., e3elby$"6TbQV) -2 JUL 2004 Nonnetallic Thin Film Magnetic Recording Di sk
with Pre-seed Layer Field of the Invention This invention relatesst Uip?
field of thin filmmaterials used in magnetic disks for data stor%gg 004
devi ces such as disk drives. Mre particularly the invention relates to
thin filmlayers used to condition a nonmagnetic substrate for subsequent
crystalline layer structures. Background of the Invention The magnetic
recording disk in a conventional drive assenbly typically tonsists of a
substrate, an underlayer consisting of a thin filmof chromum (C) or a O
alloy, a Nonmetallie Tt hinghdm Magnetic Recerding Bisk withRks-seee Layed a
protective overcoat over the magnetic layer. A variety of disk substrates
such as Ni P-coated Al My, glass, glass -- 2J U~_200g 2 ceranc,

gl assy carbon, etc., have been used. The nost common disk in the market is
currently made with a substrate disk of AIMy on which a | ayer of anorphous
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
under |l ayer is deposited at el evated tenperature on a N P-coated Al M
substrate a [100] preferred orientation (PO is usually forned. This PO

pr onot es Fidld of fivd Reatiogr owt h of [112bar0] PO of the hcp cobalt (Co) all oy,
t hereby i nproving the in-plane magnetic performance of the disk for

| ongi tudi nal recording. The [112bar0] PO refers to a filmof hexagonal

structure whosgs (WaRiaY Rlatd BN hAYaf; i surface
of the fi I{%%Si sF'lce nucl eati on lﬁg@%?gtﬂﬁﬂgﬁ%@ﬁ%b{sé&qgﬁégﬁ%%ﬁgﬁlfé{/ers on

gl ass an§3tAsHerage dauices such as ik driveesMare pasticularly e ingention yelates to thirose on

Ni P- coat €lth Rlybg 1web36 Eaidifon Shdrintigpetic Skehieah - es are
used on gkgas substrate digks to é@hf@ve opfi&%#?%%ghﬁyg&aéﬁéy% ﬁientiona

Ni P coat H'&€Snhot preferable for use on glass for many reasons including
t hose noted above. Nonnetal lic substrate disks have typically had a so
call ed "seed | ayer"” sputter deposited onto the substrate before the
Cr-all oy underl ayer. The use of a judiciously chosen seed | ayer allows the

per f or maBaekgfoumdn GeHR hiéntidipst rates to exceed N Pl AlMy disks. The seed
| ayer influences nucleation and growth of the underlayer which in turn
affects the magnetic |layer. Several materials have been

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 Cr alloy, 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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"'23 1 ~~ ~200g 3 proposed in published papers for seed | ayers such

as: Al, Cr, N, Ti, NNsP, MpO Ta, C W Zr, AIN and Ni Al on glass and
nonmetal | i ¢ substrat es. (See for exanple, " Seed Layer induced (QOZ)JLHhZUU4
crystall ographic texture in N Al underlayers,"” Lee, et al. .

79(8), 15 April 1996, p.4902ff). In a single magnetic Iayer dISk) Laughlln
et al., have described use of an N Al sked | ayer followed by a 2.5 nmthick
Cr underlayer and a CoCrPt nagnetic |layer. The N Al seed |layer with the Cr

under| aye i nduce th 101 0] texture in the magnetic | ayer.
(" The Con{)?r\gﬁ? %gd %ﬁ é’? ellf? z'?ﬁve Bf‘s?‘lﬁa{-hg Bpstqommeydishini the maxkaiise of
Longi t udi mrenﬂhmadlélmtlmd:ﬁmndﬁenﬁsld\&d\"ﬁ onMidh allafdtof M%Qﬂﬁ)tu %2(5) Sept .
1996, 363&)3(:&0%87' etsJ] el atgrd applications not ed above, the use of
RUAl for a see ‘%é’ sifed. 7 %P%fs fhe étf‘d%%ﬁ NiR Rspcasadneseverali sks has

pr ogr essedisadvahtdigys Inﬂluﬂlagelmé fasEMmasbit m&%rbégéé%?%@f ﬁe ﬁé{r%;fg%'a @Bdl fficult.

In some netri | - to-noise ratio (SNR), Y ovenent
is now co%?a{fg?&ﬁf oaﬂ hﬁépglitﬂlﬁ‘ﬂfpir?}‘&ﬁ? by whichfthe Wénétlﬁ Obiﬂwetlayess aepl i cati on,

t he hi gheddposited. nteid difaattdiad I - Anvone in the

i ndustry . sp bet ?{P and a4gegfﬂ’§§?‘¥°§ﬁg‘§re@§%%¢'@"mﬁ%§ﬁﬁh‘% Fas%%ﬁgl“f'v;hhas
been achi 8\?8&‘?%9“\ enpities &‘b’bf%ﬁ?f%ﬁ&km@&deﬂwwlﬁ i olaod snnrc'ehﬁ state of
the art comoeionippdblomavad t I fhis va Ther nal
stability,_of tolggp&t ecor ded (?%Hngergr% F%ﬁﬁt&lﬁ]eﬁz‘){?%'ﬂ&%"?%%w 5 c}éﬁ 9imting
factor asahliPrNiPSaRdecome maapete iifnated abevsnaroertdirmapoigt. vi abI e disk drive
nust be capablTpe®i ,rasai hd: tion f eripds of tine
measured in ?/ ae “Cher t%mﬁlgmkaﬁsa\élttetﬂé gr%gh?tic%%@scm %"@5 |h| ment al

resul ts dHelsrre §"9\i't?PPw\é'?&t) graisysizenand maghretis tebermegel deeytpling lsitweén fgbstrates
W th a sptaihe o

Cr/ N Al Cr al I%? y'?oﬂe@-}fﬁéong‘sgﬁg E‘?ﬁg‘é‘%@{' é%ﬁ%lﬁ&ggéticf 8f g‘eldés"s Theftr as to the
desi red dnyledayer isipajply ysed Blflnﬂmcesumwm@dctuw;mran(eﬁeea@the@b@r@mgt al ,

| EEE Tr ang&gsizens 2637, Sept. 1999).
il el 2002%4%?2%%@&88%%#?5@5 8] °39% Vi melegals feining

i nvent i oﬁh‘% lxers ondhe, disly isorad nacesaarty fanl mlmgmememt@nwumw b8 Fdldd non

STr UCt Ur o b rey o S e B SRE o Y b o VAR SR G Vet s deposied |
r ut heni uﬁﬁﬁlﬁﬁ?'%dﬁwp&mwe geemlﬁ’ayetedmgsumatmmol ﬂsrefq@n’eel sRpdtibmyer at

| east on¢POYRRUARLITL and at

| east onQ el net | ?t I gnée{?dp{elé g?ﬁ{m@g%ggmé %ﬂta%gp a‘i’ﬁj@bﬂﬁﬁfgloﬁ&et o]

anot her 3&5@3‘?3'6(1009 ﬁ@oypﬂ&@m impig\dng th@nn -plape malgeetp:rplaﬂoﬂﬁdn@ slitskdide i ve
corrpr|5|mg|an Hinal rkedrdinagt n mmantlc di sk nount ed
on the s A rrprr| sr| ?ri]]g gh%oﬁr}gg)irg’ :ﬁ?g‘*& stttgr]éaﬁlmoa'hexa leRLurg
nanocrys EQ%BP@ ) plapgs P%Pd@é'p@@mp@da"@tmnhe;alrﬁacetor thetfilthe Sinek a RuAl
seed Iaymcléattdh ahdBrowthdd elrdr éﬁga %I e n%e 3%%5;3%8@? er, and an

act uat or ssenbl(i i ncl udi gé; tion on the
di sk as FHP§iGies dler sighifispafivigre @ogn@mw? caatpeeuMgtuuslnetq@r @FRAénti Nnvention

t here |snmt@>|a|sdgm|a drRtliodrRf QHLEHH il mmagnetic disk
conpri si eg5151 he_step 5 der osI T ng ng L@ ‘?%EE’PE Loaeccﬁ"q"ﬁ BEM{I h an

anor phou§ ny?ﬁ)?f?’Vﬂ‘%"Pi ‘N'@ @?tﬂua:lsuilpePr@fﬂmblafamaemh glaks mrm&émss urface

of a di skcilRPeIhdsetibtay talli ), seed | ayer
upon t he > p‘gee eI a eré)d()\ggpom t‘?ﬁ%’ﬁ{#‘nﬁg%&sé a@%‘ﬁ%@ﬁﬁ%&ﬁ@ﬁ%hmém ayer
over the® S?%ﬂ/‘éyer aiiter dprasited aofodhe subatate beforeti@n@talioy Lad@fayaver the

underlayeﬁeug'@gfé nts of the esent jnvention

i ncl udes a th pddmdé‘?gms]géee%ﬁe%eﬁgp@%%p%ﬂg&gmﬁpc%gn%’?@%@ﬂ?I i ne
structur @& ST"HEBSﬁ? exeaed NPy disks cTherssediayes hnmmacés&mcﬂelatiéﬂ i JrwtrPbe

al um nu i i ted r irst crystalline |ayer.
Nthougﬂﬂiehlier@gg%%;eec? '%%'?a%@’ be ’F%'ﬁgq} F. $e“r?éfﬂ<5'&*%at'5a'nawerb@enf or
brevity it will be referred to hereln as anor phous which is intended to
enconpass a nhanocrystalline structure. In the preferred enbodi nent the
pre-seed is sputtered onto a nonnetal lic substrate such as gl ass, followed
by a rut henium al um num (RuAl') |ayer with B2 structure. The use of the
pre-seed | ayer of the invention inproves grain size and its distribution,

i n-plane crystallographic orientation and coercivity (Hc) and SNR In a
preferred enbodi nent the pre-seed is followed by the RuAl seed layer, a Cr
al l oy underl ayer, an onset |ayer and a magnetic |ayer. The anorphous
pre-seed | ayer also allows use of a thinner RuAl seed | ayer which results
in smaller overall grain size, as well as a reduction in manufacturing cost
due to relatively high cost of ruthenium -- 2 J U~ 200 -4a




The i ncreased coerci vi ty also allows use of a thinner Cr alloy underl ayer

i | so contributes to decreased grain size. Another benefit n t he
:‘I\Qlcfht Eﬁat the pre-seed | ayer provides additional thernal conductl‘\‘/u |2@Ol,,
could hel p prevent thermal erasures on a gl ass disk. 2 ~~ UL 2004 s
Brief Description of the Drawings Figure 1 illustrates a top view of a
prior art disk drive with a rotary acguator useful in practicing the .
present invention. Figure 2 illustrates the layer structure of a thin film

i I trates x-ray
(rjr? 19 P reglc cgj ng%tmwgg{eg%vgr |Sof§§s nﬁetééo%laéhggh?nﬁf‘l‘re 'ﬁ'?%d‘{‘&@ara riations
of Cr TaVW&rhAkbbmdﬂuﬁd pmglassnan@ammanmus@s&atelslt (Séd(’j R Eﬁam'@?hsigﬁgﬁy?ﬁ“ on

c di sks [

St uct o Eo Rl Sy Bl NP oo i ot APEKRBES of o
Cr Ta50 ¥9(8h 15i April 1 9@ m.48026f. dinrgsifigle hﬁgnetn;\/lgygrlm LAtghi, @t a1 i fdvest rat es
X-ray dj for var.i ous | es of thlnfllmmagnetlc di sks
whi CK s éécr“ gs??ﬂ%i ﬂﬂfe Y%{tf?@mediw #15 NFhihick Gl uadaslavier endages in
t hi ckne§90d?t raadeeTc Syet.hTive KiAl 52 d AP vAHARS B Uﬂdetr@yérhﬁaé LR ih8lce ]Pe{ ﬁg' ed
Descri p{h Wom@é@ge Pr ef red Enbodi ments The CrTa pre-seed [ayer o

i nvention ety gd" BRIRFIRIAYEHAIThOE antighandr Gharagietization o theThe
relati verysmmgmpmccrrexmfe ¥ Lovghuitsal Tﬁnlﬁm&@é&?&uﬁwﬁfanapgﬁéﬁﬁa filmwth an

talline struct The use a pr -'seed | ayer
?58?532 Se%@céﬂ@%zﬁwm@@;zx de oge pf therelated @pplaations motee aovditie RUAI  seed
| ayer ame oflRuAfdrtd seedlaydrlisPysdigrdar | ayer. Such a structural combination in
one enbodi t roved di sk signal-to-noise ratio (SNR) by 1.3 dB as
conpared to s‘ie%lnaﬂf magnglq disks hastmedressedermidly b ecerteatsayakingl n gener al

t he appihiptatentantoéves ohdte WFRGIOTn %ﬁgﬂeﬁ*}é@{ a? A55-ndiRd h&;ﬂ | ternate

substrat es t@?control nucl eation and crys raphi c or| on of the Cr

o aEndy 'm%{mﬂemﬁféﬁ%ﬂwF%I%%ﬁwecslqwfwam oy after tihe ofkdis known. |t
\(Ngg al sa:ppﬂ(?&ﬂbhp&@%gjhés?@én%ti ré&?&ﬁ&gérﬁst?laﬁtrnédﬁgtlﬁ&gksogg ghy‘éﬁ%é\ %‘FI n seed

iC

;ﬁyg; g‘ﬂg@&ﬁgég}«% 38 ﬁgg gg%?ga% Iggr q%ggrsﬁu%%wamsw hap been achlevezimgnet
only in the Iaboratory and the density found in the state of the art commercially available
disk drive is far below this value. 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, [EEE Transactions on
Magnetics, vol. 35, no. 5, page 2637, Sept. 1999).



.~ ~~~1 2004 6 different conpositions of seed |layers, crystallographically
textured (112) or (100) C |ayer can be deposited. By sputtering Co-al

on these Cr underlayers, textures of either (101 bar0) or (112ba&bl“ﬂh §ﬁ§4
magnetic | ayer can be achi eved. For high-deposition rate sputtering, it has
been found that the application of an anorphous TaN seed | ayer on gl ass

i nduces a ( Y¥ientation in the subsequently grown Cr underl ayer, which
pronotes a sAdcoffing ﬂolazmsgém Iofﬂie?rés@ﬂt_ inferitidn théte & frovidb @Y Bin filmSLadett fsk - O
application serial no. 091020, 151, filed: Feb. 6, 1998, TH N FI LM MAGNETI C
DI SK HAVI NG CRERGFINGE aEINSVERIetEP ESbSERRAGT QRY-SMET ARy SERIth. AvERmorplonsy er |
e ooy Bt | OpRly ot BfiutLOHhE Splitef At LA HARRENCL Sk e SRULLRT ' "0

chamber and, ore, rncrease e manufacturi

( 1|12bar OI) t @rk:lminanantmlﬁmeed: lhyey deposited gapﬂn ﬂiﬁsmﬁlseeﬁbhyai mﬂﬁhsbﬁn@'ﬁ&ﬁﬁig@nieﬁ@ a
relative t hi.,ck RUAl see ayer t e, hi cost of RuUAl sputterin
tar ge!t\s/ ig a‘(‘“hﬁﬁlfqy r d?p&ﬁﬁ%fg‘kp@%ﬁe B&‘g‘]l !i’s}'érljiaﬂé F‘talre@ilé%%g}aén?@ﬂﬁ?e&@@ﬂ%ﬁ)ﬁ%@ .qullheg
use of a Cr the iiRrlapad | ayer allows the use of a very thin RuAl seed |ayer

(and thus reduces cost) and an ultra-thin G (or C-alloys) underlayer on a
gl ass subst rgcerdingte pnpthex gspece ehihe prasentsinysetinne therqyisopedvided s tdighdrive

(112bar0) or. : = I j I r gy ai ize. In

the preferr gﬁﬁ@#ﬁ%a icgnenﬁt&g%rtlﬁéﬁlhﬁ\\?e%ﬁfl@%g E}ﬁlé @Tg%%ﬁsgl% r?(guﬁlg?dz PR d‘e

sputter depepindedcamprsizg gl msmetailis Sultate ahl anephdys e hdriooryBiaflinespedeed

-layer, an ultra-thir -al l oy under ! ayer Co-al | oy .qQnset layer and a
CoPt Or B magn&fsf SCI’%QB&“P%S?‘ fraqhace; EIEP?‘I é‘i@dﬂ@f“-‘é H“gb% eHrucHiEe pepgsitethq
the Cr-all oyipbRdat lppecsdell 155eF] ar@r I 4

under | ayer i,g used,p?%‘ feurﬁ;:er _ada\llle%l:fdaagg aik}gﬁ?%g?ﬁlslﬂﬁl?ﬁlfhéagg@r ggﬁlglg??%ejg{?co

changes i n tHermaiEy e diskigs éeaLes. Magnetic properties and SNR data for

di ﬁﬁszgfotg " 90eoMhidd 8! anin € Tehobf Br HRP Prosett Svéifon! Sl HOVIRR' £ lethoa 8 2

skst r uct ur e FRAVfaSHBINER( iy (idiB) Reghictid diski calGoiEitg; thEsRY' Of 2eBoStiNy a GBin. fild 7

50 . 6 62 7 . . ,

620 Taso~RuRISESE, By SAW 47, EBpPheys, OF PASSHYSAUHS. HHSHre R4t & gramgsliccoor

s~ CoPt , 0Cr 3HssBARMrfARO6E ¥ 82 ddpbhitihgaccrRAliRChBichiura @hsiiaumh QREW] ) Fes@Bydr 5 O
00 - 4300. 8127 . 7 'll'he Eble.l dafﬁ? shows that, although disk 1 and

. disk 2 have“Bm&é‘IFp%ﬁﬁéﬁﬁF‘Is AYGRRCPAfIURE 9t IgpstPIy nenmggietic; underlayay oyer sherRuAl

- pre-seed | aY@fer,%Hid%Gsﬂir%a‘i%tt&ig%iéngﬁc RiyeNGrer R vAQELISRET C1 Ve squar eness

IS

S". At the sane Mt as k 3, dis gives rise to a SoNR inprovenent of
1.3 dB as cdmpdhiadilmodiskel sphadimenis o theyyrssens invientia imchiidesia $ikin FilmDpredseet]

whi ch was n@g% It T - a '

per f or mance ov{a\;&ft%ré&glrl@g r bi??‘“ﬁﬁ&?@g&( %i?%(gﬁg) . llﬁ%g?%?%@ léagg{ g':ﬁ\?c?’[ 91 agnbcf
squar eness ghiomeytentalyim h(Grife) @rTaluarisumitifanipme (4B#)Isisi depsitad yirforoto first
creating th C Ru < > d._Lnh;.plane <1120> textures. .Figure 3
chows. the. xPAONRERSert Alnoub b AISebd 120y P ainpfioms pf Sotiibuqlind tor
CrTzESO, CrTabﬁfi/,ityGt TellGhe Eéﬁ'm;’ﬂ launhler@'f;l anhinofpheus edicH &y BitéhdedNao Séng@hﬁdsglam
peaks appear. for CrTa50 filmindicating that this conmpasition results
in a subst aHt’“i‘%ﬂW%t/aqﬁ%?t _ i‘ﬂ'g JI‘ t}i’FaH{?é‘?“'SFQt "JS'I_’Q‘Q‘EGIIW‘ FPTEBRCH 1§ FRUIERIFONte Jand
- O Ta20 fil maos@stdliic substftddiichias giks, doidweacdy @ﬁtt&%ﬂﬁﬁ-ahﬂﬂhﬁﬁk{zﬁﬂgqa G haln | ne
structure. Figure 4 shows X-ray diffraction data for thin filmdisks nmade
with varyi n§2t siuetue s She pspfrhs preysecddaya of heinyentipngimpgovasgreio size ang itsm

The resul t s a8, i ey e . a_thi,c 3 0 r qughout
the X-ray spect rlgl%{r}’oﬁlcﬁgg% gfﬁﬁ}%@l&b @gu@?eﬁj@%&%ﬁgn&%ﬁi@p glrig %rg(gg@d?nt us
confirm ng preferzedoephodimentitthe pre-seediis foHowed thyathet ReAlisesdofayBtyA Ceesliby

| ayer on gl trate creates.a Cr <200> texture which | eads,to a

Y obar 0>t BB e BeClsS R 31, % HpeEhc Aoyt EA RnthPLoiR, e ARl ¢ he
Cr Ta pr e- seellowayrof adhinntihRu Al debd skt whicheadalts it @ndick beSraR il SibY, MR,

i ndi cati ng goor sé"{fu,ctural integrity due to the deposition of very thin

RUAl seed | &Yt TSPRFUGRTIN JRwiac @Pstedus oo relgivals highy c@slhedi pithpyivan.or Ta
pre-seed | ayer, substantial enhancenents of RuAl (100)) (200)) CrTi ~ UL
2004



.S (200) and Co-alloy (1 I2barQ) diffraction peaks are observed i ndi cating
a significant inprovenent of the G axis in-plane orientation. gyﬁgéﬁ 2004
shows X-ray diffraction plots for disks nade with 0, 150, 300 an

Angstrons of AITi SO pre-seed |ayers. The-4asults are believed to be valid
down to a thickness of 100 Angstrons (A), i.e. 10 nm The di sks had RuAl
seed layers, CTi underlayers and cobalt alloy nmagnetic |ayers. The graph
shows t hat r t )G

and Co mbg?‘%)l“i‘??%ﬁ RRLAAP RS A0S 128 T LIRS A hat el SHACHR)

| ayer. As slouifibpigs [ gw@sgi grain fizeef Another heoafitlétstin dre faok thatthe @'e‘Fseep ayes eed

| ayer is Cr T CrTa I S respect,

so the pref ?Or%gd 5 ataalt}%&;}lft’]lﬁl{lon %%néﬂcﬁlhf* %‘fhzé a gu’% g%lgz%eve?g eémgl TR T B

t he val ues gfass$ disk, mndth hal f maxi mum ( FWHM derlved fromthe RuAl (200)
and Co (112bar0) peaks. It is clear that the nmuch small FWHM val ues are
nmeasured for the filmstructure with either CrTaSO or Al Ti SO pre-seed

| ayers. The small FWHM i ndi cates a high degree of in-plane texture and | ess
di spersion of [112bar0O] preferred orientation of the hexagonal Co
structure. Table-2 Filmstructure RuAl so/CTi, ol CoCr/ CoPt Cr BRUAI (200)
(FW~ 17.6Co(112bar0) (FW ~

12. 8Cr TaSO' RUAl so/ Cr Ti, o/ CoCr/ CoPt Cr B5. 85. 2Al Ti so/ RuAl so/ Cr Ti, o/ CoCr/ CoPt Cr
B8.76, g 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 |l 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 Nl Al seed
| ayer was published by Chen, Yen, R stau, Ranjan [4]. Their results showed
a <112> Cr texture due to the use of NI Al 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 ~C1_ 200g 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 anmounts of other nmaterials could

concei vably be added to RuUAl wi 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 close
to that of O even though C has a bcc structure. RuAl tends to form
smaller grain size than & due to the strong bondi ng between the Ru and Al
atons which reduces atomic nobility during deposition. The role of the RuUAl
| ayer of the preferred enbodi nent of invention is to ultinmately control the
orientation, grain size and grain size distribution of the nmagnetic 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 magnetic |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 standardized, but in
a descriptive sense, there nay be pre-seed | ayers, seed | ayers, one or nore
under| ayers, nonnmagnetic or magnetic onset l|layers, a plurality of nagnetic
| ayers which may or may



‘not have spacers |ayers separating them In addition what is called the
"substrate" may in fact be nultilayered material. In this contex+ Z)UUL 2004
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 Ss the first non-anorphous |ayer to
i nfluence crystallographic orientation and grain size of subsequently
deposi ted mat e In a preferred enbodi nrent of the invention,
the O Ta g?%g\p%criqtéo%g t&e|DJ WNGSs' sputter deposited onto the substrate
(whi ch may aIready have thin filnms on it) fromtargets conposed a)
substanti al | y 1 ﬁ@??f? preferabl y O Tab0, or b) substantially A Ti and
preferably AI ¢ ITHEURgAR Q%r‘é’@wl%(?é?m@”d’@bd’é'ﬂ@ with griotent anfuaterussfidéh | ayer
by standaprdoﬁqhu@herprmntmmmbﬁues It is followed by a Cr-alloy underl ayer,
a Co-all oy onjg % r and a Z UUL 200g CoPtCrB magnetic |ayer. The use
of an onset @pre Zdliyg K%’@Fﬂl}?e'éyqfﬁtfac@@rﬁfmﬂw fir hagmetic disk apemding ¢p tHeS.

pat ent ap'ﬁ{/éfﬁ@hl on with serial nunber 08/976,565. Briefly, the onset |ayer
material is selected in part for its lattice match with the underl ayer.
Lattice par amdti@fe diijistates xsay diffeactieniilatadotrevadoes samples emichishowneer | ayer
and the axy in the desired
orient at r%ﬁﬁﬁllr'ﬂgag%e er T%&l@tg%g%ggat'&b&a%g %exagonal cl ose packed (hcp)
structured matfégurep lHMatr@thS WY cﬂ!ﬁraahtgndﬂta dorar vmmnsragﬁertes of thMel@rhadrethi ch
are usabl d e. of cobalt alloys such
as CoCr, &SQS%hlém&(?%Etts&rl@Mgi%rﬂ% ?ef @re&% 7'% ?Pdl?ﬁéf’] té?'C!S'r‘r%\"ét“Iaayer of
CoPt Cr Ta EiTeRo thinfilpr lager aﬁt:cmmilrmétomer%qﬁtram num 10 to 23 at. % chrom um and 1

to 5 at. % tan Q her co used hcp nagnetic
materials whi ﬁdl@%ﬁﬁﬂg&ﬁatwﬁéﬁ$ﬁr ﬁ%g%%g%ta YRS S?rﬂ éth@cﬁ‘\!i‘@agr@ﬁer Ta,
etc. Nonrﬂi%;]ﬁefvhl@ shamcthe atrsctsnat\rarnsor@aﬁrthé(ﬁﬁatena'i@waﬁ c%ng@@ih hlcReR@ryYsed as
onset ors prefer to use the onset layer, it is
not stri C/?F’?%@&E@E%?Qr %cagrdh"cqto e'i"Yerﬁ'ﬁ Nthe structure to obtain the
benefits of the CrTa or AITi pre-seed |layers. Thus, a C Ta/ RuAl/Cr X/ CoX
structure is a practical enbodinment of the invention. Figure 2 illustrates
the cross sectional l|layer structure of an enbodinent of a thin film

magnet i ¢ RitaltediDescdptich 6fthe MeefeftedEmBBdinlditsthin filmlayers will be
deposited onto at | east one and preferably both planar surfaces of the disk
to formthe data recording area. The substrate 10 nay be made of gl ass or

any ot her sui fraeIOeTairataecrdeallayeTbEth@rﬁD@nﬁHrﬁs%16 6kite8%§ Corlvk sited onto
t he subst &tro 12 is E@srlte 9 |0r egtl?-'agg)%?o the CrTa.

The seed er coﬁ‘l’@%g?so ée'égy'ed% fprasition of &F V?!F?%T%'Slssiﬁeteddﬁ pRdice faol | owed
by a Iayefllm(WlthMn/ﬂmorbMus&)t@ﬁM@ystJMe%trdr@Mh% ThkaXEof § T4 PRL %Ll(rj Aegoul d
result in., st esnag(ljln i(’ @d ﬂf(‘r t he requi red anmount of which is the
more expensive el enent Cof Vi gtr”‘?twet"}‘i@ gouthindRuAl peed leyerandur e t he

RUAl est alffa-thineGr amoe ugdeilalyersSZiEh a@ﬁuaunaemmﬁ.h%narnéné ERbSH %ﬁHHﬁ)%Je\‘j
The underl ayer

deposite I tab atter ns
deposi tegjléwstﬂ) [ oésee ra "1’ {jbd 3504 tormgjiilan struplirewitidut such as a
chr om umGira pye- seﬂrhayaer CVor CTi. The onset |ayer 14 has been descri bed

above. The magnetic Ir{ﬁger 15 is an alloy of cobalt which typically contains
pl ati num and OHFEOHIA! ﬁ@o'ﬁﬁgp'bq{ﬁpmeﬁvemer seediryer en glaenand sthehal@sndtant al um

or boron sulestl;atesﬂo%ﬁrra' muaéa@%n@c%sta‘hbb%%*bn%h%tr&l?& e ¢} Fb‘? éFraTg s, r e seed

| ayer and R;;h F require

sel ecti of"d eée%‘gﬁé‘ﬂﬁ%‘e Cdégra"%?wr%we" H‘Q"‘{[plltd%ﬂs aﬁmgh%tﬂosedluaﬁaﬁenm ght
conpri se US57890%5 mtatﬂrfemrls@bféw tHift sé &Y B erdind’ 0,10 at. %
boron w t h,th hrest bei n &%he opti Ogaraénd@nﬁbﬁi}/é} Uﬁg@géjr&%giaeé ive

over coat "IBCRANE IaInssiZq ofi %9’189‘3 E%E}Yt%‘hs't%%n tberdbwmsprwm &NR. Bydppigieg and/ or
nitrogen, but any other protective material may be used. It is also known
in the art to use additional |ayers between the magnetic |ayer and the
overcoat to either enhance the adhesion of the overcoat or inprove

har dness, 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

not ed above, are not believed to be critical for practicing the invention,
but the follow ng ranges are given as gui dance. The RuAl seed | ayer is
preferably from3 to 20 nmthick. A typical value for the thickness of the
underl ayer is 8-15 nm A CTi underlayer is preferably deposited to a

t hi ckness between 3 and 15 nmin thickness. The onset |ayer can be 1 to 4
nm The rragnetlc Iayer can be from5 30 nmthlck vvlth 15 20 nm be| ng

o " o Y 1 .



=2 3 UL 200+ 12 The thin filmdi sk nmade according to the invention can be
used for storing data in typical disk drives using either nagneteor §i$qi2304
or inductive heads and can be used in contact recording or with flyablée
heads. The readlwite head is positioned over the rotating disk in the
standard manner to either record or read magnetic information. Figure 1 is
a‘top viewillustrating a prior art disk drive with a rotary actuator in
which a thin filmdisk according to the present invention nay be used. The

system co i ti cordi.n i sks nounted on
Shindl e 11 oy csMen B oA bfysleistamubtty fedifade) oy HOb Sreven . an
act uat or eSdedepositesl. Bypputering &osaliogeon thabe On ufllerR9BisaieRBir 3N eftherTOr €

readl writ . |y nmay.be co sed of a plurality of actuators
and sl i deﬁ%@g[?a?@n%ﬁ&lb%@% le%/m%‘ﬁfét'gfaé(Erké%otlequhl‘?é’egcFFLP&P@PédegQﬁMmtmg t he
sliders i rsputteringcit has béert foendthiat theedpifatibMer &1 sKsrpABEOTAR S &4 E?@r@ e not
rotating %ﬁas?% gnl@@ﬂgd tto_av.0| d contact. A voice coil motof (VCM 116
moves t he SHerdAUSFS 44 [entatian ip thegubeauestly growm iundpgayesdiichy t he
assenbl y ipoombtests oy tth 26D affdntdkibh in FRCHRRY Taydr. (S0l 63 Ino GaKAIGEd 1

e di sks en

air bearing.sliders d for flying abové the surface of t

rotating é:'?r@l?f)fi ci%sﬂaﬂg@edﬂ'e‘i’:n Fc%’er(gﬂ?%,ﬂwglﬂdMﬁéAﬁl\iEﬁf& PISk BANINGNg
above t he REAKEVENR ENEWMTDB®ESD ld ' : aph across the

di sks al | qwi ng the_heads to be%ﬁq%\g%@e%g[gyn@{%{ft b%&b‘?{e e

i nf or mat i SHMAUBMOET RN layaF regrisesca reragtivesatmionphene irthe apatteriag thdmipkyi | S
coated W theréfofe, ittrdhskt j ; e ical . signals to and from
The heads mm o ebees M AR E T aPhaD] Bt PRELR AN Gu BV

el ect r oni €8N 2i5g bevghiginasthy dapesiting agelativelydbick RgApsseidasier f8)eut theenigiobeki on of

t he di sksof Rufi $di@Eri [ : .0 he sliders be renoved from
t he di sks ousiung FJI]oartltl ut%rgtggsggraan%éll ?@%ag%%mj U '“g Pﬁégaﬁ%/ﬁ‘aBHS?gfuﬂﬁﬂl- cont act
with the dhetaeefalrinprediesddayienalipwsthelisgotzoney thin ROAL el I§e(didth@P ( CSS)
area 113 ywHuebs b&st A6t < even though the magnetic
coating ext ends ov)géﬂdt hi's aﬁkﬁé}g.cpf??ﬁr?\ag%?lg@eﬂ?y%o@ ‘?Jﬂ'gﬁsaﬂ@atr?tﬁo‘ﬂh’?'h@ di sks
duri ng nofidgBakie thersubsensiest growtioofrsredy {1d 2hande oderB&SCaratiay ARsH wir € of t he
di sk becogBsraashaldrgriivtizdat a storage. Al though the disk drive has been
described with air bearing sliders the disk of the present invention nay
easi |y be usednithe piefriredsnadrasiieentof ihegevention, tige @8k preaBballyer i96pGfypt act
recor di ngdspdsited Snto a 4l i e t.he preferred enphodi nents of

t he presentFLi nvent i on’ %%Vsébgéééﬁfﬁlﬁggét%y%\?@h%uﬁl a%%o Jpyer. g 8%1%)" bEalihar ent
to the onkndseiayeied Gonalioensatiayehand alColteri imugneticlaydt. Meninprat thdBticavent i on

are real i gabdrdvbdPHk Lat i f scope_.an irit of the
invention. =~ 2 J UL. 2'%%‘{éﬁ%ﬁ‘g%raelnlﬁghﬁ&e%ﬂy?rh?ﬁn1pf gﬁ@ﬁﬁ eEferEiaed.
conpri si n&\{hen a CrMo underlayer is used, a further advantage is that SNR is less sensitive to

changes in the underlayer thickness. Magnetic properties and SNR data for disks with
and without a CrTa pre-seed layer are listed in Table-l.




.a nonnetal lic substrate; a pre-seed |ayer with an anorphous or 9
nanocrystalline structure being deposited on said substrate; a nonf'ra!gméUiLCZU[]lf
r ut heni um al um num (RuAl ) seed | ayer deposited upon the pre seed | ayer; at
| east one nonnmagneti c underl ayer deposited upon the RuAl |ayer: and at
| east one magnetic |ayer deposited upon the underlayer. 2. The di sk of
claim1l wherein the RUAl |ayer has a BZ structure. 3. The disk of claim2
wherein the RUAl |ayer has a <200> preferred orientation. 4. The disk of
claiml1l wherein at | east one said underlayer conprises OTi with a <200>
preferredTao[hiequt ation. S. The disk of claim1l wherein the pre-seed layer is
Cr Ta and contai gt?uc groxi mately 50 at.%Ta.H 6. The disk §{1 cl agé&Rl wher ei n
t he pre-sgéa | ayer 1S greater than or equaJ o | fmin i ckn . 7. The
di sk of claim6_wherein_ the opre-seed | ayer 4%) | ess than or equ%ﬂ’B)to 60 nm
in thicknesd. 8RUARETHYLRHEPECHS 1 wher 1t G hel pi’d sebdf aye?7 ghows no
si gni ficant 2x r S 2dRiMle/Gdt etk Lrabs 3660 0.420 0.80 = 27.7

3 NiAlse/CrV,0/CoCrs/CoPtgCraoBs _ 3400 0.420 0.78 26 .4

4 AlT50/RUAlse/CrTite/CoCrar/CoPty1CraoBy 3 b 0 0 0 N 430 0 . 8 1 2 7 . 7

The Table 1 data shows that, although 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*. Atthe same Mit 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 nanoctrystalline 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 resuits 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



9 ' disk of claim2 wherein at |east one sai d underlayer is a._chrgmu
2I I -(I)-Ce.cgnt ai ning approximtely 10 at.%titanium 10. The disk of cfﬁ?mh%ﬂlf
further conprising a thin filmonset layer consisting of a cobalt a o>1/l

bet ween the underl ayer and the magnetic | ayer. - 2J UL 200+ - |sh d: y
The disk of claim10 wherein the onset |ayer consists of CoCr. 12. T E :cs
of claim1l wherein the magnetic Iaygar8 conprises CoPtCrB. 13. The gl sk o
claiml1l wherein the RUAl seed |ayer is between 3 and 20 nmin thickness.

| ' r el | east one sai d ynderlayer conprises
gf Ti Tgﬁddclng)bﬁdv\gg—%“dy (ﬁ%ﬂgi&s(ﬁv%ﬁﬁ%wetaﬁf iERserved, 'EH'CEI{H‘_@ pignificant cl ai m 1
further dewpevesiangotthe B-axis iniplanensientatioyer 1 to 4 nmthick of a cobalt

. ' and wher ei n:
the bre- Soed e S it Kai8 HRRSpR KR AEQsk afe Wk 0oT20 350 and €501 nan |
Ot he Argstiomayé AlTvapreaseda IaersiCThe reswizciré Bellbt9bWEEPe dalRNWAAG | N .
i cknes shiofilds b Fod AEHGMSTALS 20 b Serdks Bad Ry e oo, < and 1 s nm in
t hi ckness. g’gg EPhe di § Sﬁc(fé‘&l PRerTbe diske Bag RuAL seegl lpygyeCri
cont ai ns underlayers and cobalt alloy magnetic layers. The graph shows that the preferred
orientations of RuAl(100), RuAI(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. ltis 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 [112bar0]
preferred orientation of the hexagonal Co structure.

Table-2
Film structure RuAl (200) CFWHM) | Co(l 12bar0) CFWHM)
RuAls/CrTi,6/CoCr/CoPtCiB 17.6 12.8
: CrTasy/RuAlsy/CrTi,/CoCr/CoPtCiRB 5.8 5.2
: AlTis/RuAls/CrTi;o/CoCr/CoPtCrB 8.7 6.8

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>



'abpréx'i mately sO at.% Ti. 17. A disk drive conprising: a notor for rotating

' ' ' ' ' ' he spindle conprisi a _
, a thin filmmagnetic disk nounted on the
ﬁoﬁﬁng:Fic substrate, an anorphous or nanocrystalline pre-seed rage?BL 2004

i [ | ayer with a B2 structure
on said substrate and a RuAl seed _ _
ggggingg 3Bon said pre-seed |ayer; and an act uat or assenbl ytlgcl li(sil n_glj_hg
head for witing magnetic information o? t he dISk. as it _rl_ota eAiTi .19 The
di sk drive of claim 17 wherein the pre-seed conprises CrTa or . .

i i ' i he RUAl. | gyer has a <200> preferred

glr?(l;n? glt?/gtne&{altjrr%l.l?ﬁﬁ;n] %ﬁllfn Hnﬁ'r%?%%aggmp&mm ‘?IIQHT fPtereged 'glﬁfugde!s? g?iagmiﬁasn beg?e%er
' i Si i Wi eferred orien .

s ¢ ZOQVGII‘BPcorrprl RS gofzgﬁz Sirsk drive of claim 19 wherein

deposi ted over g gengg’ﬁ'bmsrrﬁﬁﬁ%lE%@E@wﬁtc@mﬁmg)gst@pm@m aibgedfindim®
t i te aﬁ?um S%all Atmeunts oK other Matedhls CodldPordeiVibfy B SaddiGo MG SHE ¢ ld?s¥ueprtinbs
or AT the critical B2 structure. The B2 structure is an ordered cubic structure that can be

described as two interpenetrating simple cubic lattices where, for RuAl, Al atoms occupy

one lattice and Ru atoms the other. RuAl has a lattice constant which is close to that of

Cr even though Cr has a bee 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 Ia.yers has not become standardized ,butin 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 RuAl layer 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 AITi 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 AITi and
preferably AITi50. The RuAl seed layer is deposited onto the pre-seed layer by standard

sputtering techniques. Itis followed by a Cr-alloy undertayer, a Co-alloy onset layer and a



nd ¢ i i h of the two el ements. 22. The
' ) ns approximately 50 at.% of eac _ _
_gingkcapit \a/lla of (F:)Ioai m 18 further conprising a thin filmonset |ayer

i e
consi sting of a cobait alloy between the underlayer and a magnetiZ Jgyepnos
| ncluding cobalt and boron. 23. The di Si(hidal :‘/iel |O];1 gngiatm layer 1 to 4 nm
£iln ' I sk further conprises a :

Ilh: (r:nkrrg?n:tl:gbg:ts al 1 oy deposited betwden the underlayer and the nagnetic

i n: thi ckness or greater than | Onm
Rl e 0 L T lﬁéerzohﬁ; ?n t hi ckness; and the underlayer is

the RUAI loumerg ﬁlaﬁﬁétmﬁ){%éi’ ;{ﬁg Use of,an onseg laperds gesanbadirex tamimdglyastighey f i | m
between 3 and | 5nmin 't Do S T Ui in, fil mpre-seed
er Wit b g AL AL e v e AR 0878 568 TR oracr 1
1t o PSRl 17 e oy e o
?;U,SAI ) seearamgjess whjpbrare mim{eﬁ%&%ﬁﬂwe?g%ért ;o?iglﬁééﬁrg%eyggefrgnﬁéﬁ%{naggg@t one
nonmagnet ageplﬂgg\%r gﬁﬁegqﬁﬁ gaitaxyjnsthe dggi,red_r@réentmbhoﬂfhebretféraéd%r?sét Mh&rigop the
magnetic layer t . X 50, at. % Ta.
pre-seed hexagonalsioSe packea thap) ttetuARRn QM HIRLS LY may be magneti¢ or
nonmagnetic. Materials which are usable for the onset layer include a wide range of
cobalt alloys such as CoCr, CoPtCr and CoPtCrTa. A specific example, a magnetic
onset layer of CoPtCrTa might comprise 4 to 14 at.% platinum, 10 to 23 at.% chromium
and 1 to 5 at.% tantalum with the rest being Co. Other commonly used hcp magnetic
materials which could be used for the onset layer include CoNiCr, CoCrTa, efc.
Nonmagnetic materials such as CoCr (Cr > 30 at.%) can also be used as onset layers.

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 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.d. CoPtCrTa or CoPtCrIB. Although the use of the CrTa pre-seed layer and RuAl seed



'26 ‘:rhe met hod of claim 24 wherein at | east one said nonmagneti c underl ayer

is deposited by sputtering froma ]'Earlgejt c<2)2t ?lup![ Rgrcg(r)gr?rgi ﬁgdﬁlgtépel_glzgpgr
- 2 JUL 2(~n~ -17 27. The nmethod of claim L R o el 0l ey
iti thin filmonset layer 1 to 4 nm _
'g§88§= t:agga?t er the underl ayeL and begg;el ;Cgrrr?gngglngolsgée(rﬁ é?;raTgcra AT
im27 wherein: the pre-s
gﬁtjh?g gfepgls?!t qu to a thickness of greater than 10 nm the RuAl seed | ayer

. d der| ayer conpri ses
5 peposi g ona Bk gRRY RiLMESD 3, 00 20 B, and under| ayer oompris
.CrAgl. 29. %Ilaz(?[ mplﬂh_A?olABIid&J_LtoNG ﬁ&ﬁ:pﬁt@gﬁﬁﬂ? (@2133%?{:3 chromium and 2 to 10 at.%
G b et o
alc = .

RS BRKKULL ot M) € (B o ool ey CVEkoBEf Al irpagn. Byt avatirca) ca) cal cal
BBs BKKKUU%&\"/\% m%%rg ﬁéy%g]l%gqtcm@@q kn0wrein ) arbta) usaleciatiohal yais 111 Wi jjC
RKKKE 111 bapsgmithe wdnZblead A b e |

kikker 1] mxwgmmhé:mugneﬁugle éé?jﬂ'ga] cal caj ca &a %ae]n(t:]%'fcceatrﬁgf%ﬁ'q{h?féﬁ? ca] ca] ca]
alota el ?‘?91"91%]‘ 5 S pefe7Fher vatious layensianeiprefiaraly Hbysdied 2] ] cal ¢
c(pl cal cal ¢ aj cdl tet : ks GRycal.cal cal cal ca] cal ca] ca] ca] ca]
a] ca] ca] Cﬁ’@@tafa}&ﬁlﬁbﬂhl@l%@?&r § ,)Z\C}?b‘giﬂfﬁ?% | uua(?%w% e ifiagez] ] ca] ca] ¢
a1 tal ooy CEATLERES o) ca) Lol ba] oal cal o( &) cal ca) ca] cal ca] ca] o(a] ca] cal ca) &a
a ! o gy

165 () Laoo () 2100 (1S I st tmasopten i sembapataioto
00 E § : %bjé(\)ﬁf%ﬁé)«)s{"f( hractcingiibedavention @i ollewiha esads 8rd tiveFadahidardob: #0401

, VY o %4 QY%0% () - _
LyZ" 10%& RYAl sbydzléilagl;/%g}é?f((er)’aﬁéﬁéfh 85 50 ﬁ{fﬂﬁ{g@ A %cél)value for the thickness of
yS&! 10% & &Ade:%lafyer{s 8-15nMm. 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 skilled 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. Itis also possible for small amounts of the
working gas in the sputtering system, e.g. argon, to be incorporated into a sputtered film.
Contamination 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 llustrating 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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While the preferred embodiments of the present invention have been ilustrated in
it will be apparent to the one skilled in the art that alternative embodiments of the
invention are realizable without deviating from the scope and spirit of the invention.

detall,
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Claims

1. A thin film magnetic disk comprising;

a nonmetallic substrate;

a pre-seed layer with an amorphous or nanocrystalline structure being deposited
on said substrate;

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 CtTi

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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11. 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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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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