; e3e\fY "aThj [GDOOOZ* 1 |1TO SPUTTERI NG TARGET FI ELD OF THE
FNVENTICN 5 m |nvent|on relates to an I TO sputtering target.
BACKGROUND ENTICN A sputtering process has been heretofore known

»as -10 one of thrn ilmform ng processes: The sputtering process is a
process for formng a thin filmon a substrate, wherein an inert gas in a
state of plasma generally made under reduced pressure is allowed to collide
with a target “ s or atons rushing out 15 fromthe target by the
col l'ision enenmmwmlﬂmm d to adhere onto a substrate to forma thin
film This procesg has been industriallyTa§ed since filmformation of |arge
area can be nade easrly and filns of high performance can be obtained. 20
As other sputtering processes, alTeasbUYEESENGt @ARGETPr ocess wherein

sputtering is carried out in a reactive gas and a magnetron sputtering
process wherein a nmagnet is placed on a back surface of the target to

achi eve high-speed thin filmformation are al so known recently. 2 O the
thin filnms formed by the above es rHE | 18y oxi de containing at
| east one of indiumoxide c (n2 i ) (referred to as

"I'TO'" hereinafter) rtrcularly exhr vrsrg g?b nsm ssi on
and hi gh conductivity, P5P $Herdr o Jtcr{eyr a?/%e%e A Wld EES a8 or
exanpl e, transparent conductive filnms of liquid crystal dlsplay devi ces,
exot hermc fi 596 preventing dew condensation of glass or infrared
reflecting filns. 10 In the formation. of a thin filmof high performance
t hrough the sputtering, however, there reside the follow ng problens. That

is to say, in the sputtering, especially in the initial stage of the
sputtering, abnormal el ectri cBACKGROUND OF THE INVENTION

A sputtering process has been heretofore known as

10 one of thin film-forming processes. The sputtering
process is a process for forming a thin film on a
substrate, wherein an inert gas in a state of plasma
generally made under reduced pressure is allowed to
collide with a target and molecules or atoms rushing out

15 from the target by the collision energy are allowed to
adhere onto a substrate to form a thin film. This
process has been industrially used since film formation
of large area can be made easily and films of high
performance can be obtained.

20 As other sputtering ﬁrocesses, a reactive sputtering
process wherein sputtering is carried out in a reactive
gas and a magnetron sputtering process wherein a magnet
is placed on a back surface of the target to achieve

high-speed thin film formation are also known recently.



15 di scharge called arcing takes place to inpair filmformng stability.
Further, particles adhere or accunulate on a sputtering target (sonetines
referred to as a "target"” sinply hereinafter) to forma black deposit
.cal | ed nodul e, and this nodul e causes arcing, or new 20 particles are
produced by the arcing. Furthernore, if the particles adhere to the thin
film performance of the thin filmis déeriorated, and such deterioration
causes a defective thin film 3 Especially in the period of tine fromthe
initiation of sputtering using a newy set sputtering target to the

st oppage of occurré&fcelef Hrigi ngl Isoneeimed pef bheedbpveaprocasses, arc”
hereinafter) that enables manufacture of 5 products, idling nust be carried
out, and this fiidman cdbsdrac:ei do coptaivehentaof Lehetppoducti ¥htlyum toxhiake
been heretofore said that occurrence of such arcing or nodule is nore
decreased as the,syrfase oint beitargshobp sA@OEheddbyogaknding: Therefore,
a surface 10 polished target having a-snoothed surface-is now the

mai nstream Fojo £Xa/MH & r @1bd HQ SPHL L £ | D0h 1181 98hi YHOSEs$BAEaGE gHaughness
is set within the prescribed range to prevent occurrence of arcing or

nodule i desqryhed Japanese, Fal ons s | 2750483 and, Mo 3182108, | n

e
order 15 t0o attain suc prescribed surface roughness, wever,
necessary that after preparation of a tagget, rough grinding is carried out
Lhr ough. wachi RE VST HRAFG 135 DoriT ol She 11 ckHBLE and  FRBREAFRISh gr i ndi ng
(polishing) is stepwise carried out to snooth the target 20 surface, and

this results iSPNHEHeRs oF B8 | Vhgt Fahtd ot Y7 Fay g?ﬁﬁgéﬁddﬁgﬁﬁéscost.

Further, even in the _ _
exothermic films for preventing dew condensation of glass

or infrared reflecting films.

10 - In the formation-of a thin film of high performance
through the sputtering, however, there reside the
following problems.

That is to say, in the sputtering, especially in the
initial stage of the sputtering, abnormal electric

15 discharge called arcing takes place to impair film-
forming stability. Further, particles adhere or
accumulate on a sputtering target (sometimes referred to
as a “target” simply hereinafter) to form a black deposit
called nodule, and this nodule causes arcing, or new

20 particles are produced by thé arcing. Furthermore, if
the particles adhere to the thin film, performance of the
thin film is deteriorated, and such deterioration causes

a defective thin film.



use of the ITO target having a prescribed surface roughness, the initial
arc cannot be prevented, and 4 idling nmust be carried out over a
relatively long period of tinme after a new sputtering target is set. In
Japanese Patent No. 3040432, there is described a sputtering target
conprising a netal conpound portion and 5 a netal portion having a thin
filmof the netal conpound formed on thé netal portion, which is obtained
by pre sputtering a target constituted of a nmetal conpound portion and a
metal portion in a reactive gas-containing atnosphere. In this target, by
the use of a netal Eseegdetlilon iinn tdemAeatpitdbmt dotmen]xon Heheobtibiathen
target itself is decreased but also the gas released is reduced to inprove
thin film propérspes.teowgyersirtcher evdvsl ya grobimm tdmatndecanset of ot hoe
constitution of the target, the production process beconmes conplicated. 15
I n Japanese Pateppakai d-rOperculRitalncatd O Noi.nP20234d 99 s t heferisddescri bed
a sputtering target having a thin filmprovided on the target surface. In

this target, By the:ikeumatien ofeddigdhidyf idHat senasadd o ofr Acdepasht
produced in the sputtering is inhibited t o 20 prevent occurrence of dust

and thereby ippraye yi elid;qf iEiu%tf IddN R1L04UCE S5, HOVEY LT 1 £ Die; puL pose of

such a constiggtion Istoin I't separation of a 'deposit produced on the
target surface Q% th oiniti%l Jar €i§%§%m§a@%§ué¥ﬁéﬁ@ipited- 5 Under
such C|rcunst895§s a§ ges&??%éa'gbébe, he'© P y
It has been heretofore said that occurrence of such
arcing or nodule is more decreased as the surface of the
target is smoothed by grinding. Therefore, a surface-

10 polished target having a-smoothed surface 'is now the
mainstream. For example, an ITO sputtering target whose
surface roughness is set within the prescribed range to
prevent occurrence of arcing or nodule is described in
Japanese Patents No. 2750483 and No. 3152108. In order

15 to attain such a prescribed surface roughness, however,
it 1s necessary that after preparation of a target, rough
grinding is carried out through machine grinding to
control the thickness and then finish grinding
(polishing) is stepwise carried out to smooth the target

20 surface, and this results in préblems of a long
manufacturing time and large cost. Further, even in the

use of the ITO target having a prescribed surface

roughness, the initial arc cannot be prevented, and



present inventors have earnestly studied, and as a result, they have found
that the initial particles, which are attributable to the grinding step or
the like and present 5 on the target surface, or the portions, which
Separate fromthe surface |layer by thermal shock of the sputtering and
becone particles, are main causes of arcing or nodule and that the
occurrence of initial arc can be prevenged by formng an ITO filmhaving a
specific filmthickness 10 on a sputter surface of an I TOtarget. Based on
the finding, the present invention has been acconplished. OBJECT OF THE

I NVENTI ON It i 81 8Rg0higet nef chheipues@nrt ohvavent ixen 4:a NQvideg, i & dO
sputtering target capable of preventing occurrence of initial arc,

i mprovi ng ini%%ﬁ#%@é$ﬁgk%%yaaﬁgwrEE?EKQQH% g?ggg%%$gfpggggctivity. SUMVARY

OF THE | NVENT O sputtering tar ng to the pre sent
i nvention conprises_a-target produced. thr ~smachi ne grinding step and
made of an oxi de (f%cia%%ﬁ?%?nF%geﬁg Pgasgﬂgﬁégcf %#§F5W15ki 5%%é¥?$na
oxide and an ITO filmhaving a filmthickness of nore than. 1 Vim
preferably notPUtBEFERE tRERSE. SCURFAISLEIpPefElrdd ¥ RO UNEs PP Rt
that is formed on a_ sputter surface of the Target. The surface roughness Ra
of the | TO spathefahgPPaEgel BRVERE Bnb¥eAN éd iy Thé hfofetads aom@PUnE. t m
may be 5 not less than 1.5 umand may be not |less than 2 urn. The term
'surface roughmessd Rart Ukednaeséi portans, awhaciht hsetobt advedady roughness of
a roughness curve neasured in accordance with JIS B 0601 (1994). In the
present invenspontetheglICdibatrfoonediantatd of a metal compound
portion and a metal portion in a reactive gas-containing
atmosphere. 1In this target, by the use of a metal
10 portioﬁ in combination, not only the cost of the target
itself is decreased but also the gas released is reduced
to improve thin film properties. However, there is a
problem that because of the constitution of the target,
the production process becomes complicated.
15 In Japanese Patent Laid-Open Publication No.
92923/1999, there is described a sputtering target having
a thin film provided on the target surface. In this
target, by the formation of the thin film, separation of
a deposit produced in the sputtering is inhibited to
20 prevent occurrence of dust and thereby improve yield of
thin film products. However, the purpose of such a
constitution is to inhibit separation of a deposit

produced on the target surface, and the initial particles

cannot be inhibited.



10 | east the sputter surface of the -ITOtarget is preferably a film
formed by sputtering_ In the present invention, an I TO filmhaving a
specific filmthickness is forned on the sputter surface of the |ITO target
as descri bed above, and therefore the 15 occurrence of arcing can be
effectively inhibited fromthe initial stage of the sputtering. BRIEF
DESCRI PTION OF THE DRAWNGS Fig. 1 is aSview showing a rel ationship between
the 20 thickness of an ITOfilmformed on the sputter surf ace of the
target and the cunul ative frequency of arc. T1L~TTTTL~T1 f~L'C~/"DTDTT/I T1
~1L" rPi 71: TTTT77UTRePTELTR clirfmesiresEf dhvaariomed aeseei beldein
detail hereinafter. An ITO target is generally produced by a sintering
process conpr psesgnm Xinvgrstoars iegraret@rnast ppwdendied, aahdgiever medungt,
ratio, nolding the m xture by various conventional dry methods or wet

met hods, cal ckREeRghESentfeminag) Halte v ded produsd ranel ¢ henssubh esteng the
product to machi ne grinding. Exanples of the dry nethods include CP (cold
press) 10 method,;HR:GRAt RLEIHL imrgﬁcgﬂﬂ&&lhoehéspfﬂ@téﬁd £88int
met hod. According to the CP nethod, m xed starting material powders are
charged inga I o.pr r de r ; h e t is
cal ci ned ?%in?grgg% F%rgﬁg %P%Eggﬁarg”gﬁgﬂ%%gﬁ”gggﬁih%?gggﬁﬁ%?%%gggg
According to the HP nethod, mxed starti materi.al powders are charged in
2°rol 0 of an GPBELFPE FURRACS, TEWEY fey e TN U TP S T B Er S RETsanre

time with heating under pressure. According to the HP _
and become particles, are maln causes of arcing or nodule

and that the occurrence of initial arc can be prevented
by forming an ITO film having a specific film thickness

10 on a sputter surface of an ITO-target. Based orl the

finding, the present invention has been accomplished.

OBJECT OF THE INVENTION

It is an object of the present invention to provide
15 an ITO sputtering target capable of preventing occurrence
of initial arc, improving initial stability and

remarkably enhancing productivity.

SUMMARY OF THE INVENTION

20 The ITO sputtering target according to the present
invention comprises a target produced through a machine
grinding step and made of an oxide (ITO) containing at
least one of indium oxide and tin oxide and an ITO film

having a film thickness of more than 1 um, preferably not



net hod, m xed starting nmaterial powders or a preformis 20 enclosed in a
rubber bag or with a netal foil that forns a covering even at a high
tenperature, deserated, t hen placed in a container and heat sintered with
isotropically pressurizing with an inert medium 8 The wet nethod is, for
exanple, a filtration nolding nethod described in Japanese Patent Lai d-Qpen
Publ i cati on No. 286002/1999. In the filthration nolding nethod, a filtration
nold is used. The filtration nold is a nold 5 to obtain a nolded product by
removi ng water content froma slurry of ceramc starting materials under
reduced pressuess amdnt hi- nwl,d nar araeee bfrap hateet i heobubhenndt gmi al
According to this nmethod, a slurry consisting of mxed starting materi al
powder s, ion é&lelfarnge fwated X0 andsraut orgahici adei of vehestpogeed into the
filtration nold, then water content is renoved fromthe slurry under
reduced pressure tahprepafac malugthgyoductof artte tTEo nopdedepioguct i s
dried, degreased and then calcine d (sintered). 15 After the starting

materials are ol ecd oafnctrfealﬁm&l(o% HEF ash Adk 2 5ol dtﬁ§nd@5%rrn' bgdabave,
the sintered produ is generally subjected to machine grinding to process

0110 a giva.size and than sbgpngeda&oo Bupasking. plate Lo.prevare ape

target. 20 For thé machine grin ropriate grindin flod sUCh as

surface grlnd QL ary, ol i shj bl i ado t ed accordlng to
necessity. Afte%hkhe &ﬁlé%lﬁf%%ﬁg% & 032 ﬁ?gq 5% % e “the Slrface is

cess
subj ected to roy gglndln to contrql the thicknes s and
arithmetic avérage roughness of a ro ghness curve

measured in accordance with JIS B 0601 (1%94).
In the present invention, the ITO film formed on at
10 least the sputter surface of the ITO target is preferably -
a film formed by sputtering.
In the present invention, an ITO film having a
specific film thickness is formed on the sputter surface
of the ITO target as described above, and therefore the
15 occurrence of arcing can be effectively‘inhibited from

the initial stage of the sputtering.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing a relationship between the
20  thickness of an ITO film formed on the sputter surface of

the target and the cumulative frequency of arc.

DETAILED DESCRIPTION OF THE INVENTION




9 then subjected to finish grinding (sonetines referred to r as "polishing"
hereinafter) to further snooth the surface using grindstones having

st epwi se decreased grits, or subjected to blast grinding (blast grinding
and finish 5 grinding being together sonetines referred to as "polishing"
herei nafter) using glass beads, alum na beads zirconia beads or the |like as
bl asting nedia. The present invention i ¢ characterized by fornmng an | TO
filmhaving a specific filmthickness on the sputter 10 surface of an ITO
target having been subject-ed to the above-qEntio ed nmachine grinding. By
the formation o= tAES FEFIIMH I sPutterdedrFueed ot Pt A&t Eartget, burr or
powder produced by the grinding and portions to be easily separated by

t her mal shockhefretim@fdmtteri ng can 15 be covered and joined to obtain a
good target surface, and thereby occurrence of initial arc in the sputte
ring can be effectAvellf O edused. Exapleass iy pedénced bethodsnterihar m ng
the ITOfilminclude sputtering, deposition, ion plating, coating 20 and
spraying. O phese,ssspdni@fidichd it eierabd e usednd £ @1 hepyigwpei Ah of
easy control of thickness and the econom cal viewpoint. In the present

invention,sthe;¢erPasi:tieN #ali®, Holdend T ihm{eraes, opstheygputter
surface of thé target ~0 is preferably the sane as that of ITO gnat is a

target mat eri byl {33y, 106y, ) FENRNS a5 [AL Ao AaLenent cotbpg than the

constituent elenents t‘arget materi i's not contal ned.
(sintering) the molded product and then subjecting the

product to machine grinding.
Examples of the dry methods include CP (cold press)

10 method, HP (hot press) method and HIR (hot isostatic
press) method. According to the CP method, mixed
starting material powders are charged in a mold to
prepare a molded product, and the molded product is
calcined (sintered) in the atmosphere or in an oxygen

15 atmosphere. According to the HP method, mixed starting
material powders are charged in a mold of an electric
furnace, and they are molded and sintered at the same
time with heating under pressure. According to the HIP
method, mixed starting material powders or a preform is

20 enclosed in a rubber bag or with a metal foil that forms
a covering even at a high temperature, deaerated, then
placed in a ccntainer and heat sintered with

isotropically pressurizing with an inert medium.



5 1n the present invention, the filmthickness of the ITOfilmformed on
the sputter surface of the target can be neasured by, for exanple,

m croscope sectional observation using a scanning electron mcroscope. In
this specification, however, the filmthickness is 10 determ ned in
accordance with the following nethod. That is to say, an ITOfilmis forned
on a glass substrate by sputtering, therf the filmthickness of the ITOfilm
is neasured as a difference in the height between the glass substrate and

th bstrate incl udi the 1 TO fil 5 th t filmfg ' t
(i 360) 15 cal cul SE0 HTOMTHET 117 A EKNESEoHRa £ hELpBPE CPPnG R

required for the filmformation, and fromthe sputtering time a film

t hi ckness is FEEAA faFCcMred sheci#PRBPF§, Paheat glasd-suBst Pabeé 1cedrifimg
#7059), an ITOfilmis fornmed by 20 sputtering, and a difference in the

hei ght bet weelNa.he 8aidst /14 ¥° and nt Kl faickt wikeran trel diTQ fiétthod, far ned d
on the substrate is neasured by neans of Dektak I1A (manufactured by Sl oan
Technol ogy Co,f1 It adeitcetr mdaled ai § | heed hi cknessi Kfrdtiod T Id 113 Frasighe
filmthickness 11 of the ITOfilmthus determ ned and the sputtering tine

required for the Jddand of mdiss grdahsr feym-adovahg fanebecohtahned. o
the present invention, the filmthickness of the 5 TTOfilmfornmed on the

sputter surfage Qf;the d@argstad sc P el ef bl YnPE e L 1an, A1) M-« AREE 4
preferably not less than 1.5 Vim still nbre preferably not |less than 2

Vim When the film thi f_the L TQf] d | ati
froquency of 6T THe RRBTYErT fi 14 10 FenRr Kholy AEet chbad  aed

excel I ent Inl%é@ef?é . According to this method, a slurry consisting

of mixed starting material powders, ion exchange water

10 and an organic additive is poured into the filtration
mold, then water content is removed from the slurry under
reduced pressure to prepare a molded product, and the
molded product is dried, degreased and then calcined
(sintered) .

15 After the starting materials are molded and calcined
(sintered) in a mold as described above, the sintered
product is generally subjected to machine grinding to
process it into a given size and then bonded to a backing
plate to prepare a target.

20 For the machine grinding, an appropriate gfinding
method such as surface grinding, rotary polishing or
blasting is adopted according to necessity. After the
grinding for the above processing, the surface is

subjected to rough grinding to control the thickness and



properties are obtained. The filmthickness of the ITOfilmnmy be not nore
than 5 umas far as it is within the above range. In the present invention,
the initial arc properties 15 of the target can be eval uated by the use of
‘a u Arc Mnitor (MAM Genesis, manufactured by Landmark Technol ogy Co.) as a
measuring device. That is to say, in the sputtering using a target having
an ITOfilmforned on its sputter surfafe, a cunul ative frequency of arc to
the 20 integrated value of electric power that is applied to a unit area of
the target per unit hour (integrated applied electric power, Wi/ cnR) is
measur ed, andthasedubnechedctiruifanive fGréqeemyy Gforgteaimeherefpiyad &apc
properties can be evaluated. It can be said that the initial arc 12
properties arasnbpeléxbéhbénheasinhd teurultat ifwe fhreaguemnoyt loftlae cstiof &ébe
integrated applied electric power decreases. Since the arc frequency of the
sputtering tangehgofirihastomest harviing Isawpwihe targeiadws @ardtong dirfe and 5
excellent long-termfilmformng stability. In the present invention, by

form ng an | TQ,6§barBavi BIpaaspegirfing ifid My akngsis,Phd hghSputt egpsur f ace
as descri bed above, the initial arc can be effectively reduced, and a

target capabl r?ﬂd?ﬁ%fg{a%agtS Ekﬁie%”ﬁo%%tiﬂ%étst %réfégf{eﬁd‘pégfias tai ned even

if the surface is no ways subjected to mrror-snoo ing (finish

grinding) different fromthe conventiqnal process. That is to s he
T ace ) oughnBeor CAT PP hBrFE RSSPEEE o eldy ey e SRt Phg s
target of the [nvention, éS thoE h gg ends § on the surface condition of
the target affeFCRRERi RB2GFI Rdi 8? @ebésl SRS S um that i s

conventionally considered as preferable. Mre ) _
The present invention is characterized by forming an

ITO film having a specific film thickness on the sputter
10  surface of an ITO target having been subjected to the
above-mentioned machine grinding. By the formation of
the ITO film on the sputter surface of the target, burr
or powder produced by the grinding and portions to be
easily separated by thermal shock of the sputtering can
15 be covered and joined to obtain a good target surface,
and thereby occurrence of initial arc in the sputtering
can be effectively reduced.
Examples of preferred methods for forming the ITO
film include sputtering, deposition, ion plating, coating
20  and spraying. Of these, sputtering is preferably uéed
from the viewpoint of easy control of thickness and the
economical viewpoint.
In the present invention, the composition ratio of

the ITO film formed on the sputter surface of the target



specifically, the surface roughness Ra may be not less than 1 Vim nay be
-not less than 1.5 Vim and nmay be not 20 less than 2 Vim As a matter of
course, the present invention can also be applied to the case where the Ra
_of the target is not nore than 0.5 Vim Therefore, when the present
invention is applied to such a case, the polishing step may be omtted, and
by 13 forming an ITOfilmon a sputtl®r surface of a target, a sputtering
target can be obtained efficiently. After the formation of the ITO film on
the 1 TO target having been subjected to machine %i ndi ng, the SrEj?;Cget may
be bonded toja backicigmhatidd maamcorddiat wi hE cotfent F ohal *fréthod to
obtain a final sputtering target, but it is preferable to forman ITO film

after the |1 TQ targel hayineamdeere siinfBetat tos neehi #i2 @@i‘ﬁﬁ?‘ﬁ@nitsoﬁgﬁﬁed to
a backing plate in accordance with a 10 conventional nmethod. According to

the latter process,. .t msogi-tg@erntsng@@@{l@véﬂgtmaetdaﬁ'@tiIlnﬁrtﬁéﬁﬁéditshereon
can be preveﬁ?‘&i1 f%rhgm% esion of inpurities such as dust. EFFECT OF THE

| NVENTI ON 15 Accordi ng. teo the present invention, a sputtering target

capabl e of ef“foé?ctci%%r} e%l'uci ng occurrence of initial arc and having high

initial stability can be obtained. uct i DorspMt L BE ERBelsi BE tiies
sputterind target,I™ &%t@%ﬁ?%& tW‘E%‘??%S' havi ng hi gh perfornmance 20 can

be efficiently carried out with enhance ro LYLt ¥ ¢ MRLEQWURGetSidige
finish grindiiip i&ibw EFRFE, OF h*éharf»ﬂa?%rs?ﬁ%%éé‘ﬁ be sinpli fi@ed and the
cost can be 1i§2§3::3fed by, for example, mlicroscope sectional

observation using a scanning electron microscope. In
this specification, however, the film thickness is

10 determined in accordance with the following method. That
is to say, an ITO film is formed on a glass substrate by
sputtering, then the film thickness of the ITO film is
measured as a difference in the height between the glass
substrate and the substrate including the ITO film,

15 thereafter a film-forming rate (nm/sec) is calculated
from the film thickness and the sputtering time regquired
fér the film formation, and from the sputtering time a
film thickness is determined. More specifically, on a
glass substrate (Corning #7059), an ITO film is formed_by

20 sputtering, and a difference in the height between the
substrate and the place where the ITO film is formed on
the substrate is nmeasured by means of Dektak IIA
(manufactured by Sloan Technology Co.) to determine a

film thickness of the 1TO film. From the film thickness



14 L' VInADT L' The present invention is further described with reference to
the follow ng exanples, but it should be construed that the inventionis in
no way limted to 5 those exanples. Exanple 1 A nR03 powder and a Sn02
powder were mixed in a weight ratio of 90: 10 ( nR03: Sn02) . Fromthe

m xture, a sintered product of ITO was prepared in accordance with a 10
conventional nethod, and the sintered prloduct was used as a target

material. After the target material was cut into a size of 4 inch dianeter,
a surface (sputter surface) to be subjected to sputtering and a surface
(bondi ng surf &fe)theo IO Subjrectiuss 1@ borei med ofnd hehas5spatgerinat érivael were
both ground by a surface grinding nmachine to adjust the thickness to 6 mm
Then, the sputreeniswgd doe wase g oumdf dymat tomomdf Wwheeforifhegt arget can

mat eri al was placed on the anode side of a sputtering device, and a

di fferent | TOpkagetaiwasl .20 pl aced on the cat hode side of the sputtering
devi ce. Then, sputtering was carried out under the followi ng conditions to

forman I TO film hayi ngea frddBrhhicknass: &, 13500¢ 1u$§cranglsoaft hee
sputter surface of the tar get placed on t he anode si de.

sputterings copgidf 1:9ng, ?oq:n?e% 9l lans. s@i&#’ééf §é‘ét8£“ tPg EBQQSU 4

sputter, procéss gas: process pre orr ra

ressure: 0.02 mlorr lied electric powe
P preferdlen%ore than 1 um}) ore prg¥e£m%ly not less than

1.5 pm, still more preferably not less than 2 um.
When the film thickness of the ITO film exceeds 1 um,
the cumulative frequency of arc in the sputtering is
10 remarkably decreased, and excellent initial arc
properties are obtained. The film thickness of the ITO
film may be not mwore than 5 um as far as it is within the
above range.
In the present invention, the initial arc properties
15 of the target can be evaluated by the use of a p Arc
Monitor (MAM Genesis, manufactured by Landmark Technology
Co.) as a measuring device. That is to say, 1in the
sputtering using a target having an ITO film formed on
its sputter surface, a cumulative frequency of arc to the
20 integrated value of electric power that is applied to a
unit area of the target per unit hour (integrated applied
electric power, Wh/cm?) is measured, and based on the
cumulative frequency of arc, the initial arc properties

can be evaluated. It can be said that the initial arc



5 The surface roughness of the sputter surface of the target was neasured
before and after the formation of the ITOfilmin accordance wwth JIS B
0601 (1994). The results are as shown in Table 1. Measurenent of the
surface roughness was carried out using a surface 10 roughness neter SE1700
(manuf actured by Kosaka Kenkyu-sho) under the conditions of a feeler radius
of 2 uma feed rate of 0.5 misec, a cu-off of ~c 0.8 mmand an eval uation
|l ength of 4 mMm 15 Exanple 2 A target was prepared in the same manner as in
Exanpl e 1, except that the filmthickness of the ITOfilmforned on the
sputter surfaeeopérthest argemomeat exicall was csaridged Qo P2Z000V A (Requahay.
The surface roughness 20 before and after the formation of the ITO filmwas
nmeasured in the sacetpanher iasdgy daimdrepliedhel¢esnlt spawersaechreratded n
Tabl e 1. 16 Exanple 3 A target was prepared in the sane manner as in

Exampl e 1, exceptet bpé atterrbbBeeseyt 8 S fspeg tand dde henpdi ngr stiréace of
the target material were both roughly 5 ground by a surface grinding

machine to adjustnthent RECkBESS the € MPett he SRUtLRl; SUurdace yvas subj ect ed
to blasting wth Al undum beads instead of grinding by a dianond wheel, and

arget macer i aTCaBbeth ToRdnged™t 4 30000 TS 7y i it ace
{he same. manner _aclinCEaRPECT: THE-PRatrs Pa: SOLB "Forth 11 Tabie 1. 15
Conparative Exanple 1 o , ,

having a specific film thickness on the sputter surface

as described above, the initial arc can be effectively

reduced, and a target capable of performing efficient

10 sputtering can be obtained even i1f the surface is not
always subjected to mirror~smooth polishing (finish
grinding) differently from the conventional process.

That is to say, the surface roughness (arithmetic average
roughness) Ra of the sputtering target of the invention,

15 though depends upon the surface condition of the target
after machine grinding, may be larger than 0.5 pum that is
conventionally considered as preferable. More
specifically, the surface roughness Ra may be not less
than 1 pm, may be not less than 1.5 um, and may be not

20 less than 2 pm. As a matter of course, the present
invention can also be applied to the case where the Ra of
the target is not more than 0.5 um.

Therefore, when the present invention is applied to

such a case, the polishing step may be omitted, and by



A target was prepared in the sane manner as in Exanple 1, except that the
filmthickness of the ITOfilmformed on the sputter surface of the target
mat erial was changed to 1350 ~ (0.135 um The surface roughness 20 before
and after the formation of the ITOfilmwas nmeasured in the sane manner as
in Exanple 1. The results are set forth in Table 1. 17 Conparative
Exanple 2 A target was prepared in the khme manner as in Exanpl e 1, except
that the filmthickness of the ITOfilmforned on the sputter surface of
the target material was 5 changed to 9450 ~ (0.945 Vim. The surface
roughness bef&ﬁ%@%ﬂ?eﬁQe§TQr£9%%rﬂ%t?oﬁpBFt heSEFERFEI Rifwds CRESSTred i n
the sanme manner as in Exanple 1. The results are set forth in Table 1. 10
Test Exanpl e iuigohiang drajedst prapapedobhaEradprésiciestdyand Conparati ve
Exanples 1 and 2, filmformng tests we re carried out under the foll ow ng
conditions to evalwaﬁ@ﬁlﬁhdeﬂomm&ixmmpefttbe [fOt hielspanht ehengTOL5
Sputtering conditions sputtering system DC magnetron sputter, process gas:
Ar, process presswtehayifkpriceOXygefepacti b paenasHeegrOn@2ngforhe appl i ed
el ectric power: 3 WcnR2 The initial arc properties ware eval uated base d on

20 the cunyl atdue dd eaiensy Wind& t8 LheakRiggratadeapp! hedoehasldd ¢ pover
(Wh/cnR) It can be said that the initial arc properties are nore excellent

oot caseem! Yo B nfl n{ Qa0 BEbILERLShOd BRHL CUpRl Pk, Pover
target, but it is preferable to form an ITO film after
the ITO target having been subjected to machine grinding
is bonded to a backing plate in accordance with a
10 tonventional method. According to the latter process,

the sputter surface having the ITO film formed thereon

can be prevented from adhesion of impurities such as dust.

EFFECT OF THE INVENTION

15 According to the present invention, a sputtering
target capable of effectively reducing occurrence of
initial arc and having high initial stability can be
obtained. By conducting sputtering using this sputtering

target, formation of thin films having high performance

20 can be efficiently carried out with enhanced productivity.
Moreover, since finish grinding is omissible, the
grinding step can be simplified and the cost can be

decreased.



until the integrated electric power applied for the sputtering becane 3

Wh/ cn2 was neasured using a u Arc Monitor (MAM genesis, manufactured by
Landmar k Technology 5 Co.) as an arc counter under the follow ng

‘condi tions. Measuring conditions detection node: energy, arc detection

vol tage: 100 V, |arge-nediumenergy border: 50 mJ hard arc m nimumti ne:
100 us _ 10 -The results are set forthldn Table 1. Table 1

Sanpl eFi | nSur f aceSur f aceCumul at i vet hi cknessr oughnessr oughnessfrequency(A) (g
ym (gym of archeforeafter film(nunber offil nformationtines)formti onExanpl e
1135001 . 321 . 53~7Exanpl e 227000I . 33 || . 4¢RBWpl e 3270002. 412. 435Conpar ati ve
Exanpl e 113501. 281. 2766Conpar ati ve Exanpl e 2g4501. 371 . 3750 As can be seen
from Table 1, therBhéspnetesd hLawvgatdiohf érserdce ihrent hiesurflam® wiotighness Ra
bet ween before and 15 after the formation of the ITOfilmon the target
surface, and tbecRanattep the fonmatiion efxdnields[O¥ud monslideld B8 target
surface depends upon the surface condition of the target before the
formation of thgstFRE kARt TRE VAR riesuld snofwdheriditdalcare
properties obtai ned when the targets prepared in Exanples 1 to 3 and 5

Conpar ati v Exg %egxgm?@gsg were used are shown in Fig. 1, in which the
filmthickness I's pfotted as abscissa and the cumul ative frequency of

arc (nunber of _tinmes).is plotted as ordinate. As can be seen from Table 1
and Fig. 1, téﬁémgiﬁ—éunulative frequency of arc is effectively decreased
bordering on the filmthickness 10000 Al .1 Vi of the ITOfilmfornmed on
the target surface? LheP ke toe F19 A tHI QK REYSH WHE ™G] 11R for med on

the target surf ace _ .
weight ratio of 90:10 (Iny03:8n0z). From the mixture, a

sintered product of ITO was prepared in accordance with a

10 conventional method, and the sintered product was used as
a target material. After the target material was cut
into a size of 4 inch diameter, a surface (sputter
surface) to be subjected to sputtering and a surface
(bonding surface) to be subjected to bonding of the

15 target material were both ground by a surface grinding
machine to adjust the thickness to 6 mm. Then, the
sputter surface was ground by a diamond wheel.

The target material was placed on the anode side of

a sputteririg device, and a different ITO target was

20 placed on the cathode ;;ge of the sputtering device.
Then, sputtering was carried out under the following
conditions to form an ITO film having a film thickness of
13500 A (1.35 pm) on the sputter surface of the target

placed on the anode side.



exceeds 1 um the initial arc properties becone excellent. 15 20 What is
claimed is: 1. An I TO sputtering target conprising a target produced

t hrough a nmachi ne grinding step and nmade of an oxide (1 TO containing at

1 east one of indiumoxide and 5 tin oxide and an ITO filmhaving a film

t hi ckness of nore than 1 ~mthat is forned on a sputter surface of the
target. 2. The I TO sputtering target asle¢laimed in claim1, 10 wherein the
filmthickness of the ITOfilmis not less than 1.5 Vim 3. The ITO
sputtering target as clainmed in claimwherein the filmthickness of the ITO
filmis not |ess 15 %RaRPOtVEm g, C?ﬁglF?€p§pﬁfﬁe@|ngoﬁéF@@t as claimed in
any one of clains to 3, wherein the surface roughness Ra of the sputter
surface is not | essSPRaReIiNGNEY20EB: PRempIOREpONt EPUAG Strar gatocEss | ai ned
in any one of clains 1 to 3, wherein the surface roughness Ra of the
sputter surfacgass Apt bessethaprésSuum: 320TerrThexlypOnsputrtdralng t ar get
as clainmed in any one of clains 1 to 3, wherein the surface roughness Ra of

the sputter susf@seutrs: notobesSorhanappVied bléctthe bbWesputd eridigf t ar get
as claimed in any one of clainms 1 to 6, wherein the ITOfilmformed on at

| east the gputter %éa§@r@§céh§ou§1@1é§59@§? kBedsbukmetosmed by sputdiesi ng.
.A A A AsAs. AAuY A AH A A A A A2

. AS. AnL. A A A £d s HBRY ?g S tuabolhy] g@k%@] eakealoalaaleolsalan cal
ca]ca]ca]ca]c ca caJ ca] calca ca]ca]ca caJ ca] ca] ca] c”aJca] cTa

ITO film in accordance with JIS B 0601 (1994) The

results are as shown in Table 1. Measurement of the

surface roughness was carried out using a surface

10 roughness meter SE1700 (manufactured by Kosaka Kenkyusho)
under the conditions of a feeler radius of 2 um, a feed
rate of 0.5 mm/sec, a cut-off of Ac 0.8 mm and an

evaluation length of 4 mm.

15 Example 2
A target was prepared in the same manner as in
Example 1, except that the film thickness of the ITO film
formed on the sputter surface of the target material was
changed to 27000 A (2.7 um). The surface roughness
20 before and after the formagzcn of the ITO film was

measured in the same manner as in Example 1. The results

are set forth in Table 1.
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ca] ca] ca] ca] cakealigalcahc aheakealC altalaalcaliGalmalngaleal cajrer] calnal€a] ca!
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fH " 10% u& ()-1 110% u& ()-1s10% u& ()- @0% u& ()-9310% & () - &ML0% u&' () -
Df 10%g{ g{ & ()-vsaB* 10% u& 9, Z10% u& ()-9(Z10% & ()-! Xs$3"10% u- u& () -
y9!l 109& ()- !'10% u& ()- 10% u& ()-5{\=" 1099ML0% u& ()-10% u& ()- 10-u 10-u
10- u&5Z10% u& z)nl o Exa 1 -
"10%u& () - 1K —)= = 10% 10% u& ()- 10% u& ()-If

0, ! -0 0, ! - 0 ! -0
igé%ﬁéﬁé?()%igfbg €£a§@é£§%§gy§%§P€f?d in the same manner as in
10% u& ()-L10% u& ()-Z"10% u& ()- F10% u&',(l) -2 10%u& ()-_2 | ,
dE{\Z‘lO@@.lO@@ﬁ@P%?-é{ except that the film thickness of the ITO film
10% u& ()-L*10% u& ()-LI (10% u& ()-S&210% u& ()- L$YL0% u& ()-
O ghi kxnbC 1096 109g&0Y) Lheosputdey $0rdgceMPdohe CPrastomai& (e bayas
10% u& () -0L0! 10% u& () - nkKdEnbC 109910%g& () - Ff 109%g& ()-99 10%& ()-L
Z10%& () -9 108@8yéd- 10%§_&50)A R0.135 pum). The surface roughness

20 before and after the formation of the ITO film was
measured in the same manner as in Example 1. The results

are set forth in Table 1.
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T109%& ()- !'109%& ()-, 109%&' ()-109%&' ()-10%&' ()-10%& ()- CsdEYNC 10%

*T10%&' ()-(z 10%&' ()-&1L0%&' ()-$: 10%& ()-"410%& ()-y 10%& ()-P, dEYNC 10% 7f
109&' () - S5F109%&' ()-9310%& ()-s

1! 109%& () -/ g#209®A CpLZVEQUgMPL SABCDFWHC 10903
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109109 () - " [ ?dEbCA10%&F:0Yg&'s( pr@DEO%GE. i(r) -thel 0%g& (Narthd%gR’ {1) - Ff

10%g& ()-9L 10%g& ()- ?x7gdEbC 10% ( 10%g& () - S&'10%g&' () - L$10%g&' ()-3"3
10%9&' () - 910%g&akp1el0Y9&xCepd! dERE 1004 film thickness of the ITO film
7Y10%g& ()-510%g&' ()-2F10%g& ()-0! 10%g& ()-. 10%g& ()-* 10%g& ()-*YbC 10%&
@O0 & ()-" FOME&H(bn LU &) +3I0%U& face lQQ 409 ¢ %ngﬂfnmterial was
10%g& () - Y3bdEbC 10%&10% & )p-910W&' LlO‘Vd’&' ) LI 10%& () - Y G'10%°& () -

Lo%lrgf’/‘(ff" (3 ok Ex?% éﬁ‘gi‘%%%@ﬁ@ @%%@QW&&% 5 B8 (dighness
10Tv, S 105 €PT1O5%. “TOhFESCY- TORTETTAL Lo ()% O (3 r00ael ()o
igvﬁgwé&' ()RP2BYF R} P189F&SEICo THR @ )25 STOTHE DL L Y1095 &S sl ts
v 1098273 - SEMLEIF&N( &l eI (-) - &SMLOYTTE' () - & 109@°&' () - IMLOYT&: () - 8
Lol 11" H'y" 2" {"dE: /

10 Test Example

Using the targets prepared in Examples 1 to 3 and
Comparative Examples 1 and 2, film-forming tests were
carried out under the following conditions to evaluate
initial arc properties in the sputtering.

15 Sputtering conditions

sputtering system: DC magnetron sputter, process
gas: Ar, process pressure: 3 mTorr, oxygen partial
pressure: 0.02 mTorr, applied electric power: 3 W/cm?
The initial arc properties ware evaluated based on
20 the cumulative frequency of ar;_;o the integrated applied
electric power (Wh/cm?). It can be said that the initial
arc properties are more excellent as the cumulative

frequency of arc to the integrated applied electric power

decreases.
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10 ‘The results are set forth in Table 1.
Table 1
Sample Film Surface Surface Cumulative
thickness roughness roughness frequency
(A) (pm) (pm) of arc
before after film | (number of
film formation times)
formation
Example 1 13500 1.32 1.53 X7
Example 2 27000 1.33 1.45 1
Example 3 27000 2.41 2.43 5
Comparative
Example 1 1350 ] 1.28 1.27 66
Comparative 1
Example 2 9450 1.37 1.37 50

As can be seen from Table 1, there is not so large
difference in the surface roughness Ra between before and
15 after the formation of the ITO film on the target surface,

and the Ra after the formation of the ITO film on the
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thickness of the ITO film formed on the target surface

exceeds 1 um, the initial arc properties become excellent.
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wherein the film thickness of the ITO film is not less

15 than 2 um.

4. The ITO sputtering target as claimed in any one
of claims 1 to 3, wherein the surface roughness Ra of the

sputter surface is not less than 1 um.
20
5. The ITO sputtering target as claimed in any one

of claims 1 to 3, wherein the surface roughness Ra of the

sputter surface is not less than 1.5 pum.
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