SF-.876PCT 1 TITLE SPUTTERI NG TARGET "AND PROCESS FOR MANUFACTURI NG THE
SAME TECHNI CAL FI ELD 5 The present

( . . ' ' elates to targets used for
sputtering g&%&é%K% f|In1fornatio*ﬂ%ﬂﬁ@ﬂﬂhwﬁm&ss for manufacturing the
targets. BACK ART 10 A sputt s has heretofore been known
as one of thin filmformng processed™ThHe sputtering process is a
process for formng a thin filmon a substrate, wherein an inert gas in a
state of plasma generally nade under deduced pressure is allowed to 15
collide with a sputtering target (also referred to as a "target" sinply
hereinafter) and nol ecul es or atons rush;ng out fromthe target by the
collision energy are allowed to deposizlﬁh_a substrate to forma thin
film This process has been industrially used since film 20 formation of

| arge area casPUETARA¥GeTBRGETaAdT iARASESS HARMANBIASTRINGE CHF pefME
obtained. As other sputtering processes, there are recently

TECHNICAL FIELD

5 The present invention relates to targets used for
sputtering and thin film formation and a process for

manufacturing the targets.

BACKGROUND ART

10 A sputtering process has heretofore been known as
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

15 collide with a sputtering target (also referred to as a
“target” simply hereinafter) and molecules or atoms
rushing out from the target by the collision energy are
allowed to deposit on a substrate to form a thin film.
This process has been industrially used since film

20 formation of large area can be.made easily and films of
high performance can be obtained.

As other sputtering processes, there are recently
known a reactive sputtering process wherein sputtering is

carried out in a reactive gas and a magnetron sputtering
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known a,reactive sputtering process wherein sputtering is carried out in a
react;vg gaf ang a naggetLon Sputtering SF-876PCT 2 process wherein a
magnet is placed on a back surface of the target to achieve high-speed
thin filmfotiedfbh. o the thin films formed gy t he above procgsseg,
those of oxides (referred to as "ITO" hereinafter) 5 containing at |east
one of indiumoxide (1n2G3) and tin oxide (SnG2) as a nmain conponent
particularly exhibit high visible li-ght transmni ssion and high
conductivity, and therefore they have been w dely used as, for exanple,
transparent conductive films for liquid crystal display 10 Vi ces

exot hermi ¢ fpkoseser wpeeerént Bngadeat cdAdBAsAIOR 6f bgicks UGN P br ed
reflective films. The target for forming the ITOfilmis manufactured
sinmilarly totptheargeicdect acheese Bhgh-spered dhin §1ilmafgamatatdtial is
prepared by powder netallurgy process 15 (sintering process) which

conprises nol di ngog shar thig fiBier fakmpawtber tawed abbee ginvc@siswe 1 he nol ded
product, and the target material is then subjected to surface grinding

;:iggt?i%;izgéﬁgﬁwﬁg?Bﬁghe%bQHEfQ%QQdO&ot%éﬁ*wﬂ"ﬂﬁ&@ﬂﬂdﬂ;dnmwalions such
5 containing at least one of indium oxide (Iny03) and tin
oxide (Sn0,) as a main component particularly exhibit
high visible light transmission and high conductivity,
and therefore they have been widely used as, for example,
transparent conductive films for liquid crystal display
10 devices, exothermic films for preventing dew coﬁdensation
of glass, or infrared reflective films.

The target for forming the ITO film is manufactured
similarly to other oxide targets. That is to say, a
target material is prepared by powder metallurgy process

15 (sintering process) which comprises molding a starting
material powder and then sintering the molded product,
and the target material is then subjected to surface
grinding using a grinding wheel of about #200 or to other
machining operations such as outline machining, to

20 manufacture the target.

In the formation of a thin film of high performance

using the sputtering target thus manufactured, however,

there reside the following problems.



20 manufacture the target. In the formation of a thin filmof high
performance using the sputtering target thus manufactured, however, there
reside the fgtjz&kgg probl enms. SF-876PCT 3 That is to say, in the
sputtering, 3 ially inthe initial stage of the sputtering, abnorma
electric discharge called arcing (sonmetimes referred to as "initial arc”
hereinafter) takes place to inpair film5 formng stability and to produce
particles. Further, the particles adhdre to the sputtering target and
accumnul at e thereon to forma black deposit called nodule, and this nodule
causes arcing, which further induces occurrence of cl es
Furthernore, if tRA&Basaisi &esaydhére 1§ ﬁ@WH%§QHHQTf???%Jﬁﬁ;%¥wh%nEgeof
the thin filmis deteriorated. In the use of a new sputtering target,
therefore, irnidrigdr stageycifd the abdvepmebl eRNOIA+ YL eRistI®e carried
out in the period of time fromthe beginning of 15 sputtering to the

st oppage of erieisharee wfl lardiang: irnt (sarabines menisacedringof products,
even if the new sputtering target is set in the sputtering apparatus, and
this is an obstaelig 1t @ AdmPmrweimd s fr)t o dicidey ity . impahmast hemet of ore

been said that occurrence of such 20 arcing or nodule is nore reduced as
the Surfage(gogﬁyhg stability and to produce particles. Further, the
particles adhere to the sputtering target and accumulate
thereon to form a black deposit called nodule, and this
nodule causes arcing, which further induces occurrence of
new particles. Furthermore, if the particles adhere to
10 the thin film, performance of the thin film is
deteriorated.

In the use of a new sputtering target, therefore, in
order to avoid the above problems, idling must be carried
out in the period of time from the beginning of

15 sputtering to the stoppage of occurrence of arcing that
enables manufacturing of products, even if the new
sputtering target is set in the sputtering apparatus, and
this is an obstacle to improvement of the productivity.

It has heretofore been said that occurrence of such

20 arcing or nodule is more reduced as the surface of the
target is smoothed by abrasion. Therefore, a surface-
abraded target with a smooth surface is now the

mainstream. For example, an ITO sputtering target whose

surface roughness is controlled within the prescribed



target is snoothed by abrasion. Therefore, a surface- abraded target with a
snooth surface is now the mainstream For exanple, an | TO sputtering target
whose surface roughness is controlled within the prescri bed SF-876PCT 4
range to pre¥&htoPE&dcurrence of arcing or nodule is described in Japanese
Patents No. 2750483 and No. 3152108. 1In order to attain such a prescribed
surface roughness, however, it is necessary that after preparation of a 5
target material, the target material i4 subjected rough grinding through
machi ne grinding to adjust the thickness and then stepw se subjected to
finish grinding (abrasion) to snooth the target surface, and this results
in problens ofhngel ongpmenehacoacingenicee cfn@ gl &snodul® Fd¥ t her, even
in the use of the ITO target having a prescribed surface roughness, the
initial arc gapeetbea ehfgepaveky mameerttsedio.ardtl i1 hgmdisiobe3darAi08d out
over a relatively long period of time after a new sputtering target is set

in the sputtepi pgqaRPabaktsaihSsSeah apratelseite beels iste falceo riaugteress ¢ type
targets which are prepared by powder netal lurgy process (sintering yP

process) andh%%%. &n,iﬁsigahecgggg9@eQ5§¢ Pticdeprephaatitan dQ nitrides,
carbi des and bori es, “efc., or netal type targets. 20 Under such
ClrcunBtagce%ér%%% %&%%%ggltn¥ﬁgt%%%g&ﬂy%mterial is subjected rough

grinding through machine grinding to adjust the thickness

and then stepwise subjected to finish grinding (abrasion)

to smooth the target surface, and this results in

problems of a long manufacturing time and high cost.

10 Further, even in the use of the ITO target having a
prescribed surface roughness, the initial arc cannot be
effectively prevented, and idling must be carried out
over a relatively long period of time after a new
sputtering target is set in the sputtering apparatus.

15 Such problems reside also in ceramic type targets
which are prepared by powder metallurgy process
(sintering process) and contain, as main components,
oxides other than ITO, nitrides, carbides and borides,
etc., or metal type targets.

20 Under such circumstances, the present inventors have
earnestly studied, and as a result, they have found that,
in a sputtering target manufactured through a machine

grinding step, initial particles, which are attributable

to the grinding step and present on the target surface,




earnest|y studied, and as a result, they have found that, 1in a sputtering
target manufactured through a machine grinding step, initial particles
which are attributable to the grinding step and present on the target ’
surface, SF-$®PIT5 or portions, which separate fromthe surface |ayer by
thermal shock of sputtering and becone particles, are main causes of
arcing or nodule, so that if these initial particles and portions are
removed, occurrence of the 5 initial Jarc can be prevented. The present
inventors have further studied, and as a result, they have found that

whet her the portions separate fromthe surface layer by thermal shock of
sputtering asd pecohenpar whikbessepanategfean yheeserdaCeo layss e presence
of mcro cracks forned fromthe surface of the target to the inside by the

machi ne gringdhagmall shbek bliasptibeesunfaandr begomes paoficiestaegst. The
present inventors have also found that all of the mcro cracks do not

cause arcing, gt nadulesbik Bi-ehAgChacksddSehariong e hhase ddiangth of
not | ess than Eﬂe specific valugs are main causes of the initial arc, so

t hat Occurrencgﬁgﬁeghgnhnh%&%hoﬁgcagénrQﬁo@%ﬁ?cQk%ﬁh%en&kﬁ%&nﬁﬂﬁaby

subst anti al | §2F&rbviAg “such m cro cracks. Baséd on the finding, the

resent inventi i
P ntion has been 29 ageauehiahed:

The present inventors have further studied, and as a
result, they have found that whether the portions
separate from the surface layer by thermal shock of
sputtering and become particles or.not greatly depends

10 upon the presence of micro cracks formed from the surface
of the target to the inside by the machine grinding,
rather than the surface roughness of the target. The
present inventors have also found that all of the micro
cracks do not cause arcing or nodule but micro cracks

15 having a depth and a length of not less than the specific
values are main causes of the initial arc, so that
occurrence of the initial arc can be effectively
prevented by substantially removing such micro cracks.
Based on the finding, the present invention has been

20 accomplished.

Accordingly, it is an object of the invention to
provide a sputtering target, which can prevent occurrence
of initial arc, improve initial stability of the

sputtering and remarkably enhance productivity in the



Accordingly, it is an object of the invention to provide a sputtering
target, which can prevent occurrence of initial arc, inprove initial
stability of the sputtering and remarkably enhance productivity in the

SF- 876PCT t hth8¥0PEh fornation, and a process for manufacturing the
sputtering target. DI SCLOSURE OF THE | NVENTION 5 The sputtering target
according to a first enbodinment of the present invention is a sputtering
target manufactured through a nmachine @rinding step, wherein a mcro crack
having a depth of not less than 15 ~tmand a | ength of not |ess than 40
pzn, preferably a 10 depth of not less than 10 ~imand a | ength of not

| ess than 30hpm fidmnbormabseant paHl y PEARESHHERTt RENSEAG T D vation
of a sputter surface of the target is nade. In the sputtering target, the
nunber of m gpateeackg thayéng a depth of not |ess than 5 ~tmand less than
10 ~tm 15 and a length of not less than 10 pmand |l ess than 30 pm is
preferably 5 or | ess based on 2.5 nmof a length in the wdth direction of
the section. The sputtering target of the first enbodi nent of the

invention is preferably one@htqigtekbyosubirFectNVENTIGN 20 sputter surface
to any one of sputtering treatment, faser treatnent and dry etching

treatments The spyjLecing.LBias! «akqbte JLobshiRgbed mom it the

embodiment of the present invention is a sputtering
target manufactured through a machine grinding step,
wherein a micro crack having a depth of not less than 15
pum and a length of not less than 40 um, preferably a
10 depth of not less than 10 um and a length of not less
than 30 pm, is not substantially found when the sectional
observation of a sputter surface of the target is made.
In the sputtering target, the number of micro cracks
having a depth of not less than 5 um and less than 10 pm
15 and a length of not less than 10 pm and less than 30 um
is preferably 5 or less based on 2.5 mm of a length in
the width direction of the section.
The sputtering target of the first embodiment of the
invention is preferably one obtained by subjecting its
20 sputter surface to any one of sputtering treatment, laser
treatment and dry etching treatment.
The sputtering target of the first embodiment of the
invention preferably comprises a target material prepared

by powder metallurgy process, and preferably contains at



invention preferably conprises a target material prepared by powder
nmetal | urgy process, and preferably contains at SF-876PCT 7 | east one of

i ndium oxide and tin oxide as a main conponent. In the sputtering target
of the firstSE#éBEd ment of the invention, the surface roughness Ra of the
sputter 5 surface may be not less than 1.0 m The sputtering target
according to a second enbodinent of the present invention is a sputtering
target manufactured through a nmachine frinding step, a sputter surface of
whi ch has been subjected to sputtering 10 treatnent prior to shipping. In
the sputtering target of the second enbodi ment of the invention, the

i ntegrated eleatti onenefgyndpphi edite anke tdpurrdresger 8331 t he
sputtering target in the sputtering treatnent is preferably not |ess than
0. 005 15 Wh(smBonbpre preferably not |ess than 0.01 Wi/ cnR, still nore
preferably not Tess than 0.02 Wha/cn2. In the sputtering target of the

second enbodi nent raf + hEhgpiEYEPLhENtadgslr bacehpr gliesti wabodimdras dfen
preferably stuck to the sputter surface of the sputtering 20 target when

the target is,shipped. ;The SAU!LEEEAG! 2eainsd e sacend epndiaent of

the invention rs preferably one manufactured by a

5 surface may be not less than 1.0 pm.

The sputtering target according to a second
embodiment of the present invention is a sputtering
target manufactured through a machine grinding step, a
sputter surface of which has been subjected to sputtering

10 treatment prior to shipping.

In the sputtering target of the second embodiment of
the invention, the integrated electric energy applied to
the sputter surface of the sputtering target in the
sputtering treatment is preferably not less than 0.005

15 Wh/cm?, more preferably not less than 0.01 Wh/cm?, still
more preferably not less than 0.02 Wh/cm®.

In the sputtering target of the second embodiment of
the invention, a surface protective film has been
preferably stuck to the sputter surface of the sputtering

20 target when the target is shipped.

The sputtering target of the second embodiment of

the invention is preferably one manufactured by a

sintering process.



sintering process. SF-876PCT 8 The sputtering target of the second

enbodi nent of the invention preferably contains indiumoxide as a nmain
conponent, or_is preferably an oxide (1 TO containing at |east one of
indiunloxides%ﬁHwEFn oxi de. 5 The process for manufacturing the sputtering
target of the second enbodi nent of invention conprises machine grinding a
surface of a target, preferably a surface of a target obtained by a
sintering process, and then, prior to8shipping, subjecting at |east a
sputter surface of the 10 target to sputtering treatnent. \Wen the
sputtering target of the second enbodinent of the invention is an ITO
sputtering target Thehepptbeadsng tergmunefasher seganse empoddm@rnterdig tar get
conprises machine grinding a surface of an I TO target obtained by 15
sintering a pAtefh&bntobhabpmierfgrabdiyunoaxadesarichdiium coxidde as aremanin
conponents and then, prior to shipping, subjecting at |east a sputter

surface of thempbRPehd] g8k ilk0pRYELLALIRYahr exticRNt (IR0 BRIrfa iPES(ER a1 ON OF
THE DRAWNG Fig. 1 is a schematic view to explain exanples of mnmicro cracks

which can be;fqupd wheprt he 566t i,QRak aRservatd.onLf the sputter surface
of the target s made.

5 The process for manufacturing the sputtering target
of the second embodiment of invention comprises machine
grinding a surface of a target, preferably a surface of a
target obtained by a sintering process, and then, prior
to shipping, subjecting at least a sputter surface of the

10 target to sputtering treatment.

When the sputtering target of the second embodiment
of the invention is an ITO sputtering target, the process
for manufacturing the ITO sputtering target comprises
machine grinding a surface of an ITO target obtained by

15 sintering a material containing indium oxide and tin
oxide as main components and then, prior to shipping,
subjecting at least a sputter surface of the ITO target

to sputtering treatment.

20 BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic view to explain examples of
micro cracks which can be found when the sectional

observation of the sputter surface of the target is made.



SF-876PCT 9 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The present invention
is described in detail hereinafter. The first enbodi nrent and the second
enbodi ment of 5 the sputtering target according to the invention are both
manuf act ur edSE-Bf8Ggh a machi ne grinding step. That is to say, the
sputtering target according to the invention has only to be a sputtering
target obtained through a machine grinding step. The target material for
10 use in the invention is not particuparly restricted, and for exanple,
it my be a ceramic type target containing as a nain conponent an oxide, a
nitride, a carbide, a boride or the like, or may be a target nmade of a
metal. Exanples of seedrTtMdopetromt@ARRYSNGNCUTJEHENDEEENTITON 15 cont ai ni ng
at | east one of 1n203 and SnO2 as a nain conponent, those (1Z0O containing
at |least one of |gREBLragdnEZnhasndibmi hscasperebed ZAOdA2@3, | n2C8, Sn2,
ZnO, Al 203, Si2, Ta20, MO NGO Si3M, AN SIiC M, W C, T, Zr,
Hf , Nb, Ta aHQrA'ina?FeEhese’ the 1 TO sputtering 20 targets are particularly
effectively applel cable to the first and the second enbodi nents of the

| pyenti on ?Sﬁ?fi??ﬁ%i. 90501 LhLAShARL LhY b 8AUOhed ki fidfind @ LarTy out

5 the sputtering target according to the invention are both
manufactured through a machine grinding step.

That is to say, the sputtering target according to
the invention has only to be a sputtering target obtained
through a machine grinding step. The target material for

10 use in the invention is not particularly restricted, and
for example, it may be a ceramic type target containing
as a main component an oxide, a nitride, a carbide, a
boride or the like, or may be a target made of a metal.
Examples of such target materials include thbse (ITO)

15 containing at least one of In;03 and SnO; as a main
component, those (IZO) containing at least one of In,y0;3
and Zn0O as a main component, Zn0O-Al;03, Iny03, SnOy, Zno,
Al,03, SiO;, Ta;0s, MgO, NiO, SisN4, ALN, SiC, Mo, W, Cr,
Ti, Zr, Hf, Nb, Ta and Al. Of these, the ITO sputtering

20 targets are particularly effectively applicable to the
first and the second embodiments of the invention because
high initial stability is required in order to carry out

efficient sputtering.



10 .-The process to prepare the target material is not particularly
restricted, and for exanple, the ceramc type target can be prepared by a
sintering process (powder metallurgy process) wherein a mxture of starting
5 material pdutféPSTobtained by mixing starting materials in a given ratio
or a honogeneous m xture of starting material powders obtained by
co-precipitation nethod or the like is nolded by various dry nethods or
wet nethods conventionally known, then subjected to sintering and 10 then
subjected to machine grinding. In case of the metal type target, a vacuum
di ssol ution process wherein the mxture of starting material powders is
vacuum di ssol ved Tradptbesssub) gutepete thst taggepl msteciabr kisngodnd
‘machi ne grinding, or powder netallurgy process wherein 15 the m xture of
starting natgsiel cRoudeysrést ibteed, byndl Por( Bakmpdest ahic cpress)c met hod or
CIP (cold isostatic press) nethod and then subjected to sintering and

plastic working i$,-68p! @¥abbe. pFXgHPLESLYT at BendeyiABt Bedseisacl ude CP
(col d press) y@% nefﬁod, HP (ho% p?ess) ngtﬁod gnd ﬁﬁg hotefsostatic

Doy s s o fEG 0! oL R DS EEIEL] OtneRehXb Ui xblir SR (et LT ol

powders is ¢ ged in a prepare product, and the nol ded
P erhers. Rt angprrbondofl Coes fnbd®o ! HERANG" 8l il RaPON s in
a given ratio or a homogeneous mixture of starting
material powders obtained by co-precipitation method or
the like is molded by various dry methods or wet methods
conventionally known, then subjected to sintering and
10 then subjected to machine grinding. In case of the metal
type target, a vacuum dissolution process wherein the
mixture of starting material powders is vacuum dissolved
and then subjected to casting, plastic working and
machine grinding, or powder metallurgy process wherein
15 the mixture of starting material powders is molded by HIP
(hot isostatic press) method or CIP (cold isostatic
press) method and then subjected to sintering and plastic
working is employable.
Examples of the dry methods include CP (cold press)
20 method, HP (hot press) method and HIP (hot isostatic
press) method. According to the CP method, a mixture of
starting material powders is charged in a mold to prepare
a molded product, and the molded product is calcined

(sintered) in the atmosphere or in an oxygen atmosphere.



11 According to the HP nethod, a m xture of starting material powders is
charged in a mold of an electric furnace and then subjected to nolding and
sintering at the same tine with heating under pressure. According to 5 the
H P et hod, $F-8i6RClire of starting nmaterial powders or a preformis

encl osed in a rubber bag or with a netal foil that forns a covering even
at a high tenperature, deaerated, then placed in a container and sintered
by heating with isotropically pressufjzing with an inert 10 nmedium The
wet nethod is, for exanple, a filtration nolding method described in
Japanese Patent Laid-Open Publication No. 286002/1999. In the filtration

mol di ng et hadeoadihil Epathentpohdthsdysadmikherf Idfr attaen imgl d is a nol d
15 made of a water-insoluble material and to obtain a nolded product by

removing vat gt gonLenpolHaELa; S| BhEYoRl 16CRANIISIA g Rk snical s under
reduced pressure. ccording to this nethod, a slurry consisting of a

Xt e Of SLBLRARY, TRACELEL, BMMJELPeql 00 Reshanee et 22 apt ap o ganic
[om Uhe sLULLY MIder  heclced BLESSHLE.L 08! Rl aml dedpradicl, and
5 the HIP method, a mixture of starting material powders or
a preform is enclosed in a rubber bag or with a metal
foil that forms a covering even at a high temperature,
deaerated, then placed in a container and sintered by
heating with isotropically pressurizing with an inert
10 medium.
The wet method is, for example, a filtration molding
method described in Japanese Patent Laid-Open Publication
No. 286002/1999. In the filtration molding method, a
filtration mold is used. The filtration mold is a mold
15 made of a water-insoluble material and to obtain a molded
product by removing water content from a slurry of
ceramic starting materials under reduced pressure.
According to this method, a slurry consisting of a
mixture of starting material powders, ion exchange water
20 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 sintered.



The cal cining tenperature in each of the above nethods is desirably a
tenperature appropriately determ ned according to the starting materials
used. After the starting materials are nolded in a nold 5 and sintered to
prepare a tasBeT6PCAt erial as described above, the target material is

subj ected to machine grinding, such as surface grinding, in order to form
it into a given size or to snooth the surface. That is to say, the
sputtering target is generally manufagpured 10 through at |east a nachine
grinding step. It is thought that on the surface of the target

manuf actured t hrough the machine grinding step as described above, initial

particles attribuggbl eatteibhaeg @empdiragusktepnoeaptr dforsheribadvesepar at e
fromthe surface 15 layer by thermal shock of sputtering and becone

particles ape.isual bk Roesenbyand dhgseqpantd cherdghenetp (he

substrate during the sputtering’to cause thin filmdefect or adhere to the

uhi o cauaes APCERG D FRCERENERYy FurtRer o o Nea A LT E e the

whi ch causes ere ormnew particles. In the

present invention, therefore, by.subjectin t he sputter.surface of the
sputtering target A&Raf & Fuﬁéarxﬁﬁﬂbhﬁ efﬁglﬁagﬁfhgmﬁfﬁﬁ%fﬁgE%%%H‘ o the

| at er-described specific treatment, the particles and th i i
SF- 876PCT9 13 and si%tered to prepare a tagget materiga as‘%égggiégg whi ch

above, the target material is subjected to machine
grinding, such as surface grinding, in order to form it
into a given size or to smooth the surface. That is to
say, the sputtering target is generally manufactured

10 through at least a machine grinding step.

It is thought that on the surface of the target
manufactured through the machine grinding step as
described above, initial particles attributable to the
grinding step or portions which separate from the surface

15 layer by thermal shock of sputtering and become particles
are usually present, and these particles adhere to the
substrate during the sputtering to cause thin film defect
or adhere to the target again and accumulate thereon to
form a black deposit called nodule, which causes arcing

20 to thereby further form new particles.

In the present invention, therefore, by subjecting
the sputter surface of the sputtering target manufactured
through the machine grinding step to the later-described

specific treatment, the particles and the portions which



are liable to separate by thermal shock of sputtering are renoved, whereby
the initial arc is effectively reduced. First enbodi nent of the invention
First, the fir z %gbodinent of the present invention 5 is described. The
sputtering tﬁff'gqp ccording to the first enbodiment of the invention is
characterized in that the sputtering target is manufactured through a
machi ne grinding step in accordance with the conventional process as

descri bed above, and thereafter or inlBhe 10 course of the nmanufacturing,
the sputtering target is subjected to the |ater-described treatnent to
substantially renmove mcro cracks. Since the nmachine grinding is a

t echni que toagei Adablewsrkpepaesaby Owt ttihegmal Whae ka® falirash b HYrai are
cutting 15 edge of a grinding wheel that is rotating at a high speed, and
because of themeertactwhetebgstiviet hntitd adbreasi vie grfdiantivalackseduresd or ned
on a surface (particularly surface to be subjected to sputtering, referred
to as "sputter surface” feisei RaHRIInait td died gelvangliomsi de the target.
20 O the cracks, those o6bserved fromthe surface have been' recogni zed as
grindi ng danage ok;paehi phBY rdeteCtmpidli mehitn@ £Ctaek $ ridbeaitd] yhexiensh ng
fromthe sputter surface (referred to as ""mcro cracks"” hereinafter) have

not been SStEgi%%s%%&beﬁE'%%@ngu%%ering target according to the

first embodiment of the invention is characterized in
that the sputtering target is manufactured through a
machine grinding step in accordance with the conventional
process as described above, and thereafter or in the

10 course of the manufacturing, the sputtering target is
subjected to the later-described treatment to
substantially remove micro cracks.

Since the machine grinding is a technique to grind a

workpiece by cutting it with an abrasive grain cutting

15 edge of a grinding wheel that is rotating at a high speed,
and because of the contact stress with the abrasive grain,
cracks are formed on a surface (particularly surface to
be subjected to sputtering, referred to as “sputter
surface” hereinafter) of the target and inside the target.

20 Of the cracks, those observed from the surface have been
recognized as grinding damage or machining defect, but
fine cracks inwardly extending from the sputter surface
(referred to as “micro cracks” hereinafter) have not been

studied yet.



The m cro cracks occur inevitably so far as the nmachine grinding is
carried out, though the degree of occurring the mcro cracks such as the
shapes (depth, length, etc.) and the nunber etc. vary. The degree of 5
occurring thggyseero cracks is influenced by weight and speed of the

gri ndi ng wheel used in the machine grinding, shape of the abrasive grain,
material of the workpiece, etc. In the first enbodi nent of the invention,
such micro 10 cracks are paid attentjqon, and by substantially renoving

m cro cracks having a depth and a length of not I ess than the specific
val ues, a target effectively preventing occurrence of initial arc can be

provi ded. ThatiE%Hé)ﬁﬁﬁ&ozﬁﬂaéﬁstéﬁhdﬂ(E&b@£@§5§yd§on@érC§QSEhel5 t he
initial arc but mcro cracks having a depth and a |ength of not |ess than

the specific values cause.the _injifli a a i I rigged, so
that by subStrtiaT 19172 %gnﬁség%% g%%c%?Fé EPQ?gﬁcﬁgékgeggéﬁhgﬁe t hey

cannot be found when the sectional observation 20. the_s surface of
the target |RCHMRLNCEDF rBHIES oFrache ?H?%iﬁ? g g ggépgg g?%gngvely

prevented. Specifically, the sputtering target according ,to the first
embodi nent ofendiehi ngent | oRNG stie sperbetri RECt al§av - Rf ARt 8d°fhr ough a

machi ne grinding step, wherein a SF-876PCT 15 )
5 occurring the micro cracks is influenced by weight and

speed of the grinding wheel used in the machine grinding,
shape of the abrasive grain, material of the workpiece,
etc.
In the first embodiment of the invention, such micro
10 cracks are paid attention, and by substantially removing
micfo cracks having a depth and a length of not less than
the specific values, a target effectively preventing
occurrence of initial arc can be provided.
That is to say, all of the micro cracks do not cause
15 the initial arc but micro cracks having a depth and a
length of not less than the specific values cause the
initial arc, as previously described, so that by
substantially removing such specific micro cracks so that
they cannot be found when the sectional observation of
20 the sputter surface of the target is made, occurrence of
the initial arc can be effectively prevented.
Specifically, the sputtering target according to the
first embodiment of thé invention 1is a sputtering target

manufactured through a machine grinding step, wherein a



m cro crack having a depth of not less than 15 pmand a Ilength of not |ess
than 40 pm preferably a depth of not |Iless than 10 pmand a | ength of not
|l ess than 30 m is not substantially found when the sectional observation
of 5 a sputtsf-8mrcrace of the target is made. The expression "a mcro crack
is not substantially found" used herein nmeans that renoval of mcro cracks
is carried out on the target until no mcro crack having a depth and a
| ength of not less than the specific yalues 10 can be found when the
sectional observation of the sputter surface of the target is made.
Sﬁe0|ggcally, it :s meant that a mcro crack having a depth of not |ess
t han pm a g e h refer-abl eptdh Hf not
chgo g?%gnaﬂ%gggphgoﬁépth ar 48cm Riefelably @nd D

| ess than 10 pm an hot less than 30 m is not substantially

found in the,region of a,length,of 2. i i i ti n the
sect i onal ob%gpgégi8ﬁ B?ttﬁsggpﬁg 8r4gs§rfa g%%%r%%%&?gr%g %?Ecﬂg e. This
g
nmeans that even if a m.cro crgck Eaving afdeggh and | engt.h of l.ess than
£hi r8Ltch % St

the 20 abovel@8fFubBanslfr B8eA™ §RF k iS4 o Cause

arcing and does not becone_a squrce of particles .either because it dpes
not bring abBaf §HP§E?H§lB}lYtﬁ8Pﬁ€Iwgﬁgcﬁh8f5§ﬁﬁPfﬁFﬁ §b5§ﬁy§§€ﬁﬁﬁ‘1 Mor e

specifically, it is desirable that when the
5 ~a sputter surface of the target is made.

The expression “a micro crack is not substantially
found” used herein means that removal of micro cracks is
carried out on the target until no micro crack having a
depth and a length of not less than the specific values

10 can be found when the sectional observation of the
sputter surface of the target is made.

Specifically, it is meant that a micro crack having
a depth of not less than 15 pm and a length of not less
than 40 um, preferably a depth of not less than 10 pm and

15 a length of not less than 30 pm, is not substantially
found in the region of a length of 2.5 pm in the width
direction when the sectional observation of the sputter
surface of the target is made. This means that even if a
micro crack having a depth and a length of less than the

20 above values is present, this micro crack itself does not
cause arcing and does not become a source of particles
either because it does not bring about chipping by

thermal shock of sputtering.



sectional observation of the sputter surface of the target is made, a
mcro crack having a depth and a length of not |ess than the specific
values is not found, and 5 the nunber of mcro cracks having a depth of not
| ess than 5Sp#Y@Ed | ess than 10 mand a length of not less than 10 pm and
|l ess than 30 mis 5 or less, preferably 3 or less, nore preferably 1 or

| ess, based on 2.5 mmof a length in the width direction of the section.
to As a matter of course, it is nost qgsirable that when the sectional
observation of the sputter surface of the target is nade, even a mcro
crack having a depth of not less than 5 mand |l ess than 10 pmand a | ength
of not |ess thanMiR@enspadikesaltiyan 30 im idesiebbileundatl idmttlies, the
nunber of the above-nentioned mcro cracks is O based on 2.5 mm of a

llength in thewidbhdi 6%%&931:1% Ufetsl%ctslp@&telﬂo\@@@acé/\hem dre number of
the mcro cracks is 5 or |less, preferably 3 or |less, nore preferably 1 or

| ess, 20 the 'Q'%%ahsaﬁ%d%an bﬁuﬁgﬂb é@% %aQQQHP%pudéHHh thed &

trouble in the g utféring. "The neans%%gr t he secti onal observation of the

sputter surfa e of he t et is, for 0] m.Cr QSGO S tion
usi ng an opt i° FS?C%&% 5?:1 SEW@%@?’ g E‘.L,uleesctlrso(r}lwfht (F:Jfrongccg’pga[ o(}? a
€

scanni ng eI ect ron m Crosco
the number of micro cracks having a depth of not less

than 5 pum and less than 10 pm and a length of not less
than 10 pum and less than 30 pm is 5 or less, preferably 3
or less, more preferably 1 or less, based on 2.5 mm of a
length in the width direction of the section.

10 As a matter of course, it is most desirable that
when the sectional observation of the sputter surface of
the target is made, even a micro crack having a depth of
not less than 5 um and less than 10 pm and a length of

not less than 10 pum and less than 30 um is not found,

15 that is, the number of the above-mentioned micro cracks
is 0 based on 2.5 mm of a length in the width direction
of the section.

However, when the number of the micro cracks is 5 or
less, preferably 3 or less, more preferably 1 or less,

20 the initial arc can be effectively reduced, and there is
no trouble in the sputtering.

The means for the sectional observation of the
sputter surface of the target is, for example,

microscopic observation using an optical microscope, an



(SEM . The sputter surface of the target has fine protrusions and
depressi ons because the target has passed 5 through the machi ne grinding
step as previog descri bed, and how to define the depth and the | ength of
amcro crack S into question. Therefore, definitions of the depth
and the length of a mcro crack in the present specification are explained
below with reference to Fig. 10 1. In the present specification, the depth
of a mcro crack is, as shown in Figl71, a depth Dfromthe top of the

hi ghest mountain in the ridgeline forned by the sputter surface 1
corresponding to the region where the 15 micro _crack 5 is present and the
section 3 toelhetdoap@dCropesPei 6l 6f SCRENHNGr 6 LeC&LRTs MYGF IHER? esent
specification, the length of a mcro crack is, as shown in Fig. 1, a

maxi mum | engt(BEM)af the mcro crack 5 in the horizontal direction on the
section 20 3. The sputtering target of the first enbodi nent of the
invention has onl yhtosbataetasgetasubsttanhiealtlhy gete@afsr dmnea nicro crack
having a depth and a |l ength of not |ess than the specific values, and the

surface roughgss SioREoRRE A8pkabist bRl idedmaR HoMIhNAsR OThd SUENess

curve) Ra

5 through the machine grinding step as previously described,
and how to define the depth and the length of a micro
crack comes into question. Therefore, definitions of the
depth and the length of a micro crack in the present
specification are explained below with reference to Fig.

10 1.

In the present specification, the depth of a micro
crack is, as shown in Fig. 1, a depth D from the top of
the highest mountain in the ridgeline formed by the
sputter surface 1 corresponding to the region where the

15 micro crack 5 is present and the section 3 to the deepest
position of the micro crack 5.

In the present specification, the length of a micro
crack is, as shown in Fig. 1, a maximum length L of the
micro crack 5 in the horizontal direction on the section

20 3.

The sputtering target of the first embodiment of the
invention has only to be a target substantially free from
a micro crack having a depth and a length of not less

than the specific values, and the surface roughness



(measured in accordance with JIS B 0601 (1994)) of the sputter surface of
the target nay be not less than 1.0 m or may be not less than 1.5 m or
may be not less than 5 2.0 m In the sputtering target of the first

enbodi ment &F-87PET i nventi on, accordingly, the surface of the target does
not al ways need to be abraded snoothly in order to |ower the surface
roughness, differently fromthe 10 conventional targets, so that such an
abrasion step can be omtted. Hence, g he production process can be
simplified, and the productivity of the target can be enhanced. However,
it is a mtter of course that Ra of less 15 than 1.0 pmcan be applied to

the present [AVENLOPic hBaRN B8hghRe 98t 8ENrblighspEkt euirig)t ’aaget of the
first enbodi nrent of the invention, nanely, a target substantially free

froma mcr Ogﬁé&clgré‘&viggaécgﬁﬁéﬁcénﬂltﬁ ly¢89Eh 0%61“%9'9@%? biFan Hhe

specific val necessary to carry out reana of mcro cracks
until such ﬁeCIfIC glcro E gg annot be f as descrl ed fb As
t he met hod t%P% bt afibfaffF§ Pre&Fh&3EEFget™ fﬁé Hero HHEKS ?r&nﬁva
of mcro cracks), any nethod is__adoptable provided that the nethod can
substantlalI@rSWaB7%PCﬁ0191?§ﬁDQQaPhE fi Blo EFafRY. PRoPOEX&RFPe i eci si on
grindi ng

2.0 um.

In the sputtering target of the first embodiment of
the invention, accordingly, the surface of the target
does not always need to be abraded smoothly in order to
lower the surface roughness, differently from the

10 conventional targets, so that such an abrasion step can
be omitted. Hence, the production process can be
simplified, and the productivity of the target can be
enhanced.

However, it is a matter of course that Ra of less

15 +than 1.0 pum can be applied to the present invention.

In order to obtain the sputtering target of the
first embodiment of the invention, namely, a target
substantially free from a micro crack having a depth and
a length of not less than the specific values, it is

20 necessary to carry out removal of micro cracks until such
a specific micro crack cannot be found as described above.

As the method to substantially free the target from
the micro cracks (removal of micro cracks), any method is

adoptable provided that the method can substantially



in which'the weight or the rotational speed of a grinding wheel is
strictly controlled, sputtering treatnment, laser treatnent, dry etching
treatment and blasting treatnent 5 can be carried out on the sputter
surface of t$rsmpCpet. O these, sputtering treatnent, |aser treatnent and
dry etching treatnent are preferable fromthe viewpoint of excellent
productivity of the target. The renoval of mcro cracks is described bel ow
10 giving as an exanple a nethod of spjecting the sputter surface of the
target to sputtering treatnent. When the sputtering treatnent is adopted as
a nethod to substantially free the target fromthe mcro cracks (renoval

of mcro cragkslye tHige SRULEST EPYcRONAiEd ONSsarddl SHCHrasi D @F i sQuURGeri ng,
sputtering gas and gas pressure, are not particularly restricted, and they

can be appropr gt el V. el G616 A6 0Lfl oL 0 DBRESSLRked O 2CRMkAnd L |

preferable to use, "as a spu inert gas such as argon and if

necessary an oxygen gas 20 and to _set.the gas.pre r 1 r

The integrat® e%fe%?r?%r%ﬁgf§yc?9%f8%b? ap Fggefﬁﬁﬁtﬁggggégbgfi%&ng

treatnment, that is, integrated electric ener per, uni.t area of the

target, whi chreatBepti edLYneBEL878PETC2BMERE g%ﬁtﬁéﬁﬁﬁj“@r&ﬁ? AERS s in

the range of preferably 0.1 to 10 Whi/cnR, nore preferably 0.5 to 5 Wi/ cnR.
5 can be carried out on the sputter surface of the target.

Of these, sputtering treatment, laser treatment and
dry etching treatment are preferable from the viewpoint
of excellent productivity of the target.

The removal of micro cracks is described below

10 giving as an example a method of subjecting the sputter
surface of the target to sputtering treatment.

When the sputtering treatment is adopted as a method
to substantially free the target from the micro cracks
(removal of micro cracks), the sputtering conditions,

15 such as mode of sputtering, sputtering gas and gas
pressure, are not particularly restricted, and they can
be appropriately selected according to necessity. For
example, it is preferable to use, as a sputtering gas, an
inert gas such as argon and if necessary an oxygen gas

20 and to set the gas pressure to 1 to 10 mTorr.

The integrated electric energy (Wh/cm?) applied in
the sputtering treatment, that is, integrated electric

energy per unit area of the target, which is applied in



When the 'integrated electric energy applied is in the above range, the

m cro cracks can be substantially 5 renoved, and the tine required for
manuf acturing the target and the productivity such as production cost are
excel l ent. SPE®V§HCdal |y, a target (which may be bonded to a backing plate)
manuf actured through a machine grinding 10 step is set in a sputtering
appar atus usi ng DC magnetron sputtering system and sputtering is carried
out using a sputtering gas of the abgge conposition until the aforesaid
integrated electric energy is reached, whereby the sputtering target of
the first enbodi ment of the 15 invention can be obtained. In the target

t hus obt ai nedhea spuecterthagck reatimegta idepinh téwed rmrgengtih pfefwtalb bgs t han
the specific values is not substantially found when the sectional

observation (ofi the1spwht/em?sunbasepirs FEREB1yandswaen st Why dndr get is 20
used for thin filmformation utilizing sputtering, the target can

effectively prevept QCeHEL €AEE 0k ticd l1dlctalic oMl fXHPLSeexcel 4 nt
initial arc properties. The initial arc properties of the sputtering target

of the Tirst Subodl RNt QL oLNe ANl on. Lan e LV ddiatal Sr 8PS 21
y o

based on the cumilrative eduenc arc occurrence to the integrated

electric gne&%%o @@ch%% %%%“f?%éMygaéﬂyéé for manufacturing the

target and the productivity such as production cost are
excellent.

Specifically, a target (which may be bonded to a
backing plate) manufactured through a machine grinding

10 step is set in a sputtering apparatus using DC magnetron
sputtering system, and sputtering is carried out using a
sputtering gas of the above composition until the
aforesaid integrated electric energy is reached, whereby
the sputtering target of the first embodiment of the

15 invention can be obtained.

In the target thus obtained, a micro crack having a
depth and a length of not less than the specific values
is not substantially found when the sectional observation
of the sputter surface is made, and when this target is

20 used for thin film formation utilizing sputtering, the
target can effectively prevent occurrence of initial arc
and exhibits excellent initial arc properties.

The initial arc properties of the sputtering target

of the first embodiment of the invention can be evaluated



filmformation is carried out using the target having been subjected to
the above treatnent, that is, when 5 sputtering is carried out using such a
target. The %g?ﬁ?k tive frequency of arc occurrence is neasured by the use
of a Arc MnNito ?NANIGEnesis, manuf actured by Landmark Technol ogy Co.).
In the use of the sputtering target according to the first enbodi nent of
the invention, 10 the cunul ative frequency of arc occurrence is |ow, and
the sputtering target exhibits excell@ht initial arc properties. Second
enbodi nent of the invention Next, the second enbodi ment of the present
invention 15 is described. The sputtering target according to the second
enbodi ment oPaghe PRvEREI 6HMBLaEhueaEreAuEsgYi Rt RAC PREVIISARARItIur f ace
of the target obtained after machine grinding of a target material has
been subj ect edet dn26gspteteel agt tieaemengypr(Wby cimd) stpppiag whem tthdn
sputtering target maker. As previously described, it is thought that the
cause of theffbint Fakmattohsithasrithedpanti asésgothehearpgertt ihensinvdi ch are
|iable to separate by the thermal SF-876PCT 22 shock of sputtering are
present on theespyYtibgecedaf aeetRE abBeeSpukhenend,t ahget ikgnuiaat ured

t hrough a nmachi ne

5 sputtering is carried out using such a target. The
cumulative frequency of arc occurrence is measured by the
use of a p Arc Monitor (MAM Genesis, manufactured by
Landmark Technology Co.). In the use of the sputtering
target according to the first embodiment of the invention,

10 the cumulative frequency of arc occurrence is low, and
the sputtering target exhibits excellent initial arc
properties.

Second embodiment of the invention

Next, the second embodiment of the present invention
15 is described.

The sputtering target according to the second
embodiment of the invention is characterized in that the
sputter surface of the target obtained after machine
grinding of a target material has been subjected to

20 sputtering treatment prior to shipping from the
sputtering target maker.

As previously described, it is thought that the
cause of the initial arc is that the particles or the

portions which are liable to separate by the thermal



grinding step. Therefore, if the particles or the portions which 5 are
|iable to separate by the thermal shock of sputtering can be renoved by
previ ously subjecting the sputter surface itself of the sputtering target
to sputteringF-816P&dt nent, the initial arc can be effectively reduced. Al so
in this case, it is thought that whether the 10 portions separate by the
thermal shock of sputtering or not depends upon the presence of mcro
cracks fornmed from the surface of the2target to the inside by the nmachine
grinding, particularly the presence of mcro cracks having a depth and a
| ength of not |less than the specific 15 values, simlarly to the first
enbodi nent okhbh& oifnepniticeringl aaeel preldensecond renispditiemt sofrfidee of
invention, therefore, it is desirable that the sputter surface of the

sputtering tangekpustRretOEsryesUbbastrad thiredD Sindugd iahgddteatarent to
give a target substantially free froma mcro crack having a depth and a
| engt h of no%rihg§ﬁ t@@@p;he specific values, simlarly to the first
enbodi ment of the ﬁvention. However, if performance to SF-876PCT 23 such

o0 SRS 2t FRBNEERe, R TR SELI0 Y 09 O ) LA er et
5 are liable to separate by the thermal shock of sputtering
can be removed by previously subjecting the sputter
surface itself of the sputtering target to sputtering
treatment, the initial arc can be effectively reduced.

Also in this case, it is thought that whether the

10 portions separate by the thermal shock of sputtering or
not depends upon the presence of micro cracks formed from
the surface of the target to the inside by the machine
grinding, particularly the presence of micro cracks
having a depth and a length of not less than the specific

15 ~values, similarly to the first embodiment of the
invention.

Also in the second embodiment of the invention,
therefore, it is desirable that the sputter surface of
the sputtering target is previously subjected to

20 sputtering treatment to give a target substantially free
from a micro crack having a depth and a length of not

less than the specific values, similarly to the first

embodiment of the invention. However, if performance to



invention, the integrated electric energy applied to the 5 sputter surface
in the sputtering treatnent previously conducted is preferably not | ess
than 0.005 Wi/ cm2 , nore 2 preferably not | ess than 0.01 Wi/cnR2 , stil
nore preferaplggepor | ess than 0.02 Wh/cnR, particularly preferably not

|l ess than 0.1 WhA/cn2 . The term"integrated 10 el ectric energy (W/cn2) ,
used herein neans an integrated electric energy per unit area, which is
applied to the sputter surface of thestarget in the sputtering treatnent
conducted prior to shipping. Wen the integrated electric energy is not

|l ess than 15 0.005 Wh/cnR2, the target having been previously subjected to

the sputtering, 4 eat nBite 8N Dif st excald a0, 1d i ghutfEeiPFOPEELLERS 1and can
effectively prevent occurrence of the initial arc. On the user side of the
sputtering target, therefor puttering for thin filmformation can 20 be
i mredi ately cnaort??leldnlotu CEgtyh Jfeiéetoﬁ'se of the sputtering target w thout

substantially condycting idling, so that the productivity ip the thin film
formation can be Tg’rﬁ’farfgc%dt%rﬁ)a%fhelq hi f?efcfﬁrfcgr?@f hm%ré% %g efficiently
carried out. SF-876PCT 24 The sputtering conditions for the sputtering

e

treatment preViEiyPartied BRI eehot ¢arFieurReFyy applied to th

5 sputter surface in the sputtering treatment previously
conducted is preferably not less than 0.005 Wh/cm®, more
preferably not less than 0.01 Wh/cm?, still more
preferably not less than 0.02 Wh/cm?, particularly
preferably not less than 0.1 Wh/cm?. The term “integrated

10 electric energy (Wh/cm?)” used herein means an integrated
electric energy per unit area, which is applied to the
sputter surface of the target in the sputtering treatment
conducted prior to shipping.

When the integrated electric energy is not less than

15 0.005 Wh/cm?, the target having been previously subjected
to the sputtering treatment exhibits excellent initial
arc properties and can effectively prevent occurrence of
the initial arc. On the user side of the sputtering
target, therefore, sputtering for thin film formation can

20 be immediately carried out by the use of the sputtering
target without substantially conducting idling, so that
the productivity in the thin film formation can be
enhanced and the thin film formation can be efficiently

carried out.



restricted, and sputtering is carried out under the usual conditions until
t he. above-nentioned integrated electric 5 energy is reached. In the second
enbodi ment of the invention, the upper I|imt of the integrated electric
energy is notF-8388Gh cularly restricted, but fromthe viewoints of the
time required for manufacturing the sputtering target and 10 the
productivity such as cost, the integrated electric energy is desirably not
nore than 10 Wh/cnR2. The initial arc @4operties of the target can be

eval uated based on the integrated electric energy (Wh/ cnR) applied until
the interval of arcing occurrence 15 becones not |ess than 10 seconds in
the case where spilite exduig ers ngaradreti vignusiow e aarjettabiiag a di aneter
of 6 inches. Specifically, sputtering is carried out to detect arc by the

use of an are Mt (grmnufacdiuy eth hyi dancmarkrd ecbinopagyiColarland the 20
integrated electric energy applied until the initial arc of the target

having a di angi&ry Qft &, NERES KA 06§, 1s thatrisd die wndegr aheduslagtric
energy applied until the interval between occurrence of arcing and

occurrence of nnoezgfi&{{iﬂgcﬂe%}%%leﬁéft%(ﬁ?ﬁi 10, s66PRESq! e1aBASYEEd.

SF- 876PCT 25 Based on the measure 0 ntegrated el ectric

energy, t e'éﬁé}é@ fg(&égéﬁggyles are evaluated. As the

In the second embodiment of the invention, the upper
limit of the integrated electric energy is not
particularly restricted, but from the viewpoints of the
time required for manufacturing the sputtering target and

10 the productivity such as cost, the integrated electric
energy is desirably not more than 10 Wh/cm?.

The initial arc properties of the target can be
evaluated based on the integrated electric energy
(Wh/cm®) applied until the interval of arcing occurrence

15 becomes not less than 10 seconds in the case where
sputtering is carried out using a target having a
diameter of 6 inches. Specifically, sputtering is
carried out to detect arc by the use of an arc counter
(manufactured by Landmark Teéhnology Co.), and the

20 integrated electric energy applied until the initial arc
of the target having a diameter of 6 inches converges,
that is, the integrated electric energy applied until the
interval between occurrence of arcing and occurrence of

next arcing becomes not less than 10 seconds is measured.



val ue of 'the integrated electric energy is decreased or as the cunulative
frequency of arc occurrence is lowred, 5 the initial arc properties of the
target becongrrgmT excellent. In the second enbodi nent of the invention,
the sputter surface of the target is previously subjected to sputtering,
so that the surface roughness Ra of the 10 sputter surface of the target is
usual ly larger than the initial valugsof the target neasured i mredi ately
after the machine grinding. Thereforé&’ Ra of the sputtering target of the
second enbodi nent of the invention may be nore than 0.5 pmthat has been
conventionaIIB)éS 0

consi dered 15 as ef erabl e a. matter of course,., Ra of
not more thansos opglmeclhse applica C{ é’a{eloue[ et s@?:%njdn%%%%%%n?f%?gfﬁg
invention. In the present, specification, the surface roughness Ra neans an

arithnmetic mERTOughniEss ot &L GUGh RSP 0~ £8F V¥ et & §9- adtdrbiafice
with JIS B 0601 (1994). Mre specifically, when sputtering is continued,
the Ra val u&@2dte lkd $ha taviasratadbal it the eewnd iemrareepedoprt he
i nvention converges to an al nost constant value regardless of the initial
val ue, and feremt3E- FTBRIR 26 Haeguenpni mif drproductiendty in lbeered,
sputtering treatnent, the Ra value of the sputtering target may be in the
range 5 the initial arc properties of the target become more
excellent.
In the second embodiment of the invention, the
sputter surface of the target is previously subjected to
sputtering, so that the surface roughness Ra of the
10 sputter surface of the target is usually larger than the
initial value of the target measured immediately after
the machine grinding. Therefore, Ra of the sputtering
target of the second embodiment of the invention may be
more than 0.5 ym that has been conventionally considered
15 as preferable. As a matter of course, Ra of not more
than 0.5 um is applicable to the second embodiment of the
invention.
In the present specification, the surface roughness
Ra means an arithmetic mean roughness of a roughness
20 curve measured in accordance with JIS B 0601 (1994).
More specifically, when sputtering is continued, the
Ra value of the sputtering target of the second

embodiment of the invention converges to an almost

constant value regardless of the initial value, and from



of 0.1 to 5.0 gm or may be in the range of 0.1 to 3.0 gm The sputtering
target of the second enbodinment of 5 the invention is preferably one
havi ng a surface rotective filmwhich is stuck to the sputter surface
innediatelyeﬁ&%@Pé%e sputter surface is subjected to sputtering
treatment. By sticking the surface protective filmto the sputter surface,
adhesion of inpurities or 10 adsorption of gas on the target surface can be
prevented.. The surface protective fil26 has only to be stuck to at |east
the sputter surface so that adhesion of inpurities or adsorption of gas on
the target surface can be prevented, but the surface protective film may
be 15 nat ur althe stimkoant hef whobduotivheyt angéhe Bratserfiage tprateettye
filmcan be stuck by bonding a resin filmto the sputter surface or vacuum
packagi ng t hehthde wfludeof tatigespwitdrng esapgét! may bet hesehet Ranyacuum
packaging 1is preferable because bubbles hardly remain between the 20 film

and the targele ghe (@i fih yseflal Obet B BHE! 3604 oPILRT 6CUI S, 13140 iy not

f
particularly restricted, but order to prevent tﬁans er of particles

oL L UL LR AR Dyl N0 ie pelsaslLe part ol
sputtering  43[gqh, AR H "G 1O 4 AG SSEP L EMOP NENE ol EhSe
protective film which is stuck to the sputter surface
immediately after the sputter surface is subjected to
sputtering treatment. By sticking the surface protective
film to the sputter surface, adhesion of impurities or
10 adsorption of gas on the target surface can be prevented.
The surface protective film has only to be stuck to
at least the sputter surface so that adhesion of
impurities or adsorption of gas on the target surface can
be prevénted, but the surface protective film may be
15 naturally stuck to the whole of the target. The surface
protective film can be stuck by bonding a resin film to
the sputter surface or vacuum packaging the whole of the
target with a resin film. Of these, the vacuum packaging
is preferable because bubbles hardly remain between the
20 film and the target. The resin film used for the surface
protective film is not particularly restricted, but in
order to prevent transfer of particles onto the sputter

surface, a resin film containing no releasable particles

is preferable.



invention is described. The process for manufacturing the sputtering target
5 according to the second enbodi nent of the invention is characterized in
that a surfacg.@kpartarget, preferably a surface of a target obtained by a
sintering process, is subjected to nachine grinding, and then, prior to
shi pping, at least the sputter surface of the target is 10 subjected to
sputtering treatnent. \Wen the sputter%pg target according to the second
enbodi ment of the invention is an I TO%puttering target, the process for
manuf acturing the I TO sputtering target is characterized in that a surface

of the ITO target 15 obt ined(%% sin eriqgha startiqg g@teria tcontaining
i ndi um oxi de and tN5Toxid¥ &FHeTH° cENpIHEHI PG UT 5P BREedPHE Rt RPne
grinding, and then, prior to shipping, at |east the sputter surface of the
| TO target i%REIR} AFEF 451 %ph t R P ngeEPRAt FPR I iDON BsOthEPBr ocess for
manuf acturing the sputtering target of the second enmbodi nent of the
i nvention, a iprocesy fior desefHeedring a general sputtering target is
enpl oyabl e except that the sputter surface of the sputtering target is
subj ected to sput tHré nxrdagesad et . mShu BIGRGL RS tTheatspsttersay, thhget
starting material is nolded in a nold and sintered by a sintering process
(powder 5  according to the second embodiment of the invention is
characterized in that a surface of a target, preferably a
surface of a target obtained by a sintering process, 1is
subjected to machine grinding, and then, prior to
shipping, at least the sputter surface of the target is
10 subjected to sputtering treatment.
When the sputtering target according to the second
embodiment of the invention is an ITO sputtering target,
the process for manufacturing the ITO sputtering target
is characterized in that a surface of the ITO target
15 obtained by sintering a starting material containing
indium oxide and tin oxide as main components is
subjected to machine grinding, and then, prior to
shipping, at least the sputter surface of the ITO target
is subjected to sputtering treatment.
20 As the process for manufacturing the sputtering
target of the second embodiment of the invention, a
process for manufacturing a general sputtering target is

employable except that the sputter surface of the

sputtering target is subjected to sputtering treatment.



metal | urgy process) or cast by a vacuum di ssolution process to prepare a
target material, and the target 5 material is then subjected to nmachine
grinding, such as surface grinding, in order to formit into a given size
or to snoot h FHEORGE f ace. After the machine grinding, the target is

usual ly bonded to a backing plate to prepare a sputtering target. 10 For
the machi ne grinding, an appropriate grinding nethod, such as surface
grinding, rotary abrasion or blastin@8 is adopted according to necessity.
After the grinding for the above formng, the surface is subjected to
rough grinding to adjust the thickness and then 15 subjected to finish
grindi ng (soneti mhatefier ried say ,ashe abrast ond heter al t 8% )mosdad gni adi ng
wheel s having stepw se decreased grits to further snooth the surface, or
subj ect ed tordlastdny {IEstdddpyand 4imtshigyi peoagss bepogdéoget her
sonetinmes referred to as "abrasion” 20 hereinafter) using glass beads,

al um na beadsyAHJCONM R, HEALS O Mecéékeb?sawéé&&ﬁ%ﬂggbﬁupkant he process
for manufacturing the sputtering target of the second enbodi nent of the

i nvention, t tar i | r d ibed
SF- 876PCT Zgrba Ooc\sle:ag,g 2%5 ﬁegﬁpr?o%%éghﬁ%?%gg gt Q#gag}?ét ﬁ?géht ter

surface Og tQ%€g¥£§¥ ig gHgHE%&é%ééééépyétggéﬁgne grinding, such as

surface grinding, in order to form it into a given size
or to smooth the surface. After the machine grinding,
the target is usually bonded to a backing plate to
prepare a sputtering target.

10 For the machine grinding, an appropriate grinding
method, such as surface grinding, rotary abrasion or
blasting, is adopted according to necessity. After the
grinding for the above forming, the surface is subjected
to rough grinding to adjust the thickness and then

15 subjected to finish grinding (sometimes referred to as
“abrasion” hereinafter) using grinding wheels having
stepwise decreased grits to further smooth the surface,
or subjected to blasting (blasting and finish grinding
being together sometimes referred to as “abrasion”

20 hereinafter) using glass beads, alumina beads zirconia
beads or the like as blasting media.

In the process for manufacturing the sputtering
target of the second embodiment of the invention, the

surface of the target is machine ground as described



treatnment to manufacture the sputtering target. This sputtering treatnent
may be carried out after rough 5 grinding, or may be carried out after
finish grindspg¢pct bl asting or after bonding to backing plate. It is

t hought that by subjecting at |east the sputter surface to sputtering as
descri bed above, flash and chipping powder fornmed by the grinding or
portions 10 |liable to separate by thebgal shock of sputtering can be
renoved, and as a result, the initial "arc can be effectively reduced.
According to the second enbodi ment of the invention, therefore, a target

capabl f ' injti : : [ fdiLd t [
"ot ained BHA0T bk T ARE O 9% YA 1% ot ol vy Suby cered To

be obtai ned e sur e ta s not always subjected to

m rror-snooth abrasion ar_even if hlastin ith bea ine grits to
| oner the sufF&déToR S G IR lsco%%ﬁﬂ%%%fgﬁ%t%?%@{%r%% , in the

application of the 20 second enbodi nent of the invention to a a&get, a
sputtering t&rGetmeat He RMIRET WS B sRINETHY Wil Ter face of a
target to sputtering treatnment w thout conducting an abrasion step.
SF- 876PCT 30 SEERECT 100 THEE NVENTIMAY AR dtal feed ot her F195t TwPddi ment  of
the present invention, occurrence of arcing derived frommcro cracks

5 grinding, or may be carried out after finish grinding or

blasting or after bonding to backing plate.

It is thought that by subjecting at least the
sputter surface to sputtering as described above, flash
and chipping powder formed by the grinding or portions

10 liable to separate by thermal shock of sputtering can be
removed, and as a result, the initial arc can be
effectively reduced.

According to the second embodiment of the invention,
therefore, a target capable of reducing initial arc and

15 conducting efficient sputtering can be obtained even 1if
the surface of the target is not always subjected to
mirror-smooth abrasion or even if blasting with beads of
fine grits to lower the surface roughness is not
conducted. That is to say, in the application of the

20 second embodiment of the invention to a target, a
sputtering target can be obtained by subjecting the
sputter surface of a target to sputtering treatment

without conducting an abrasion step.




formed by the machine grinding, particularly occurrence 5 of initial arc,
can be effectively reduced, and the initial stability can be remarkably

i nproved. Further since the abrasion step is om ssible, the production
process can BEXPREN i fied and the productivity of the target can be
enhanced. 10 According to the second enbodi nent of the present invention,
a sputtering target capable of effectively reducing occurrence of initial
arc and enhancing initial stability cdn be obtained. By conducting
sputtering wusing this sputtering target, thin filmformation of high 15
performance can be efficiently carried out with high productivity.

Further, since the abrasion stBpFEET OmM E8ELIBVENAEOYri ndi ng process can be
sinplified and can be carried out at |ow cost. 20 EXAMPLE The present
invention is furthkeicodesard bes whé hf 1 edereanseiimen heof othow ngsexanpl es,

but it should be construed that the inventionis in no way limted to
those exanpl envedti@fbPEAir Fihst o £x Pl ey @brihedf Ersh shbLgi seatkaf the
present invention and conparative exanples are described. Preparation
Exanpl e Al

formed by the machine grinding, particularly occurrence

5 of initial arc, can be effectively reduced, and the
initial stability can be remarkably improved. Further,
since the abrasion step is omissible, the production
process can be simplified and the productivity of the
target can be enhanced.

10 According to the second embodiment of the present
invention, a sputtering target capable of effectively
reducing occurrence of initial arc and enhancing initial
stability can be obtained. By conducting sputtering
using this sputtering target, thin film formation of high

15 performance can be efficiently carried out with high

productivity. Further, since the abrasion step is

omissible, the grinding process can be simplified and can

be carried out at low cost.

20 EXAMPLE
The present invention is further described with
reference to the following examples, but it should be
construed that the invention is in no way limited to

those examples.



Preparati-on of target 5 The targets used in Exanples Al to A3 and
Conparative Exanple Al were prepared in the followng nanner. An |In203
powder and a Sn02 powder were mxed in a ratio of 90:10 (In2C3: SnQ2) by
W% From thS8Fi/88GJre, a 10 sintered product of ITO was prepared in
accordance wth a conventional nmethod, and the sintered product was used as
a target material. The target material had a relative density of 99.7%
The target material was cut to give 8 i eces having 15 a dianeter of 101.6
mm Then, they were set on the sane surface grinder, and both of a sputter
surface and a surface to be bonded (bonding surface) of each piece were
ground with a di afdnetgr iendimpg eshee] tofe #lirst @r@m@mﬁnta@ée&em al to
a8 each having a thickness of 6 nm 20 Exanple Al Renoval of mcro cracks
The targets Mxesintancthvashtokiriaredl compieparat | enamikespaeeAleserébedsh
bonded to a backi ng plate made of SF-876PCT 32 copper. Then, the targets

were set in & A85Hd ratars (EX-3013M  manuf act ured by Shi nkuu
Ki kai Kogyo K jecte 0 sputtering treatnent for the

Preparation of target

5 The targets used in Examples Al to A3 and
Comparative Example Al were prepared in the following
manner.

An In,0; powder and a SnO, powder were mixed in a
ratio of 90:10 (In,03;:Sn0,) by wt%. From the mixture, a

10 sintered product of ITO was prepared in accordance with a
conventional method, and the sintered product was used as
a target material. The target material had a relative
density of 99.7%.

The target material was cut to give 8 pieces having

15 a diameter of 101.6 mm. Then, they were set on the same
surface grinder, and both of a sputter surface and a
surface to be bonded (bonding surface) of each piece were
ground with a diamond grinding wheel of #170 to obtain
targets No. al to a8 each.having a thickness of 6 mm.

20

Example Al

Removal of micro cracks

The targets No. al and a2 obtained in Preparation

Example Al were each bonded to a backing plate made of




renoval ,of mcro cracks under the followi ng conditions. 5 Sputtering
conditions Sputtering system DC magnetron sputtering Process gas: Ar
Process pressur;‘ mlrorr Oxygen partial pressure: 0.02 mlorr 10 Electric
ener gy appliéﬁ?‘? cn? Integrated electric energy applied: 10 Wi/cnR The
surface roughness of the sputter surface of each of the targets No. al and
a2 was neasured before and after the sputtering treatnent by the use of a
surface 15 roughness neter SE1700 (nmddfactured by Kosaka Kenkyusho) under
the conditions of a feeler radius of 2 m a feed rate of 0.5 mmsec, a
cut-off of kc 0.8 mmand an evaluation length of 4 mmin accordance with
JI'S B 0601 €0994) .Theheasubhs BrEJISEE HEXEN Sk TAbPe SPUTIE XS i onal
observation of target Using a grinder (manufactured by Okanoto Kosaku

Ki kai K. K.), abbe rtsanget (EXe-30dI3M awiamg fzesnisebjectHulitloiu thiekgpuKpeyiong
treatment was cut in the thickness SF-876PCT 33 direction wth a di anond
#180 cutti ngxhikade shavisig @ ct@anet efpwaft 20Engm eeutreerithi tdanesseof 1 nm
Then, using a grinder (manufactured by Ckanmpbto Kosaku Kikai K K'), the cut

surface of the t3=0€loMNhi@lo cracks under the following conditions.

5 Sputtering conditions

Sputtering system: DC magnetron sputtering
Process gas: Ar
Process pressure: 3 mTorr
Oxygen partial pressure: 0.02 mTorr
10 Electric energy applied: 3 W/cm®
Integrated electric energy applied: 10 Wh/cm®
The surface roughness of the sputter surface of each
of the targets No. al and a2 was measured before and
after the sputtering treatment by the use of a surface
15 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 in accordance with JIS B 0601
(1994) . The results are set forth in Table 1.

20 Sectional observation of target

Using a grinder (manufactured by Okamoto Kosaku
Kikai K.K.), the target No. al having been subjected to

the sputtering treatment was cut in the thickness



5 was ground with a #600 di anond grindi ng wheel having a diameter of 205 mm
and a thickness of 10 mm Then, using a single side |apping nachine

(manuf actured. by Speedfam Co.), the cut surface of the target No. al was

| apped with I%&%%P%ﬁrasive grains of 10 GC#1000. Then, using a single side
| appi ng machi ne (rmanufactured by Speedfam Co.), the cut surface of the
target No. al was abraded with di anond abrasive grains having an average
grain diameter of 0.1 m 15 The cut sw¥ace of the target No. al was
observed by neans of an optical mcroscope (BX5-33P (equipped with a
reflected light illumnation device), manufactured by C)Knpus Optical Co.
Ltd.). The resutdctisorsetiflors hdiamomdb¥£8Q. c2otEval baedenhafingi ial arc
properties The target No. a2 having been subjected to the sputtering
treatment fordidme=teroyal20f mhcandcsacksScksessl afl § mo.the target No. a
was set in a sputtering apparatus (EX-3013M nmanufactured by Shinkuu Ki kai

Kogyo SF-876PCT 34rye K. )y saibyech gt omsputsefiingdf By dhembhbn film
formati on under the following conditions to detect arcing generated in the

sputtering byKéggk&SfiﬁgiaKpKFWF %@QiEQE surface of the target No. al

5 was ground with a #600 diamond grinding wheel having a
diameter of 205 mm and a thickness of 10 mm.

Then, using a single side lapping machine
(manufactured. by Speedfam Co.), the cut surface of the
target No. al was lapped with loose abrasive grains of

10 GC#1000.

Then, using a single side lapping machine
(manufactured by Speedfam Co.), the cut surface of the
target No. al was abraded with diamond abrasive grains
having an average grain diameter of 0.1 um.

15 The cut surface of the target No. al was observed by
means of an optical microscope (BX5—33P (equipped with a
reflected light illumination device), manufactured by
Olympus Optical Co., Ltd.). The result is set forth in
Table 1.

20 Evaluation of initial arc properties

The target No. a2 having been subjected to the
sputtering treatment for the removal of micro cracks
similarly to the target No. al was set in a sputtering

apparatus (EX-3013M, manufactured by Shinkuu Kikai Kogyo



(MAM Cenesi s,
conditions and the arcing detection

is set forth in_Table 1. Sputtering
magnet ron spdftEPihly 10 Process gas
partial pressure: 0.02 mlorr Electr
electric energy applied: 5 Wa/cn2 1
Det ecti on node: energy Arc detection
boundary: 50 m} Hard arc mninmmti
of Exanple Al was repeated except th

manuf actured by Landmark Technol ogy Co.).

5 The sputtering
conditions are as follows. The result
conditions Sputtering system DC

: Ar Process pressure: 3 mlorr Oxygen

ic energy applied: 3 WcnR Integrated

5 p Arc Monitor neasuring conditions
Vil tage: 100 V Hi gh-nedi um ener gy

me: 100 s 20 Exanpl e A2 The procedure

at the targets No. a3 and a4 were used

i nstead of the Kiarget slojealedntb afputnelr big t her spiuet ehiingféondi ti ons,

SF-876PCT 35 the integrated el ectric

energy applied in the sputtering

treat nent forfdheatiemvaldef therforacksg vesndhahges to dét¥htcatcfingm 10

Wh/cnR. The results are set forth in

generated in the sputtering by the use of a p Arc Monitor

(MAM Genesis,

conditions are as follows.

Table 1.

Sputtering conditions

Sputtering system:

10 Process gas: Ar

Process pressure:

Oxygen partial pressure:

manufactured by Landmark Technology Co.).

The sputtering conditions and the arcing detection

The result 1is set forth in

DC magnetron sputtering

3 mTorr

0.02 mTorr

Electric energy applied: 3 W/cm?

Integrated electric energy applied:

15 p Arc Monitor measuring

5 Wh/cm?

conditions

Detection mode:

Arc detection voltage:

High-medium energy

Hard arc minimum time:

20

Example A2

energy

100 v
boundary: 50 mJ

100 ps

the targets No.

targets No.

The procedure of Example Al was repeated except that
a3 and a4 were used instead of the

al and a2, and of the sputtering conditions,



Tabl é 1. '5 Exanpl e A3 The procedure of Exanple Al was repeated except that
the targets No. a5 and a6 were used instead of the targets No. al and a2,
and of the sgk;tgk (j’,fg conditions, 10 the integrated electric energy applied
in the sputtéri §‘5 reatnment for the renmoval of micro cracks was changed to
3 Wi/cn2 from 10 Wh/cnR. The results are set forth in Table 1. 15
Conparative Exanple Al The procedure of Exanple Al was repeated except that
the targets No. a7 and a8 were used ir3tead of the targets No. al and a2,
and the renoval of mcro cracks was not carried out. The results are set
forth in Table 20 1. SF-876PCT 36 Target Nunber of .

m cr oSur f ace Sief deeEGRIct & INs dr e ke e ¥ @y ghprebsedughridss ofparEering

bef oreafteroccurrence sputteringsputteri ng D?15D?10Dz5(r enoval of (renoval
cracks) of cr ackex)tmdri40A30U™ IR al) Raf (m}¢té ne.sicks was changed to

6 Wh/cm? from 10 Wh/cm®. The results are set forth in

Table 1.

Example A3

The procedure of Example Al was repeated except that
the targets No. a5 and a6 were used instead of the
targets No. al and a2, and of the sputtering conditions,

10 the integrated electric energy applied in the sputtering
treatment for the removal of micro cracks was changed to
3 Wh/cm? from 10 Wh/cm?’. The results are set forth in

Table 1.

15 Comparative Example Al

The procedure of Example Al was repeated except that
the targets No. a7 and a8 were used instead of the
targets No. al and a2, and the removal of micro cracks
was not carried out. The results are set forth in Table

20 1.



al 0001. 11. 3- Ex. Al a2---1.21.21 a30011.11.1- Ex. A2 a4---1.01.22
ab0031.11.1- 3 Ex. A a6---1.01.17 Conp.a758101.1-- Ex. Ala8---1.2-21 Dis a
depth (m of E géﬁ{ crack. Lis alength (pn) of a mcro crack. 5 Next,
exanpl es of thd"¥&dond enbodi ment of the present invention are descri bed.
Exampl e B1 An In203 powder and a Sn02 powder were mxed in a 10 ratio of
90: 10 (In2@B:Snx2) by wt% Fromthe m xture, a sintered product of |TO was
prepared in accordance with a convent36onal nethod, and the sintered
product was used as a target material. After the target material was cut
into pieces having a dianeter of 6 inches, both of a

Target | Number of micro | Surface Surface Frequency
No. cracks * roughness roughness |of arc
before after occurrence
sputtering | sputtering
p>1s | p210 | p2s | (removal of | (removal
cracks) of cracks)
1240 | .230 | L210 | Ra (um) Ra (um) (times)
al 0 0 0 1.1 1.3 -
Ex. Al
a2 - - - 1.2 1.2 1
a3 0 0 1 1.1 1.1 -
Ex. A2
ad - - - 1.0 1.2 2
a5 0 0 3 1.1 1.1 -
Ex. A3
a6 - - - 1.0 1.1 7
Comp. a7 5 8 10 1.1 - -
Ex. Al a8 - - - 1.2 - 21
*: D is a depth (um) of a micro crack.

L is a length (pm) of a micro crack.

Next, examples of the second embodiment of the
present invention are described.

Example Bl

An In,0; powder and a SnO, powder were mixed in a
10 ratio of 90:10 (Iny03:Sn0;) by wt%. From the mixture, a
sintered product of ITO was prepared in accordance with a
conventional method, and the sintered product was used as
a target material. After the target material was cut
into pieces having a diameter of 6 inches, both of a

15 surface to be sputtered (sputter surface) and a surface



15 surface to be sputtered (sputter surface) and a surface SF-876PCT 37 to
be bonded (bonding surface) of each piece were ground wth a surface
grinder to adjust the thickness to 5 mm Then, the sputter surfaces of the
pi eces were dk&ﬁﬂ%ﬁﬁtk\ di anond grindi ng wheel s of different grits to
obtain 5 targets No. bl to b4. Then, a target No. b5 was prepared in the
sanme manner as descri bed above except that the sputter surface was
subjected to blasting using Alundum &y a bl asting nmedi uminstead of
grinding with a dianond grinding wheel. 10 Then, the targets were each
bonded to a backing plate nade of copper, then set in a honenade
sputtering apparatosndad Subpettedstofspaltefi agchngéecehwetrel bowumg
conditions. Sputtering conditions 15 Sputtering system DC magnetron
sputtering Ripaess gastadd Frocess v esajuist Bhalohkcnygentpabt mal.
pressure: 0.03 mlforr Electric energy applied: 1.64 Wcn2 20 I n the above

sputtering opgial| Ohe AL ECLLPNSQEFREEs ¥BStRAN HiBEcQUL S %g)o@ndAE@.th
Monitor (MAM Genesi s, rnanufactured by Landmark Technol ogy .) as an arc

count er underd%iﬁ%ﬂﬁ?%iygﬁfghSoﬂgééignéfOéi@fg?éﬁﬁtBgﬂts to obtain

5 targets No. bl to b4. Then, a target No. b5 was prepared
in the same manner as described above except that the
sputter surface was subjected to blasting using Alundum
as a blasting medium instead of grinding with a diamond
grinding wheel.

10 Then, the targets were each bonded to a backing
plate made of copper, then set in a homemade . sputtering
apparééus and subjected to sputtering under the following
conditions.

Sputtering conditions

15 Sputtering system: DC magnetron sputtering
Process gas: Ar
Process pressure: 3 mTorr
Oxygen partial pressure: 0.03 mTorr
Electric energy applied: 1.64 W/cm’

20 In the above sputtering operation, detection of arc
was carried out using a p Arc Monitor (MAM Genesis,
manufactured by Landmark Technology Co.) as an arc
counter under the measuring conditions of a detection

mode of energy, an arc detection voltage of 100 V, a



node of . energy, an arc detection voltage of 100 V, a SF-876PCT 38

hi gh- medi um energy boundary of 50 ml and a hard arc mninumtine of 100 s,
and the integfdmpcel ectric energy applied until the initial arc converged
(until the arc 1 nterval becane not |ess than 10 seconds) was 5 neasur ed.
Then, the sputtering was continued until the integrated electric energy
becane 0.1 Wh/cnz. The results are sef forth in Table 2. Further, the
surface roughness Ra of the sputter sif face of each target before the
sputtering was neasured 10 in accordance with JIS B 0601 (1994). The

results are set forth in Table 2. The neasur nt of ,surfac roughness was
made usi ng asréltﬁkf_a[?: THughHhesyY ﬁé?%?(?@@i?%% ggerfﬁ%u?%%t%réarﬁyaﬁgsaka
Kenkyusho) under the conditions of a feeler radius of 2 E.un, a feed rate
of 0.5 1 sediimimsn ciitnefdt of0O D, saimn HiRl bt eysd badi 8ASFEA§ENR of 4 mm
SF-876PCT 39 Tabl e 2 Sanpl eRel ati veDensitySurfacel nt egrat edFrequency
No. Densi t yr owfiemess ezt s ofntarle Fee bt brbehergyocenyeeaed (until the
sputteringapplied treatnent

arc interval became not less than 10 seconds) was

5 measured. Then, the sputtering was continued until the
integrated electric energy became 0.1 Wh/cm?. The results
are set forth in Table 2.

Further, the sﬁrface roughness Ra of the sputter

surface of each target before the sputtering was measured

10 in accordance with JIS B 0601 (1994). The results are
set forth in Table 2. The measurement of surface
roughness was made using a surface roughness meter SE1700
(manufactured by Kosaka Kenkyusho) under the conditions
of a feeler radius of 2 pum, a feed rate of 0.5 mm/sec, a

15 cut-off of Ac 0.8 mm and an evaluation length of 4 mm.



(g/cmB)(m (Wi/cmR) (times) *2 ($)*1 b 199.17.090. 350. 0100261 b

299.57.121. 380. 01201119 b 399. 17.091. 010. 0073740 b 499. 37. 100. 790. 009183 b
599. 67. 132. 4%9 %%% 052 *1: integrated electric energy applied until the

i nterval 5 ccurrence becones not |ess than 10 seconds *2: frequency
of arc occurrence until the interval of arc occurrence becones not |ess
than 10 seconds 10 Exanple B2 The sangles used in Exanple Bl were taken out
of the honenade sputtering apparatus39then subjected to vacuum packagi ng
and allowed to stand for one day. Thereafter, the sanples were taken out
of the vacuum packages, set in 15 the above-nentioned honenmade sputtering
apparatus and subjected to sputtering under the sanme sputtering
conditions as in Exanple Bi until the integrated electric energy becane 5
Wh/ cnZ including the integrated el ectriablengrgy of Exanple Bl. Further,

the surface roug SE-876PCT 40 hefore the cngfteri gg fra repRt was
measured in the e r@@?@j’wﬁ DFﬁsﬁanﬂé B, THE LBdIR TS REEREFYorth in
Ra before enerqgy occurrence
sputtering | applied
treatment
(g/cm®) (um) (Wh/cm?) (times) *2
(%) *1
b1 99.1 7.09 0.35 0.0100 261
b 2 99.5 7.12 1.38 0.0120 1119
b3 99.1 7.09 1.01 0.0073 740
b 4 99.3 7.10 0.79 0.0091 83
b 5 99.6 7.13 2.47 0.0064 1052

*1: integrated electric energy applied until the interval

5 of arc occurrence becomes not less than 10 seconds

*2: frequency of arc occurrence until the interval of arc

occurrence becomes not less than 10 seconds

10 Example B2

The samples used in Example Bl were taken out of the
homemade sputtering apparatus, then subjected to vacuum
packaging and allowed to stand for one day. Thereafter,
the samples were taken out of the vacuum packages, set in

15 the above-mentioned homemade sputtering apparatus and
subjected to sputtering under the same sputtering
conditions as in Example Bl until the integrated electric
energy became 5 Wh/cm® including the integrated electric

energy of Example Bl. Further, the surface roughness Ra



Table 3. '5 Table 3 Sanpl el nt egrat edSurf acel nt egr at edFr equency

No. el ectricroughness Rael ectricof arc energybeforeenergyoccurrence

appl i edsput t grighgpanrpl i ed bef oretreatment sputtering (Wi/ cnR)4M (Wi/cm)
*1(times) *2 b 10.10.370.00042 b 20.11.350.00092 b 30.11.090. 00053 b
40.10. 810. 00094 b 50.12.480.00042 *1: integrated electric energy applied
until the interval of arc occurrence Q conmes not |ess than 10 seconds 10
*2: frequency of arc occurrence until ﬁhe interval of arc occurrence
becones not | ess than 10 seconds It can be seen from Table 3 that the

sanpl es havi E)%fol%%er%h%u@?qﬁgteec}i g; the Shidterddg ddsatmmnts had, exsghkent

15 initial a propertie ecause convergence of arc imrediately after
tt i
Sputtering ves Lant 4 and the frRIANCY rdl 6 00U Iee YT P pased.

Table 3.
5 Table 3
Sample Integrated Surface Integrated Frequency
No electric roughness Ra electric of arc
enerqy before energy occurrence
applied sputtering applied
before treatment
sputtering )
(Wh/cm?) (um) (Wh/cm?) *1 | (times) *2
b1 0.1 6.37 0.0004 2
b 2 0.1 1.35 0.0009 2
b3 0.1 1.09 0.0005 3
b 4 0.1 .81 0.0009 4
b 5 0.1 2.48 0.0004 2

*1: integrated electric energy applied until the interval
of arc occurrence becomes not less than 10 seconds
10 *2: frequency of arc occurrence until the interval of arc

occurrence becomes not less than 10 seconds

It can be seen from Table 3 that the samples having
been subjected to the sputtering treatment had excellent

15 initial arc properties because convergence of arc
immediately after sputtering was rapid and the frequency

of arc occurrence was decreased.



The sanpl-es used in Exanple B2 were taken out of the honenade sputtering
apparatus, then set therein again and subjected to sputtering under the
sanme sputteridpgrge€enditions as in Exanple Bl until the integrated electric
energy becanme 6 Wh/cn®R including those of Exanple Bl and Exanple B2. As a
result, any target was free from occurrence of arcs with an arc interval

of less than 10 seconds. Further, the, surface roughness Ra before the 10
sputtering treatnent was neasured in the sane manner as in Exanple Bl. The
results are set forth in Table 4. Table 4

Sanpl el nt egr at edSur f I nt egr at edFrequency No. el ectricroughness
Raelectricofiéﬁggéﬁézgf appl i edbef or eener gyoccurrence

bef oresputteri ngapplied sputteringtreatnent. (W/cn2)(PM(Wi/cnZ) *1(times)
22 b 15,02, 0100 b e GETBIRS HSET 027 FHH. o P f%%%oth%ﬁ%%.‘b‘?%%éogﬂ@ %1
integrated electric energy applied until the interval of arc occurrence
becomes not |hweendtn S Eerohds 2PParzidiRent)eDf Saf ctBeEatfengaiinéPd t he
interval of arc occurrence becones not |ess than 10 seconds

subjected to sputtering under the same sputtering

5 conditions as in Example Bl until the integrated electric
energy became 6 Wh/cm® including those of Example Bl and
Example B2. As a result, any target was free from
occurrence of arcs with an arc interval of less than 10
seconds. Further, the surface roughness Ra before the

10 sputtering treatment was measured in the same manner as

in Example Bl. The results are set forth in Table 4.

Table 4
Sample Integrated Surface Integrated Frequency
No. electric roughness Ra electric of arc
energy applied |before energy occurrence
before sputtering applied
sputtering treatment
(Wh/cm®) (pm) (Wh/cm?) *1 | (times) *2
b1 5.0 2.01 0 0
b 2 5.0 1.74 0 0
b 3 5.0 2.23 0 0
b 4 5.0 2.92 0 0
b5 5.0 2.36 0 0

15 *1: integrated electric energy applied until the interval

of arc occurrence becomes not less than 10 seconds

*2: frequency of arc occurrence until the interval of arc

occurrence becomes not less than 10 seconds



SF-876PCT 42 | NDUSTRI AL APPLI CABI LI TY The sputtering target according to
the invention can effectively reduce occurrence of initial arc, and hence
5 it can be fqpupgmb y used as a target used for sputtering and thin film
formati on. SF-876PCT 43 What is claimed is: 1. A sputtering target

manuf actured through a nmachine grinding step, wherein a mcro crack having
a depth of not less than 15 pm and @g%ength of not less 5 than 40 pmis
not substantially found when the sectitdnal observation of a sputter
surface of the target is nade. 2. The sputtering target as clained in claim
1, wherein a mcro crack having a depth of not |less than 10 10 mand a

| ength of not less than 30 pmis not substantially found when the
sectional observation of a S%EE%%J ﬁﬂrf%ﬁﬁ°ﬁi t get is nmade. 3. The
sputtering target as clained i } e he nunber of mcro
cracks having a depth of not |less than 5 pmand | ess than 10 pmand a
length of not |edhea Favttering dr I 2 ¢FHAFA LW phe i % SRVERESOBasaR on
2.5 Mmof a length in the width direction of the section when the

secti onal obsdarfmttiiorelof medms tasceurémce of initial arc, and hence

5 it can be favorably used as a target used for sputtering

and thin film formation.



20 the target is nmade. 4. The sputtering target as clainmed in any one of
clainms 1 to 3, which is obtained by subjecting its SF-876PCT 44 sputter
surface to anrygogof Sputtering treatment, |aser treatnment and dry etching
treatment. 5. The sputtering target as clained in any one of 5 clains 1 to
4, which conprises a target material prepared by powder netallurgy process.
6. The sputtering target as clained ig any one of clainms 1 to 5, which
contains at |east one of indium 10 oxitde and tin oxide as a main conmponent .
7. The sputtering target as clainmed in any one of <clains 1 to 6, wherein

t he surface ughness .Ra of the sputter surface of the target is not |ess
than 1.0 m %%a%.%ﬁ & ¢t arget manufactured through a machine
grinding step, a sputter surface of which has been subjected to sputtering

treatment prior td-shi PpPRYLLEH19I FRE ISFutMBIYiRE bt t Iae w9 i ded i n
claim8, wherein the integrated electric energy applied to the sputter
surface of tHecdjme tiimglingr §éer,n Wit sbuta erigrp teetrdmvisgnat | ess
t han 0. 005 Wi/ cnR. SF-876PCT 45
depth of not less than 15 pum and a length of not less
5 than 40 pm is not substantially found when the sectional

observation of a sputter surface of the target is made.

2. The sputtering target as claimed in claim 1,
wherein a micro crack having a depth of not less than 10
10 pm and a length of not less than 30 pum is not
substantially found when the sectional observation of a

sputter surface of the target is made.

3. The sputtering target as claimed in claim 2,

15 wherein the number of micro cracks having a depth of not
less than 5 pm and less than 10 pm and a length of not
less than 10 pm and less than 30 pm is 5 or less based on
2.5 mm of a length in the width direction of the section
when the sectional observation of a sputter surface of

20 the target is made.

4. The sputtering target as claimed in any one of

claims 1 to 3, which is obtained by subjecting its



10. The sputtering target as clained in claimS§,
electric energy applied to the

wherein the integrated
sputter surface of the sputtering target

in

the sputteriggghgpegt ment is not less than 0.01 W/ cnR. 5 11. The sputtering
target as clainmed in claim8, wherein the integrated electric energy
applied to the sputter surface of the sputtering target in the sputtering

tr eat nent

claimed in any one of <clains 8 to 11,
has been stuck to the sputter surface of the sputtering

t t h 15 1 tt
Clarm 8 to TBMChARCH I LA G by e He protaiCog {98 o

is not less than 0.02 Wh/cnf, 10 12. The sputtering target as
wherein a surface protective film

4

target when the

sputtering target as clained in any one of clains 8 to 13, which contalns

i ndi um oxi de t&&axmeaitn anchiFoh&HCIigE &

as claimed in any one of clains 8 to 13, which is an oxide (ITO
containing at |east one of indium oxide and tin oxide.

10

15

20

5. The sputtering target as claimed in any one of

claims 1 to 4, which comprises a target material prepared

by powder metallurgy process.

c. The sputtering target as claimed in any one of
claims 1 to 5, which contains at least one of indium

oxide and tin oxide as a main component.

7. The sputtering target as claimed in any one of
claims 1 to 6, wherein the surface roughness Ra of the

sputter surface of the target is not less than 1.0 pm.

8. A sputtering target manufactured through a

machine grinding step, a sputter surface of which has

been subjected to sputtering treatment prior to shipping.

9. The sputtering target as claimed in claim 8,
wherein the integrated electric energy applied to the
sputter surface of the sputtering target in the

sputtering treatment is not less than 0.005 Wh/cm?.

15. The sputtering target



5 16: A process for manufacturing a sputtering target, conprising machine
grinding a surface of a target and then, prior to shipping, subjecting at

| east a sput gprg7epeydt f ace of the target to sputtering treatment. 10 17. The
process for manufacturing a sputtering target as claimed in claim 16,
wherein the target is obtained by a sintering process. 18. A process for
manuf acturing a sputtering target, 1%_conprising machi ne grinding a
surface of an ITO target obtained by sPntering a material containing indium
oxide and tin oxide as main conponents and then, prior to shipping,

subj ecting at | eagt a SpUtLer SWface Afddie ad FQL MLt 4 L SPULLENT NG

treatnment. 20
wherein the integrated electric energy applied to the

sputter surface of the sputtering target in the

sputtering treatment is not less than 0.01 Wh/cm?.

5
11. The sputtering target as claimed in claim 8,
wherein the integrated electric energy applied to the
sputter surface of the sputtering target in the
sputtering treatment is not less than 0.02 Wh/cm?.
10
12. The sputtering target as claimed in any one of
claims 8 to 11, wherein a surface protective film has
been stuck to the sputter surface of the sputtering
target when the target is shipped.
15
13. The sputtering target as claimed in any one of
claims 8 to 12, which is manufactured by a sintering
process.
20 14. The sputtering target as claimed in any one of

claims 8 to 13, which contains indium oxide as a main

component.
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15. The sputtering target as claimed in any one of
claims 8 to 13, which is an oxide (ITO) containing at

least one of indium oxide and tin oxide.

16. A process for manufacturing a sputtering target,
comprising machine grinding a surface of a target and
then, prior to shipping, subjecting at least a sputter

surface of the target to sputtering treatment.

17. The process for manufacturing a sputtering
target as claimed in claim 16, wherein the target is

obtained by a sintering process.

18. A process for manufacturing a sputtering target,
comprising machine grinding a surface of an ITO target
obtained by sintering a material containing indium oxide
and tin oxide as main components and then, prior to
shipping, subjecting at least a sputter surface of the

ITO target to sputtering treatment.



