6 Septenber 2005 | TITLE SPUTTERI NG TARGET AND PROCESS FOR MANUFACTURI NG
THE SAME TECHNI CAL FI ELD The present invention relates to targets used for
sputtering and thin filmformation and a process for gaepEabbtragsy 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, substrate, wherein an inert gas in a
. state of plasma generally nmade unde} reduced pressure is allowed to 15
‘collide with a sputtering target (also referred to as a "target" sinply
hereinafter) and nol ecul es or atons qushing out fromthe target by the
collision energy are allowed to depostt—on a substrate to forma thin

film This process_has been i stri d.si i 0 r ion of
| arge area g%%T%%RH%aéT%%EFTyggﬁdgﬁpﬁhégogaﬁhwéﬁﬂgg%ﬁ%#ﬁ%ﬁbghgan g
~ Obtained. As other sputtering processes, there are recently known a

reactive sputtering process wherein sputtering is carried out in a

reactive gas and a magnetron sputtering 6 Septenber. 2005 .2
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

substrate, wherein an inert gas in a state of plasma

generally made under reduced pressure 1s 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




~ process wherein a magnet is placed on a back surface of the target to

achi eve high-speed thin filmformation. O the thin films formed by the
above processes, those of oxides (referred to as "I TQ'shRspbardosr) 5
containing at |east one of indiumoxide (In2G3) and tin oxide (ShQ2) -as a
mai n conponent particularly exhibit high visible Iight transm ssion and
hi gh conductivity, and therefore they have been wi dely used as, for
exanpl e, transparent conductive filrms for liquid crystal display 10

devi ces, exothermc filnms for preventing dew condensation of glass, or

infrared reflective filns. T g L-£araing thex! IQ-ELL s
manuf act urgd® st i %? ?ltdaéﬁﬁﬁﬁé%x?%eé?a?gets. That is to say, a target
mat eri al

is prepared b owder tal lur process. .t ecing process)
whi ch. con%?gs rﬂ%FdF%gg%h%ﬁ%ﬁigaéh %%%égiéﬁlﬁombég'%g%@ ?%en'sintering
t he nol ded product, and the target materjial s tgen sub%ected to surface
gri ndi ng usi ng &E geradFg whiddls of o Hpefdit P¥2BBS 0P PEBE ot hRT ©*HEEhI ni ng
operations such as outline machining, to 20 manufacture the target. In the
f or mati on ioze t f nokidies of refepredrE@r atinCéTOUshaget RRTEBhI teri ng t ar get
t hus manufactured, however, there reside the follow ng problens. 6
Sept entser 2605z Thahgi sttbessty, ona ¢helisgutmepkhde €Epgsi)aking iin he
initial stage of the sputtering, abnormal electric
- oxide (Sn0O;) as a main component particularly exhibit
high visible light transmission and high conductivity,
and therefore they have been widely used as, for example,
transparent conductive films for liquid crystal display
10 devices, exothermic films for preventing dew condensation
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
target material is prepared by powder metallurgy process 3
15 ({sintering process) which comprises molding a starting
material powder and then sintering the molded product,
and.the_target material is then subjected to surface
grinding using a grinding wheel of about #200 or to other
machining operations such as outline machining, to
20 manufacture the target.
In the formation of a thin film of high performance

using the sputtering target thus manufactured, however,

there-reside the following problems..




di scharge called arcing (sonetines referred to as "initial arc”
hereinafter) takes place to inpair filmb5 formng stability and to produce
particles. Further, the 'particles adhere to the sputtegeg and
accurrul ate thereon to forma black deposit called noéﬁ?%?&gﬁﬁﬁgﬁﬁs nodul e
causes arcing, which further induces occurrence of new particles.
Furthernore, if the particles adhere,to 10 the thin film performnce of
~the thin filmis deteriorated. In t%e use of a new sputtering target,
therefore, in order to avoid the above problens, idling nust be carried

out. in the peri f.ti from the, hegi.nni Ségggé-rin it

st oppage of occﬁg?gnéé g? aF fn%ntﬁgg %gggg%gghgénufact&%ﬁ%&géfpgﬁggucts,
even-if the new sputtering.target is set in,the sputt.eri

this is an*Bb5tadl 8L8S r5@8n§ﬁ9t8ﬁrﬁﬁg’pﬁaﬂﬂﬁﬂ%%t%%eﬁqlc%s heretofore
been said that occurrence of such 20 arcing or nodule is nore reduced as
the surfacdisfhprge raldet PECdpfotREBShy S & TGT FSFhéeffior e, a surface-
abraded target with a snooth surface is now the nainstream For exanple, an
| TO sputt efingtialgercihbseeisatftasd tolighnedsades tordtrsited Wit hin t he
prescribed 6 Septenber 2005 4 range to prevent occurrence of arcing or
nodul e 5s fdeacnibedabnliaganese tPapentisicio pa23048% -anfukbhe81521@8.

apparatus, and

particles adhere to the sputtering target and accumulate
thefeon'to form a black deposit called nodule, and this
nodule causes arcing, which further induces occcurrence of
new particles. Furthérmore, if the particles adhere to

10 the thin film, performance of the thin film 1is
deteriorated.

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

15 sputtering to the stoppage of occurrence of arcing téat
enables manufacturing of products, even if the new

o sputtering target is set in the sputtering apparatﬁs, and
this is an obstacle to impro#ement of the productivity.
it has heretofore been said that qccurrence of such

20 arcing or nodule is more reduced as the surface of the
tarqef is smoothed by abrasion. Therefore, a surface-
abraded taréef with a smooth surface is now ther
mainstream. For example, an ITO sputtering target whose

surface roughness is controlled within the prescribed




In'order to attain such a prescribed surface roughness, however, it is
necessary that after preparation of a 5 target material, the target
material is subjected rough grinding through nachi ne Welel adj ust
t he thickness and then stepw se subjected to finish ég$ﬂﬁ9hggﬁi ?asion)
to snmooth the target surface, and this results in problenms of a |ong
“manufacturing tinme and high cost- 10 Further, even in the use of the ITO

" target having a prescribed surface ?oughness, the initial arc cannot be

effectively prevented, and idling nust be carried out. over a relatively
[ong period of tinme after a new _sputtering target is t i.n. the sputtering
appar at us. *3898uER BF%E?%EBO?%Efﬁgggﬁsg iﬁggép m°¢ Pﬁg%ﬁfhfﬁ%ts .which are

prepared by powder netallurgy process (sinter] roce 3% ang é in, as
mai n conpofieftsibedxiiBed2BRABRE St RET ST, Nﬂtr%?ﬁﬁ%éamﬁQﬁ S-a &888 ides,
etc., or netal type targets.. 20 Under such circunstances, the present
i nvent ors Baverdear hesetyasnudiiel, aandessrabeds §h LaCkey WA FBUnd t hat ,
in a sputtering target manufactured through a machine grinding step,
initial panbivelres, whi th meeeastiryburhaltl eftert hbeegriradilog stiep and present
on the target surface, 6 Septenber 2005 5 or portions, which separate from
the surd acealbauer mhyert Hef mohe shaekeef mapettieli ng andjeetene mardhcles, are

griﬁding through machine grinding to adjust the thickness

'and then stepwise subjected to finish grinding ({(abrasion)

to smooth the target surface, and this results in

problems of a long manufacturing time and high cost.

10 Further, even in the use of the ITO target having a
prescribed surface roughriess, the initial arc cannot be
effectively prevented, and idling must be carried out
'6ver a relatively long period of time after a new
sputtering target is set in the sputtering apparatus. %

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

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

grinding step, initiél_particles,'which are attributable

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




mai n causes of arcing or nodule, so that if these initial particles and
portions are renoved, occurrence of the 5 initial arc can be prevented.
The present inventors have further studied, and as a §9§H& ol have
found that whether the portions separate fromthe surtace layer by therm
shock of sputtering and becone particles or not greatly depends 10 upon
-the presence of mcro cracks forned fromthe surface of the target to the
inside by the nmachine grinding, rather than the surface roughness of the
target. The present inventors have also found that all of the mcro
cracks do not cause arci r nodule b m 1 [ a depth and
a Iength'o?rn%?erggsthﬁﬁgFﬁeS%%%E?g?c%%g ugé%a%éﬁﬁéiﬁ gg%%g;@%? thep
initial arc, so that occurrence of the injtial arc anlbe effectively.
prevent ed ByeEudst aRPTal PY F@HB@?ﬁbnguﬁﬂdnb8F8m€rEﬁfi}c Bised 6n t he
finding, the present invention has been .20 acconplished. Accardingly, it
i s an obj eetinfcahess nwEnerehng o providéea sputhet Ad £Reget 1WA can
prevent occurrence of initial arc, inprove initial stability of the
sput t er i ngpandickanrkatl yoehhans eape odewei el y ocgutfengeSept éser 2005 6
thin filmformation, and a process for manufacturing the sputtering target.

' 5 -initial arc can be prevented.

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




DI SCLOSURE OF THE | NVENTION 5 The sputtering target according to a first
enbodi nent of the present invention is a sputtering target manuf act ur ed
through a machine grinding step, wherein a mcro cragk P ﬁ% pt h of
not | ess than 15 pmand a | ength of not |ess than 40 pn1 pre erably a 10
depth of not less than 10 pmand a length of not less than 30 pm is not -
‘substantially found when the sectional observation of .a sputter surface of
the target is made. |In the sputtering target, the nunber of micro cracks
having a depth of not less than 5 pmand less than 10 pm 15 -and a | ength
of not 'eséh]’tﬂaﬁlﬂ%’ porRRd: beSSahhan 3QoREkksS rpirehehatiarthding esse based on
2.5.mMmof a length in the wi di h direction of the section. The sputtering
target of the |rsé eg? ?% pent of the invention is preferably one obtained
by subjectl%g ? sputter surface to any one of sputtering treatnent,

| aser treatnment and dry etching treatnent. The sputtering target of the
first enbodi ment of the invention preferably conprises a target materi al
prepared by powder netallurg y contains at 6

. Sept enber 2005 7 | east onfls ide as a nmain

conponent In the sputtering target of the flrst enbodi nment of
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.
Ihithe sputtering target, the number of micro cracks
having a depth of not less than 5 pm and less than 10 um
'15 -and a 1eggth of not less than 10 pum and less than 30 pm
is preferably 5 or less based on 2.5 mm of a length th
the_ﬁidth direction of the section.
The sputtering target of the first embodiment of the
invention is preferably one obtained-by subiecting its
20 seutter surface to any one of sputterihg-treatment, laser
treatment and dry etching treatment-
The sputtering target of the first: embodlment of the
invention preferably comprises a target material prepared

by powder metallurgy process, and preferably contains at




the invention, the surface roughness Ra of the sputter 5 surface nmay be not .
less than 1.0 m The sputtering target according to a second enbodi ment of
the present invention is a sputtering target nanufac%y eq tgro a
machi ne grinding step, a sputter surface of which has %%%ﬁm'ﬁ% ted to
sputtering 10 treatment prior to shipping In the sputtering target of the
second enbodi nent of the invention, the integrated electric energy applied
to the sputter surface of the sputt’ering target in the. sputtering
treatnment is preferably not |less than 0.005 15 Wi/ cnR, nore preferably not

l'ess than 0.01 Wh/cn?, still nore preferably not |ess than 0.02 Wi/c In the
sputteri nglefaa?be?n%fofh@@é%r?d{%q%o%‘?ﬁeﬁfno?m?%eglgn?/en‘?l on, a surface
protective filmhas been preferably stuck to the sputter surface of the
sputteri ngcaWeREYet when the target is shipped. The sputtering target of
the second enbodi ment of the invention is preferably one manufactured by a
- sintering procels.tite SaptEem@0Bs drle eputherfhgst RBerdoRetfe °fecond
enbodi ment of the invention preferably contains indiumoxide as a nain
conponent ,tipg isverieferablhe anmkicde (dT@hnennt Ba nphgtae speaserone of
i ndium oxide and tin oxide 5 The process for manufacturing the sputtering
target 5 surface may be not less than 1.0 pm.
The sputtering target according to a second
embodiment of the present invention is a sputtering
target manufactured through a machine grinding step, a
sputter surface of which has been subjected to sputtering
10 treatment prior to shipping.
In the sputtering target of the second embodiment of
the invention, the integrated electric energy applied to
the sputter surface of the sputtering target in the
sputtering treatment is preferably not less than 0.005 -
15 Wh/cm?, more preferably not less than 0.01 Wh/cm?, still
more preferably not less than 0.02 Wh/cm®.
.In the sputtering target of the second embodiment of
the invention, a surface protective film has been
preferably stuck to the sputter surface of the sputtering
20 target when the target is shipped.
The sputtering target of the second embodiment of

the invention is preferably one manufactgred by a

sintering process.




of the second enbodi ment of invention conprises machine grinding a surface
of a target, preferably a surface of a target obtained by a sintering

process, and then, prior to shipping, subjecting at | ‘256 er
surface of the 10. target to sputtering treatnent. Whéné%#%%ggu tering

target. of the second enbodinent of the invention is an | TO sputtering
target, the process for nanufacturig? the 1 TO sputtering target conprises
machi ne grinding a surface of an ITO target obtained by 15 sintering a
‘material containing indiumoxide and tin oxide as main conmponents and

t hen, prior to .shippin jecti af | t r the 1 TO
target 20 to sp?f%? egg%lgt?fgg%rrggﬁ%SQER{)EFE%%Sa%F%%&O%%&O%%ﬁ%%%E’AC\% NG Fig. |
is a schematic . viewto exgl in exa Ieg of ni%po crac%P whi ch can be found
when the seiti bRRPACHBRCPESIPOACLY CRACERUP APUNFT SEEBr The tSgse i s
made. 6 Septenber 2005 9 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The
present i nve@rePRRNts @estfi BEALPRABEY AR CKérE ddfr CofE T vbodi nent

and the second enbodi ment of 5 the sputtering target according to the
i nvention heasbothe enuhdttoredidar eoghtannmaehidde grindi ng step.

5 The process for manufacturing the sputtering 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_ITQ 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 tﬁe ITO,térget

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.




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 parti stricted,
and for exanple, it may be a ceramic type target conf%%%#%@ggé%ig mai n
‘conponent an oxide, a nitride, a carbide, a boride or the like, or may be
a target nmade of a netal. Exanples of such target materials include those
(1 TO 15 containing at |east one of 4n203 and Sn02 as a main y. conmponent,
- those (1ZO containing at |east one of 1n203 and ZnO as a nai n conponent,
Zn0O A1203, 1n203, Sn02, zZnO, A1203i Si 02, Ta205,j%g9 Ni O Si3N4, AN
SIC, Mb, W Cr, Zr BESH MIDE FHORamBRYING GHaHE (HEVENEH WMyt tering 20
.targets are particularly effectively applicable to the first and the
second enbodi merHes wfeddrer i immentit oo becatsecr Hhgh imi debpistability is
required in order to carry out efficient sputtering. 6 Septenber 2005 10
The process.to: piepare the target material is not particularly restricted,
and for exanple, the ceranmic type target can be prepared by a sintering
process (powderpgetal lur %{—H{%&E@Q Wherehd Seddbnd UeRbOBiGEATL LAY 5
mat eri al powders obtai ne y mxing starting materials in a given ratio or

.a hOﬁD%eneggg Q%éé%gﬁiﬁg égégéﬁngccordinq 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, ‘..‘:‘:.i37N4, 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.




mat eri al powders obtained by co-precipitation nethod or the like is nolded
by various dry nmethods or wet nethods <conventionally known, then subjected
“to sintering and 10 then subjected to machine grindinqi Iq cpse f the
metal type target, a vacuum dissol ution process wher &l HeRRECCEMOur e of
starting material powders is vacuum di ssolved and then subjected to
casting, plastic working and nmachine grinding, or powder netallurgy
“process wherein. 15 the m xture of EQarting mat eri al powders is nol ded by
H P (hot isostatic press) nmethod or CIP (cold isostatic press) nethod and

then subjected to sintering and plastic rking is enplqoyabl e. Exanples of
the dry methods PRcPagecep %%O?HQB?E@sfhﬁg?ﬁﬁgﬁgdmaﬁﬁg?ﬁgtlﬁ?ég% net hod

and HI P (hot isostatic press) nmethod. According to the CP nethod, a

m xture of pataicihgriut sephripbader anfls feFacgedbilf- athel Fo¢ Prepare a

nol ded product, and the nol ded product is calcined (sintered) in the-

at nospher et gpei haagetxygenbat ppspheed. b§ Septiembeing0OZockesAccording to the
HP nmet hod, a mixture of starting material powders is charged in a nold of
an el ectri ¢gpofaenagetanduthenp subpes) edheaetnl di ngxandesioft eriawt &g t he
same time wth heating under pressure- According to 5 the H P nmethod, a

m xt ur & of st ar§ LAYLBRLEFE AbLPOVHEHSHYT midiBGebeRmtl sgeneesethlis Bnr ubber
bag or with a netal
a given ratio or a homogeneous mixture of starting
matérial powders obtained by co-precipitation method or
the like is molded by various dry methods or wet methods
conventionally known, then subjected to sintéring 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
ahd then subjected to casting, plaétic working and
machine grinding, or powder metallurgy process wherein s
iS the mixture of starting material powders is molded by HIP
(hot isostatic press) method or CIP (cold isostatic
presé) method and fhen subjected to sintering.and'ﬁlastic
working is employable.
Examples of -the dry methods include CP {cold press)
20 méthod, HP (hot press) method and HIP (hot isostatic
pressi method. . According to the Cé method, a mixture of
stérting material powdgrs is charged in 'a mold fo prepare
a molded product, and the.mblded product is calcined

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




~ water-insoluble material and to obtHin a nol ded product by renoving water

foil that fornms a covering even at a high tenperature, deaerated, then
pl aced in a container and sintered by heating with isotropically
pressurizing with an inert 10 nedium The wet nethod i_S Horbex | e,
filtration nolding method described in Japanese Paten @%?W—Eb%ﬂg

Publication Na. 286002/1999. In the filtration nolding nethod, a
filtration nold is used. The filtration nold is a nold 15 nade of a

content froma slurry of ceramc starting materials under reduced
pressure: According to this nmethod, a slurry consisting.of a mxture of
~starting materidinpowletke itpmekkddng? W&ﬁEPf?ZGfaﬁHaéﬁlagganic addi tive
is poured into the filtration nold, then water content is renoved fromthe
sl urry undestereslcesvge essis echarpea@paneaarmbdfded prodleftrafRd the nol ded
product is dried, degreased and then sintered. 6 Septenber 2005 12 The

~cal ci ni ng terperat e theeachhpictde abomeldimyheds séntesingbby a
tenperature appropriately determ ned according to the starting materials

used. Afterpdhe, st %i&@%ﬂ@ﬁeﬁé@wnﬁr@naai:dp@leb@uaer.rolzctc@rcamgstm ered to
prepare a target nmaterial as described above, the target material is

subj ectyed {0, TREPI & ngh] T RBxcsHENoRSsEHELRE BBLRHEAT, pbRaerdenio form
a preform is enclosed in a rubber bag or with a metal
'foil.that forms a covering even at a high temperature,
deaerated, then placed'in a container and sintered by
heating with isotropically pressurizing with an inert
10 medium.
The wet method is, for example, a filtration molding
- method described in Japanese Patent Laid-Open Publication

No. 286002/1999. In the filtration molding method, a.

filtration mold is used. The filtration mold is a mold L

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, and the

molded product is dried, degreased and then sintered.




into a given size or to snooth the surface. That is to say, the sputtering
target is generally manufactured 10 through at |east a machi ne grinding
step It is thought that on the surface of the target %fa tu e t hr ough
t he machine grinding step as described above, initiaﬁygﬁﬁF"‘?r
attributable to the grinding step or portions which separate fromthe
surface 15 layer by thermal shock of sputterlng and becone particles are
usual |y present, and these particl ed?adhere to the substrate during the
sputtering to cause thin filmdefect or adhere to the target again and
accurul ate thereon to _forma bl ack deposit, called nodul e, which causes
arcing 20 to tF&feb{ lFdPLRg FERRTREWSSartt % 9 tiHe F¥&ent i nventi on,
therefore, by subjecting the sputter surface of the sputtering target
nanufacture@ﬂﬁthkoughdehenahﬂnrﬂaQﬁmgﬁﬁaﬁyﬁﬁeﬂpﬁﬁp@¢ﬁﬂ¢%ﬁbr descri bed
.specific treatnent, the particles and the portions which 6 Septenber 2005
13 are i ataiaetmmep{ala&mrbiyu@emmtlhesma«tdfncﬁmﬂu@riaﬂgs are=d r enoved,
whereby the initial arc is effectively reduced. First enbodi ment of the

i nvention First ariche theskramadigrant «afi atihe Jpreeseitidédviantd amld is
described. The sputtering target according to the first enbodinent of the

inventign. J.5 Gharacker ized ddbatdal dheetpuldianing tas gelsd.sip@nuf act ured
t hrough a
| 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 the 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 subjectlng
the sputter surface of the sputtering target manufactured”
through the machine grinding step to the later—deséribed

specific treatment, the particles and the portions which




machi ne grinding step in accordance with the conventional process as

descri bed above, and thereafter or in the 10 course of the manuf act uri ng,
the sputtering target is subjected to the Iater-descr reaé t to
substantially renove micro cracks. Since the machine g ﬁﬂ el &EP
technique to grind a workpiece by cutting it with an abra5|ve grain
cutting 15 edge of a grinding wheel ;that is rotating at a high speed, and
because of the contact stress with % e abrasive grain, cracks are forned
on a surface (particularly surface to be subjected to. sputtering, referred

to as "Sp%sr}(ﬁm%%" DELELEATLE' Lroknbheshatgel aad sl ded hed arget

20 O the crac ose observe omthe surface have been recognized as

grindi ng damage hi def fi Kk I di
Prom the crroEeSe Rerely (Pafersihied aue: iPors EratrehataleEtl er) have

not been studied yet 6 Sept enber. 2005 14 The micro cracks occur inevitably
so far as the machineEdEshdeRBoAdmenty ody thgt 10VERIGIP™ he degree of
occurring the mcro cracks such as the shapes (depth, length, etc.) and

t he nunber etc.Fiesy. T ﬁ%@ﬁ%ee@@Odé@@ﬂFrPﬁgtbﬁepﬁ?éﬁatc#§@ﬁ§tﬂ§n

i nfluenced by weight and speed of the grinding wheel used in the machine
grindi ng, ishapecoibede Bibe aspwetgrang, taageti akbcokdtiha wor kpieece,

first émbodiment bf the invention is characterized in
thatvthe sputtering target is manufactured through a
machine grinding step in accordan;e 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 .
iS - edge of a grinding wheel that is rotating at a high speed,
and because of the contact stress with the abrasive érain,
_cracks are formed on a surface (particulérl& surfaée 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-Sﬁrface
{referred to aS'“miéro_cracks” hereinafter) have not been

studied yet.




etc. In-the first enbodi nent of the invention, such mcro 10 cracks are
pai d-attention, and by substantially renoving mcro cracks havi ng a depth
and a length of not l'ess than the specific val ues, et ef% %tlve
preventing occurrence of initial arc can be prOV|ded gﬂ%?mpg Bsay, al

of the mcro cracks do not cause 15 the initial arc but mcro cracks
having a depth and a length of not |ess than the specific values cause the
initial arc, as previously describedl so that by. substantially renoving
such. specific mcro cracks so that they cannot be found when the
sectional observation of 20 the sputter surface of the target i s made,
occurrence of TR MGEP LFragles @erbe BreeetpbéyySpréaengddth eSpeC|f|caIIy
the sputtering target according to the first enbodi nent of the invention is
a sputter inmchiargetr maihacturedct hedughta theohghethei ddvngesedp, wherein a
6 Septenber 2005 15 mcro crack having a depth of not |less than 15 pmand a
| ength of qwiutessgthiae dlcr orefles abhyhaadephd shapets (Hepsh,than 10
}.gymand a length of not less than 30 m is not substantially found when

the sectionalgabsesvatj omh@f e dusibt eecsur baeg. of Tiheddgrget ofs made. The
expression "a mcro crack is not substantially found" used herein neans
t hat rgnn%%md¥rfggr9hgnﬁ&§%ﬂé%acks is influenced by weight and
speed of the grinding wheel used in the machine grinding,
shapa 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
'micfa cracks having a depth and a length of not less than
- the specific values, a target effectively preventing
décurrence'of'initial arc can be ptavided-
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_acaordiag to the
first embodiment of tha iaventioﬁ is a sputtering target

manufactured through a machine grinding step, wherein a




carried out on the target until no mcro crack having a depth and a | ength
of not |less than the specific values 10 can be found when the sectional
observation of the sputter surface of the target is . Specifically, it
is meant ‘that a micro crack having a depth of not |g§§§?wgﬁ‘fé£@$gnd a

| ength of not less than 40 m preferably a depth of not |ess than 10 um
and 15 a length of not less than 30 pm is not substantially found in the
region of a length of 2.5 pm in thESwidth direction when the sectional
observation of the sputter- surface of the target is made. This neans that
even if a mcro crack having a depth and a length of |ess than the 20
above val ugscts presenhavihigsanidepbhcpéickoit delst ddes AGt prcause arci ng and
does not becone a source of particles either because it does not bring
about chi ppiRgeBYothesfal c shoekanf 48plikt epirgeréb3gptealoen h2@E5 riké: Mor e
specifically, it is desirable that when the .sectional observation of the
sputter su e t a t,i , 0@ AbEr 9cGlagkapaviongua depth and a
| engt h ofi%gg Fg%% ?ﬁaﬁﬁtiggs%eg?gggﬁvglues is not found, g%d 5 t he nunber

of mcro CBﬁEgguﬁﬁéﬁQQﬁlﬁfﬁgﬁu% fRLn! egs séﬁ%ﬁo%aﬂmob%%(}xﬂa%si?df@ﬁ’l 10 pm

and a | engt not 1ess pm and |less than 30 um is or |ess,
preferqylya3sp8£tégsgﬁr aég gfeggéaggyg%togslﬁg@e_based on 2.5 mm of a

' 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.




length in the width dlrectlon of the section. 10 As a matter of course, it
is nost desirable that when the sectional observation of the sputter

surface of the target is made, even a mcro crack hayi a dept not
| ess than 5 umand | ess than 10 ~Lm and a | ength of %Uﬁgt%g@”§WEﬁ 10 pm

and less than 30 Vm is not found, 15 that is, the nunber of the
above-nentioned mcro cracks is O based on 2.5 mm of a length in.the
width direction of the section Howeugr, when the nunber of the mcro cracks
is 5 or |less, preferably 3 or less, nore preferably I or less, 20 the
initial arc can be effectively reduced, and there is no trouble in the
sputtering. Themaeanspkeh rtikeldect iiandls desdmeatliconttoft tutesrspute er surface
of the target is, for exanple, mcroscopic observation using an optical

m cr 05C0pe1se%%1@n§@%%§@%a%@% b elRCtyRit tE1CIAscRpe: O5f alseanni ng
el ectron mcroscope (SEM. The sputter surface of the target has fine

protru5|on§:§p% (R es§ions ngggfqnﬁgscﬁéﬁgﬁkgQﬁ%kﬂﬁﬁ§@ﬂui heough the

machi ne grin ng Step as "previ ri bed,, and how to define the depth
and the Ien h

f k t
definition® Fm%héesaeggﬁna%%%fﬁ%ﬁ$engch 5§iﬂ¥§$%%gﬂ%ﬁad§ﬁ§éfﬁfﬁ present

5 the number of micro cracks having a depth of not less

than 5 pm and less than 10 pm and a length of not less
.than 10 pm and less than 30 pm is 5 or less, 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 prefgrably 1 or less,

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

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

microscopic observation using an optical microscope, an




specification are explained belowwth reference to Fig. 10 1. In the
present specification, the depth of a mcro crack is, as shown in Fig. 1,
a depth Dfromthe top of the highest nmountain in th i i or med by
the sputter surface 1 corresponding to the region mhe?%é%ﬂ%%%%qﬁpgro crack
5 is present and the section 3 to the deepest position of the mcro crack
5. 1n the present specification, the length of a mcro crack is, as.shown
in Fig. 1, a maxi mum |l ength L of th¥ micro crack 5 in the horizontal
.direction on the section 20 3_ The sputtering target of the first

enbodi mrent of the invention has only to . be a_target substantially free
from a miehY EFaRKTHE? TGRS debt f 5%6”81P@n@%ﬁ%goﬂo?‘lfsé??ctoﬁ’&n t he

speci fic values, and the surface roughness 6 Septenber 2005 18 (arithnetic
mean roughff&sd} of roughness curve) Ra (measured in accordance with JIS B~
0601 (1994)) of the sputter surface of the target may be not less than 1.0
m or may be nbhel gssttdransdrBaden obrthaytbegadt hkes§inkhan 5 2.0 pm In
the sputtering target of the first enbodi nent of the invention,

accor di nglyrot hes soifi aged ofiephes ¢ boget bedaasenohcak wayetneed paskedabr aded
snoothly in order to '

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 the present specification, the depth of a micro

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

15 micro crack 5 is present and the section 3 to the 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




| ower the surface roughness, dlfferently fromthe 10 conventional targets,
so that such an abrasion step can be omtted. Hence, the producti on process
-can be sinplified, and the productivity of the target n beb nced.
However, it is a matter of course that Ra of |ess ﬂﬁ#$ can be
applied to the present invention... |In order to obtain the Sputtering
target of the first enbodi nent of the invention, nanely, a target
substantially free froma mcro cragk having a depth and a length of not
| ess than the specific values, it is 20 necessary to carry out renoval of
mecro cracks until such a speC|f|c m-cro crack cannot be found as
descri bed @0Mehme thsc tleametheghri@s subst antighheysf ceeveheRearget from the
m cro cracks (renmoval of mcro cracks), any nethod is adoptabl e provided

that the ngthod:;can substantdaldy ®iSeptepber 08005(1991eMuE the nicro
cracks. For exanple, precision grinding in which the weight or the

rotational %Hﬁ?d ofué% i9) ?fn%? m@gehetsmg ety cantdoldied, spythgring

treat nent ,“Hdser” {tea y etching treatnent and blasting treatnment 5

“can be carrled out on t tter ur f ace of the r e,
sputteriné”t@@ﬁfﬁﬁ%t“otaﬁ t né % he “dr agtc§|%§£t%8§%n%2%§%re

prﬂerﬂﬂefromtheV|mmm|m
5 0 pm.

" In the sputtering target of the first embodiment of
the invention, accordingly, the surface of the target
does not always need te 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 ean be
ehhanced.
| 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 the
fiist embodiment of the inwvention, namely, a targét
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 removal of_micro-cracks until euch
a specific micro crack cannot be found as descrieed above.
| As the method to substantially free the target from
the micro cracks (removal of micro c¢racks}), any mehhodris

adopteble provided that the method can substantially




of excel | ent productiv[ty of the target. The renoval of mcro cracks is
~described bel ow 10 giving as an exanple a nethod of subjecting the sputter

surface of the target to sputtering treatment. Wien the.sputter,]
treatnment is adopted as a method to substantially fr ésﬁﬂ% %%ﬁ%£$ fromthe

mcro cracks (renmoval of micro cracks), the sputtering condition

as node of sputtering, sputtering gas ;nd gas ppressurg, are no? S 15 sueh
particularly restricted, and they gan be appropriately selected according
to necessity. For exanple, it is preferable to use, as a sputtering gas

an inert gas such as argon and if necessary an oxygen gas 20 and to set’

the gas pressure o hitQolQ QY. Fhe eRbegnal,eqelsotidre enardg)
( . . - , et Wh/ cn®
applied in %ﬁ% sputtering treatnent, that ?%, i nt egrated electr?znqenergy)

per unit area aof the targe i | S apl 4 i n efri 0 th
sputterlndjlﬁﬁﬁbegﬁfi%?%#?%ﬁ%!ﬁgﬁggrof[ﬁfﬁéia% 3é@8§§ﬂ?ogigﬁgﬁ?gn2, ﬁnre

preferab{y 0.5 to 5 W/cn2. . en the,inte I j i ed
in the aBHVﬁﬂf&ﬁg§FrFﬁ§H%féFyangtE§Lc§5nggéﬁggﬁaﬁ¥%%f§$ﬁggr?éﬁ%ggdteanhs

the tinme required for manufacturi i
productio¢é;ﬁﬂm%W% chtéﬁéﬁ%ﬁg'{‘eégﬁééé”éﬁﬁ @pdsLhe productiyity such as

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




- Specifically, a target (which may be bondéd to a backing plate)
manuf actured through a machine grinding 10 step is set in a sputtering

apparatus using DC magnetron sputtering system and s teri is. carried
out using a sputtering gas of the above conposition Bﬁ%ﬁﬁewﬁgjhgﬁoresaid

integrated el ectric energy is reached, whereby the sputtering target of
the first enbodi nent of the 15 invention can be obtained. In the target

t hus obtained, a mcro crack having28 depth and a | ength of not |ess than
the specific values is not substantially found when the sectional
observation of the sputter surface is made, and when this target is 20
used for thha Bphbtéoingt togagiienitzi ng dputtier insgioa et @%ﬁ%ﬂ%ékﬁﬂﬁ
effectively prevent occurrence of initial arc and exhibits excellent
initial aro.prepeLti wa/The, imbréapraferpbbpedt besoob fine/ csputtering target
of the first enbodi nent of the invention can be evaluated 6 Septenber 2005

21 based on theygunuipti YetEheduenacylekrane eseugengsplicad tie imt egrat ed
el ectric energy (Wi/ cnR) applied when thin filmformation is carried out

using the &ﬁ&gggcbévwg???ggﬂesumﬁt ed e ot he ahaves iy catmenii1$hat s,

when 5 sputtering s ca out using such a target- The cunulative

o O BL R PRRSch AR R ok Sl indvndni Lor (MM

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




Landmar k Technology Co.). In the use of the sputtering target according to
the first enbodi nent of the invention, 10 the cunul ative frequency of arc
occurrence is low, and the sputtering target exhibit nitia
arc properties Second enbodi nent of the invention hbj%§qﬁ L?@%@%

enbodi ment of the present invention 15 is described. The sputtering target
according to the second enbodi ment of the invention is characterized in
that the sputter surface of the tatlget obtained after machine grinding of
a target material has been subjected to 20 sputtering treatnent prior to
shi pping fromthe uttering target maker. As previously described, it is
t hought th%@s?ﬁeoncéggeC%WU%%%lY%l?F%HU§P€Y|§ftﬁ5F PREVPAFTICE €€ or the
portions which are liable to separate by the thermal 6 September 2005 22
shock of spuweténtagraredpebsenrionenhedgpdnéensurdrickiof WHRE Pt ering
target manufactured through a machine grinding step. Therefore, if the
particles oiimheopastionsi shigirbedreuti abiegt bhesepargte h@VHMEJtherwm
shock of sputtering can be renoved by previously subjecting the sputter

surface itisedh ohpyberspUtd efhdgabevget rkatspHt] echag is, when
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




tfeathént, the initial arc can be effectively reduced. Also in this case,
it is thought that whet:her the 10 portions separate by the thermal shock:

of sputtering or not depends upon the presence of mcr racks fornmed from
the surface of the target to the inside by the nachin@f%¥ﬁ?é%?i;00g

particularly the presence of mcro cracks having a depth and a | ength of
not |less than the specific 15 values, simlarly to the first enbodi nent of
the .invention. Also in the. secondZ22nbodi ment of the invention,

therefore, it is desirable that the sputter surface of the sputtering
target is previously subjected to 20 sputtering treatnent to give a target
subst ant i akhyckreé Bpottarihgr 8rer RERSEAY By & e taisd &4 f 8f not

| ess than the specific values, simlarly to the first enbodi nent of the

i nventi on- thewepet-eirfinpertogaaneentid a6 t8epidertero@BG0% 2&cuicke an extent is
not required, the sputtering target is not limted thereto That is to say,
in the secgpgdngnhgdigept of the invention, the integrated electric energy
applied to'the 5 sputter surface in the sputtering treatnment previously

conducted i s pr€é§£%£5¥enpﬁ I egs Hhap;0:Q05 WAGRP oiRi@nPRA{RE@Dl y not
| ess than 0.01 cn, st F nore preferably not Iess than 0.02 Wh/cn®,
particqgarg¥e-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
érinding, 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




preferably not |ess than 0.1 Wi/ cnR. The term"integrated 10 el ectric
energy (Wh/cn¥)" used herein neans an integrated electric energy per unit

area, which is applied to the sputter surface of the tgiﬂ Q@ Ee
sputtering treatment conducted prior to shipping. Vhén g Pﬂ' é at ed

el ectric energy is not less than 15 0.005 Wh/cn¥Z, the target having been
previously subjected to the sputtering treatment exhibits excellent
initial. arc properties and can effectively prevent occurrence of the
initial arc. On the user side of the sputtering target, therefore,
sputtering for thin filmformation can 20 be imediately carried out by the

use of the_sp gt%er 09 o nkarget, M thout; substant il vt condyatd g4 did ng, so

that the productivity in the thin |In1fornat|on can be enhanced and the
thin filmformation can be ff|C|entIy carried out. 6 Septenber 2005 24 The
sput t eri ng"@5nditfi S F6EHH e ‘sputtering treatment previously carried out

are not partlcularly restrlcted and sputteri arrl ut under the
usual  conditi oR&atnffl tPh& 2o ﬁgﬁtﬁﬁﬁgﬂ ﬁ?&ﬁ%@ﬁgﬁ‘ energy is
reached In the second enbodi nent of the invention, the up er Ilnlt of the

i nt egr at ed 18VeBtiPE, efibrgy Nte ISt efarticcirdd IS |ad%Fe1cFedod3(° 5% t he

V|emp0|nts of the
5 sputter surface 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 .‘
eonducted prior to shipping.
When the integrated electric energy ie not less then
15 0.005 Wh/cm?, the target having been previously subjected
to the sputtering treatment exhibits excellent initial,
are properties and can effectively prevent occurrence 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.




time required for manufacturing the sputtering target and 10 the
productivity such as cost, the integrated electric energy is desirably not
nore than 10 Wh/cnR2 The initial arc properties of the é r get cag(gf

eval uated based on the integrated el ectric energy gﬁ% MEELEI® unt i |
the interval of arcing occurrence 15 becones not |ess than 10 seconds in
the case where sputtering is carried out using a target having a dianeter
of 6 inches- Specifically, sputteri is carried out to detect arc by the
~use of an arc counter (manufactured by Landmark Technology Co.), and the 20
integrated electric energy applied until the initial arc of the target
havi ng a di anet éiheofsp@ititeohies) convbrigess fdvatths, sphiete¢ntegrated el ectric
energy applied until the. interval between occurrence of arcing and

occur r ence 1feN@udntanciaig decomes: noted esst tdaesn 16: segondsuisrigasured. 6
Sept enber 2005 25 Based on the nmeasured value of the integrated electric

energy, theddydti@ledr Gl QRArdd s @y e evad vt ed. ol tfi@ervahyeushatihe
integrated electric energy is decreased or ‘as the cunul ative frequency of

arc_occur renged SidRlfdy IANSAdNdIiln @ En bl ODRFLd L2 O Lhectanget

becone nbre exc ent t he second enbodi nent of the invention, the

sputterssL”J§g¥%§ﬁi§t¥%§éyé§¥ is previously subjected to

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.




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 neasured
i medi ately after the machine grinding. Therefore, f the sputtering
target of the second enbodi nent of the invention rrangBegeWS?’EeE &

arm 0.5 m
t hat has been conventionally considered 15 as preferable- As a matter of
course, Ra of not nore than 0.5 mis '"applicable to the second enbodi nent
of the invention- In the present g%ecification, t he surface roughness Ra
-means an arithnetic nean roughness of a roughness 20 curve neasured in

accordance with JIS B 0601 (1994). Mre cifically, en s ring is
conti nued, Bergd RY \Fgleug‘egts rﬁ% )éfﬁll}tuteeroltflgc earlgngttegor%/atﬁ\g; egleecﬁléigenbodi ment
of the invention converges tqQ an al nost constant value re ar%&gss of the

initial vaPB&r9dnd rorh'd tapt &rbeP TO855 D6 T e ¥/ iwIdiHt D prioduttivity
in the sputtering treatnment, the Ra value of the sputtering target may be
in the rangeluef of. theo intgomated AP de it e Parge BICTAYD Y0 m  The
sputtering target of the second enbodinent of 5 the invention is
pr ef er abl yasnehkaviung la tswef dcequprotyectfi \eerd idanuahiested sisstimkeredt he
sputter surface imediately after the sputter surface is subjected to
sputterd ngtheeahienkl BycSpirekbengikle ourtftac & qpgeitetidattne 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




filmto the sputter surface, adhesion of inpurities or 10 adsorption of gas
on the target surface can be prevented. The surface protective film has
only to be stuck to at |least the sputter surface so t@ t @d esi of
inmpurities or adsorption of gas on the target surface c%ﬁpﬁgkﬁ?%gg%ted, but
the surface protective filmmy be 15 naturally stuck to the whole of the
target. The surface protective filmcan be stuck by bonding a resin filmto
the sputter surface or vacuum packadi®ng the whole of the target with a
~resin film O these, the vacuum packaging is preferable because bubbles
hardly remain between the 20 filmand the target. The resin fil mused for

t he surfacéhﬁnﬁﬂ%ﬂHQ%ﬁﬁf?fnPF%d%%FlﬁhF¥iEGIEgﬁySP@§FFF&P€quﬁﬂtW§Pt0rder
to prevent transfer of particles onto the sputter surface, a resin film
cont ai ni ng the fel eadald e parhe cirstisr Preferadte. may Sept Bnbeie 2008927 Next ,
the process for manufacturing the sputtering target according to the
second enbedi nent wf 4he phhventhen bs deschibedngthefpnotess fr0 pm.
manuf acturing the sputtering target 5 according to the second enbodi nent

of the inventionHes spehtaraetief iZathdt dihatha sitdad eetodikatged £
preferably a surface of a target obtained by a sintering process, is
5 the invention is preferably one having a surface
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.




subj ected to machine grinding, and then, prior to shipping, at |east the
sputter surface of the target is 10 subjected to sputtering treatnent. Wen
the sputtering target according to the second enbodinent of the invention
~ is an I TO sputtering target, the process for manufact Jt PERieTRe 4968
sputtering target is characterized in that a surface of the ITO target 15
- . obtained by sintering a starting naEgrial containing indiumoxide and tin
oxi de as mmin conponents is subject€d to machine grinding, and then, prior
to . shipping, at least the sputter surface of the 1 TO target is-subjected
" to sputtering treatnent. t he_process fq{ nnnuf@%turing t he sputtering

- 29 Asss f n [ n
target of the s&&éid odl TS of T Chd I HVE B A TF ockeEF o9
manuf acturing a general sputtering target is enployable except that the
sputter surfE@etorqe didpitheriify Iergt Pt edt t BhSputtering
treatnment. 6 Septenber 2005 28 That is to say, the starting material is
mol ded in anvmsitd cand ssidaserdddy- a sintering process (powder netallurgy
process) or cast by a vacuum di ssolution process to prepare a target
material, and t ket argetess mMatremaalufia:ttthemas ulhjee ctradt tor img hiaveggt i ndi ng,
such as surface grinding, in order to formit into a given size or to
smoot h §he ssivdrageg Ald ehd hedathids@limding £ 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.




“the target is usually bonded to a backing plate to prepare a sputtering
target 10 For the machine grinding, an appropriate grinding nethod, such

as surface grinding, rotary abrasion or blasting, is opte rding to
necessity. After the grinding for the above forning,‘fﬁ%ﬂ@ﬂggg%)gis

subjected to rough grinding to adjust the thickness and then 15 subjected
to finish grinding (sonetines referred to as "abrasion" hereinafter) using
gri ndi ng wheel s having stepwi se de@Beased grits to further snooth the
surface, or subjected to blasting. (blasting and finish grinding being
toget her sonetines referred to as "abrasion"” 20 hereinafter) using gl ass
beads, al uni na Béads iz teomy, BE&d$ Griy Made B blias v #ddia. I n the
process for manufacturing the sputtering. target of the second enbodi nent
of the inventldomnd ke nteuefdaty of stimgd¢mimgptpicacamehivewdgound as descri bed
6 Septenber 2005 29 above, and then, prior to shipping, at |east the

sputter suekagqe @iyt hedosget ors sy et ed danisputdiessaigut iseat ment to
manuf acture the sputtering target. This sputtering treatnent may be

carried oup, afdlls UG P RAithGged! et Carddedautcaiger finish
grinding or blasting or after bonding to backing plate. It is thought that
by SUbj§CtRQQe§&aheQ§;t5Q% subjected to machine grinding, such as

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

or to smooth the surface. After the machine grinding,

the target is usually bonded to a backing plate to

prepare a sputtering target.

10 For the machine grinding, an appropriate grinding
method, such as 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




sputter surface to sputtering as described above, flash and chipping
powder forned by the grinding or portions 10 liable to separate by thermal
shock of sputtering can. be renpoved, and as a result, %%ﬁ i it'qﬂ arc can
be effectively reduced. According to the second embodi ?mg?r# 2
invention, therefore, a target.capable of reducing initial arc and 15
conducting efficient sputtering canﬁpe obt ai ned even if the surface of the
target is not always subjected to rror-snoot h abrasion or even if
bllasting with beads of fine grits to |ower the surface roughness is not

conducted- _That is to,say, in.the.appli.cation of_ the o) di ment

of the inv8RPVEn ?Bdht?§¥bepfl§r gﬁﬁf¥3ﬁ3ﬁf?%u%%tﬂ%%%QSQ%%bQQ?ﬁgggby

subjecting the sputter surface of a target to sputtering treatnment
et

wi t hout coRB&ERCRG%4n T8t &SGR tstép S ¢ 2005 ForEFFECT OF THE
| NVENTI ON According to the first enmbodi mrent of the present _invention,
occur r encetoagmeinty tdemaped et amenitéro Truciar FuF etk 33E ¢+ hd echi ne
grinding, particularly occurrence 5 of initial arc, can be effectively
reduced, angutheriinigt italeastradit! may den deer Tiesvhrdatbl L iempriovest: Furt her,
~since the abrasion step is om ssible, the production process can be
_sirnpl i f5 edganddtipg, poaduety Wet yaafritdle 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.




target can be enhanced 10 According to the second enbodi ment. of the present
invention, a sputtering target capable of effectively reducing occurrence

of ‘initial arc and enhancing initial stability can be btalﬁgd
conducting sputtering using this sputtering target, th eWFW ?%Fﬁatlon of
hi gh 15 performance can be efficiently carried out with high productivity-
Further, since the abrasion step is omssible, the grinding process can be
sinmplified and can be carried out at3®}ow cost. 20 EXAMPLE The present
‘invention is further described with reference to the foll ow ng exanpl es,
but it should be construed that the inventionis in no way limted to

those exanpl es. 6 Septenber BBOECI1OFE| THE, INYEMIIIEN of the first embodi ment

of the present invention and conparative exanples are descri bed.
Prepar ati on ExafplosrAlirer eparthe ohionét tangedibedheofatpet prasedti n Exanpl es
Al to A3 and Conparative Exanple Al were prepared in the follow ng
manner. An imReE jpevdefc Atk &én &8 03 PoVEEig Wes £i tkNedrbR Aickal t@aefs90: 10
(I'n2CG8: SNnA2) by wto_ Fromthe m xture, a
formed by the machine grinding, particularly occurrence
5 of initial arc, can be effectively reduced, and the
initial stability can be remarkably improved. Further,
‘since the abrasion step is omissible, the production
process can be simplified and the productivity of the
target can be enhanced.
10 - © According to the second embodiment of the present
invention, a sputtering target capable of effectively
reducing occurrence of initial arc and enhancing initial
stability can be obtained. By conducting sputtering
using this sputtering target, thin film formation of high *
15 performance can be efficiently carried out with high
- productivity. Further, since the abrasion step is

omissible, the grinding process can be simplified and can

be carried out at low cost.

- 20 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.




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
materi.al had a relative density of 99.7% The target terial cut.to
give 8 pieces having 15 a dianeter of 101.6 nm Then,yg%ﬁmaﬁrrﬁ%zet on the
sanme surface grinder, and both of a sputter surface and a surface to be
bonded (bondi ng surface) of each piece were ground with a dianmond grinding
wheel of #170 to obtain targets No3jal to a8 each having a thickness of 6
‘mm 20 Exanple Al Renoval of micro cracks The targets No. al and a2

obtai ned in-Preparation Exanple Al were each bonded to a backing plate
made of 6 Septembest208kaldplesppdr chehdnrstthemaxgatsiverle et in a
sputtering apparatus (EX-3013M manufactured by Shinkuu Ki kai Kogyo K K.)

and subj eCF%@sEQtS@H{rEﬁltiiB;ﬁ bheR iR fher viehe xanpmuel a nf  dé ocoissacks
under the tollow ng conditions- .5 Sputtering conditions Sputtering system

DC mgnetrg@eﬁgggrti%ngxaﬁbqgegq gas: Ar Process pressure: 3 nmlorr Oxygen
partial presstre—0-02mrorr :

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




10 Electric energy applied: 3 WcnR Integrated electric energy applied: 10
Wh/ cn2 The surface roughness of the sputter surface of each of the targets
No. al and a2 was neasured before and after the sputt3§%%§ tBe nt by the
use of a surface 15 roughness neter SE1700 (nmanufact

Kenkyusho) under the conditions of a feeler radius of 2 pm a feed rate of
0.5 mmsec, a cut-off of Xc 0.8 mmand an evaluation length of 4 mMmin
accordance with JI'S B' 0601 (1994). 32he results are set forth in Table 1.
20 Sectional observation of target Using a grinder (manufactured by Okanoto
Kosaku Kikai K K. ), the target No. al having been subjected to the

sput t eri ngcppeatnmenth@ds EhE FﬁrgﬁéStWﬁéﬁhé§glGn&ﬁniﬂﬂﬁﬁe@%WE 33 direction
with a dianmond #180 cutting blade having a dianmeter of 205 mm and a

t hi ckness eapparamusThéEX-30di3dg aagni firdere fedhney ath umledu by i BranBigyoKosaku
Kikai K K.), the cut surface of the target No. al 5 was ground with a #600
di amond gr kngi. ng ankieelubiiavitegl a odispratiesr Dig 205eamand fothibkness of 10
mm  Then, using a single side |apping machine (manufactured-by Speedfam

Co.), the Eeﬁlo%&f%qenﬁf dohe ralcdgetn N Ble Vas11appeg ¥bhbitoese abrasive
grains of 10 GC#100

5 -Sputterlng 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 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 cut—-off of Ac 0.8 mm and an

evaluation length of 4 mm in accordance with JIS B 0601
(1994). The results are set forth in Table 1.

20 ‘ Sectional observation of target

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

the sputtering treatment was cut in the thickness



“Then, using a single side | apping machine (nmanufactured by Speedfam Co.),
the cut surface of the target No. al was abraded wi th dianond abrasive
grains having an average grain dianmeter of 0.1 m 155%$e cu@ surface of
the target No. al was observed by means of an optical HreHgeesHe %PeX5- 33P
“(equi pped with a reflected light illumnation device), manufactured by

A ynmpus Optical Co., Ltd.) The result is set forth in Table 1. 20
Evaluation of initial arc propertie83The target No. a2 havi ng been

" subjected to the sputtering treatnment for the renoval of mcro cracks
'simlarly to the target No. al was set in a sputtering apparatus

( EX- 3013M dimmufcdonumédhby SHiamomg K8l Kogyia®$ Sepienterimdos 34 K K)
and subjected to sputtering for the thin film formation under the

fol | owi ng elaRdicticons ft @odet@ctanal i g icgerer=ated 1 nuihe sputtering by the
use of a ft Arc Monitor (MAM Cenesi s, manufactured by Landmark Technol ogy

Co.). 5 The sputhehi Ngs¢ardiat ig@nsidand (heakeitht detsetdieiocondi tions are
as follows. The result is set forth in Table 1. Sputtering conditions
Sput t ering  Systemy ;G MagRetr on psput fierd N, 0 S a9fs s HRjs e Ao, a1
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




Process pressure: 3 mlorr Oxygen partial pressure: 0.02 nTorr Electric
energy. applied: 3 WcnR Integrated electric energy applied: 5 W/cnR2 15 1t
. Arc Monitor measuring conditions Detection node: ener @rcbdqﬁﬁ tion
vol tage: 100 V High-nmedi um energy boundary: 50 mJ Har o mtine:
100 Rs 20 Exanple A2 The procedure of Exanple Al was repeated except that
the targets No. a3 and a4 were used instead of the targets No. al and a2,
and of the sputtering conditions, 6 Beptenber 2005 35-the integrated
el ectric energy applied in the sputtering treatnment for the renoval of
m cro cracks was changed to 6 Wi/ cnR from 10 Wh/cnR. The results are set
forth in Tabi-d Bnd %W@%@Wfﬁ?%@b‘%@ﬁw £ of B@anphénAfihés repeat ed
except that the targets Na. a5 and a6 were used instead of the targets
No. al andia2madndrofunides S tferl iy oondiandnsiond thedeheeyratredngl ectric
energy applied in the sputtering

: 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,




treatnment for the renoval of mcro cracks was changed to 3 Wi/ cn2 from 10
Wh/cn2., The results are set forth in Table 1. 15 Conparative Exanple Al
The procedure of Exanple Al was repeated except that t tar get . a7 and
‘a8 were used instead of the targets No. al and a2, andyﬁﬂgemgﬂﬁgg of micro
cracks was not carried out. The results are set forth in Table 20 1. 6
Sept enber 2005 36 Target Nunber of m croSurfaceSurfaceFrequency No.cracks
*roughnessroughnessof arc beforeafté&?occurrence sputteringsputtering
D?15D?10D?5(renmoval of (renoval cracks)of cracks) L?40L>-30L?10Ra (m Ra

(}tm(tinmes) al 0001.11.3 Ex. A a2---1.21.21 a30011. 11-1- ,
' the integrated electric energy applied in the sputtering

treatment for the removal of micro cracks was changed to

6 Wh/cm” from 1O Wh/cmz.rThe 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.




"Ex_ A2 a4---1.01.22 a50031.11. 1-
Ala8---1.2-21 Dis a depth (pm) of a micro crack.
m cro crack. Next,

i nvention are described. Exanpl e B

exanpl es of the second enbodi nent
An 1n203 powder a

mxed in a 10 ratio of 90:10 (1n203 :

sintered product of
~and the sintered product wasbused as
into pieces having a diameter of 6 inches,
a 15 surface to be sputtered (sputter surface) and a surface 6 Septenber
2005 37 to be bonded (bondlng surface) of each plece were ground with a

" met hod,

target materi al

was cut

Sn®2) by wt o .
| TO was prepared in accordance with a
a target material.

Ex. A3 a6--1.01.17 Conp.a758101. 1--
Lis alength (n) of a

t he

Ex.

&?%&%ﬁ&rmm

Fromthe m xture,
conventi onal
After the
bot h of

a

ndar === H
surface gni-nder—tq agiust fig b@'%ﬁw@b 3 AT T Rack e $PILE®Incy
surfaces of the { 'S Wekgcly eund w t h 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 :
az2 - - - 1.2 1.2 1
a3 0 0 1 1.1 .1 | -
Ex. A2 i
ad | - - - 1.0 1.2 2
ab 0 G 3 1.1 1.1 -
Ex. A3
a6 - - - 1.0 1.1 7
Cormp a7 5 8 10 1.1 - -
Bx. Al 4 - - - 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 B1

An In,0; powder and a SnO; powder were mixed in a

10 rafio of 90:10 (In;03:5n0;) by wt%. From the mixture, a

sintered product of ITO was prepared in accordance with a
conventional method, and the sintered product was used as
a target material. After the target material was cut

into pieces having a diameter of 6 inches, both of a

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




di anond grindi ng wheels of different grits to obtain 5 targets No. bl to
_bg. Then, a target No. b5 was prepared in the same manner as descri bed
above except that the sputter surface was subjected tag.blasti sin

Al undum as a bl asting nediuminstead of grinding wit If?%epé‘?'ﬁlﬁ%%oggri %di ng
wheel . 10 Then,. the targets were each bonded to a backing plate made of
copper, then set in a honenade. sputtering apparatus and subjected to
sputtering under the follow ng condisgi ons. Sputtering conditions 15
Sputtering system DC magnetron sputtering Process gas: Ar Process
pressure: 3 mlorr Oxygen partial pressure: 0.03 mforr Electric energy
appl i ed: 1.t64 W e R0 | (bdhd: rapoe: St )t erf nep opep Bt¢oyedetectiod of arc
~was carried out using a i Arc Munitor (MAM Genesis, manufactured by

Landmar k Teghmol0gy: G de afr U Go GRUIAT tHdlerh i denemasts i hgueondi tions
of a detection node of energy, an arc detection voltage of 100 V,a 6

septenber 2903 38 GhRALUBENSIAL RAUNdA Y, led) W-andkdudardighc
mninmumtinme of 1 s, and the Integrated electric energy applied until
the initiabf@ﬁ%n%?@%?ﬁﬁ%%élﬁﬁéélétg% different grits to obtain
.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 gfi;ding 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




arc interval becane not . |less than 10 seconds) was 5 neasured. Then, the
sputtering was continued until the integrated electric energy becane 0.1
wh/cnR2. The results are set forth in Table 2. Further the

roughness Ra of the sputter surface of each target bé%%%%@q‘ éggétterlng
was neasured 10 in accordance with JIS B 0601 (1994) The results are set
forth in Table 2. The neasurenent of_ surface roughness was made using a
surface roughness neter SE1700 (naﬁ@factured by kosaka Kenkyusho) under
the conditions of a feeler radlus of 2 m a feed rate of 0.5 nmsec, a 15

cut-of f of and an e | uation | f 4 nm, 6_Septenber 2005 39
Tabl e 2 Saﬁ%*ﬁ&%ﬁé}%ﬁ% AR N ‘gng@ ed%raerb%e%cg}ar§ RrE

No. Densi tyroughnessel ectricof arc Ra beforeenergyoccurrence
sput t er i ngapiptimesn triew mEntlQ/Hns ) FERIMEhW eI eRsF Leotfdg+1 b

199.17. 090. 350.-0100261 b* 299. 57.121. 380. 01201119 b 399. 17.091. 010. 0073740 b
499.37. 100.€180:00F®F ied until the initial arc converged (until the

arc interval became not less than 10 seconds} was

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

Further, the surface 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.

“




b 599.67.132. 470. 00641052 *1: integrated electric energy applied until the
interval 5 of arc occurrence becones not |ess than 10 seconds *2: frequency
of arc occurrence until the interval of arc occurrenc $e?on§s g | ess
than 10 seconds 10 Exanpl e B2 The sanples used in Exagb %P%ﬁ!%&éﬁ@ t aken out
of the homemade sputtering apparatus, then subjected to vacuum packagi ng
and allowed to stand for one day. Thereafter, the sanples were taken out
of. t he vacuum packages, set in 15 t¥e. above-nentioned honmemade sputtering
apparatus and subjected to sputtering under the sanme sputtering
conditions as in Exanple Bl until the integrated electric energy becane 5
Wi/ cn?2 including the. integrated electric energy of Exanple BlI. Further,

t he surface roughness Ra 6 Septenber 2005 40 before the sputtering
treatment was nmeasured in the sane qp@nrer? as in Exanple 81. The results

are set forth in Table 3. Table 3
i L L a ncy
sanpl el nt egr atlewSar ¢ abelAit ey  BREAFY ¢qUEARTE No. el BEIFREPOUAIETENS .
Rael ectri cof aﬁg’ene‘B?ﬁ%F%raenergyoquﬁggﬂge aggiﬁﬁﬁsputnﬁkh@gggglled
bef or et r eat nent 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 99.3 7.10 0.79 0.0091 83
b 5 99.6 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 of the
ﬁomemade 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




sputtering (Wi/cnR)(PM (Wh/cnR) *1(tinmes) *2 b 10.10.370.00042 b
- .20.11. 350. 00092 b 30.1.1.090.00053 b 40.10.810.00094 b 50.12.480.00042 *1:
integrated electric energy applied until the interval f.ar rrence
‘becomes not |ess than 10 seconds 10 *2: frequency of z?r%epé%'ﬂﬁ?&g’rcqge unti |
the interval of arc occurrence becones not |ess than 10 seconds It can be
seen from Table 3 that the sanples sti ng been subjected to the sputtering
treatment- had excellent 15 initial C properties because convergence of
arc immediately after sputtering was rapid and the frequency of arc
occurrence was decreased. 6 Septenber 2005 41 Exanple B3 T anpl es used
i n Exanpl ePB2%ér &hEakE e 1oe t%ﬁégatﬁf@rﬁce{rmwaaes dpuit ueﬁﬁcﬁglnar&gééa%gg t hen
set therein again and subjected to sputtering under the sanme sputtering 5
condi ti onsmagnes Bgardp &Rt Bl -t héPnE8grated 2&Fe el éorgrﬁ“er]tj’y became 6
Wh/ cn2 including those of Exanple Bl and Exanple B2. As a result, any
target wasThbée from occurrence of arcs with an arc interval of |ess than
10 '

5_ Table 3
Sample Integrated Surface Integrated Frequency
No. electric roughness Ra electric of arc
energy before energy occurrence
applied sputtering applied
before treatment
sputtering , )
(Wh/cm’) {um) {(Wh/cm”) *1 | {times) *2
b1 0.1 0.37 0.0004 2
b 2 0.1 1.35 Q.0009%9 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.




~ seconds. Further, the surface roughness Ra before the 10 sputtering
treatnment was neasured in the sane nmanner as in Exanple Bl. The results

are set forth in Table 4. Table 4 '

Sanpl ei nt egr at edSur f acel nt egr at edFr equency hb.electri@ﬁ%ﬂﬁﬁﬂ@?ngS

Rael ectri cof arc energy appliedbeforeenergyoccurrence

bef oresputteringapplied sputteringtr?atnent-(V%/cn?)(PN}(Vh/ch) *1(ti nmes)

*2 b 15.02.0100 b 25.01.7400 b 35.027°2300 b 45.02.9200 b 55.02.3600 15 *1:

integrated electric energy applied until the interval of arc occurrence

becones no% Iesa_tgﬁn 10 seconds *2: frequency of arc occurrence until the

i nterval of- rence becones not | ess than 10 seconds 6 Septenber

2005 42 | NDUSTRI AL APPLI.CABI LI TY The sputtering target according to the

invention can @éPfefMPery Péﬁ%e“b@é@ﬂpéﬁc@%gﬁfﬁt‘?aa]fe%r%‘?t a‘ﬁg hfice it

can be favorably used as a target used for sputtering and thin film
f or mat i on. homemade sputtering apparatus, then set therein again and

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




43 6 Septenber 2005 What is clainmed is : 1. A sputtering target, conprising
a target material of 1TO containing at |east one or indium oxide and tin
oxide as a main conponent prepared by powder netall ur rocess, which is
manuf actured through a machi ne grinding step fol | oned eBbRSja%%ing its
sputter surface to sputtering treatnent or dry etching treatnent, wherein
the surface roughness Ra of the sputer surface of the target is not l.ess
than 1.0 mand a mcro crack having a depth of not |ess than 15m and a
length of not less than 40 mis not substantially found when the
sectional observation of the sputter surface of the target is nade. 2. The
. sputtering target as clainmed in claiml, wherein a mcro crack having a
depth of not |ess than 10hghggggk&LiE—*&%%efvai?ﬁﬁ*S than 30 mis not
substantially found when t R %%B %EA%% ILI%Esof a sputter surface of

the target is nmade. 3. The sputteringﬁtar et as C|%{ﬁEd in claimzfl
wherein the nunBBe BPUREEFANEr AGKIH ATy & M '€ mdtvFo55°F haR™5 m and
|l ess than 10 mand a length of not less than 10 mand less than 30 mis 5
or |ess bafédconvels madofeaocemgraenae e Wiidtipl arc, and hence

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

and thin film formation.




direction of the section when the sectional observation of a sputter

surface of the target is nade. 44 6 pt enmber 2005 4. sputter,] t ar get
manuf actured t hrough a nachi ne grind%ﬁg step, a sputté$s§ﬁ?m§%ék@$ whi ch

has been subjected to sputtering treatnent prior to shipping. 5. The
- sputtering target as clainmed in claim4, wherein the integrated electric

- energy appli . . spytter surface of the sputtering target in the
.sputteringk%gga%%eﬁ?ngé %gtE%Ess than 0.005 Wh/cne. 6. The sputtering

target as clainmed in claim4, wherein the integrated electric energy
applied to the sputter surface of the sputtering target in the sputtering
treatnment 1s not | essuthami®0l Wynget, 7. JTHEPSPHEUET i ng? t arlget9as cl ai ned

in claim 4, wherai nther+pt egsat gdnghert hicC £O8LQY SRR 16d t9,q1he sputter
surface of the sputtering target inthe sputtering treatnment is not |ess

t han 0.02 ¥¥%idar and® tiRe €efisngd t BRGEt @RMEPACHEd PHSRAY GhePBf

cl ai s 4téb%de%heH@th&éﬁ?&aP%ﬂHé&§§EiV%h@dﬂ“fE@ Reen rsfuck-£Q the
sputter surface of the sputfering target when the target is shipped. 9.

‘The sputt FRGUEEr geP asMerCdiifR] | MaHyI6RE of StEFai nd A t"83 whP¥h is
nmanuf act urggdn by caisifteritg  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 wum 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.



process. 10. The sputtering target as clainmed in any one of clains 4 to 9,
whi ch contains indiumoxide as a main conponent. 11. The sputtering target
as claimed in any one of clains 4 to%, which is an oﬁ%eé’t%) l:'i‘iﬁ)"zo%ntal ni ng
at - |l east one of indiumoxide and tin oxide. 45 6 Septenber 2005 12. A

process for manufacturing a sputtering target, conprising nmachine grinding
a surface of a target and then, prior to shipping, subjecting at |east a
sputter surfaces of sbhetargey taspmter mgruizeatment . UBroWgd pracess for

'nanufactur p i target asg ¢ 2 g t he
t ar get |sn'l tg?%edé%§hggg} t%rlﬁé %bc%EEQEQ%g Eﬁ%g%%%%s(?ﬁh%Jii acturing
a sputter i b&ﬁget$ubdﬁ$ﬁﬁgingonﬁuhuheegnmmﬂlhgeatswﬂﬁacer@bxaﬁublTO
target obtgl ﬂﬁg sintering a material containing indiumoxide and tin
oxi de as nai éﬁonents and then, prior to shipping, subjecting at |east
a sputter surface of the ITOtarget to sputtering treatnent.

5. 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 0.005 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.



45 6 September 2005

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

treatment.

13. The process for manufacturing a sputtering
target as claimed 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.






