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*D sk with Pre-seed Layer Field of the Invention This invention= ‘3 éhﬂ4
the field of thin filmnmaterials used in magnetic disks for data storage
devi ces such as disk drives. Mire particularly the invention relates to
thin filmlayers used to condition a npnmagnetic substrate for subsequent
crystalline layer structures. Background of the Invention-The magnetic
recording disk in a conventional drive assenbly typically consists of a
subst r at dNoametaltic| Biyir FélonMagheticoReaorlliny DismwithcPreigeyn Lﬁs/)erof a o
al l oy, a cobalt-based nmagnetic all oy deposited on the underlayer

protective overcoat over the magnetic layer. A variety of disk substrates
such as Ni P-coated Al My, glass, glass -2 JUL 2004 2 ceramc, glassy
carbon, etc., have been used. The nobst common disk in the mar ket s
currently nade with a substrate disk of AIMy on which a | ayer of anDrphous
Ni Pis electrolessly deposited. The use of the electroless N P process has
several disadvantages including the fact that it is a wet process that nust
be perforned quite separately fromthe sputtering process by which the
remai nder of the layers are deposited. It is difficult to achieve the

snoot hness and uniformty in the NP surface which is needed for the
densities now required for disk drives. The NP is also a source of
corrosion problens and to sonme degree limts the processing tenperatures
due to the fact that Ni P can beconme nmagnetic if heated above a certain
point. The mcrostructural paraneters of the magnetic |ayer, i.e.,
crystal |l ographic preferred orientation (PO, grain size and nagnetic
-exchange decoupling between the grains, play key roles in controlling the
recording characteristics of the disk. The C wunderlayer is mainly used to
i nfl uence such mcrostructural paraneters as the PO and grain size of the
cobal t - based magnetic alloy. The PO of the various materials formng the

| ayers on the disk is not necessarily an exclusive orientation which may be
found in the material, but is nerely the dom nant orientation. Wen the Cr
underlayer is deposited at elevated tenperature on a N P-coated Al My

subst r atgery JrkHQInVLEHRr red orientation (PO is usually formed. This PO
pronotes the epitaxial growth of [112bar0] PO of the hcp cobalt (Co) alloy,
t hereby i nproving the in-plane magnetic perfornance of the di sk for

| ongi t udi nal [ r refer | m of hexagona
structure mhgﬁgqﬁﬁﬁﬁﬁg“ﬁ¥g§ éﬁ%ﬁggrghﬁt aUH?WH 8W5¥¥@P096ktﬁe surface
of the fdatastogigectevives begit asodiskadrivegr MMehpmirchirlthe Pvedlohoylatédeiligyer s on
gl ass a N r. si n|f|c ntI fromthose on
N|P-coa?ggmﬁ%ﬁausubst?gég§1Eggﬁﬁéﬁl Sﬂ%%gfl 5ﬁﬂ“1§9@? allipe {RYelres are

used on%&P@y§*%ubstrate di sks to achi eve optlnuntresults The conventi onal
Ni P coating is not preferable for use on glass for many reasons

Background of the Invention

The magnetic recording disk in a conventional drive assembly typically consists of
a substrate, an underlayer consisting of a thin film of chromium (Cr) or a Cralloy, a
cobalt-based magnetic alloy deposited on the underlayer, and a protective overcoat over

the magnetic layer. A variety of disk substrates such as NiP-coated AlMg, glass, glass
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i ncl udi ng those not ed above. Nonnetal lic substrate di sks have typically had
~a so called "seed | ayer" sputter deposited onto the substrate befor
Cr-all oy underl ayer. The use of a judiciously chosen seed | ayer™ albdﬁs f@ﬂﬁ
performance of nonnetallic substrates to exceed Ni P/ Al My disks. The seed
| ayer influences nucl eation and growt h,of the underlayer which in turn
affects the magnetic | ayer. Several %erials have been -2 JUL 2004 3
proposed in published papers for seed | ayers such as: C, CGN, Ti,

N 3P, NyopraTals, dpssieadion, &b NhanshNiAlscon Tk RSt @d?ﬂnﬂﬁ’egﬁﬁrﬁﬂlhk'n?arﬁ hstrat es.

(See for exa d @é \I;tﬁérer i.nduced (002) crystallogra tex ure in
Ni Al underlr%{‘}&r'g € Vipa sgpstigte d‘S'SJOfeiMSIO" Vﬁh%a Y@f(g)amQIBhMrNIP i4996,
p. 4902f f plectrolessly deygste drBgREULE of MY RlecHbiKs Beéfq?s%gv ; khaC\r/e

ic

descrrbeg u§ f an Ni Igﬂtgeed | ayer foll owe g

under | ay &2 ‘r?d‘ g iRt that jtisewet raeessithat neusé e lpafenmedd quitet he Cr
under | ay esparate| &irﬁltﬁeos RekErbb&ssl %Pﬁl the magnetic |ayer.
("The CoHtFroI ysﬁ Char e?(lzjterl zart ?%r?% tg%}érﬁ%ﬁhﬁ%{ g”?“% IﬂYeds‘?%exture of
Longi t ud ﬁ%rS't?ﬂ. isliffigHIRocashieva dhavwasadhress EEEuﬂ‘fanmﬂy ml\ragnm berfadd2(1idh Sept .
1996, 368%eedbd e @éndtias I ns, N bove, the use of
RuAl for a seeed ayer r:sst dlng\?rgas@%dwlék&ﬂmg ﬁ‘ ﬂﬁaﬁg S has

pr ogr ess &Y IHY} 'HP?eFW Fnddepemy dagrse okt the mrnmsemgmnpera&rr'ﬁdda)tb&hﬁl fficult.
In some Rt tHabRiP Sarfbecdhi R ven 1 dB i nprovenent
IS now consrdal red qur%e sig gg %hg'fnm%ﬁasarb% é?ﬁg'%f' %ﬁg gf this application,
the highest c r%ﬁW@@ﬁ*feEEF%PWQWSpfghe(magmgmbtyercr(dr elystalvgrasyone in t he

i ndust r ypjeferlef SMRARLIN uare nch.. This density has
been ach) eyed only in t(p(gjj gﬁgorggggﬂ/%éﬂg&[ e%rdaéw& efzotr%[}%gewemée state of
the art 9'Giseplay EFY folesia coritsllisg desiecondingehhmcteaistidself ew dikk. sTheatpe. Ther mal
st abi | i t yndhlaldies i td t.he di sk is the presumed limting
fact or asn_ ra%{l eﬁg%%gstb g]frﬂg&{s%u gﬁ]m?cxosnuﬁ%ef"Bﬁ%ﬂ”?%;erﬁlaéﬁh%'j@i%’1@ drive
nust be %réﬁ‘aftﬁeeOfdhe el altrbasat mponkie ailtow &ble POf eftimatdrions hiterR@ foftfimgof time
measur edihie MaePas s ay centl descri.bed experi rrent al
results on dbés ks E/r\}retq‘&rls g?ttr}e%é@s’ang Slvgﬁﬂgggtéod‘ which.may Gedewndinbst r at es
with a shtpaipdal gt masﬁdyrthwépmrrmse@rmmtmecww@ theer underlayer is deposited

CrI N Al / &reiéakedie e ssrlen as to the
desired cr staal s&%&cttﬁrrg)ém ﬁf’e"% &&sttaggdaq?ﬁiﬁd] éed(?”e@ltf'ﬁ'r‘?”et al ,

| EEE Tr AF<Ads FYdY Eimpeghbis P& provoites t88 epitexial 5rowmage[12ﬁ5’a?o] Bendr.thd 999) .

-2 JUL 20¥cotAlt r ect of .the_present invention
there is provi dgwﬁ?irtﬁ&?% %Er%\/&]gtﬂr?egng’?ag’ﬁ WRSHT BEFYMANeR AT thedisk) i ¢
subst r at @ loRgifdinag @édfq"wye%mliﬁbam]d?@r@bmus aditm nané»@rgyjﬁélatrhbtm% structure
bei ng depesdet (@ fLAM0)SRAKE tic rut m al.um num ( RuAl)
seed | ayer ge( 0Si te)gﬂu gﬁdﬂ%)Eﬁgdgngaggye‘gé}ﬁlggﬂﬁatgurfaecﬁs‘f @”hoﬁf’r‘ﬁ@netl c
under | ay¥fclegiiphand %P“@'b@frpftmé:rRJN undeyleyers amdlaas arhd?ﬁl%%t wheemmgnet i ¢ | ayer
deposi t edibyipstBs Hifle t he ect of the present
i nvent i on ther e |sr§r5§§(|génw%m Jﬁr{l Oggr@ﬁglsri St%?t ‘iﬁfrferfsﬁtr rotating a
spi ndl e Batefinls apg I'Whﬁgmeszarduskd mgta’seehtxsrraiteh&ksm Aeli&veCeptiRiungi Ng a
nonmet alrkb@tsS tpgtch I \GOTR, S ySt alline pre-seed | ayer
deposi t ed U Son sai d ﬁé@%‘?ﬁ%t ur e(l;aizhlaglrg O&Bﬁqe@g@d U35 &0 dFseHoNEY wapest ur e
deposi t dg! thegg goted @bevred | apenmetatid sabstetd u.armaveaﬁﬁmwaa AGhudi ng a

head f orcaned tdeRg he disk as it rotates. According
to anot hcear asrt)aectlé%g%?m{@r de@éﬁ{ﬁtﬁ% f”{n"vtﬁe M f%%f%re the Gf- 8lavddedayest hod of

manuf act e Y$§ o4 ativdigiogsly ¢homeiysetd layediafidvcioapeifsinigict be noh@RERf deposi ting

athinf r phous nanocrystalline structure
onto a néellnﬁéggﬁolséeég%%ﬁw L[ng ésédkrsf gg% SS?CP'EV%H @ﬁ“%ﬁ%@r@r%@n@né@marorl ne

rut heni dhe amﬁriamrm/tmumtgrnsaﬁectsltayafagu@ma,rehes@r,@ap,ﬁggng,g)qgveb ositing at
| east one nonmagnetic underl ayer over the RuAl |ayer, and depositing at

| east one magnetic | ayer over the underlayer. The thin filmdisk of

enbodi ments of the present invention includes a thin filmpre-seed | ayer of
anor phous or nanocrystalline structure. The pre-seed | ayer which may be
chrome-tantalum (CrTa) or alum numtitanium (Al Ti) is deposited prior to
first crystalline layer. Although the pre-seed | ayer nay be anorphous or
nanocrystalline, for brevity it will be referred to herein as anorphous
which is intended to enconpass a nanocrystalline structure. In the
preferred enbodi nent the pre-seed is sputtered onto a nonnetallic substrate
such as glass, followed by a rutheniumalum num (RUAl') layer wth B2
structure. The use of the pre-seed |ayer of the invention inproves grain
size and its distribution, in-plane crystallographic orientation and

coercr vrty (Hc) and SNR In a preferred enbodr rrent the pre- seed |s foIIowed

o o .



as a reductl on in manufacturing cost due to relatively high cost of

+ rut heni um -2 JUL 2004 -4a The increased coercivity also allows Jas¢ of @04
thinner Cr alloy underlayer which also contributes to decreased grain’si

Anot her benefit lies in the fact that the pre-seed | ayer provides

addi tional thermal conductivity which could help prevent thermal erasures

on a gl ass di sk. -2 JUL 2004 5 Bri Description of the Drawings Figure 1
illustrates a top view of a prior art disk drive with a rotary actuator

usef ul Arapgresdn bnlblisged h@qlis 6sentd lagemstcioas: AR QuUCENi2TI, NuﬂsM@ &%, Che | ayer

struct f i etic |sk ccqrdi o the invyenti Figure 3
il ust lr*é/feeg A)!ﬁraég [\QAI 4” Eg%gfgaagﬁ aarng %"&sug t{/ag @geégrn%ﬁagbolws dgﬁlﬁ% t he

S][ Ir uct untajceda@@z)tcwmaif Ifogtfapﬁ]cTaduémnmN?!mmmﬂBIayer@n Lebaeﬂgﬁls,l Ep;fgmtﬁy_s4 .

illustr S (% r ata, for a.,var amples o in film
magnet |€9t§) séép\/\m g&#@hgngtsml?trﬂ?%et'ggarye% '?‘bﬁr@ngtf‘"”t fia 'rr&f"}é?i al's with
changesddsnrittdu wderd s hlmll\l seedidy@blibWwedbf aIZ]EB hagick egamei:capgr ard 4 he

i nventi i re5| ra ct|o ata for a various

sanpl e &5)? Pl nefiq Ry er tﬁ?‘}c\ﬁ?ﬁ é@%\ﬁqt&h\ €s d\'ﬁd? resmagseirtaindigei ati ons of
t he nattee [mmam tdytmlaaﬂmemgneﬁmm&neme obnigol Ahd C@Qratcltur&aﬁéd 5 thayer
accordlrﬁxg‘rg‘thl er@%entl an. ailed Description of the Preferred

Enmbodi thﬁeé’fé@@@tufjgﬁgh”bf"m I'%@CPrrW@H\t“?‘Bﬁ "IEERdpSi t ed by

conventiagaltic X2(5pSast 1995, SB3)t &f bitdef tTORI4t64 éé;bl‘é@tl&f%%@éd IRR gfe O versus
rod ce a filmwth an anorphous or nanocryst a I|ne

Ta i s sel egﬁﬁé\ Epg

struct H%€.° e Wd yef pdlissiosedeed | ayer inproves the media coercivity

for a film Sheuebigh®f wiagheticedidkstHak Prodiddse & PA5Y MELerdt @aﬂéhﬁé?ﬁ)h' n G alloy
|

under | ayer. Such a structural conbination in onhe enbodi nent roved di sk
si gnal - BT HGMERtS, Suer Jorspiiculty Insome metiss <oonsignal te Bo'ée §atigi (SAR)st ruct ur e

Wi t houtevan @r dRinfireveieed id ﬁd&@&onsH&reQﬁcﬁlﬁ’té@gntf'&@ntapWs'o‘?ﬂ{e'tﬂﬁ‘e of ih%ome type of
seed | a eg on gtg E‘ and ot her alternate substrates to control nucl eation
Foplirateg: he

and cr gheghglaimed eording densty ep magpetey digls byanyonaisdtheher eby t he
magnet iigdusay & tbeﬁ\Weél@E@ranu 30@@ablt§<ﬁ@%uarbtlndl\(asrh%| (ﬁz‘i’nsg’ 54 t%%‘?ndadhfévg@t ent

US578905 thatlééhe use very thin seed | ayer and underl ayer on gl ass

medi a AW P BRI @P%ﬂw %ﬁnilé/ fefmdﬂﬂéfhee%tﬁt? ceﬂth'%@rt §Qm§tea¢wliyaa\4ayable her eby
i nprovidigk &NRis BY bal tisR@iue. Thermal stability of the recorded information on the disk

is the presumed limiting factor as higher densities are sought. A commercially viable
disk drive must be capable of maintaining the stored information for periods of time
measured in years.

Chen, et al., have recently described experimental results on disks with what they
call a Cr sub-seed layer. Glass substrates with a sputtered NiP layer were used to
receive the Cr/NiAl/Cr-alloy/Co-alloy layer structure. The article is silent as to the desired
crystal structure of the Cr sub-seed layer. (See Q. Chen et al, IEEE Transactions on

Magnetics, vol. 35, no. 5, page 2637, Sept. 1999).



-2 JUL 2004 6 different conpositions of seed |ayers, crystallographically
“textured (112) or (100) Cr layer can be deposited. By sputtering Cﬂ-gal Qﬂpgr
on these Cr underlayers, textures of either (101bar0) or (112bar®)- ¥m
magneti c | ayer can be achieved. For high deposition rate sputtering, it has
been found $iamatyhe application of an anorphous TaN seed | ayer on gl ass

i nduces a (100) orientation in the subsequently grown Cr underlayer, which
pronot es a Q€595¢YE (aanespedaf S riesephinyantiardhes 1sprovided ayhin filmgeegnetisdiskT. O

A8k riavi NG TRt e, P R i b sl ey R T sey | Al StV ©

t he for mat i mmoofystaliNe| stipeture dgng rdeposited emc siid esubdtrats phaoemagnetib euthphitter i ng
chanmber and,, therefor i ncreases t. manuf act ur i difficulty. The |

O bar o it BRI AD shtChya oPaglor WRR i B el Bttt iet oY sempseeting o

relatively ﬁﬂﬁbﬂky@ﬂ%os&@@d&érﬁ&@'Ru[Aﬁ]layeQthdtah!%ahicﬂe ekt OfayBUdipoSiRNUpBHI NY

targets is a major drawback for its use in large scal’'e manufacturing. The
use of a Corhgupdelayged | ayer allows the use of a very thin RuAl seed |ayer

(and thus r S tga-th =al. . enr:l.ayer _on a
gl ass subst'?gbtbg(?ﬁ%ﬁ?cﬁ%f}%p% tﬁ?%t ;Hr{a%?é}r fggﬁgt &vgég%nugﬁr@dr g%mﬁd%qu@élgr@%
(112bar 0) ovongntsey Conetbt dyr tosatmg avispindleomttbiol filed nsagattice disgrmbmted a. then
the preferr ient of the i.nvention, the Ta pre-seed l.ayer is

sput ver  deptifCaOBRIERG «raltali P o FEachofy LSRR v busstred

| ayer) an ukyeratepbiired Upoalshidystuonies iy & RuAd s€xtr alroyitloassl strax@e @pekiRd
CoPt CrB magnetic. | ayer. To inprove the lattice match between the RuAl and
the Cr-al | dponsaidrrgyesd latﬁrwnf{)%n iipiorASPIPRlY arduding p dead pr WiHEg magnelip
under | ayer jhfrahag6h otHelidihRlit RdMantage is that SNRis less sensitive to
changes in the underlayer thickness. Magnetic properties and SNR data for
di sks wi t h Aef@rding HeanotheCratecp oé-the edesenty avventian hest éxl providealbh endthod of 2
JUL 2004 T, . (] - o " - :

kst ruct ur PRIl i) e e eSS e X oI PBE IR AT, 662
7. 62Cr TaSOfReALEOIGrET | with CoCradionfoRs "¢ Rabe3660thed 200ctBiR2 dnid3hi Adiactilliy20~C
oCr 3, | CoPt, og:r z?Bs3ﬁ000f4 0(12. 7826. 44A| T;sgrRuAhsol CrTi,nl CoCr" 1 CPt" ?’ 20Bi 3
5 0 00 . 4 S30YRCSEiaseoT a dskfgposfing g.crystaling rufeRidmea|ugunug) ypecdilayer |
and di sk 2 ypaveahe pesgedriafyr edepobiBng At $dast2od hdhntaghbtl@blderiayer ove?Ah@Ru¥ Ta,
pre-seed Ialyer exhi bits a substantially higher He and coercive squareness
S*. At the '8¥Tedngrdepguitipg afideast opg wRgetiyilayes oygrdke wsledagENR i nprovenent of

1.3 dB as cpoalehin Qiskhe eh‘lb’%‘&é@en%se@fqzlé ?Ye@ént%ﬁ\r' b ik fes & difh @%nd ReSded

whi ch was nmade with an AlITi 50 pre-see ayer, also shows inpro
per f or mancdaysyed! emerpheioor ananoduyallioe (sttustkred) Thehrefseerh lagwenehivh tyayahbe

squar eness ) it T Al Ti . - ds, i resul.t  qf
creating th@%ﬁgaﬁ%el RE(/&'I[ﬂi1&9%%%@5%#13&{:(&%@1%2é@p(?sétfﬁuPB%r. 1 [ E]fﬁl e 3
shows t he Xrysiallioé fdycacAitboughpbe prasdednayer sely tef anfiorphoust srueihucestalving hfor
CrTa50, CrTa20, Cr T Ta2 .and Ta onl re-seed l.ayers, No significant
peaks appe}fe\flgr'twgll %T%Hegi(? pﬁefehlbiaﬁai‘f]{ Uiat 1?%'% IIERAFSS IOt FERMPASSUR t 5

i n_a subst aphbalbiyliAEBIPOOHS BI the PAEREHYE tAbbdiRRn{ therPreBeddist pattered @nibra and
CrTa20 filnms resuylt in significant diffraction peaks indicati nq crystalline

struct ure. TOPGIFFRIASOREHE Syehy anslemsrioHawed bya aghenimsralemingny (Ruflylegksvivade
with varyi ngp ih&kRes$heqfse GF T]‘i’é@g%ﬁ@d pG&0o @Y \%n&@ﬁ'%ﬁ%fvg%gmr{%&é?ﬁ&? item

The results are believed to be valid up to a thickness o roughout
the X-ray ghubutiomon-plapstapstalingraphitaodéerftiticc tidnogeiaky (Mce aobsS¥Redn 4 hus

confirmng j re. lt.is-known that the use. qf RuAl seed
| ayer on gIﬂéé%ngﬂgé"%%@el{g?tégtpgg'sgedds Q@&gﬁtl@x?}ﬂﬁ Z{“%r\iséﬁd Iq@é?cﬁ’s a G gﬁoy
<l12bar 0> tusdttiayer,iam vhet Coyealandys haygsdtic kosr. t MRe abdomiwlus Yet-vEed Whéhays t he

CrTa pre-seed | ayer .1 the diffractiqgn peak intensities are very weak,
i ndi cati ng 3887 4 ?P{fb{ gy Ru éﬁeldi lgxpr which results in smaller overall grain size, as well

as a reduction in manufacturing cost due to relatively high cost of ruthenium.



due to the deposition of very thin RuAl seed layer and CrTi undegl? er
"directly on glass. By depositing a CrTa pre-seed |ayer, substant&alULhZUUQ
enhancenents of RuAl (100), (200), CrTi 4 -2 JUL 2004 s (200) and Co-all oy
(112bar0) diffraction peaks are observed, ?indicating a significant

i nprovenent of the C-axis in-plane orientation. Figure 5 shows X-ray
diffraction_plots for disks made with 0, 150, 300 and 450 Angstrons of

Al Ti SO pr e- $Bednareased soerepyityradso plawsguee pbia thinsgr (o dloyvundedayrsvmhich aso

t hi ckness o (A)iny ctrel. - di ARUAY 1R rs,
CrTi underl g@%&@t%ﬁ?gﬁgﬁ td gg%lfl%/ze'rra%nrj?g%e?gk ?ey;?glre g'%ﬁé‘r@ééh s%%\%ggq ‘r?g%{let he
preferred opiogideanidditignafthdrmal ¢aroioytiviRuwhicR@oORld Rl ple2 @) themuhl €xrslrkR barD)
st rengt hen g&&piﬁpcreased t hi ckness of the AITi pre-seed |ayer. As shown in
Figure 3 th pr%?érred conposition for the CrTa pre-seed |ayer is CrTaSo,
The behavior of AITi is simlar to CTa in this respect, so the preferred
conposition for a AITi is also 50-50. Table 2 sumari zes the val ues of ful
wi dt h hal f maxi nrum (FWHM derived fromthe RuAl (200) and Co (112bar0)
peaks. It is clear that the nuch small FWHM val ues are neasured for the
filmstructure with either CrTa50 or Al Ti 50 pre-seed |layers. The small FWHM
i ndi cates a high degree of in-plane texture and | ess di spersion of

(112bar0] preferred orientation of the hexagonal Co structure. Table-2 Film
structure RuAl so/ CrTi,of CoGi -/ CoP~Cr BRUAI (200) (FWHM) 17.6Co(112bar 0)

( FWHW)

12. 8Cr TaSO' RUAl SO Cr Ti, o/ CoCr/ CoPt Cr B5. 85. 2AI Ti so/ RuAl so/ Cr Ti, o/ CoCr/ CoPt Cr
B8.76.8 It is also known that the poor thermal conductivity of glass
substrates can cause the recorded data bits to be thermally erased. The use
of arelatively thick CrTa pre-seed |ayer could potentially have sone
advantage in inproving the thermal erasure issue related to a glass disk
medi um Use of sputtered Ni P oxide pre-seed |ayer together with a Ni Al seed
| ayer was published by Chen, Yen, R stau, Ranjan [4]. Their results showed
a <112> Cr texture due to the use of NiAl seed layer. In contrast to the
Ni P oxide, the CrTa pre-seed | ayer enhances RuAl <100> and Cr<200> textures
, and therefore enhances Co-all oy<1120> -2 JUL 2004 9 texture. The

manuf acturing process sinplicity of CrTa pre-seed layer is also an

advant age over NiP. RUAl tends to formthe B2 (cesiumchloride) structure
in a sputtered thin film Small amounts of other materials could

concei vably be added to RuAl w thout disrupting the critical B2 structure.
The B2 structure is an ordered cubic structure that can be described as two
interpenetrating sinple cubic lattices where, for RUAl, Al atons occupy one
| attice and Ru atons the other. RUAl has a lattice constant which is cl ose
to that of O even though Cr has a bcc structure. RuAl tends to form
smaller grain size than & due to the strong bondi ng between the Ru and Al
atons whi ch reduces atomic nobility during deposition. The role of the RuUAl
| ayer of the preferred enbodi nent of invention is to ultimately control the
orientation, grain size and grain size distribution of the magnetic grains.
The grain size and orientation achieved in a RUAl |ayer is propagated into
the magnetic | ayer through epitaxial growh of properly sel ected subsequent
| ayers including the nmagnetic |ayer. \Wereas the traditional thin film
magneti c disk has only three | ayers e.g., underlayer, magnetic |ayer and
overcoat, the trend in the field is toward using additional |ayers. The
term nol ogy for these additional |ayers has not becone standardi zed, but in
a descriptive sense, there may be pre-seed | ayers, seed |ayers, one or nore
under | ayers,



nonmagneti c or magnetic onset |ayers, a plurality of nmagnetic | ayer ?ﬁb
may or may not have spacers |layers separating them In addition \ﬁha 4
called the "substrate"” may in fact be nultilayered material. In this
context of proliferating |ayers, the RuAl |ayer can be effective in
achieving the beneficial results described herein so long as it is
deposited in the B2 structure and ahead of the magnetic |ayer. Thus, the
RuAl layer in the preferred enbodinent is intended to be as the first

non- anor Braafddsayiption of thef Drasvings cryst al | ographi c orientati on and grain

si ze of subsequently deposited magnetic material. In a preferred enbodi nent
of the invention, the CrTa or AITi pre-seed |layer is sputter deposited onto
the substrat eFu@mm tilustyesad fopaibu bfay ridrhirtididk drive v d folarf é@(ﬂétb%&ﬁﬁﬁn
conposed ai% t|§:|Ub ant i altl of CrTa and preferably CrTa50, b)

subst ant PEIGYMARR PIEA BVERNabl y AI Ti 50. The RUAl seed Iayer i s deposited
onto the pre- S ek 2 Hydiatdaths lagB0antusPd | | oved
by a Cr-allo Ignderl ayer, a ICaIZ al | oy oniéetff:hrd gg’eﬁ‘gmb%ﬁcﬁé yﬂbﬁ%g\%
Copt O B HEGA® Y ¢ 1 ayer. The use of an onset layer is described in a

comonl y assi giged, 3 BestRes3dirg digretioRd nunber
08/ 976, 565. Br |@efl¥ t he onsgt | ayer ﬁa%?%??gglq%%ég%%gwg%%%géﬁ% for its
lattice FRYEWalyaritenseol Gerwiyeampasiioncbangsar amet ers whi ch are

i nternmedi ate pgt

strengt hen t heger\glaitalg&étyrla?etr? )ajayHnﬁ%#'rggggoa?f?gg%tv%ﬁjgnQ%Pltgg%gﬁm @ L§et

| ayer i sdisks Wé%ﬁébﬁ\aﬁh%tw@fﬁa@k@@nﬁ bt ¥)e watediels witbdhardesrin &hckwbs;scdw amy be
magneti c Aeziols) are usable for the onset |ayer

i ncl ude %%ue)tﬂr an Z/Ng? coba étoatbﬁgwghtgoﬁch as CoCr, CoPtCr and CoPtCrTa. A
speci fi c exanfppee '”lﬂﬁétgtﬁétxrf@wrﬁfsaxmonaytarfoozﬂ v@uﬂs@afﬁalemoghﬁn mﬁfmégﬁeﬂac4 to 14
at . %platﬂsgy t.o 5 (Vtant mwth the
rest bei n?r Whmﬂghée\?triegs%t#w(&%g% @p%%@t’a%%@ Piggsdn &»ﬁ't’l(Eﬁssc‘Hlﬂ d be
used f or A0 Binsdm lavey eecdrding tedibe Gomnt@n, CoCr Ta, etc. Nonnagnetic material s
such as CoCr (Cr > 30 at.% can also be used as onset |ayers. Although the
inventors prefer to use the onset layer, it is not strictly necessary to
include it in the structure to obtain the benefits of the CrTa or AITi
pre-seed / ructure is a practical

enbodi rrerl?lea}{%Ell es-Eb %8Ht%|fc%1 ﬁé—e?u %Erfggcﬁj'ﬂgt‘&at es the cross sectional |ayer
structure of an enbodl ment of a thin filmmagnetic disk according to the

oretoranly botls SR ST BYE i mberdSnfcbbattprroniaati ot ecor di ng
area. Thmagoblstr spugtedify. niiye tmatnadsmpﬁsugdraa&:rofe@eyraoé JS@éct@&Jt&_r@rQh@ce@t erial.

The Cr Ta is deppsited onto the substrate he RuAl seed
| ayer ﬂmﬁyggrggﬂo%%gl %éﬁqocrygﬁﬁ 'Be plidctee: -ghe 45T aded 2IPaepetigys'd al so be
a doubl tlél'iprb‘agﬁdhe wietdia <a)ei'<a\yt$rforcn‘ filRusMucfued WQN\@Qy in RuhPyRH 18fer B . for

exanpl e. 4 result in a cost savings by
r educi ngut Heﬁ?gﬁ)élﬁé}gcﬁdﬁ ercg&%%mfﬁﬁow MEHY RGNe eBREIRG EnRiPERfENt  of
t hi s gr ogipk SIgnaIttheoae;Moe(SNﬁwy1satdmnaguompaﬂae téRd AlmiRe @ldtdrs Redobthe grain
si ze and t nd the subsequently deposited NIAI follows the
establi sﬁP]Fda %gtst%ébﬁgePThe under| ayer 13 is deposited onto the seed | ayer

and is a nonflengeoemgltetapcpha:mrbebfadmett@b oRSed I@Vérwgl}éﬁsaa'nh%é'éﬁ& gg GV or
CrTi. Thgu ag 4 has be n de cri bed above magneti c ayer 15 is
% n Igtﬁclez@

an alloy 0 B 83 Fyysta ?&%M%Ofﬁﬂnéattor\@mharm (@h%nﬂoun)n and may
cont ai n amiﬂihbre(bnaﬂte @lagneiatCo- 5u¢qhmesnstvaéutlabwm 1OWad 85O QisciBs &y m@a‘?én?f Ta or
CoPt Cr B. U%%%@Qh B}e use fof t §1 pre-seed | ayer and seed -2
JUL 2004 Lyerhgddnndte HegEy 'rb"i?@él'%Me'%‘I’ eedarigyeren géammm can | ayer

mat er i al redacd yheigraih sra@naiaghetdAdivy siibseiHiia By/% num 14
to 23 at.% chrom um and 2 tgo 10 a¥ % bor oﬁpvfeétéb%ﬁrﬁém?@g%@b gp%cﬁ“dT
optional top layer is a protective overcoat 16 which is typi caI |y carbon
based and may contai n hydrogen and/ or nitrogen, but any other protective
material may be used. It is also known in the art to use additional |ayers
bet ween the magnetic |ayer and the overcoat to either enhance the adhesion
of the overcoat or inprove hardness, etc. The various |layers are preferably
sputter deposited using standard techni ques, targets, tenperatures and
pressures are known to those skilled in the art. The relative thickness of
the | ayers, other than as noted above, are not believed to be critical for
practicing the invention, but the follow ng ranges are given as gui dance.
The RuAl seed layer is preferably from3 to 20 nmthick. A typical value

for the thickness of the underlayer is 8-15 nm A CTi underlayer is
pref erabl y dep05| ted to a th| ckness between 3 and 15 nm | n thi ckness T_he

. - a v . L g o~~~



12 The thin filmdi sk nade according to the invention can be usgdﬂfﬂ“
. storing data in typical disk drives using either nagnetoresistive ¢ 2004
i nducti ve heads and can be used in contact recording or with flyabl e heads.
The read/wite head is positioned over the rotating disk in the standard
manner to either record or read magnetgc information. Figure 1 is a top
view illustrating a prior art disk drive with a rotary actuator in which a
thin filmdisk according to the present invention nay be used. The system
conpr i sesdIb‘ﬁr@nbcommseilqmagﬁmeddayees;mryhtaﬂggrdpmksllyléﬁurﬂfﬁl(mtzqdr OO R RYke 112

which is r| cal, not ct uat or
assenbl y ﬁ%ﬁég%por?@%é) S&FF e(li B'RXﬁPBﬁ“eéS ré’ﬁ”ﬁgﬁ)‘ﬁﬁ@ W%énqutg%/ wite
heads. 'Cli'h(éoabsr@mbthMObe tmmgﬁa? |@,feraztafpb<teuaa+.e¢exd Off’or?ﬁgﬂ@etpﬁélﬁor?mgeg i ders
arranged | I ctuators s ortjn e sliders in
cont act V\npt%%["llé '%*ﬁ‘??’&&%i UBE ”ﬂaﬁg‘ed?%fﬁgaat 23? REYOHR Lff?ﬁ% aNe ﬁ‘é{ay%?'htl ng or
bei ng unl glasteiddtaesamd0o) @iehtatich in t}‘}e‘éﬂhsfé@ué‘rﬂMgrdm{qur{dé%‘{]eruﬁcﬁmves the
actuat or assenbl e _assenbly to

pi vot ar oREOLH ?trﬂfﬁ#ﬁé’“ﬁ%@&@ 'Qrﬂée 8965%1'?Y%} $oPR 'afg%BcT Prepaligatipear i ng

sliders astaiates fongfokyj18g, emaQNeFédsleaSWQ%@}QH@I&LWW@WCM?{@HZAQFI% hg at
sufficient sgeed I n o&?ratl on, when the sliders are flying above the disks

the VCM ndvesTHdeEEYH ?Q%%&EWGBQ%YMW&E@QQAME&dll“hmevat ttewi ng t he
heads to faem &l [ [ m ci rcul ar
tracks for rregﬂiﬁn ftﬁgﬁ ngfirge r eaai‘ggICtI ahﬁoélﬁgggggltt@dg pﬂh? eﬂ{ﬂ)ﬁlﬁﬁ ql | s
descri bedhgrséere. ingeasesthe manyfaghuing difculn Ihe(btabend texdard of artb-sllvg lAY@M ar e
carried

oper at n‘g"ya;‘ﬁ%i‘*dﬁé‘?ﬁ%“%grbﬁ'ﬁégw e RHE SR R pAORE R o
starting YrRWh sppitarigg taraets it @ deie drawbdsk ferdtsnise h tfarg@mcaleenmsmw@l ng

| oad/ unl i t r fetela)getons w th

surface g?veth%nagl%sﬁgglprﬁégg éa ailg\?%ﬁgeq‘oslﬁ%é%% ﬁ% fs?e 'otéer((E%é uﬁr ea 113
whi ch is 'GeHcesse§t)fapd agatia- tbmcﬁra(geCeeléWS)tmwwer he argba;snet:lnsira@e)a\thmgn ext ends

over thi url

non- operzsftu ?{)ﬁ?&blé ti\?rgnl?sseﬁh%ﬂﬁé&gﬂ o‘?sﬁéﬂ\;;gﬁgﬁ&@ (glrgé{@f%g%d Ifrﬁﬁ%yefﬂwﬁhe di sk
becones a@%ﬁpgﬁﬂ%“@'@m@m%ﬁ%torage Al t hough the disk dri ve has been
described withy ﬁfierprg)f%?r(eﬁ @%b%hfn%‘f of tﬁwg‘ﬁwghﬁ"cjﬁ e rl?g Jgg aventLon may

easily be used in other stora evi ces havi ng neaf cont ¥e”s 1 Coht act
recor di ngdenositre anto a 91325§UJESf@gﬂ)f4>|lq\seWY & ¢hin ReAlmeeﬂdeeedaneﬂtbntﬂlr\rmmalbyof t he
present i r Bl it oWl be.a rent to
Phe one St CokoReRe o L8Rl kBl ke, T o P BIROERT on
ar'e real i Pahdeiwaandhe R@Iél@ratthﬁ@rfaﬂmrtdedamdpﬂi am@rMpaliolys amfpréf&éred
'nvent'or\Nhen‘a%r‘MéLur%g et ksehal ﬂ'ﬁh&racﬁaﬁ@é Bidfih %t@ﬂﬁ%qgtls(: oK

conprisin a nonnetal li’c substrate; a ayer AR ‘é‘?ﬁ?rphous or
nanocr yst@engeeindhe w&%ﬁbeflﬂéﬁkrgsﬁemnewdpr@nersas ehdsSNtham for daksaiaiihragnet i ¢
rut hen! ured oDV T lelecsBeflc] GicdiReghled upon the pre seed layer: at
| east one norunagneti c underl e osMecJ upon the RuAl |ayer: and at

| east one magnetic | ayer dep05| ted upon the underl ayer. 2. The disk of
claiml1l wherein the RUAl |ayer has a B2 structure. 3. The disk of claim2
wherein the RUAl |ayer has a <200> preferred orientation. 4. The disk of
claim1l wherein at | east one said underlayer conprises CTi with a <200>
preferred orientation.




5. The disk of claim1l wherein the pre-seed layer is CrTa and cont_agggug 62004
approximately 50 at.% Ta. 6. The disk of claim 1l wherein the pre-seéd”lay
is greater than or equal to 10nmin thickness. 7. The disk of claim®6
wherein the pre-seed layer is less than or equal to 60 nmin thickness. 8.
The disk of claim1 wherein the pre-sex;d | ayer shows no significant x- ray
diffraction peaks. 9. The disk of claim2 wherein at | east one said

underl ayer is a chromum alloy containing approxinmately 10 at.%titani um
10. The disk of claiml further conprising a thin filmonset |ayer

consi stimghbdé-h. cobalt all oy between the underlayer and the magnetic | ayer.
-2 JUL 200%s k- 15strildtureThe di sk of claim 10 wher ei nMkbe onset | agenRrconsi sts
of CoCr. 12. The disk of claim 11l wherein(phe nagnetic | ayer c¢c@pprises
CoPt &rB. 13, Theadicksebcighcartnuidepher ei n theo Rupl 38ged ol gyer bs bhetween 3
and 20 nmin thregneag/crlidcodDeott] kept chakm 13 whgreigngat | easy one said
under | ayer -CONQGAISBS.,fdodl,/cPGchb, bet ween 54@ g5 |ck§%s§. 15. The

d
di sk of cl ajm K ,m@rrnmlgggégigpﬂcg& a thi nzggg{r]a©2?§ I %yﬁi rlra 26 nm t hi ck

of a cobalt” al o} deposite etween the u nd "t ic layer
and wherein: the pre-seed layer is CTa or AITi and has a thickness of

reater than 10n the seed | ayer has a B2 structure and js between 3 and
Sonm in (s daREdadata Shows that, aitfough disk 1-and disk 2 have a comparable SONR, disk 2

with a CrTa50, i.e., 50 at.% Ta, pre-seed layer exhibits a substantially higher Hc and
coercive squareness S*. At the same Mrt as disk 3, disk 2 gives rise to a SoONR
improvement of 1.3 dB as compared to the NiAI50 seed layer structure of disk 3. Disk 4,
which was made with an AITi50 pre-seed layer, also shows improved performénce over
the prior art NiAI50 (disk 3). The high coercivity and squareness achieved with the CrTa
and AlTi pre-seeds is a result of creating the enhanced RuAl <100> and in-plane Co
<1120> textures.

Figure 3 shows the X-ray diffraction spectra for a set of film structures with
CrTa50, CrTa20, CrTa10, CrTa2 and Ta only pre-seed layers. No significant peaks
appear for the CrTa50 film indicating that this composition results in a substantially
amorphous or nanocrystalline film. Both the pure Ta and CrTa20 films result in significant
diffraction peaks indicating crystalline structure.

Figure 4 shows X-ray diffraction data for thin film disks made with varying thickness
of CrTa50 pre-seed layers ranging from 0 to 45 nm. The results are believed to be valid
up to a thickness of 60 nm.  Throughout the X-ray spectra no crystalline CrTa diffraction
peaks are observed, thus confirming its amorphous nature. It is known that the use of
RuAl seed layer on glass substrate creates a Cr <200> texture which leads to a
<112bar0> texture in the Co-alloy layer. For the film structure without the CrTa pre-seed
layer, all the diffraction peak intensities are very weak, indicating poor structural integrity
due to‘ the deposition of very thin RuAl seed layer and CrTi underlayer directly on glass.

By depositing a CrTa pre-seed layer, substantial enhancements of RuAl (100), (200), CrTi



the underlayer conprises CrTi and is between 3 and 15 nmin thlck@egi"1?004
- The 'disk of claim1l wherein the pre-seed layer is AITi and contains
approxi mately 50 at.% Ti. 17. A disk drive conprising: a notor for rotating
a spindle; a thin filmnagnetic disk mounted on the spindle conprising a
nonmetal | ic substrate, an anorphous o nanocrystalline pre-seed |ayer
deposited upon said substrate and a RuAl seed |ayer with a B2 structure
deposited upon said pre-seed |ayer; and an actuator assenbly |nclud|ngha
head for ( mﬁanﬁgo@gw@marohmﬂrmom pelak@raré bbseivak indigsatit cgé@'bﬁﬂf@a%t 18. The

19. The
k dri [ grein t he e seed conpri ses Ta or AlTi.
g: :k dri gﬁprg‘(e'ﬁ%rﬂ Omh% 3:2 nep ﬁnetﬂrée " | ayer has a <200> preferred

-faly Idiff dt€forldmks friatt Reth o, Ao LdeSnansgnder | ayer
?glgataélgn dﬁdweﬁbﬂbhmn;ay et a <2001 referred orientation bei ng
deposi teg @ver sai g F%&i\? g d(e?éy‘fra&be resylts argebe g?“s?lg tpe validgovy) tgiam 19 wher ei n
t he undethickpess dfsl08 Anlgsiarhsi(d)aid.ay et disMa@maE/%b@@Fa%r\é épn at. OT
titani um,, 7 wherein t re-seed Iayer S a

or AT e A ﬁlggtg%tgefr"li}%fe’}?g{‘%tf%ba%ﬁtﬁs aThaigp shews el inenreianed) ment <.

onentatlons of RUAI(100), RuAl(200), CrTi(200) and Co(112bar0) strengthen with

\ increased thickness of the AlTi pre-seed layer. As shown in Figure 3 the preferred
composition for the CrTa pre-seed layer is CrTas, The behavior of AlTi is similar to CrTa
in this respect, so the preferred composition for a AlTi is also 50-50.

Table 2 summarizes the values of full width half maximum (FWHM) derived from

the RuAl (200) and Co (112bar0) peaks. It is clear that the much small FWHM values are
measured for the film structure with either CrTaso or AlTis, pre-seed layers. The small
FWHM indicates a high degree of in-plane texture and less dispersion of [112bar(]

preferred orientation of the hexagonal Co structure.

Table-2
Film structure - RuAl (200) CFWHM) | Co(l 12bar() ("FWHM) ‘
RuAlse/CrTi,/CoCr/CoPiCrB 17.6 12.8
CrTase/RuAlse/CrTi,/CoCr/CoPtCrB 5.8 52
’ AlT150/RuAlse/CrTi,/CoCr/CoPtCrB 8.7 6.8 B

Itis also known that the poor thermal conductivity of glass substrates can cause
the recorded data bits to be thermally erased. The use of a relatively thick CrTa pre-seed
layer could potentially have some advantage in improving the thermal erasure issue
related to a glass disk medium.

Use of sputtered NiP oxide pre-seed layer together with a NiAl seed layer was
published by Chen, Yen, Ristau, Ranjan [4]. Their results showed a <112> Cr texture
due to the use of NiAl seed layer. In contrast to the NiP oxide, the CrTa pre-seed layer

enhances RuAl<100> and Cr<200> textures , and therefore enhances Co-alloy<1120>



2 ' i sk drive of claim18 further conprising a thin filmonset |ayer

. (2:(2)hs;r2'?i gg of a cobalt alloy between the underlayer and a magneH@ ngﬁmetrzqq{f
i ncl udi ng cobalt and boron. 23. The disk drive of claim 19 wherei n4 e
filmmagnetic disk further conprises a thin filmonset |ayer 1hto 221“0
thick of a cobalt alloy deposited bet n the underlayer and the rr}a%n ¢
| ayer and wherein: the CrTa | ayer has a thickness or greater than | Onm

RuAl layer is between 3 and 20 nmin thickness; and the underlayer is

bet ween 3 telared Bmmmian. b iy yaasessipibiyBt 0P (96 <BBA(BGL UKLDA b hn. 11 m
magneti c %g}( E,orrprisingthe steps of: depositing a thin fi mpre-t “d
| ayer with anN'am)rphous or nanocrystalline structure onto a non-neta

' It [ ' | um num
substrate surf RoAl tehdstodbrikinedBR pstisiubNehiridel XEE @k iMg skt e um; a
(RuAl) se%d Ilf%gr ontthe pre seed Iaye_r;blgiepozltlggﬁu%zlq%(gngdgﬁ‘eﬂ e
nonmagnet 24| ?qngtg‘éfro Wé‘?at?'r?és R CQ@??\_E}, yan?hdgcpof I gi@tma24 Igha%rngi ne
re-sced | aver e Ot o e pRMloucts oh oT9dIFL 085 Sty Sen bene. ot hod

of claim gggq%rl?@g a5 ﬁN%mtqr@%{@grat'yrggsn_g\al_ecbuh'to,‘damwhere,uﬂdBﬂAla)ﬂﬂlétdtﬁs Q&)QJ?%‘ tggo4
by sputt ebh&GitfdeQMdRE AbAEthLARLAT RLAGSH QLY rc%r?srt]e(ljnttwlhtlc s tlose to tflgt of -
‘ Cr even though Cr has a bcce structure.  RuAl tends to form smaller grain size than Cr
due to the strong bonding between the Ru and Al atoms which reduces atomic mobility
during deposition.

The role of the RuAl layer of the preferred embodiment of invention is to ultimately
control the orientation, grain size and grain size distribution of the magnetic grains. The
grain size and orientation achieved in a RuAl layer is propagated into the magnetic layer
through epitaxial growth of properly selected subsequent layers including the magnetic
layer. Whereas the traditional thin film magnetic disk has only three layers e.g.,
underlayer, magnetic layer and overcoat, the trend in the field is toward using additional
layers. The terminology for these additional layers has not become standardized. but in a
descriptive sense, there may be pre-seed layers, seed layers, one or more underlayers,
nonmagnetic or magnetic onset layers, a plurality of magnetic layers which may or may
not have spacers layers separating them. In addition what is called the "substrate" may
in fact be multilayered material.  In this context of proliferating layers, the RuAl layer can
be effective in achieving the beneficial results described herein so long as it is deposited in
the B2 structure and ahead of the magnetic layer. Thus, the RuAllayer in the preferred
embodiment is intended to be as the first non-amorphous layer to influence
crystallographic orientation and grain size of subsequently deposited magnetic material.

Ina preferred embodiment of the invention, the CrTa or AlTi pre-seed layer is
sputter deposited onto the substrate (which may already have thin films on it) from targets
composed a) substantially of CrTa and preferably CrTa50, or b) substantially AlTi and
preferably AlTi50. The RuAl seed layer is deposited onto the pre-seed layer by standard

sputtering techniques. It is followed by a Cr-alloy underlayer, a Co-alloy onset layer and a



BETA i i Si the step of depositing a

-17- . The nmethod of claim 24 further conprising _
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under| ayer and before the magnetic |ayer. ) ( foolalmays clot
i d of CTa or AITi and is p

wherein: the pre-seed | ayer is conpose and depost ted
i hey RUAI seed | ayer is deposi (

a thickness of greater than 10 nm t ﬁf et ntder | ahor tomnr P

i ss between 3 and 20 nm and at [ east one sa
Er%?kgﬁd is deposited to a thickness between 3 and 15 nn1 .A@ A
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109%68& ( ) YW BAIBRLENEHSehtobp QT8 % (e fhe onset layer, it is not strictly necessary to
include it in the structure to obtain the benefits of the CrTa or AITi pre-seed layers. Thus,
a CrTa/RuAl/CrX/CoX structure is a practical embodiment of the invention.
Figure 2 illustrates the cross sectional layer structure of an embodiment of a thin
film magnetic disk according to the invention. The thin film layers will be deposited onto at
least one and preferably both planar surfaces of the disk to form the data recording area.
The substrate 10 may be made of glass or any other suitable material.
The CrTa pre-seed layer 11 is deposited onto the substrate. The RuAl seed layer 12 is
deposited directly onto the CrTa. The seed layer could also be a "double" layer with a
layer of RuAl followed by a layer of NiAl, for example. This double layer configuration
could result in a cost savings by reducing the required amount of Ru which is the more
expensive element of this group. In the double layer structure the RuAl establishes the
grain size and orientation and the subsequently deposited NIAI follows the established

patterns. The underlayer 13 is deposited onto the seed layer and is a nonferromagnetic

material such as a chromium alloy such as CrV or CrTi. The onset layer 14 has been

described above. The magnetic layer 15 is an alloy of cobalt which typically contains
platinum and chromium and may contain additional elements such as tantalum or boron,

e.g. CoPtCrTa or CoPtCrB. Although the use of the CrTa pre-seed layer and RuAl seed
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boron with the rest being Co. The optional top layer is a protective overcoat 16 which is
typically carbon based and may contain hydrogen and/or nitrogen, but any other
protective material may be used. Itis also known in the art to use additional layers
between the magnetic layer and the overcoat to either enhance the adhesion of the
overcoat or improve hardness, etc. The various layers are preferably sputter deposited
using standard techniques, targets, temperatures and pressures are known to those
skilled in the art.

The relative thickness of the layers, other than as noted above, are not believed to
be critical for practicing the invention, but the following ranges are given as guidance. The
RuAl seed layer is preferably from 3 to 20 nm thick. A typical value for the thickness of
the underlayeris 8-15nm. A CrTi underlayer is preferably deposited to a thickness
between 3 and 15 nm in thickness.

The onset layer can be 1 to 4 nm. The magnetic layer can be from 5-30 nm thick with
15-20 nm being typical. The use, composition and thickness of the overcoat are not
critical in practicing the invention, but a typical thin film disk might use an overcoat less
than 15 nm thick.

While the compositions listed above have been given without regard to
contamination percentages, it is known to those skilied in the art that some contamination
is normally if not always present in thin films. Sputtering targets are typically specified as
99.9% or greater purity, but the resulting films may have much lower purity due to
contamination in the sputtering chamber or other factors. For example, contamination by
air in the chambers might result in measurable amounts of oxygen and/or hydrogen being
incorporated into the film. It is also known that some small amount of oxygen is normally
found in Cr targets and in the resulting Cr layer. It is also possible for small amounts of the
working gas in the sputtering system, e.g. argon, to be incorporated into a sputtered film.
Contgmination levels were not specifically measured in the disk samples described and,
therefore, were assumed to be within normal ranges for sputtered thin film disks expected
by those skilled in the art.
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The thin film disk made according to the invention can be used for storing data in
typical disk drives using either magnetoresistive or inductive heads and can be used in
contact recording or with flyable heads. The read/write head is positioned over the rotating
disk in the standard manner to either record or read magnetic information.

Figure 1 is a top view illustrating a prior art disk drive with a rotary actuator in which
a thin film disk according to the present invention may be used. The system comprises
one or more magnetic recording disks 111 mounted on spindle 112 which is rotated by an
in-hub electrical motor (not shown). An actuator assembly 115 supports a slider 120
which contains one or more read/write heads. The assembly may be composed of a
plurality of actuators and sliders arranged in a vertical stack with the actuators supporting
the sliders in contact with the surfaces of the disks when the disks are not rotating or
being unloaded to avoid contact. A voice coil motor (VCM) 116 moves the actuator
assembly 115 relative to the disks by causing the assembly to pivot around shaft 117.
The heads are typically contained in air bearing sliders adapted for flying above the
surface of the disks when rotating at sufficient speed. In operation, when the sliders are
flying above the disks the VCM moves the sliders in an arcuate path across the disks
allowing the heads to be positioned to read and write magnetic information from circular
tracks formed in the data area 114 which is coated with the thin films described above.
Electrical signals to and from the heads and the VCM are carried by a flex cable 118 to
the drive electronics 119. When not operating and during periods when the rotation of the
disks is either starting or stopping, the sliders may be removed from the disks using
load/unload ramps (not shown) or parked in physical contact with the surface of the disks
in a landing zone or contact start/stop (CSS) area 113 which is not used for data storage
even though the magnetic coating extends over this area. If the sliders are unloaded from
the disks during non-operation, there is no need to have a CSS area and more of the disk
becomes available for data storage. Although the disk drive has been described with air
bearing sliders the disk of the present invention may easily be used in other storage
devices having near contact, or contact recording sliders.
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F10% >$ a nonmagnetic ruthenium-aluminum (RuAl) seed layer deposited upon the pre-

seed layer;
at least one nonmagnetic underlayer deposited upon the RuAl layer: and

at least one magnetic layer deposited upon the underlayer.

2. The disk of claim 1 wherein the RuAl layer has a B2 structure.

3. The disk of claim 2 wherein the RuAl layer has a <200> preferred
orientation.

4, The disk of claim 1 wherein at least one said underlayer comprises CrTi

with a <200> preferred orientation.

5. The disk of claim | wherein the pre-seed layer is CrTa and contains

approximately 50 at.% Ta.

6. The disk of claim 1 wherein the pre-seed layer is greater than or equal to

10nm in thickness.

7. The disk of claim 6 wherein the pre-seed layer is less than or equal to 60

nm in thickness.

8. The disk of claim 1 wherein the pre-seed layer shows no significant x-

ray diffraction peaks.

9. The disk of claim 2 wherein at least one said underlayer is a chromium

alloy containing approximately 10 at.% titanium.

10. The disk of claim 1 further comprising a thin film onset layer consisting

of a cobalt alloy between the underlayer and the magnetic layer.
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1. The disk of claim 10 wherein the onset layer consists of CoCr.
12. The disk of claim 11 wherein the magnetic layer comprises CoPtCrB.

13. The disk of claim 1 wherein the RuAl seed layer is between 3 and 20

nm in thickness.

14. The disk of claim 13 wherein at least one said underlayer comprises

CrTi and is between 3 and 15 nm in thickness.

15. The disk of claim 1 further comprising a thin film onset layer 1 to 4 nm
thick of a cobalt alloy deposited between the underlayer and the magnetic layer and
wherein:

the pre-seed layer is CrTa or AlTi and has a thickness of greater than 10nm;

the seed layer has a B2 structure and is between 3 and 20nm in thickness; and

the underlayer comprises CrTi and is between 3 and 15 nm in thickness.

16. The disk of claim 1 wherein the pre-seed layer is AlTi and contains

approximately 50 at.% Ti.

17. A disk drive comprising:

a motor for rotating a spindle;

a thin film magnetic disk mounted on the spindle comprising a nonmetallic
substrate, an amorphous or nanocrystalline pre-seed layer deposited upon said substrate
and a RuAl seed layer with a B2 structure deposited upon said pre-seed layer; and

an actuator assembly including a head for writing magnetic information on the

disk as it rotates.

18. The disk drive of claim 17 wherein the pre-seed comprises CrTa or
AlTi.

19. The disk drive of claim 18 wherein the RuAl layer has a <200>

preferred orientation and the thin film magnetic disk further includes an underlayer
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comprising CrTi with a <200> preferred orientation being deposited over said RuAl seed

layer.

20. The disk drive of claim 19 wherein the underlayer is a chromium alloy

containing approximately 10 at.% titanium.

21. The disk drive of claim 17 wherein the pre-seed layer is CrTa or AlTi

and contains approximately 50 at.% of each of the two elements.

22, The disk drive of claim 18 further comprising a thin film onset layer
consisting of a cobalt alloy between the underlayer and a magnetic layer including cobalt

and boron.

23, The disk drive of claim 19 wherein the thin film magnetic disk further
comprises a thin film onset layer 1 to 4 nm thick of a cobalt alloy deposited between the
underlayer and the magnetic layer and wherein:

the CrTa layer has a thickness or greater than 10nm;

the RuAl layer is between 3 and 20 nm in thickness; and

the underlayer is between 3 and 15nm in thickness.

24. A method of manufacturing a thin film magnetic disk comprising the
steps of:

depositing a thin film pre-seed layer with an amorphous or nanocrystalline
structure onto a non-metallic substrate surface of a disk;

depositing a crystalline ruthenium-aluminum (RuAl) seed layer upon the pre-
seed layer;,

depositing at least one nonmagnetic underlayer over the RuAl layer; and

depositing at least one magnetic layer over the underlayer.

25. The method of claim 24 wherein the pre-seed layer is CrTa containing

approximately 50 at.% Ta.

26. The method of claim 24 wherein at least one said nonmagnetic

underlayer is deposited by sputtering from a target containing chromium and titanium.
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28. The method of claim 27 wherein:

the pre-seed layer is composed of CrTa or AlITi and is deposited to a thickness of
greater than 10 nm;

the RuAl seed layer is deposited to a thickness between 3 and 20 nm; and

at least one said underlayer comprises CrTi and is deposited to a thickness
between 3 and 15 nm.



