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DESCRI PTI ON  POT- SHAPED COPPER SPUTTERI NG TARGET AND
MANUFACTURI NG METHOD THEREOF 5 TECHNI CAL FI ELD The
present invention relates to a copper sputtering
target formed into a pot shape by die forging, and a
manuf acturi ng net hod thereof. 10 BACKGROUND ART In
recent years, the sput ESGHRIREIONd for forming a film
from materials such as netal or ceram cs has been
used in nunmerous fields such 15 as el ectronics,
corrosion resistant materials and ornanents,

POdi-aHyF D GORRER SBUTT ERN GaARGETUARDMANUFACTURING
cutting/grinding materials and abrasion resistant
materials. Al though Mieldpili TebmigOiet hod itself is a
wel | -known nmethod in the foregoing fields, recently,
particularly in the field of electronics, a sputtering
20 target suitable for formng filns of conpl ex shapes
-and form ng circuits TECHNI@&BRELFor instance, a
copper target (HCM target) having a pot-shaped,

t hree-di nensional structure is being used. Fig. la
illustrates a conventional target, and Fig. |b
i | Mist paessnh incampen redatgst tchavicngper pauttdrapgdarget formed
t hree- di nensi onal structure. When 25 using a
intopatpad edped badieforging) aad icomaspidacteringgmieshedh esesd,
and this is characterized in that dense plasm is
formed. A standard planar target is deposited by
colliding Ar ions against a target and beating out
met al atons. Contr ar BAGKGRWINEWARAL | on sputtering,
1 although the process is the sanme as a planar target
up to colliding Ar ions against a target and beating
out netal atons, the netal atons are ionized
In recent years, the sputtering method for forming a film from

materials such as metal or ceramics has been used in numerous fields such
as electronics, corrosion resistant materials and ornaments, catalysis, as
well as in the manufacture of cutting/grinding materials and abrasion
resistant materials.

Although the sputtering method itself is a well-known method in the
foregoing fields, recently, particularly in the field of electronics, a sputtering
target suitable for forming films of complex shapes and forming circuits is in
demand. For instance, a copper target (HCM target) having a pot-shaped,
three-dimensional structure is being used.

Fig. 1a illustrates a conventional target, and Fig. 1b illustrates a
copper target having a pot-shaped, three-dimensional structure. When
using a pot-shaped target, ionization sputtering is employed, and this is
characterized in that dense plasma is formed.

A standard planar target is deposited by colliding Ar ions against a
target and beating out metal atoms. Contrarily, with ionization sputtering,
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wi th dense plasma, whereby directivity can be given to
the ionized netal atons. Thus, netal atons can be
filled into deep grooves such as holes. 5 CGenerally, a
copper target conprising this kind of
t hree-di nensi onal structure is manufactured
althojghj Hie infgcess indbe sMea as Bl Riangptardfidumyo QPéII@I.nﬂgAf ions
and casting netal to hot forging, annealin and die
againgl gitaggeHend berinapurmetdd aleges. he m@éagamr@ﬁ &l jonized
destroy the cast structure, diffuse and elimnate air
with Hisnse @ltﬁﬁl“ﬁégr\fél'g%{ﬁbdnd”aﬁHVltY MEsugr Benyta dheiipaizesh metal
annealing, 10 it is possible to increase the denS|t¥
atomgnd Bhvsngetaloatonte caprgiilied inte deer areayes §é§he%9 oles.
Subsequently, the material subject to forgin
r dzefyetadlyl isz &0POAr targriabomgriseg lttﬁtShtélmdsgBJt "c&e fiaﬂanéional
forging to obtain a copper target shape of
Struq@w%dslitﬁl@@l-tfﬁﬂwéedlhﬁn@ﬁbjﬁﬁilngt@f@clﬂ@ﬁ)é or a billet obtained by
recrystallization annealing and 15 stress-relieving
meltigneani eesting metal denbet {er0ing.drReneahg@ ngndagig é%gt%a:e Hot
treatment is ultimately perforned to obtain a coppe
forgingrefethe Ammwoggrtherhlﬁe{mw derstenppee cest gatucture, diffuse and
manuf acturing nethod will not cause any problemin
elimingée Mmbetas and seroragatiandand. Pranah tesngdallizadipg gnnealing,
problens will arise when nanufacturing a copper target
it is hpessigle he inzoerse di6i AGrBBY - aRA pEidengty 8é- MensHiichhg o a
structure. Since there will be |locations that will be
certaig\iR®E¢. af fected and | ocations that will hardly be
affected by the plastic deformation during
StupsrAusithe e morkrRli RUBIREt nin JPEHDAr @naf r%wastalllzatlon
target there are cases where the subsequent
anneglingcisufusthgn subject & diederaingipabtaing Arnes tasget Shape of
facing the forging direction will merely be subject
a preéﬁﬁp@gstweramensmmi | SIYGEER 6ﬁ§ry§teﬁ§atf% f P@F‘H@Q and
direction; that is, the internal surface of the
stressotel Vi@ danppativdr 8 e wrf%neabﬁzt ¢ dPrajpg, and surface
processing |ike ironin Li ke this, with |ocations
treatgierdrg Wtigvatei zé@rfafmeaéakqtgtam AEAMRErBaradet. p| ast i c

deformation, the crystal orientation fand hardne?
diilthgugh this kind of copper target manufacturing me hod W|EI not

cause any probiem in the manufacture of a standard planar target, several
problems will arise when manufacturing a copper target having the
foregoing pot-shaped, three-dimensional structure.

Since there will be locations that will be severely affected and
locations that will hardly be affected by the plastic deformation during the
die forging to be performed in the manufacture of the target, there are
cases where the subsequent structure will differ. For exampie, locations
facing the forging direction will merely be subject to compressive force,
while locations along the forging direction; that is, the internal surface of the
pot-shaped structure will be subject to strong processing like ironing.

Like this, with locations strongly affected and weakly affected by
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significantly since the size of the recrystallized
grains during annealing before die forging will have
a significant influence. In other words, crystals
will becone refined at |ocations strongly affected by
plastic deformation, 5 and crystals will becone , .
plasitoadeéoraation) ot i erustakaRTigntdtiasct aadpyhgidagspc will  differ
deformation. Further, at the boundary area of such )
significentlyoainost thagsize af fiber sacrystplligaft| grains edudagpgnnealing
plastic deformation, these will be of an irregularly
befors il fenginawitrhayeadgnijicenimfiurgnes. at WsothertWerds, crystals
crystal structure. In particular, a pot-shaped target )
will beguineesetined athtogatins sHe gt raftadied by mipstiondef@rmation,
and nmust have sufficient strength so as to nmaintain ,
and suystaknwplé beosune tagiassened mjtlvcabiona wWeoeklyealipeigchey plastic
conventionally. Thus, as a result of the creep
defopnetionenonyrthBer @t thea herissiasih area redt stRk facaiipns strongly
portion wll deformconsiderably. Generally speaking,
affecihdnapdr werkiynhgfiasted &y mjastic mgformatiogy Jeese1will be of an
crystals, nore uniformthe deposition, and it is
irregptar§yl plived stabisemormdualivn ghaning slalysnar Bie eystal structure.
arcing and particles, and which is uniformand stabl e.
THersrgcelar Ap@ioshared iy osk reayiealthgt e nngidfacgestructure
_ exi stences of irregular crystal grains arising durin
is unifegmiiagdf gt ﬁ@vﬁwauﬁm@qﬁéﬂﬂgﬁhﬁ@aﬂﬁi @ Mnintainpguch shape,
roblematic in that it will increase the generation of
but tgra:strgngﬂm cexid net & obtained gogvestipariYe t RESq@s & f§sult of
of the sputter deposition. Further, a si%nificant ) ,
the qreapapih@nomentid Eisret i & Reollenein dhedihgr flange portion will
difference in the hardness at the respective portions
defoun eansiderajdy. will largely affect the sputter rate,
and there is a problemin that the quality of_ the
t &pgperally 13pafddiegi ovaeR. POYORREYE asRIS NG, dipflerthe target
sputtering target having a pot-shaped structure . . .
crysiggumace tinitprey the @ep@ﬁéi% a4 sPvbis {@rgbiain a film with

deteriograting the quality of the filmresulting from
few gRECERNORIENAECNE ARA PARIARSSADH WHISHIF LIFHRTB it etable.
target, difference in the crystal OJientat_ion, and, .
Thergdeies dhengoareening Rinflyssal grains and the existences of irregular

crystal grains arising during the die forging and subsequent annealing will
be problematic in that it will increase the generation of arcing and particles,
and deteriorate the quality of the sputter deposition.

Further, a significant variation in the crystalline orientation or
difference in the hardness at the respective portions of the target will largely
affect the sputter rate, and there is a problem in that the quality of the target
will deteriorate.

Accordingly, a copper sputtering target having a pot-shaped structure
manufactured by die forging entailed problems of deteriorating the quality of
the film resulting from the difference in the hardness of the portions of the
target, difference in the crystal orientation, and coarsening and unevenness
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t of crystal grains. DI SCLOSURE OF THE | NVENTI ON 5
The present invention was devised in order to overcone
the foregoing [ problens. Thus, an object of the
present invention is to provide a high quality
sputtering target having a uniform hardness in the

of crysigp@edinge parts of the target and sufficient
strength so that no deformation will occur in the
flange portion of a pot-shaped target by inproving and
devi sing the forgin 18EProcess and_heat treatnent

process, wher@byClLE Q& PlEsiNYENT§OMeduce

variation in the crystal orientation, refine and

uni form ze the crystal grain size, and reduce the
eneration of nodules and particles during sputtering. .

g p g sSp &ﬁégmng

| A he gresestt inMentppweas cry ISk EeatdarippYesR MR e
1. A pot-shaped copper sputtering target manufactured .
probldrps. diTéuserat mpiect of wherriasenhdnveelen dsnigy greyders high-
at all locations of the inner surface of the .
qualipptsprtst tardgdthayngor omitirenhardness thdhgotesprstivg parts
copper sputtering target according to para&&gaﬂ 1 .
of thepiarget anersuffictant Haeeibsso dhat BPFRforaRtoneWIlbREsHr in the
portion in conparison to the highest portion of the .
flangeaparés ofva pot-wheres Boget by Impr‘@wq)éﬂds%\%m%Qbepé?rg'”g
sputtering target according to paragraqh 1 or |
procpas AIhPIeaR ERBRENMAKIGASS, (e RPYr HgdllcP§ sRegsiBleats reduce
~size in the target structure is 65mor |ess; 4. Th .
variggisin #hdpedouEbEoprigpRAtAR. FRfine: st URIEBTIAG 4N SHFIA orain
. one of paragraphs 1 to 3 apave, er%in the ratio 9f.
size taied rpslke@iih Bengatienyfingdules adpartigles dugngrputtering.
m ni mum aver age crystal %rain size is <_$.Q; 5. The
pdb-ligid i dheshre dpBLRIESER MG BIQWY &P ng to any
one of paragraphs 1 to 4 above, wherein the inner. .
. sub patshgpacheoppet SRHPEiNGaAGert Matpckugd with die forging,
wher(cg;g%{ zﬁmgg\gilcggrso ,Eirlla(?gz%géé ?—1n\7¢’ a?fali(l%%gzibnglo]fl%’e ﬁvzn%?)éur?z?clel)of the
pot-shaped target is 70 or greater;
2. The pot-shaped copper sputtering target according to paragraph 1
above, wherein the hardness difference of the lowest portion in comparison
to the highest portion of the hardness Hv is within +30%;
3. The pot-shaped copper sputtering target according to paragraph 1 or
paragraph 2 above, wherein the average crystal grain size in the target
structure is 65um or less;
4. The pot-shaped copper sputtering target according to any one of
paragraphs 1 to 3 above, wherein the ratio of the maximum average crystal
grain size to the minimum average crystal grain size is < 2.0;
5. The pot-shaped copper sputtering target according to any one of
paragraphs 1 to 4 above, wherein the inner surface of the pot-shaped target
comprises crystalline orientations of (220), (111), (200), (311) obtained by
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X-ray diffraction, and the crystalline orientation of
the face subject to erosion of the pot-shaped target
is of a (220) primary orientation; 6. The pot-shaped
copper sputtering target according to any one of
par agraphs 1 to 5 above, vvhereln t he i nner, suyface

X-ray n@ifae §ﬂa®wt%&rys@lmp@f'%%@t@w& o e Sublect to
orientations of (220), (111), éZOO) 3112 obt ai ned by
erosjorr gl the ppt ébﬁp@ﬁi taé%t isrRf ®(22) REimeRY roftargalient he
(220) crystal line orientation of the face subject to
6. eridi dptoshanrd RANRNaSEY tELNge{ala8t02a8etdNg Jloe ANy One of
The target _of the present invention |eId a superi o
paragfarhs 100 ARG, AVhereivthe h%rﬂ%irn%'é,'gapﬁ qfﬁ p%&ﬁ target

parts of the target and sufficient str
comnaﬁeﬁgcrmaélm cgf%ntﬁt'@nﬁeofr 13Ned 1ahy f?rq%tf)or(?’r? 1’l)msnmamed by
ducing variation jn the crystal orientatio

X- ravmﬁtﬂqtmg ank the osterdation ra?wtqfeth@a(v?g?&) Cré{ﬁ@“me orientation
bt ai ning a super.i or sEutterl ng eéi\rget Wit ;
of thgé‘ﬁ@ea‘iumcw BERRIPBLTARE RAirshanestiarggt .!%18 8% b greater.
sputterlg@% Further, since jt will be possi blf(? .
prEVRIar @ééb%%fﬁ?enéwf%fﬁﬂ%ﬁ‘%‘i‘s @h%“ﬁ%ﬁ'%’e? e%‘h‘?’f having a
additional effect is |eI ded in that the t
uniforgy bardmRSS Hpikk E8SP eiEP PR ﬁﬂ?ut@w@a&a@%ﬁﬂmﬁength
Fig. 1la and Fig. 1b are schenatic diagraps, expl aj
makirge ceysiiak sralﬁgSIZ.@oreJtrmanf uaffca'irangw k g a/ﬁ&'ag'on in the
crys%,l,m shaped target; an r 0SS sectio

oIS AEy oo BUeAe elarmatiop otie THSie AQY Geisining a
MODE FOR CARRYI NG OQUT . THE | NVENTION 25 The ,sputterin
suparigepUierie (BREIeM™N o GeB Lok f%qetfjﬁgdan aficles
accor di n e foll ow né; ﬁ Ecess Tﬁe tPel ustr
dur%gepftﬁa sxarianer irehaonl BEmessing fasprate i faggssary
e an ingot or . a bil S nt |
sputfatia Shihgitaraet i aguihial e iRl T iiboie klget rife
900C, and thereafter subject to preformng at room
can PgipWa¥&fe and a processing

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1a and Fig. 1b are schematic diagrams explaining the sputtering
status of a planar target and a pot-shaped target; and
Fig. 2 is a cross section of the pot-shaped copper target after die

forging.
BEST MODE FOR CARRYING OUT THE INVENTION

The sputtering target of the present invention is manufactured
according to the following process. To illustrate a specific example,
foremost, copper is melted and cast to prepare an ingot or a billet.
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ratio of 50% or greater. As a result of the foregoing
forging, the cast structure will be destroyed, and
air holes and segregation can be diffused or 5
elimnated. This is further subj ect to
recrystallization annealing at a nper at ur e f 100 R
SubseGUEDIT. tBISadGRton ANEES SAeGh 18 ROY ToHHNBeRler PRI 1O 900°C,
subject to recrystallization annealing is further
and thespatier seibiee ToptaTREMING &t treRPriYMBPERTUAE at BfOC@SSIng
200C into a pot shape so as to obtain a pot-sha
ratio cep 8% Q0 grpaieler ing @ diegeit ofrber R1E§8ING fﬁé@‘ngs the cast
- forg is desirably performed b of kneadin
struchuwe Wﬂgbﬁe‘b%&tmﬁﬂw Bt ﬁﬁth¢|§ﬁgaﬂ%5@§f%3téﬁ1 FaR hendlffused or
_ inproving the characteristics. |Incidentally, the
e“mlag&%prl ate recrystallization tenperature is deci ded
US' gi ving consideration to the amount of stres
t ratfurtbeasuieplelo veeysializalionanneginst akﬁetgdng@rature
it is desirable that the total absolute value of tr %
of 1@9r'€§1 Q% tor agiusit the @yatalr &GS s E’éﬁ’f@ﬁﬁ%rdalatsu ect 1o
roomtenperature. Here, although the degree
recrystaiestiph@nnealing f$ &rt@%rpéhale@ T@rﬁl?hf@rgm ﬁﬁlaete;mpera’ture
demanded crystal grain size, it is preferably 20% or
of 1Q0 gt @P0° Cn"ﬁ&r 8i Bt &hapsy §0e3si Wgoi’@a'lnsadEQF SREP@d copper
performed at a processing ratio of 50 to 90% Thereby,
sputteringn'@rdptocessing strain will be yielded in the
material. Like this, the reason for %(&rmn
prT@reofcrﬁesgmghp@fpmmada&%arad}lweéfm%ﬂ Yovay o kheading,
strain, |nta|nt e tenperature of
and’i’?@téﬁrn%ﬁ'%l‘)fﬁ@* @'Bﬂéﬁcﬁf Q%t}’ep'rf‘o%fé%@"ﬂfbg ”b%ci@fac"er’s'“cs
constant as possi bl e. t, the introduc
Incidgniall n apRTARRLe Q%Cfé/@ﬁ'['éﬂé%Wm%ﬁf&éu%be Soiged, upon
After performn cold ref rmn recr stalllzﬁlon
givingrhRAgidREAT QN ta bR amoRa} pbs e@@ fRure RN %? al When
grains. The recr stallzatlon ann af t old
perfofgngngrnﬁtnl@qu% xﬁgﬁlﬁto‘snggs%blg V@taiﬁ tglt%l %?Iute value of true
nperature of 100 to 200C. 6 Even with
St*’a“l‘ dﬁ/\ﬁt%fn%r fUre annealing, since sufficient strainis

el ded du
ylPreforming is performed at room temperature. Here, although the

degree of processing will differ depending on the ultimately demanded
crystal grain size, it is preferably 20% or greater. In particular, processing
is desirably performed at a processing ratio of 50 to 80%. Thereby, strong
processing strain will be yielded in the material. Like this, the reason for
performing cold preforming is to introduce a greater processing strain, and
to maintain the temperature of the material during the preforming process to
be as constant as possible. As a result, the introduced strain can be made
sufficiently large and uniform.

After performing cold preforming, recrystallization annealing is further
performed to adjust the crystal grains. The recrystallization annealing after
cold preforming is performed at a relatively low temperature of 100 to 200°C.
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to preformng, recrystallization is thereby enabl ed.
It is thereby possible to nake the average crystal
grain size 66mor less. Further, the average crystal
grain size Do of the largest portion of the 5 average
crystal grain size and the average crystal grain size
Everdwithf lawidempaietwet apoealiod, sincehsubiigeenigstrainy &g anlelded due
grain size can be Do/do < 2.0. Like this, even
to prefaronivign gearyséatiaating ipitbeeey enabgdyi nlg I&ﬂp%{e%agésmle to
it is possible to refine the average crystal grain
makgithe average orgsipegrainesige@5Uenordesst he pot - shaped
target, and the mninmal change in_the crystal grain
siFaethey, dhe Everagalarystal iiains pia Bo Q“rdﬁ@fféé@%ﬁ pgrtion of the
met hod of the present invention. The foregoing cold
averagef onsitalg grainasizesind dhe prewass coystahedipieseige do of the
i nvention, and this process will enable the )
smalheajum@nttqrbnf the avesagetcriatal rgain size aad midoddar 2.0, Like
crystals in the final process. Subsequently, the cold
this, pvenowhienginvatwng # draannguyRcesad! dAEMING aupet shape, it is
crystals is subject to die forging. Incidentally, this
possitile tborefinegthd averEss crysdakgiainisiee pif @i@@ggspeﬁtwﬁ Rertions of
words, all die forging processes described herein
the poteshapred hergesi AARNGepMORIas. ClrnggET th%mfﬁtamgéam size is a
f or gi ng, stal honogeni zati on anneal i ng
resubtafdbe- squ@ﬁ;m@@umgmgn@eﬂwd @ét%@re@erﬂﬁe@ve@@onn
die forging, as described above, there will be
| ddh Feyegaimaco IRrefrmisgisran ymaeriaat ddogRgs of the present
~ locations that wll hardlg be affected by stra
invergigrzeand fiBiscpreness WihenaDig the AagidisBidhof é\fhaﬁgat having fine
the front-end cold preforn1ng at locations that wll
and waifary aystals dethel fing! reegss. there will hardly be any
difference in the crystal grain size with the oth
| Seehsashenthat tha |q0l6epr@f9r@ﬂ%n@|a§/e%$ff S@véRg b§/U@fhefme and
strain. Thereby, the crystal honog enlzatlon anneal 9
unifasm garysts ris| ﬁéfblehfgj t(hrf%éaf@fﬂ@ﬂ%}f t drcidesialby gﬁhﬁa %el forging
elimnate the stress generated |nterna; ?
includgsgtie SRINMEIaPFARRATy IinPHRRIMIVOr gt &1l é'reai?fgé,'i‘geomcesses

overal |l can be obtained. 7 . .
described herein include the spinning process. Further, after die forging,

crystal homogenization annealing or stress-relieving annealing may be
performed.

In die forging, as described above, there will be locations that will be
severely affected and locations that will hardly be affected by strain. Since
the crystal grains will have been refined in the front-end cold preforming at
locations that will hardly be affected by strain, there will hardly be any
difference in the crystal grain size with the other locations that will be
strongly affected by the strain.

Thereby, the crystal homogenization annealing or stress-relieving
annealing after die forging wili eliminate the stress generated internally, and
a target having a roughly uniform crystal grain size overall can be obtained.
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Thereby, it is possible to obtain a pot-shaped copper
sputtering target where the average crystal grain
size D of the largest portion of the average crystal
grain size and the average crystal grain size d of the
smal | est portion of the average crystal grain size is
Therbby, <t dsopossibde ator edhiign & pdishapesysiopyesr speleringnhtarget
Vi ckers hardness Hv at all _|ocations of the inner
whersuttfeaawetdge lheyget gsaiapsiget Brajehedange’t perdien of e pyerage
or greater. This is a significant characteristic of
crystethegraiessize andedlie oavenage wchystabrarain grigeof af thief smallest
pot - shaped copper target having a high hardness can
portibe cafcﬂﬁﬁeane@ragmcrygtqjﬁglrbsaet@%@ma|2h0a target with
superior 10 sputter characteristics such as no
defaneeswh of then@regainge pwesmdhea\dwke@&mmﬁ@ﬁ iy at all
few nodul es and particles during uttering.
locatitins of the thoeyautheefdfdhgerPosha pﬁé) tﬂrgﬁh@aﬁdae mao be 70
copper target will not beconme an eroded portion
or grhateng Ehist tsef signifiiant charagiaristicaok the mrgaeRbinuesgion. I
as wth the other portions, it will not deform 15
the Teadéions, of ta sHBlipEMb@airiharad PRI targelt avipgda high
copper sputtering target, wherein the Vickers
hardhasdneas be ashiayed, Beie PERSIDGE tohebtainnartasget wth spperior
t he ﬁot shaped tar is 70 or greater, is the prinmary
sputtaine @L&@Ieri@hc%fsquré asr 8gefefarmadion on. thranﬂaagﬁuamtmn, and
it is deS|rabIe that the average Vickers hardness
gendaretigo of fpwanedulex ang tpaiticlehedyinginereitaringer eh@@ this,
of the | owest portion in conparison to the highest
althqugh thm flengeneonigniabike RPtehrred erRRE’ KBrget W”t' M4 become
30% This is also a significant characteristic of the
an eppdedmortionedtiriog, shmdedng, sincoitewilbPavand Nighridness as
can be obtai ned. The inner surface of the pot-shaped
with the gshenagriiansrit wall spy§efemMne 25 orientations of
(220), (111), (200{(ih (311) obt ai ned
di FAergeteon it aplaoulchebe r yidgrsioes otlhlagmaatli’%'hs'f}?p?ﬁe copper
face subject to erosion of the pot-shape a@ _
sputipsing tarqetpoyhereindhy H#q@ﬁﬁa@ar&ﬂeSﬁanaﬂ' %at'oinls of the
Is desirable that the orientation ratio of th

inneergface i ofe the | RAt-a0ARAd (BIOPt il 480pbrIT§REk ols. the primary

configuration of the present invention, In particular, it is desirable that the
average Vickers hardness Hv is 80 or greater.

Further, the hardness difference of the lowest portion in comparison
to the highest portion of the hardness Hv can be made to be within £30%.
This is also a significant characteristic of the present invention, wherein a
more favorable target can be obtained.

The inner surface of the pot-shaped target may comprise crystalline
orientations of (220), (111), (200}, (311) obtained by X-ray diffraction, and
the crystalline orientation of the face subject to erosion of the pot-shaped
target may be of a (220) primary orientation. In particular, it is desirable
that the orientation ratio of the crystalline orientation (220) is 45% or greater.
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8 Incidentally, as described above, the primary
objective of the present invention is to achieve the
har dness of the inner face of the target. Although the
crystalline orientation of the face to be subject to
the erosion of the pot-shaped target is a (220)
Incidenitatly,y asr idescsaibiesh ahoveheths apemary sobipgdinei o, theepresent
face to be subject to the erosion of the pot-shaped
inventeyés to achtrva te batdness ahtre naes fara dithertangrtds,
the flange portion and bottom center portion of the
pdlthigiedheaerystalling| orentations gbjtbet face & & Ghbject to the
Rat her, the sputtered particles will adhere (deposit)
erostan ohtise pat-shapethiasgesis a (BRGhonBIVY Qrietfgdiondngthe present
pot -shaped target. 10 It should be easily understood ,
inventian, the ifacade hecebiestyta thengkesioneof the srodtghaped target is
orientation of these portions a (220) primary.
not thre entiseiioner Ifaceot Har oiher dwordssethe flanges popinm iagiss bottom
are of a (220) primary orientation, the other ,
center ypoerdion wdythevioloshapedtiasaet amd npi sbey subjest @agsesion.
any particular problem 15 Incidentally, the flange __ =
Rathesr theoapuatidredpesticlesrvidlragiens glenasdl) thithespareage This is
subject to erosion are portions Aand Fin Fig. 2 as
a phessorérmaduhigus (o aript-3hapad target.espectively in the
range of 15% (A portion) and 8% (F portion) of the
oviershiouldirieen egfsilyhandersieod dbat gt is mott ppeRgsarksto make the
descri bed above, a unique sputtering phenonenon can be
crystadime aerien@tione ofr thigsen pestiensna onZthae DIy Paestalion. In
the pot-shaped target where (220) is the primary
otheorweistsatavan ifTHiesd posignaiaiedobal RR0) vRHRagy, tation, the
target, the side face of the target is usually i
otheg puystaldnay Have Rsiesyatierr andaihvsmvillr 80§ 6AHSBRMY Particular
dense plasma and fall on the wafer. Neverthel ess, not
probm. atons are ionized as described above, and the 25
sputtered atons fly in all directions, and even %et .
ddpsisandallynthenlapge trprionaard Hotiaip qefptgeportion that will not
Therefore, in order to increase 1he_ionizg$ion,r%§? of
be sabisal toj erasionesprRMENSArRWLEC FiY. miRSedesribed Tater, and
sputtered atoms, . ,
these are respectively in the range of 15% (A portion) and 8% (F portion) of

the overall area of the inner face of the target.

As described above, a unigue sputtering phenomenon can be seen at
the erosion portion of the inner face of the pot-shaped target where (220) is
the primary orientation. This is explained below.

With an HCM target, the side face of the target is usually sputtered,
and the sputtered atoms are ionized by dense plasma and fall on the wafer.
Nevertheless, not all atoms are ionized as described above, and the
sputtered atoms fly in all directions, and even get deposited on the bottom
face of the target. Therefore, in order to increase the ionization rate of
atoms, it is desirable to reduce the number of sputtered atoms.

Normally, the eroded surface of the target to be used in sputtering is
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Normal |y, the eroded surface of the target to be used
in sputtering is 9 devised to inprove the sputter
rate, and when neking the foregoing (220) a prinary
orientation, this will result in an entlrely opposite
function to a nornmal target. |In other
devigashiaimpseve sha S(Pili’ff-')' 818 ARAMTRRD Waing thrfeg\%?'ﬂQ (220) a
sputter rate, the (220) primary orjientation is
primamyacs@niaiiord this il ressilt fa §BuemérreIVa@ep%&%nfé@0ﬂ0n to a
smaller. This is a rather preferable phenogenon,
normad ta@%sénbm@qrowp&mde COMPaR§RPE0 8f 1§|BEE f@raa‘flon with a
atons, and inprove the ionization rate of atons
grea'fﬁieﬂé'ﬁfé% rafq, the (83Q) BrEnaly perAtate) yslq{@rrés?eﬂ%% in that
nber of ions that will fall on the wafer. Like
the Siphl“t@r rat;OECPMESSSHELETbl e t o prevent the unnecessary

10 sputtering of the target, and an effect is yielde
i Thihae a rethedrpeferatye %ﬁﬂ%enpﬁpa@@e@ fsm%a)ﬁahena? jeduce
the fact that the$220) stalline orientatio

the rBBERS SR teraRk ALGIS! RECIBRIQHE fBRdoNHATeR faig of atoms.
pot - shaped tarq is extrenely desirable also,fr

Thergire, iespPassifip ioarelabiiply INGrease esNHAMES ?hé&n%  faat will
orientation ratio 15 of the crystalline ori ntat|

fall ofpifty Waeusob ke Gidatiere ibis ROSSIBIPIY HiGHPBE NG uskTRsessary
at average. As described above, since the fl

SpUtiGINg 6h T ieia%. BOYAmEER RoNeIgRs Thahgotis Rlpey life can be

tar et wi Il not be subject to erosion, the orientation
impre¥@d.o  of the crystalline orientation (220) can be

Lt B0 1B Bl S By S8 o
mucht FbraroSieiecs EBude oot oang! g TP isthavt
words, . this invent .ot her, . .
also fiaan i isataectc ot AATEEL B HS @3@@#‘%3“8&@1% priepfatigp, ratio
present 25 inventjon. the fol

of thep P& alINFe OBLANIRR 2Iz%us'tsr %Jgonéoﬂmﬂ oHQWCLﬁa”y 50% or

pmanuf act uri ng net hods.
greater at average.

As described above, since the flange portion and the bottom portion
of the pot-shaped target will not be subject to erosion, the orientation ratio
of the crystalline orientation (220) can be completely ignored.

[Examples]

The Examples are now explained. Incidentally, these Examples
merely illustrate an example of the present invention, and do not limit the
present invention in any way. In other words, this invention covers other
modes and modifications contained in the technical spirit of the present
invention. In addition, the following Comparative Examples illustrate
conventional manufacturing methods.

A copper (6N) material was melted and cast to prepare an ingot.
Subsequently, this ingot was subject to hot kneading at 800°C. As a resuit
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A copper (6N) material was nelted and cast to prepare
an ingot. Subsequently, this ingot was subject to hot
kneadi ng at 800C. As a result 10 ft of this hot
kneading, it was possible to destroy the cast
structure, diffuse and elimnate air holes and
of thie1oddeneafingant Was RPASDIe 6Pg¢ﬁ§f‘rthHeaC%ﬁl ?HPF&UV@ diffuse
structure, Subsequently, the hot kneadi ng materi,
and QUEINGIP ARAQIPEIAIIPAGIEIANAN. AN SRAI B ERTEING &V ha @iform
processing ratio of 90% After performng this
strugl¥es.or mi ng, recrystallization anneal i ng was perfor ned
at_150C for 2 hours in order to adjust the cr
gr3hsequrnEhelie Rolkkopgdirg n@tgrlﬁgwﬁ@gsegdpu‘é\%aref&rmmg
be fine and uniformwhere the average crystal , _
at a Kom REPeRiWi RN Broorssing rabe f %&5/ °pr é—‘rf@rnﬁ)gwgormmg this
mat eri al having such fine and uniform crystals S
prefo;@bpsetreswsaa@zazipgu HY Y HHMAT Dsrfaémﬁgh%bééot Qv%é@ hours
D e for%ﬁ.‘ré% was perfornmed at igoc Fl 21is

in owdadt tera hf@ep@fysgﬁh&alnsarg eEelRAt vﬁWﬁtfﬁhﬁfa'”s were
. foregoi ng _process. . 2 shows a flan ortion
adjusieget Be dneaangi Wfqﬁm W@e%@h%cﬁV%éggo@r&S@’ @n’am ‘'size was

(center). Incidentally, as described above, anong the
B5UmpdHtIE8Rs of Fig. 2, the flange porti on A and the
bottom portion F will not be s ect to ergsion
Bhdhensoeht 4

dmh%goaﬁjﬁeérpf@formwwsmgaah syeht fige and  uniform

strength of, the cr 1] ne orlentatlon obt ai n \
crystwsa\yaa.wpmlt&qd{ SOG4 LREMNR of LBRLSYAbr: gt Die

the XRD p Raépwlththe relative intensity 20
forgipg m@@grfﬁf C40836) is shown in Table 1. 25

oIt G i r%]ctr%%s?a toin ol dhecgt AhBpeA edopt sPeafd S the

t t f . .
foreéonlngngrloc%s% Fig. 2 shows a flange portion A, sides B, C, a joint D,

and pot bottoms E, F (center). Incidentally, as described above, among
the portions of Fig. 2, the flange portion A and the bottom portion F will not
be subject to erosion during sputtering. The standardization of the
strength of the crystalline orientation obtained by X-ray diffraction (XRD)
(value obtained by dividing the XRD peak strength with the relative intensity
of JCPDS (card number 408386} is shown in Table 1.
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JCPDS) (111) I 1 (200) (220) (311) Total Oientation
Ratio of (220) JCPDS Rel ative 100 46 20 17 Intensity
Conparative B 129 61 213 96 498.2 0.43 Exanples C 78
61 141 49 328.6 0.43 D 137 61 125 102 425.1 0.29 E
95 102 159 209 565.1 0.28 Exanples B 54 96 294 162
[Tablgo¥l 0 0.48 C 99 87 363 185 732.5 0.50 D 61 61 347 93

X-RaypPifiractidn BésuE(Vaile@htaiiedl bi dividtoy e KREDpAR sHBRAYA by Relative intensity of

JeppEable 1, this target conprises the crystalline

ortentati pns of (2RQ)11)(LX290) (208)), | (811}) | OlwtaAi heédientation Ratio of

by X-ray diffraction. Sections Bto E 5 to| becone the (220

Jdcedsd portikRssiveer e &0 a (4820) @0i naryi7or| ent at| on.
| n_addition.Infietisitys evident that[the ofientation rafig

Coriipaf@28) anongBthe cryat all ieie | ozi%®nt atdbons 498.245% or 0.43
ematesr . The average graih.sizelis shown in| Tablei?2

The average gr@in s|zd8 ardirespettiyeldy A 388Fm B: 043

63m C. 6Im [ 76nm B75Ppmi apdi®E | 100A2pApsdngd the 0.29

rel ati onship Of the|awsrageier yst afg gf apep S| ze5 pf 0.28

Exid"'r‘lpieﬁrgeﬂ POg U 0N Ofs 3t e~ RgeT AUSo LT ySYEY  Plear® pl 26 0.48

and t he ayer agg ety 5ot aigy ST zgsd ol h:ﬁ?ﬁL Ebt 050
A 6 \v |

L
porti on of—the—average-erystal—grain—5ize—v -
1. 8. Li ke_thi R i+t \AE& n'mcai‘{hl 7 ceggre Jet 0.82

with a relatively uhifdrol add  fi3%¢ strddt ur @48t hout 965

any coarse grains or extrenmely fine grains. 15 In die
forging, as described above, there will be | ocations

t U@ S%Wn ReTable 1, this target comprises the crystalline orientations
of (220), (111), (200}, (311) obtained by X-ray diffraction. Sections B to E
to become the eroded portions were all a (220) primary orientation. In
addition, it is evident that the orientation ratio of (220) among the crystalline
orientations is 45% or greater.

The average grain size is shown in Table 2. The average grain sizes
are respectively A: 64um, B: 63um, C: 61um, D: 76um, E: 50um, and F:
42um, and the relationship of the average crystal grain size D of the largest
portion of the average crystal grain size and the average crystal grain size d
of the smallest portion of the average crystal grain size was D/d = 1.8.
Like this, it was possible to prepare a target with a relatively uniform and
fine structure without any coarse grains or extremely fine grains.

In die forging, as described above, there will be locations that will be
severely affected and locations that will hardly be affected by strain.
Nevertheless, since the crystal grains will have been refined in the front-end
cold preforming and recrystallization annealing, so as long as the method of
the present invention is performed, there will not be any significant grain

growth, and there will hardly be any difference in the crystal grain size with
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severely affected and | ocations that wll hardly be
affected by strain. Nevertheless, since the crystal
grains will have been refined in the front-end cold
preform ng and recrystallization annealing, so as |ong

as the nethod of . the present_invention i er f or nmed,
the QtRer éocatIaNsEATE I S P@Sfﬂﬁﬁﬁ%@@f»&?ﬁ%@raﬁ%m h, and
there will hardly be any difference in the crystal
grain size with 12 [k[ { the other |ocations that
wi |l be strongly affected by the strain. [Table 2]
[Tablg¥ktal Grain Size (pm) _ Conparative Exanple {
CrystEXeaml g gnd) 88 64 B 91 63 C 88 61 D 96 76 E 86 50

F88CHRpaaE NEEsHhpRent result of the Vickers
ar dnegsmiédy) off the pot- shaped target created with

= M i |

he T 0 ggol ng prioceds I|s shown in Table 3. Al though

tre—effggt—Tam ge ggtained with H70 or greater, as

hewn irﬁﬁTabl e—3; Gihc results were respectively A
B: 1 C...g§2 80, E: 97, and F: 102, and the

ardnes®®at all |l.od8ti ons exceeded Hv80, and it is

bvi dent 8fhat 10 tR& all locations had even higher

MO m| >

NI IS 4o .

trengt B8 Further, 4he|hardness difference of the

[ owest portion in conparison to the highest portion
of the hardness Hv was within 30% and it was

ggﬁieif ﬁlggatsaﬁrgg&rrgshnagf qhgow&%rﬂguﬁa%e%e?ﬁv\fﬂgf the pot-
shaped target created with the foregoing process is shown in Table 3.
Although the effect can be attained with Hv70 or greater, as shown in Table
3, the results were respectively A: 93, B: 101, C: 82, D: 80, E: 97, and F:
102, and the hardness at all locations exceeded Hv80, and it is evident that
the all locations had even higher strength.

Further, the hardness difference of the lowest portion in comparison
to the highest portion of the hardness Hv was within +30%, and it was
possible to confirm that a homogenous hardness was obtained. This is a
result of adjusting the crystal grains to be fine in the cold preforming and
low-temperature recrystallization annealing, and this is a significant
characteristic of the present invention. Incidentally, as described above,
the flange portion A in the pot-shaped target also achieved a high hardness
of Hv93. This high hardness of the flange portion A was even more
favorable in preventing deformation.

Further, as a result of making the (220) orientation a primary
orientation, it was possible to reduce the number of sputtered atoms,
increase the ionization rate of atoms, and relatively increase the number of

ions that fall on the wafer. Since this enables the prevention of
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result of adjusting the crystal grains to be fine in
the cold preform ng and 15 | owtenperature
recrystallization annealing, and this is a significant
characteristic of the present invention. Incidentally,

unneSBeSERk SBUTEANGRR testaTaeh 80 sl AR e HartiteLeeg in that it
s PFIerisy BTtk tapI 18168l PR b ADMRST HEolarghe g 11, §ffentation

_Further, as a result of making the (220) orientation a
with grhighrSputtgri &€ation, it was gossi bl(e tZ) reduce the
nunber of sputtered atons, increase the ionization
rate of atons, and relatively increase the nunber of
ions that fall on the wafer. Since this enables the
[Tabﬁﬁr%l/enti on of 13 unnecessary sputtering of the
Vicketsamg_aﬁessa(ﬂv)addi tional effect is yielded in that it 1is

Pos. WOSSERLBarkfivd MPT@¥EmpEe target life in conparison to
he (@&khpi&yientation |Wth a high sputter rate. 5

abl € 3 Vi cker|s Hardmess (Hv) Pos. Conparative

Exanpte ;7 Exanpi 1 Aj46 93 B 47 101 C 45 82 D 44
a) -

pyU

44— F—F Conpar ative Exanples) As with

q
[¢
D

5
[/ J 1 r '-_I’ 2
the T a6 er— (6N) ingot was prepared. This
ngot wWds subjec o ¢old forging, then subject to

ol d préfornminglat 4 piocessing 10 ratio of 50% and

Mmoo m >

urt her 48ubj ect |t o1%2cdystal | i zati on anneal i ng at 300C

— ey | b e A ) —+
)
iy
$§-F
D
n

or 2

(Comparative Examples)

As with the Examples, a copper (6N) ingot was prepared. This ingot
was subject to cold forging, then subject to cold preforming at a processing
ratio of 50%, and further subject to recrystallization annealing at 300°C for 2
hours. The obtained preforming material was subject to die forging to
obtain a pot-shaped target at 400°C. After die forging, crystal
homogenization and stress-relieving annealing were performed at 425°C.

As with the Examples, standardization of the strength of the
crystalline orientation obtained by X-ray diffraction (XRD) (value obtained by
dividing the XRD peak strength with the relative intensity of JCPDS (card
number 40836) is shown in Tabie 1.

As shown in Table 1, although this target comprises the crystalline
orientations of (220), (111), (200), (811) obtained by X-ray diffraction, the
(220) in the crystalline orientation is not necessarily a primary orientation,
and the primary orientation is (111) at portion (D), which is an eroded
portion, and the primary orientation is (311) at portion (E). Like this, the

primary orientation varies by location, and did not satisfy the conditions of
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hours. The obtai ned preform ng material was subject to
die forging to obtain a pot-shaped target at 400C
After die forging, crystal honogenization and
stress-relieving annealing were perfornmed at 425C As

i gk BB R AR A3 8180 BB et
O AL LS B Bl B P 38 ot ana
the %&Sslf‘&ﬁrm%%%ig%f %\% é@n%?i%gstlairgg? ssagé)mfg;iéen to be
_cr%/st alline orientations of 2203‘, 6slll . (200) :
subjeelip) SEARIAN MRP LS PXUPH Il 419 Hik AVRIAGHETaisSIgg st Pqrtions A
B, Cpibr 3 S tBRUBEIShO! k1 1RHIS I3 1SR G A&, onThe average
111 t ti D), [ [ d ti , d
orid it ShalS oast Mol e £ 0008 BT BBl =
ocuty it B2 o0 b SR RAAE S S5l o BBLA oo anc

invention; that is, the conditions of the (220)
coargeiRfry orientation. As with the Exanples, the pot

& FisthRoher eesgrem et deBhlt e ETgerauisss, (iieof the
o R S B B4 U B IR R B o TR SRt
o Sy SIS RRTRRIR U TERE o sty were
eso ey o, DL B A 400 IR e s
ot f ok Bees’ 49 DB VB Bt et 0 Bt Tarere. e
i A A8 RS sTEIAIE {dBrarauop i o
nardpERi7ar%, ihEiach 5" G he Guted) il ol Fopamg dRmiasalire and
the iRl FnEE TGS A Aot o ne M0 dpa gl i n el ze

ar}gur?ﬁéﬁra{soaggér?geé nabton%, the hardness of the flange portion A was
Hv46, and the hardness was insufficient, the structure was uneven, the
strength was insufficient, and the target flange portion deformed.

Further, since the (111} orientation ratioc with a high sputter rate
accounted for most of the locations, the number of sputtered atoms
increased, the ionization rate of atoms decreased, and the number of ions
that fell on the wafer relatively decreased. This resulted in the
unnecessary sputtering of the target increasing, and deterioration in the

target life in comparison to the Examples.
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15 hardness are considered to be caused by the die
forging tenperature and the annealing tenperature
after die forging being too high. Further, as

descri bed above, the hardness of the flange portion A

was Hv46, and t h n %fﬂ@ [ fiicient, the
structure was udB@Bﬁé*?%gE tré“%&ﬁ“ﬂgépinsufficient,
and the target flange portion deformed. 20 Further,
since the (111) orientation ratio with a high sputter

account.ed f ﬁ of the | ocat

. the .nunp :
of 155, ETESRDY BVBREON B e FLPERET, BliPoLE! R YIBHe apmiform
ha d?wte%gswa? rf%sﬁthgrﬁaﬁﬁeﬁgﬁéﬁgggg%eg RLEt5iERh stinarf o that

tt f the t
BEnaDPR: Wb adeur b thes fandee bONTTE 4 cimeeifiaed \Bgoet by
) t he Exanpl es. .15 INDHSTRIAL APPLI CABI LI TY The,Presen
improy{nhtansh dpvising e JpEINGr PEAGESS: 29F REF AEE AT} Bf ress-

Theteini PEIEhit Wi B GLINeGeler ot TIet oS ATBFRALPBrp PF target and
redubpbi AgnaretoeuPL ROHYIRE. PO BIESC ALE haP Gk g, the

tr atnent pracess Ther eby, sinc .
presegt IVERION 1S BERGaS: Gn P ATt tptdegematagal PR (ghiEation

t he generation of nodul es and particles during
Spugﬁﬂﬂgering, the present invention is useful as a

copper target material for ionization 10 sputtering.

16 CLAIMS 1. A pot-shaped copper sputtering target

manufactured with die forging, wherein the Vickers

hardness Hv at all |ocations of the inner surface of

the 5 pot-shaped target is 70 or greater. 2. The

pot - shaped copper sputtering target according to claim

1, wherein the hardness difference of the | owest

portion in conparison to the
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hi ghest portion of the hardness Hv is wthin 30% 3.
The pot-shaped copper sputtering target according to
claiml1 or claim 10 2, wherein the average crystal

grain size in the target structure is 65Nmor |ess.

4. The pot-shaped copper ring target according
to any one of clains 1 Pz‘%g%erein the ratio of the

maxi mum average crystal grain size to the m ninmm
aver age crystal grain size is < 2.0. 15 5. The

. bk Poi SrEPsthEBRPeE S R“ k%h'gﬁga#&‘% Bafiiart iyl @p'roraing.
whe@anéﬁ%\f%gﬁﬁs SR RagE; O R B 8RayahE Grakne My svitapegt the
pot-%‘w&?%&%‘g%ﬁ%?éb‘ °”%reé%%g-f on of “the pot-shaped target .

o kiRl @aﬁébﬁﬂtﬁgﬂn@?g\s{&&Saoeczq*%ﬁ-@nq ey 1.
el & oSl duldenoe e B, e fgoRffon to the
vandé G0 BPED ot 28fi, 1) e

5. (0 RUTBRY 6054 ERLAHAD Blod Eopd BB R A 110 ctaim
2, w%grelln the average crystal grain size in the target structure is 65um or
less.

4. The pot-shaped copper sputtering target according to any one of
claims 1 to 3, wherein the ratio of the maximum average crystal grain size
to the minimum average crystal grain size is < 2.0.

5. The pot-shaped copper sputtering target according to any one of
claims 1 to 4, wherein the inner surface of the pot-shaped target comprises
crystalline orientations of (220), (111), (200), (311) obtained by X-ray
diffraction, and the crystalline orientation of the face subject to erosion of
the pot-shaped target is of a (220) primary orientation.

6. The pot-shaped copper sputtering target according to any one of
claims 1 to 5, wherein the inner surface of the pot-shaped target comprises
crystalline orientations of (220), (111), (200), (311) obtained by X-ray
diffraction, and the orientation ratio of the (220) crystalline orientation of the

face subject to erosion of the pot-shaped target is 0.45% or greater.
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