Atty. Docket No.: 050346-0216 MAGNETI C SPUTTER TARGETS MANUFACTURED USI NG
DI RECTI ONAL SCLI DI FI CATI ON FI ELD OF THE | NVENTI ON [ 00011 The present
invention generally relates to sputter targets and, in particular, rel ates
to sputter targets with inproved mcrostructural honogeneity and pass
through flux ("PTF"), and to the products produced therefromsuch as thin
filmmagnetic nedia. BACKGROUND OF THE | NVENTI ON [ 00021 Cat hodi ¢ sputtering

process are widely the deposition of thin filnms of material onto
desired Ity Do P 36000 ular, thin fil mnmagnetic nedia can be

manuf actured using a cathodic sputtering process. Concomtant with the ever
i ncreasing demand f QIAGNETIOVSE JTEBREIARGHTS MO TEMCTURED been an
increasing need for thin filns of magnetic nedia with 1 nproved magnetic
characteristics and uni fldeBG PIRECTH In SOMIBIFIOAHOM t h t hese desired
attributes, it is necessary to use sputter targets with inproved

m crostructural honogeneity. [0003] One approach to inproving the

m crostructural honbgeneity of sputter targets is a process using vacuum

i nduction nmelting and ingot solidification, followed by therno- nechani cal
wor ki ng FIEbPI®F TEHEHINVERTI@Ne |limted in effectiveness due to the increased
manuf acturing tinme required by therno-nmechani cal working processes, such as
rolling and. heat treatnent., Mreover, these processes pay significantly

limt t A@0QNl e dhsPressnt inpention graemally selatss S P Bier [9gteaRd, it Paficalar, 65lates as t he
SR SpHtt v _ ) AR A o
! hese_ai? Ff iy FirBAE b figF VIS ohid oot nEROIBINIE Hod Y sl el BFED, L0

heat tr eadnethie ppodicesgodtdedakerefomrsashihs thim fili nepeselmatiam cr ost ruct ur al
non- honogeneity across the target thickness (e.g., along the sputter

directiqn 0041 Addi tionall for adequate material renoval and
deposi ti CH&%Q}%N% FAARPNVE Té@tl}{teri ng process, the PTF of the applied
magnetic field through the sputter target is critical. -1

[0002]  Cathodic sputtering processes are widely used for the deposition of thin films of
material onto desired substrates. In particular, thin film magnetic media can be manufactured
using a cathodic sputtering process. Concomitant with the ever increasing demand for
improved magnetic storage media has been an increasing need for thin films of magnetic
media with improved magnetic characteristics and uniformity. To obtain thin films with
these desired attributes, it is necessary to use sputter targets with improved microstructural

homogeneity.

[0003] One approach to improving the microstructural homogeneity of sputter targets is a
process using vacuum induction melting and ingot solidification, followed by thermo-
mechanical working. These techniques are limited in effectiveness due to the increased
manufacturing time required by thermo-mechanical working processes, such as rolling and
heat treatment. Moreover, these processes may significantly himit the yield of sputter targets
composed of low-ductility alloys, as the risk of ingot cracking during the thermo-mechanical
working is higher with these difficult-to-roll atloys. Further, any deviation from the rolling
and heat treatment process window can result in un-precedent microstructural non-

homogeneity across the target thickness (e.g., along the sputter direction).

[0004]  Additionally, for adequate material removal and deposition durtng the cathodic

sputtering process, the PTF of the applied magnetic field through the sputter target is critical.
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A |l ower PTF necessitates a higher voltage/ power conpensation to sputter the
target and hence limt its maxinmumutilization. The techniques to inprove
PTF nmade by standard solidification practices foll owed by therno-nechani cal
wor ki ng di scussed above suffer from drawbacks of high expense, |ong
processing time, and low yield. [0005] What is needed is a sputter target
with inproves mcrostructural honpgeneity and PTF. The present invention
sati sfi eA lowesPTiE ackcasithtqarahiphias ot hepoachvanippgesion SoNMARY tKFtatgdEadd\NVENTI ON
[ 0006] 'ﬁ' accordance with the present invention, a s ter target is

pr ovi dedPFEEITHELS MaxiRy BHlzAt R Shefethipaes Hb%ﬁ@ﬁ‘éﬁﬁl%ﬁ‘&bﬁis fdpTF t han

was pr evgdmﬁaﬁﬁeﬁgf;jcglbfg follB§ed B Whdrfilo- Hfkcal @ofﬂé@c@ecﬂ&ﬂo@@%hﬁ%&%y

solidifying a net oy at near-equilibrium tenperature conditions
wi t hdr awnidngbatis ofdigi explehsy latg motdssmp tinat, end lovoyghl.a t enperature gradi ent.
A sputter target thus manufactured has a single substantially honbgenous

m crostr al .zone suflstantially across .its entire thickness. [0007
Accor di nﬁ’(@gf onm&)‘?ﬁeaﬁhls,a Stpﬂge’fv)ttaﬁ%eém“ iTHPENEE SHCRostructy g?‘@?g%”ﬁ}tljé d

i ncl udi ngTg %E%seﬂ'ih@éﬁtiom@tiﬁﬁfs%s%ké@éﬂad}%vﬁeé 8hefiavalikace, a rear
surface and a thickness between the target” surface and the rear surface.

The target surface and rear surface are outer surfaces of the netal alloy.
The net aSUMMARNYAY BHEIINYENEUMNt anti al | y honbgenous mnicrostructural zone
across substantially the entire thickness. [0008] According to anot her

enbodi ne Sputter.targe f the present invention. .includ nmet al
2l Toy. nalopsTs” TiesBiaauif Pitbabe rern i ERFP AR b i Rde el hient ne
target suhprved aRctosthRtir8@PorRéBcneRe and MZhEAP DR thah Ui ds3revianddy peaible UThace are
outer surfaces of the netal alloy. The netal a||0é’ has dendrites. The

y

dendr i t espuiter tagettiafageed by dirgeonally sobdifng ednethlailyy st bearsaquilibiriugn one

direction, and the ndrites,.at a center plane of.the t al Ll o re

or | ent ed BRI ReARRF by Rl T SruPafilad oS OBtBlen euPbeR. o
anot her erdddsht MBNdputtér 13idet thak niadb@Rtured hidesingleSabdtaritiang Mbh@gendu3dcl udes a
nmetal alloy which is a cobalt (Co) based alloy. The netal alloy has a target
sur f ace, “&Clioé‘éﬂm%’@]f¥(H@é“hﬁ@t§11mﬂ0€%ﬁéf§§nb@c%éﬁeﬁshe target surface and the
rear surface. The

[0007]  According to one embodiment, the present invention is a sputter target including a
metal alloy. The metal alloy has a target surface, a rear surface and a thickness between the
target surface and the rear surface. The target surface and rear surface are outer surfaces of
the metal alloy. The metal alloy has a single substantially homogenous microstructural zone

across substantially the entire thickness.

[0008]  According to another embodiment, a sputter target of the present invention
includes a metal alloy having a target surface, a rear surface and a thickness between the
target surface and the rear surface. The target surface and rear surface are outer surfaces of
the metal alloy. The metal alloy has dendrites. The dendrites at the target surface are
oriented along substantially one direction, and the dendrites at a center plane of the metal

alloy are oriented along substantially the same one direction.

[0009] According to another embodiment, a sputter target of the present invention
includes a metal alloy which is a cobalt (Co) based alloy. The metal alloy has a target
surface, a rear surface and a thickness between the target surface and the rear surface. The

target surface and rear surface are outer surfaces of the metal alloy. The target surface is
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target surface and rear surface are outer surfaces of the nmetal alloy. The
target surface is -2 substantially nornmal to the thickness direction. A

[ 0001 ] hexagonal cl ose-packing (HCP) direction of the nmetal alloy is
oriented substantially normal to the target surface. 100101 Additi onal
features and advantages of the invention will be set forth in the

descri ptdubstaR@dIBordaPto the BAEknedd diredRn2 RORNOON] hdxaQondl B%s@%ﬁ@lﬁh%&!@?) or may
be | earned by practice of the invention. The objectives and other

advant aglisechpn phtheimetalalioyns arignted substansiplly aormal do thettaigabsirfapet he structure
particularly pointed out in the witten description and clains hereof as

wel | as pp raw hs. : r t. both the

f or egoi n@aggﬁerg‘P&z@ggr%%%ng%ggﬁége% tglfp%vhhﬁ%&?ﬁ’aﬁ] gﬁengP%gtg élr}?% ion are
exenpl ar gesariptic@xipdionpdndriy pandviline dpphentgdmtthe pésevibden, fod dyete lefxpd Bpat i on

of the invention as clainmed. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00121 The
acconpangiagiiceddbs mysntionni the eliectivse padiether ydvapiggege! the mvisationwdbbe t andi ng

of the i ' ' [ | : Of '

peci 11 catiad B ety he SRURGE Rt B ARMER R bl SrchBborBliph €,

t he descelaipid pnecter welltas thx ppprinded Gawinigsaci pl es of the invention. In the
drawi ngs: [00131 Figure 1 depicts a sputter target according to one

enbodi nent _of the presenf invention; [f00141 Fi gure 2 d_egi cts_a partial view

of a tar P8Tkur ftagle Reundessiond bat both das fosreomesngral descopionapbie fploving
present H&Xi%dégaﬂ;pti&p%é]axé:dl@‘dﬁgan% %@?Angis&%ﬁmp%ﬁﬁhd&f t%j;(%aaﬁﬁgmrﬁ{%ﬁ! view of

a sputter target according t pect o e present 1nvention;
100161 Fexplaratién dé iedheertiopas iclamedi ew of a target surface of a sputter

target according to yet another aspect of the present invention; 100171
Figure 5 i I | f fer plane of a sputter target
accor di ngﬂﬁgﬁifsg%&gﬁﬁ@gﬁlﬁgﬁ)%\%ﬁg%resem i nventi on;

{0012] The accompanying drawings, which are included to provide further understanding

of the invention and are incorporated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the description serve to explain the

principles of the invention. In the drawings:

[0013] Figure I depicts a sputter target according to one embodiment of the present

invention;

[0014]  Figure 2 depicts a partial view of a target surface of a sputter target according to

one aspect of the present invention;

[0015] Figure 3 depicts a partial cross-sectional view of a sputter target according to

another aspect of the present invention;

[0016]  Figure 4 depicts a partial view of a target surface of a sputter target according to

yet another aspect of the present invention;

10017]  Figure 5 depicts a partial view of a center plane of a sputter target according to yet

another aspect of the present invention;



3 100181 Figure 6 illustrates a directionally-solidified netal alloy
~according to yet another aspect of the present invention; 100191 Figure 7
illustrates a partial view of a target surface of a sputter target; [00201
Figure 8 illustrates a partial view of a center plane of a sputter target;
and 100211 Figure 9 depicts a sputter target according to another

Toooo1 1 IORRL BB RERleh R ER BB ol e Mgy aliongtto ¥fpuellirs aro

set fortispeet offth®pietént anventibn;under st andi ng of the present invention. It wll
be obvi ous, however, to one ordinarily skilled in the art that the present

i nvention may be. practiced without sone of these specific details. In other
i nst ancel0O0IRk| | Fighsoh 1dystrates g paehial Nipw ethiarest seriacsnd afputterdargetishown i n
detail not to obscure the present invention. 10023] Referring to Figure 1, a

o PusI PRy FREERMERRES Al B0 BTP Rk el B e DY o LT

r at sputter tar es'a neta he netal all oy
has a target surface such as a target surface 101, a rear surface such as a
rear sur {023} 108iguaefl depictsi adspuster hegee acweding &0 ancthat entodiraes of Gk préteat net al
alloy further has a thickness such as thickness 102 between target surface
10 1 and"VE3M%%yrface 103, and further has a thickness direction 106
substantially along the thickness 102, Target surface 101 is an outer

surface PETAMENDESCRIPTIONGHTHE BUPeledNal |y normal to thickness
direction 106. Side surface 104 is also an outer surface of the netal

alloy. Rear surface 103 is an outer surface of the netal alloy and is
subst ant {122} ndn thel followingi dskmled slesinption; mmaross specdichdstailstarakétyforsiatal 1 el to

target surface 1., Accak di t o_one .enbodi nent..qf the present invention,
e et aprogiy Gt tite o BrelB aPRgn BTSSR FOUPYEeP Mg | zome
across syhfih@ilyisRilledl i (R 2@ithht the prd3btkieaSioh Oday RSpré@ReR VattbuTBsfe bPihkse

bel ow. According to another enbodi nent of the present invention, a sputter

target saperifagdedpils tlaotheringancegovetekngwn stResturehand igehriquesthiaye nopbegRe such

as a centgr. b anG. 08 o UbSRAS AL REIMPRNh@Rge! surface 101 and rear surface
103. )

[0023] Referring to Figure 1, a sputter target in accordance with one embodiment of the
present invention is illustrated. A sputter target 100 includes a metal alloy. The metal alloy
has a target surface such as a target surface 101, a rear surface such as a rear surface 103, and
a side surface such as a side surface 104. The metal alloy further has a thickness such as
thickness 102 between target surface 101 and rear surface 103, and further has a thickness
direction 106 substantially along the thickness 102. Target surface 101 is an outer surface of
the metal alloy and is substantially normal to thickness direction 106. Side surface 104 is
also an outer surface of the metal alloy. Rear surface 103 is an outer surface of the metal
alloy and is substantially normal to thickness direction 106 or substantially parallel to target
surface 101. According to one embodiment of the present invention, the metal alloy has a
single substantially homogenous microstructural zone across substantially the entire
thickness 102, as described more fully below. According to another embodiment of the
present invention, a sputter target such as sputter target 100 may further include a center
plane such as a center plane 105, disposed between target surface 101 and rear surface 103.
In the present exemplary embodiment of Figure 1, the metal alloy of sputter target 100 1s Co-
5Ta-57Zr.



In the present exenplary enbodi nent of Figure 1, the netal alloy of sputter
target 100 is Co- 5Ta-5Zr. -4 [00241 Directional solidificationis a
solidification process that enables solidification structures (e.g., the
dendrites) to preferentially grow and stabilize along specific orientations
(e.g., the growth or solidification direction) honobgenously across the

entire ”ﬁigtzg Duf)iil%&ion% g(ﬁ%&éﬁ%@%li%gk&%iﬁ%ﬁgﬂ porg(’:c;[s%éhcaﬁmgﬁe{bl?%s:s_oglgﬁhlcta ian for

exanpl e, ramc I nves contal ni‘ng ) € nolten

met al  or stARhaks @d.d. Othe dendiie§ab pelifbrefddlly Sropldrdestiabilizetalosd el ficCorvdntdridhaval
rate through a furnace Qr. _induction heating device in which a  controllable,
uni f or m fer haISTgyrhdr sphidifigatias direghpabhomegsagusly across theenkipg melyy Purgei t s

di  ecti opal gt SAIRAEET WG SO L] SALLAD QSEHES iAlesBRA0UI |1 b um

tenperature condition, the mcros tura dtures are preferentially

or i ent edcaitaning the ntedtl (e.gi, thembltemmethl be aictadalloy tebe sdlidéfiel) iepilicdnt apposi t e
to the wwthdrawal direction). Directionalit anisotropy.in

¢ or 1 |
mi cr ost r sRECHiY thgpwal iakctBropgh sdumasgs oargdgﬁfﬁrr} beptingdewics i whickia on can
signific P& : ' : ] struct ural
and func?{;ﬁc}%\&iaiabﬁggrggertlééﬂ{] z.&ggh%ﬁt%@wﬁ%%‘#%ﬁ?@%‘?ﬁe?‘ér {P?al
or i ent at divectiomal ddliddficatibeed WhenfsolidifieatZon vdruchatdaphcteuibihniemp¢ratuve ew of
region A of target surface 101 of sputter target. 100 of Figure hﬁ i n which
m cr ost r GeRdinen. hemigpericialeaturasiacs peferarialiyArientedhaiongsthy selidifigationy of

target s 1 - ELgur. Lwpireal on ructure of
the di reggrigggogll ‘%g"éh& | F?:é%gﬁﬁ%g?@ra% Pﬁg I%\;}ﬁrein%@bi[gla Cng%l %ﬁgz’?’c

M crost r asisotrepy in micswtruettiral wppdardrve abmeliiiserygpdi hgeapheoorsdntitidn cag Co, Ta and
Zr, wher easHIhe dg er gr?ase pr edom nantl% constliju es Co gnd Ta. . The :
dendr i t i '8pHMERUY {eag tQ PerIFANSF PYISAFTRINY BRI TEPETHJO PR HRSIFH 280 fRedtiopAl As a
resul t ofydfaifes (PLEHRERAME) .2l orientation of the mcrostructural features,
the evolved solidification mcrostructure is substantially honpbgenous
across the solidification direction (i.e., the growh direction). Due to the
uni f or m t18@25al Tdvepkctmentak paentatioreis idystrates iarfiigure Zawhichdlepiatga clopeup

i rect ! ol aeldtliy A R1irgl) BIRSSTHR of G &leP 60'SH Highle 1 SELMSS W L
microstructural features such as microstructural features 111 and 112 of target surface 101
can be seen. Figure 2 shows a typical microstructure of the directionally solidified
Co-5Ta-5Zr alloy. A typical biphasic microstructure is observed, with the brighter phase
constituting Co, Ta and Zr, whereas the darker phase predominantly constitutes Co and Ta.
The dendritic phase is preferentially oriented along the growth direction. As a result of this
preferential orientation of the microstructural features, the evolved solidification
microstructure is substantially homogenous across the solidification direction (i.e., the
growth direction). Due to the uniform thermal gradient experienced by the entire melt during
the directional solidification process, the microstructural features with respect to the shape
and size of the solidified dendritic phase are observed to be substantially identical or similar
both at the target surface 101 of the metal alloy and at a center plane 105 of the metal alloy,
indicating microstructural homogenization (e.g., a single substantially homogenous
microstructural zone) across substantially the entire thickness 102 of sputter target 100.
Figure 3, which depicts a partial cross-sectional view of region B of sputter target 100,

illustrates this substantially homogenous microstructural zone 110 along thickness direction

106. Uniformly oriented dendritic structures are observed across the target thickness.
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and size of the solidified dendritic phase are observed to be substantially
identical or simlar both at the target surface 101 of the netal alloy and
at a center plane 105 of the netal alloy, indicating mcrostructural
honogeni zation (e.g., a single substantially honbgenous m crostructural
zone) across substantially the entire thickness 102 of sputter target 100.

Figure 3 ych [ ial: i i 3

e R i b M S R e e o G S

m cr ost r botogaieity ofi thekbatiag oregtet iyspneaingiihe éagetor sfhGr tdgpetfodthd presemni ent ed
dendritic stnucturﬁg are.observed across the target thickness. -56%00261 The
m cr ost r FRETRET ™3¥ 96 gesthior jPgterine OB6 ©F Bore JgRENG yers ¥BS UReHts frdata uct ur al
honogeneigiofadaf i LVt Qs

ar o of o e B e e P b b ek (A PR
magnet i ¢ cbadustize layerm onusosticamtlactbosutdtats, fot spuitpaing Aptieal thini hlmisyor far sguiyt er
target of th resent invent.ion may be used for sputtering conductive

| ayers oﬁn§8%eEWP%Pp@lfﬁg??at es, for sputtering optical thin films, or
for nearly any other sputtering application. [0027] Region C of target

surface }0d2ANd RegindD oPrapset GRALEY 1 (A #AGediBR IPHT Sditdriphdne! SR sputdd Qarbt
Figure 1 are illustrated in Figures 4 and 5, respectively. According to one

enbodi merd00 of figure} areditlysiratadim Frgyres Acind deraspertivielve shcoording dxsomfendr i t es 205

and 206. drites 205 at arget .surface. 101 are .orient al

Ubst ant (B0 et “efRecahsh Polbe ey Ree ARG SRS PR 10 AR qenar i ¢ s
206 at a ISénaties 20bang takfth seffad RO INRE 3tiedted Qlon2ls@bQintRiMyRhe die@ich 401 (e.g.,
substantially the same one direction 401 (e.g., the growh direction).

[ 00281 Tuhs ireyth dectionkiagd dendyites 20@ i cantdraars0l@Sditlee mictah alloyars orietieti ed
according,t o e t _of the.prese i.nvention i.s.illustrated. According
fo one adi o BrepRaBiit s S abLIBRAN GET B EPr ot hy “compr i se two o
nore nmetals, including, by way of exanple and without limtation, two or
more of dobz8jt (Rehingino®nto(Figure 6k @keral alldly 600 aiveotidriatly s6Yidified péavkdingme (Pt ) ,
boron (B), copper éICu), gol d (tAu)_, Jfitanium (Ti), vanadi um (V?h’ yttrium(Y),
zi r coni urRnezspect pf BB PiRseatNByention|is BinsHated ( spording eeame dapqckal hepresarum ( Rh) |

'/@22 ?ging gh%r%d@)ﬂo rtnﬁlgli agdé/;aedcdtmy cORAPHS W8 &r'Rdre thtARSHEMd(NY by Wayldlehtple(! 1) -
and without limitation, two or more of cobalt (Co), iron (Fe), nickel (N1), chromium (Cr),
platinum (Pt), boron (B), copper (Cu), gold (Au), titanium (T1), vanadium (V), yttrium (Y),
zirconium (Zr), niobium (Nb), molybdenum (Mo), ruthenium (Ru), rhodium (Rh), lanthanum
(La), hafoium (Hf), tantalum (Ta), tungsten (W), or indium (Ir). According to another aspect

of the present invention, metal alloy 600 may comprise one or more metals.

[0029]  According to yet another embodiment, metal alloy 600 may include a broad range
of low moment (Cr content > 18 atomic percent) and high moment (Cr content < 18 atomic
percent) cobalt alloys for magnetic layers in Longitudinal magnetic recording, such as, for
example, Co-(5-25)Cr-(5-25)Pt-(5-20)B-(1.5-7.5)Cu or Au atomic percent and/or (1.5-7.5)X
atomic percent where X =Ti, V, Y, Zr, Nb, Mo, Ru, Rh, La, Hf, Ta, W or Ir.

[0030]  According to yet another embodiment, metal alloy 600 may be a cobalt (Co) based
alloy for sputtering interlayers in Longitudinal magnetic recording, with a compositional

range of, for example, Co-(5-30)Cr, Co-(5-30)Cr-(2-15)Ta.



of the present invention, netal alloy 600 may conprise one or nore netals.
[ 0029] According to yet another enbodi nent, netal alloy 600 nmay include a
broad range of |ow monent (Cr content > 18 atom c percent) and hi gh nonent
(Cr content < 18 atom c percent) cobalt alloys for magnetic layers in
Longi tudi nal magnetic recording, such as, for exanple,
Co-(5-25)Cr-(5-25)Pt-(5-20)B-(1.5-7.5)Cu or An atom c percent and/or

(1.5-7.5) t o - = i , Hf,
T " or a3t CTRGEoRGAE RUIMORE onthgtisHonts K6 106 prlont Mvendih, niddy Ty cbd, 0+ oy

be a cobahay {eCGoyotadtsawbn-,airinggkel-drasshalidyeior sputiening sb ywagnetiiaubdmipyersdndal
magneti c di.n i th conpasi tiaonal range of, for. exanple, .

Co-( 5- 30yA5C Chpt-patalleh copiofes prasjerlavers) 1op pupERAEar HRERF UGS HTHE. Bither
embodi mendompebitibhestRhs Sk ex N8 €O Ta- 7R BINBZ Ope-6803, FRYotG-B. 182ba!N;: »
iron-, or nickel- based alloy for sputtering soft magnetic underlayers and

APC ( Ant iB,f20-Eé.| N¢-Fe,camd I MieMpiin ey pbssytele shenfental psiopendi cul ar magneti c
recording, with conpositions such as, for exanple, Co-Ta-Zr, Co-Nb-Zr;

Fe- Co- B, s450-Cr-B, ,.Fe-Co-N - B =Fe, Ne- d N - [ i bl
eleerrent allﬁﬁ%ﬁ?o%fﬁ%@ﬁ N Iediaﬁ%ec?gf Eﬁé’fﬁ@ﬁigﬁ?ﬂ&"’ B;fet%}slbgp@@éﬁ‘g?gah& ©
i nvent i OrobAR @), eleafky AW iRasiMedhiababoGOP doiié fertentdaRafuf (T 3ndgréne as

much as about 5 atom c percent tantalum (Ta), and greater than O and as
much as dbouf asd as wark apdrope Atatomicpsrienhzit@nium [H033] According to the
present exenplary enbodi ment, netal alloy 600 is a cobalt-based alloy, such

as, for | e, - -52r. According to t her as t al oy S a
met al - ba?gg:sn‘gl I OQ&gorrg)lg rtr(l?aﬁ"glpr%sgﬁg%xuer?] : m?'(f&%%?"ﬂférpa e%?f%itl)v siascoafal%':%%/e wn o
inawt M{ﬁm{chd&mﬁ&iml&,mbmm.umc&diﬂgmaﬁ&h@f aspetd W ehdtanlibead a ng
device in Ich a controllable, uniformthermal gradient is maintained

acr oss t Heetahbased aHpy or ymetal gompsuril.r ecti onal sol i dification. Wien
solidification occurs at near- equilibriumtenperature conditions during

6ot ST AEL SR O RS TR SLALS AR S OREEL B,
of the HGRdG@dionteatng devittemelinck aicontrellubds unifoim tespelgratdent sendisamedent er ed
cubi ¢ across the entire melt during its directional solidification. When solidification occurs at near-
equilibrium temperature conditions during directional solidification, the low temperature
hexagonal close-packing (HCP) cobalt {Co) phase stabilization is favored. The relative
proportion of the HCP Co phase is therefore increased with respect to the face-centered cubic
(FCC) Co phase. As a consequence, the [0001] HCP direction (i.e., the surface normal to the
basal HCP planes) preferentially orients itself to the surface 601 of the metal alloy at an angle
of about 54°. The highest pass through flux (PTF) can be achieved if the basal hexagonal
texture is parallel to the magnetic lines of force 602 that occur during sputtering. Therefore,
by machining the metal alloy 600 to create a target surface at 36° with respect to surface 601
of metal alloy 600 (e.g., by cutting along line 603), the [0001] direction can be made normal
to a target surface of a sputter target machined from metal ailoy 600, thereby greatly

increasing the PTF of a sputter target thus manufactured.

[0035] Table 1, below, illustrates the advantage in PTF of a sputter target according to
one embodiment of the present invention when compared to a sputter target that has been
solidified with vacuum induction melting and ingot casting and subsequently thermo-

mechanically worked.



(FCC) Co phase. As a consequence, the [0001] HCP direction (i.e., the
surface normal to the basal HCP planes) preferentially orients itself to
the surface 601 of the netal alloy at an angle of about 54. The highest
pass through flux (PTF) can be achieved if the basal hexagonal texture is
parallel to the magnetic lines of force 602 that occur during sputtering.
Therefore, by machining the netal al JFO‘\{I 00 to create a target surface at
36 with respect to surface 601 of met&P®dliloy 600 (e.g., by cutting al ong
i ne 603)—the [0001] direction can be made normal. . to a target surface of a
sputter| target nachi ned from|nmetRireciionaly Solgdifiedher by HhesmotMechamiqallysi np
the PTH of a sputter target tlhus nefpifttecilargetl. (0085] Watked SputteeTarget
i | I ust rpCempbdidomdvant age i n |PTF of @o-SPusZer target accorgh-gpa-42r one
enbodi neptrof the present 1nJention whegyConpared §o a spuftep,target that
has beem sof rdified wth vacuurm Tnductionm meftTng and Tngot— casting amd

subseque t hey no- chani cal | rked. -7 ble | Directionally
Sorrant D8 o, ThE R RERRETT B <t s Fhie snf\ Bsfietp e OF 1B Rist

Conposi t inetlt@ricalig-waskéDspatiar hddet Rifhlthd@8mpOIRG] ColoTramazy £ ilusehietes of a
target surface and of a center plane of a therno- nechanically worked

sput t er Figugpst’ anidtd respectisivp ol aonbrastte a smatter rargetrad the prgsentanentipn, thej gures 7

d 8, | . t {0 tt t .of th t.
vent | onopre S epidhifi Y GRF bSR3 icel Bl BT bu Bl o B el
0 the ofcaoliaiiedendiitaRshaBdi (3 s U1 aré Dbscrokiadkirgst shende (ddpfotahiases. 701

and 801 are observed at a target surface (depicted in Figure 7) and at a
cent er pFigee (uydiat esantenplang (depicgsd wiFigws & plithesputterrtarzet. At theHargetar get

sur f ace, e mherostructure the primary dendri ti ase (e.n. . the darker
ST et o e e RRBLHEC s Bhe bRl adiRENe PRAR Y, IEIARE aficfren b® SO
the pri nmafoye phlag@ananel thfinetithb bethe center plane, where the primary phase microstructure

is more coarse and equiaxed. In neither plane is a preferential orientation along a growth

direction observed.

[0037] In comparing Figures 3 and 4, it is apparent that sizes of a substantial portion of
the dendrites 205 at a target surface 101 of a sputter target 100 of the present invention are
substantially similar to sizes of a substantial portion of the dendrites 206 at a center plane 105
of a sputter target 100 of the present invention. In companng Figures 7 and 8, it is apparent
that sizes of a substantial portion of the dendrites 701 at a target surface of a thermo-
mechanically worked sputter target are substantially dissimilar to sizes of a substantial

portion of the dendrites 801 at a center plane of a thermo-mechanically worked sputter target.

[0038] In further comparing Figures 3 and 4, 1t is apparent that shapes of a substantial
portion of the dendrites 205 at a target surface 101 of a sputter target 100 of the present
invention are substantially similar to shapes of a substantial portion of the dendrites 206 at a
center plane 105 of a sputter target 100 of the present invention. In comparing Figures 7 and
8, it is apparent that shapes of a substantial portion of the dendnites 701 at a target surface of
a thermo-mechanically worked sputter target are substantially dissimilar to shapes of a
substantial portion of the dendrites 801 at a center plane of a thermo-mechanically worked

sputter target.



I's nore coarse and equiaxed. In neither plane is a preferential orientation
along a growth direction observed. [0037] In conparing Figures 3 and 4, it
is apparent that sizes of a substantial portion of the dendrites 205 at a
target surface 101 of a sputter target 100 of the present invention are
substantially simlar to sizes of a substantial portion of the dendrites 206

Conpar | NJORTI i Aceortig 48 gl aRrlorThe ERAF imienioR oS AbBPBR Bt o el ™ "
portion d¥ndtiks adl@Rdirdgbesurfadd oedupfestad 86 o fBOHOL.8 s@hard rdillRh&er orBedtaniegal | Y

worked sputter target are substantially dissimlar to sizes of a substanti al
porti on dauwareewibsdes pEE0RHY My, anddbe substapiialporien of thsdendritep abihnicenter y

appar ont PER T ekEEE sy 8Os o Bu PORRLEPilletiler elbflios 4y &°

target ssyubrROeit Gille0bf ROSHItMEr target 100 of the present invention are
substantially simlar to shapes of a substantial portion of the dendrites
206 at a_center plane 105 of a sputter target 100 of the present invention.
I'n conpalB0AB] Fi duminrg oy iniFiggre $,ta spytteripreebageording tasyet saathsr erabedimentef i al
portion gf ' . : C i |y
Do e e AEn0I e ABEBh. Sph el AEBaR ol S PR ASR L6

subst ant {¢d) based dllvy. dhetnialddlaghiaé & sar8&tsutfacasuwhnk ergel sar@cOPO B a side
t her no- mechani cal | y wor ked utter target. 8 [00391 Accordi ng to one aspect

\ S
of the pwga@ﬁtsuqhﬁﬁeqﬁlﬁiwrfmagﬁa@%@awsarlfaw aha svar spdacei3a rTheaetat t he

target s CLURL r rg|l}t r..Qr . greater
(e.qg., gl'ig qugor E&W%Lc@?%e%se ?vg%%ltﬂ%%?gegggrf%ﬁe?%;ﬁ# trge su ag‘?g(?]%sgﬁ{ Ef)sgrt i on of
t he dendthitie®so902 NEhearethEdlloyfuAhe 126 atthieknas direetidno306osbstahslyadloag ea of
about 1.0 square mllinmeter or greater ( square Wi th sides,_ of

1. 0x 10- 3thigknes¥eo (Targst spHges A and fﬁfgiyffgé%?m_ag@wﬁéwfﬁ%?ﬁ géthemmedt #lioyy t o
Vo got 900 MECT AN B GBLRSE MK, S furlepr gt FEETh T
netal al bbthehasalallogr bt neyalfallog feticdr has a { @0 ¢ hexsagohalcdoRGilackmg(HAFP) surface
such as sl G4 (255 r20%o2nd & hEBlarHERIESY S S & b SR H LRS00

to target surface 901. According to one aspect of the present invention, the [0001] HCP

direction of the metal alloy is oriented between 0° and 10° of a direction normal to the target

surface 901. According to another aspect of the present invention, the [0001] HCP direction

of the metal alloy is ortented substantially normal to the target surface 901.

[0041] While the sputter targets illustrated in Figures 1 and 9 have been shown with
planar target surfaces and rear surfaces, it will be apparent to one skilled in the art that sputter
targets within the scope of the present invention may be made in a variety of other shapes.
For example, and not by way of limitation, a sputter target of the present invention may be
configured as a rotatable sputter target in the form of a cylindrical solid, where the target
surface and rear surface are defined as the portions of the cylinder that face towards and
away from, respectively, a substrate to be coated. Alternatively, a sputter target of the
present invention may be configured to have a grooved or otherwise textured target surface,

or may have a non-planar target surface cxhibiting smooth or stepped curvature.



all oy al so has a thickness between the target surface 901 and rear surface
903, such as thickness 902  The netal alloy further has a thickness
direction 906 substantially along thickness 902. Target surface 901 and
rear surface 903 are outer surfaces of the nmetal alloy and are
substantially normal to thickness direction 906. Side surface 904 is an

outer su . netal .allay.,T netal al]oy further, h a [00011
hexagon a{ofog?ﬁ s e%ﬂ%ﬂﬁ?@feﬁ%ﬁjmaﬁ? EE{]%?H p(a%.lcél?arlyh%es‘é‘lakﬁda‘%h ﬁ%%ﬁﬁ?é 'tootg? he
basal HGRaritus Figaes @hl efb8dinddntR Mt shbgldebeluntletsfoddatMafitse dr®fdrall@Rtation’ f ace
901. According to one aspect of the %resent invention, the [00011 HCP

di r ect i opugpsespainandshonld nej be taksnjas Hrsting teseens of thamvention. Bherp maytheon

normal t S Uk 01, ordi

present  TbLSHELRAT o MRS SR bvaiat MalPlRe A BbaIRARL Ry b e
subst ant tcaghk ynveatiombytchethadingdrdiahrysdkill fCthe 98] withOR4ikpartihi [fonk e spirittangr
targets illustrated in Figures 1 and 9 have been shown wth planar target
sur f aces S&wg of igrinketioAces, it will be apparent to one skilled in the art
that sputter targets within the scope of the present invention may be nade
in a variety of other shapes. For exanple, and not by way of limtation, a
sputter target of the present invention nay be configured as a rotatable
sputter target in the formof a cylindrical solid, where the target surface
and rear surface are defined as the portions of the cylinder that face
towards and away from respectively, a substrate to be coated.
Alternatively, a sputter target of the present invention maybe confi gured
to have a grooved or otherw se textured target surface, or may have a
non- pl anar target surface exhibiting smooth or stepped curvature. 9 100421
Whil e the present invention has been particularly described with reference
to the various figures and enbodi nents, it should be understood that these
are for illustration purposes only and should not be taken as limting the
scope of the invention. There may be mnmany other ways to inplenment the

i nvention. Many changes and nodifications may be nade to the invention, by
one having ordinary skill in the art, without departing fromthe spirit and
scope of the invention. WHAT IS CLAIMED I S:

- 10 -



1. A sputter target conprising: a netal alloy having a target surface, a
rear surface and a thickness between the target surface and the rear
surface, the target surface and rear surface being outer surfaces of the
nmetal alloy, the nmetal alloy having a single substantially honbgenous

m crostructural zone across substantially the entire thickness. 2. The
sputter target of claim1, wherein the sputter target is fornmed by

solidifi i =egquilibriumtenperature conditions by w thdraw ng the
nmet al al %AEQS?LWEP%%% through a tenperature gradient. 3. The sputter

target of claim1, wherein the netal alloy includes a plurality of

dendrites, and.subgt gttepdarget abinpfinghe plurality of dendrites are
preferentially oriented along a growth direction. 4. The sputter target of
claim 1, wherametalipdiopbagingaitaregt susBacadeisansyrface angp thighness betypenthgdangete s
oriented t | ' ' ' I

ur f ace, STHRERE Ao BlBE NG iSRS (o S buRE oy bbb ELPRE )

second dinfegdltallofn, thé metat @Ndehaih@acinglyd subb@ntiElphombdedyis mitdodthR niralrZohe
dendrite direction being substantially parallel to the second dendrite

di r ect | ofcross supgianygdht e entizgthickness. ¢l aim 1, wherein the netal alloy
i ncludes dendrites, wherein shapes of a substantial portion of the

dendrites at bhe t m%ﬁ?ﬁégrt%\ggpoﬁlﬁﬁP,%ﬁé?gﬁlitﬁée %ﬁﬁéﬁeﬂaﬂé@% ?Sr thgc(?}g?pes of a

substantial portion o ndrites at a cen an al alloy.
6. The spukdificaticargy@tarodquilitaiuin Empdnatum contiitens b sdithdidvahg e heahalbiy dtle
dendrites, at the target surface_ occupies an area of about 1.0 square

mi | 1§ met distgatedhoyghp lemprratupreeradighkt ant i al portion of the dendrites at the
center plane of .the nmetal alloy occupies an area of about 1.0 square

mllineter or i9r eat@e snhttert t h e AL [ i L el t al
al l oy incl udes 'denc??{etsgs,er %%eefgﬁ%a@ %’e‘gﬁo atﬁsgﬁga?'gg%gmcmggrt Irnoﬂlrgalo o?ﬁe
dendr i t eslendritefiant anloptdntially hH of theer usalilbs b Bddnidaltds\are picfirbrtially @rentzd alanf

substanti alw&o‘I_ti on of the dendrites at a center plane of the netal alloy. -
|| gro irection.

4, The sputter target of claim 1, wherein the metal alloy includes a first plurality
of dendrites oriented substantially along a first dendrite direction at the target surface, a
second plurality of dendrites onented substantially along a second direction at a center plane
of the metal alloy; and the first dendrite direction being substantially parallel to the second

dendrite direction.

5. The sputter target of claim 1, wherein the metal alloy includes dendrites,
wherein shapes of a substantial portion of the dendrites at the target surface are substantially

similar to shapes of a substantial portion of the dendrites at a center plane of the metal alloy.

6. The sputter target of claim 5, wherein the substantial portion of the dendrites
at the target surface occupies an area of about 1.0 square millimeter or greater, and the
substantial portion of the dendrites at the center plane of the metal alloy occupies an area of

about 1.0 square millimeter or greater.

7. The sputter target of claim 1, wherein the metal alloy includes dendntes,
wherein sizes of a substantial portion of the dendrites at the target surface are substantially

similar to sizes of a substantial portion of the dendrites at a center plane of the metal alloy.
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8. The sputter target of claim7, wherein the substantial portion of the
dendrites at the target surface occupies an area of about 1.0 square
mllimeter or greater, and the substantial portion of the dendrites at the
center plane of the metal alloy occupies an area of about 1.0 square
mllimeter or greater. 9. The sputter target of claim1l, wherein the netal

|1 i nclud b '
per oent | tant avum ( 1) PRk ope L cf Rl 7, W5 ARduBa T Bofa R achaPlaT ©

per cent aithe tinget Burfade)occipies dieres pihban 1tesqyeate millimkrt 61 greattheimdithe t he
Ssputter targ‘?‘tEi is for rm nc?_one or nore rra‘%_neti c Ig{éers on.a substrate
i

f
for dat aSUsptiglgortian Onggsa@ Fs pidhe eentergianG ojthgmetal aewpecapies A Hg a
target sif@§%s a{e%ﬁlirE&EiEQP eaf a thickness between the target surface
t

and the rear surface, e target surface and rear surface being outer
surfaces of the netal alloy, the netal alloy having dendrites, the
dendrites at Phe t dhgsputeutdrgetefatdimnt, echeadio iy matabainhclalitscobak (Goy,ect i on,

the dendrites at a center plane of the netal all oy jented alo
bt ant FESH1E U A ot R AgL T BRI porcat Sapliin (o) (il gBeeLesing] G and 45

wher ei n Hﬁ%h'&?%@&ut@'aluﬂﬂiciip%r prals gﬁ&n%ﬁg}).r ectional solidification. 13. The
1,

sputter target of claim wherein the 'netal alloy includes at | east one of
the follow ng: cobalt (Co), nickel (Ni) and iron (Fe). 14. The sputter
target of clailfh 11 Theispetiar targhteofridiad 1, adHensin ithrecdputterstagget iscfas foromeg arde ort he

foll owi ng: cobalt. (.Co iron, (Fe ickel (Ni), chromum (Cr), platinum
(Pt), " boHisie {”@?‘,‘e""g‘%ﬁ)ﬁ%Ph @éHS’é,‘f%%fO&%%‘w?‘fmé‘i-lt )ani um ( Ti ;J , \(/an)adi o (Iv) ;
yttrium(Y), zirconium (Zr), niobium (Nb), nolybdenum (M), ruthenium (Ru),

rhodi um (Rh), jhant bagiuRef tadget BApRLIAR (Hf ), tantalum (Ta), tungsten (W and
iridium(Ilr). 15. The sputter target of claim1l, wherein the netal alloy

i ncl udes cobalatmgtadmiloy hgvimgtagargehsurfageamsansurfage land e thibkness betaeonths tpeget ent
tantalu My ;Egc)e’ and Qije Rard § arce,t tlﬂg rt]argetasrl]l%ages and rear surface being outer surfaces of the
metal alloy,
| the metal alloy having dendrites, the dendrites at the target surface oriented along
substantially one direction, the dendrites at a center plane of the metal alloy oriented along

substantially the same one direction.

12.  The sputter target of claim 11, wherein the metal alloy 1s formed by

directional solidification.

13.  The sputter target of claim 11, wherein the metal alloy includes at least one of

the following: cobalt (Co), nickel (Ni) and iron (Fe).

14.  The sputter target of claim 11, wherein the metal alloy includes at least one of
the following: cobalt (Co), iron (Fe), nickel (Ni), chromium (Cr), platinum (Pt), boron (B),
copper (Cu), gold (Au), titanium (Ti), vanadium (V), yttrium (Y, zirconium (Zr), niobium
{(Nb), molybdenum (Mo), ruthenium (Ru), rhodium (Rh), lanthanum (La), hafnium (Hf),
tantalum (Ta), tungsten (W) and indium (Ir).

-12 -



much as about 5 atom c percent zirconium (Zr). 16. The sputter target of
claim1l, wherein the dendrites are preferentially oriented along a growh
direction. 17. The sputter target of claim 11, wherein the sputter target is
for formng one or nore magnetic |ayers on a substrate for data storage.
18. The sputter target of claim1l, wherein the netal alloy has a magnetic

property. 19...A sputter. . targe prising. .a jreta L 1 0) i ch i obal t
(Co) based al'Poy, p]ti.‘r?egpﬁg?rgtf"%ﬁ{ ?ﬁ@glﬁhw’ﬁ@%ﬁelfl%@@f’éﬂ glt]fr')f é’fgﬁeﬁc?'%@r(%é’ rface
and a t hr&itdahsn GeASBLAuENBs 4558 § atothic frrfRnefaftalude (THR NP erehRE fhan 0Hd akar get
surface and rear surface being outer surfaces of the netal alloy, the target

sur f ace ndhrag abeuibsatami¢ peregnt goceminm{drt he t hi ckness direction, a [00011
hexagonal cl ose-packing (HCP) direction of the nmetal alloy oriented

substantial l y, normgl_ to tar . face.. 20, .The spuiter. tar of claim
19, wherein t]h6é spmlrj]}ets I tt%rgtr%r 3 Oggaﬁ?%‘gﬁ%ﬁm%% (rieen@ﬁt%snaar% chéfﬁeﬁ‘.‘% cation. 21.

The Sputdrhtddai@fta wih dirgatibd. Wherein a pass through flux of the sputter
target is greater than about 10% 22. The sputter target of claim 19,

wherein the [00011 hexagonal cl ose-packing . (HCP) direction of the netal
alloy is oriehted Heasoulipr graghaf deinpd I avireiache stutigpasgst is frdpening apger

surface ‘more magnetic layers on a substrate for data storage.

18.  The sputter target of claim 11, wherein the meta} alloy has a magnetic

property.

19. A sputter target comprising:

a metal alloy which is a cobalt {Co) based alloy, the metal alloy having a target
surface, a rear surface and a thickness between the target surface and the rear surface, the
target surface and rear surface being outer surfaces of the metai alloy, the target surface being
substantially normal to the thickness direction, a [0001] hexagonal close-packing (HCP)

direction of the metal alloy oriented substantially normal to the target surface.

20.  The sputter target of claim 19, wherein the sputter target 1s formed by

directional solidification.

21.  The sputter target of claim 19, wherein a pass through flux of the sputter
target is greater than about 10%.

22. The sputter target of claim 19, wherein the [0001} hexagonal close-packing
(HCP) direction of the metal alloy is oriented between 0° and 10° of a direction normal to the

target surface.
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