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Title: SPUTTERI NG TARGET AND PRODUCTI ON METHOD THEREFOR  generation, and
significantly enhances an initial stability. Abstract: A sputtering target
whi ch is produced after being gone through a nechanlqasegbkmgfm@xstep,
.characterized in that, in its fast em bodinent, mcro-cracks having depths
and |l engths of at |east specified values are substantlally el i m nat ed when
the sputter surface of this target is observed in section, and that “in
. its second enbodi nent, the sputter urface of a sputtering target produced
‘after being undergone nechani- cal grinding is sputtered in advance before
shipment. A sputtering target can b 1Qvided that effectively reduces
arcing, especially, an initial are gﬂgéptenber 2005 1 TITLE SPUTTERING

nvent i on rSPATBERES CBREREE (8BaPROFUoSpbet oG And CEHNE I Emer it | on

~and a process for manufacturing the targets BACKGROUND ART 10 A
sputtering process has heretofore been known as one of thin filmformng

processes. The sputtering process is a process for formng a thin filmon
a 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
procéss is a process for forming a thin film on a
éubstfate, wherein an inert gas in a state of plasma
generally made under reduced pressure is allowed to B

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

20 fofﬁation of large area can be made easily and films of
high performarnice can be obtained.
As other sputtering processes, there are reéently
known a reactive sputteripg pfoceSS'Wherein sputtefing'is

carried out in a reactive gas and a magnetron sputtering




"~ substrate, wherein an inert gas in a state of plasma generally nmade under

reduced -pressure is allowed to 15 collide with a sputtering target (also
referred to as a "target” sinply hereinafter) and noleegdi&an& 20850
rushing out fromthe target by the collision energy are 'allowed to deposit
on a substrate to forma thin film This process has been industrially used
since film20 formation of |arge area can be made easily and filnms of high
per f ormance can be obtained. As othér sputtering processes, there are
recently known a reactive sputterlng process wherein sputtering is

carried out in a.r Ly n,sPYt{gLing,6=Sept epber. 2005
.2 processpﬁ%er%?ngggnagne acegagﬂgkégagk surface gf the target to

achi eve high-speed thin il mfofmat d by th
above. pr ocBR3ese It ot %c'fh%%ﬁ*%re@?%f'?%?%?%gd Higoabt Pty BRar 8Pl on) 5

containing at |east one of indiumoxide (1n23B) and tin oxide (SnQ2) as a
mai n conponent(b%rim%uF%&Wyf%$ﬁﬁtﬁ?rm%ﬁg%YvFg?b?goY?gﬁfo??ﬁﬁgﬁvssion and

hi gh conductivity, and therefore they have been wi dely used as, for
exanpl e, ttiamsparEnoxtdedutteierfed ngofar ['IEai dh@¥?5?éftﬁFéplay 10
devices, exothermc filnms for preventing dew condensation of glass, or
i nf rar ad r@éﬁ@@imyﬁgfatn$ea§%mnm®f@étlmdmumopnlﬁg { he:Q:TOamid hiirs
manuf act ur ed
oxide (Sn0O;) as a main component particularly exhibit
higﬁ visible light transmission and high conductivity,
and therefore they have been widely used as, for example,
transparent conductive films for liguid 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
éimilarly to other oxide targets. That is to say, a
térget material is prepared by powder metallurgy process %
15 (sintering process) which comprises molding a startigg
material powder and then sintering the molded prodﬁct,
and.the_target matérial is then subjected to surfaée
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..




simlarly to other oxide targets. That is to say, a target material is
prepared by powder metallurgy process 15 (sintering process) mhich
conprises nolding a starting material powder’ and theng %5 ﬂ?)the
nol.ded product, and the target material is then subjected to surfac
grinding using a grinding wheel of about #200 or to other rmachining
operations such as outline machining, to 20 manufacture the target. In the
~formation of a thin filmof high performance wusing the sputtering target
t hus manufactured, however, there reside the follow ng problens. 6

Septenmber 2005 fhat &8 g ggyhglﬂ Lhe sputiering, espeelahhy i the

initial stage o e Sputt abnor l'ect I scharge called arcing
(sonetinmes-.referred to as initial arc" hereinaft es | ace to inpair
films forﬁpﬁéléiaBFﬁﬂ?yogn&hFoSBP5&8€énﬁhrt|5?%% ejFur%l<t #) particles
adhere to the sputterlng target and accunul ate thereon to forn1a bl ack
deposit cafi-eghpsdgl e2lard ?HF%ngndéﬁmgt&§ﬁ§e§e§Fﬁﬁﬁﬁi1ﬁhffh further
i nduces occurrence of nem/partlcles Furthernore, if the particles adhere
to 10 the thnatfalnprpér herranedter)t Kakesi plidemtcs inpstiar ifgridted. In the
use of a new sputtering target, therefore, in order to avoid the above
probl ens, Edkmmggnﬂshbméitarahddtoogtoﬁnceh@agémqi¢aﬁ fimeheiremttive
begi nni ng -of
particles adhere to the sputtering target and accumulate
thereon to form a black deposit called nodule, and this
nodule causes arcing, which further induces occcurrence of
new particles. Furthermore, if the particles adhere to
10 the thin film, performance of the thin film 1is
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 impro#ement 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




15 sputtering to the stoppage of occurrence of arcing that enables

manuf acturing of products, even if the new sputtering target is set in the
sputtering apparatus, and this is an obstacle to inproy, beClaokhe
productivity. It has heretofore been said that occurrencg o¥ %ué% 20
arcing or nodule is nore reduced as the surface of the target is snoothed
"by abrasion. Therefore, a surface- abraded target with a smoboth surface is

" now the mainstream For exanple, an TTO sputtering target whose surface

roughness is controlled within the prescribed 6 Septenber 2005 4 range to

prevent occurrence of arc%ng or noduleoi a ge%crbgegohﬁlégggpese Pat ent s
No. 275048328H8 NB.P3%%21068%““ThIGFHEr oAt t-aPn°Such “a ‘prescri bed surface

roughness, however, it is necessary that after_ preparation o ar get
material, €R8crabget LFnf8PRrEESEs PalfEc &9 aUl 4ngi%$ n@othgégéﬁo chi ne

grinding to adjust the thickness and then stepw se subjected to finish
gri ndi ng (&brasilen) tot atsabot Aucheat argecribeflaserfans WAVINERAts in
probl ens of a | ong manufacturing time and high cost- 10 Further, even in
t he use of hbheveTD farjetnbawsngra tprésefitbedpsuphaed iosugihess, the
initial arc cannot be effectively prevented, and idling nust be carried

out. overtargetahbvelyalpnghpetedeof nhiterialt es aubgwctsplittardmg target
i's set in the sputtering apparatus.
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.

lb Further, even in the use of the ITO target having a
prescribed surface roughriess, the initial arc cannot be
effectively prevented, and idling must be carried out
'6ver é 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 érepdred by powder metallurgy process
(Siﬁtering érdcess} and contain, as main components,
oxides other than ITO, nitrides, carbides and borides,
etc., or metal type térgetsr

20 " Under such circumstances, the present inventors have
.earnestly studied, and as a resulﬁ, they have found that,

in a sputtering target manufactured through a méchine
grinding step, initiél_particles,'which are atﬁribﬁtable

" to the grinding step and present on the target surtace,




15 Such problens reside also in ceranmic type targets .which are prepared by
powder netallurgy process (sintering process) and contain, as main
conponents, oxides other than ITO nitrides, carbidesgap epﬁé}ﬁﬁﬁé etc.,
or netal type targets.. 20 Under such circunstances, t%e resent 1nventors
have earnestly studied, and as a result, they have found that, in a
- Sputtering target manufactured throggh a machine grinding step, initial

particles, which are attributable to the grinding step and present on the
target surface, 6 Septenber 2005 5 or portions, which separate fromthe
surface layer by .therma] .shock of u [i a rticles, are
mai n cause ro?ogF%?%ﬁ'OVLﬁSBuF%?aE%éghg%gwfEgﬁeggrgﬁggygﬁegg}gﬁiles and
portions are renoved, occurrence of the 5 initial arc can berprevented.
The presentheHieht Drechadé FB?FE%FlQ?uﬂ?gd?eﬁﬁﬂea§a5tng§3Vt? they have
found that whether the portions separate fromthe surface |ayer by thernal
shock of mpltteringsand bBsebns phrRPenEs, oFondtagr ddt Ieg8pefidd 1£0 upon
the presence of mcro cracks forned fromthe surface of the target to the
i nsi de by phetimtés nendr podingns aatheenchiad, t becswreace céughsess of the
target. The present inventors have also found that all of the mcro
cracks 310- nQt t causerar €angoer ppedeheebut mcro cracks

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

?fesent 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

v

values are main causes of'the initial arc, so that
occufrence of the initial arc can be effectively.‘
pfevented'by substantially removing such micro cracks.
BaSed-on the finding, the present ihvention has been
20 accomplished.

| Accordingly, it is an object of the invention to
provide a sputtering target, which can pre%ent oécurrence_-
of initial arc, improve initial stability of the

sputtering and remarkably enhance productivity in the




15 having a depth and a length of not |less than the specific values are
mai n causes of the initial arc, so that occurrence of the initial arc can
be effectively.- prevented by substantially renoving %P ] cks.
Based on the finding, the present invention has been %¥§ tgbgéﬁ% thed.
Accordingly, it is an object of the invention to provide a sputtering
‘target, which can prevent occurrenceg of initial arc, .inprove initial
stability of the sputtering and renmarkably enhance productivity in the 6
Sept enber 2005 6 thin filmformation, and a process for manufacturing the

Sput t eri ng. f, a5, 9et 11, DESRLEBLRE, OEndHE LNVENTLONGS Thespuitiaring dres get

according to a first enbodinent of the present invention is a sputtering
target manufactured t a machine grinding step, wherein a mcro crack
havi ng a d%%?ﬁ£%¥lﬁ%t@%ggggfhan 15 pmand a length of not |ess than 40 pm
preferably a 10 depth of not less than 10 pmand a |l ength of not |ess

than 30 pm is not substantially found when the sectional observation of a

sputter surface of the target is made.  In the s ring target, the
_nunber of mcro cracks hQgﬁﬁﬁEﬁﬁﬁgbﬁﬁlﬂﬁghdﬁﬁﬁgggéﬁian 5 pmand | ess than
10 pm 15 -and a length of not |less than 10 pmand | ess than 30 pm
5 The sputtering target according to a first
embodiment of the present invention is a sputtering
'target manufactured through & machine grinding step,
wherein a micro crack having a depth of not less than 15
pm‘and a length of not less than 40 pm, preferably a
10 depth of not less than 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.
Ihithé sputtering target, the number of micro cracks
having a depth of not less than 5 pm and less fhan 10 um
'15 -and a 1eﬁgth of not less than 10 pum and less than 30 pm
is preferably 5 or less based on 2.5 mm of a léngth ih
the_ﬁidth direction of the section.
The sputtering target of the first embodiment of the
invention is preferably one obtained-by subiecting its
20 sbutter surface to any one of sputterihg-treatment, laser
treatﬁent and dry etching_treatmeﬁt-
The sputtering target of the first-embodiménf of the

invention preferably comprises a target material prepared

by powder metallurgy process, and preferably contains at




IS preferably 5 or less based on 2.5 nmof a length in the width direction

of the section. The sputtering target of the first enbodi ment of the

invention is preferably one obtained by subjecting it 0.,sputt surface
e

to any one of sputtering treatnent, |aser treatnent an Png

treatnment.. The sputtering target of the first enbodi nent of the invention
preferably conprises a target material prepared by powder netall urgy
process, and preferably contains at ’6 Sept enber 2005 7.1 east one of indium
oxide and tin oxide as a main conmponent In the sputtering target of the

first enbodi nent of he invention, the surface.roughness. of the sputter
5 surface-H%@S%éo%%toée§§hHWhﬁ¥E4%rﬁnghglgp%%%%?i%% ?a@%égaaccording to a

second enbodi nent of the present invention is a sputtering target

manuf act uredmpdneddigh a machi ne grinding step, a sputter surface of which
has been subjected to sputtering 10 treatnent prior to shipping In the

. sputtering target Ofetdmitevdny divethhepf ofe Fhest ngRbefoRenthet
integrated electric energy applied to the sputter surface of the

sputteri ngHargeteh i dhe. tisputteiday toeahnens Rz @f efieeabPyta6t | ess t han
0.005 15 Wh/cnR2, nore preferably not less than 0.01 Wi/ cnR, stil

5 surface may be not less than 1.0 pm.

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

10 treatment prior to shipping.
| In the sputtering target of the second embodiment of
the invéntion, the integrated electric energy applied to
the sputter surface of the sputtering target in the
sputtering treatment is preferably not less than 0.005 -
-157 Wh/cm?, more preferably not less than 0.01 Wh/émz, st%ll
more preferably:not less than 0.02 Wh/cﬁz.

.In the sputtering targef of the second.embodiﬁent of
the invention, a surface protective film has been
preferably stuck to the sputter surface of the sputtering

20 target when fhe target is shipped.

fhe sputtering target of the.second embodiment of

the invention is preferably one manufactgred by é

sintering process.




‘nmore preferably not Iess than 0.02 Wi/c In the sputtering target of the
second enbodi nent of the invention, a surface protective film has been

preferably stuck to the sputter surface of the sputterj t when
the target is shipped. The sputtering target of the sé%%%ﬁéﬁﬁ%ggﬁﬁent of

the invention is preferably one manufactured by a sintering process. 6
Sept enber 2005 The sputtering target, of the second enbodi nent of the

i nvention preferably contains indiun§oxide as a main conponent, or is
‘preferably an oxide (I TO containing at |east one of indiumoxide and tin

oxide 5 The progessfof. JRIHLAEh PELdoENE,SPULLRHAN Gk Rilflon Ofo £ Ne second

embodi ment of inventson conpri ses"nmachine grinding a surface of a target,
preferably a surface. of a target obtajned b .Si nt er.i rocess, . and
bt yngoaroreset g AL

then, priotPe B EH pp?PhgPTe ngCREAFBEst S IBLET S T b &t the 10.
target to sputtering treatnment. Wien the sputtering target of. the second
enbodi nment COBPORMRE i RNt oRT FECRACLY R B pAELER d ré§%F3ﬂﬂ%?9c%%ss for
manuf acturing the 1TO sputtering target conprises machine grinding a
surface oflamst TO¢ apfetndbtmi aedldpyans Sint exildg-a material contai ning
indium oxide and tin oxide as main conponents and then, prior to shipping,
subj ectdi ng at |'Bestprospstt forswafiataecofirihe LHO saugéering target
of the second embodiment of invention comprises machine
griﬁding 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 manufacturinglthe_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,

subjécting at 1east a sputter surface of the ITO target

to sputtering treatment.

0 . 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.




20 to sputtering treatnment. BRI EF DESCRI PTION OF THE DRAWNG Fig. | is a
schematic view to explain exanples of mcro cracks which can be found when
the sectional observation of the sputter surface of t - made. 6
Sept enber 2005 9 BEST MODE FOR CARRYI NG OUT THE IN\/EN'I%] %\ﬁt%ﬁg'l%dr"ésent |
invention is described in detail hereinafter. The first enbodi nent and the
second enbodi nent of 5 the sputtering target according to the invention are
both manufactured through a machi né® grinding step. That is to say, the
- sputtering target according to the invention has only to be a sputtering
target obtained through a nmachine grinding step. The target material for
10 use in the i nvemESgh MODEN GO R &AR UMY |C8JT( éE‘FEiW‘H‘FNTWM for exanple,
it may be a ceramic type target containing as a main conponent an oxide, a
nitride, a carbjnle presdariiderartidre 1s kigsoriney be detatdet made of a '
metal . Exanples of such target materials include those (1 TO 15 contai ni ng
at least one-of ,dn203 and Sn02 as a main y. conponent, those (I1ZO
containing at |east one of 1n203 and ZnO as a nain conponent, ZnO Al1203,

In203, Sn02, Znﬁ%e first embodiment and the second embodiment of

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 qarbide, a
' 5oride o# 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 inﬂh and SnO, as a main .
component; thoée (IZ20) containing at least pne of Ingo;
aﬁd-ZnO as a main component, Zn0-Al;0s, In;05, Snd;, Z4no,
Al,05, Si02, Tazx0s5, MgO_, NiQ, ‘lS.i3,N4: AlN, $iC, Mo, W, Cr,
Ti, Zr, Rf, Nb, Ta and Al. Of these, the ITO sputtering
'_'20 .téfgets are particularly effectively applicable to the
| first and the second embodiments of the invention because
high initiai stability is reQuired in order to éarry out

efficiént sputtering.




A1203i Si 02, Ta205, MO, N O Si3M, AIN, SIC, Mo, W C, Zr, H, Nb, Ta
and Al. O these, the ITO sputtering 20 .targets are particularly

-effectively applicable to the first and the second e t he
i nvention because high initial stability is requiregqu %Eﬁh?r? Scarry out

efficient sputtering. 6 Septenber 2005 10 The process to prepare the target

material is not particularly restricted, and for exanple, the ceramc

"type target can be prepared by a siH?ering process (powder netall urgy

process) wherein a m xture of starting 5 naterial powder s obtai ned by

m Xxing starting materials in iven r % honngeggous nlﬁgure of
géipit

starting nater|§ﬁep8ﬁﬂé?§soﬁ?aPﬁ 2h§ £6¢ t H5d "0t~ the |ike
is nolded by various dry nethods or wet nethods conventional |y known, then
subj ect ed parsintéprhy sAEtIOCEREn 30H] E6Fre§XEBPHEehitRE GATRMI G- In case
of the netal type target, a vacuumdissolution process wherein the
m xture oftgpartiamgenateni bt posadersdi byvacgamidirdsgl pe@cedisd t hen
subj ected to casting, plastic working and nmachine grinding, or powder
met al | ur gy (poReessmahel elifgy 1prbbes sl xiwtieeeth st aikicngenutferst ripowgers is
nol ded by HHP (hot isostatic press) nethod or CIP (cold isostatic press)
met hod sandy, L hep; s¥bpentiedst epeh nhedl Bg Andipbasthet inar kiarg dis esmiwyabl e.
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 1is vacuum dissolved
and then subjected to casting, plastic working and
machine grinding, or powder metallurgy process wherein s
15 the mixture of starting material powders is molded by HIP
(hot isostatic press) method or CIP (cold isostatic
presé) 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
stérting material powders is charged in 'a mold to prepare

a molded product, and the mblded product is calcined

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




‘Exanpl es of the dry nmethods include CP (cold press) 20 nmethod, HP (hot
press) nethod and H P (hot isostatic press) nmethod. According to the CP
met hod, a mixture of starting naterial powders is char i

prepare a nolded product, and the nol ded product is ca %Wﬁ@Ber%@kntered)
in the atnosphere or in an. oxygen atnosphere. 6 Septenber 2005 Il According
to the HP nethod, a m xture of starting naterial powders is charged in a
mold of an electric furnace and then subjected to nolding and sintering at
the same tinme with heating under pressure- According to 5 the H P nethod, a
m xture of starting material powders or a preformis enclosed in a r ubber
“bag or withceonding téobhethAtneiohad, a@c@%éEPﬁﬁ gbeAaft4"Hi gh tenperature,
deaerated, then placed in a container and sintered by heating with
|sotroplcahiwepiassmmwdeng  tthangédein aompddi gf aFhel@EECABt hod is, for
exanple, a filtration nolding mnethod described in Japanese Patent
- Lai d- Open Rubhication then 2869002¢4Q990 halthegf Bhtir ainbaraobdetg net hod, a
filtration mold is used. The filtration nold is a nold 15 nmade of a

wat er-insolybl e, material , apd £020Ph@i BndeiDpdedspreducicdyrdengviag wat er
content froma slurry of ceramc starting materials under reduced

pressurge: &CQ£9'£%kﬂghEhgsmﬂ§{@9g oft SEYEEYnGORaLELERY Bbwders 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 ,filtratior'l molding method, a.
filtration mold is used. The filtration méld is a mold
15 made of a water~-insoluble méterial and to obtain a mg}ded
product by removing water content from a slurry of
ceraﬁic starting materials under reduced pressure.
According to this method, a slurry cqnsisting 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 slufry under
reduced pressure to prepare a molded product, ana the

molded product is dried, degreased and then sintered.




m xture of starting material powders, ion exchange water .20 and an organic
additive is poured into the filtration nold, then water content is renoved
fromthe slurry under reduced pressure to prepare a éded Bro % t, and
the nolded product is dried, degreased and then sintgf epten gé%i%nber 2005
12  The calcining tenperature in each of the above nethods is desirably a
tenperature appropriately determ ned according to the starting materials
used. After the starting materials dPe nolded in a mold 5 and sintered to
prepare a target material as described above, the target material is

subj ected to machine gnindin%%ﬁfuch as surface grinding, .in order to form
it into a gi veAhSi £816A NI HEBHT T LSuAFacSCMRh TRE PGy, the
sputtering target is generally manufactured 10 through at |east a nmachine
grindi ng stephadsi § st hesghahlhata drendsradwfeacepiorheatakget  manuf act ur ed
t hrough the machine grinding step as described above, initial particles
attri but ableteontined gicadidigicsttap tre paratitomsy whe todr separsted f rom t he
surface 15 |l ayer by thermal shock of sputtering and becone particles are

usual Iy present praped thesetpattire estadhens taod kel dsabsir al encdut i ng t he
sputtering to cause thin filmdefect or adhere to the target again and

:‘;gfz‘gj'?t e JRer8on et ad QM plAack HAepaside Galdad MdM eje i gl auses
| above, the target material is subjected to machine |
griﬁding, such as surface grinding, in order to form it
into a given size or to smooth ?he surface. That is to
say, the sputtering target is generally manﬁfactured
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 spuftéring and become part%cles
are usually présent, and these particles adhere to the
subétrate during the sputtering to cause thin film defect
or adhere to the target again and accumulate thereon to
fprm é black deposit calléd ﬁodule,.which causes arcing

20 to thereby further form new particles.

in the present invention, therefore, by subjecting
the sputter surface of the sputtering target maﬁufacturéd”
through the machine grinding step to the later—deséribed

specific treatment, the particles and the portions which




20 to thereby further formnew particles. In the present invention,
therefore, by subjecting the sputter surface of the sputtering target
manuf actured through the nmachine grinding step to the.l.at bed
_specific treatment, the particles and the portions whfZhP %”@?b?@ 2005
13 are liable to separate by thermal shock of sputtering are reaned,
whereby the initial arc is effectively reduced. First enbodi nent of the
invention First, the first enbodi nent of the present invention 5 is
descri bed. The sputtering t ar get according to the first enbodi ment of the
I nvention. ., % L CL eS| §§§a£§tet8 th@%ra%@“%h@(:‘k“%ft @g%%tte'ﬁ ngpnyfact ured
through a nac I'ne grinding step I accor ance with the convent’i ona
process as _descri bed above, after

th
manuf act ur T HE°VERe €RTEERYi % tb?g arguﬁjegggﬁcgévﬁﬁ g%i? Oescriebed

treatnment to substantially renpve micro cracks., Since the nachine grinding
is a technique to grinEi£§2m5E2ﬁEé&ﬁﬂﬁy_éhﬁgfhgﬁlﬁﬁﬂﬂfﬁlan abrasive grain
cutting 15 edge of a grinding wheel that is rotating at a high speed, and
because of the Ebﬁﬁectt&@rE%sSVM¢$b@ﬁemabFa§ﬁveh@rEFﬁsen@ré@ﬁ?néﬁ@nforned
on a surface (particularly surface to be subjected to. sputtering, referred

to as "spuit edessuipade " Tiherspunateeihgofatpett acgetrdand itnsitde t he target.

first embodiment ef the invention is characterized in
thatvthe sputtering target is manufactured through a
machine grinding step in accordanee 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 .
i5 - 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 (particulérl& surfaee 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-snrface
{referred to aS'“miero_cracks” hereinafter) have not been

studied yet.




20 O the cracks, those observed fromthe surface have been recognized as
grindi ng damage or machi ning defect, but fine cracks inwardly extending
fromthe sputter surface (referred to as-"mcro crac&g"%ger i&ﬁ{%er) have
not been studied yet 6 Septenber.2005 14 The micro crag e@@%’ Pnevi tabl y
so far as the machine grinding is carried :out, though the degree of
occurring the mcro cracks such as the shapes (depth, Ilength, etc.) and
the number etc. vary. The degree ofl4 occurring the mcro cracks is

i nfluenced by weight and speed of the grinding wheel used in the machine
grinding, shape of the abrasive grain, material of the morkgiece, etc. In
the first enbodifFentiefo tHEGHY T oh, IBBERLAPEY 050 183Er88k5 Er e

pai d-attention, and by substantially renmoving mcro cracks having a depth
and a | engtdclofneogriedsng hiam cateiepeciiti cthahabstha daggee efff ectively
preventing occurrence of initial arc can be provided. That is to say, al

of the ni GGerEracks dige neiceAUSEacHS thehi ast thk anepbst (diptd,cracks
having a depth and a |ength of not |less than the specifi.c val ues cause the

initial artndsh previopsiyg daserhhgsler setkhataby. ststangtad!| yrrenoving
such. specifitc mcro cracks so that they cannot be found when the

SeCtiOgalrﬂgﬁféyﬁﬁéoghgfmicro cracks is influenced by weight and
speed of the grinding wheel used in the machine grinding,
shapé of the abrasive qfain, material of the workpiece,
etc. |

In the first embodiment of the invention, such micro
10 cracks are paid'attention, and by substantially removing
'micfé cracks having a depth and a length of not less than
- the specific values, a target effectively preventing
décurfence'of'initial arc can be p#ovided-
That is to say, all of the micro cracks do not cause
15 the initial arc but micro cfacks having a depth and a
length of not less than the specific values cause the
initial arc, as préviously described, so that by .~
substantially removing such,specific:micro cracks so that
they cannot be found when the sectional observation of
20 thefsputter surface of the target is made, occurrence of
the initial arc can be effectively prevented.
Specifically, the sputtering target_acéordihg to the
first embodiment of thé iﬁventioﬁ is a sputtering target

manufactured through a machine grinding step, wherein a




20 the sputter surface of the target is nade, occurrence of the initial
arc can be effectively prevented. Specifically, the sputtering target
according to the first enbodi nent of the invention is g3 utterj t ar get
manuf act ured through a machi ne grinding step, wherein a %‘%@%?5%@%# 2005 15
m cro crack having a depth of not less than 15 pmand a Ilength of not |ess
than 40 m preferably a depth of not l|ess. than 10 }.gymand a | ength of
not less than 30 m is not substantially found when the sectional
observation of 5 a sputter surface of the target is made. The expression "a
mcro crack is not substantially found" used herein neans that renoval of
m cro crackscts cegackiedvouly endéheht afgettunkisls rmdam diSo por &cld Favi ng a
depth and a |l ength of not less than the specific values 10 can be found

when the seghieRabroRser vatsonheh thepspupreresubiigca akpiie dfanget is
made. Specifically, it is neant that a mcro crack having a depth of not

I ess than %ésgn andn a; b epat Bn@f a NoLnbegsort RAR 4@ tpLef svabky, a&glepth of
not less than 10 mand 15 a Iength of not |ess than 30 pm is not

subst ant i %\Aﬁy sﬂﬁyegnwawg f@gﬁ&’nwﬁ’énathgngéﬁtqfon%-]ﬁol%@eriv%ttihﬁl vé gt h
| obs

direction en the section ervation of the sputter surface of the

target is made.. This_ neans_ that en_| .mera _crack having a depth and a
_Iengthf%f ?egguFE%E %%ggace QR R Qak&e@ i1 5ReC

' 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
éndepth 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 reéion of a length of 2.5 pm in the width

direction when the sectional_observation of the sputter
surface of the targetris madé. .This.means that even if a
miéro.crack having a depth and a length of less than the

20  abdﬁervalues is preseﬂt; this micro créék itself does.not
cause arcing and does not become a source of part;cles
either because it does not bring about chipping by

thermal shock of sputtering.




20 above values is present, this mcro crack itself does not cause arcing
and does not becone a source of particles either because it does not bring

about chipping by thermal shock of sputtering. 6 Sept er 200 Mor e
specifically, it is desirable that when the .section%ﬁy ?ﬁ?ﬁgpﬁ n of the

sputter surface of the target is nade, a mcro crack having a depth and a
length of not less than the specific values is not found, and 5 the number
of mcro cracks having a depth of nqgs less than 5 pm and |less than 10 pm
and a length of not less than 10 pm and less than 30 m is 5 or |ess,
preferably 3 or less, nore preferably 1 or less, based on 2.5 nm of a
l'ength in the widtb dpeestiiealafy,tHe dectiesirallAstemuratiier Wfe course, it
is nost desirable that when the sectional observation of the sputter

surface of ;dhe Jahgdebsks vaRISN @UERIR WhftdGr ank havd ngt acidepth of  not
less than 5 jimand |less than 10 ~Lmand a length of not |less than 10 pm

and |l ess t t'g‘aané%(% ym mi‘—"genoéstuqﬁ%g%o ﬁééﬂq@%adi%gsté‘%weén@fa thength

above- ment i 6Ned i Gro- cr &c sed on 2 nm of a length in the

width direction of the section Howewver.,. whgn the n r he, mycro cracks
is 5 or |é&ds %y é‘?@?aﬁﬁ)‘?%t = %85S T é’a;eerueefSe‘re'(La Iy : %cgjrfcge’ssa}[{%o t he

initial arc can be effectivel reduce nd i '
: 5 the number of microycraéts %hv%ngtg“gé%€§ 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, preferably 3

or less, more preferably 1 or less, based on 2.5 mmn of &
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 sputtér surface of
the target is made, even a micro crack having a depth of
ﬁot less than.5 pm and less than 10 pm and a length of

"not less than 10 pm and less than 30 pm is not found,

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

However, when the numbe; of the micro cracks is 5 or
leés, preferably 3 or less, more preferably 1 or less,

20 thé initial arc cén be effectivély reduced, and there is
no trouble in‘tﬁe sbuttering.

| The means for the sectional obserﬁétion ofrthe
sputtér sgrface of the target is, for example,

microscopic observation using an optical microscope, an




no trouble in the sputtering. The means for the sectional observation of
the sputter surface of the target is, for exanple, mcroscopic observation

usi ng an optical mcroscope, an 6 Septenber 2005 17 el scope or
a scanning electron mcroscope (SEM. The sputter su(fgéggﬁ?gkﬁ@gtarget

has fine protrusions and depressions because the target has passed 5
through the machine grinding step as_previously described,, and how to
define the depth and the | ength of B micro crack cones into guesti on.
-Therefore, definitions of the depth and the length of a micro crack in the
pr esent speC|f|cat|on are expl ai ned bel ¢ h reference to Fig 10 1. In

the preserft! @peEPRi BAEFOFCORFE® He%tﬁcﬁpnénﬂlEﬁSCtEPQCWlF§OS§§p§hown in Fig.
1, a depth D fromthe top of the highest nountain in the ridgeline fornmed
by the sput3EM) surface 1 corresponding to the region where the 15 micro
crack 5 is present and the section 3 to the deepest position of the mcro
crack 5. In theTpe espnttespesifixat i oh, thhetheagthhef &inecro crack is, as
shown in Fig. 1, a maxinumlength L of the mcro crack 5 in the horizontal
direction oot hes 5664 1 &d @fpBessions because the target has passed
5 through the machine grinding step as previously described,
and how to define the depfh and the length of a micro
Craék comes into question. Therefore, definitions of the
depth and the length of a micro crack in the present
specification are explainéd below with referénce to Fig.
10 1.
In thé 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 degpest
position of the micro crack 5.
.In the present specification, the length of .a ﬁicro
crack is, as shown in Fig. 1, a maximum length L of the
miéro crack 5 in the horizontal direction on the sectionr'
20 3.
Thé'spﬁttéring target of the-first embodiment of the
invention.has only to be a target Substantially-fgee from -

a micro crack having a depth and a length of not less -

than the specific values, and the surface roughness




 The sputtering.targeﬁ of the first‘enbodinent of the invention has only to
be a target substantially free from a micro crack having a depth and a

-I'ength of not less than the specific values, and the face, ro ness 6
Sept enber 2005 18 (arithmetic mean roughness of roughggéﬁﬁ ?Wé#%ga

(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 Im or
may be not less than 5 2.0 pm In tise sputtering target of the first

enbodi mrent of the invention, accordingly, the surface of the target does
not al ways need to be abraded snoothly in order to |ower the surface
roughpessdaﬂﬁﬂﬁMéﬁﬁd3méamnmddghdébsouﬁenbhghabssacgevs) Be that such an
abrasion step can be omtted. Hence, the production process can be

sinplifiedpgand the of oglusdividoe ofithestar gebsoan (bessgnhaficethe Hovever,
it is a mtter of course that Ra of less 15 than 1.0 [tmcan be applied to

the present invention,... e bt ai h p i a tu@f the
first enb&ﬁ%#%ﬁrcﬁu¥$%F?H%€n |%nga% ﬁglb%ygb%aﬁgitqk%ﬁ%é?%ﬁ%i%??ypgfee

O B T P by e L e ASRAD £ R, ! SB9h0yOhe "Rbe! 288" R D
5 2.0 pm.
A.In the sputtering target of the first embodiment of
the invention, accordingly, the surface of the target
does not always need té 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 éan be
eﬁhanced.
However, it is a matter aof 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 thg
fiist embodiment of the inwvention, namely, a targé£
substantially free from‘a micro crack having a depth and
"a iength of not less than the specific values, it is
20 necessary to carry out rémoval of_micro-cracks until éuch
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 1is

adoptéble provided that the method can substantially




20 necessary to carry out rempval of mcro cracks until such a specific
-mcro crack cannot be found as described above. As the method to
substantially free the target fromthe mcro cracks (regoval, K of, m.cro
cracks), any method is adoptabl e provided that the metheP@BR'si8t antially
6 Septenber 2005 19 renpve the micro cracks. For exanple, precision
grinding in which the weight or the rotational speed of a grinding wheel
is-strictly controlled, sputteringgreatnent, |aser treatnment, dry etching
treatment and blasting treatment 5 can be carried out on the sputter
surface of the target. O these, sputtering treatment, |aser treatment and
dry etchi !}%&Jv%atchfﬁ%mmi%&% Rnefarabl eokr ematdia cvi gpaiintiorofg exeel hent
productivity of the target. The renoval of mcro cracks is described bel ow

10 giving .as _an exanpl e qd j gCitd t Sputtes §suk of the

ta a:rgﬁ] Oé 0 ?‘gdﬁl‘tléé?‘ut %&te't r"":?%ldg’;& \ﬁeen t eaecglpurglctglerigiﬁ% (tgr efat rre%t flgﬁggopt ed as
. substantially free t t ar get e ac renova

of nmicro &E&s)LS Fﬁé%ﬁﬁﬁ%eﬁQi%féx;ﬁﬁEE%r%£{%%?é€0%9%§£ﬁ% E'o?égggftering,

sputtering gas and gas pressure, are not particularl I
can be apprGHtingrdl.y el @&%“&béb"recﬁtﬁberftop%‘i:a%g??%/.lxﬁgg%ék%%rgﬁé, ain? itgey

preferable to use, as a sputtering gas, an
5 can be carried out on the sputter surface of the target.

A_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 subijecting 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 éonditions,

15 . such as mode of sputtering, sputtering gas and gas
pressure, are nét particularly restricted, and they can
be-appropriately selected according to necessity;' For
example, it is preferéble to use, as a sputtering gas, an
iﬁért gas such as argon and if'neceséary 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 eléctric

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




“inert gas such as argon and if necessary an oxygen gas 20 and to set the
gas pressure to 1 to 10 mforr. The integrated electric energy (Wh/ cnR)

applied in the sputtering treatnment, that is, integrat | egtrl ener gy
per unit area of the target, which is applied in 6 Seéfgﬂggpgﬁag@SZO t he

sputtering treatnment, is in the range of preferably 0.1 to 10 WhA/cnR2, nore
preferably 0.5 to 5 Wi/cn2.. Wien the integrated electric energy applied is
in the above range, the micro crack8 can be substantially 5 renoved, and
the tine required for manufacturing the target and the productivity such as
production cost are excellent. Specifically, a target (which nmay be bonded
to a backihg pbateprimgutacerettyhricugh dheactinge @f Misera0lStep is
set-in a sputtering apparatus using DC magnetron sputtering system and
sputteringois earLyedh@uin’ uskageaprspatiaetiyng.gasoob Mhe%mgove conposi tion
until the aforesaid integrated electric energy is reached, whereby the

sputtering targgheQf thbheihtegt-aabodiiorrt-ief ehlka-ghb dppierdd ans can be
obtained. In the target thus obtained, a mcro crack having a depth and a

length of npi Lgs etggﬂ thegpegifd e alues d=s Nt substantially found
when the séctional —obsePvation of the sputter surface is nmade, and when
this tggget i S

remdved, and the time required for manufacturing the
target and the productivity such as production cost are
-excellent.
Specifically, a térget {which may be bonded to a
packing plate) manufactured through a machine grinding
.lOl,step is set in a sputtering apparatus using DC magnetron
sputtering systeﬁ, and sputtering is carried ocut usiﬁg a
' sputtering gas of the above composition until the
%foresaid 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 grack having.a
depﬁh and a length of not less than the specific-Vélues
is not substantially found when the sectional observation
of the sputter Surfaceris 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 thé sputtering fargét

of thé first embodiment of the invention can be evaluated




20 used for thin filmformation utilizing sputtering, the target can
effectively prevent occurrence of initial arc and exhibits excellent
initial arc properties The initial arc properties of t utterjng target
of the first enbodi ment of the invention can be evalué?%%ﬁénégﬁﬁ@ er 2005
21 based on the cumul ative frequency of arc occurrence to the integrated
el ectric energy (Wh/cnR) applied when thin filmformation is carried out
using the target having been subjeéked to the above treatnent, that is,
when 5 sputtering is carried out using such a target- The cunul ative
frequency of arc occurrence is neasured by the use of a Arc Mnitor (MAM
Genesi s, nadEFAcPlr Ble b§umEkivahEd ki TegRABFEgG L BIT. °FRYFRETNSe 6t the
sputtering target according to the first enbodjnment of the invention, 10

t he cunul athweiftequeney ofeatriocenerercéWngcnow,arntiedhehgputtiéni ng
target exhibits excellent initial arc properties Second enbodi nent of the
i nvention &ekt, £féhfasesonis erdmodi e@nbuof ushegptbsenargevehtivamg 15 i s
descri bed. The sputtering target according to the second enbodi ment of the
invention jhseghangsteridets i thd hatbotber rapuinkat, sunhacesof wihe t ar get
obtained after machine grinding of a target material has been subjected to

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 thé 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 farget according to the second
emboaiment 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 spuftering treatment'prior,td shipping from the
sputtering targét maker.

As previously-deSéribed, it is thought that:the
‘cause bf the initial arc is that the particles or the '

portions which are liable to separate by the thermal




20 sputtering treatnment prior to shipping fromthe sputtering target
maker .- As previously described, it is thought that the cause of the R
initial arc is that the particles or the portions mhiq%¥$re | i ?#e to
separate by the thermal 6 September 2005 22 shock of <pi %???ﬁ?% e present
on the sputter surface of the sputtering target manufactured through a
machine grinding step. Therefore, if the particles or the portions which 5
are liable to separate by the therng® shock of sputtering can be renoved
by previously subjecting the sputter -surface itself of the sputtering
target to sputtering treatnent, the initial arc can be effectively
reduced. AbBocknofhpputéseingtars phegght hatthgherhdriiatheunRporefons
separate by the thermal shock of sputtering or not depends upon the
presence othai gpocceacks targed fuomfbheuswrd adecofgit lze meantgietet o t he

i nside by the machine grinding, particularly the presence.of mcro cracks
havi ng a d§p§Hd§Q§ ackgngth of not |ess than the specific 15 val ues,
simlarly fo the first enbodinent of the invention. Alsoin the. second

enbodi ment of the.LoyspLiony chbepstererekt Jis tdRSiuahlieihalntde sputter
surface of the sputtering target 1s previously subjected to
‘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 eﬁbodiment of the invention,
therefore, it is desirable that the sputter surface of
the séutteringrtarget is previously subjected to

20 sputtering treatment té give a target_sﬁbstantially free
from a micro crack having a depth and a length of not
less than the specific wvalues, similarly‘to_the first

embodiment of the invention. However, if performance to




20 sputtering treatnment to give a target substantially free froma mcro
crack having a depth and a length of not |ess than the specific val ues,
simlarly to the first enbodinent of the invention- Ep ver ié?
performance to 6 Septenber 2005 23 such an extent is o¥§?@HB?} 45 the
sputtering target is not limted thereto That is to say, in the second
enbodi nent of the invention, the integrated electric energy applied to the
5 sputter surface in the sputteringa,kreatnent previously conducted is
preferably not | ess than 0.005 Wi/cnR2, nore preferably not |ess than 0.01
Wi/ cn2, still nore preferably not |ess than 0.02 Wh/cnR, particularly

preferabl v g LeSe.khan <l i e They t am dontagrated df-plectsic
ener gy (Vhﬁc " used herein neans an integrate el ectric energy per unit
area, which is.applied . to the sputter surface of the target in the
sputteringnPFeéﬁﬁéﬁF% gbﬁﬁﬁgfﬁd prior to shipping. Wen the integrated

el ectric energy is not |less than 15 0.005 lcn¥, . the tar havi ng been
previ ousl y subjE@?EdlStGOtﬁéyép&Pt§gﬁn§eFP§§?ﬁﬁﬁ¥m%bﬂﬁqﬁ fgge ‘el | ent
initial. arc properties and can effectively prevent occurrence of the
initial arénventika,usse dindedsriere Sdpattd fgetHf qaP Higtkret die
sputtering for thin filmformation can 20 be imediately carried out by the
~use of %hespputeerispgface in the sputtering treatment previously

con@ucted is preferably not less than O-QOS Wh/cm®, more
preferably not less than 0.01 Wh/cm?, still more
preferably not less tﬁan 0.02 Wh/cm?, particularly
preferably not less than 0.1 Wh/cm?’. The term “integrated
10 electric energy (Wh/cm®)” used herein medns an integrated
electric energy per unit area, which is applied to the
sputter surface of tﬁe target in the sputtering treatment .‘
éonducted prior to shipping.
When the integrated electric energy ié not less thén
15 0.005 Wh/cm?, the target having been previously subjected
to the sputtering treatment exhibits excellent initial,
aré properties and can effectively prevent occurrénce of
the initial arc. On the user side ofrthe sputtering.
tafget, thefefore, 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.




target w thout substantially conducting idling, so that the productivity
inthe thin filmformation can be enhanced and the thin filmformtion can
be efficiently carried out. 6 Septenber.2005 24 The sp gterin ditions
for the sputtering treatment previously carried out d# GWBPbg%%? cul arly
restricted, and sputtering is carried out -under the usual conditions until
t he above-nentioned integrated electric energy is reached In the second
enbodi ment of the invention, the upg@d |imt of the integrated electric
“energy is not particularly restricted, but fromthe viewpoints of the tine
required for manufacturing the sputtering target and 10 the productivity
such as cost, tHhd mregrtatehe|aotdiciormnerqy e dagitadr yndot nore than 10
Wh/cn2 The initial arc properties of the target can be eval uated based on
t he int egr atrech@lant e werargyy (A caR)ocappiiedemtpirthenilatéyval of
arcing occurrence 15 becones not |ess than 10 seconds in the case where

sputtering jissCardded Qg Lb%idt&eaqirgggﬁ havi 1 soudi @neéer taé Gsiaches-
Specifically, sputtering is carried out to detect arc by the use of an arc

count er (rrqggq{@lcgitg,fy (g&itla_ rd, FRENNOL OV &9 Int &gFathe 20-Lptegrat ed
pplire

electric energy a until the initral arc

5 - energy 1s reached.

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

']0_‘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
évaluéted based on the integrated electric energy
(Wh/cm®) applied until the interval of arcing occurrence -
15 Dbecomes not less than 10 seconds in the case where
sputtering 1s carried out using a target h;ving a.
diaﬁeter of © inchés- Specifically, sputtering.is
carried out to detect arc by the use of an arc counter
(manufactured by Landmark Teﬁhnology Co.), and the
20 inﬁegrated electric energy applied until the initial arc
| of the target having a diameter of 6 inchés converges,
that is, the integrated electric energy applied until the.
interval between occurrence of arcing and occurrenée of

next arcing becomes not less than 10 seconds is measured.




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 beconmes not | g HhaB ;%)%gconds is
measured. 6 Septenmber 2005 25 Based on the neasured val Be 6P PPHe’Pnt egr at ed

electric ‘energy, the initial arc properties are evaluated. As the value
of the integrated electric energy i? decreased or as the cunul ative '
frequency of arc occurrence is | owe éd, 5 the initial arc properties of the
target beconme nore excellent In the second enbodi nent of the invention,
the sputter s rfacglof t he target

S

IS, previous|y subjected t uttering,
so that the? &Le Fﬁh&ﬁﬁgggeﬁavggufhédi l?%d?%é?ﬁéﬁ?cgé%f%$t¥§§ target is
usually larger than the initial value of the target neasured i diately
after theSREEAYne t4f Aditd2LTREFePEPES A BT e SR Ty Atsg%b% of the
second enbodi nrent of the invention may be nore than 0.5 mthat has been
convent i ongklyecohsitdier datesrasepr eflECanlies 9me e e TfeaTif sl Ra of
not nore than 0.5 mis 'applicable to the second enbodi ment of the
i nvent i on- asl hheheupndsérntves feelkbiccatyi orf, e cumfraweaasoughnesse Rad > neans
an arithnmetic nean roughness of a roughness 20 curve neasured in
accordancetnet hindk3aB QGQ1 pEdP84ries 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 pm that has been conventionally considered
15 as preferable. As a matter of course, Ra of not more
than 0.5 pm 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




More specifically, when sputtering is continued, the Ra value of the
sputtering target of the second enbodinent of the invention converges to

an al nost constant value regardless of the initial v e, and 6
Sept enber 2005 26 the viewpoint of productivity in thgggﬁﬂFWQ?f%g%m

treatnment, the Ra value of the sputtering target may be in the range of
0.1 to 5.0 m or may be in the range of 0.1 to 3.0 m The sputtering target
of the second enmbodi ment of 5 the i%%vention is preferably one having a
~surface protective filmwhich is stuck to the sputter surface inmediately
~after the sputter surface is subjected to, s utterin% treatnent. B

sti cki ng t HérssUrifeng igrtot @Et PYRAUEH WD £ He CEFUPEC §6ﬁP§c§F%ﬂﬂﬂ%ﬁ5n of
inmpurities or 10 adsorption of gas on the target surface can be prevented.
The surfacehs deectd e o MmimsswHite tinbet 3tIRk Moy Bt leashet hengputter
surface so that adhesion of inpurities or adsorption of gas on the target
surface camfe preverd ad, pbutot heaguséate phet eabigeeofi bmimay e Gl5um.
naturally stuck to the whole of the target. The surface protective filmcan

be stuck by bondinag sputesimidg lmadget tde sputdefosdrdmiesd arevacoam
packagi ng the whole of the target with a resin film O these, the vacuum
packagi 89 i3 ARSfSIakie DeGaUSE RUDh) esmdatd) ¥ng eseddr betyveen the
| protective film which is stuck to the sputter surface
immédiately after the sputter surface is subjected to
sputtering treatment. By sticking the surface protective
film to the sputter surface, adhesion of impurities or
lb adsorption of gas on the target surfacg 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 oﬁ the target surface can
be prevented, but the surface protective film may be
15 naturally stuck to the whole of the target. The surfacé
protective film can be stuck by bonding a resinlfilm to
.the.sputter surfaceror vacuum.packéging the whole'ﬁf the
target with a resin film. Of these, the vacuum packagiﬁg
is preferable becaUse-bubbles hardly remain between the
- 20 fiim and the target.. The resin film used for the.surface
protective film is not particularly restricted, but in
order fo prevent transfer of particles onto the‘sputter

surface, a resin film containing no releasable particles

is preferable.




20 filmand the target. The resin filmused for the surface protective
filmis not particularly restricted, but in order to prevent transfer of
particles onto the sputter surface, a resin filmcontajnin 0 rel easabl e
- particles is preferable. 6 September 2005 27 Next, th25§ﬁ8385@1¥85
~manufacturing the sputtering target according to the second enbodi nent of

- the invention is described. The praogess for manufacturing the sputtering

target 5 according to the second entodi nent of the invention is
characterized in that a surface of a target, preferably a surface of a

' target'obtainedNF a sinterin rocess, 1s ubjected to ma ?ine rinding,
and then, prior %%t's'qﬁﬁgﬁfégﬁgIééﬁum%qﬂ§%§ﬁﬁ%¥ﬁgs a%%ug efhggtarget i's
10 subjected to sputtering treatnent. \Wen the sputtering target according
to the secdFILmFCHIFERNIDIE H'F iRGFRTDERRCETG Yo Qputbering target, the
process for manufacturing the ITO sputtering target 1is characterized in
that a surfia@sendfiarhd s TOIETigErd-15 obtai ned by sintering a starting
mat eri al containing indiumoxide and tin oxide as main conponents is
subj ected to nmadhienergresd Mgpr andhutfeert,upmiortiteo st pprigy adrdeast the
sputter surface of the ITOtarget is-subjected to sputtering treatnent.
-~ 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, is
subjected to machine grinding, and then, prior to
shipping, at least the sputter surface of the target is
i0 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.
-Zﬂf ~ 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.




~ 20 As the process for manufacturing the sputtering target of the second
enbodi nent of the invention, a process for manufacturing a general
sputtering target is enployable except that the sputteé surface f the
sputtering target is subjected to sputtering treatnment® %’%Bé'éﬁ@ r 2005 28
That is to say, the starting material is nolded in a nold and sintered by
a sintering process (powder netallurgy process) or cast by a vacuum
di ssolution process to prepare a t@Bget material, and the target 5
material is then subjected to machine grinding, such as surface grinding,
in order to formit into a given size or to snmooth the surface. After the
machi ne gri ndi nghatt He tar getr.i $hesgdast Puhdedaoial bet a9t atR o
prepare a sputtering target 10 For the machine grinding, an appropriate
grindi ng nmetlhodndssdmtasesubiace sgmiteli gy poteass atpagion or bl asting,
is adopted according to necessity. After the grinding for the above

form ng, thetsunfacs ivyoswhjsecied casa nough wrdundi ngi 4o lad st t he
t hi ckness and then 15 subjected to finish grinding (sonetines referred to

as_"abrasi oo Rereidiafh ek dsiang Hdstdini aiel s iavidige sdepwt se decreased
grits to further smooth the surface, or subjected to blasting. (blasting
and finish garinding ; beig QP8RS APLILES LI 188 AP, asucRbEasi on”

surface grinding, in order to form it into a given size

or ﬁo 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 sufface grinding, rotary abrasion or
blasting, is adopted according to necessity. After the
_grinding for'the above fgrming, the surface 1s subjected
to rough grinding to adjust the thickness and then

15 . subjécted to finish grinding (sometimes referred to as
“abrasion” hereinafter) using grinding wheels having
steéwise decreased g;its ﬁo further smooth the surface,
or subjected to blastingm(blasting and finish grinding
being together sometimes referred tg 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 inventiqn,-the

surface of the target is machine ground as described




20 hereinafter) using glass beads, alum na beads zirconia beads or the
l.ike as blasting nedia. I'n the process for manufacturing the sputtering.
target of the second enbodi ment of the invention, the gunfa e ﬁ{ t he
target is machine ground as described 6 Septenber 2005 @Jgﬂéﬁé,qgnd t hen
prior to shipping, at |least the sputter surface of the target is subjected
to sputtering treatnent to nanufac&gre the sputtering target. This
sputtering treatnent nay be carried“out after rough 5 grinding, or nay be
carried out after finish grinding or blasting or after bonding to backing

plate. It is thought, that by subjecti at. | east, the e ceto
sputteringaggvﬁes Fihdd o §}0%1§S SRt ¢ bﬁ%ﬁdﬂﬁgﬂggﬁh%é% Eg£%$ t he
grinding or portions 10 liable tq separate b therqg%ﬁ;hock of sputtering

can. be ré&HBVEES fid A &3rsh ¢S FSHTTA Ty Hd'9effectively
reduced. According to the second enbodi nent of the inventio%l, therefore, a
target capabketsentedgcitpguigictivge &te it us dvhdwtdHy ef MG ent
sputtering can be obtained even if the surface of-the target is not always
subj ect ed sputmertiarn- SeEettnealtr agiyotreorcasveied fows} asftiary medh beads of
fine grits to lower the surface roughness is not conducted- That is to
_say, irsthgrapphihgat icannefy beecarried 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 invehtion,'
therefore, a target capable of reducing initial arc and
15 conducting efficient sputtering can be obtained even if
the surface of ‘the target is not always subjected- to
mirror-smooth abrasion or even if blasting with beéds 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.




20 second enbodi nent of the invention to a target, a sputtering target can
be obtai ned by subjecting the sputter surface of.a target to sputtering
treatment wi thout conducting an abrasion step. 6 Sepufgber Eoo 0 EFFECT
OF THE | NVENTI ON According to the first enbodi nent of & REPIFMBERAIY>
i'nvention, occurrence of arcing derived frommicro cracks formed by the
machi ne grinding, particularly occurrence 5 of initial arc, can be

ef fectively reduced, and the initial3&tability can be remarkably i nproved.
“Further, since the abrasion step is om ssible, the production process can
be sinplified and the productivity of the target can be enhanced 10
According to the second enboBFHERT 6Ff THE pNEESAION nvention, a sputtering
target capable of effectively reducing occurrence of initial arc and
enhancing initi @&cccstddid ity tclanm bersobtanmedin®yt cofduhti pgesputt eri ng
using this sputtering target, thin filmformation of high 15 performance
can be effigiwmdibrcarddad oaticai bh Hi ghngraduetedi EyomFriEREr crSichee the
abrasion step is om ssible, the grinding process can be sinplified and can

be carried Qnal JyoWHOMacInEXNVEEE Jhe preserbiibpyenbionk-anfurt her

described with
5 of initial arc, can be effectively reduced, and the

initial stability can be remarkably improved. Further,
'sinée 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
inventiqn, a sputtering target capable of effectively
reducing occurrence of initial arc and enhancing initial
étability 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 gtep is.
omiésible, the grinding process can be simplified'énd can -

be carried out at low cost.

- 20 o EXAMPLE
The présént invention is further described with
rgference to the foilowing examples, but it shoﬁld be
constfued that the invention is in no way limited ﬁo

those examples.




reference to the follow ng exanples, but it should be construed that the
invention is inno way limted to those exanples. 6 September 2005 31
First, exanples of the first enbodi ment of the prese i nvepti and .
conparati ve exanples are described. Preparation Exang%geafmg?%%gpation of
target 5 The targets used in Exanples Al to A3 and Conparative Exanple Al
were prepared in the following manner. An In2G3 powder and a SnG2 powder
were mxed in a ratio of 90:10 (In3@8: SnA2) by wt % Fromthe mxture, a
10 sintered product of ITO was prepared in accordance with a conventi onal
met hod, and the sintered product was used as a target material. The target
material had a rgkatjvexasensist profch@d fi%stTeelarigetntmatleritsad was cut to
give 8 pieces having 15 a dianmeter of 101.6 nm Then, they were set on the
sane surfageegehRdehveandoRotRdOlcopsputtioe Nfgoeantdra desrttsedt o be
bonded (bondi ng surface) of each piece were ground with a dianond grindi ng

wheel of #%ZBQBQaQQEﬂiExaRﬁﬁ%eﬁﬁ No. al to a8 each having a thickness of 6
20 Exanpte—#A '

Preparatidn of target

5 - The targets used in Examples Al to A3 and
VComparative Example Al were prepared 1in the following
.manner.

An In,0; powder aﬁd a 3Sn0, powder were mixed in a
ratio of 90:10 (In»03:5n0;) 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 sef on the same
surface grindef, and both of a sputter surﬁace and a
sﬁrface to be bondéd {bonding surfacef of each piece were
gfound with a diamond grindigg‘wheel of #170 to obtain
tafgeﬁs No. al to a8 eachAhaving a thickness of & mm.
20

Example Al

Removal of micro cracks

“The targets No. al and a2 obtained in . Preparation

Exampie Al were each bonded to a backing plate made of




Rermoval of mcro cracks The targets No. al and a2 obtained in-Preparation
Exanpl e Al were each bonded to a backing plate made of 6 Sept_enber 2005 32
copper. Then, the targets were set in a sputtering %oge é Eﬁé 3013M
manuf act ured by Shi nkuu Kikai Kogyo K. K.) and subjecte Hgn 3r i ng _
treatment for the renoval of mcro cracks under the follow ng conditions-
.5 Sputtering conditions Sputtering system DC nagnetron sputtering

Process gas: Ar Process pressure: 33@Torr Oxygen partial pressure: 0.02
mrorr 10 Electric energy applied: 3 WcnR Integrated el ectric energy

appl i ed: 10 Wi/ cn2 The surface roughness of the sputter surface of each of
the target soRBeal Ehéﬂaztb\ﬁstﬁ'ﬁ§§gﬁeﬁe§@f§r@é drid Saf3Rdrt iHel SPut t eri ng
treatment by the use of a surface 15 roughness neter SE1700 (manufactured
by Kosaka Kepkyashe) URde0lttie oemdifidonsred by f$elekur adiksioKogyem a
feed rate of 0.5 mmsec, a cut-off of Xc 0.8 mmand an evaluation |ength
of 4 mm i NKagCor daric &ubijtlr t&dS tB el t 4094 ) t rddtaneesufds ahe set forth in
Table 1. 20 Sectional observation of target Using a grinder (manufactured

by Ckanpto,-KQsaki of micro cracks under the following conditions.

5 - Sputtering conditions

Sputtering system: DC magnetron sputtering

- Process gas: Ar

Process préssure{ 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
df the targets No. al and a2 was measured before and
after the sputtering treatment by the use of a surface

15 réughness meter SE1700 {manufactured by Kosaka Kenkygsho)
under the conditions of a feeler radius of 2 um, a feed
fate.of 0-5_mm/sec; a cut-off of ic 0.8 mm and an'A
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




"Kikai K. K. ), the target No. al having been subjected to the sputtering
treatment was cut in the thickness 6 Septenber 2005 33 direction with a

di anond #180 cutting bl ade having a dianeter of 205 qﬂ%%gd a tggﬁkness of
1 nm Then, using a grinder (manufactured by Ckanoto ROORG K. K.),
“the cut surface of the target No. al 5 was ground with a #600 di anond
grindi ng wheel having a dianeter of 205 mmand a thickness of 10 nm Then,
usi ng a single side | appi ng machi ne33( manuf act ured- by Speedfam Co.), the

" cut surface of the target No. al was |apped with | oose abrasive grains of
~10 GC#1000. Then, using a single side | apping machi ne (manufactured by
Speedf am Catiyecthencut. tdurf adenond Hd 8% angedtinp . bladevdstwradad with

di anond abrasive grains having an average grain dianmeter of 0.1 m 15 The
cut surfaceieiectke bar get New aald washdhserased Iy Immamns of an opti cal

m croscope (BX5-33P (equipped with a reflected light illum nation device),

manuf act ur ed by pnEhyMpYs n@Pki ealinder, (kathifactherdByt tokasnegat forth in
Table 1. 20 Evaluation of ‘initial arc properties The target No. a2 having

been subj egled 10iRG; KOWLHET IhG LiRALTEHadPof end &MAlL Qlo M &1 0 cracks

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
£arQet No. al was abraded with diamond abrasive grains
having an average grain diameter of 0.1 gm. |

15 The cut surface of the target No. al was obseerd by
means of an optical microscope (BX5-33P (equipped with a
réfiected light illumination device), manufacturedAby
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'

'apparétus (EX-3013M, manufactured by Shinkuu Kikai Kogyo




simlarly to the target No. al was set in a sputtering apparatus '
(EX-3013M manuf actured by Shinkuu Ki kai Kogyo 6 Septenber 2005 34 K K.)
and subjected to sputtering for the thin film formati nder _
follow ng conditions to detect arcing generated in tr?g§%"3 E%fr’%d@é by the
use of a ft Arc Monitor (MAM Genesis, nmanufactured by Landmark Technol ogy
Co.). 5 The sputtering conditions and the arcing detection conditions are
as follows. The result is set forth3n Table 1. Sputtering conditions
Sputtering system DC nmagnetron sputtering 10 Process gas: Ar. Process
pressure: 3 mlorr Oxygen partial pressure: 0.02 miorr Electric energy
appl i ed: 3Hafen? anst sgbaeed o8l €t rsRVIERRT Y alppT i Eie Bhimy ERd™ 15 1t . Arc
Moni t or measuring conditions Detection node: energy Arc detection voltage:
100 V Hi ghomsgitumrenedgyr bdwndarylobhgnkordaridiere pe ndabarcti aecit@0 Rs 20
Exanpl e A2 The procedure of Exanple Al was repeated except that

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

(MAM Genesis, manufactured by Landmark Technology Co.).

5 - The sputtering conditions and the arcing detection
conditions are as follows. The result is set forth in
'Tabie 1.

Sputtering conditiens

Sputtering system: DC magnetron sputtering
10 | Process gas: Ar.

Prgcess pressure: 3 mTorr

"Oxygen partial pressure: 0.02 mTorr

Electric energy applied: 3lW/cm2

Integrated electric energy applied: 5 Wh/cm?

15 p Arc Monitor measuring conditions

Detection mode: energy
Arc detection voltage: 100 Vv
High-medium energy boundary: 50 mJ
' ~Hard arc minimum time: 100 ps
20

Example A2

The procedure of Example Al was repeated except that
" the targets No. a3 and a4 were used instead of the

targets No. al and a2, and of the spﬁttering conditions,




the targets No. a3 and a4 were used instead of the targets No. al and a2,
and of the sputtering conditions, 6 Septenber 2005 35 the integrated"
electric energy applied in the sputtering treatnent f the re al  of
micro cracks was changed to 6 W/ cn2 from 10 V%/cn?.‘gé%ﬁ?@EﬂF%@%are set
forth in Table 1. 5 Exanple A3 The procedure of Exanple Al was repeated
except that the targets Na. 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 treatnment for the renoval of mcro cracks
was changed to 3 Wi/cnR2 from 10 Wh/cnR. The results are set forth in

Tabl e 1. 15h€oipheatratedERARPEELAI STREIYr 6884GEE dP ERENFPETASTMAY r epeat ed
except that the targets No. a7 and a8 were used instead of the targets No.
al and a2, t asdtihbetr énovaheotenburd ofasksrowasanss wasr c&érgqd the
results are set forth in Table 20 1. 6 Septenber 2005 36 Tar get Nunber of

m cr oSur f agepy EAtefF QYUEMCYL /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 energylappliéd 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

200 1.




"No. cracks *roughnessroughnessof arc beforeafteroccurrence

sputteringsputtering D?15D?10D?5(renoval of (renoval cracks)of cracks)
L?40L>- 30L?10Ra (M Ra (}tm (tinmes) al 0001.11.3 Ex. A 2---%.%%.;1
a30011.11-1- Ex_ A2 a4---1.01.22 a50031.11.1- §§%’-‘@rﬁ.?ﬁ..9 |
Conp. a758101. 1-- Ex. Ala8---1.2-21 Dis a depth (pm) of a mcro crack. L is
~a length (m of a mcro crack. Next, exanples of the second enbodi nent of
_the _ 36
Target | Number of micrao | Surface Surface Frequency
No. cracks * roughness roughness of arc
before after occurrence
sputtering sputtering
o215 | o216 | D25 | {removal of | (removal
cracks) of cracks)
T.240 | L230 | L2210 [ Ra (pm) 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
ab 0 ¢ 3 1.1 1.1 -
Ex. A3 '
a6 - - - 1.0 1.1 7
Comp. a7 5 8 10 1.1 - -
Bx. ALY .8 - - - 1.2 - 21
*: -D is a depth {(pm} of a micro crack.
L is a length (um) 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 rafio of 90:107(Inﬁh:8n02) by wt%. From the mixture, a
sintered product of ITO was prepared in.accordance wifh 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




present invention are described. Exanple Bl An 1n203 powder and a Sn02
powder were mxed in a 10 ratio of 90:10 (1n203 : Sn2) by wt o . Fromthe
m xture, a sintered product of |ITO was prepared in a(%c%r(ilange ';éh a
conventional nethod, and the sintered product was use eé)e'ﬁ-‘?%\ﬁla t
material. After the target material was cut into pieces having a dianeter
of 6 inches, both of a 15 surface to be sputtered (sputter surface) and a
surface 6 Septenber 2005 37 to be bgnded (bonding surface) of each piece
were ground wth a surface grinder to adjust the thickness to 5 nm Then,
the sputter surfaces of the pieces were ground with dianond grindi ng
wheel s of did frer erindyd t dradioht aur fdear gef seaNoh hiledc® Wire Themyund t ar get
~No. b5 was prepared in the same manner as described above except that the
sputter Surfiage Mas Sukieethdd Mlastdng wsimg »hioewss aso & hlast i ng

medi uminstead of grinding wth a dianond grinding wheel. 10 Then,. the

targets werg gach bonded to. asaa%géy.OQI@{@ pade: of uEAPRGFouddeni gt in a

honmemade sputtéring apparatus and subjected to sputtering under the

Fol ot NG oM PO nd TR LALLDG, G Al o SPUL RS T syt em OO

.5 targets No. bl to b4. Then, a target No. bS5 was prepared
in the same manner.as described above éxcept that the
Sputfer surface was subjected to blgsting using Alundum
as a blasting medium instead of gfigding with a diamond
grinding wheel.

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

Sputtering conditions

15 Sputtering system: DC magnetron sputtering
Process gés: 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,érc
was carried out using a p Arc Monitor (MAM Genegis,
manufactured by Landmark Technology Co.) as an arc
.countér under the measuring conditions of a detection .

mode bf_energy, an arc detectionlvditage of 100 Vv, a




Process gas: Ar Process. pressure: 3 niforr Oxygen partial pressure: 0.03
mlorr Electric energy applied: 1.64 WcnR2 20 In the above sputtering
operation, detection of arc was carried out using a r%lgpn&tE%@%NAM
Genesis, manufactured by Landmark Technol ogy Co.) as “artRf'E e’ ter under
t he neasuring conditions of a detection node of energy, an arc detection
vol tage of 100 V, a 6 Septenber 2005 38 hi gh-nmedi um energy boundary of 50
ml and a hard arc mnimumtine of I s, and the integrated electric
energy applied until the initial arc converged (until the arc interval

-becane not |ess than 10 secong%g s 5 red. Then, _th ttering was
conti nued JHtdh HSE T RiEgrRe ?ﬁé§§¥i€Pgieﬁb P ot F% %ggcnﬂ. The
results are set forth in Table 2. Further, the surface roughness Ra of the
sputter surifrsigeoft igwctpht drlfetibefte tHe YprIeriey SBCHebSured 10 in
accordance with JIS B 0601 (1994) The results are set forth in Table 2. The
measur enentersfrgurdrade ed oughiesshavas Hadel BT e serdade (wouyhnEss nmeter
- SE1700 (manufactured by kosaka Kenkyusho) under the conditions of a
feel er radidrs: afntZ2mala Heeetha ater ofe$s Shamn sk, secdidsutwasf of kc 0.8 nm
and an eval uation | ength of 4 nm
5  measured. Then, the sputtering was continued until the
integrated electric energy became 0.1 Wh/cm”. The results
are.set forth in Téble 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 pm, a feed rate of 0.5 mm/sec, a

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

v




6 Septenber 2005 39 Table 2 Sanpl eRel ati veDensitySurfacel nt egrat edFr equency
No. Densi t yroughnessel ectri cof arc Ra beforeenergyoccurrence

sputteringapplied treatnent. (g/cnB)(Fun)(Wi/ cnR}(tine
199. 17. 090. 350. 0100261 b 299.57.121. 380. 01201119 b 39
499. 37. 100. 790. 009183 b 599. 67. 132. 470. 00641052 *1:
5 of arc occurrence becones not
t he interval

energy applied until
10 seconds *2:

occurrence becones not

t he interval
frequency of arc occi¥rence until
| ess than 10 seconds 10 Exanple B2 The sanpl es used

in Exanple Bl were taken out of the homemade sputtering apparatus,
subj ected to vacuum packaging and allowed to stand for one day.

Thereafter,

t he sanpl es were taken out of the vacuum packages,

set

?i%%%é‘?%%@goonmo b

integrated electric
| ess than
of arc

in 15

the. above-mentioned honenmade sputt @G apparatus and subjected to
sputtering under the same sputterin
Sample | Relative | Density | Surface Integrated | Frequency
No. Density roughness electric of arc
Ra before energy occurrence
sputtering | applied
treatment
{(g/cm®) {pm) (Wh/cm?) (Cimes) *2
(%) *1
b 1 99.1 7.09 0.35 0.0100 261
b 2 99.5 7.12 1.38 0.0120 1119
‘b 3 99.1 7.09 1.01 0.0073 740
b 4 95.3 7.10 0.79 0.0091 83
b 5 9%.6 7.13 2.47 0.0064 1052

*l:'integrated electric energy applied until the interval

5 of arc occurrence beccomes not less than 10 seconds

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

occurrence becomes not less than 10 seconds

7_10 .Example 52
The samples used in Example Bl were taken out oflthe
_Eomemade sputtering apparatus, then subjectéd to,vécuum
packaging aﬁd allowed to stand_for one day. Thereaftéf,
the_sémples were takeﬁ out of fhe vacuum packages, set in
15° the above-mentioned homemade sputtering apparatﬁs and’

subjécted to sputtering_under the same sputtering
conditions as in Example Bl until the integrated‘électric_-'

B energy became 5 Wh/cm® including thé.integrated electric

energy of Example Bl. Further, the surface roughness Ra




conditions as in Exanple Bl until the integrated electric energy becane 5
- Wh/cnR including the. integrated electric energy of Exanple Bl. Further,

" the surface roughness Ra .6 Septenber 2005 40 before the.s ut%

‘treatnment was neasured in the sane rmanner as in Exan%ﬁ%FQ ﬁ%ﬁgesults
are set forth in Table 3. Table 3

Sanpl el nt egr at edSur f acel nt egr at edFr equency No. el ectri croughness

Rael ectri-cof arc energybeforeenergyé@currence appl i edsputteringapplied

bef oretreat ment sputtering (V%/ch)(PN@(V%/ch) *1(tines) *2 b

10. 10. 370. 00042 b 20.11.350.0009 1. ogolgggqﬁxp 40, %ﬂl 10..00094 b
50.12. 480. B2z e Fh e §Radd el é%??{%ﬂghefﬁy B ed unt i 1% he Tt er va
of arc occurrence beconmes not |ess than 10 seconds 10 *2: guency of arc

occur r encemgnnel €ffe limteril cof tar cTBEcHFPEREE BECoFES ﬁ@F s<' than 10
seconds It can be seen from Table 3 that the sanples having

Table 3.
5_ Table 3
Sample Integrated Surface Integrated Frequency
No. electric roughness Ra electric of arc
energy before energy occurrence
applied sputtering applied
before treatment
sputterlng , )
(Wh/cm’) {um) {(Wh/cm”) *1 | {times) *2
b1 0.1 0.37 0.0004 2
b 2 0.1 1.35 0.000% 2
b 3 0.1 1.09 0.0005 3
b 4 0.1 0.81 . 0.0009 4
b o 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 Taﬁle_3 that the samples having
been éubjected to the-sputtefing treatment had excellent

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

of arc occurrence was decreased.




been subjected. to the sputtering treatnent had excellent 15 initial arc
properties because convergence of arc immediately after sputtering was
rapid and the frequency of arc occurrence was decreased. .6 Se er 2005
41 Exanpl e B3 The sanpl es used in Exanple B2 mere-tak%ﬁgﬁﬁ?mgwgiﬁgb
honmenmade sputtering apparatus, then set therein again and subjected to
sputtering under the sane sputterin%_S conditions as in Exanple Bl until
the integrated electric energy becdtte 6 W/ cnp i ncl udi ng those of Exanple
Bl -‘and Exanple B2. As a result, any target was free from occurrence of
arcs with Eg arg ig%erval of less than 10 seconds. Further, the surface
roughness he 10 sputtering treatnent was neasured in the sane
manner as in Exanple Bl.. The results are set_ forth in Table 4. T%QIe 4
Sanpl ei nt egr at ed88r FREBLASe ISRk I N &t ridfdudhinesyt the
Rael ectri cof arc energy appli edbeforeenergyoccurrence _ )
bef or esput theriengdspispad teputice rAmg radatsre i W TR 1P W ERP) 2240t i mes)
*2 b 15.02.0100 b 25.01. 7400

subjected to sputtering under the same sputtering

'S conditions as in Example Bl until the integrated electric
enerqgy became 6 Wh/cm® including those of Example Bl and
.Example BZ2. As a result, any target was free from
occurrence of arcs with an arc interval of less than 10
seéonds. Further, the.surface roughness Ra before the

10 sputtering treatment was measured in the same manner as

. in Example B1l. 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

b4 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




b 35.02.2300 b 45.02.9200 b 55.02.3600 15 *1: integrated electric energy
applied until the interval of arc occurrence becones not |ess than 10
seconds *2: frequency of arc occurrence until the interyal of ar

occurrence becones not |ess than 10 seconds 6 Septenb%ﬁ¥§3ﬁﬁb%gxﬁﬁDUSTRlAL
APPLI CABI LI TY The sputtering target according to the invention can -
effectively reduce occurrence of initial arc, and hence it can be :
favorably used as a target used for Sputtering and thin filmformation. 43
.6 Septenber 2005 What is clained is : 1. A sputtering target, conprising a
target material of ITO containing at | east one or indium oxide and tin

. oxide as a nmain conponent prepared by powder netallurgy process, which is
manuf actured through a machj i.ndi f |HQMBd by subjecting its
sputter surface to sputteri B % ﬂg?i&ﬁﬂé%gg%ehing treatment, wherein

the surface roughness Ra of the sputter surface of .the. target is not |ess

t
than 1.0 m and ADfi EPBLEREERYI RAFITT & 1% St es YRR 93T aid a

| engt h of
' effectively reduce occurrence of initial arc, and hence

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

and thin film formation.




not less than 40 mi's not substantiall y found when the sectional
observation of the sputter surface of ,_the target is de. 2. T

sputtering target as clained in claim’, wherein a rrimgarge%?'ae‘?{%ggi ng a
depth of not less than 10 mand a length of not Iess than 30 mis not
substantially found when the sectional observation of a sputter surface of
the targetyls, made.q 3; Jhe; ;gputtering target as claimed in claim 2,
~wherein the nung%r o]f ™ cro cracks havi ng a depth of not less than 5 m and
| ess than 10 mand a length of not Iess than 10 mand | ess than 30 mis 5
or |less based on 2.5 mmof a length in the width direction of the section
when t he sketi ohal spbseevaricon drushut t eFOBRriEca D téhe tlare@etis

made. 44 6,35epienher o200prd. A $PHLLEeNNYatar ek sranyfactyred thy ghgh a
machi ne grinding step, a sputter surtface of which has been subjected to

sputteringe¥tdat mm Ppinorodbleshisppt ngain JeeprspeitterPRgPEaISTetPEs

claimed i LGl abM 4me LI €LV NS ddHeQL at ednel gLt ri & engha-APRli&ed to the
sputter surface of the sputféring target in the sputtering treatnent is
not |ess tHaRou9h05 Wh/ ciRpchine grlndlng step followed by

subjecting its sputter surface to sputtering
treatment or dry etching treatment, wherein the

surface roughness Ra of the sputter surface of the
target is not less than 1.0 pm and a micro crack
having a depth of not less than 15pm and a length of

not less than 40 um is not substantially found when

the sectional observation of the 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 pum and a length of not less than 30 um is
not substantially found when the sectional
observation of a sputter surface of the target is

made.

3. The sputtering target as claimed in c¢laim 2,

wherein the number of micro cracks having a depth of

not less than 5 um and less than 10 pm and a length

of not less than 10 pm and less than 30 pm is 5 or
less Dbased on 2.5 mm of a length in the width
direction of the section when the sectional
observation of a sputter surface of the target is

made.




6. The sputtering target as clained in claim4, wherein the integrated
electric energy applied to the sputter, surface of the sputtering target in
the sputtering treatment is not |ess“han 0.01 W/ cne® .ptefrﬂléers?%f]?teri ng
target as clainmed in claim4, wherein the integrated electric energy
applied to the sputter surface of the sputtering target in the sputtering
“treatnment is not less than 0.02 Wha/cnz_ .8 The sputtering target as
clainmed i ftany fonesphttodaing 4 tteordet whereeiwmf acsurfeate photeoti veafil m has

been st uc sputter. surf of th ri ge . the target
is shi ppegr.lat%&a%e (g]g%bt%érr} gst%;é%g'et aasggﬁl%%réelg iangfa%%lé%neéfo%%?ns 4 to
8, whi ch itmasrahefact svkdepytad skpt erpwgteprocessrea@meTiie pputtreriqg t ar get
as clai rre%ﬂ{b ny.one of clains 4 to 9, which contains indiumoxide as a
mai n component . 71, The sputtering target as clained in any one of clains
4 to 9, which is an oxide (1 TO containing at |east one of indium oxide

and tin og de. 4p. 6 s%ﬂﬁ@&?%gzo%hég?et AU 0C8SS; 08 MpRUfact upi ng a
sputtering target, conprising machine grinding a surface of a target and
then, priofheweshi pphRg, 15kjEctied @leradc acopnder amtbee ofothe
target toﬁﬂ&“&ﬁﬂﬂﬁbr surface of the sputtering target in the

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

6. The sputtering target as claimed in claim 4,
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?.

7. The sputtering target as claimed in c¢laim 4,
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?®.

8. The sputtering target as claimed in any one of

claims 4 to 7, wherein a surface protective film has

been stuck to the sputter surface of the sputtering

target when the target is shipped.

9. The sputtering target as claimed in any cone of
claims 4 to 8, which is manufactured by a sintering

process.

10. The sputtering target as claimed in any one of
claims 4 to 9, which contains indium oxide as a main

component.

11. The sputtering target as claimed in any one of
claims 4 to 9, which is an oxide (ITC) containing at

least one of indium oxide and tin oxide.



treatnment. 13. The process for manufacturing a sputtering target as
‘clained in claim12, wherein the target is obtained by a sinterin

process. 14. A process for manufacturi4®y a sputtering Qﬁ?@@’tn,berc%ﬂ?%ri si ng
machi ne grinding a surface of an |TO target obtained by sintering a
-material containing indiumoxide and tin oxide as main conponents and
then, prior to shipping, subjecting at |least a sputter surface of the ITO
target to 13putX eripgpteeat neffbr ABSTRAGEcTheisputt eri ngrerigetiod t he
Present TTREDLLED | Soflo SR £ L0041 ALOCL: [EOME AT U edLfy ough & mehi ne
‘grinding step, éan a Tirst enbodi nent of” thé 1nventi on is characterized in
that a m crargeackahdvitgen,depriicandte #seagihrof, naubessttihan &he
specific v i_S S i,ally fo t ct rvation
of the sp%%%? ?ur%]}gégto% t%gg%ggfeto%s%%%dgéggggggoﬁﬁ ts@%d?%ﬁ of the
i nventi on iseghmeadt.eri zed in that the sputter surface of the sputtering
target manufactured through a machine grinding step has been subjected to
sputtering treatnent prior to shipping. According to the invention, a
sputtering3ar géte capalsieedt effact | veyp faeducing oceur sendecefiagci ng,

pmw'CU|a@é%889uH§ﬂEf%9£ed in claim 12, wherein the target is

obtained by a sintering process.

14. 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, pricr to shipping, subjecting
at least a sputter surface of the ITO target *to

sputtering treatment.




initial arc, and capable of-renarkably I nproving initial stability can be
. provi ded. : .

6 Seplember 2005
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ABSTRACT
The spﬁttering target of the present invention is a
sputtering target manufactured through a machine grinding
step, and a first embodiment of the invention is
5 characterized in that a micro crack having a depth and a
length of not less than the specific values is not
'Subétantially found when the sectional observation of the
sputtér surface of the target is made. A second
embodiment of the invention is characterized in that the

10 sputter surface of the sputtering target manufactured

through a machine grinding step has been subjected to

sputtering treatment prior to shipping. According to the

ihventibn, a sputtering target capable of effectively

reducing occurrence of arcing, particularly occurrence of

15 initial arc, and capable of remarkably improving initial

-

stability can be provided.
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