CONTROLLI NG MAGNETI C LEAKAGE FLUX I N SPUTTERI NG
TARGETS CONTAI NI NG MAGNETI C AND NON- MAGNETI C ELEMENTS
BACKGROUND Field [00011 The present invention is
directed to nmethods for controlling magnetic flux in
sputtering targets containing magnetic and
non- magnetic el enents. Mdre particularly, the present
i nvention relates to methods for controlling magnetic
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[0004] Magnetron sputtering of magnetic target materials is very prevalent in the electronics

industry, particularly in the fabrication of semiconductor and data storage devices. Due to the

soft magnetic nature of magnetic target alloys, there is considerable shunting of the applied
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are found to exhibit good linear correlation for the values of‘ magnet field strength typically
utilized in the industry. The PTF measurement techniques are constructed to approximate the
applied magnetic flux occurring in an actual magnetron sputtering machine. Therefore, PTF

measurements have direct applicability to a target material's performance during magnetron

sputtering.
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micron. The particle size of the non—magnetlc phase may be selected to be greater than or equal

to 10 microns. At least one non-magnetic phase is combined with at least one magnetic phase in
the microstructure, where the at least one magnetic phase is greater than or equal to 10 atomic
percent, and where the at least one magnetic phase in the microstructure is greater than one

micron in size. The selected particle size of the at least one non-magnetic phase decreases the
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mcron in size. The selected particle size of the at

| east one non-magneti c phase decreases the -3
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characteristics of the material. By controlling the microstructure in order to increase PTF,
thicker targets can be produced, which can result improved sputtering productivity by reducing
system down time for targets replacement. Additionally, controlling the microstructure of a

composition to increase PTF may also minimize typical problems associated with particulate
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target material characteristics, the maxi mumtarget
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[0018] Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:
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the drawings in which Iike reference nunbers represent
correspondi ng parts throughout: 5 (0019] FIG | is an
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PTF of 68% according to various exemplary embodiments of the present invention;

[0026}  FIG. 7 is a chart illustrating the particle size versus the volume fraction of the Co-Cr-
Pt-TiO; powder composite materials of FIGS. 6A and 6B according to various embodiments of
the present invention;

[0027]  FIG. 8A is an EDS spectrum graph of the powder composite material of FIG. 6A,

wherein the spectrum graph indicates lower content of Co in the Pt particles, thus less diffusion

- between the particles of the microstructure, according to various exemplary embodiments of the

present invention;




Pt-Ti 02 powder conposite materials of FIGS. 6A and 6B
according to various enbodi nents of the present
i nvention; (0027] FIG 8A is an EDS spectrum graph of
t he powder conposite material of FIG 6A, wherein the
spectrum graph indicates | ower content of Co in the Pt
particles, thus less diffusion between the particles
of the mcrostructure, according to various exenplary

odi .of resent invention; -6 [00281 FI
GRS B R EBR, ol GRS Ao PY B Binfisobt bl B FiG. o8,
aqraridengit@larofs dxbitplabBEmbodCeatsdif g pteSeny AIve0iss; exenpl ary
enbodi ments of the present invention; [00291 FIG 9A
[0029]an BEMPA RBGESE¥ imagioefGr €42 r-Bi-6R); powdke lcompogite siategial processed

jal prgcessed. . .wth a Hot ostatj.c Pr i :
iR B BB PR o e RuidE R e B b P oGy accorame to
vaBio COFxainpigrytembodiaieh@ BS the yesdik akynteapodi nent s of the
present invention; [0030] FIG 9B is an SEMinmage of a

[0@0] Cr -1RG- B8 GZun BB éiiha @05 TR0S-CLPRSIDE podier RbAPEHS @terial processed
Wt Hot. Lsostafic Pressing (HL.P) tenperat o .
wiflt Bofisqiig F?Fsé%&g%b‘f’ﬁ‘l’sfﬁmse4@f§”§§ c%f%%gﬁgeve b B af bagggpocording

to @At bt laendatadid RdHiSo fAlle frétentpiesedt | nvention; [00311

FIG 10A is an SEMimge of a Co-Cr-PT-Ti Q2 powder

[O(Imlr'pOSFiI(l[i.lel (AEE e v\gEM i!ﬁ&‘gé Bgad@o—CE-FE-"igi)z Fh@er M}Elfcﬁit@matﬂrial having a
- y powder i s used, according to yarious .
PTE?%%]’-’% Terslon a; et <oy ROMES e 88At AFHERE jtynearious exemplary
embO@Bedis bt the praddBt inSer@bn;SEM i mage of a Co-Cr-Pt-Ti 02

powder conposite material having a PTF of 52%

- [008eFOr GIMY 0BGs ¥BEEPLiSn8X 6NPLaiy-PeTmdiowNReE Sonffositd Baterial having a
i nyention; and [00331 FIG 1l is the effects

' resent [
PTEP%%%@&%@%W%@%%ﬁmelaﬁeqn@@?ﬂmeatﬁ offhe pEsHEnd HEveRptipnaandy
L] oy terial, such.as Co-Cr-Pt-Ti02, according to
w@aﬂ OEC o diriieaitleets i danrerte Shooptomiseegeal et T content m a Co alloy
matefi¥ie Bidh QR -ColETALHED 1ESHRLRT Wahbids AQéAdarh@nisbalnadntssk the present

. description set forth below in connection with the

mvemioBnded drawings is intended as a description of
various enbodi nents of the invention and is not
intended to represent the only enbodi nents in which

“the invention may bg)’gracti ed. The detail ed
description include E%IE‘F‘P' ESGBIEPE for the pur pose

[OO&{] prﬂ}éi cg{a:ﬂpgd (?eS(t:rri]pc%{ogus thfogll'? geﬁtrn%tma Qoq]iller:]c iogfwit qge appended drawings is
intended as a description of various embodiments of the invention and is not intended to
represent the only embodiments in which the invention may be practiced. The detailed
- description includes specific details for the purpose of providing a thorough understanding of the
invention. However, it will be apparent to those skilled in the art that the invention may be

practiced without these specific details.

[0035]  FIGS. 1-5 illustrate various exemplary phases of a Co-Cr-Pt-TiO; powder composite
material, where the atomic percent of elements and phases have been selected and arranged to
achieve a desired PTF. The various phases may co-exist with each other (e.g., as illustrated by
the magnetic and non-magnetic phases of the microstructure illustrated in FIG. 1), or may be

separate (e.g., the non-magnetic Pt phase of FIG. 2), depending on the area of the microstructure
. 7.




i nvention. However, it will be apparent to those

skilled in the art that the invention may be

practiced without these specific details. [0035] FIGS.

1-5 illustrate various exenpl ary phases of a

Co-Cr-Pt-Ti 02 powder conposite material, where the

atom c percent of elenents and phases have been

sel ected and arranged to achieve a desired PTF. The

es y CO-ex s each othe
o B T 1P AP T i b M Ties S A g ornon-
megnctit)enay leradpibted of omie b lihdisks at @drease thd Gesirdd PTRr FoByxample, the
tic Pt phase of FIG

be . se a no e
paycle a%%g Fﬁ@‘%iﬁt}?%t ?feé“%\rpé%mg{* Of K FHOSBUS R ahay b seloptegso as to
conhel dius{on- olPtheBaﬂﬁlep ofwle inicoNmeEiel GhiB e badontrdiNag the partlcle size

erranetlc or non- manetlc (%/
eélaed PTF n

O%Eﬁﬂt?gisé*a aHi“lfé’nm%té’f fh?e?@a% B na%ew&e% Phases Hald

spﬁ’(‘{é}mg@getﬁxmllﬁeduggae particle size and distribution
of the particles of the mcrostructure may be sel ected
[06315] as MiQ. | GORLIEM ifHgk o ah exbnlary 08-RaLEG) R def cdnkiRsite material

Cro&%ructure Thus, it is by controlling the
depigiing dfferentiaygas (i WPARENT do ARFArER &) aF?raﬂ@@ﬁ@nereafwt(Wéﬂmm D,

ardXBONSlcbtund P 222000 (RENRLI §), Rhesessd @@Jctr@mdqﬁhfsﬁge H{EF e!e&:on and
sputterin tar ets may be produced

dlSéFFPUSENPf gfentod! er%ﬁﬂtSe%oérqhwﬁyn oseigo- ﬂD{“ﬁVﬁ odesyedfdF 1 in a Co-Cr-Pt-
TiCLERPkiLe THRE &b ¢, dRR SH bl %Odénfdftlﬁ{)ﬁ% ha‘r% %%ne(dc of non-magnetic

spectrum lto spect fum 4
- phgsepaed manbe jomprigeceef ediper sPuge clome®)or naxiteme @@mérsp ethe piases and

(
conlyB o8 e RIS LLA L JSLEENE oS B o
Ofﬁlif‘@e? 5t andaehileoibed belewi rle dddXien, cmnaala@pa@md:’welgﬂ’u f@Rentage values
for%gglfpﬁf‘ 'a}eﬁ é \})-ggferugme rilg—trsee?(:?r%réll ag‘ﬁf ar%lg gzxﬁag-i%la%}pmnrlpgglé% of Co Elq}l%ta—)i/"i()z are
indiyated anfubleslidetlcnf: eit her a single el ement or mul t| pl e

el ements. The phases and conpositions of the areas

10 20, 30 and 40 are nore specifically deplcted in

A

l‘l [‘I nnnnn

the—EBS S'{‘GCU tHYB of—H-G5—2 5 —and-—are-deser bed
Bphmmunln addi t Oon, exenplamy-atonic wei@ht pericent age
vatuves—tpr—each—for—grea—{speetrumt—speet+up4)—+or
Sfrectayoehpl ary corpositg of Co-Cr-PtiTi 02 are indi cat@do
HA-—-TFabl-e bel-ow—Spegt+um-O0-C—Cot-Pt—Spectrumt
Spectrtm 100) 00  Spectrum 2 -252%. 21 (4. 797479 Spedqtrum 3-
10000

Spectrum 3 - - 100.00 -
Spectrum 4 - - ©10.76 89.24

TABLE 1: Atomic Weight Percent by Element for Exemplary Co-Cr-Pt-TiO,

[0037]  FIG. 2 is an Energy Dispersive X-ray Spectroscopy (EDS) graph indicating the
microstructure of the spectrum 1 area of FIG. 1 (i.e., area 10) according o various exemplary
embodiments of the present invention. Peaks 12, 14, 16, and 18 indicate that, of the elements of
the exemplary Co-Cr-Pt-TiO, composite, the Pt element of the composite has been positioned in

the spectrum 1 area (e.g., area 10 of FIG. 1). Table 1 also indicated that an 100 atomic weight

-8-




Spectrum4 -- -- 10.76 89.24 TABLE 1: Atom c Wi ght

Percent by El enent for Exenplary Co-Cr-Pt-Ti 02 (00371

FIG 2 is an Energy Dispersive X-ray Spectroscopy

(EDS) graph indicating the mcrostructure of the
spectrum1 area of FIG 1 (i.e., area 10) according to
various exenplary enbodi nents of the present

i nvention. Peaks 12, 14, 16, and 18 indi cate t hat, of
the%tlemants of the exenplary Co-Cr-Pt-

PESHHY ! 18s bepihgslopted & 'éen@%ttwa?d i ﬁ@a&%nﬁ% % '@nrfaégns%?f phase of the

CROsipt- 'T(U}Q‘Qm &uets'?;?es&ﬁ%ﬁrwm drmacep (e.g., area 10 of
FIG 1). le 1 also indicated that an 100 atomic

. [OmlghtTur&nQ@cr ERNG, plakBP2has Jkeed) 25ekRctsede 1ehil8d in an EDS graph
@losn tioned in area 10. Thus, a non- magneti c Pt phase
inypatng dhe olseégn aod plogperd o gd £7 Phasg B Semmicresirysiws 24 ppectrum 2

(i.0f afh & ot rid Q %8%@5&&5&51&9 écPCFthnoécorQﬁc%Ké Béaks 34, 223nd 26 are
26, DS gr aph

27, and 28 are fl cted in an g _ o
repIRENEEY] pigr Whilspiake 24, 6. andcPSpiratcerrsntalive o6 amghepicrostructure.

- AdRERas é%vé nlel"zme g %§%1ﬁ15’lﬁrgl§g§:tﬁaﬁl flpa@%%%lusgegtﬁ? %l_hagrﬁ' a Cr coﬁtent of

area 20 of xenpl ary
abewy 7§ @4 jafaanic P@eﬁns ap@ a Crscongndo 20w /d. 79 ratqmrie pemenit iThes, gfe Cr and

Co haséIWc!)IJ fhe Rﬁ)a&SPtzﬂO% ?)deé‘rngo@%ls%a i%wreg Q%e%s gcpni’l/fosmﬁﬁ,rgr%l In a non-

the mcrostructure.
' maﬁnet@xglmpft ar fgagip ey u?niQusItIa@s b na sp@ttlealtiedrwo(etav erca A0) of the

ml&gﬂ{ug&i‘e o% Ff(gg %a.yi ?%ﬁ‘!n& cggertén% 1cs ﬁe%gcgte}%g (a elements of

partipdar @cmnmha:s&sntofn mh&nﬁcgmﬁc- Phasd)i @t poaydes-egionpasiint ehe overall
magneti ¢ phase.

en t tion, are in a non-
ml%OS\{mCturelfF@Cteglqm%it rates that a particular area

rea 20 I 0 tu FIG 1 —

5 8, 200 S S0P s b e

miebstmetntesit efectnm@ B (dredB(Abf BI@M Cefl3L em aﬂdrB6riDﬁhtn3f&ghﬂiHaﬂas in the

_ hase)., t TAY CO-exist wt t he
xR G P T AR FriP e A T OB fh e ipdioged gbove in
TabED ti @pdheii1db pRdst RY: BeBAbelSeRedb ds aSoul Matblﬁﬁr‘percent in spectrum 3,

ositioned in the mcrostructure at spectrum3 (are
Wlﬂgﬁs ofer phagss i thipareps Thorefosg n gr5g 3elepicted 4t Fie-els digy Co Shase is a

mag‘i’llaﬁ'tsﬁﬁasb Borkib® of ﬁ%%aﬁrrﬁlcfé@ﬁ@ur%f HeQZo-ORPEEIO, powder composite,

onposite. As illustrated in FIG 4, and indicated
and g EBGYELS Pt othgpphases in differaphefawstaf heapiciopasBThas been
selected to be about 100 atom c percent in spectrum 3,
10040t h H{6- ot hernpRRS egraplh ingicaiingy . CopelePombases rselgpigd for the

micRrEaRE Gt %gecl‘rﬂma Gred 40} BE F5Q. PhASE: eﬁerﬁplm‘_@@@?fr 'PF TiQ; powder

phase portion of the overall mcrostructuré
comppsiiey With peke 21,08wABr44c dhprSs ink47 repreeknging diei Céq snd/\i’ttnhases More

specPidARy, RRAASAS 44 Mndlub LREGHY 18R halh, bl edlls 40.0F, YCIM £ indicate
the Pt phases. As indicated in Table I, Co with an atomic percent of about 10.76 has been
selected, and Pt with atomic percent of about 89.24 has been selected for this area. Accordingly,
the Co and Pt phases present in this area of the microstructure are non-magnetic. Thus, FIG. 5
illustrates that a particular area (e.g., area 40) of the microstructure of FIG. 1 may have a

particular selection of characteristics that may co-exist within the overall microstructure depicted

in FIG. 1.




[0040] FIG 5 is an EDS graph indicating the Co and Pt
phases selected for the mcrostructure at spectrum4
(area 40) of FIG 1 of the exenplary Co-Cr-Pt-Ti 02
powder conposite, wth peaks 41, 42, 43, 44, 45, 46,
and 47 representing the Co and Pt phases. More
specifically, peaks 41, 44, and 45 indicate the Co
phases, and peaks 42, 43, 46, and 47 indicate the Pt

hases ndi.c in Tabl With a tom c
“’Q“ cenFIGCA}? 6éb36‘ﬂt&1§g€ftéat% T, iaéh CO%rPé Jﬂ@apm&%a SppDYte et are
prat@sad sipg e eibe lﬁf)ceﬁﬁﬂyﬁarﬁﬁetééad&&ﬁl Q@ﬂlrﬁ@é &Gt @kbodiments of

this area.. Accordingly, ases pr esen
o RS SRR o HEOMA b 680 LRIst an ST g I o CePLTIO;

poﬁﬂdﬁconﬁjo@{e @atcﬂdl'l'@@%é]@&t&ﬁtot et c@arﬁqfttﬁaﬁiéle@r (3%'&1@@ pamcles may be
area 40) of the mcrostructure of FIG
Paﬁ%ﬁ'ﬁé with 517 gredigr fhanseiregwieion Loy e)@ﬁlaleaeqaéﬁeup@m@g ntabfabp preferably

rEERY 1@ oe&ﬁuﬁt to%&‘m i st %ré%%? fah br éHqurtQ% ﬁxHchr%ag be 50-60 pm, 60-70
depi ct ed 11 FI'GS. 6A an
L, | ?fug)r%tl@ axésepl &fl&h O irtiniar Felgctiopotid emxepMpoBt wdes composite

mdiad 160 Bas CESBEL 181 NQreh IT?O S P ﬁlgﬁtﬁs LiW o whlte m the SEM
paraneters according to vari ous exe enboél ts
image ofFife. G, deyenis ani qremplainongionbf R pslplebs fAmaIIRQA whquh@s d@‘loly shaded

in fhle ISERA [ gg §0n%}1re§|':tp/la}fgg 610? ){egp%a%reeggggjrf SCQ%E?? barticles, or a

nmposit & materi a
corpbzmtml o @da&’r&:@rtmi IKIEZE$3QJH‘§hIdDGS dpiyt shededsin wotnpargson to area

12(}°‘d gre r an on For exanpl e, coarse
réqqc fri Q(te% egmlrlg eréBfH%&esgreater than or equal to

.[00%9] rsnoll:]é%%llfizlﬁ%sg%ggé ﬁMtlgéagne_})gr ggo('i'lr t—'Iitlﬁz I Z(%mwp%olgitf% Iﬁaterlal 200

haviregr & PERIbEGS%6 ectoeaﬁngotn at tehe oeaerepipairyexpmﬁsﬂ&cmt obtip q»sasere invention.
100 ha PTF .of .a 1% 0,

AZAB e O BnE e i i D g iof s - iy G cxemplary
regioA, of dhe paratiss. anreaXXROPRIEY is &gtlpBhaakd B thp SEM Ghes. coﬂ\pﬁad to area
ich is darkly_ shaded in the SE 0
210 fHigra Fempiapaken 8 G o6 bpistiles, O aegﬂ'%ﬂaa?g 65 CoAREs Cparics.
ArepaB0, whi€ls is QKR shald M BatpLBorOfo 400 200 dégictp Ak tek&hMsry region of

Area 130, which is darkly shaded in conparison to area

T‘Oiﬁﬁnda%pl cts an exenplary region of Ti02 part| cl es.
' 04 FIG 6B jlluystrates an SEM
f0043); Zf’fistfa“rr*@?ﬂ RSN S R 001G g 45 are Co

powlddd-CofCral%) portRy, d‘t REwHQ aRd TIGATH (10N ErsCX@MBlcBhYse raw materials for
enbodi nent” of the gr esent invention. Area 210, which
the Gosnpofifes preypracessad i te sapi mannpty Inchding the dopgagdation prqegss. However,

the ﬁlﬁlal g%bﬁts?zeacﬁ I@i@ UPA&W ylg eté@ gkéﬁﬁ)l&ﬁ‘f/ e%o@ﬁx‘éﬁt’ ﬁhﬁ?&ted%qu 6A,

0, which is darkly sha M1 mage conpared
Coarﬁﬁ‘é Phpaticlesargused @pﬁm@r aqmmréﬁr@mam}l lB‘égC@aﬁsezﬁart@éesamay@rave asize

greaf?:?ﬁfah thﬁ’ncrﬁ{ afit &Qﬂ}ﬂe&%l?ﬂn&f frocx:ﬁ 28 ﬂﬁi] 108 ﬁ'fnt 'F‘fd}e’? illustrates the
Pt powder particle size distribution. FIG. 7 details the increased particle size (in microns) and
volume fraction (a percentage value) of Pt for powder composite material 100 compared to the Pt
for powder composite material 200. As indicated in FIG. 7, coarse Pt particles of 50 to 70 pm in
size with a volume fraction between 10-20% (see, e.g., material 100 of FIG. 7), yield a different
microstructure than when finer Pt particles (e.g., less than 20 um with a volume fraction of less

than or equal to 10%) as shown in material 200.
-10 -




Area 230, which is darkly shaded in conparison to area
220, depicts an exenplary region of Ti02 particles.
[0043] The raw nmaterials of the exenplary conposites
illustrated in FIGS. 6A and 6B are Co powder, Co-Cr
al l oy powder, Pt powder and Ti02. In this first
exanple, these raw materials for the conposites are

processed in the same nanner including t he
Initi

sol pLdati on process. ver
[@ 9@ #Orlﬁf‘a‘?@e APATTRIGY 21¢4 111 &1 @Ql@lh%]iﬂ ?r)ﬂffé‘ﬁ-ﬂgl'dpngﬁt“’lﬁl Pt particles,

isi thidiSTatoat @kidenthil €hat BPexenpy 8@E 2P0 oPFIG | 6. € cBdr@indSethe inter-
100. Coarse partic|es nay

owder conposite nateri al
BB Gen &% Gran GeREkalt fribe R riGHEs OLaL Fia)and e CB ebniining
papfic@dsqE ablny (Ioad?agﬁmﬁrfg%ﬂ‘u%@s BMhre® 130G fhitddl Ghud a larger, pure-Pt region
illustrates the owder particle size dlstrlgutlon

(egep @reaz! I9enfaflfos 66%@%&?&@%@@6%3?&@%;Seprgfprz'lble (fmachieving a suitable

 chEhR! RRE: ticRITR driRcisap ped, P@J &ERPRIL sNAHHRIFIOT 6B, the Pt
Pt for powder conposite nmaterial 100 conpared to the

papiclesthgye pewasd diffipsnsvitte theafepidlr pavclenshysdingaiing thysuitable
chﬂn@}s fZl‘ m((i%}@{lé %elﬁtanﬁqgéublgl e Q\terﬁpl”glﬁ) 8/ 7 ﬁmp'r? xs %B‘%efor FIG. 6B,
0

a Vvo fraction
Whﬁ!maéthe FITF 1091 %pfn ]?IGGﬁA?\)rhery theteds azssdqitfﬂl:emeqaﬂthe Pt partlcies with the Co

creghitycture than when finer Pt particles (e.g.
an?b é % Z 20 mwith a volume fraction of less than or

[OﬁgPal F&@S %%@nd%% ;ﬁ'p %}M}%y ?isg@rtsﬁg 'qua %89 gf)srﬁ%g)é §E%a%§§é%clt:ﬁ9%1 graphs

exanpl e, exenplary are or "ot
of fap @mecvmpwﬁwatmnltqf t1ES 6A and 6B ckpdcavaerMbrg specfecally, FIG. 8A

a 210 of FlG
-ilu @%«é‘sr yJec& rgré]palgﬁ o¥p wdler composite gla%evl%gﬁ)%t glgogzﬁxsand FIG. 8B
llluﬁ’ltratpmnt EIQS gzcen g:raphtolﬁ @owﬁ’dermambos@ﬂe esatofal 200eef FIGOPBamdording to

var%)glF el pciz(l) nge?rllbgli;ln nfzg)th? §rq§?s%(1?\§:gfidnrh3§ o%dcaggxtéealtﬁe C(gnparatwe
selqa:txbmeﬂ:dlffdire:gIp@ﬂxcle(ﬁegand afafgemehOo fpfhadeb &tw@a‘x\_)mai’tﬁ’y‘al @0 and material

ch. is preferable for a hj VI g a
20 Gt el Mk crnes, O R gh ateR 2P 081 A abiG 154 150 of the EDS
sped:tﬁﬁlli gAsh Y FRIFBA hficaX %Wér%ont@ﬁt SV ihB PHin@tw@BpoﬁiﬂT@ material
particl es have increased diffusion with the Co, and

Contaomﬁ?aquﬂ: plddhus fepr &iftRsion patypaRghe he patticles Bradthe dih RaTisies in powder

comp@kite RAaRN i1 60.f Agzhﬁi t%rlgmﬁ%g%é POpfiGesqY Eﬁ\athér cgﬁﬁosﬁt@ néhterial 100,
the PTF is 68% wher eas t he PTF %
for ppmpieginta Al hetyosa the Ploand €3 p@‘n@lﬁ%@r@nmwedt msi éPlaslrger area of

purep?trrteglﬁlll g@ Wiy lt()tb?F@ 6 ﬁ o Rahihined. efle mibRPdadlinfel- SPrusion of

‘are Energ ve X-ray Spectroscopy
Pt P(aEDé?ﬁ @lﬁb@prw@r@pmmowﬁ a hetablowdtemnebcﬁwpﬁmm@neuc field and for

incr g@g@_ of FIGS. 6A and 6B, respectively. Mre
spe cally, FIG 8A illustrates an EDS spectrum

i fi
[004%, (aS.p rFégg 40 MP§B %Q}HH%%I\II ?m%g SF bQJCr-:W-%i(%fpo@dg’ co%osi?@ﬂaterials
processed by Hot Isostatic Pressing (HIP) according to various exemplary embodiments of the
present invention. More specifically, FIG. 9A illustrates an SEM image of a Co-Cr-Pt-8i0;,
powder composite material 300 processed with a Hot Isostatic Pressing (HIP) of temperature of
927° C to achieve a PTF of 68%. In FIG. 9A, area 310, which is lightly shaded or white in the
SEM image of FIG. 9A; depicts Pt particles. Area 320, which is darkly shaded in the SEM
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illustrates an EDS spectrum graph of powder conposite
material 200 of FIG 6B, according to various

exenpl ary enbodi nents of the present invention. As
not ed above, the conparative selection of different
particle sizes and arrangenent of phases between
material 100 and material 200 yielded different PTF
val ues. Conpared to area 250 of FIG 813, area 150 of

1 he ectr raph . of FIG . 8A indicates | r :
1ma ¢ compargt? E)(%eal 3;161 C%ngbopcgr(‘tr ipajtigles, ﬁé%@?b!ﬂﬁpé P?QP and Cr particles.

mmmoswmeh @6k iyasnskict fksonipassondd hifch $200 BedRd 9v88 Partibies. Co
particles and the Pt particles in povvder conposite

[#efer i &lG.19K0.is AgaiBM iygeust agc&@apssxoc’tpon@&t tdthRSitd aterial 400

| t t 100, I X
PSR T DL SPBRTREn L1E. BHOcHAEF ) T i ) B Bt garicls in FIG

9P and thzSdi,lstﬁﬂChs&hflyad'rQﬂf Fd. & g, R8s Bt arb£91 QN Iﬁ €1@.- 9B, the Pt
110 FIG 6A) may be mai ntai ned. The m ni m zed

PR i tied W P Copaa et gl 2o AMB GG 9B which i

* dPKI9 RIS indofipht BR kLar&BONERhiti 0l Bfﬁ'ﬂ(ﬁ&gnet' c field and
for increasing PTF. [00461 FIGS. 9A and 9B depict SEM

| [00483 g € SPEFdeRokbosk - t&¥alP BV Ghd CATPAR &R Bidsl & and 9B are
0gﬁ,ocessed by Hot Isostatic Pressing (H P) according t
Fiu thsceims) ray ynassrislsasusk s §ogowdbie Cofsir @lenpowder, Pt powder and

SlOE‘VQ(HditﬂﬁallWo%dép&ﬁﬁﬂokl%aHa%naFl% 2R 4do! M‘@tﬂr&te&%d Ader similar

SEM i ma% er conposit
copditigs; giffenmmoniy sdtbgewert v thy PéIPHempftr@to@ttahz@ (Pr: e8%i g for powder

coﬁlg“)sq)a ﬁterta?g@@ﬁﬁf:fgr gaAo%rj_%9ng(\),ﬁ%;E& p%ﬁjﬁé ﬁpgsf ngg'ai 400 of FIG.

9B)hiResaysp of e digEnni Hﬁ’g@rrmfsraﬁlrﬁ povler dmmoeltesmﬁlbnal 400 of FIG. 9B
sh(pu?sr ltﬂinq'llnﬁ onﬂs@ﬁlﬁ%& te éﬂmgl:[lot ackysc%ipsn%o é\:{[rllléfagee ﬁle minimal

I mage conpare to ar
COIEiHIISIT i (mdefsitl\’@@f the S}mmb&Sl(dhlBtl’mecbm F(IESaShfd affd 9fpaabing lii@ssame chemical

c’m%(%ﬁiogg %{dd%nag@ciowd%r rrg?/ él ehnalgtglg%;P F}f gp?erglgﬁ ?EG %EWIS a bright
regiqmég ofea 81 @oinGrhilH 2 &bﬁﬁm@mﬂenntm m@ﬁmg@uaat Rpradtnt4@Qe Co-Cr
aidy B3 7 5 s 7 ool LEIT T b Spdntntigboighadpo oRgaratvely,

FI(HI9§tlilmTateaﬂlfﬁi§©M oa&e Plt Barﬁl:l@s i \the ©odCr allBY phases (i enrég{@@ such as
articles are diffused with

e D e B B i il 40 of G B a5tordhabn 140 PR TR Co-Cr

allo9BhasiiChainBined @l IninShAHE thel AMEMRAKHIRICE Q103WaR APk particles),
%ﬁ?l cts Si Q2 particles. [00481 Powder conposite
suitgRly ghangfls fosder magneio Beli mayshe, meis@ined, aryasBngly Areriting® increased

PTR €he CONBNES @ﬁec@sf oft fie @@Palﬁc&é’d E@ V\sgrdnﬂltﬁe sﬁﬂ%ﬁt@s‘l’t %ase allows

powder, Co-Cr al 1:p
POWAS‘OWOF}P@H& m%ﬁeﬂﬁ\bé%@fr GO%ESMVG apmiceeesedPIF300 and 400

are processed under simlar
[0049] FIGS. 10A and 10B are SEM images of Co-Cr-PT-TiO» composite materials
according to various exemplary embodiments of the present invention. Composition 500 of FIG.
10A and composition 600 of FIG. 10B are both comprised of Co-Cr-Pt-TiQ;. The raw materials
of composition 500 of exemplary FIG. 10A are Co powder, Co-Cr powder, Pt powder, and TiO.,

and the raw materials of composition 600 of Co powder, Cr powder, Pt powder, and TiO,. Thus,
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conditions, differing only with respect to the HP
tenperature utilized (i.e., 927 C for powder

conposite material 300 of FIG 9A, and 1300 C for

powder conposite material 400 of FIG 9B). Because of

the different H P tenperature, powder conposite

material 400 of FIG 9B shows m nimal contrast

difference by region in the back-scattered SEM i rrage.

Th contrast is indic veoftesa
tof; it etref ey SRmaona) Ay crgnlis SRpaSton 600 is the
preftacd T @o-CreaRAPoiviNn cbibisitioPb@l. | y, powder conposite
material 300 illustrated in FIG 9A shows a bright
[008Qi ONCRpition 0@ enad b arbd 5 WhiwGkchas &gﬂngff @Adddadr vamunthe SEM

infle PRI oG PO GRS et S Vi ST e so

infAet Edhfia0il.to HOAPHY, a&m&@ty or CHbdaicl@PBor d dolBlh@drEst Co and Cr particles.
di ffusion of the particles into the Co-Cr allo 3{_0 articles.
ih p

A5 aS¥s Yhiche s da@& éh%ieé UBhea@parisine i 319 at% drtets
Cobhysiab® 6omomt;em@hla§199veoafreﬁ1@ w%ﬂ illueEQrH ipBgics. Mea 620 may

the increased PTF phase i s maintai ned

depiet G0 0 i AT, Ay SRR Coring e oD e oy hich is dukly
shiMell bh Joprﬁ)alpgon @@51{35 @ioeéf’e)pmcts B, #)QJHLI@S. channel's for the

magnetic fiel be “mai ntai ned, accordingly

[ompv' @oﬁgoﬁnoﬂ BT Sﬁ?ﬁﬂ 18T collifis&pPiRec:-ef faﬁ&}ea flvder, while

oyed phase and the substanti al hase
COI&WS&W@ GOB@MLG 108nip semprschat slemantal30o pofder pal elgmelttei Cr powder.

: Ash@é’ér EhtenD ¢ ?@%oqg}]— gxﬁe%gxg(ﬁgga%onll: !: gﬁcer}%lmgaﬂe i AL 11, the PTF

Mi mages o conposit€ materi a
Sulﬁtﬁamlbh ingeases. VEaricoarmplexemplositign 80thoiiFivef4 hes atFfiE of 64%, while

' cotﬁ%{%ﬁ%ﬂtﬁot) Y ﬁg% 69& hagﬁ gi%s '&gbar g t%gidﬁ'{g CJ: ltl’lcélrselsegt%oz?ﬂqlse of Co-Cr

0Si t
allt@op@*fdd?t inddrPRated e qomwomid:reﬁl)@il sr othfr conpogions dor §00cr targets,

inc%%ﬁﬂg)fher@ver Ol)hfl%lcﬁ‘ the ah‘éco t 12': elle entappo %8&9&%53 inl:(}'easingly

added tmzo@m-Clr-GnTﬁl}Qorﬁf)osEanKth@F of tEE spoteckerget Wl tpovulle decrease.
and Ti Q2. Thus, -12 the difference between exenplary

{0082}npOBi the exanpla dam:dibexafmb,afyydiﬂnmpmgiahdl ont:60Dginennkagnetic (e.g.,

' - al . it 00,
P PR AErer (i 506 ey’ HAYE 5P BB Ot eRess he PTF may
aCCd’ngthYI e cohiadird opincithdeti @s desireenSkMr 16 Magieaofhe Eg@.o} dOiRcrease in
is ar k

t delcts articles
PTPt Ateri#g, o @pmcoplﬁﬁﬂ@ IE@FE?Z Zt{eostrg?egléa gzlﬁzleca:gﬁp élflgeve the

des@é@l &fec@ aRBE FORS cAAitRNE QY1 HRadoh@blcAfto GRaidAEl thE PTF “boosting
particles. Area 530, which is darkly shaded in

ph a%eé naihe SeHOLHCETce A asorginghe theonisTopirgeirg glay ibe jagaixiure of the regions
witlCAITRPS tdhOic OB alfindive colnp%tl%y lpgyv %xe@ﬁ;ﬁ@ £ %Qen&‘ﬁ@lyﬁ Ristinctive

illustrates Pt particles. 620 may ‘depi ct
comppsitigly mpchavs 10 glorsc perpdit namomﬁiffﬁrer@@ i ¢ nGenpliy eleragnéss(e.g., Co,

Fe, S ?ﬁy x@%lQms V\iﬂ'aﬁau&? tf?e%@ X size may be greater than one micron.

[0053] In at least one of the various examples described above, Hot Isostatic Pressing (HIP)
processes and temperatures are described for combining elements to form a microstructure.
However, normal sintering, Spark Plasma Sintering (SPS), vacuum hot press, or other suitable

- processing methods and temperatures to facilitate these processing method may be used to
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shaded in conparison to area 620, depicts Ti02
particles. [0051] Conposition 500 of FIG 1QAis
conprised of the Co-Cr alloyed powder, while
conmposition 600 of FIG 10B is conprised of el enental
Co powder and elenental C powder. As the Cr content
in the Co alloy exceeds 20 atom c percent, as
illustrated in FIG 11, the PTF substantially

. F anp C on
%IH&:BLQ @1%%0 %étz]g/;fe !!Z? gow&enp(?r Sol“i:dlero r(}?%g% GHioy p(ff’l%é }?A gwder 510y,
THaseta) PTEmMod cORNsitidT Car, d]on(gd ¥ TiDheCs@l BciOgnicand use
of Co-Cr alloy powder incorporated in conposition
[(®64), ofhoddteied dexppsintsetdingh badow spuinhertiot ety tesippended drawings is
ll‘llter[]lﬁgﬂg rgss ggdﬁgcl%%]ttgt\ll %%a\'flaglqugpéﬁa%ﬁlﬁ%%& e?Ia I{hg lPVhe(I:l!r]Oenagllidn lﬁ not intended to
reawd:md tho oalyoemmdnﬁﬁntsﬂroarh&ant]hesmtdnﬁm ntaheaepﬂ'ﬁcmfedt h&he detailed

utter rget wll . icall rea 005
e S A A R e TR R
membﬁ OlHowRgernf nmtragmppar&n (€ tpse skifféd) inOthe b Gttaeat&etﬂw&t’tan may be

1 gy phase) in the ed
P“F%F&fgt"es o Qtetf*nﬁpﬁgf? %@@or df gy BEaRsht VOl | Warsmlcmfes and
colrpeiased ssvioR ISR dliaghdh RIrfeh dr@er ft@gidid bekidg@e concepts of the
. control or increase in PTF, the raw materials of the
Inyghpbsi te material may be strategically selected to
chieve the desired effects, and the process
108Shai i s vadsreigodyhat dhsriproalia erger o5 hiearehyaAf tcptia thempocesses disclosed

is QM leP cx AR ¢ Spproddhdsh € aBaGhHOS 84 e & enclE #QE Dhdeethobd that the
the m crostructure may be a m xture of the regions

SPRRASCPTAs o dnesrrehycofestape i1 thy PERCSISENBEY Yereeminged Mhjle Frgnaining within

- theFéeBp@%ﬁHPkn%sen@d&&SéEr& atﬂeyac%ﬁf;dn %'Me@tod%%?ﬁtegén@ele%ﬂts of the
have 10 atom c percent or npre ference In

v almavg AEPS i@ aeqa@n’erw@r (ad gre noGoeant Ftebe laniged)to thy spastficorder oF hierarchy
tion, the region size may be greater than one
m cron. [0053] In at | east one of the various exanpl es

[Uogglsc r iTHuegre@ilBgQ/ Fescffibn 153)9811%' the scgr{jkﬁ ed in n;(l)te art to practtce

processe eratudres are escr or co
: theetaewmI@Oﬂmmt;rdwubcd krgst Yarous rre)dlﬁcm\setﬂethesermrhmdiments will be

rea% I)gép??tfeggtoot?ﬁ&r 5{11@d6}§ e z‘algrlt nz}n%rtttg erfe§P%P%%1§§ ngla CH:GI'GHI may be

) er suirtab proces I'ng
appil@drﬁercmltanr@sbctdunénwm I’l]htlat thetdigse Ppe apesstemigd net bodinngeyl to the

emlpo% V%en?dshte?wn pl'bere ° pbl D tag??rg%w Btg%lz :scl’:o%lﬁ,?;oréfgs\';\%% ’rv\’ut%o the language
ciatﬁ‘sts Phereilir€Rrened ©. ah dl@n&to fomha stgupoRidot Oien(l€] @. mean “one and only
Co-Cr-Pt-Ti @, Co-Cr-Pt-Si02, etc.). [00541 The .
onedplee seetisaty FpelsH B it 1 Ao Bigee R gnd functiona
equ%lehtstt&&e&&ﬁﬁﬁ@%@t}ﬁrvax\i\ét@&&bb&meh@tdeﬂéﬁﬂ BSughout this disclosure that
escription of various enbodi nents of the invention

BVR ST Hgfer icamerady kowor optese At ofdiary skl Bnthe cThats sxpressly
lncdrﬁbrﬂ’!@d B&teinhs rbRAMEH AL BYenBE W@%b&ﬁﬁss&[ IB? kel 18ihds€ Moreover,

nothing disclosed herein is intended to be dedicated to the public regardless of whether such

pr

disclosure is explicitly recited in the claims. No claim element is to be construed under the

provisions of 35 U.S.C. §112, sixth paragraph, unless the element is expressly recited using the
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description includes specific details for the purpose
of providing a thorough understandi ng of the

i nvention. However, it will be apparent to those
skilled in the art that the invention nmay be

practiced w thout these specific details. In sone

i nstances, well known structures and conponents are
shown in bl ock diagran1forn1in order to avoid

scurin he conc ts 0 nvention. [.005 [t i

PG POt fiad PG Mch S AB (r S iy Eedoing B pliase
“sdpdps” i n t he processes di scl osed is an exanpl e of
exenpl ary approaches. Based upon desi gn preferences,

it is understood that the specific order or hierarchy
of steps in the processes may be rearranged whil e
remai ning within the scope of the present disclosure.
The acconpanyi ng net hod cl ai ns present el enments of the
various steps in a sanple order, and are not neant to
be limted to the specific order or hierarchy
presented. 100561 The previous description is provided
to enabl e any person skilled in the art to practice

t he various enbodi ments descri bed herein. Various

nodi fications to these enbodinments will be readily
apparent to those skilled in the art, and the generic
princi pl es defined herein may be applied to other
enbodi nents. Thus, the clains are not intended to be
limted to the enbodi ments shown herein, but is to be
accorded the full scope consistent with the | anguage
clainms, wherein reference to an element in the
singular is not intended to nmean "one and only one"
unl ess specifically so stated, but rather "one or
nmore." Al structural and functional equivalents to
the el ements of the various enbodi nents descri bed

t hroughout this disclosure that are known or |ater
cone to be known to those of ordinary skill in the art
are expressly incorporated herein by reference and
are intended to be enconpassed by the clains.

Moreover, nothing disclosed herein is intended to be
dedi cated to the public regardl ess of whether such
disclosure is explicitly recited in the clains. No
claimelenment is to be construed under the provisions
of 35 U S.C. 112, sixth paragraph, unless the el ement
Is expressly recited using the -14 phrase "neans for"
or, in the case of a nethod claim the elenent is
recited using the phrase "step for." 15

-15-



VWHAT IS CLAIMED IS: 1. A nmethod for controlling

magnetic | eakage flux in a sputtering target

cont ai ni ng magnetic and non-nagnetic el enments,

conprising: selecting a particle size of at |east one

non- magneti c phase in a mcrostructure, wherein the
particle size of the non-magnetic phase is greater

than or equal to one micron; and conbining the at

| east one non-magnetic phase with at | east one

magnetic phase in the mcrostructure, wherein the at

WSS ehelMBEgBet | ¢ phase is greater than or equal to

10 atomic percent, wherein the at | east one magnetic

Qhase in the mcrostructure is greater t han one m cron .
iln siA@ethad fpr GRnEPlingmegnsticlenkagt Bex iparspyittariag tergeb csfainipgemagnetic
aid nceasignetiteici@htsagipading: phase decreases the

d' ff %%'e?tmggega%%%zterﬁ afaItQa:!t %ﬁléc' I‘no rqggenlg&g;%%%%% :P R%?o%tr@éﬂﬁe wherein
WP@?@@'@ Figk eflipeenongmagneiis @re@tﬁr tadrear gfivel togae Migren; ek

par t icenBinihg &R @ﬁea&%eﬂ'@ﬁ-ﬂ@%i@tph&eﬂ&lﬂﬂ |dabt ond@hRBERGhase in the
rtn%{ogﬁg,g% $ %W%Femt H@%t east20q1e V%aequtlc I’P%F?‘Ie s pqg?a?er fl’ﬁj’a'en o:c’l;ihegq%al (_t)? 10 atomic
Retieenh whergindhe aldnastang mepiaic pisadethe micsesiracitre ¢ arepterdhan@ne micron
ih R25,0ma ewhb.lafh tﬁ@§e‘$ectéaﬁﬁl=lﬂia slee Bf(thé BiliEast She ﬁ&ﬂnggﬁeﬁd $Habdl@ecreases

e Aol e e o agh e i e ank s masrete phase

inthgreicrpgruplaese i n the m crostructure. 4. The nethod of
cIainB 1 to 3, wherein the at | east one nagnetic phase
hEe at | east one non-nmagnetic phase are conbi ned
n t HE® RhYs o Geturte ‘ﬂ}‘r"’%t‘hq edtiatse i éﬁsf‘ﬁrgmagne“c phase is
selented ta begyreatqy divao or pluabioel0 sdieérer i Nng, or vacuum hot
pressing. 16

-G The-method of claims 1 or 2, wherein the patticle size of the at least non-magnetic
phase is selected so as to increase the pass through flux (PTF) of the sputtering target by
decreasing the diffusion between the at least one magnetic phase and the at least one non-

magnetic phase in the microstructure.

4, The method of claims 1 to 3, wherein the at least one magnetic phase and the at least one
non-magnetic phase are combined in the microstructure by hot isostatic pressing, sintering, spark

plasma sintering, or vacuum hot pressing.

16




