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The present invention generally relates to sputter targets and, nore
particularly, relates to the deposition of a seedlayer for a nagnetic
recordi ng nmedi um used for perpendicul ar magnetic recording ("PM'")
applications, where the seedl ayer provides for grain size refinenent and
reduced#G026€ ms-fit for a subsequently deposited underl ayer and/ or
granul ar magnetic layer, and where the seedl ayer is deposited using a
tantalum (Ta) all oy based sputter target. DESCRI PTION OF THE RELATED ART
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[0002] The process of direct current (“DC”) magnetron sputtering is widely used in a vanety of
fields to provide thin film material deposition of a precisely controlled thickness and within
narrow atomic fraction tolerances on a substrate, for example to coat semiconductors and/or to
form films on surfaces of magnetic recording media. In one common configuration, a racetrack-
shaped magnetic field is applied to the sputter target by placing magnets on the backside surface
of the target. Electrons are trapped near the sputtering target, improving argon ion production
and increasing the sputtering rate. Ions within this plasma collide with a surface of the sputter
target causing the sputter target 10 emit atoms from the sputter targel surface. The voltage
difference between the cathodic sputter target and an anodic substrate that 1s to be coated causes

the emitted atoms to form the desired film on the surface of the substrate.

[0003] Other common approaches 1o sputtering include conventional co-sputtering, and co-

sputtering using a triatron. In the co-sputtering process, mulitple independent sputter targets



sputter targets sinmultaneously. Triatron configuration co-sputtering, on
the other hand, uses a single sputter target wth nultiple independent
regi ons of conposition. Adapting the above exanple to a triatron
configuration, a single triatron sputter target would have an region
conprised solely of X1 and a region conprised solely of X2, where both
regi ons woul d be co- sputtered sinultaneously to deposit an X1-X2 thin
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hexagonal cl ose-packed ("HCP"). Underlayer 105 is used to enhance the Co
(0002) texture of the subsequently-deposited, cobalt (Co)-based magnetic
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magnetic layers 102 may optionally be deposited between substrate 101 and seedlayer 104,
where layers 102 may include additional underlayers, anti-ferromagnetic layers, or other types of

layers.

[0005] Next, underlayer 105, which ofien includes one to three discrete layers, is deposited over
seedlayer 104, where underlayer 105 is typically very weakly-magnetic, crystalline, and
hexagonal close-packed (“HCP™). Underlayer 105 is used to enhance the Co (0002) texture of
the subsequently-deposited, cobalt (Co)-based magnetic data-storing granular layer 106
perpendicular to the film plane, leading to a increased perpendicular anisotropy of the media.
Magnetic data-storing granular layer 106 is subsequently deposited over underlayer 103, and
optional additional layers 107, such as a lubricant layer or carbon (C) overcoat, are deposited

over granular layer 106.



bet ween underl ayer 105 and nagnetic data-storing granular |ayer 106
provides a substantially defect-free interface, potentially reducing
contribution to any in-plane magnetization. 100071 The anount of data
that can be stored per unit area on a magnetic recording nmediumis
directly related to the netallurgical characteristics and the conposition
of the magnetic data- storing granular |ayer and, correspondingly, to the
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[0008] In order to achieve a high recording density in PMR media, thermal stability should be
high, and media noise performance should be low. One approach to realizing the essential
thermal stability and media noise requirements in PMR media is to provide a granular magnetic
media with magnetic domains having high magnetocrystalline anisotropy (K.), and to adequately
encapsulate a fine grain microstructure in a structurally, magnetically and electrically insulating
matrix. Although significant anisotropic energy is already required by conventional LMR, PMR
requires a much finer grain microstructure with adequate grain-to grain segregation and
negligible cross-talk between the magnetic domains, in order to achieve low media noise

performance and high thermal stability.

[0009] The inclusion of an oxygen-rich grain boundary region has significantly improved grain

refinement and has provided excellent microstructural, magnetic and electrical 1solation. In this



size of these oxide-containing granular |layers. Qher high or |ow nonment
CoPt (Cr) (B)-based nagnetic data storing |layers are also commonly
subsequent |y deposited on this CoCrPt-based granular nagnetic |ayer in
order to adjust the saturation nmagnetization (M) comrensurate with
specified di sk head design. 10010] It is therefore considered highly
desirable to i nprove upon known sputter target alloys and conpositions,
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[0011} The present invention generally relates to sputter targets and, more particularly, relates to
the deposition of a seedlayer for a magnetic recording medium used for PMR applications, where
the seedlayer provides for grain size refinement and reduced lattice rmus-fit for a subsequently
deposited underlayer and/or granular magnetic layer, and where the seedlayer is deposited using

a tantalum (Ta) alloy based sputter target.

[0012] According to a first arrangement, the present invention is a magnetic recording medium,
including a substrate and a seedlayer deposited over the substrate, the seedlayer comprised of
tantalum (Ta) and an alloying element. The magnetic recording medium also includes an
underlayer deposited over the seedlayer, and a magnetic data-storing granular layer deposited
over the underlayer. The solubility of the alloying element in a body centered cubic tantalum
(Ta) phase does not exceed 10 atomic percent at room temperature, and the alloying element has
7 ﬂi_ _

a mass susceptibility of less than or equal to 1.5 x10 .
£



subsequent |y deposited granular nmagnetic layer, a simlar effect is
realized by the underlayer if the underlayer is subsequently deposited
epitaxially on top of the reduced grain size, crystalline tantalum (Ta)
al l oy based seedl ayer. The present invention provides for a pronotion of
grain size refinenent by alloying substantially pure tantalum (Ta) with
an el ement which acts as grain size refiner in the crystalline tantal um
(Ta) alloy based seedlayer film so the alloying elenent has little or
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symmetry of the BCC (110) plane with the HCP (0002) plane of ruthenium
(Ru), the present invention provides for the reduction of lattice ms-fit

of crys{gil] TBe MRARTE AHRINE is seRLHEN B Hod\@)] ddfBoh D), aRimiksrh R&N] difon (Si),
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[0015] According to a second arrangement, the present invention is a magnetic recording
medium, including a substrate and a seedlayer deposited over the substrate, the seedlayer
comprised of tantalum (Ta} and an alloying element. The magnetic recording medium also
includes an underlayer deposited over the seedlayer, and a magnetic data-storing granular layer
deposited over the underlayer. The alloying element is soluble in tantalum (Ta) at room

temperature or at elevated temperatures, has a mass susceptibility of less than or equalto 1.5

%107 E’_J_, and has an atomic radius smaller than 1.47A.
kg

[0016] Due to the symmetry of the BCC (110) plane with the HCP (0002) plane of rathenium
(Ru), the present invention provides for the reduction of lattice mis-fit of crystalline underlayers,
such as ruthenium (Ru) or ruthenium (Ru)-based underlayers or underlayers composed of

different base metals, and tantalum (Ta) alloy based seedlayers by alloying the crystalline



tantalum (Ta) at roomtenperature or at elevated tenperatures, and thus
accordingly nodify the in-plane lattice paraneter of tantalum (Ta),
thereby reducing the lattice ms-fit. The alloying elenment in the
tantal um (Ta)-all oy based has sone solid solubility in tantalum (Ta) at
room tenperature or at elevated tenperatures, so that the alloying

el ement forns a substitutional solid solution with tantalum (Ta) and
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[0018] According to a third arrangement, the present invention is a magnetic recording medium,

including a substrate and a seedlayer deposited over the substrate, the seedlayer comprised of

tantalum (Ta) and an alloying element. The magnetic recording medium also includes an

underlayer deposited over the seedlayer, and a magnetic data-storing granular layer deposited

over the underlayer. The solubility of the alloying element in a body centered cubic tantalum

(Ta) phase does not exceed 10 atomic percent at room temperature, and the alloying element has
m k]
kg

a mass susceptibility of less than or equal to 1.5 x107 , is soluble in tantalum (Ta) at

temperatures higher than room temperature, and has an atomic radius smaller than 1.47A.

[0019] Accordingly, by utilizing an alloying element which forms an amorphous grain boundary
in the tantalum (Ta) alloy, and which enhances crystallinity, the present invention provides for a
tantalum (Ta) alloy seedlayer which acts as both a grain refiner for subsequently deposited

layers, and lattice mis-fit reducer for eliminating residual interface stresses.
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100201 The alloying elenent is selected fromboron (B), carbon (C),
alum num (Al'), silicon(Si), platinum(Pt), and chromum(Cr). 100211
According to a fourth arrangenent, the present invention is a method of
manuf acturing a magnetic recording nmedium including the step of
sputtering at least a first seedl ayer over a substrate froma first
sputter target, where the sputter target- is conprised of tantalum (Ta)
and an alloying elenment. The solubility of the alloying elenment in a
body cqpsA] G GHOYife LiIRAER VBT o PBASE (191083AHC) eﬁi&ﬁﬁdmml)ﬁbﬂ&xﬁs.)
percent at roon1tenperature and the alloying el enent has a
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a third s utter tar 221 The first see e first underl ayer
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configuration. 100231 Accordln& to an fifth_arrangenent, the present
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first seedlayer froma second sputter target, and sputtering at |east a
first nédygdepiterdmgdd- storing granul ar |ayer over the first underlayer from
a third sputter target. 100241 According to a sixth arrangenent, the
present invention is a nethod of manufacturing a mnagnetic recording

medi um [6022) Tk fgt iehélamretpe 6fst spletlner emdforahe fishmpgrett datotstosmgdiraptdr over
ias iglt’)ns)l}’ Eigi‘taee (s)qu?tere% us1nr§ ?E%;[Ct)_slsgﬁiﬁ‘{ngé pPoa(‘:Es%%tr assmgfy,eortlnﬁ]gfal lﬁﬁ&oé&tﬁhklﬁrali&ﬁr get

tanta
[0023] According to an fifth arrangement, the present invention is a method of manufacturing a
magnetic recording medium, including the step of sputtering at least a first scedlayer over a
substrate from a first sputter target, where the first sputter target is comprised of tantalum (Ta)

and an alloying element, wherein the alloying element is soluble in tantalum (Ta) at room

temperature or at elevated temperatures, has a mass susceptibility of less than orequal to 1.5

x107 ™’
kg '

sputtering at least a first underlayer over the first seedlayer from a second sputter target, and
sputtering at least a first magnetic data-storing granular layer over the first underlayer from a

third sputter target.

10024} According 1o a sixth arrangement, the present invention 1s a method of manufacturing a
magnetic recording medium, including the step of sputtering at least a first seedlayer over a

substrate from a first sputter target, where the first sputter target is compnsed of tantalum (Ta)

-7-



and an alloying elenent. The solubility of the alloying elenent in a body
centered cubic tantalum (Ta) phase does not exceed 10 atom c percent at
roomtenperature, and the alloying elenment has a mass susceptibility of

| ess than or equal to 1.5 x107 is soluble in tantalum kg (Ta) at

t enperatures higher than roomtenperature, and has an atom c radi us

smal l er than 1,47A. The nethod al so bnclu es the %%$PS of Zpgttering at
| east A4 ¥ dlovigdlseny e f heorplibrlity of the pdeyiagelamenfdp 2 bpdssrpleredd®8id sput t er

tar get janhthn $PMTh8dl dogs Al k&840 atdnlié plredRENBbmGedgdrans! Qfditﬂtgalﬁgafgm ar
| ayer over the first underlayer froma third sputter target. 100251

Accor digRehehOhR aSE4E %s@eﬂ%[lﬁ?g?mﬂhan §MRuRE$ 8N 07 MYENnt kelible 5o AnG R t er
target, where the sputter target is conprised of tantalum (Ta) and an

alloying element. The solubility of the |l oyi ng el enent i b 2
cent er éﬂa)@b HigPet aé‘fff’%l‘i”ﬁ}i‘ﬁr(‘ﬁa&)m‘ﬁfﬁgeé@%%@’ tha%ﬁ%‘gﬁ““’fﬁd‘éﬁ W'Er %Bﬁg“éﬁ[ at
room t iR esAldd oo iAdlekids MR RdpsQy Eﬂ]ﬁeﬁh{m&fst DASH éddBSfer SUTERMirkdebdliyer Of

| ess than or equal to 1.5 x107 m . kg 100261 The alloying elenent is
sel ect §@nf 2 sreehderyHE] Byzet, ebd FRyfeing) at least plrsUmmgITllg daty-sieag afipulpiipyer

mangan i i Lyum (Zr), niobium (Nb), nolybdenum
(D). %&E’t‘é%}%h‘qﬁ{%?‘%’ (Bt £l ?tﬁé&?{}hﬁaf& s (FEY. bi Lk (8) and

tungsten (W. 10027) According to an eighth arrangenent, the present

i nventi s, a sputter target, where the utter .tar .S, .C i.sed of
tant al U0rr2) aRieh Sar iR e b Pat D P R B bl R REL) o
i n tantsphin{ria)is &dmprizedot @ARREACTEY enddn Aloyiap elealeed Thenplabditusfabe has a
mass susceptibility of |less than.or equal 50 1.3 x10-7 T ()Land has an
at oni ¢ 494Pg§legral ingybogdy septared ybic fagtalivnolas Phdse dags gy Figgeh] AR i s

sel ect g dehOfN B&H Qe Bhure CAIRRNILGIng efMeiThadm rhdsk JuscépiibllRPb LRSS thiRgr,
rhodium (Rh), rhenium (Re), iridium(lr) and platinum (Pt). 100291
Accordi@ﬂaMQ1@5Qkﬁtﬂiarrangenent, the present invention is a sputter
target, where the #putter target is conprised of tantalum (Ta) and an
alloying elenment. The solubility of the alloying elenent in a body
centered cubic tantalum (Ta) phase does not exceed 10 atomc -8

[0026] The alloying element is selected from boron (B), carbon (C), titanium (Ti), vanadium
(V), manganese (Mn), chromium (Cr), zirconum (Zr), niobium (Nb), molybdenum (Mo),

ytterbium (Yb), lutetiom (Lu), hafnium (Hf}, bismuth (Bi), and tungsten (W).

[0027] According to an eighth arrangement, the present invention is a sputter target, where the
sputter target is comprised of tantalum (Ta) and an alloying element. The alloying element 1s

soluble in tantalum (Ta) at room temperature or at elevated temperatures, has a mass
3 . _ ©
susceptibility of less than or equal to 1.3 x107 ™" | and has an atomic radius smaller than 1.47A.

kg

|0028] The alloying element is selected from boron (B), carbon (C), chromium (Cr), ruthenium
(Ru), rhodium (Rh), rhenivm (Re), iridium (Ir) and platinum (Pt).

[0029] According to a ninth arrangement, the present invention is a sputter target, where the
sputter target is comprised of tantalum (Ta) and an alloying element. The solubility of the

alloying element in a body centered cubic tantalum (Ta) phase does not exceed 10 atomic

_8-



percent at roomtenperature, and the alloying el enent has a nmass
susceptibility of less than or equal to 1.5 x10.7 m , Lis soluble in
tantal um (Ta) at tenperatures higher than roomtenperature, kg and has
an atomc radius smaller than 1.47A [00301 The alloying elenment is
selected fromboron (B), carbon (C, platinum(Pt), and chromum (Cr).
100311 According to a tenth arrangenent, the present invention is a

sput t ePCrCE gefoofigdemperiabirg. gpd the oHe Y1agiplateoirhas pinasevupssgtibilince flers NPT f i r st
region conprised of tantalum (Ta) and a second region conprised of an

al loyi sgradleherd0’ The isenlude I tegtaym (Tadatdpmpsrituess BlebpEhtn JoRmdepBRgiure,
centered cubic taﬁ?alunl(Ta) phase does not exceed 10 atomi c percent at
room t @RPRLsaWEAnic atfud auliad they i AgAael ement has a mass susceptibility of

| ess than or equal to 1.5 x 10 7 r"J . kg 100321 According to an

el eventh arrangenent, the present invention is a sputter target for

Lriat " ohosef GRE LA ook AU Hom baleh U8, Bludh () ShruiPNafOPY | sed of
tantalun1? a) and a second region conprised of an a foylng el enent. The
al | oyi mgrogbemdfit). is soluble in tantalum (Ta) at room tenperature or at
el evated tenperatures, has a mass susceptibility of |less than or equal to
1.5 x10"7 "?' , and has an atomc radius smaller than 1.47A. kg 100331
Accor dijoas 1§ dcaortdmel th tlensly sraamgenent the phegerpiresativin is Av@nter cugel Hrarisput t er

target for triatron .conf ura%jon sputtering, inc uqhn 3 firs% regi on
conpr i SORIEEHRAPRITIAE PEPTERd Bt deEBREPRIGE R RGNS ORI SCEPILPERY 1 ng
el enmenteomphi€edsdllaniibyihy cl@mefherhalsbigvilindofeheMRRHngielen@nbRdybogREREred  cubi c
tantal um (Ta) phase does not exceed 10 atom c percent at room

t enper grhicdantalng (T piphasg ¢35 Ae Aresdelftalarais PErCr S5To e BRE RIS, pRdthef | ess
than or equal to 1.5 x10-7 "r i ., is soluble in k% tantal um (Ta) at
tenperd?@yﬁgeﬁW&ﬁbW“@HﬁﬁsF%%WF?@H%@?EFUP@!m&ﬁﬂmﬁ%é'dﬂoatpﬂic radi us
smaller than 1.47A. 9 10034] In the follow ng descriptié% of the
preferred enbodi nent, reference is nmade to the

[0032] According to an eleventh arrangement, the present invention is a sputter target for triatron
configuration sputtering, including a first region comprised of tantalum (Ta) and a second region
comprised of an alloying element. The alloying element is soluble in tantalum (Ta) at room

temperature or at elevated temperatures, has a mass susceptibility of less than or equal to 1.5

i o
=107 . and has an atomic radius smaller than 1.47A.
kg

|0033] According to a twelfth arrangement, the present invention is a sputter target for triatron
configuration sputtering, including a first region comprised of tantalum (Ta} and a second region
comprised of an alloying element. The solubility of the alloying element in a body centered
cubic tantalum (Ta) phase does not exceed 10 atomic percent at room temperature, and the

m 3
kg

, 15 soluble in

alloying element has a mass susceptibility of less than or equal to 1.5 x10”

tantalum (Ta) at temperatures higher than room temperatuore, and has an atomic radius smaller

than 1.47A.



acconpanying drawings that forma part thereof, and in which is shown by
way of illustration a specific enbodinent in which the invention nay be
practiced. It is to be understood that other enbodinments may be utilized
and changes nay be made w thout departing fromthe scope of the present

i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS 10035] Referring now to the
drawi n i.n. whi li. ke reference nunpbers represent _correspondi parts

t hr ougﬁ@‘l?éflfmeg%@‘%%é"wm& i“&rg%ﬁe@mfg{lmm IR PR 1By
conventt@hdanIVRIARGE ithat QORYd pdri Gbfef, AndIBRLIGEISisAhd vt By Why 6T isthAekioh B

whi ch seedl ayer has been sputtered by a sputter target according to one
enbodi mR¥sficGTmiodEngit sxwhich thpigyantigm may o pEEtiqmdg dirie (03bg updggstogd fhg, other

di ffragtinom{or W) I fq : i at es
hat { e s B L I b i B e b 21 2
subsequesstityngeposi t ed t he HCP underl ayer, while reducing lattice
ms-fit; 100391 Figure 4 depicts the lattice ms-fit of substantially
pure tantalum (Ta) and ruthenium (Ru) filns; 10040] Figure 5 is a

f | owchBRIEHESTRIPTI@N it THE FRoawleaaf act uri ng a nagnetic recordi ng

medi um according to a second enbodi nent of the present invention; and
100411 Figures 6A and 5B depict a top view and a cross-section view of a
sputte Homq FRlerfif ndw td the 3kF Rk G MhicuN@éfeRnce RobRALeMelent cafepidingg to
a third enbodi nent of the present invention. DETAI LED DESCRI PTI ON OF THE
| NVENTIF@RS {lgoudeutthe present invention provides for further grain size
refinenment in the underlayer and subsequently deposited nagnetic
data-storing granul ar |ayer, by depositing the underlayer on a

cryst al (003 Higue dldapicts Fdypied! oy fibnsedk facdivayieenal MR methsal um (Ta) al | oy
based s incl : s [ rai ' i

o moe TR Haife 2dPEHTRTRARPIER SpbR e E il Bedl BBl 0 WULPEES:

t enper atcoo@ing tRoNY (rapptoxitrEttel pres2®-i@@nGpnior 68-73 F), form ng an

anor pho rai n _houndary r.egi on ~confines. further in grow h of
the’ Pt P e d PR AR O LPURE SR el Sl o Al iy

i nvent | @ingakoemtods thopretdne inve@ehnat tapablefof thtandiag the ceysmilantdyiof abet ween t he

seedl ayer and underl.ayer al | oyi n e tantal u .
ysubsequcnli"y c?cposile%i/ the IQ%P under ayer,gwklrlle redUCQHﬁatl{pe mis-fit;

[0039] Figure 4 depicts the lattice mis-fit of substantially pure tantalum (Ta) and ruthenium (Ru)
films;

[0040] Figure 5 is a flowchart depicting a method for manufacturing a magnetic recording
medium, according to a second embodiment of the present invention; and

10041) Figures 6A and 6B depict a top view and a cross-section view of a sputter target for a

triatron configuration, respectively, according to a third embodiment of the present invention.

-10-



(Ta) alloy based seed |layer with elenents soluble in tantalum (Ta) at
roomtenperature and tenperatures elevated fromroomtenperature, so
that residual stresses at the interface are mnimzed and crystallinity
i s enhanced. 100431 Just as the refined grain size of the crystalline
under | ayer hel ps reduce the grain size reduction of the subsequently
dep03|tedj%ranular netic layer, a simlar effect is realized by the
& D RESQRHGI DR, @F THE JedBht |y deposited epitaxially on top
of the reduced grain size, crystalline tantalum(Ta) alloy based
seedl ayer. Substantially pure tantalum (Ta) is alloyed wth an alloying
el ement 084z dhe awsnt avveghe mosiiiezsefor %rhhw&;'raih 1Hze hté”mernygttialthﬁ yndetlapat aidum ( Ta)

al | oy e fi I in

ol ubi PRESHAITRERUE! paiell o ofipe B AL RO o Bng b apfor ety ¢ ha
t he al koyialiineahmatant (Thpily takwe samilrryphdn& tgmtaium (Fapaibarbysedispedldyer t ant al um
(Ta) aII lebased seedl ayer film an E‘e ral n size red CtIO by

confi ni' 8 ef‘ﬁ?'f‘ﬁ%riﬂnﬁr"%h Yt BWRRIN G i Q‘GB‘r OE %‘F ﬁ%mp%fi‘ﬁﬁ'i" | oyi ng

el enentsolubilitP Ar tAMGREL (T&) RIrodVa &dehpérdilg MR T G abfroRiddatd1£20-28 P4, & GRS F),
susceptibility of less than or equal to 1.5 x |0 113. Table 1, bel ow,
provi ddermying pa gmgebany gyin pgundgrgicains mhichgengnesdumhas grain gw@aowhf h

tantal l’lﬁﬂtﬁﬂﬁﬂ)("{’%pmft% Bafllad nﬁ%e%&%}’thx\’ﬂfe%}u m{\@w.csile&oaileés foBfiRi N size
reduction in the seedlayer Tilm although other elenents which neet these
char actreducsiph ekthagayticel r5is- fb@eWeldtfmeméﬂytr and| qnder@@h@fﬂllﬂwmlbe mnghing

Nunbor K1) LIS APPSRy A SRR ER R KPRl a 503

O, i ndehpirbmrdskKEvate€s Grovirodol lemparatucy fn mataﬁﬁmﬁs%l(ez&&at @ ;interiselaubl e ( RT)
Al 131. 43 Af ac decrys'?alﬁd 0825% eleOC) , insol ubl e (RT)

minimze nity is €nhan

‘ =

{0043] Just as the refined grain size of the crystalline underlayer helps reduce the grain size
reduction of the subsequently deposited granular magnetic layer, a similar effect is realized by
the underlayer if the underlayer is subsequently deposited epitaxially on top of the reduced grain
size, crystalline tantalum (Ta) alloy based seedlayer. Substantially pure tantalum (Ta) is alloyed
with an alloying element which acts as grain size refiner in the crystalline tantalum (Ta) alloy
based seedlayer film. The alloying element has little or no solubility in the BCC tantalum (Ta)
phase at room temperature, such that the alloying element forms the amorphous grain boundary
in the tantalum (Ta) alloy based seedlayer film and help in grain size reduction by confining

further grain growth during processing,.

[0044} The alloying element is non-magnetic or weakly magnetic in nature, with a mass

*
susceptibility of less than or equal to 1.5 x 107 % Table 1, below, provides a list of alloying
b4

elements which can be alloyed with tantalum (Ta) to form an enhanced alloy which provides for
grain size reduction in the seedlayer film, although other elements which meet these

characteristics may also be used as well.
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cubic Si 141.17 Adi anond cubic-0. 165% 2260 C); 1% (1000 C) Ti221.47 Ahexes
onal 4. 21l nsol ubl e( RT) V231. 36 Abody centered 6. 28I nsol uble (RT) cubic
WVh251. 18 Acubi cl12. 2l nsol uble (RT) Cr261.28 Abody centered 4.4527% 1965
O ; 3% 1000 (-) cubic Zr401. 6Ahexagonal 1. 661 nsol ubl e (RT) Nb41l.47 Abody
centered 2.81llnsoluble (RT) cubic M421.4 Abody centered 1.171nsol uble

(RT) cubic Yb701.93 Aface centered 0.59l nsol uble cubic Lu71L73

Ahexagonal 0. 121 nsol ubl e 1i f721.59 Ahexes onal 0. 531 nsol ubl e Bi 831. 75

1. A

Amonoet-tnie-iR T ps ke WA 4T AboY CRNLETRH, GroS P IRUSHIHH S, & Wik, Thbl e
| exig eh&aRPY S CloRiRYiWdR [0 gr@idiesi ze feduchifpnnmTdhe
seedl pyeg TT ™M s 100493; ANE Al b0ydaRO [ET ENENk ggan De [addes: tdy ilRbighe @&irpm ¢
percentages,| sugh S o380 | RialbkR& cubic 0.62 7% (2843 °C); insoluble (RT)
face centered
Al 13 143 A cubic 0.82 5% (2100 °C),insoluble (RT)
Si 14 1.17A | diamond cubic -0.16 5%(2260 °CY; 1% (1000 °C)
Ti 22 147 A hexagonal 4.21 Insoluble(RT)
body centered
\% 23 136 A cubic 6.28 Insoluble (RT)
Mn 25 1.18 A cubic 12.2 Insoluble (RT)
body centered
Cr 26 128 A cubic 445 27%(1965 °C); 3%(1000 °C)
Zr 40 1.6 A hexagonal 1.66 Insoluble (RT)
body centered
Nb 4] 147 A cubic 2.81 Insoluble (RT)
body centered
Mo 42 14 A cubic 1.17 Insoluble (RT)
face centered
Yb 70 1.93 A cubic 0.59 Insoluble
Lu 71 1.73 A hexagonal 0.12 Insoluble
Hf 72 1.59 A hexagonal 0.53 Inscluble
Bi 83 175 A monoclinic -1.7 Insoluble
body centered
W 74 1.41A cubic 0.39 Insoluble

Table 1: Alloying elements which provide for grain size reduction in the seedlayer film.

[0045] The alloying element can be added in high atomic percentages, such as 50% in the
tantalum (Ta) based alloy, although higher or lower atomic percentages can also be used, such as
1%, 5%, 15-25%, or 40-50%. The alloying element can also be added in excess of its maximum
solubility limit, at room temperature or higher temperatures. “Higher” than room temperature or
“elevated” over room temperature means any temperature over room temperature, which is
ordinarily considered approximately 20-23 °C, or 68-73 °F. Example temperatures which would

be higher than or elevated over room temperature would be 25 °C, 100 °C, 1000 °C, 2500 °C, or
5000 °C.

[0046] By alloying the tantalum (Ta)-based seed layer so that residual stresses at the interface
are minimized and crystallinity is enhanced, the present invention provides for the reduction of
the lattice mis-fit between the seedlayer ond underlayer. The BCC (110) plane is the

predominant crystallographic orentation of the approximately 30 nanometer tantalum (Ta) films

S12 -



tantal um (Ta) based all oy, although higher or |ower atom c percentages
can al so be used, such as 1% 5% 15-25% or 40-50% The alloying

el enent can al so be added in excess of its maxinmum solubility limt, at
room tenperature or higher tenperatures. "H gher"” than roomtenperature
or "elevated" over roomtenperature neans any tenper ature over room
tenperature, which is ordinarily considered approxi nmate 20-23 C, _or
68- 73 FlePEsisdhap Breramaniions sbsyagHpeds f%ﬂuieﬂ‘l)eﬁ’é‘"ﬁid@??é}mﬂﬁa itins o Dag A% g
Over o STHARTRETRIBES M bAnD& iR e HCH A0 pANG Gine A5ATRE, RIpreSHO0C
100461 By al I oying the tantalum (Ta)-based seed | ayer so t re5| dual
stress elqumon heovides éqrftbacr@ducalpe Oﬁiamcmnzn&cﬂit aMymlym @zlhennlm §Ru) or antranged,
the presge i nvent RE vi des Lon s-fit
bet ween 't he Sse%él ?Bra ?rs andta'ﬁtr% er'lf ?/aﬁo E%a)(ei ;Ja“%’y' lh% Ht ﬁﬁ il

pr edom seedlhyet lwymttahhlmgr(m@)mnd etﬁ?ﬂeﬁﬁtvﬁl‘ilt}ome oblublhén apphm((mneioymSO
nanonet er tant al urr}h&k,) deposi ted on ihe arrﬁ glhous sybstrate
under r'GBRTFEADHYH talé‘B‘H@tl“qu EERGPY B RS MBS LR UIHRRETT y of the
BCC ( 11@htaRhA(Ta) ¥ rbbm kdifiperihe(dP @0 vaRldatap@hturdd] dha Mhushoddrithg lytrivatifyrigs ent

i nvention prow des for the reduction of lattice ms-fit of crystalline

r ut heni BrimRA ey PartpHeriitteRETOp HsEly tridene Brdpdica e tlant al um (Ta)

al l oy based seedl ayers, by alloying the crystalline seedlayer with
tantalum (Ta) and el enents which are soluble in tantalum (Ta) at room

t enper ald4d Dre zdlpymghenentrempfemattahme@“ a)-Theskased hasyppmg seidesollgy ftor m sol i d
solutio t r

¢ erper st (i YRk R ey B LB EIPEREI & B MRS SL e er
of tant folrmem (sﬂfﬁ);tutlbht&rsellir%dmdmchﬂgaﬂthbni (dtaj ilrﬁbaffeftts-lt[s mi-plafn@@élm}lcél' he

| loying el l |1 oy based

ol ubi 1o bl b4 50%5%”39%5%3}933 oo 0Tk B Byure

t t th h | t bst it ut | lid
ol Ut o gtees SRS S it ArtpBafE TR Tt st tESh b gha <ol

paranmeter. Additionally, the alloying eI ement is non-magnetic or
weak! y- pargmeter foritantakan (Fa,is high¢rihan thatos rgbepaaptRbi the@lloxatg ¢lemsntthangn or

equal t o " i he, i n- r
Cant al o PIOF g S e TR Sl A E A S Bt (o B[ AP heted o8]
has an tmtabnoveccritedd, i'sbls @ebdlew) proaided hbgt obhlldlyink/ede mavits which sart beealyehw th

radi us ?.'Int;lu m("fia)qo fo(rTazPlloy Ba}sn%ﬁj ppoq'ide for potential lattice matching with the subsequently

deposited underlayer, further enhancing crystallinity.

Mass susceptibilty (10*-8 Room tempe rature

AtNo. | AtRadins [Crystal structure m3/kg) solubility in tantalum (Ta)
B 5 097 A thombohedral 087 2% (2092 °C), insoluble (RT)
C 6 077 A diamond cubic 062 7% (2843° C); insolubke (RT)
Al 13 1431 A face centered cubic 0.82 5% (2100°0), Insoluble (RT}
Si 14 1L17A diamond cubic £.16 5% (2260°C); 1% (1000°C)
Cr 24 1.28 A body centered cubic 445 7% (1965 “C); 1% (1000 °C)
Ru 44 134 A hexagonal 0.54 45% {1970°C);, 2% (RT)
Rh 45 134 A face centered cubic 132 16% (2110 °C); 8%{1000°C)
Re 75 141 A hexagonal 046 47.3 % (2690 °C); 44% {2000 °C)
Ir 77 135A | face centered cubic 023 73% (2479°C); 5% (1600°C)
Pt 78 138 A fuce centered cubic 122 9.5% (2470°C); 35% (500°C)

Table 2: Alloying elements which further enhance crystaliinity & reduce lattice mis-fit.



the above criteria, Table 2 (below provides a fist of alloying el enments
whi ch can be alloyed with tantalum (Ta) to formalloys which provide for
potential lattice matching with the subsequently deposited underl ayer,
further enhancing crystallinity. At No.At.Radi usC stal structureMss
susceph ty (10"-8 Room tenperature nB/k)solubility in tantalum (Ta)

B50. 97, Ar har.nbohedr a] 4872% (2092 C), . insol ubl e ) ©60..77 Adi nd
cubi c- @8?’9%&'@‘&3‘&; Flei"l-‘?%'l“d i 'é‘“‘f‘hﬁ‘g ”A} g‘%ﬁﬁ%s& g@éﬁt"’é’ﬁ‘é‘ﬁ‘”@ﬂ“ﬂﬁ@%. 825%
(2100 é‘o@)bimkjm&%k%blrﬁex@E{E)ofﬁiem&»yiﬂlg e RHeAMDREh SHiGnyQidib RiYor ¢cdn fardi%o
(1000C) Cr241.26 Abody centered cubic4. 452 %(196%’ O ; 3% (1000C)
Ru441. SvakREs &Y eABIm %&5%{ 19700) ; 42% RT) Rh451.34 Aface centered

cubi c1.3216% (2110C); 8% 10000 Re751. 41 Ahexagon-at 0. 4647. 3% 2. 690C) ;

r : ace centered cubi cO. . 3% ; 0

449 2000C) 1r771.35 Af d cubi c0.237.3% (2479 O ; 5% (16000

Pt 781. BR4%f Eegwreakpistsethguilhcsi&R9n BYoch24c0byer BasBee1( G00cT b lhepdter Mrgadyi ng
el ement s whi ch further. enh e crvstallinity reduce lattice msSrfit.
15 Totsaaftied oot Eh{iShnRBNBTECHElole ol e ) 1 Ol
seedl aineludesa adeiede whd hidediahe depaittdotdrthe subnge:, die sedillexc essprokd bhe

alloyin | ement’' s high sol ubili limt for room tenperatur or above,
" ot Ctpnd ol e Drompiets ooy aGe delfh Dai h
seed| aygderiaps dop@Red Bubr iy REAIDYEr Bind BUdeBE i RNQ8brinpAG AL NG HepBNQ
enbodi ment of the present invention. Briefly, the magnetic recording
nedi unPv§rikq Ydedasrsubst rate and a seedl ayer deposited over the
substrate, the seedlayer conprised of tantalum (Ta) and an all oyi ng
el enent. The magnetic recordi ng nedium al so i ncl udes an underl ayer
deposi {@$0biremotehlstaglemd g reyie recophn medrag 2 imchilas snbstrae 20 angt ssedipyer 204y er
deposi : r . N 1C rdi ng
ot am 305 e s HES R, (MBS A btsd s R BB na ERIRSH L RER
Layer 202, which includes one or more underlayer, anti-ferromagnetic layer, or other type of
layer is deposited between substrate 201 and seedlayer 204, although in alternate aspects of the

present invention layer 202 is omitted.

[0051] Magnetic recording medium 200 also includes underlayer 205 deposited over seedlayer
204, and magnetic data-storing granular layer 206 deposited over underlayer 205. Magnetic
recording medium 200 also includes fayer 207, which includes one or more layers such as a

carbon (C) overcoat or a lubricant layers, although in alternate aspects layer 207 is omitted.

[0052] Underlayer 205 is comprised of ruthenium (Ru) or a ruthenium (Ru)-based alloy,
although other base metals typically used in the art may be used in conjunction with or instead of
ruthenium (Ru). In particular, nickel (Ni), terbium (Tb) or titanium (T1) could also be used as an

underlayer, as could any matenial with a HCP structure at room temperature.
[0053] According to one aspect associated with this arrangement, the solubility of the alloying

element in a body centered cubic tantalum (Ta) phase does not exceed 10 atomic percent at room

temperature, and the alloying element has a mass susceptibility of less than or equalto 1.5 x107

- 14 -



deposited over the substrate, seedl ayer 204 conprised of tantalum (Ta)

and an alloying elenent. Layer 202, which includes one or nore

under| ayer, anti-ferronmagnetic |ayer, or other type of layer is

deposited between substrate 201 and seedl ayer 204, although in alternate

aspects of the present invention |ayer 202 is omtted. [00511 Magnetic

recordi ng medi um 200 al so includes underlayer 205 deposited over

seedl ayer. ERGntsavticHingh @lds€ pahatestafd WRAZHhQHala bk aked RYRS 2R gdapasH t ed

over uﬁaerlayer 205. Magnetic recordlng medi um 200 al so includes | ayer

207, whi ude e, or h as car bon C ove at or

201 ubr T POBRET HE B, bToh B L BT e u i tet B s0r B G

100521 vasadmiir agoemaa@&eseqmomrmﬁeﬂ (0h), sivdongnmh (A7), pRbure (NS, mtﬁn}emumn

(Ru)-b ed thQ%% 15 t hough othe base netal s typlcally used |n the art
5 %’ n

may be (gbatte ST vk Ratgram Gy ik (B GOREMERAY (Y Othen

parti Cil@fing AbGKRL whiNn)meet 81 RbMNCLiTRih 8% bd hideaRE WRN (i kdnj6RY4iH vAlnsy be used
as an underlayer, as could any material with a HCP structure at room

t enper BigRé of HOBTBEdRIePINs ng to one aspect associated with this
arrangenment, the solubility of the alloying elenent in a body centered
cubic tantalum (Ta) phase does not exceed 10 atom c percent at room

t enper 034k As amll w’cetaalidtltyy;iunglaeﬂabne(ﬁta) hadoredmitsarsal bemgtoldmdnt twhidf aclses s

t han or . e ual mt§1leseh araneters

and wersEraE e adern B b ey Ry BP L B not

|( ITn‘; t edlldi)t]ngd tlemem HaB)iitle@ahb aslutilly,in &{eLBr’]ﬂZ(D it {hidh ga)sphhsecao ﬁ)o(lﬁeh]peia;lirani um
i ju nan anese chrom um zir r),

ni obi ufl }"“gg}ﬂ%ti (@RgyPhoYt éfé}"&i‘)ﬂﬂﬁlﬂﬁ)‘ge F{r,l[ ("tﬁ’jﬁl’“ﬁ‘af ni um

(Hf), be@my&hﬁmad,mam gl gisd Rudidh b Gohring ﬁ:'rdh@rygrﬁﬂ gednamhs whi ch neet
the above criteria can be used as weIIy in conjunction with or instead

of thePEFFdteed el ements. 100541 As such, substantially pure tantal um
(Ta) is alloyed with an alloying el enent, which acts as grain size
refiner in the crystalline tantalum (Ta) all oy based seedl a er film
Si nce tISSI dicreRdingdgo alseqppat altgmate|aspec] essematewitl Thipranggmen. hp allpoe

tant al ypeh st&ﬁﬁ:qn"i‘z}ntzh&Rr(‘T;i)%m%Fr%M Eratu é&eat @-ﬂebzi?é’d %Qup@aﬁﬂc?snhaqfaoﬁm!ﬁ the

anor phous grain boundary in the tantalum Ta alloy based seedlayer film

and ai dgsdefildiifdt 1k fin B OHG 100N RY0TONT LAk R i Uide facfisRhRNEr UM D4kl i ng

kg
Elements which meet these parameters and which could be used as the alloying element include,
but are not limited to boron (B), carbon (C), aluminum (Al), silicon (S1), chromium (Cr),
ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium (Ir) and platinum (Pt). Other alloying
elements which meet the above criteria can be used as well, in conjunction with or instead of

these listed elements.

{0056] In this regard, lattice mis-fit between the seedlayer and underlayer is reduced by alloying
the tantalum (Ta)-based seed layer, so that residual stresses at the interface are mimimized and
crystallinity is enhanced. The alloying element in the tantalum (Ta)-alloy based has some solid
solubility in tantalum (Ta) at room temperature or at elevated temperatures, so that the alloying
element forms a substitutional solid solution with tantalum (Ta) and affects its in-plane, a-lattice

parameter.
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processi ng. [00551 According to a second, alternate aspect associ ated
with this arrangenent, the alloying elenent is soluble in tantalum (Ta)
at roomtenperature or at elevated tenperatures, has a nass
susceptibility of less than or equal to 1.5 x10-7 T 3 , and has an atomc
radi us smaller than . 47A. kg El ements which neet these paranmeters and

whi ch n I ement. inc mted
Yo bor B8y EpCcutied et Sicfiab ikl ofip Fobren S pariene Bl fonopryy

r ut henbfiie GiRbying leadhtuina (bE’HIQ cen[dﬂﬁﬂtdbm taielim (Ta) shiabidildes hpt @aeLdplCadtohid m
(Pt). Oher alloying elenents V\/mch meet the above crj: erlfa a]E be used
as wel PETSSTH aE BRPLISEPFBH Gttt thg pllpyiag elsgreghas @ masesussent BiYLRP dREAban ©r1 00561
In this regard atjice iris-fit between the seedlagé and under | ayer is
r educe@943y lPas}Pn lﬁéO‘t'*é{ﬁtfh’ia\]FPd“(“r(J)a) B &Brrr e Megethan B9 IREPCRRLS dual
stresses at the |nt rface are mnimzed and crystallinity is enhanced.

The al Iaﬁxyhngmah@mnﬁdlhsmrﬁdmer thami aﬂﬁlmEQe-E&hts&}Hidymbasme paamsereangoltich
solubility in tanta

(Ta at ro erature or at el evated
tenperé?lelﬁ@guswﬁt?raﬂ %8 € ﬂvﬁawﬁlamt e W%m&%%?nﬂm“éﬁw sol i d
sol uti Qinihéh (F\@nﬁﬂcl:dmgsﬁ E@mﬁ‘i’ﬂdP@fzfrﬂQhﬁ)nhﬁﬁléCﬂ plowne all@ih@élkneds which
paraneter. - 100571 cording to a thir al ternate aspect al so

associ a@ﬁ‘éﬁthﬁnabﬁvet%‘@aeﬁﬁﬁ&ﬁg@ﬁ@m”e“tWéOEﬂ@F‘E}B’i"I"Y’Eh)Pr esteagdipd theps Byshg el ement
in a bagy,Gantered cubic tantalum (Ta) phase does not exceed 10 atomc
percent at roomtenperature, and the alloying el enent has a mass
susceptibility of less than or equal to 1.5 x10-7 " , is soluble in

tantal ng%%%l‘l 1s ;;a t:c% 74E ae‘:tFIIL\)re%gf Iﬁ gr%rﬁeboﬁb]&a%é % %%%:%EFR%E@ HuSrion &Qatﬁce and

has an c radius s n SCWhi'ch meet these
par anetreisgit adiewdnibed in momldeltahebm&ecSpasﬁtdm oy d:td;znn«gq:n&illemmgtelqnml wbleb but

are not_ limted to boro Q) ,
Bl at i AP SO S RPN S e IR g Gl S MR ¢ ne
above GinhiiRed aryeainhg ausealuas TaRllloy it Prosidsd whizhiaom awbdth aqiraih ﬁS‘tnéﬁﬁ’br of
these listed elenents.

subsequently deposxted layers, and lattice mis-fit reducer for the elimination of residual interface

stresses.

10059] The first seedlayer, the first underiayer and/or the first magnetic data-storing granular
layer are sputtered using a co-spultering assembly or process, or using a tnatron. As indicated
above, the co-sputtering process uses multiple independent sputter targets with independent
power supplies which are contemporaneously positioned within the vacuum chamber controlled
the uniformity of the sputtered surface by selectively sputtering one or more of the multiple

sputier targets.

[0060] The present invention relates tantalum (Ta) alloy based seedlayers which are deposited in
conjunction with an underlayer and/or a magnetic data-storing granular media layer, in magnetic
media stacks used for PMR. The present invention provides for grain refinement of the
underlayer by epitaxially depositing an underlayer on a tantalum (Ta) alloy based crystalline
seedlayer, where the allying element of the tantalum (Ta) alloy acts as a grain size refined by

forming an amorphous grain boundary region and confining further grain size growth, due to 1ts

- 16 -



[ 00581 This particul ar aspect benefits fromboth the grain refinenent and
reduction of lattice ms-fit, as described in nore detail above.
Specifically, by utilizing an alloying el enment which fornms an anorphous
grain boundary in the tantalum (Ta) all oy based seedl ayer film and which
enhances crystallinity, a tantalum(Ta) alloy is provided which acts as
both a grain refiner for  subsequently deposited | ayers, and | attice

mi s 11 BHERIERER THGH R OHIY 1 ABEIOB TG 2\ TESR RIAe I HE e PRRSS. (e prestiles.

100591 11Bidnl gr&tid &8I ¥&fuctid ¥ 1hhiE StnisUiRARI @Y B ROPb&ed LR rfal&rStith the
magneti c data-storing granular |ayer are sputtered using a co-sputtering

asseanCdlﬂmp’r“@t@"S%aﬁ%t baged segd daver cehaneing thesrystidiint abkhe gpdpylayert $rang
co- Sputdfctjcg{] %g‘&eﬂﬂ&% %Eh‘f?ﬁﬁséﬂd'sﬂuﬁhﬁs Wﬁf‘aﬂﬁﬂfi’ﬁ@‘g?&%& a5 hivact¥ A{ew Chin

i ndepen power supplies which are contenpor neous positione

t he vatuwmm chanber controlled the uniformty of the sputtered surface by
sel ectively sputtering one or nore of the nmultiple sputter targets.
100601 The present invention relates tantalum (Ta) alloy based seedl ayers

whi ch 00517 eRpgithestedent mﬁaﬂjoki!&'ﬁ:(ﬂlﬁfhr\ghinhs@d’hsUﬂdﬁﬂ|zﬁt}d@érpﬁﬁﬂiélﬂﬁr anisoagmet i ¢
data-storing granular nmedia.lay medi a stacks, used. for

PMVR  THEMBERESE medigacks Wawhpt%we&egoltttﬁﬂ(ga GRS PR RRERERENGE doffesioring

under | a¥.&1a0 BRI 15%% hRl/bya ﬂ@pfb%béd' Hder®dVebRABHERYRIinAY idrdadddt siceihe Ta)
al l oy based crystalline seedlayer, where the allying el enent of the

t ant al HPSETEEPtldEpnpited lagers arefognedi ayes he enlageqdneystljine feseliyerg Bh anor phous
grain f A r i r L0 its
grain HLRdadhe’ %blmgr%r@erﬁ%ﬁstg?E@glaﬁ HE L8yt %flﬁe gs@mtatp for GHFcs

t enper abismetch FirhtHiER yndebleyqps. eftmnlloylngmmmwohasphmppl@snsf wrremhi@ in dgtuct i on

of latt I %’T‘é‘)ﬁé} 13%3?& Eé St)é'%t?nsgtea %lﬁ%ﬁluﬂ%& G(‘l('ii rtle'{)nda?fect?‘vilghtltte \M lgrttet ({Aelatu?()zc

t ant al i ayer cin Finit y of the
under | qmearmeuus:if Keghtaldrh (D) mg a&hﬁﬂtﬁjﬁeScWﬂth‘d’se impsmaﬁmsjtt&csignhl OABHsirdtho

tantal u e 9r co tract th | attice. (0061] Using the
present g%ﬁpgﬁixggﬁgpgg @PEF a???ﬁnwggreflned and per pendi cul ar

ani sotropy in magnetic nedla stacks which include a CoPt(Cr)(B) oxide

contai ni ng magnetic data- storlng ranul ar nmedia | a and/ or a HCP-
under | alya?z lifagws A rivyho R srefLgmy ﬂ%"r%&%"’é‘&“@teh@@mﬂ“ﬂi‘e” dﬁﬁeﬁ'ﬂié‘ht‘w‘“ﬁgb‘&. t ed

layers @h@nd QIid¥ReL QMfdnt MQpaN8NGAanciy N8 tAklalimay s £ed IHChindeByyer. As
shown, when deposited on an amorphous substrate at room temperature, the tantalum (Ta) film is
crystalline with the (110} planes of BCC tantalum (Ta) paralle! to the film surface. Due 1o the
symmetry of the (110) plane of the BCC tantalum (Ta), it is a very favorable surface for the
growth of the ruthenium (Ru) films with the HCP (0002) planes parallel to the film surface. As
depicted in Figure 3, the strong (0002) orientation in the ruthenium (Ru) or ruthenium (Ru) alloy
based underlayer also promotes strong (0002) texture growth in the granular magnetic recording
layer. In the Figure 4 example, with their respective crystallographic oriemations, substantially
pure tantalum (Ta) and ruthenium (Ru) films have a lattice mis-fit of approximately 5.6%.
Alloying tantalom (Ta) with an alloying element which is soluble in tantalum (Ta} substantially

eliminates this 5.6% mis-fit.

[0063] Figure 5 is a flowchart depicting a method for manufacturing a magnetic recording

medium, according 1o a second embodiment of the present invention. Briefly, the method of
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incorporating the alloying elenent, the crystalline seedlayer mnim zes
the potential for lattice msmatch with HCP underl ayers. The all oying
el enent has the propensity to remain in the tantalum (Ta) lattice by
forming a solid solution, thereby affecting the in-plane (a-lattice)
parameter of tantalum (Ta). As a result of each of these i nprovenents,

t he S|gnal-to noi se ratio "SNR') and K" for t d%%¥stack are

i npr ovB@nufagiygng 2 pagetis resor n%weéem ‘Ecdlé%fﬁﬂllﬁﬁ‘@fo él’“‘o‘b“’ﬂﬁéﬁ‘o &1 ant al um
(Ta) f béema{m&ha dlenPas Foal £rst §phﬁ£r t ég@t hé@Yie e s©dpBit@NirebiSs Eapphk@onf

enhancing the crystallinity of the HCP underlayer. As shown, when

deposi tastlup (B aaqlmm pliying edm@w &hemgthod abwtcbﬁﬁwgm??eof PHEENSH Krtim
(Ta) fiLl l )

par al | glfr;@t UE?%&Q%IYS#‘% sh Er@i Sé\géeefdnﬁﬂﬁ?rgﬂgéonﬁ) @'né?ta? o %FE» t %@g%ﬁé &1&6% &g?ane of
t he BCGrit angadtisrda(aTagring granudardayee pyerfizviostatyiderlayar frome thiod sputter taggebwt h of
the ruthenium (Ru) filnms wth the HCP (0002) planes parallel to the film
surface. As depicted in Figure 3, the strong (0002) orientation in the

r ut henijeos4{ RihoRrderditl the provess(tagdins adtémysoob)aseehmmdbyére,)sech &l manpr onot es
strong (0002) texture gromﬁh in the g nul ar netlc Eg grghqg Iayer

I'n t he fereineacte layenpy) BIeRyer: 2REFPOSFESpEEL e PP Alr<piap @# pigma

ori ent adeoRHf u&tﬁ?&%ﬁmt@qhby stdwsm ﬁ@@ﬁaw MA{ &) 2@l séddidyents upacRd)ovei | s
have a lattice ms-fit of proximately 5.6% Al loying tantalum (Ta

with ars sabstels fﬁgnelf“@ﬁémttwra% here Bie 5t spytisT tasgnt & %mp(%Ofétm@t‘@r{F pally
el i m ng &?m Emﬁﬁ?ggelgﬁ%m@e% S%%’%lggﬁs%a %B&slgod ng@héc ABVE BALlip RRIfGEhNg a

met hod netic rec dium according to a
second Séﬂb,dljn SWBMnngfthft ﬁmt prdhpnt’ owen\/mtttsubmaan isgfat pecesdary (abhdved o - 17

gtB.n:er:gtte aln@q%og&emp el Lt {he(i'%t%leecﬁ’ayerge %nrgueac 9 &4 c&?ﬁ‘nuﬁ{cglﬁ)on%nl?mét tering

Iayer over a-su rate oma Sputter target,
wher e tsbadldyick, Sincs pdditi@dal tagegebayite depadited Badeof the buntratk and GFdyst aeed laynr.
al l oying el enent. The method al so includes the steps of sputtering at
| east a first underl ayer over the first seedlayer froma second sputter
target,[0068] SRUILR toRGe adpetieRsdciabed With Gis dmgg‘ee:ﬁeinc, mhastombsm@ of 1hg agoﬁngjl ar
| ayer over the first underl| ayer from a thi utter h et. 100641 In
mor e detlengnt iq yeody cspigEed qybiitadalpe(dp) lé%@fd%ﬂes FreEf ‘&%’F%“‘ AFeN as

an ant i eEmb&hiuTRENBiaBo}iRY Blemefl hat B GRi AXEISLIlBS 6 lespRsi dregudver.5the’
substrate (step S501). In alternate aspects of the present invention,

step 5501 i SieBit Washh et tiRaSpar@ndtbrs Shd SBRALAYIE be hSedP thct £ e g @le@ient
kg

include, but are not limited to boron (B), carbon (C), aluminum (Al), silicon (Si), titanium (T1),
vanadium (V), manganese (Mn), chromium (Cr), zirconium (Zr), niobium (Nb), molybdenum

(Mo), ytterbium (Yb), lutetium (Lu), hafnium (Hf), bismuth (Bi), and tungsten (W).

[0066] According to a second, alternate aspect associated with this arrangement, the alloying
element is soluble in tantalum (Ta) at room temperature or at elevated temperatures, has a mass

susceptibility of less than or equal to 1.5 x107 L and has an atomic radius smaller than 1.47A.

kg
Elements which meet these parameters and which could be used as the alloying element include,
but are not limited 1o boron (B), carbon (C), aluminum (Al), silicon (S1), chromium (Cr)},

ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium (Ir) and platinum (Pt).
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a substrate froma first sputter target, where the first sputter target
is conprised of tantalum (Ta) and an alloying elenment (step S502). As is
readi |y understood by the above description of step S501, by sputtering
the first seedlayer "over" the substrate, it is not necessary (although
it is certainly contenplated) that the first seedl ayer be in direct

physi C®I§m§om"run| cation. wth the seedlayer, since additional |ayers may
be depB¥f{bactHading iha third. dismste apect kel assaeiated pith this adanggment, theoaBbility

Accor dbﬂlﬁe%ﬂoﬁﬁ?el@ﬁ@ﬂ‘?ﬁ a B8 SPEnAr &L :QmBli]hF(TQL;ISrﬁEEQ@JE‘? A t’extc«?z'? ?)OJI ' lity

of the alloying elenent in a body centered cubic tanta

does nBircey @ewdmitemagratr e apdihe eleying elrmerhhas e mpey misaepabilipnaf lehehzmldroyl ng

el enent has a nmass susceptibility of less than or equal to 1.5 xI0"7 M3
El entgitadtaphd g0 neet, it srdelde peantplotre(Ts) anenpinatotes bightd hiveropsedmpsratuhe

al l oyi ng cl enment Il‘é |ncI ude, but are not limted to boron (B), carbon

(O, abpih3UMalohil radhld shfz @B thal 1 47471 B anese

(M), chrom urzri1 (Cl)r)ﬂ: zslsrconltum Zr n?“g fpuv&r%];[é(}) b?e‘y'%@% g@]ﬁt&}né?ahtl%%'

yt t er bFHd bepyed o theelioyive Elemyent haﬁldn U {reindt, linbit slrto bbrop BB), cadind (€ungst en

(w. 1 I rnat spect associated with this

arrangg](rargﬁ%uﬁ ’r%@ %%(%lggﬁtlﬁl?&ggﬁ’tan?sc g)o ee)ll n tantalum (Ta) at room

tenperature or at el evated tenperatures, has a mass susceptibility of

| ess t r al.to 1.5 x -7 "L and has m c radius smaller

than 1 A Ay B Pty Biipyiasst® B UE Baresdber BomAGaR GO ED LIS be

used asstép®5Cal).| Dyd NGt SldATBYH isl DEIPHER of rMEnidHeRINSr d iuiFehiafh (RQ) BNan (B),

car bon al um num (Al), S|I|con (Si), chromum (Cr), ruthenium (Ru),

r hodi uﬁf“mﬁ‘ O%héﬁﬁkﬁm‘%%mtﬁ pihar glementy Wypisaby wicden thast(cpe be substigleddons 71

Accor dioP@selin odjitictidn wathtr@hBALS (REP S&cth 2R Re ARG RdrE i W NThNhS:
arrangenent, the solubility of the alloying el’'ement i n a body centered

cubi ¢ HBHTEVERs eTaputisrriseithide seedbycresltwneh s9dayeould aerbesnttteaed r oom

t enper 3¢3akfety and the alloying element has a nmass susceptibility of |ess
t han or equal to 1.5 x10-7 -m"' , is soluble in tantalum (Ta) at

t enperatures hi gher than roomtenperature, kg and has an atomc radi us

b usod W8T PR s CRBERL SadkRlobe JRGbt RS RONRR o FE e Bt PeBivan " ©
(B), cénohmmt}@@)sputter target. (step S505). The first magnetic data-storing granular layer is co-
sputtered with the seedlayer and/or the first underlayer, although the seedlayer and/or the first
underlayer could also be sputtered separately from the first magnetic data-storing granular layer
as well. An additional layer or layers, such as a carbon (C) overcoat and/or a lubricant layer, are

sputtered over the first magnetic data-storing granular layer (step 5$506), and the process ends

(step S507). In an alternate aspect, step $506 is omitted.

[0070] Figures 6A and 6B depict a top view and a cross-section view of a sputter target for a
triatron configuration, respectively, according to a third embodiment of the present invention.
Briefly, the sputter target for triatron configuration sputtering, includes a first region comprised
of tantalum (Ta) and a second region comprised of an alloying element. As shown in Figure 6,
triatron configuration co-sputtering uses a single sputter target with multiple independent

composition regions. This single triatron sputter target would have an region comprised solely
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alum num (Al'), silicon(Si), platinum (Pt), and chromum (Cr). [00681 At

| east a first underlayer is sputtered over the first seedl ayer froma
second sputter target (step S504). The first underlayer is conprised of
rut henium (Ru) or a ruthenium (Ru)-based alloy, although in alternate
aspects other elenents typically used in the art can be substituted for
or used.in conjunction with ruthenium such as nickel (N) or

i tant QRAAY™ (i @nd 7 gion cQmpasdoapisry ‘i’éﬁééh?ﬁhj}f"ﬂ‘&%&“%ﬁ"?‘ﬁd P%@O-éwafeayer ,
al t houghmaaaeiualyas deouk gn Thsoubengputtered separately. 100691 At |east a
first magnetic data-storing granular |ayer is sputtered over the first
underlayer froma third sputter target. (step S505). The first nagnetic
dat a- s j r A o . Jor
the 11 1 op Iham LA sl poiir SAHLR Ch AR IR FEL BN hrs R e
coul d &03eomprissdof tantabun Skapaandtsedopd fezion GMecofripristd afmgpbeyiog damantst or i ng
gr anul | . - AN itional..layer or . ayvers, .s .a§,. a _carbon
(G ov 2Rl AoR0p iy AR S LBk DR R Resi 6 R AGRY
magnet iac agl &tnar Gtody, thegegeaiglparitib@yan bé sdvepe®bl8emaandpidie opdiffeeasshepds
(step SS%K)" I n a@ alterqate aspect, step S506 is omtted. [0070] Figures
6A and SBVEAFISEPYY BF A AGEFEHG a cross-section view of a sputter target
for a triatron configuration, respectively, according to a third

enbodi nent__of the present invention. Briefly, the sputter target for

triatrdh0d rﬁ‘icﬁﬁﬁll‘%tei) 8P apertethe solpility i thrcpdle yiRe riemept ngdhodi ceuerse Feiel  of

t ant al HE&Q]_I%)(TQ%aQe ek Atk xk&dl 1@@1&8%51@0%% Rjonﬂ@m?éllaﬁ]yg, 38a ﬁJeec\“@)ﬂBg As
shown in Figure 6, triatron configuration co-sputtering uses a single

Sput t efeidrdnd Ghs AVnhdd sBXESIERAS of RACRENIE ual 6ATPRIT non wWhEQ BESble Tl ying
single triatron sputter target would have an regi ok conprised soléely - 19
of tantalunl(T%% and a region conprised solely of X1, where both regions
woul d EFRBUSPHfeaLare ap ‘E%@b‘%@??@o“’d%b@tSﬂéf‘ﬁ“f%‘béi“’f‘ﬁl‘ﬁ’ A m
100711 thtinit@I(€i)0ehadibm (FPYhdnBhins@MB), cRBhifR(CH [ diRbhiam @ONhiogiANEN
sputtering includes first region 602 conprised of tantalum (Ta), and
second PYPrIUBIMD oftisFhyE Y BY lusgtiugl {Lay aipiwn dHEnpismutl) (BRotigH upgsteay

regi on 2 is illustrated as an outside annulus and second region 604 is
illustrated as an inner circle, the respective positions can be reversed
in alternate aspects, or different shapes or divisions could be used

al toget [tﬁﬁ%] According to a second aspect, the alloying element 1s soluble in tantalum (Ta) at room
temperature or at elevated temperatures, has a mass susceptibility of less than or equal 1o 1.5

¥
-7
0 m

Pt and has an atomic radius smaller than 1.47‘;%, where possible alloying elements
g

x1

include (but are not imited to) boron (B), carbon (C), silicon (Si), aluminum (Al), chromium

(Cr), ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium (Ir) and platinum (Pt).

[0074] According to a third aspect, the solubility of the alloying element in a body centered

cubic tantalum (Ta) phase does not exceed 10 atomic percent at room temperature, and the
3

n

kg

, 1s soluble in

alloying element has a mass susceptibility of less than or equal to 1.5 %107

tantalum (Ta) at temperatures higher than rocom temperature, and has an atomic radius smaller
than 1.47A, where possible alloying elements include (but are not limited to) boron (B}, carbon

(C), silicon (81), aluminum (Al), and chromium (Cr}.
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100721 According to one aspect, the solubility of the alloying elenment in
a body centered cubic tantalum (Ta) phase does not exceed 10 atom c
percent at roomtenperature, and the alloying el enent has a nass
susceptibility of less than or equal to 1.5 x10-7 "t 3 , where possible
alloying kg elenments include (but are not limted to) boron (B), carbon
(O, silicon (Si), alumnum (Al), titanium (Ti), vanadium (V), nanganese
(M), chromium (Cr), zirconium (Zr), niobium (Nb), nolybdenum (M),
yt t er bijeoms( Xogordint t@in aiMit{onb) nohaépitedmidigdmekt] BEPiclert Bivknticingla bpiagst en
[00731 According to a_second aspect, the alloying elenent is soluble

|( \r?) t antABEinvpera jhesputics sprect iesamaarised pidanielug (Ta) wangdoyspplemspude, has a
mass s lééﬁgmw St thd 51)6ymcg GRcht ﬁ%@rceﬁgféﬁlculglg uf"ntaﬁum ﬁl‘% Kaé@ doc @R R@34 an

atom c radius small ér than 1.47A “where possib y| ng el ements kg

i ncl ude O(atsumic aergem ot robinriempetatues, ambﬂ]eﬁll‘éﬂ)g eleracm@ns  Opss swidepalohity(Filyss

al um num (Al), chrom um {Cr), ruthenium (Ru), rhodium (Rh), rhenium
(Re), |lhﬂndlrt¢mlf(1 ke )58 g1 atwiranpgssible allmmz4Emﬂotsomtdlllld¢gbmt@r%mqthmn@dé@pect
the solubility of the alklgoyl ng element in a body centered cubic tantalum
(Ta) phassm @SSRl CRXERRE H), @taﬁ’e{ﬁ'ilﬁnp@f Akl (mgnam&ma%{@rwzﬁmﬁnﬂ the

al | oyi 2% el ement has’a mass susceptibility of |ess than or equal to 1.5
x10- 0, mpélugdll\ﬂpblreolybdekgﬂ (Matyatechia g fél)) hlsetmembeb el UﬂDgth@flUtﬁlhan

r oom t l )

possi brevssdheendfa. Aol IR SRE AonsiRsofbie b My (0 KL

car bon ter@@ratum dri acdnva(t& t):mpa-hmltnsnhuma(mds) susacpdibdhy ofessithdiGrr)equal2© 1:500751
Accordi ng to an additional, non-depicted arrangenment, the present

i nvent iy |§.aars.tmt hmmonncamgmts ,smmliﬁenleantlhde’/’ﬁspumeqrosmhlegﬁd)ynngelemmns| sed of
tantal um (T8 and an all oyi ng el ement. The solubility of the all oyi ng

el ement;,ingALROLY nGaRkEkS (1), ARAAL T bl ANREE RGN Aty CHERRH, 10

atomi c percent at roomte eratu oying e rrent as a nass
suscept (Rbj, IthryumKRé)esdlum ﬂe)randrplwquual(Pt)oFamEr rltgghatively3the solabiity pfobsi bl e

all oyi nzﬂlo?in%n?e%e%t mn aCtJoH %‘m{tereé i€ tanpa!lum hm) pﬁg;e tdggs nolt(gxceed 10 atomic
percent at room temperature, and the alloying element has a mass susceptibility of less than or
3
m

kg

equal to 1.5 x10”

and has an atomic radius smaller than 1.47A, where possible elements include (but are not

limited to boron (B}, carbon (C), platinum (Pt), and chromium (Cr).

{0076} Based on concepts disclosed by the present invention, sputter targets of tantalum (Ta)
based alloys can be used to produce crystalline tantalum (Ta) alloy based seedlayers with refined
grain size, refining the grain size of the crystalline underlayer and promoting the subsequently
epitaxially deposited granular magnetic layer. To its advantage, the present invention provides
an additional approach 1o alloy the tantalum (Ta) alloy based seedlayer, reducing the lattice mis-
fit between the tantalum (Ta) alloy based seedlayer and the underlayer, beneficially affecting the
crystallinity of the underlayer. Each of these benefis enhrances SNR and increases perpendicular

anisotropy in the media stacks used for PMR.
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boron (B), carbon (C), titanium (Ti), vanadium (V), manganese (M),
chromum (Cr), zirconium (Zr), niobium (Nb), nolybdenum (M), ytterbium
(Yb), lutetium (Lu), hafnium (Hf), bisnuth (Bi), and tungsten (W.
Alternatively, the alloying elenent is soluble in tantalum (Ta) at room
tenperature or at el evated tenperatures has a mass susceptibility of

| ess t ual .to 1.5 X an atom c radi.us smaller

t han 1“@6}’&? q'} SPEMITEE P ?rt}g?ﬁ H@théaaaﬁaﬁr &m%w sEbadiEetsuft ipaeben ot

| i m t edind@}tobdanthe BvenGa B @6t Irfated 16 meodﬂ)bﬁrﬂe(sgﬁﬁed Jn%h%n%nﬁ% Narﬁchﬁd' um
(Rh), rhenium (Re), iridium (1r) and platinum ( F%R Furt her

al t er n&DARESF g0 Tﬂﬂﬁ@f S@ImB M3y by mefle bhthosepl asdingry skilldpglisrary withpubdenartinant er ed

cubi c tﬁ&%g&ggﬁﬁ{ﬁ)“Bpggﬁhgggau t exceed 10 atomic percent at room

tenperature, and the alloying element has a nmass susceptibility of |ess
than or equal to 1.5 xlO 7"l , is soluble in tantalum (Ta) at

t enperatures higher than roomtenperature, kg and has an atom c radius
smal l er than 1.47A, where possible elenents include (but are not Ilimted

to boron (B), carbon (C), platinum (Pt), and chromum (Cr). 100761 Based
on concepts disclosed by the present invention, sputter targets of
tantalum (Ta) based alloys can be used to produce crystalline tantal um
(Ta) alloy based seedlayers with refined grain size, refining the grain
size of the crystalline underlayer and pronoting the subsequently
epitaxially deposited granular magnetic layer. To its advantage, the
present invention provides an additional approach to alloy the tantal um
(Ta) alloy based seedl ayer, reducing the lattice ms- fit between the
tantalum (Ta) all oy based seedl ayer and the underl ayer, beneficially
affecting the crystallinity of the underlayer. Each of these benefits
enhances SNR and i ncreases perpendicular anisotropy in the nedia stacks
used for PMR -21 100771 The invention has been described wth
particular illustrative enbodinments. It is to be wunderstood that the
invention is not limted to the above-descri bed enbodi nrents and t hat
various changes and nodifications nay be made by those of ordinary skil
in the art without departing fromthe spirit and scope of the invention.
WHAT |Is CLAIMED I S:
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| . A magnetic recording medium conprising: a substrate; a seedl ayer
deposited over said substrate, said seedl ayer conprised of tantalum (Ta)
and an alloying elenment; an underl ayer deposited over said seedl ayer;
and a magnetic data-storing granul ar |ayer deposited over said

under| ayer, wherein solubility of the alloying elenment in a body centered

cubi c :gntalunlgTag phase does not exceed 10 atom c percent at room

t enper s rein the alloying el ement has a nmass susceptibility
of less than or equal to 1.5 x 10-7 3 mkg 2. The magnetic recording
medi um according to Claim2, wherein the alloying element is selected
from t He gr dumagestisirecordieg Bediwar MPBINE: car bon (C), al umi num (Al),
silicon (Si%%ub§}%gniun1(Ti), vanadi um (V), manganese (M), chrom um
(Cr), zirconiun1€ r), niobium (Nb), nolybdenum (M), ytterbium (Yb),

| ut eti um ( Lw)sgediafenilepmsifddigver daidssubistintd, Bai)l seedhugert aonpsisehof3antAlumgdakandc
recordi%qwnediupbgcpnprising: a substrate; a seedl ayer deposited over
sai d sulbst a8 g8y seedl ayer conprised of tantalum (Ta) and an

al | oyi ng el efmntcriayer depdael ayarsaidepadyegdndver sai d seedl ayer; and a
magneti c data-stoninq ranul ar |ayer dépo%lted Qvyer sai d underl ayer,
wher ei n t he SAPESHNG BT ORBHEAPESBYTSFROSIE 23R4T BRHSTHE at room

t enper at ur e werdh solebiMalrert ABIRAE LRMEHES a BVIF E&Hded BB iAIahQWINNOra§ EE:IEE nt

has a mass susceptibility of less than or equal to 1.5 x10-' m kg and
does not exceed 10 atomic percent at room temperature, and

wherein the alloying element has a mass susceptibility of less than or equal to 1.5 x107

3
m

kg.

2. The magnetic recording medium according to Claim 2, wherein the alloying element is
selected from the group consisting of boron (B), carbon (C), aluminum (Al), silicon (S1),
titanium (T1), vanadium (V), manganese (Mn), chromium (Cr), zirconium (Zr), niobium (Nb),
molybdenum (Mo}, ytterbium (Yb), lutetivm (Lu}, hafnium (Hf), bismuth (B1), and tungsten
(W).

3. A magnetic recording medium, comprising:

a substrate;

a seedlayer deposited over said substrate, said seedlayer comprised of tantalum (Ta) and
an alloying element;

an underlayer deposited over said seedlayer; and

a magnetic data-storing granular layer deposited over said underlayer,

wherein the alloying element is soluble in tantalum (Ta) at room temperature or at
elevated temperatures,

wherein the alloying element has a mass susceptibility of less than or equal to 1.5 x107

m}

kg

, and

wherein the alloying element has an atomic radius smaller than 1.47A.
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wherein the alloying el ement has an atom c radius smaller than 1.47A. -
23 4. The magnetic recording nmedium according to Caim3, wherein the
alloying elenent is selected fromthe group consisting of boron (B),
carbon (C), alumnum (Al'), silicon (Si), chromum (Cr), ruthenium (Ru),
rhodium (Rh), rhenium (Re), iridium(lr) and platinum (Pt). 5. The
magneti c recordi ng nmedium according to Caim3, wherein said underl ayer
is conprised of ruthenium (Ru) or a ruthenium (Ru)-based alloy. 6. A

magnet 4C r eTRE Haf@tiERILHMe AR aSddMdng (PCRPSIIREED 1R ﬁlSﬁQE@%ﬁ{e tis
deposited over said substrate sai d seedl ayer conprised antal um (Ta)

and afelegtebijpmgheedravmepnsisting afthgenl (Byarrbdn 655 ahmmetl) siicang®ipd| ayer ;
and a 03 sai d
under | g@%% &?%ﬁ%%ﬁzeﬁ%%%ﬂ?i %ﬂgﬁ (}?ﬁelh%f{ll% ‘1%%8 #mm I an TR X ent er ed

cubic tantalum (Ta) phase does not exceed 10 atom c percent at room
tenperature,,wherein the.a n nment Mas.s ibility of

| ess tRan of Pefisfelf 6ecfrdé"gxmi%u %ﬁ?or&%l%g%%‘”t%@“éﬁ" ?‘%E‘y@l Bnent is
sol ubl eoinprijedrif althemiynT eRu)ak a rQPRRIMA RIS glher than room tenperature,
and wherein the alloying elenent has an atom c radius smaller than 1.47A
7. The magnetic recordi ng nmedium according to Claim®6, wherein the

al l oyi mg el eBRdnetis rec&RrRGhaShrh '@Mptifigegr oup consi sting of boron (B),
carbon (C), alumnum (Al), silicon (Sl% pl ati num (Pt) and chrom um

(Cr). 8. Thé‘%ﬁ'@tl c recording nediumaccording to Caim6, wherein said
;r?g;' ayer lSeediQEPIdSSfa 3;%,259%3:1?%;‘4{9 éa%iteegta%eqrcétctgn%fa'om i PARA
conpr i snpdoyihgelsmems of : - 24

an underlayer deposited over said seedlayer; and

a magnetic data-storing granular layer deposited over said underlayer,

wherein solubility of the alloying element in a body centered cubic tantalum (Ta) phase

does not exceed 10 atomic percent at room temperature,

wherein the alloying element has a mass susceptibility of less than or equal to 1.5 x107

kg
wherein the alloying element is soluble in tantalum (Ta) at temperatures higher than room
temperature, and

wherein the alloying element has an atomic radius smaller than 1.47A.
7. The magnetic recording medium according to Claim 6, wherein the alloying element is
selected from the group consisting of boron (B), carbon (C), aluminum (Al), silicon (Si),

platinum (P1) and chromium (Cr).

8 The magnetic recording medium according to Claim 6, wherein said underlayer is

comprised of ruthenium (Ru) or a ruthenium (Ru)-based alloy.

9. A method of manufacturing a magnetic recording medium, comprising the steps of:
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sputtering at least a first seedl ayer over a substrate froma first
sputter target, wherein the first sputter target is conprised of

tantal um (Ta) and an alloying el enment, wherein solubility of the

all oying elenent in a body centered cubic tantalum (Ta) phase does not
exceed 10 atom c percent at roomtenperature, and wherein the alloying
el ement has a mass susceptibility of less than or equal to 1.5 x 10-7 m
i : kg sput t SPIHER eagashrsisesdlper oyt depbeipterraiy a first Neuter yasget, sehserinper
froma ﬁﬁ%ﬁﬁ‘l@ers:ﬂﬂétt@éorﬁ]ﬁ{s&ﬂ)f1aﬁt‘§ﬂn§(ﬁ*{l¥ A dn%o?lh L.-I%?n%h Ek&%m’%ﬂﬂf@%' c
dat a-storing granul ar l'ayer over the first und er | ayer roma

sput t er‘hﬁt %H{U@tg elfzmem Thebgrbtdspidred sebie @hnﬁﬁguméTi@IPéamd@es whereedh 19 herrad | oyi ng
el ement %ﬁ? r@c% {:a?%z?lﬁ whg e?ﬁj!?legﬁ Iséll ngnt(?lf ztij(r)n':'igsn ce};%ﬁé‘raoﬁgess%( Q.

al umi ndm anium Vahadi Um (

(M),  TRI7TEONI um (Zr), ni ob| um (Nb), nol ybdenum (M),
ytter blqﬂiq%pﬁé)m](lﬁlj e)stll%)umg( Lu), hafnium (Hf), bismuth (Bi), and tungsten

(W. 11. The method according to Claim9, wherein the first seedl ayer,

the first urfdetqrigat leasd/fiovn untifn@mcrvstthprélgsﬁe&tqdbay@rafrcangtsmondmgngueamaear

| ayer apg sputtered using a co-sputtering assenbly. 12. A nethod of

manuf acturing a magnetic recording nmedium conprising the steps of:
sputtering @lpllﬂlfe'mstat Raftiarfgit isgedicalaer-stonmgy gramdarlisger atee ther forse wdbilayst
sputterg targ S\A/Qgrrtgr n the first sputter target is conprised of tantalum
(Ta) and’ & an ar ‘1 (‘Pyl éFement wherein the alloying elenent is soluble in
t ant aI um (Ta) at roomterrperature or at elevated tenperatures, wherein

t he. oy| el e ss susceptibility of |less than or equal to
1.5 xlO nﬂ? met ‘%FE“R%P&’ P@.‘ﬁ@ 9, pgergin thy iy g dfesnt 1spalscist frardhs ¢

radi us Qﬂﬁé E(ﬁfﬂshﬁgﬁﬁf Hordh/iéR), @aﬂbﬁnt(@)'aﬂglnﬂﬁml(ﬁ35§111(§)nf(5ﬁStﬁlaruﬁ‘lq?ﬂ)ayaﬁﬁdxﬁ%er
the fi rst seedl ayer froma second sputter targ tygutterl ng at | east

a firstO\neghgtaneseding-chrasmirmg Coh afepam 17d§AéFObmfN‘t)hTé‘0 rlayer
from a {Rigi@myus, teEitn2 (I8! hafnium (H{), bismuth (Bi), and tungsten (W),

il The method according to Claim 9, wherein the first seedlayer, the first underlayer and/or

the first magnetic data-storing granular layer are sputtered using a co-sputtering assembly.

12. A method of manufacturing a magnetic recording medium, comprising the steps of:
sputtering at least a first seedlayer over a substrate from a first sputter target, wherein the
first sputter target is comprised of tantalum (Ta) and an alloying element, wherein the alloying

element is seluble in tantalum (Ta) at room temperature or at elevated temperatures, wherein the

alloying element has a mass susceptibility of less than or equal to 1.5 x107 ™ ’ ,
kg

alloying element has an atomic radius smaller than 1.47A;

sputiering at least a first underlayer over the first seedlayer from a second sputter target;

and

sputtering at least a first magnetic data-storing granular layer over the first underlayer

from a third sputter target.
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-25 13. The nethod according to Claim 12, wherein the alloying elenent is
selected fromthe group consisting of boron (B), carbon (C, alum num
(Al'), silicon (Si), chromum (Cr), ruthenium (Ru), rhodium (Rh), rhenium
(Re), iridium(lr) and platinum (Pt). 14. The nethod according to Claim
12, wherein the first seedlayer, the first underlayer and/or the first

magnet i dat% storing granular |ayer are sputtered using a co-sputtering
assenbl 5 heRtharCRoding de b1 g Yirrenaheralipying glsaiet in Selerded frpghe

under | 3@(‘ éo%m@@r'fﬁ%ﬂb%%’n @), caftdhReniamihiTH) AB! sikoh YN CRidAL i)y based

alloy. 16. A nethod of manufacturing a magnétic recordi ng medium

conpr i StHgMuAERay. apedivh:(Rhy pientuar (Regy imdiunddg andgplitinust (PYeed| ayer over a
substrate froma first sputter target, wherein the first sputter target
is conprised of tantalum (Ta) and an all oying el enent, wherein solubility
of thel4al | offierrgetddarentdingrio £14mdy, whmtwnmjfuswaedja)tea,nheafmnnr(dﬁd)yepIaﬁds’er
does not . @ ent at o9 mterrFerature wher ei n. t he

al | oyi ng erS?%aﬁPe][ﬁ asm% r%rﬁ]iaééaﬁ’tef BrrPy 571“66]1‘ ne 4<%t Sﬁ‘é‘?‘Fm%rassé Y to 1.5

x 10"7 r" i , wherein the alloying element is soluble in tantalum (Ta) at
ratyres higher than roomtenperature, and wherein the aI | oyi ng
el emen'[CP f; %?‘E?f?%cco?d% pSlamdi) wherewabe Hrshumderlayspiscamprsedal | east a

first wmd@hiuﬁvmu)@vshthmrﬁ(mtba&%mb?yer froma second sputter target;
and sputtering at least a first magnetic data-storing granular |ayer over

the first underlayer froma third sputter target. 17. The net hod

acoor df 1) etk chmanllE6 200 WA 00 g, LR Lorb B BBl dir om the

group consi sting of boron m num con(Sl ),
pl ati num (PtSPull@zmt al (Ld@sloarrﬁuutrneéctm)er 048 a sThrerateeftdmoal fiest srontdi tageet, mlﬂm e 16,

wher ei nfutshggt t%:lrél} ?ﬁ%g gyged of § an alum E"Faa aH&jgn al!o ¥ere %‘e%{ C\);slz‘heretin SeOh.lbl{l

magneti Cc re sputte usi'ng a co- sputyterl ng
assenbl yhe alIQﬁn g@le thten mhpcbnaarﬁmwlcngnthmm@a) pshaﬂeﬁdoewhareawtdtllﬁatdmlb st

under | a IS ri sed of
x thent 3t 109 rrptf:mperaturc wherein the alloying element has 2 mass susceptibility of less than

or equal to 1.5 x107’ ’:7 , wherein the alloying element is soluble in tantalum (Ta) at
8

temperatures higher than room temperature, and wherein the alloying element has an atomic

radius smaller than 1.47;3;;

sputtering at least a first underlayer over the first seedlayer from a second sputter target;

and

sputtering at least a first magnetic data-storing granular layer over the first underlayer

from a third sputter target.
17. The method according to Claim 16, wherein the alloying element is selected from the
group consisting of boron (B), carbon (C), aluminum (Al), silicon(S1), platinum (Pt), and

chromum (Cr).

18.  The method according to Claim 16, wherein the first seedlayer, the first underlayer and/or

the first magnetic data-storing granular layer are sputtered using a co-sputtering assembly.
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rut henium (Ru) or a ruthenium (Ru)-based alloy. 20_ A sputter target,
wherein the sputter target is conprised of tantalum (Ta) and an all oyi ng
el enent, wherein solubility of the alloying element in a body centered
cubic tantalum (Ta) phase does not exceed 10 atomi c percent at room
tenperature, and wherein the alloying el enent has a nass susceptibility

of less _ thap, or al to 1.5 x10-7 mJ kg 21. The sputter targef according
Lo O aith zo?hmﬁgﬁﬁﬂm g9 %@i"hbg’é?f@ﬁé‘h‘theiﬁéﬁé'é‘i"fék‘ﬁ“‘efds £4BRESEE AR gr oup
consi stritRehioh (REY &k &Bw):miuﬁﬁkh?ﬂasé@moﬁ! tani um (Ti), vanadium (V),
manganese (M), chromum (Cr), zirconium (Zr), niobium (Nb), nolybdenum
(M), ytterbium (Yb), lutetium (Lu), hafnium (Hf), bisnuth (Bi), and

tungst ef (W 2der il oSpuUt ter target, wherein the sputter target is
conpri sed o#‘san?éﬁﬁﬁf(Ta) and an alloying elenent, wherein the alloying

el enent is sdkubl eisputteanirget srro(ipayedatl tanodem  Exped ab sllcying elamentel evat ed
t enperat ure

s,..wherei.n.the alloying el erent has ss. susceptibility of

| eoe than oIy O o BYhE Rl SRR Rne e RS URRE Pbi has
an at onfoes icadketsd $aldnéd pdrbai atlrodmAemp3aturEhendsput t er target according to
Claim 21, wherei.n the alloying element is selected from the group ,
consi sting SRS B 2 Byne elEmpYhay tﬂassc%f%m'wlm%%s; ORI {%65) 0
rhodi um,é Rh), rhenium (Re), iridium(lr) and platinum (Pt). 24. A
sputterjyarget, wherein the sputter target is conprised of tantalum (Ta)
and an §1oning el ement, -27 wherein solubility of the alloying el enent
in a body centered cubic tantalum (Ta) phase does not exceed 10 atom c
per Centzl.at r’ﬁ]% Tp&ueer aergeat'tagcro?ding to Claim 20, wherein the alloying element is selected from

the group consisting of boron (B), carbon (C), titanium (T1), vanadium (V), manganese (Mn),

chromium (Cr}, zirconium (Zr}, niobium (Nb), molybdenum (Mo), ytterbium (Yb), lutetium

(Lu), hafnium (Hf), bismuth (Bi), and tungsten (W).

22, A sputter target,
wherein the sputter target is comprised of tantalam (Ta) and an alloying element,
wherein the alloying element is soluble in tantalum (Ta) at room temperature or at
elevated temperatures,

wherein the alloying element has a mass susceptibility of less than or equal to 1.5 x107

3}

" and
kg
wherein the alloying element has an atomic radius smaller than 1.47A.
23. The sputier target according to Claim 21, wherein the alloying element is selected from

the group consisting of boron (B}, carbon (C), chromium (Cr), rutheniom (Ru), rhodium (Rh),

rhenium (Re), iridium (Ir) and platinum (Pt).

24, A sputter target,

wherein the sputter target is comprised of tantalum (Ta) and an alloying element,
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wherein the alloying el enent has a mass susceptibility of |ess than or
equal to 1.5 xI0-' 3 kg wherein the alloying elenent is soluble in
tantalum (Ta) at tenperatures higher than room tenperature, and wherein
the alloying el ement has an atomc radius snmaller than 1.47A. 25. The
sputter target according to Caim?24, wherein the alloying elenent is
selected from the oup consisting of boron (B), carbon (C), and

chrom um ( @Wﬂerewoltgzﬂgbgf the plleargeememrin ¢ bpdit mwr@m\rbicgentdvmdﬁa) phase
SPUtt elgoBthor Lol BYhbAE: SALAPL SAMRIARIAGE @ fiTst region comprised of
tantalum (Ta); and a second region c nprised of an alloying el enent,

wher ei n sol wieteirt the afloytitgeelerhé o pngmetsenmeptibiltyaf osithas enterkbw Iciol &
tantal um (Ta) phase does not exceed 10 atonic percent at room
tenperaﬁure and wherein the alloying el ement has a mass susceptibility
of |ess*® han or equal to 1.5 x 10-" m kg 27. The sputter target
according t t he
ar oup consi Sty g BF Sy SRR i SRR It e TSR R L GERE S0
nanganegemﬁwhm,mubhronlun1(Cr) 2|rcon|un1(Zr) ni obi um (Nb), nnlybdenum
(M), ytter m: ( Yb 1 i th (Bi), and
tungst en (W?ﬁggg{mﬂ oy aem %?6%?"%8 ??%i?n%ﬁ gh??&ﬁg;tlon sputtering,
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26. A sputier target for triatron configuration sputtering, the sputter target comprising:

a first region comprised of tantalum (Ta); and

a second region comprised of an alloying element,

wherein solubility of the alloying element in a body centered cubic tantalom (Ta) phase
does not exceed 10 atomic percent at room temperature, and

wherein the alloying element has a mass susceptibility of less than or equai to 1.5 x10”

k]

kg

27. The sputter target according to Claim 26, wherein the alloying element is selected from
the group consisting of boron (B), carbon (C), titanium (T1), vanadium (V), manganese (Mn),
chromium (Cr), zirconium (Zr), niobium (Nb), molybdenum (Mo}, ytterbium (Yb), lutetium
(Lu), hafnium (Hf), bismuth (B1), and tungsten (W).

28. A sputter target for triatron configuration sputtering, the sputier target compnsing:
a first region comprised of tantalum (Ta); and
a second region comprised of an alloying element,
wherein the alloying element is soluble in tantalum (Ta} at room temperature or at

elevated temperatures,
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, and kg wherein the alloying elenment has an atom c radius smaller than
1.47A. 29. The sputter target according to Caim28, wherein the alloying
el enent is selected from the group consisting of boron (B), carbon (O,
chromium (Cr), ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium (Ir)
and platinum (Pt). 30. A sputter target for triatron configuration
sputtering, the sputter target conprising: a first region corrprlsed of
tant al um (Té[)lefealri e alloyeneorieinene gronmesrrpsaepidtd!igfof duss tiah oyequg! tel lefreHt’,
wherein solubility of the alloying elenent in a body centered cubic

t ant al {@d) phase does not exceed 10 atomic percent at room

t enperature, wherein the alloying el enent has a mass susceptibility of

less than oGhe@HAhe by gBeIéx%Qm?]am KOmih&did ﬂmhme hQy&ng el ement is

soluble in tantalum (Ta) at tenperatures highe an room tenperature,
and wherein the all oyi ng el errent has an atom c radius smaller than 1.47A
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and chlengrowp ¢dBsipting of boron (B), carbon (C), chromium (Cr) ruthenium (Ru), rhodium (Rh),

rhenium (Re), iridium (Ir) and platinum (Pt).

30. A sputter target for triatron configuration sputtering, the sputter target comprising:

a frst .region comprised of tantalum (Ta); and

a second region comprised of an alloying element,

wherein solubility of the alloying element in a body centered cubic tantalum (Ta) phase
does not exceed 10 atomic percent at room temperature,

wherein the alloying element has a mass susceptibility of less than or equal to 1.5 x10”

mi

kg

L

wherein the alloying element is soluble in tantalum (Ta) at temperatures higher than room
tlemperature, and

wherein the alloying element has an atomic radius smaller than 1.47A.

31. The sputter target according to Claim 30, wherein the alloying element is selected from

the group consisting of boron (B), carbon (C), and chromium (Cr).
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