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DESCRI PTI ON DEEP- POT- SHAPED COPPER SPUTTERI NG TARGET
AND PROCESS FOR PRODUCI NG THE SAME 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 sputtering nethod for formng a film
from materials such as metal or ceram cs has been

used in nunerous fiel dsegogipTiENas el ectronics,

corrosion resistant materials and ornanents,

catal ysts, as well as in the manufacture of

cutting/grinding materials and abrasion resistant
DikiPelr OdSHARE DHOSQBRERNEP Y PUE RING TARGE howiD PREIJESS FOR

wel | -known nmethod in the foregoing fields, recently,

particularly in tRODECING TIRE &i©enNi cs, a sputtering
20 target suitable for formng filns of conpl ex shapes
and formng circuits is in demand. For instance, a

_copper target (HCMt et) having a pot-shaped,
t hr ee- di mensi onal stTEfg't"f)'?'@ALé:'% Png used. Fig. la
illustrates a conventional target, and Fig. |b
illustrates a copper target having a pot-shaped,

bot 16, 6HEEhE 1808ion (UL g A deheef o ﬁr@ge.taﬂg&véarmed
mtoaé‘ﬁcﬂ Bhépé% cﬁgar@? f;%rgcfgtnlléhdf?@fur% e%gg—f)qag 9'590,

f or med an ar ge
coII|d|ng A« ions against a target and beating out
nmetal atons. Contrarily, with ionization sputtering,

1 al though the procsaSKGROLDSBAMT 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
materiais such as metal or ceramics has been used in numerous fields such
as electronics, corrosion resistant materials and ornaments, catalysts, 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 ptasmé is formed.

A standard planar target is deposited by colliding Ar ions against a

target and beating out metal atoms. Contrarily, with ionization spufttering,
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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 by
subjecting an ingot or a billet obtained by nelting

althotitth 6RSprogesBalths admeé doagpaGaraaRR iPdo @dHdMEATr ions
forgi ngT{i Hot forging of the ;?ngot olrgg?he@bi Il et vvicjﬁl

agaifi§shraygéhanaassatid Wiituhetaldhfohus etrrnthetl| bfomat &raidnized
hol es and segregation, and, through recrystallization

with &Rl biekma0 WherehyPaReLNigy tcaid Ber gR&m thahdensizod metal
and strength of the'structure to a certain degree.

atomaYUDSERYE NnleYal ét@ﬁl%hﬁ%@fillé@'%@@eéﬁ drebgésguahtas holes.
recrystallization annealing is further subject to die

f %@ﬁ@&l@o ©ebaber QaFng@émPﬁ%ﬁﬁj tRI2RAOb! tAree-dimensional

prescri béd three-di nensi onal structure,

structBfd Y§t MlaFatieed apyealtjBetiag dad Singlok €66 2 i@V oBgained by
annealing are perforned after die forging, and surface

inlg® | {drabehyt fis "BANEAIRG! @ah8 AicCAPMRFRg. Hot
meltﬂthgr gggeé%tgﬁh%ﬂg% this ki ﬁ@oﬁ copBer Itgrget l J °

forgi?'ﬁ%ﬁﬂ?é o MehEadiidd Wil RiistrdiAUSE caRY sRRRLAM diffuse and

e manufacture of a standard pl'anar target, several

elimiPae® @MRoMd hndldezfeYhedn MBAY] ﬁ?rb'dlgihn&c@yﬁ@mpﬁtidrﬁbﬁﬁbaiing,
havi ng the 20 foreg0ing pot-shaped, three-dinensional

it is SISGhIE €0 PichE&sd NBBE dBhkity bend Osiéh@its of hile WillctbRe to a

severely affected and |ocations that " will hardly be
certaih fRgfred. by the plastic deformation during the die
forging to be perfornmed in the manufacture of the

t afeqUdRle e mERSRE WhfeRtt foe f6HARQAHARL recrystallization
structure wll differ. For exanple, locations 25

anndzAiglgia futthdros@hiBet & HRS Foremyvitd lobtIrek e dpp eFubr g6t shape of
conpressive force, while l'ocations along the forging

a prék€BBEHOtHreb@iméssiohlP dthiurs| reciiesiizafioh hannealing and
pot - shaped structure will be subject to strong

S seng g W ser ) o s urece
treatgﬁrggrgﬁﬂii@iatelyh@erffébfﬁééﬁo@Htém atdopperndrdwtt dness wil |

Although this kind of copper target manufacturing method will not
cause any problem 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 example, 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
coarsened at | ocations weakly affected by plastic

plastq*@f defGirhaflon FutHdeeryaahl t bAchauRr ¥ndr efa@hesdchwill differ
| ocati ons strongly affected and weakly affected by

signiflcant|yCsHrRleORRBL §i2B. of pe rubhystAEzeH graink' BatiHgabhtealing
m xed status or gradually changing status in the

befofd Wil %rg‘?‘ﬁ%%ﬁ Wehre hIsigaificadtlidluedcdot trf banadwbadgetrystals
requires that the inner face structure 10 is uniform

will %%W?ehﬁé@ sufddationy ssio n@ﬁ;@td’ffécﬁeésbyoplﬁéttﬁt@éﬂ)rmatton
such shape, but this strength could not be obtained

and Eﬁﬁs\féﬁst Wnddasmd iearseged dtesidhtioft wbaﬁzycaﬂ@@ted by plastic
phenonenon, there is a problemin that the flange

defoﬁﬁahbﬁn wbitheﬂefa@rmecmrﬁﬁr?bbk/ea Geneiiahl Yosdgstd Ndrongly
when perform ng sputtering, finer the target 15

affectEd SARY SweBRNE afdicted Ny fiﬂa@'ﬁ@%éfb'n%%tm@”dh‘e%e' will be of an
possible to obtain a filmwth few generation of

irregﬁféﬂwm%‘@’ shRUs! ¢ @%d@Y dHHEdInh Stafls Br tRefde stdiaditgoture.
her'efore, the coarsening of crystal grains and the

e%h%ia&ﬂ@@faroﬁ POt BB Ed taigfet yEglird5ahBs t19d iph &10f e $thdcture

the die forgi ng and subsequent ‘annealing will be
is urffoPRl amBt ust haveasulficidnd étréﬁgﬁ?@éeaé he raanart 5abh dhape,
arcing and particles, 20 and deteriorate the quality

but tAfs ftengBvbald ABPOS bbRimed WohRehtiofafy InThiugants a result of
variation in the crystalline orientation or

the &efefpebﬁ@ﬁ@méhdmetﬁér@dme&s Abblehe ihemReCthicvdapget pofton will
he target will largely affect the sputter rate,

defoﬂﬁctdﬁged@rdtﬁya problemin that the quality of the
target wll deteriorate. 25 Accordingly, a copper

S Bk &rdINg stp@fagﬁidg hawh dvg Qeﬁﬁtm&l‘gfipwuﬁéfmgt Wiger the target
manuf actured by die forging entailed probl ens of

crystags, emoes alnifugnt tree depbsitiornfand heisfpdssibRstd bbegnfa ditm with
the difference in the hardness of the portions of the

few banheedtionlidif ar@ngeand paricteyshal ahidntiatumifernanahd stable.
coar seni ng and unevenness 3

Therefore, the coarsening of crystal 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 patrticles,

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 guality of
the film resulting from the difference fn the hardness of the portions of the

target, difference in the crystal orientation, and coarsening and unevenness
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of crystal grains. DI SCLOSURE OF THE | NVENTION 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 respective
parts of the target and sufficient strength so that
of crip@tafighgh@ation will occur in the flange portion of a
{éﬁ-shaped target by inproving and devising the
forging 10 process and heat treatnent process, whereby
it wll be possible to reduce variation in the
crystal orienypd COOSURE OF PRE INWERMIORE the crystal
grain size, and reduce.the generation of nodul es and
particles during sputtering. In light of the above,
the present invention provides: 1. A pot-shaped copper

SHYd ﬁFé ! ttigv8Rtio NS aeliyeRinb fderticto § &c@ind the géregoing

wher el n e Vickers hardness Hv at all locations o

probidh§s | NRsS Wi 38%e&f of H8e ohhaneantian gattd rddider a high-
greater; 2. The pot-shaped copper sputtering target

quali@ff%?ru@ferﬂﬁwgt Pariit ARG d urdRANE hatiIgESs ntthe hypdReise parts

erence of ‘the | owest portion in conparison to the

of thgi@@ﬁéﬁ aRArdurABicRft dthenddr 8heat by dSfomrdlion WA océlr in the

e pot-shaped copper sputtering target according

flangeCp BRI Bﬁ@Pét-ghapBﬁr@%ép Bydnattevig wher §evisidifthe forging

average crystal grain size in the target structure is

procENpd heas tréhtmidlt PRIceSRANAT GRRPRIWAPHE! 864d1Ble to reduce

target according to any one of paragraphs 1 to 3

variafipeV th tMBeEistait BRehtidh, Ofefirte amXURMBHAYAS AB€ crystal grain
crystal 25°grain size to the mninum average crystal

size, Hrid Fe @& ths gendrBiioR-of HIRINES ashippedictePRaring sputtering.
sputtering target according to any one of paragraphs

118 Gight 399M8 .abh&Y, @hB grecenn Rierdivif pari@ésthe
pot - Shaped target conprises crystalline orientations

1. S pEEheptadppd2aghttyibrges mnnt onred ncye orano
wherbat eh&UnEREEs hArdness Hv at all locations of the inner surface 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
4
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erosion of the pot-shaped target is of a (220) primary
orientation; 6. The pot-shaped copper sputtering
target according to any one of paragraphs 1to 5
above, wherein the inner surface of the pot-shaped
target 5 conprises crystalline orientations of (220),
(111), (200), (311) obtained by X-ray diffraction, and
X-ray heiffoactéon atdroh thet icoystalltree ¢r2@dtptiony off atid rfece subject to
orientation of the face subject to erosion of the
erosipot ofsthappdt-shapged tasgdt. id 59220 )eptimvary oftemtaboget of
the present invention yields a superior effect of
6. hdhengod-adfent mdpratnepstieringhtanges paetdrdengdot angf one of
the target and sufficient strength, 10 making crystal
paragragils $itned nbbiveedvhardinuttid armer fyrfaee wéithg padrdtetpexshtarget
in the crystal orientation, inhibiting the
compleden meystaling oriemtabogetaf @R0)oHt &1)ni (2§03, (Supepbtained by
sputtering target with few generation of nodul es and
X-rayaiffracties, asha thegosipntatéon natio kdrthbeR203 iongstalitnavorientation
be possible to prevent unnecessary sputtering of the
of thé dagetsubjactadde tdasioralof ¢fi¢ eott-dhmpedeiadgdt in0 1586 drigreater.
target life 15 can be inproved. BRI EF DESCRI PTI ON OF
THIE Ll NGSthe gredantimbeRitign yiblde e sghwimatéffect of having a
di agrans explaining the sputtering 20 status of a
unifopainard remsgiet thente sp qoiivespanie dftthedatgetaand Bufficignt strangth,
cross section of the pot-shaped copper target after
makidgecrybtalggragn SESTeMODE EOR (CARRYR NSy QgUUTHE MBVBENDINON the
25 The sputtering target of the present invention is
crystaboufeatatiordintdbitorgd g dedotrhatiéoldiothientprgebcasd.obftaining a
illustrate a specific exanple, forenost, copper is
supeniert sputhedngatirged pitepdew genermioan oof andsiui¢égtand 5particles
Subsequently, this ingot or billet is subject to hot
durinbospithgring. 7GQrtierdcoCe itamidl bégrossiklertospilsjvect urmecessary
preform ng at roomtenperature and a processing ratio
sputteting0of the dargxitean Addidionas wiftecdfis tyheldiesr gtiaighe target life
forging, the cast
can be improved.

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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structure will be destroyed, and air holes and
segregation can be diffused or 5 elimnated. This is
further subject to recrystallization annealing at a
tenperature of 100 to 200C to adjust the crystal
grains. The material subject to recrystallization
annealing is further subject to die forging at_a

Subsequpsilyt thie ingobt xoobillet 29cohjeeihia hpbtfogtingeats 08stor §00°C,
obtain a pot-shaped copper 10 sputtering target. The

and theregbengubctiior giafgrminglesireanl jepeefaitne @nsy avpRpcessing
kneadi ng, and the repetition of hot forging is

ratio afff 8004 var igneatgir oAR g triesulhaf dbeefaregooyy forging, the cast

- Incidentally, the appropriate recrystallization

structurepeilbb erdesto et iatstaugonesgind agumgadictecanitendiftused or
the anmount of stress, tenperature and tinme. Wen 15

elimipatefdor m ng hot kneading, it is desirable that the
total absolute value of true strain is 4 or greater.
PTefoisrfughes spéidarivete arystadbpatiomeensaling. aHeri@mperature
al though the degree of processing will differ

of 1@ pend@0djConot Adjustt theataystadegeaided Tdre snateriglaisubject to
size, it is preferably 20% or greater. In particular,

recryptalizatio m@ra@dlis gdiss furttiod ry s plejeicd toetle diorgingr at astsinmgerature
ratio of 50 to 90% Thereby, strong processing strain

of 164 Itb PROSTeirdedai pot kbapat 8pi as. tolpkéainhaspot-sbapedseapper
for performng cold preformng is to introduce a

sputtgriegtiarggtr ocessing strain, and to maintain the
tenperature of the material during the preformn _
preefmegoingoéotaéor@@rmgtiarﬂesé@bgby)mrtﬂrmedqbyazvawgl kneading,
the introduced strain can be made 25 sufficiently

and thargeeditioruaf hot frging és eplactiveningpovingileg eharagteristics.
recrystallization annealing is further perforned to

Incidadjallyt thheappraaridtegregrystaliipriiordegmeipturgais siecided upon
annealing after cold preformng is perforned at a

giving slomsideajionote themsereunir ef sireseotempeogare apdctigie. When
with | owtenperature annealing, since sufficient

perfogming mat Kngagingditdgedesicalye ihadotal absolute value of true
‘recrystallization is thereby enabled. It is thereby

strairpigs4ias| @eader.

Preforming 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 90%. 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 resuli, 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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make the average crystal grain size 65mor |ess.
Further, the average crystal grain size Do of the
| argest portion of the 5 average crystal grain size
and the average crystal grain size do of the smallest
portion of the average crystal grain size can be Do/ do
< 2.0. Like this, even when involving a demandi ng
Evenpwiite ksvaénfperature anpedlishapice suffiscientosisain & yielded due
refine the average crystal grain size of the
to préﬂ:ﬁmﬁﬁlgl yecyetdllieagonfis thBretpotnsbrped It ¢ getretmngotsidle to
m ni mal change in the crystal grain size is a 10
makd €sdllalvePdgé Reystapgidih JiBOW5AcH wrilegs.met hod of the
present invention. The foregoing cold prefornmng is an
I lm@fﬁe’m‘th@fa@@eége arystae grapsente D fantilargestndotthirs of the
process will enable the acquisition of a target having
averdgd@ecryatsl graihosMecrarit ahs hvetde forpethl pyragessize do of the
Subsequent [y, the cold preforning material having such
smalfdsier@fidn dbtniaherayes oy ét@ﬂl?ram sixel esh HeoDdidy < 2.0.  Like
forging. Incidentally, this die forging includes the

this, @ReANKABNAROERSSg d depidiRlingrdsesgbl fdireingagistgshape, it is
processes described herein include the spinning

possi1@a6sefineUihehaveradfet erysthlegfadn @izwof tes yss@éctive portions of
honogeni zati on anneal i ng or stress-relieving annealing

the posstRBedPairget"Bad tRe mimidig drerrgondh ttas ceastar igbgith size is a
above, there will be locations that will be severely

resulebf e6é epeaidl hanataqosnyhakivdd bf biew glysdie ialbaabad by
strain. Since the crystal grains wll have been

r ghienkdegoiridieofd préfoentdngak amireportantgratesd efaheonesent
that will hardly be affected by strain, there wll

invertiord| ahd éhismrocdisk fveillegesh lenthiehgcquiyioal ohaaangest zaving fine
wth the other locations that will be 25 strongly

and @hif@eh edydtald hretrsd fiakhprddegseby, the crystal
honogeni zati on annealing or stress-relieving

asudsleigneg nalfyt ethedice|d opgifogmind Imetéridlnabeirntdiesisdir efise and

generated internally, and a target having a roughly
unifoumi coystats Vst alibjgcai to slie efargeral | Irnadebiallgbtthisedie farging

Thereby, it is possible to obtain a pot-shaped copper
includpsitther spghriiag getocess.  In other words, all die forging processes
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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where the average crystal grain size D of the |argest
portion of the average <crystal grain size and the
average crystal grain size d of the smallest portion
of the average crystal grain sizeis Dd < 2.0. 5 As a
result of the foregoing process, the Vickers hardness
Hv at all |locations of the inner surface of the
Therpby- shapegossiblgettocabibie madetiahaped’@oppergspeattering target
This is a significant characteristic of the present
wherienthengiveragd trysthbgeaindsize dnofdhedauge $top ontipot o Hapederage
copper target having a high hardness can be achieved,
crystat graiposigebhadt th@bawdnage tayget gvatrh sinpedi of theé smallest
sputter characteristics such as no deformation in the
portibh arfgbeporaraga,crysthl gyaimesiaei ierD/df < 22 nodul es and
particles during sputtering. Like this, although the
f lfengergauit bbhefforbgoiny psdgeed theppgmkerartgatneskl Hy at all
not become an eroded portion during sputtering, since
locatidnawvbf Ehdavreeras inifgbe ledrtHegsd -dmpad tdrgebeaatihemade to be 70
portions, it will not deform 15 Therefore, it should
or greetemdeTisisoisda tshgnifizapdtchetnaptedisticppethe ppaséetr imgntion.  [f
target, wherein the Vickers hardness Hv at all
the LCoodtticorss af & heniformeposshioped aopper patgethdpathg a high
target is 70 or greater, is the primary configuration
hardoéss$ hmarpbes ashievedsnit i isnpossibpartoi chilaim ,a itarget with superior
desirable that the average Vickers hardness Hv is 80
sputter ghaacesristd® Buchhes, no hdéefoamdiess irdithéeflange péritdme and
| owest portion in conparison to the highest portion
geneoétio heohalednessdiHesc amdbepartidiest aureng spithe30go  Mikies this,
is also a significant characteristic of the present
althoughetitei Bangatperréion eof thepet-thwpedbiapparigeget aill bot become
obt ai ned. The inner surface of the pot-shaped target
an enxjed @optiosedwniygtsiutiaring,2sinoei érwidit have afhigR2tgrdness as
(111), (200), (311) obtained by X-ray diffraction, and
with theeotherspaittionse itowillenotidetorof t he face subject to
erosion of the pot-shaped target nay be of a (220)
plinexeforer i gntsitawd. ben paderstabdr that Bs peisshape@ copper
that the orientation ratio of the crystalline
sputteringntangetn wiezein itke 4A¢kers gresdness H@ at all locations of the

inner surface of the pot-shaped target is 70 or greater, is the primary
configuration of the present invention. [n 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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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)

primary orientation in the present 5 invention, the
Incideaeslly, 0oabedsebiipet bdovee BeOSHrORaef sbRchvk- dfapes present

target is not the entire inner face. In other words,

inveritith fd Bngehret iHenhanthdet 60Me PRRlrgaclfithenagdet he
pot - shaped target will not be subject to erosion.

Ratifteiught fige sdybifned dashtatibesonitht Rakete Halep®$edt) to the

to these areas. This is a phenonenon unique to a

erosik@t oSthargst-taapel tal§et & #2200 phtmAgsdriontanderist ®@dpresent
that it 1s not necessary to make the «crystalline

inverffdreNfhat f0e & B1e58]drrtol Bs efodidA00f Bid MRshaped target is
orientation. In other words, even if these portions

not theCeffird ikAEP)aBE] i YotBer apbald, Othe flARgeOpbRion and bottom
crystals may have orientation, and this will not cause

centéMpdRabhi 68l e pUtdHARd dardacivianhat Ibe $ilisett ado@rosion.
portion and bottom center portion that will not be

Rath&HbiheCspdife RIPphATLIaS SvilUdHeBS(dR pRH) foitRebbtredsas This is
described later, and these are respectively in the

a phéReBRneh JAYueroPreidiaNapidibtef. F portion) of the

overall area of the inner face of the target. As

desehbhRrRd babesily aunteduso @ RHAE o inhohenme) wamdie the
seen at 20 the erosion portion of the inner face of

crystehm P Yriehaned bﬁﬁ%@%e%@ﬂ@orﬁ@?@)ﬁﬂz@) e\!;lﬁldwi BEEYitation. In
orientation. This is explained bel ow th an HCM

othett ¥d3as, el/BA Fittieskagertidnd Bee tadr ge2203 pravaly Yrientation, the
sputtered, and the sputtered atons are ionized by

otherdensRal afP have bakhtatiord, hensathey will Nestecahed easy pasticular

all” atons are ionized as descri bed above, and the 25
probigput tered atons fly in all directions, and even get
deposited on the bottom face of the target.

Thecigbatally, ithe diatege pariioeraas eottoen icenteapbotion ahat ofil not
atons, it is desirable to reduce the nunber of

be s$pjett es etosicrimare Nartiehs VA anber endeigd s fdestritfed beter, and
target to be used in sputtering is

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 unique 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

9




10

15

20

25

9 devised to inprove the sputter rate, and when neking
the foregoing (220) a prinmary orientation, this wl|l
result in an entirely opposite function to a nornal
target. In other words, in conparison to a (111)
orientation wwth a greater sputter rate, the (220)
primary orientation is characterized in that 5 the

devissalts énprave tihe cputerasmd | and wWiners maskiagrtheh@regoing (220) a
preferabl e phenonenon, and it is possible to reduce

primadye onigmationf teizutwitir eskidt dnsanapdtiratpr oggosie function to a
ionization rate of atons. Therefore, it Is possible

normiad taedert | Vel gthiercwendss inheompaipisonofo ao(is 1) hetemdatibn with a
fall on the wafer. Like this, since it Is possible to

greafereygutet hate)nIreC €280 pribfagpoticatation a6 dHeracteyedd in that
and an effect is yielded in that the target life can

the sbetter matovedomicomdillegl y, the fact that the (220)
crystalline orientation accounts for nuch of the

enpgs 00 o agthdrnsiederdie gradn@haned, badoetisi fossibleet®lrgduce
desirable also fromthis respect. In particular, it

the rinbesiofadp @téreat atdrasorEineniapreve tiae iionitfatioh tde of atoms.
crystalline orientation (220) is 45% or greater,

Ther@firkl Gulaplogsiéo @ relatieaheinatageethagaunfserdes tsndedat will
above, since the flange portion and the bottom portion

fall o@f tHeh@apert. - shikpetthis asiget iwid lhoretbibaospiegveat the unnecessary
erosion, the orientation ratio of the crystalline

sputtefingndtieotarg220ang an bffecdiplieliddy in ghar gtk tQet life can be
[ Exanpl es] The Exanpl es are now expl ai ned.

improved.dental |y, these Exanples nerely illustrate an
exanpl e of the present invention, and do not limt the

pAesendinighy ehei faet ithatithe (280) trystaltiae oviertationhascounts for
i nventi on covers other nodes and nodifications

muclcofntiae redsion tdve etdeticalpossivapedofarybkiperisentelBesirable
invention. In addition, the follow ng Conparative

also Froanphiesradplecst r &t @artomeenit iio nizls inmbihe tlaat thd ogentation ratio
nmet hods. A copper (6N) material was nelted and cast to

of thpr epetalliae brigotation (220) is 45% or greater, particularly 50% or

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.

{Exampieé]

The Examples are now explained. I[ncidentally, these Examples
merely illustrate an example of the present invention, and do not limit the
present invention in any way. [n other words, this invention covers other
modes and modifications contained in the technical spirit of the present
invention, In addition, the following Comparative Exampies 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 result
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Subsequently, this ingot was subject to hot kneading
at 800C. As a result 10 of this hot kneading, it was
possible to destroy the cast structure, diffuse and
elimnate air holes and segregation, and obtain a
forging wwth a uniform structure. Subsequently, the
hot kneading material was used in the preformng 5 at
of thés hedrineapegatiumasapdsaibpe doedsstngy rthei casif sg0esure, diffuse
After performng this preformng, recrystallization
and elmésdtengirweseparfbsegregetidr GO d obt@inho fiorging nvith deuniform
to adjust the crystal grains. Thereby, the crystal
struchuiE.ns were adjusted to be fine and uniform where the
average crystal grain size was 65pmor less. 10 The
oS seepligpribf dhai mgt kméadingl nfeeriag waschsédne Hred preforming
uniform crystals was subject to die forging to obtain
at a pamtteniaratu teasgdta paessing gatig o@D %er Adtergpledbrming this
100C. Fig. 2 is a cross section of the pot-shaped
prefdratiggl recwataitizatioh driveealfray egs pgrfprmeedsst 1606C r 2 hours
shows a flange portion A sides B, C, a joint D, 15
in ormed fwtadjost dhe Erydtal geatrey.) . Theeelgntted lorystd grains were
descri bed above, anong the portions of Fig. 2, the
adjudtedntye bpofineoand wmitbrih evibertet tne @verage dryetdil gradn sibe was
subject to erosion during sputtering. The
65unstoanedss.di zati on of the strength of the crystalline
orientation obtained by X-ray diffraction (XRD)
( Vddeueo mthiree cheprdfgrrding dmade tikle HRINgeakcist fiaegtandu tmiform
the relative intensity 20 of JCPDS (card nunber
crystaB836ys i sulgkotvtoi dieldbrgng. t@Solikin Tabhat-dhapeatarget. Die
Diffraction Result (Value obtained by dividing the XRD
forgipgakaspechogmriedyt t@0ATi ve intensity of JCPDS) (111)
(200) (220) (311) Total Oientation Ratio of
Fig. 2 is a cross section of the pot-shaped target created with the

foregoing process. 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.

1
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(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
607.0 0.48 C 99 87 363 185 732.5 0.50 D 61 61 347 93
562.7 0.62 E 51 64 354 77 545.5 0.65 | As shown in

[Tableall e 1,

this target conprises the crystalline

Jecep¥yray dif

fraction.

Sections Bto

to becone't

X-RayObitFIatisy RREE @hiut48Rned &) Eldind %H‘XBD ;&eék%lreﬁ’@ﬁ 8l F‘eﬁé’tlv@yntensny of

eroded poftions werg (a&l{) p (2620 (@Id) nary11r | emtat @?lentatlon Ratio of
In additjon, it isjevident thaf the prientpation yratio (220)
oEP0820) Antwptivhe Cry®t al | i4Be | ordenft atirons is 4% or
greater. [Thentawstyage graih size|lis shpwn in| Tabl e| 2.
CotfparaAAver ape grai n sj zem Rretrespedivelgg Al 46dm | B 0.43
Ee3mple:. 6{lpm D. 76pm E:| 50pm | and F 10 42pm hAnd
the relatjonshtp of| tli@ avewage| ct4ist pl 4gr aj 3286z D  0.43
of the | afgestpport] og7of| tlae ayveramge| crost alszgial n 0.29
Si ze and [te average eEys al o OT | {ggsi e85 Dhegk e 0.28
%?[gblegbl UIE! T :JL I.ISE d wgggc bég'z;bl di.éﬁ d Ié ?bL wasS 0.48
t ar get W Lh_aiel_a_u_uglg\/ ni ?nr :i\ f’%e Qi\?y?bf re 0.50
wi t hout apy cdarse gr&ins oﬁ’extr%‘ﬁel y_Pne| gP&7ns. 15 0962
In die forginf as deStribe@4abpvds4 theé wi PES5be 0.65
| ocations that will be severely affected and
| ocations that will hardly be affected by strain
Ngfse%fté%v%lpﬁ%sﬁaﬁfenﬁﬁt{h%sgﬁ%rcgre\fséo%pf%gé "Re crystahl o i&htations

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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cold preform ng and recrystallization annealing, so as
|l ong as the nethod of the present invention is
performed, there will not be any significant grain 20
gromh, and there will hardly be any difference in the
crystal grain size wwth 12 the other |ocations that
will be strongly affected by the strain. [Table 2]

the athgedegatigns Hagjwid Q%ﬁim@@ﬂﬁpaffﬁﬁ%bﬂbmﬂt@m&amI es
s A8364 B91 63 C8861 D9 76 E 86 50 F 88
42 5 The nmeasurenent result of the Vickers hardness
(Hv) of the pot- shaped target created with the

[TabkeoPlkgoi ng process is shown in Table 3. Al though the

Cwﬁgﬁggguhgg@nge attalned wth H70 or greater, as shown

it thg s were respectively A 93, B:
10 éﬁ’s e E&EEH] 97, and F: 102, and the

'aranes%gat att IO%Q[I ns exceeded Hv80, and it is

-eent hat 16—t 'é cu | |locations had even hi gher
bt rengt A Furt-he har dness di fference of the

Quest r%rtlnn in ﬁflxrmrrison to the highest portion

D0SsSi bl €6t 0 conf|i r 0t hat a honbgenous har dness was

mpm| O O Wi

(v
e
of the B8rdness |Hv78as|within 30% and it was
f

obtai neds This ils @2 result of adjusting the crystal

grains to be fine 1n the cold preform ng and 15

| ow-tenmperature recrystallization annealing, and this

|s a significant charac%eristi,c of the present
thgﬁsuﬁmﬁabﬁ?%lty, &Qed&“é‘ﬁf%eﬂa%%%«@ HtvheOf the pot-
| ange portion A in the POt shaped target als

shapg@h,t Rasd arentgd mathudbss oregomg 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 coid 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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of Hv93. This high hardness of the flange portion A

was even nore favorable in preventing deformation. 20

Further, as a result of naking the (220) orientation a

primary orientation, it was possible to reduce the

nunber of sputtered atons, increase the ionization

rate of atons, and relatively increase the nunber of )
unneicgasanhaputtaringodl theetaigrsran gdsiiéona effeskls welded in that it
_ prevention of 13 unnecessary sputterin? of the _ .
is posaityjetto ERpeans thedargedf ifecin rempasisgsdie dhend 1) origndation

~ possible to inprove the target life in conparison to

with aHdghsputiesriaéet ation with a high sputter rate. 5

[ Tabl e 3] Vickers Hardness (Hv) Pos. Conparative

Exanple Exanples s A 46 93 B 47 101 C 45 82 D 44

80 E 47 97 F 47 102 (Conparative Exanples) As with
{Tablen¥ Exanpl es, a copper (6N) ingot was prepared. This
mGekngﬂgneéyqﬁwsybject to cold forging, then subject to

e ol forng ocessing 10 ratio of 50% and
POS'1 ur;‘?\g{a%@)éect toasr e[p ystal lizati on annealing at 300C

ag
N

—2 nggprs. Thg oggaihed preforming material was

sthjeet ria tie forﬁ'1ng to obtain a pot-shaped target
di

at—-400C - Afterldi-efofging, crystal honogenization
ind._str8%s-rel i evifig apneal i ng were performed at 425C.

s wit h4he Exanpl 8. standardization of the strength

bf the 47 97

MO O >

47 102

(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 408386) is shown in Table 1.

As shown in Table 1, although this target comprises the crystalline
orientations of (220), {(111), (200), (311) 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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15 crystalline orientation obtained by X-ray
diffraction (XRD) (val ue obtained by dividing the XRD
peak strength with the relative intensity of JCPDS
(card nunber 40836) is shown in Table 1. As shown in
Table 1, although this target conprises the
cry stalllne orientations of (220) (111% (200),
the F{f%f)’“ apientiey that je.rtag %nm#mae% |06ﬁhet Re0) poimayoyriemtation.
the crystalline orientation is not_necessarily a
prk w{h e Enearpies, t’aﬁdlqtﬁéotkﬁmﬁa'fc,yFomeeHﬁaﬂﬁd?P"‘“@” A, and
(111) at _portion (D), is an eroded portion
the sidespBi nfar P &icw ahi 6&9 |% %@1@}‘ ar tﬁ)‘@rﬁf@ﬁt (e ‘_ﬁ'qi% to be
this, the primary orientation varies by |ocation, and
subjecidionerosianiran sRettelAg) + abmihemveragegsajt sizenef portions A,
invention; that is, the conditions of the ﬁ220)
B, Cpfl.nfar § o itBatiasidenof the target isnehawanipl eblethe Fbe average
_bottoms E, F, the flange portion A and the sides B,
grairc sizes Heewe irﬁSFegtlwz!ya?\é ameorBit Rdurar Got8&ide Psi%fym, E:
to be subject to erosion upon sputtering), and the
86y eargeFygr&Bmumsi fadothpoftydak grain ssige excpeded Bown and
the inside of the target is shown in Table 2. The
coaraeeedge grain sizes were respectlvely A: 88pm B
m C 88m D. 961im E 86 and F. 88pm t he
ther, ghai We@sziée@me'@éa tg QarVde%r@aF'@@'HeQﬁS (HV) of the
Further the neasurenent result of the Vickers
pot-shanatkdarqaivgragteghwithl the deregpipsderagasst of rtegt e@mparative
with the foregoin rocess of the Conparativ
EX&YER@'ﬁpI'%SSh%W@hEGV\AT%p Thbl éSSSthsﬁb hlﬂ &aﬁh@ rsesqlfﬁewere
results were respectively A C. D:
respestively AndorBiasT. Gnd He: fidr Gack% B Fai47. Sdtherfiardness
fell be|OMIFN5O and the hardness was insufficient. )
at all jireatiphs sfellt Ralovydf e Agdotha rh@@@@ﬁ%g@a@rtaﬁﬂffsq%t Like
and deterioratiaon in the 15 hardness are consi dered t
this, phec fipasgenipa Kl Hie 3W§iosg %@Wp@r‘ﬁ wRRd Jfeterioration n the
anneal ing tenperature after die for 9 bei ng t oo
hardRpgh . areuceReidergd T@e@%r?%&?&%%v@e H?e Py d8aRsTaiye and
flanqe portion A was and the hardness was
the graglingiesnperatyee @ﬂe@&i%rfer%g hpiRe dAC high-

Further, as described above, 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 ratio 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.

15




[0

strength was insufficient, and the target fl ange
portion deforned. 20 Further, since the (111)
orientation ratio with a high sputter rate accounted
for nost of the |ocations, the nunber of sputtered
atons increased, the ionization rate of atons
decreased, and the nunber of ions that fell on the
waf er rel ati vel yNOdLSERSRH APPILICARBKUTYed in the
unnecessary sputtering of the target increasing, and
deterioration in the 25 target |ife in conparison to
t he Exanpl es. 15 | NDUSTRI AL APPLI CABI LI TY The present
i fentpresent éhdsntios upetdor slpecior oéffaalviohdhaviogi ouniform
hardness in the respective parts of the target and
hardaag$iivitbrtrespeetigeparts ohdhe target aled sufdicoh stwelnigth so that
occur in the flange portion of a pot-shaped target by
no defpmoaiiong wild odeur shntpet Hanfjer portprpradca gsotasith hedhittarget by
treatment process. Thereby, since it will be possible
improeinigniainki detvisindetfher fatgiog plfodese badgheatnrkatmezhicprocess.
the generation of nodules and particles during
Therspyt sievden, willhee poseddatioi inhéit tfon defoursefioh cdthe target and
copper target material for ionization 10 sputtering.
redudté GLAl yEnedation pot -redthpes aodpearSplest eiurimy tsarugsdring, the
manuf actured with die forging, wherein the Vickers
presear dnesatibia & aséful oaat rornepplert bergehnaratstiaf afloe afnization
the pot-shaped target is 70 or greater. 2. The
sputfeoingshaped copper sputtering target according to claim
1, wherein the hardness difference of the | owest
portion in conparison to the highest portion of the
hardness Hv is within 30% 3. The pot-shaped copper
sputtering target according to claiml or claim 2,
wherein the average crystal grain size in the target
structure is 65pmor |ess.
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4. The pot-shaped copper sputtering target according
to any one of <clainms 1 to 3, wherein the ratio of the
maxi mum average crystal grain size to the m ninmm
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 conpris crystall|ne ori entations
of (220), (111), (200), (ﬁ‘i"j‘ obt ai ned by X-ray
diffraction, and the crystalline orientation of the

57°2 SOASS 5558 Sl B BB L8 i
SRR vOPYHED' a5 B THEO%, P yEhe Soe o e
Rt T T
R T e e
RhBRIP e halhsd RlifordBB%S ha"18FEst p%rfb%"/?n%or%a%%aﬁ to the
highest portion of the hardness Hv is within £30%.

3. The pot-shaped copper sputtering target according to claim 1 or claim
2, 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
claims 1 to 3, wherein the ratio of the maximum average crystal grain size
to the minimum average crystal grain size is < 2.0.

b, The pot-shaped copper sputiering 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 spuitering 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 45% or greater.
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