane way as in the (1) of Exanple 26, a m xture of 94% by wei ght of

i ndi um oxFHRC %#HE?- having an average grain size over 3 pm 5% by wei ght
of tin oxide p er_. havin - r.age j i _ - 1% by
vei ght of 21 ne Mo S B S NERAN, ShBLELRLER i Bh CIRTUAT O SEY

used as {dhes i V@Iedi @MEnPh Bns&PHLAGEI B bavgete dhb3, tanderubgersed toO
forma transparent conductive film The crystallinity of the transparent

conductive fil m mxagored hewredasngiessrd gepne sentad diyf Inaei(iZow),
analysis. As a result, it was anorphous. .
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.

2. The sputtering target according to claim 1, wherein 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 con‘téined, and the atomic

ratio of tin to zinc is set to a value of I or more.

3. The s'puttering target according to claim 1 or 2, wherein
a spinel structural compound represented by %n,SnO, is contained
instead of the hexagonal layered compound or together with the
hexagonal layered compound, and the c;_rys'tal g’ra'inr size of the

spinel structural compound is set to a value of 5 am or less.

4. The sputtering 'ta{rget according to any one of claims 1
to 3, wherein the bulk resistance thereof is set to a value less

than 1 x 1073 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’

o more.



This target [G5) was used to forma transparent conductive filmin the
state that substrate tenperature at the time of sputtering was set to
200C. The resultant transparent conductive filmwas crystalline. The

i ngr edi ent conposition thereof and physical properties thereof are shown
in Table 11. (2) Evaluation of the etld¥ing property of the transparent
conductive filmThe etching property of the transparent conductive film

obt ai ned gn the SAEFing WAy S|n
the (3) o Exarrprémggregpﬁﬂd?ggﬁléxy eaﬁégﬁ)ﬁkﬁﬁﬁ%a%lﬂlﬁ lﬁ% 12ng(3)

Lr eal ment ogiudig (b@IRGERThe g@nﬁ&gﬂo\fsprfegémb%gw (hezhy T eat ment of the

transparent con Lve f1 ornmed by setting the substrate tenperature
in the (4) of

t f A0 th a a
Eanpl e S0 her YAndWaaRy WL 1% BB WenSaran 9%"@8#?% 23]

(1) For Matyearedfcdupddis e é@ﬁé&% v t stal
grain sjze: 17 jam nade fr%fn%sé m xt uirreﬁcl) gﬁg%é%?%&m%f%,ﬁﬂ um oxi de
powder H&ﬁwla@faﬁetag@ igr ebntsiinedyv.and3tie) ciaty). \g&lag_lib,t Sg_fzet &P oxide

powder Vi g an_average grain size over 3 pmand 5% by 'wei ght of zinc
. oxi de ﬁg’\ﬁdﬁ xﬁﬁ?Pﬁt}; HFY SgRPGUmGLSised 60er valpmaaS meed lessorm a

transparent conductive filmon an organic colored | ayer of a glass
-subst.rate having the organic colored |ayer- obtained in the same way as in

t he (1) 70f EX&I’@ €radfisparent conductive oxide according to claim 6,
wherein 67 to 932 by weight of 1ndium oxide, 5 to. 25% by weight
of tin oxide and 2 to 8% by weight of zinc oxide are contained e
in the sﬁuttefing target, and the atomic ratio of tin td zinc o

© is set to 1 or more.

B . The transparent conductive oxide aécbréing to claim 6 or
7. whereln the transparent conductlve oxide is crystalllzed at

a temperature of 230°C or higher.

- B . The transparent conduc,tive.oxide accOrding to any one of
| c¢laims 6 to 8, whereln the half band width of a binding energy
- peak of the. oxygen 1S orbit measured by X-ray photoelectron Ty

spectr:ometer is set to a value of 3 eV or less.

A0, A-V‘I'h'e transparent conductive oxide according té any one of
_ claims 6 to 9,. wherein the transparent conductive oxide is
formed on a substrate or on a colored layer dlsposed on the

_subs_tr_ate .

.. 11. - The transparent conductive oxide according to any one of
¢laims 6 to 10, wherein the P-V value thereof according to JIS

‘ BO610 is set o a value of 1 pm or less.



The crystallinity of the transparent conductive film resultant was
observed by X-ray diffraction analysis. As a result, it was anorphous.
This target [ H6 ] was used to forma transparent conductive filmin the
state that substrate tenperature at the time of sputtering was set to

. 200C. The resultant transparent condugjpve filmwas crystalline. The

I ngredi ent conposition thereof and physical properties thereof are shown
in Table 11. (2) Evaluation of the etching property of the transparent
conductive film 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 EXPAIRLE ol RNy A epwiteering Takhet dénthBhihgat

treatment of the transparent conductive film Next, heat treatnent of the
t r anspar enhegagduetli Yayerem cénpompd by psetsanigd hg Bubs( e b, veapeiat ur e
to roomtenperature was perforned in the same way as in the (4) of
"Exanpl e 261lsPReintedariaf 4 dRhohe Arabie 9rginmhige of thsagppeonal

Compat at 5 XA oo S P be3cPR, 20143 &2 2n dr Vido PQofihcE1R PRe%0 O 4
: steps {1) to (3}: ' :
(1) blending indium oxide powder with zinc oxide powder
having an average grain 'size of 2 pm or less, |
(2) making a formed body wherein the atomic ratio of
In/(In+Zn} is Within the range of 0.75 to (.97, and
(3) sintérin‘g the formed body at a temperature of 1,400°C

or higher.

13. The process for producing the sputtering target according
to ciaim 12, wherein in the step (1) 67 to 93% by weight of indium
oxide, 5 to 25% by weight of tin oxide and 2 rto 8% by weight
of zinc oxide are blended, and in the step (2) the formed body

wherein the atomic ratio of tim to zinc is I or more is formed.

14. A proc_é‘ss for producing a sputtering target containing
a hexagonal layered compound represented by Inz_()'_,‘,(ZnO),,l wherein
m is an integer of 2 to 20, the erystal 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 reprrersented-

by In,0,{(Zn0), wherein m is an integer of 2 to 20,

(2) adjusting the produced hexagonal layered compound to
have a grain éize of 5 pm or }_e-ss, .

(3) blending the hexagonal layered compound having the

adjusted grain size with indium oxide powder,



Pt

(%by weight) ZnO5 4 32 - 10 1 5 (%by weight) Relative 98 97 98 99 98

98 97 96 Density(9% Bulk resistance (MQ cm
0.87. 2.1 Target synbol
conductive filmafter Transparent conductive filmafter
tenperature the deposition thereof théZReat treatnent synbol
Resistivity Crystal Etching Tenperature Resistivity Crystal

(0
(pQ -G

eval uation property (C (tin -cm) evaluation A6 tenpRoomerature 290
Anor phous 0 230(£BQudkiisg ad | £foeme® ¥WoA ¢ 88h288iMnthehatiemOc 288t 2400 £
t enperature

Crystalline m 27 ?6. Room 280 Anprphous 0 230 220 Crystalline
ute 9BbhippERAoEange288 9185CE9sPaPliin@nd9 D6 t enpRoom

28 C6 t erdROOCHREER

erature 260 Ano Qhous 0 250 200 C%stal line 20 E6 to oorature 550

to any one of claims'lz to 14, wherein the s‘intering' step is
performed in the atmosphere of oxygen gas or pressured oxygen

gas.

i6. 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 t‘ogethé-r with the indium oxide powder and the average
grain size of the tin oxide powder is sét 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 comp-oﬁnd whose grain size is adjusted to 5 pm

or less is further blended.

0.83 0.84 0.70 0.65 0.87 2.43

A6 B6 C6 D6 E6 F6 6 H6 115 Table 12 Transparent
Target Substrate

Anmor phous A 230t ABGFIELPIERG Fhe Toamed bogly 38R AABPFRAGLTE 954 #RAP°C
Anor phous, - Gy m 270 Anorphous A 250 230 Crystalline 22 tenperature Go
200 200 Crystalline x - - - E ‘ '

15, .The process for producing the sputtering target according



U 23 H6 Room 220 Anorphous A 250 3200 Crystalline tenperature H6 200 3600

Crystalline x - - - *The word "Anor phous' in the crystal evaluation
i ndi cates an anorphous state. *The word "Crystalline' in the crystal
eval uation indicates a crystalline state. Industrial Applicability As

described in detail above, according {9,the sputtering target of the
present invention, the generation of nodules when a transparent
conductive oxide is formed into a filmby sputtering can be effectively
suppressed by controlling the cry Qgrn size thereof into a given
val ue or nore. Thus, the sputterrng can e stably perfornmed for a | ong
time. According to the process for producing a sputtering target of the
present invention, it, becones possible to supply effectively a target
making it possibl e spustppiess thihgetlgomgensingion Igfagioduddsmbende
transparent conductive oxide is forned into a film According to the

t r anspar etd gy eriide -O%P&ea'é?milﬁerab%‘éslé?ﬁrqw&ﬂq &y, Iaffdpygn) is

conductivity .and tr ar.ency ai d. further th surface
o oper ty A4 B8 i WIGR 1 ARgletR Pehoh 0T AgRRkrglrat

conpri si ng, ré aé&mﬂ;&%&'@@ﬁ&é@eﬁﬂgdzbﬁclﬁ)ﬁ @lgno\rhear@éfbimnai@ra& ratio
represented by In/ (I'n+Zn)is set to a value’wi thin the range of 0.75 to

0. 97, andidftsdderof 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.
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a hexagonal | ayered conmpound represented by 1n2G3(Zn0O). wherein mis an
integer of 2 to 20 is contained, and the crystal grain size of the
hexagonal |ayered conpound is set to a value of 5 pmor less. 2. The
sputtering target according to claiml1, wherein 67 to 93% by wei ght of

i ndi um oxi de, 5 to 25% by weight of tin oxide and 2 to 8% by wei ght of

zi nc oxide are contained, and the %p L,C ratio of tinto zinc is set to a
value of | or nore. 3. The sputte#ing"arget according to claim1 or 2,
wherein a spinel structural conpound represented by Zn, Sn04i s cont ai ned

I nstead of the hexagonal |ayered conpound or together with the hexagonal
Iayerqup@hppund, and the crystal grain size of the spinel structural
conmpound I's set to a value-of 5 pmor less. 4. The sputtering target
according to any one of claims 1 to 3, wherein the bul k resistance
thereof is set to a value less than 1 x 10-3 S2 cm 5. The sputtering
target according to any one of clains 1 to 4, wherein the density thereof
is set to a value of 6.7 g/cnB or nore. 118 6. A trans conducti ve

oxi de wh rget
wherein 3 val ue
within tj

represen

cont ai nej conpound
is set tf ctive

oxi de acf i.um oxi de,



of tin oxide and 2 to 8.1 by weight of zinc oxide are contained in the
sputtering target, and the atomc ratio of tin to zinc Is set to 1 or
nore 8 The transparent conductive oxide according to claim6 or 7,
wherein the transparent conductive oxide is crystallized at a tenperature
of 230G.or higher. The transparent conductive oxide according to any.one
of clains '6to 8, wherein the .h&lf I 3band. w dth-of a binding energy
peak of the oxygen IS orbit' measured. by x-ray photoel ectron :spectroneter
is set to a Value. of 3 eV or less. .1.0.-. :The.transparent conductive
oxi de ﬁqsg_g%ng to any one of clains 6 to 9, where in the. transparent
conduc ide is formed on a substrate or on a colored |ayer disposed
on the substrate. 11. The transparent conductive oxide according to.any
one of clains 6 to 10, wherein the P-V value thereof according to JIS
80610 is set to a value of 1. pmor less. 119 12. A process for producing
a sputtering target contalnlng a hexagonal Iayered conmpound represent ed
by I n2C3 () ' 0 grai n size
of the
conpri si
zi nc oxi

r with
(2)
thin the
per at ur e




or higher. 13. The process for producing the sputtering target according
to claim12, wherein in the step (1) 67 to 93% by wei ght of indium oxide,
5 to 25% by weight of tin oxide and 2 to 8% by weight of zinc oxide are
‘bl ended, and in the step (2) the forned body wherein the atomc ratio of
tintozincis 1 or noreis formed. 14. A process for producing a
sputtering target containing a hex ogal | ayered conpound represented by
I n20; (ZnO )m wherein mis an integ of 2 to 20, the crystal grain size
of the hexagonal |ayered conpound being a value of 5 pmor |ess,
conprising the steps (1) to (5): (1) producing a hexagonal |ayered
conmpoungyygpresented by 1n203(ZnOmwherein mis an integer of 2 to 20,
(2) adjusting the produced hexagonal |ayered conmpound to have a grain
size of 5 pmor less, (3) blending the hexagonal |ayered conpound having
the adjusted grain size with indiumoxide powder, 120 (4) making a
formed body wherein the atomic ratio of In/(In+zZn) is within the range of
0.75 to 0.97, and (5) sintering the forned body at a tenperature of 1,

400C or higher. 15. The process for producing the sputtering target
accordi ng '5-eny one of clainms 12 to 14, wherein the sintering step is
performed in tHe atnosphere of oxygen gas or pressured oxygen g?-(p16.
The processghorl producing the sputtering target according . to agy one.
claims 126to 1§, wherein the average grain size :
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of the indiumoxide 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 clainms 12 to 16, wherein tin oxide powder is further blended
together with the indium oxi de powder and the average grain site 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 sputt}yi ng target according to any one of
claims 12 to 17, wherei n when the4f0rned body is forned, a spinel

conpound whose grain sizZze is adjusted to 5 pm or less is further bl ended.
121 ABSTRACT In a sputtering target conprising at |east indiumoxide and

-zinc oxXr@i€y. ghe atomc ratio represented by In/(Iln+Zn) is set to a value

e

within the range of 0.75 to 0.97, a hexagonal |ayered conpound
represented by 1n2AB(ZnO)mwherein mis an integer of 2 to 20 is 7
contai ned, and the crystal grain size. of the hexagonal |ayered conpound
is set to a value of 5 pmor less. 1/1 3 FIG 1 2/13 FI:G 2 3/13 FIG 3
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