; e3eRR) ND6zT# -1 MAGNETI C ALL HAVI NG A STRUCTURED NUCLEATI ON LAYER AND
METHOD FOR NANUFACWMMNN@N 7 0 C 12002 MELD OF THE | NVENTI ON _ The
present invention ally to the manufacture of magnet"i?cﬂCT 2007
recordi ng nmedia used irmgowgt d di sc drives commonly used for conputer data
storage. In particular, the present inyvention is a magnetic nedium and a
nmet hod for form ng such a nmedium conprising a seed |ayer, an internedi ate
| ayer, and a nagnetic aIon recordi ng layer including a sel ected segregant,
deposited in that order on a s trat recor di ng
| ayer is epitaxiM% LBQYt“ggi gr‘éﬁpgt%y%?b ?}gg uar eness and
si mul t aneously | ow AMMWQBNQR NANUKAGH ft are achieved.
17 OC1 2002 - 2 BACKGROUND Recordi ng performance for magnetic disks is
commonly determ ned by several basic characteristics. including --
hal f-anplitude pul se wdth (PW0), overwite (ON noise, and total non
l'inear distortion (TNLD). A w de Pw50 nmeans chat adjacent bits d
together, resulting in adjoining bits interfering with one anok\“‘mm\\\mmm
interfe i | interference. Excessive inter-s
interference limts the linear packing density of bits in a given track

hence reduci ng the packing density in a given area) and hence limting the
i ity of the magnetic nedia, Thus. narrow PWsO al |l ows for

recordi ng capac

hi gher recor g%ﬁgprem inyentioa relasess generallydeithy manuirsruehgngeReBo i s to
Feduct ngearERSS SR (3R AR, Qe deiies COTUBOSH HEH 45 COMBYET RBkuG ng
coerci vi u and coercivit uareness_ yS're and
nart ow é&%fag% Tl Pt ATV e B ot tEnmphtu R Chnd. § ookt
and Congy fa or€af’

I\/agnetl c ecor %ﬂbﬁga‘tgg‘ﬁ%océ\mggégl% k)g@d%téraﬁ Lﬁ&ﬁ?edlgt%% a%’fll?
Yet anotda@dsne”fecaaﬂoy REcERAHE Ilﬂgertlhelua‘ﬁw aistldced BEERARAL ! MpFRHGNMEAY
("Hc") of tThe nedium over wr is a neasutre of the ability of the
medi um tarder ocponwdsubstrater e nmgneﬁc @klloyt secgrdiagalay€has epitaxidiiyi grown
measure of what renmins of a_first signal after a second signal (for
exanpl e th:; iatemmeedipte kauy@qu&beh)sqna@nbésennwsmubnngowlmlp“bno:;sn@ndd@ivam
OWVis |ow, &oor when a}'H-?‘ |cant amount of the first signal remains.

OWis geth &d-vity, the squareness, and the SFD of
the nmedium For future high denS|ty




17 0 C T 2002 - 3 recording higher He nmedia wll be preferred. However,
wins in He are generally acconpani ed by | osses in ON Thus, there 1-803\} rm]?d
inthe art to inprove the S and the SFD to obtain i nprovenents in

Noi se performance of a magnetic filmis typically defined in terns of read
fitter and wite fitter. Read fitter_ig prinarily determ ned by the anount
of signal available froma bit, and the head noise plus electronic noise in
the channel. A thicker magnetic filmwll typically provide reduced read
fitter. Wite fitter is determned by the intrinsic noise of the film

Intring LCIRGROIGNI® has been theoretically nodel ed by zZhu et al. in

"M cromagnetic Studies of Thin Metallic Films") J. .Appl. Phys., vol. 63.
no. 8, p. 3248 ( 1988)) which is incorporated by reference herein. Chen et
al . describe the source of intrinsic nedia noise in "Physical Oigin of
Limits in tRecredingr pemesnonceT tommaghenid disdist isdiammoréy clettmyinkd diya, " | EEE
Trans. Mag., vol. 24) no, 6, p. ?700 ( 1988)) which is also incorporated by
r ef er en€ecHsbbapIs, CraciarsHgsy insbuding -ohalimmphiside polseewidtht(®W36),1 m medi a

is fromintergr ar exchange coupling) resulting.in relatively |arge
magnet ioé’e%'ﬁ‘é'?ﬁg]‘%n“t)ﬁé- PBB&BW& RGN ERET icét“iOéHPn"(ﬁ:a\QﬂQt)i c“-g‘f’%ﬂen%“f%} ers to
physical ly discrete nt.icles of neti,c material, while "magnetic domain"
refers rg%&/rgn@ag'ﬁ%cregﬁr% nﬁFicéoaﬁgaﬂeg%éhFErﬁes‘d{S@% 3 %qd@h%\’ﬁéeb’g%upl ing
(magnet:|.c i [ acitd b i SAM o} 5 LRy the presence
of a m&éﬁee e?rgr?? i%gllt[%%en%eélﬁggaﬁ%?%gﬂ?gﬁgeznﬁenl}get%g’&g%\iu@g%ﬁ&%hQkge results in
hi gher ;S L9 oo u 0. i\é- It i fgﬁg{’betic

grai ns.lﬁﬁg\j\%gr , y\?h 5%\§X§1ﬁ%tﬁb}terﬁ|@%ﬂeh?§x§§|&tgﬁ ﬁle@msttggilﬁ%ﬁ?&?er Ihtrinsic
noi se st dObiIRIA @Noiobn iAHYC hERANRIAR O TR PickihBRieMR|t8nd OFen

i ntergranul ar exchange coupling can be reduced by i1Solating the individual
grai ns.ar¢hj sndrignbe lanonpthesteedrding Rapacicaldfthe pasemaid redigalhns, 17 U t;
f 2002 - 4 apart fromone another as described by Chen et al. in the

af or ememtrrowed W hydliosed f@r higher oécdriding density.he Performance of Thin-Film
Longi tudi nal Recordi ng Medi a". The anmount of separation need be only a few
angstrons for there to be a significant reduction in intergranul ar exchange

coupling. There 4 a0t et L Shonanular | BLeLact Lon. . e maanet ost ot |
o e SR AP IR e RN BT A o v
ol 10t R IORPL BRIl o BLaraRid s SR LOBERNE, DUBRIES! Ssboghy

extent tdipanémecsetehdngequateaeact$aa))")amid haneey th@sevehBBfiead ON
Therefore, nmagnetostatic interaction 1s generally desirable and hence

t ol er at dibtriBliOni(SSFIE')S esdedcriVed byt Wighiamcaind Cogdteciens ¢ AveAwabicad] acent
bits. It is the partial erasure of a bit at the transition during witing.

TNLD caividdelrefitheeW mite Provesssn ijgithleMagaedc\Regordimg, ! etld®.ifonfHProemanent
magneti zati ont hi ckness product ("Mt", where M is the remanent )

magnet i Mag.dMlasemdals isp-t?ﬁ&:kl‘%é- of et anothemymeans foayedycingdhe AW SHdkiteved
to be generally described t.he. m cromagnetic theory. Magnetic film
CcoNnposi ﬂﬁlﬂﬁa%ﬁledﬁ%‘%fﬂ‘t’li%Np%ﬁbc@fs@ésmﬁﬁwnbe used to reduce TNLD. Since TNLD
i ncreases as the recording density increases, it is becom ng an
increasingly critical paranmeter as recording density increases, and

opt 1 mi ze thi O SAVARR: WP TR AERESS BE RS ROTHE e BN ARCE Prom tne
magnet i %ﬁuegf;}h@gd%gﬁw@eﬁd;mg 8PexRying! cjfa?éi)g?'at i\ W 104 Sh¥ddur€ ofWWhae: and
remains of a first signal after a second signal (for example of a different
frequency) has been written over it on the medium. OW is low, or poor when a
significant amount of the first signal remains. OW is generally affected by the

coercivity, the squareness, and the SFD of the medium. For future high density



- 5 T1115 LS a form dabl e task, as each of these performance criteria are
interrel ated. For exanple, obtaining a narrower PW0 and reducing @qg%z
increasing He will adversely affect overwite, since increasing He degrades
overwite. ,a thinner mediumhaving a |ower Mt yields a narrower PW5O0,
better ON and | ower TNLD) however theg noise increases because the nedia
signal is reduced. Increasing squareness of the hysteresis |oop contributes
to narrower PWs0, better ON and |lower TNLD, but may increase noise due to
i nt ergranul ar exchange coupling and magnetostatic interaction. (The

com nankcdrfly Nakfie skl AT yEdledenaal MoRB\Be AibSIO®d A

i nt ergranul ar” exthange coupl i ng. ince It is a known goal to elimnate

| nt er gLanslafly & e WPIJsEE noOVRdupayd, RBe a8k Of nddf [ AR fmrzsd' a noi se.
the anBunt that PWh0 nmay Be narrowed) OWinproved, and TNLD [owered has

her et of @peoeete Binindetheb§FDhe dblﬁineﬁﬁ?rdv&rﬁmtgml@w.noi se level arising
fromthe magnetostatic interaction of the nedia. Therefore, an optimal thin
filmmagnetic recording nediumfor high density recording applications,
i.e., that can support high bit densities, will require | ow noise wthout
adver sel y sab?is¢ iperiogmrnge o fonmgde ialidm theypigpdy definednattermeediraad whi ch
has al [ owed optim zing certain of the above performance criteria_ is based
on al | QYETGINGHBHEL1{To) Ragd jbleats poimamty) degomined brehalamagent absignay t o
provi de hi The medi a noi se of Copt based

al | o¥s aé’élﬁﬁgg‘ﬁgﬁggg{%{}‘dg%% :ti fﬂi&?ﬂ”ﬁf&& @FEFP“%%‘?’@%&%&Q? CBa{m;als fescri bed
t t { . . t er.e .

squar erfelefhgned C8IR WRIRARARY arBvigd PR B il FReidii a8 ed ow

s L apd e 300180000, IR D SBR RO S oo

Per f or 1y i i i pal b | Ba h 0OCT
2002 - R P T P s T N eralte ) o

pressurgilgnvi § oaentPhvasveRld3y not B.elpaBQLLB_C{QQB@‘S‘, Whidh BhinebeserBsEsFur e
results in isolated, exchange decoupled gains. Al though nmedia noise’is
r educedret&enanchetihar €hdr et ebsésicridathSkburcec ot aneidsicesedid ngiseninan
increase in PWO0 In another approach. taught by Howard et al. in US.
Pat ent MRhyScae@r@se ofilnimitser theoPeadormanee ofid hipdridmnodsgitodirgén i s

introduced ipto the m ic filmin a concentration of 5 to 30 atomc
per cent Q‘PFCH@E Méab%d?gg%ﬁ?aﬁse%%-t Nel.ret.nrQ. P-4 700 oo whichyer by
vacuum sputtering in gn aE on a&?m)s here into which oxygen has been

ks tadk By eradaycs heran

i nt r oduBEQ. INERIRAIAGE BHce uced into the magnetic |ayer fromthe
sputtering environnment. However, as pointed out by Howard et al. in said
patent, introduci ng oxygen decreases both He and S ". Howard et al.'s U S.

Patent no. STREZAABry SeaRkSE MUifliE s 9 IROTERIfiediads Rodf ter o ovth.

However, there e anu Itional short I's to the approaches

t aught Mekg\&ﬂutbreémhhngé'c%ﬁ?lingl fesultind én 2€ldtive BN Rlrgé oA dti OWbHathIy a
sputtered layer after depositing an inpurity adds to the manufacturing
conpl exilf yhafollowstg descripion,fahbgnedid graintigéferabwphysically aiktree t he
formation of the oxides. Third, nothing is taught about controlling grain
si ze anganticles ofhagmetia mateteal, aviulehbmagpetiodomadin” refernke ogreaowiraref i | ms
havi ng grains, of magnetic alloys containing Si02. Details about these filns
have bedmagnsii gisers which. due wgwhange goupling (Magnetic dneragtivmbersesl 02

"G anul the BERER) FTHGS I0SEcH Ui G mesraee, op grsnsnstioler n gemsadya p 51
co- sput ueTeorarapoiel HERat S BRI T R S SRR D Ry o iy
operative switching of magnetic grains. However, a high exchange interaction
results in higher intrinsic noise due to formation of large magnetic domains. The
noise from intergranular exchange coupling can be reduced by isolating the

individual grains. This may be accomplished by physically spacing the grains



magnetic filnms were deposited w thout underlayers. The val ues for He of
around. 110() Ce and for squareness ( S| of around 0.6 were obtajp@%{rn
These val ues are unacceptably |ow for high density recording appllcatiégg.
Simlarlv, addition of Si02 has been exploited, as described by Shim zu et
al. in "CoPtCr Conposite Magnetic ThingFilns", |IEEE Trans. Mag vol. 28, no.
~, pale 310'? ( 199 '), and its conpanion patent applications: European

Pat ent Application 0 @B1 035 A, published March 10, 1993, and Japanese

Pat ent Application 5-73880. published March ?3) 1993; and issued U.S.

patent serial no. ~.~ 16.67. Specifically) |ower nmedia noise and higher
i n-pl an } Wb V- 0 1 | uct i iJqtely 10' o
by vor (T aar by e R R T G ECIL T B R AR SH

i ndi cat'@]ﬁt@q ot ot hesfid id e POHERESACE A ThiAl PUAILOnGiudfays. al t hough
medi a i ncl’‘uding SrO2 showed | ower nedi a noi se and hi gher Fc, the squareness
obt ai neRley@eligdledindo Tiaineunest séperatioauidimeaionly arfels ghgsiedak ttyr
recording. It should also be noted that Shimzu et al requireéd
appr oxi teteky bt % sigBifitads mduPtion nntihergtdmylar eSrivdngde ghupeng.ent age of Pt
significantly increases the manufacturing cost of such nedia (although for
medi a designed for use with magneto-resistive heads, e.g., having an Mt of
about 1.0 nenu/cnR) a higher platjnum content r’[ay be required.to majntain
Hc). Furt her HBRE, 1S 3NGSRST IRICHEAABIAE dNtaTac ISR fillasd BtagRelodalf du€adigibak He
of only 1700 Ce, an unacceptable.limt for future high densit r%cordi ng

I

appl i catiions ACER Kt SFT HFOBEE SEHVERN PAFMHES S SRMBATCASPIRE at i on
6-19794k publ i shed Augusts 6, 1993 (Mira et.al.) is addition of SiQ2 for
nor eas S BB SHy B fistra the BHGREE R iterdeni b indr o Tor
exanple. 0.1 1o 100 o [ ' S [ o s of
decr eas ilrg[&}léic g&%{:ﬁgo%&%%&{f%eﬁgg %Igi% S.ZEH?neé?%’%%g@?ﬂ%xﬁ#?sﬁﬁg&e@?&% |(§an noi se
was obt aj ; 11 . = arﬁ@w i b W50 and
ow :adglt:?ﬁglxgﬁtrn]%@g/gﬁ(?}ﬁ%grers gsl %to ?nsgu&e%s%% e 1(‘)( E)]Snsgﬁ Fﬁﬁﬁagg: ggtents
-4.837 Q@94ribarikuddut teaclBsg cxferdithiRhigeexahd e iBehctionyb&hd B8Ace t 0 Tsda
et al. ( teachin<v an alloy nt:luding rare earth el enments). Inportantly,

al | of timgseve EWo6rmmrbk C3ND| Dhenedors| Q2agreacstadt linteragtion indenedally the S i 0~
with the ma~7netic filmconstituents, as opposed to depositing Si 02 and the
magnet i clesirhblecandhencefeleraieder conditions such that there is codeposition

but only mnimal alloying of the Si102 with the magnetic filmmaterial.
There are a nunber of disadvantages to the alloying or adm xi ng of

vor-6c. S 102 BYLBhisFR ASblear Thicthadhel Mihterdnitbeidn dfiacrag it ol is™
Foquir e ERAC iRt eRnRRE A BREBRRERER RlE lBE” AR RS 1o i

au T . . dyel ( PR
sufticl eRluMd by 1Bb?¢ds§n&’ﬂ9ﬁe§6ér|€§}é§') 9%?%132&1@%%%&? H'Lz{ddeﬁ%hﬁbﬁ ”355

inplies an Incréase I n spacing e tsin a [arger PWO0 an

wor se OhhjclareRrodher E'DIftt ewhege Mogahe remafRie mMayRtizafBhahdnt nore
costly by the requirenent that additional materials be sputtered. Third,

t he al | ophéckrmess afnhe aeraignetulayty) darbisisdligved todbe generally desaribed<ol diei on
to thereby reduce exchange coupling induced noise. Mirdock et al. in "Noise
Pr oper t i pdcroinagreticl thgered MEgImUchlm/E:gnqmsatwe@ud(ﬂap@SMm ptocesEIETAYans.

| Ylag., vol. 26, p. 2700-2705 (1990) teach deposition of nultiple | ayers of
magnet i cberased targdugeeTNG ey §m§@ila‘11e)a inernasesah tar Fegorging doRylEy of
nonmagnetic materi,al, to reduce nedi a r‘ioi se, It is theorized ca,i,rlll%t rain size
and spaclHEEHEy: BdS DSCQMINE|aN MSHMAsHIGIE TG PRFAGLIL RS Teqord tYabove

and posi ITgHety A el SqimboRifin: dnfatifin BEPcharee Bt bed Spaci ng
ggvgsglosh[,’bagpga t@’b;}ﬂﬁﬂﬁre ﬂhf's)’ﬁﬁran{éiéxm- ng a thin magnetic | ayer thereon

In order to obtain the best performance from the magnetic media, each of

the above criteria -- PW50, overwrite, noise, and TNLD -- must be optimized.



~~0¢C ] zoos - g Trains in thickness, formn;-~ on this magnetic |ayer
anot her under layer) form ng on that under |a~~ec another thin nmagnetic

| ayer. and so on. .-although nedia noise is reduced due to smallk 0E$ggo?t ed
"‘rains. the SFD is increased and the squareness is reduced due to a ditTf
cultv in matching the He or the indivigual |ayers. Mreover. the gain size
of the thinner magnetic |ayers nmay be reduced so nuch chat the maJdnetic
grai ns may becone superparanagnetic, resulting in a dramatic decrease in
Hc. ~lanufacturina of such nmultilayered filnms is also very difficult and
requi res additional process chanbers over current equi pnment requirenents.

| n addiThisns asfoemidiblat thekt anmadts o desbedparfo mranem i terl nmareuimaetrelaady
process_to mnimze oxidation of thinner ns~netjc |ayers. Thus, although

t he nulbtdr-dxayeplcapptuag dowstawerc RVa3Orendgadremng & by meksinpike, the
current processes yield decreased squareness_and are difficult and
expensiWval pdverplieAHRET OvervmEn sHicet Wéfwg‘?ﬁaﬂ"f%d‘?@bﬂdﬁﬁjioﬁgﬂﬁﬁéﬁ-ar\pr oduced
today) the [0002]cr or .C-axis (easy aril of ma;netjzation) of the Co-based
magnet itblrwqrdyeék%twgnarﬂel%%ﬁra Irtoy tadls ﬁr@d‘é@ﬁvﬁaﬁé’{%bpamq Wiand he pl ane

o N A e L
0O T RESiE SRS UPHGe HEHerkIO M) RohBReL np TARARA pORTERTE! MO
under | aggy g@% E%gjqugrgm!mlxtrﬂa@'iﬁdge%@aohéée'cﬁie id gﬁg%%%gmeona'

cr oss- packe grains ont ody center c (B grains. It
has beegoghond ahd dfagtBStatiB. in@ér@&g@n.a'("[’hpdoﬁﬂnbﬁy}%hﬁh@icl Hoikdign e i cl e

"Crystal [ ography of To/Cr bilayer majnetic thin films", Journal of Applied
Physi csnfedlid 9 the néigd4r(sid9IMm ihteagrinuial @rcha@ga. couipbing!) Sined itds amay be
achi eved throujh epitaxial growh of Co on Cr with one of the foll owi ng

| at t i ceknown7g@alGo diitnate iintergtamuéar &tchianngasoupli®iglte, redute the mabr ~ . ~ 1
10~~.; ~If 1 ull'y~. ~1 101,:, ,'I( L. AU~", andc | |:]~~ ~/(10101~".
ral so, iMrUSE, rmﬁ{@nptseo.the ampunt HpgpoP W30 may ke nesevad 40 W ompriresve t he
lattice t.chi bet ween the Co:all oy and t underi aver for Dbetter

epi t a: cggﬁﬁﬁﬁ@ leiwersd E%Qeqeéot@m ayeﬁmﬁ Darhgi lRTERSE Y1 olRERRIF 10N o
each of thegse.,negﬁods, ht he Or undfrl.at/ﬁ_r must .g$ sevcﬁral hundr ed angstrons
thick t & EEAIHRE ATQRJNE BREhe BN afis INtRrac gt O T el growth of the
Co-al |l oy. However, the consequence of formng such a thick G or C alloy

| ayer is that the grain size of the O or C alloy also grows, to a size of

several hundrags By alt ol [ ichol nce the
grain size of theeiQ)rCr:(g)J-ogl?IQj yI%%lpdgg#?ggp?n@tﬁﬁgeg%gﬁggfIrgglgly%\?\ng{)fhfﬁhtsch t he

grain sideasif reberding wpdichepes, i.d. hehat @anlsupportepighebit dehsitigs owdil Co- al | oy
will also have a grain size of several hundreds to possibly thousands of
angst r orequire downeoise . withosuadverselgssacrificen g PS5 0 nOW residc ThID aOmoitype at
the magnetic transitions due to the large ;rains renders the nedia usel ess
for currefnmagneti¢ medismnwiickl bas pllowed aptimizgng seraimeolithef akamsr coni ng t he

di sadvant age of the.resu] t,ing |ar Co-allo ai ns en usi a,Cr or Cr
al | oy urﬂf‘é’?q)%%fic%%teﬁ’é’eﬁ ‘?ﬁfsgﬁdlibgﬁ%ps ob oAt 20) iaﬁdyﬂmumq@%)q QHRES 1 or

CoCr Ta netic, Thin Filns",, |.EEE Irans.,. ...val. 30 0. 6, pp. 3951-3
(Nov. 12@%) , fox: 2ty thPr&viq%%Er%aiaaﬁéuéﬁia%%nﬁw BSEBE Thin R 1 m Med: a
on Ni Al Underlayers", |EEE Trans. |Ma~., vol. 31, no. 6, pp. 2728-30 (Nov.
1995)) and European Patent Application Publication EP O 704 839 Al,

c1ai g P OThd ¥ydiaMolsd bECOPRLANA A0BYJ €4 beRerieecPBy 14308 bt 1 o0 Sept.

29, 1994. lLee et a teach contro ng grain grow ormng a Co-based
magnet i cdigfdremt hpyRacheg Wutady de3eEbea) R thd Wil6wise, Bhése meshads sefferre. | n

one

from loss of hysteresis loop squareness (i.e., lower S* and higher SFD), increased
PW50, decreased OW, increased TNLD, and other disadvantages. One such
approach described by Chen et al. in the aforementioned "Physical Origin of

Limits in the Performance of Thin-Film Longitudinal Recording Media" teaches



~ 7 OG 2002 - 11 a enbodinent, an e~ctrenelv thin Cr internediat¥! IUQ\T/F}QDZ
(?~ to 50:i) is deposited between a B-~ Vi.~. | underl ayer and the Co-based
maj netic alloy layer. -according to Lee et al., the Co-based magnetic all oy
| ayer is ~ own epitaxially on the |layers below. In the enbodi nent in which
the extrenmely thin C is enployed, theg & layer is grown epita.~cially on
the B-? crystal underlayer, and the Co-based magnetic alloy is G own
epitaxially on the thin C layer. The rationale is that the (t t?)
~~"crystal orientation of the Ni Al |layer, provides the basis for the
Co-alloy to assune a (1010)e orientation, resulting in the Co-alloy having
an in- Q!e?'&b@lt%r%t she Migherit hgldY bY %ﬁ@ftehﬁoﬂﬁcﬁﬁﬁf Yrdof pﬂe@@tﬁr@ased

coer ci vi and squarenéss, according to this prior work the Cr |ayer cannot
i nterr uptvitdemeny. aBagioshy prheeipy nationeo High?)rgompreasgret feeultd Oh Goladed; €. )
the indirect epitaxy between the B? |ayer and the magnetic recording

mat er i alxchapge decThpled gremset Adthougbgnedia tdiat 1t heduoetleSitexticaO8V laager be
extrenely thin (betvveen 25t 1 and 50A) to prevent the C fromdeveloping its
own pr edasreaiedonngnitl?iinereared aesulang iniaghinemssei iYW ¥hd squar eness ()
are reported. Lee et al. observed an increase in coercivity and squareness,
believed to be due to the (1010) texture of the Co magnetic film which is

Sfeéiéﬁ.‘ini h o mseRn At Sonthar e uithe ) Hopard e M HoL.S- PRICH 0. Se06 337%22 ot
) o a;&ee*?"tetc[%ﬁzea%%%%gé%%@% Eé*‘é%é‘ér?e%ﬁxvt?édﬁerﬁ%fgmé%?%ﬁ{é r@;@ A

N AI
[P Cofh ARORENERMOG R 00 30 Chelcaf B Y. MIBWRIERESE iciihd 12 N AT
to (a) mmhie oglafrhusn&'it ofverby PhQuIhS g%ehlnlomd &Y Qg0 REOHheR¥ Yhh

interference wth the“epitaXy between th | oy maghetic recording |ayer
and t hewMjéh dxvdenlhay&een infrodube& OxydddZs-théezbyDegRidiRetiNatdithe=h
coercivitv, high squar eness, and tine ‘grain structure taught by Lee et al.
(see EP@mghec&Blsaver—h)om the spertering@nyironmuentt HéoWieverlasupoiatédiger bpr ovi des
only a mnimal inprovenent in_ the nedia noise performance, and thus the
resul ti fowaed et alsin pridapiente intspdecing ey gandlecoeases bmdgiHQjéEH@ISt y recording
applications. Wth reference to EPO 70~ 839 .-~I, this mniml inprovenent
can be seen in Fi gs I~ and 1~ showing carrier noise measurenment data. and

[ mpor tant | y) e aEeeAes LRST Bhet po B e x e EapEre B Cheie (i FRZAiS , om
o s %faém%?*?) 358t OB BBV A SO SROBY Kt o

grains Vg & [Htfw [ ts
fromt he\ﬁr?srg oﬁéaﬁlrlﬁwa}/ ﬂﬁcg?ﬁ Eélo 19(38 Fﬂ?tt @1?1%? Pﬂﬁ?ﬁ#ﬂ%t@ﬁ Oggm{igﬁgc per
cent). é?mdﬂh ﬁﬂt@:oa@pdkemﬁe@nfx ritlyeaddlsotboﬁhet@&huf@tuﬂﬁow Il be

di scussed further eI ow, a properl y |sol ated Copt-based filmcan achieve a
coer Ci vmgmpl‘e'(mtweanchmo Seeondy anthing fis kazght tabeat tanaotimg thee formmatiorPof i n
the alloy) if the grains in the filmare properly i sol ated. |ndeed, such a
hi =h co mmtl;zs n{{gnnde nethingdsdaughthabamcontwllingtgrainsizefang: giaie and

W t hout a 1&101(}) texture. The need by Lee et al. for such a high amount of
pl at i nuMnARENEYe need for producing a (1010) texture, together with the
extrenely high hysteresis | oop squareness they obtain, indicate that the
films taught by Lee et al. have significant int ergranul ar exchange

i sousst on of LELFaPED APBIPAECR o Tke BB eI v B0 bl rtalis A
tn glusgt béﬂ%d;ﬁ%c%i?tagiég%(mC)QOtDémw 0t Shaei filngaRavé BRER \deEEHbed By L a

Chien et al. in "Magnetic Granular Fe-SiO2 Solids", J. Appl. Phys., 61(B), p.

3311 (1987), and S. H. Liou et al. in "Granular Metal Films a recording Media",
Appl. Phys. Lett., 52(8), p. 512 (1988). Essentially, these researchers were

depositing Fe-SiO2 either by co-sputtering or by using composite targets, and the



.-~S previously nmentioned. the effe:.ts of ma netic gain isolation are
known in the art ~Chen. "Physical Oigin of Limts in the Performnge Qf
Thi n-Fi | m Lon~~i tudi nal Recordi nU Media." supra). ~la netic jrain igcﬂ[ﬁtw@n
has been 5uccessfullv put into practice. See, for exanple) applicant's
prior work described in L, T.S. patent application serial no. 08!?" ' S, 6S6,
tiled :~prii 6) 199. However, according to this work, an anorphous under

| ayer is enployed to provide small, uniformgains of the subsequently
deposi ted Co-based magnetic recording layer. :fit the interface between the
anor phous underl ayer and the crystalline magnetic recording |ayer, the

i ndi vi dgagnaiy silals el depazitetiheithegnehderpaer ditegvhigerfoatk of around.

pol ycrystalline. A polycrystalline magnetic Grain will have a | ower nagneto
cryst al | i0teOanisbtoroguaremsssa i3t df"arbhad (b svarglabtoineslt alhese wlu& nee a part
of the overall coercivity of a filmis proportional to the Ku of the

i ndi vi dursiccgaiabsy lgwvvien tigh density recwdding appheatiorsi nr 1yls a reduction in
Ku of the Co-alloy at the interface with the anorphous underlayer results
in a reduction in the coercivity of the overall magnetic recording |ayer.

pe Lhe N1t ity SSRGS SRHPS! eLRONGRI a0 B LGy GRAA B | ver
const i 1ROt @l bhe L G RBR Toln M P0G ALl iger IO Lo P
pol yeryst gl torsabon T Recthe MAtoRARB B AL GL LR pat P

dr ops bg@w&umwésmssrmyhﬁsﬁsﬁézfwﬁreﬁqg? 19530%8d Jdpddisk!Pdlent, the drop
in He acéélerates to the poi ht of rendering’'the filmuseless for future

recor di g lasiony5-73330. fublisheWNfrch D4, 16951 end ligsuetérS: patent Re@fnbzed
limts on the ability to obtain high coercivit~~, hi~~h squareness, and | ow
nedi a nGisk.547. |Specdically, Abmet anediatnoise hnd Highdeimsplane aeeroivitiyngerd t hout
ad~~ersely sacrificing PWM-O QWand TVLD., This, problem has Jead to

conpr om9Ed Mith AB IEPHESIOR of REPRRIARAELY b&%r by ‘é@edapir?e} §1Q2 Tge and
cost of manufacturing, etc., for longitudinal recording nedia for hi h
recor di #éo@aRtoned nipsratoykimiznat all indigatey dwe & of tese films wereart for a

noi se. eerPEiRpat TS, ik alindlef Mt hidily BROR UL e The
i 2 i. | | S
rmgnet | ARRUECHOIRR a3 i8er HE, BleTRARR AT OORIRED s deiin %G 1OV Blfeeis? 0,
havi ng '}bgﬁirEHﬁrn?é Yo B{izﬁ%rﬁ'it%hrgwﬁdiﬁ&.e% §h8&l@ﬂ§8%%sn&gg\5tgm SHIABA &©
provi de s perior nagnetl c recordl ng pdaraneters such as , Intrinsic

edi a_nailspaquilapgrosiEHedly 1798 89BYIBL iarBlilisoBuctThipiipé eesut

i
manuf act uri ng such ‘medi a conprises use of specific¢ alloys inh a vacuum

deposi t igfPssighéfidamiydincpesset ithe opanghcugingocsst of sashanediat @ithough dbr yi el d
such an optim zed nedia. Control of ;rain growh and structure is a_ key
aspect onediredesiggedifor nsemithomagnewdresisitveonetidsgets, handngrassMit of mbent i on

or a EZ”ELb?%grrﬁ%_eg?&?é?@@%? p 5%&33&&%&%@1% %%Vriaé‘a%irfeé@}? a%%?ﬁr%}x?#ﬁ&'m?g”et -
and. spad ERERBPHG (UGG SuFHJeN SRiBHd Bk (HEAH § Bkl Ll ng of
or  nci pat 199 ShofrbOcEprtlE AR A0 olfurt AR RPAH Sl GG pBicAs.

Another approach, discussed in Japanese Patent Application 5-197944,
published August 6, 1993 (Murayama et al.) is addition of SiO2 for increased Hc

while sputtering in the presence of a broad range of N2, for example 0.1 to 10%.

Lower media noise was obtained, but at the cost of decreasing S* as the

percentage of SiO2 increased. Thus, lower media noise was obtained at the cost



~z ocl 2002 - 15 liver. so as to maxim ze the matgnetocrvstalIine'\1
ani sotropy constant of each individual gain, and furthernore, the (Z’-%(Tf@wéf
the gains are oriented predom nantly in the plane of the filmand are
randomy oriented in-plane. This nmedia will typically exhibit coercivity
squareness and remanent coercivity squareness approaching 0.8 or better. a
switching field distribution approachinG 0.? or less, and a coercivity
approaching that of the intrinsic coercivicy of the individual Gains) for
exanple at least 7000 Ce with a mninumrequired Pt content, while

si mul taneously providing the | owest nedia fitter noise and T~1LD, and

maxi nugt gwgensingeP W) apt OWm Addinednad tpaeifingsrenlaeng TheSi@edimyitse i deal |y
suited for current and future high storage density applications. such as
use W thumagner.8: pesings H\887EAHs Kikidaeecliiagnth thatplides atevpmdm of

i nproved TNLD i s the crystals of the magnetic gains havinG their Caxis

ori ent 7 Gr.280 o nErdad ¢t iln (tehehiplgame abb vt ineludhngetiecedith riemeants).he nechani sm
of inmproved OWNis that each magnetic grain is predomnantly a single
crystal. Wiile it is known that small Gains are a necessity to producing

| ow noi se

netic recording nedia, we have al saq..found th i.f the small
grains are ‘%W ﬁ‘gln‘?q w%éeé?%ﬁ%cisrm ylflg.c%b,q-’- Métﬁfq}ﬁql%?f t he
coercivity is_inc iven plati c ' ' Q- based
i oy, SRR RESEDT b Uy BB SR PHI G S pbBh BT PePo ot s uppor
hi gh c | Vi : ; o} [ bl gh W th medi a
havi ng%ﬁgﬂi gé%éh%ﬁg}cﬁg}%t%@yggg%tﬁkgﬁo%ﬁ?& bg)%?ﬁ?¢%7 ﬁ%&gaﬁggjé%nl. Ctl?ni formy
spaced @egyastciér_{ Bt 8ARNmRhNRAl {1 yiHBI JOME SIEL GhitNtheChabActiS 1T haserdiall | NY
the magnetization reversal process” As an ad'de_d benefif, the uni form
Swi t chipge Ghaeat hafibek ic¥difdvaiea SsioNthe’ AW ihE NG {dRIR 8RS mgs@rﬁi@snd
uni form spaci ng al so provi des better OWN i©7°0 CT 2002 - 1 Thus) one
aspect Birst hiee pdditeott of nudantgurityi maeertal l(mepp $o 30ovolpTos €33 HyaSkunizm
controlled "rain gromh throu h a proper nucleation process to obtain a
magnet i e £li) restiby ém ahdecrenselini shounatipni mopnd tezhtoma( Vs s and hence wsdezmkeasegnet i c
grains ~ LI )0~. or less in dianeter) of tight distribution in grain size
for higm ¥emsThyrafernrtbesretarences seduise dhatohe thidkawss wfithdimagnetichat use
of a proper nucleation |ayer ,bengath the regording |ayer is critical to
obt ai ni Hyet e mﬁrqaéﬁ%t%@ﬁ@wa sgtfgewns Me. & Sébé}élﬁﬁ@fﬁﬂé%aw;ﬁ #Br hi gh

ivity, high d | ise. The.f ti .of this | [
Lo pr ovIBRERCHEGHT SRLERESs IBAlih PR ACHRars IR eRRCpRYaF s MO ARG ai ns
o provi . i | et o
mor phol §5°7 ReY PRACEPBETONE" SobR, fe JRIRY RISEs: M Blagd B 00 (1
| ned el i . j and the
The. cut CF e L B A e S m o

nucl eat isgﬁttéiadesngﬁntﬂe)hllby@ bhfﬁdﬁii?{_@dQﬁpo@R? dues! mRhimnts Iidesgdgtdie
spaci ng between adj acent nucleation sites w Il provide the facili ty for

cont r ol ligglgtivheo ghedebygedutdexttmmet enipingmdated inoéseand spaci ng of the
maj netic recording |layer, as well as provide |large angle grain boundari es.
I'n addition, proper control of the size and spacing of the nucleation sites

provides & maitoll Lor, SPLLILELIGRL e Seoteqalian of e ap mLer Al
e e MGk, B Joa L 0 B 5! Bt BRI, 20 g
Inggrer S{ %qui%ilﬁgry bR AkDHYE thyRs bF G ATRR! hfite Y Sthe RyERCREMHLS Y FachBv! N9
other by layers of nonmagnetic material to reduce media noise. It is theorized
that grain size and spacing may be relatively controlled several grains in thickness
above an under layer. As a film grows thicker, the grains tend to vary in size
and position. Thus, Murdock et al. teach controlling grain size and spacing by

deposition of an under layer, forming a thin magnetic layer thereon several



17 0 C T 2002 - m crystal magnetic "rains with their Caxes oriented
predom nantly parallel to the filmf or substrate ~ plane can be obtalg)‘eﬂ
In addition, while the grains Ca,~ces are parallel to the filmpl Adel my
are al so randonmly oriented vvithin the tilmplane, a condition we refer to
as ~-di mensional isotropy. Heretofore,gproducing these Gains with
sufficiently small size has not been possible. W have discovered that the
structured nucleation |layer of this invention overcones this limtation.
Accordingly; it is inportant to distinguish between the ' under |ayers'' of
the prior art. and a ' “structured nucleation |layer" according to the
present _inventi an _under | aver nmay be capaawe of pI’OVI d| ng .

. Wi
nucl eat FEH" §|‘Pé8m‘]r’l‘:sl§\ﬁ q%lmlr%% 08r it Bagneasi lnyar aBomer dngey layaie femyisigal | i ne
t tigc. fil Ho t t d | eat |
s br opalafth §afs (¥ TRAMRS RisomoTherP oty acl § ot hedbiush el noee ™ '
| ayers of BJH%RG | &ile RYSHAAS, %Bgﬂ?@qrﬂhl? Q_#fbegq Ealas &4 3&%3&%&@?%&1«2% prior

art will be referred to as Fayers. elal open
App|lca et 388010 8 i R alippty d imzu et

) antél3 | ai d open Joapﬁteﬂs"g%laﬁtnggﬁwﬂd&|[§gtl—|ILoR§§&L:SL V@?%E Qxearra et al.
each di scuss use of an underlayer, but fail to suggest or even recognlze
the inmportance of the Grain growh nmechani sm provided by a structured
nucl eation | &yfereovien. fhrcgraiiBbizei #uhetthidnergangnedd Yayees neobé réduder ¢g t hei r
magnetic media without use of any type of under layer and ‘Nl urayanma et al.
focus ormueéle taaldihti magnétiSEing mayhieecame sdperparayegnend, aesaltinglin £ai | to
recogni ze the inportance of a nucleation | ayer. In accordance with the
present GTATESIS @‘F’Ffe@#?emsHﬁuo‘tlaﬂe@Cﬁu&mg@tt isuahimybtlayeret filyps sadlsy veey

conpri se f multiple.film.layers provi epitaxial growh of a

suggequéﬂﬁo‘y‘-‘l&é‘ﬁgs&tqé‘éfe ioRal rFeg‘é‘Tfsél ﬂgﬁrgh?%roverr@lrmgmm@@anhum eation
17 a-~1 ontra t he .nor. n orientatjon of
subsequét guf.rgggrlrgs égfift %|5p§c1af HEe%ePégleoa&{é?/@f-‘sgné ¢ fg?%mf’r%li n

Shot o oriReds 8P Efé?.ﬂggze(@ i8530 B bR B fnd el Pondl thiehthns™ o
SUbseque&hlﬂxﬁﬁl@éﬁa fa)oe§'c@£4h ?ﬂéﬁﬁ&&'tog‘? ih6 M @e{r\%ge tﬂg.tc%greg{ U ow a

rains e presen Large ang e grarn arres
segreganprdcessasfm&edé@ehm éhe‘%@%@airb%ﬁfﬁﬂﬂt aﬁaecz eﬁeb@&@ the tine
magneti c crystal grains. The Structured nucleation gr accordi ng one
aspect ofmplengutesent invention conprises two conponents The first
conponent is referred to herein as a ''seed layer". and is deposited onto a
di sk substrate. The seed |layer provides a tenplate for subsequent Gain
jrowt h. The s§§ond copponent of the structured nucleation |layer is referred

to gelrei n as Hhmugh, ?rb Agnetiq éSf-‘@tfﬁlftglﬂlei aﬂé%!ﬁqdel@ ay et (00030, ®rt he
surf ac?ygi%Rfﬁgf ASAStmaEnetizadiod) af sGe Cigrg wﬁ'bat eea%%ﬁay?qrr%' fe%ﬁgm to
g?:z]te_rglnd |rrens Shat g :! il fi E’Iéq ﬁrm e
B52H1eR or ORI 7 Birallel 10188 e BF SRR K LhfeHe D o B ’
o b oEsplarcoéntaibRl SR8 |ALRIYS E§V§‘ﬁ‘e‘g@2{é‘d B JEPS%W@ e
tenpl ate lee SHefRERRY. Thai R ﬁ'&@ﬂ‘fp‘l‘ls ﬁ%&‘ Weﬁ Ho@%?ﬂ‘ﬂﬁé Ag grain

wi dt hs of no nore than 100A in the su sequent y gr internediate |ayer,

as wel | el moat vaginedn cnathed of abliel BYE in-BLAWNCOLIS fb%ehf&tﬁfd*@ﬂh@@-aﬂ@yer
That is, Q%ral n size of the magnetic recor di ng |layer nust be initiated by

provi di ndildi scuse of as@rlunderlypdratol proensteegraimyergrginpepisaxidhesevideefl thayer
grains serve to establish the size and spacin5 of the crystal line Gains of
the int ehgxageral ¢rayénpacksd (HEPeICo grdins onlthe bodyagrmer cuhie (BCC) Cr

grains. It has been shown by K. Hono, B. Wong, and D. E. Laughlin in the

article “Crystallography of Co/Cr bilayer magnetic thin films”, J ournal of

Applied Physics 68 (9) p. 4734 (1990), that in-plane C-axis orientation may be

achieved through epitaxial growth of Co on Cr with one of the folfowing lattice



ma netic re;:ordinU layer <~rains ~Trow epita.~ially on the intermnediate

| ayer gains, the later providing control of gain norphol o?y and gai 7
crystal orientation ( i.e.. ~-dinensional isotropy). .-~s also staﬂgh08¥ﬁ@
intermedi ate | ayer provides a surface on which the magnetic recordind |ayer
may be epita;cially grown. W have foypd_that sputtered Cr or a sputtered
Cr alloy is a suitable material for the internediate |ayer. Thus, the
proper lattice plane orientation of C nust be established through a

sel ective gromh process in order to provide the nucleation sites for
epitaxial Gowh of the magnetic recording |ayer, e. a., a sputtered Co

al I oy. plheeetlationstioezinverImdi ate | ayeinmaterdal '/n@10$celmded based on its
crystal structure and relatlvely cl'dse (W'thin about 10'0) lattice match
for certlatn, N@@Kn&e pl anes to the selected majnetic recordin; |ayer
material. The thickness of the internmedi ate | ayer required f or est abl i shi n;
this preferred grain orientation texture is generally over around 801 and

| ess than around 1000A, depending on the base pressure of the sputtering
system Howeéio, ladéer cﬁﬂrﬁgmtbotﬁé‘pr-}%} itaistdistlose P rlaarant isnproae fithe carticy. | f
the prior art | ayer is_tog thick, for exanple qgver 200A, the C grains
become HEECHAEREWSEUBSdr o-adhoownd Bre i nial EF 69T §eHen3Pisaxy,65e Ghan

di hi.s di I h
o1 0pos 4NERRE T LRI ViPor SRBEELY bl N BT P T Pb AR alORSassi s
bl d
ayer 11 ERoRetRgeE Rt aﬁeweg@}é‘rﬁrﬁﬁ'e”bt"’ R AR LEn as Th)
3 ooy PRI G RGO BBl SHATPHPLE i CTRNDY. HBeer ApboYef vt
gener al Lynpd et fbthifes bﬂEH'a“t‘Pu@{ dressct Hgag%faoeﬁé thar i/ ebhifr sfoe0P2 -

20 dianeter, even at a O layer thickness o several hin

angst r ogie Qr drsCt BHovellso geoWk| toTd gize Sf s8ersl hihéredgast d@%lﬂyttl@@l&sarn@l%m ts
in production of tine Cr gains of less than 100a in dianeter, and th

random ofismgsabmsninodianisese8thdeayiergrairy sizaldti meimmmyr@dsitedmd Eim‘ege

angl e grain boundaries between the Cr jrains at thicknesses sufficient to
resul t iGr and¢nhaysrawdl Graighgharghain' side mfribi ddmundedayepphofesuitng
subsequent |y ﬁEOSI ted,hcp Co based alloy. It will be apgrem ated that the
seed |amtﬂﬁaﬁ STWR feerabioyrwill psodiavgcd graig)size obseuerahhus ge Sdﬂ ot her

mat eri al s dedthe eed Ia er rains aIreo sufficj
di anet er? qsﬁpn&)é:f %fs Wrneéff Rt ¥Rt F &% (ﬁl%ll)]‘ b‘ﬁflﬁém I n one
mmton t oUERiE s é?ﬁghdé ?%ﬁ‘qe;x?etfnr%u@s B, o R 1L Sl e | C°

el ement AR uld have limted
sol ubi | ﬁ%sfi’%srslot%?@u‘ﬁéd? 2ﬁes o FEsfljfcg,’rr};l a‘%ﬁq s ar éd ~Cu, C-Y, C-Si, Cr-Pd,

Cr-Hf, etc. The anount of the elenents) alloyed with Cr should be at nost
only a few atomc percent (e.Q, up to 10 at.% over the maxinumsolid

sol ubi ity i mtrhethod qxﬁiovercommg thd disadvaneigeoyfetheetesuitittg age IGd-hoyi grat e
to the C grain boundaries to formfine grains. AIternatlver, C may be

al | oyed giains wihea using aoke oslCGmaliny undérlayer kasmbedn proposedsy Lee atlal.cve

seqregal I18I1A1 bntdté%ar)rlg;; férhéchr)'rI]'g. l\?IlasrrlrgtTé STh?Itl I*Illhrgsg[géﬁlﬂabou a(fj}gr.,I \?osl.
30, no. 6, pp. 3951-3 (Nov. 1994), “Effects of Cr Intermediate Layers on CoCrPt
Thin Film Media on NiAl Underlayers”, IEEE Trans. Mag., vol. 31, no. 6, pp.
2728-30 (Nov. 1995), and European Patent Application Publication EP 0 704 839
Al, claiming priority from a U.S. Patent Application no. 08/315,096, filed Sept.
29, 1994. Lee et al. teach controlling grain growth by forming a Co-based

magnetic alloy layer above an underlayer having a B-2 crystal texture. In one



In fact, in general, when Cr is used as the seed layer) an alloy having
limted solid solubility is needed because it will tend to form sg&j b@TZﬂUZ
;rains for nucleation sites than pure elenental filnms. Thus, properly
selected alloys will better facilitate extrenmely fine grains in the seed

| ayer and hence the internediate |ayefy But) with proper deposition

techni ques and selection of materials, certain elenental materials such as
Ti may al so provide suitably fine grains in the film 17 0 C T 2002 - 21
deposition process since 'Z'i is ~~ery reactive to the residual has in the
vacuum sputterinU systemand inpurities in the sputtering tarQett -~).

Regar dleggtsodititent mah exireined eltent €d ifermeedents dgvdaydd toiOn ) Hadepasiesd/st al
Structure capable of allow ng the subsequently deposited internedi ate |ayer
to assiegween debel OpAd undgsihzet ut dphCo-basedhmiag®etis udlovt lager.t he magnetic
recording layer (typically a Co-based alloy) gown on the internedi ate |ayer
crows epita.~cially with a simlar grain norpholoGy. This is not to say

t hat the norphol of _the gnetic recordin? lLayer is determ ned by that
of the seed: %;%3% thaetftm%em@pawasgéc@aan%ce O¥HaYHF BsEHWR nvent i on it
rk of .Lee et, al vi,.ousl y. di ed_does

i&ﬂ?é&%%@ﬁ SR S5 e ﬁ;nth@%ﬁﬁomgmwﬁfﬁfﬁﬁlqwma e
| mvent 1 on iy PERIAATIRE CEIBRIE R S AN PRAREE " EARIM RN vy o
subsequi 1} Sopaurran Ehrld walds SRR R YR oRAS it SR er TG 17

nor phol pgionadd & thaoghavi(t i) § herysiat erizncaticic af klon NifAltlhgenuet@atieothesi t es
fromthe seed |ayer. The resulting internediate layer will establish

cert ai nbgriefer thedCordlloyt i Assusie 4 40010} 4 arientptsornsequising pthteaiioadllay owt h of
magneti c Grains having in-plane G axes.|ndeed, the nagnetic grains grow

W t h r ahgiomgi an pi-pineoCrans atWbile the €&rdbyenty nevessanyefarnGreatedi n
boundaries.  This greatly enhances the diffusion of segregant material to

t he maj AGYLICEVILY an% WWARRNASE e2SCOosHing @ tds puigsrecsk Hie %r layemegnyot

i i b i d h d i - A . -

! 2 8 BEF R BERS BN DRIEE (RIS ol S BTl 22 oo
TR by SR ML RPIAS L300 SRR R AL Rl TS
o o8 el R S SR 88 SR TR B layas el

recordi Bgﬂ)abbeméﬁlht e OLrh@h @@Jblg?i&i‘%' Raveh ﬁ‘l'aéf@lr‘ved ef@tiopve a different

| attice consta n such a case, & 1nterfediate [ayers for appropriate
| at ti ce Redhtihelychighycdeecieiny axbsquatbress ﬁG)eu@rrep@nédj nvention shoul d not be
a

read to be limted to a C internediate yer (or limted to a Co-based
magneti c recording layer). This invention provides the desired fine,
uniform Gains while still allowing the G internediate |ayer to form
suf fi ci ent | y Liegi efkalt obshsved ap increape it epersivity apdtsguiateness obelimeseiguent | y

L7, e B RS el SO S SR
Lo SR R TR P S S 5
AT o e T M DA T T

t he nedi 1S 1 nv | et e use of "a seed
| ayer, A Nz Lo A GO S al i i S t he
eyt | 2P ACrinRr i dayer ekely AkibBEhd HOHAT) BLER, RO B, ERETLEL |

layer. |4mdlr band thar 4 O SnictdRAldtOMayirqY irdgsiréd b ??@@étﬁ%rﬁﬁﬁﬁﬁ;ﬁidr%f@@@i c
nor phol ogy t hroughout the magnetic recording |ayér.

That is, with a

st ruct ur@d bwtlecatdess Alayethd NiAl idmnairfdved ahd thatd@n€t istereediate tgydayer,
the magnetic recordin; |layer Gains formnore perfect single crystals at

t he i nt emuat be shfficientiighin i@ (a)eminidiing diffusionavfdCr heta theeCodilimaiaydrayer .
Hence, each grain of the magnetic recording |layer will_be nearly a single
crystal . anqhi(l% avoidointarierenee sgthethe epitaxy between the Co alloy magnetic

recording layer and the NiAl underlayer.



17 0 CT 2002 - 23 wth a polvcrvstalline grain of a magnetic |ayer fornmed
on an anor phous underl ayer, a non-lattice matched under |ayer) and a non
structured nucl eation |ayer. Consequently, the nagnetocrystalline 0
ani sotropy constant of the magnetic recording |layer materi al apprdécW@sL
that of the intrinsic magnetocrystallijge _anisotropy constant of the
individual ;rains. .end thus, the coercivity of the nmagnetic recording

| ayer material is increased, even when ~Irt is decreased to e. g. |less than
0.6 memu/cm . In addition, the nore perfect resultant |attice structure of
the magnetic recording layer allows a nore uniform magnetization sw tching,
whi ch we believe is responsible for our discov ery of an increase in
overwite. The magnetic recording nediumof the present invention is

manuf act ur ed$spitepsshighnepacotyriggle squareageegmat fimatgraimbtrusuch taxghan

oxi de or nitrid? of ong or ngge of A, As, B, Ce) CDA%CEJ Dy, &d, Ho, La,
Lu, Ni byobeemhalrpeerePOs)4 889 &), theninesy addtiionrpy the Nifl andgrlayer v, w v,
or Zr, together with the netic material. In a single depositiqn step,

i NoUtPBORETIRPISF (HEHDE] GAPHAAMETHE GEGTedin RO REET M HiS: 20ARGT m y

G iss oI MROUTER oy o e S e Lot © 10
st oo ARG TSP RAELRS BIUEPOAFOARATL BliS i SO b ol P
than 20,8885 1) BRI BL 2Ad N8l MldwWiRkYeadravt hﬁ[’ége %éﬂrgﬂ(eﬁ.d%@& a[}ﬁ FidSDIGLger

to acconplish this, the segregant “materi a ected Is insol ednt

magnet i gnal|70showitd irfe drAeSdRRMNRADER! h¥agirahieat dhbe $inplirdantly, &f the
segregant material 1s determned by its bond strength, which Shoul d be at

| east Ofppteatk/thot thd mediherughniygdlsenrt al. duifers dgrmogiaiah imeyrgdpenwdlamet al  or
metal alloy which has a good diffusion rate in a |ow tenperature sputtering
envi r ongreeNangel NtOraction200g there~3.no teatbingdp LEe ¢tmletny addiesh thisf bwd ~~r ai n
boundary se' re atiqqﬁfan al. so be used, Wil e the concentration of the

se~r eQaRrample Dy Aeligeraiely aobeing sachinflixiduad €ra@ssufficient to conpletely
separate each individual magnetic ~ gin at the grain boundaries ( thereby
m nim zing nedia noise fromintergranul ar eechange coupling), there is an

upper 1M, e KAR AT s SE5eqn AL 690 i HRERREANSH) R e

coer ci Vijr\, K I feah ti J

caused 55 % RN TEEe Al S AGRRENE, 1 8%bBe AP Leh). BURNSY
coer ci Vitd $oaiel degreeafrate i 61010)! lexbel dRotilll ¢l disRdsdd) furahdubélo, a
se~re~ant will be selected such that the coercivity and/or squareness are

mai nt ai pedpetlydsolabad €aPdiased filiretary athiese alygercality of olver (G Oepf
segre~ant material added will be at about or bel ow 10 nol ar percent

(ol . % .evenewighfless shast 13 latomin perdcantiRsrinche tabkoys éf) they grainsrivy the fijmeare| y
enhanced by enpl oyin he af orement,i oned structured nucleation |ayer under
t he mgﬁppéﬁVd§@1£te&e&h&Rd,ﬁﬁﬁh@ hightcaerciyityemay die prrducedr wihinmandempe

ot ronin RSt Cind MatR o B URBLET L8 R T o
o ot e L AR o BB G CRUIRE b P BB ML A RO RlesE e
requisi .tt%oka{eg%itﬁﬁhe RaRnay 'teh b ek@sisswraga m%(ﬂﬁ‘%%ﬂ?#%tk%é@%tﬂd‘%&ﬁ%ieor m

grain siZ& an graln spaci ng: ererore, g _ gne ¢ recording
| ayer onhap P PileR thaLRt BY 'Llé‘étdfra?.dhé\}écéi@ﬁiﬁ@d?xﬁ'iﬁbé%rdn%l&f bdifadiget 0 (@)

facilitate the introdfiction of segregant at the gr&in boundarié€s, (b)
control inberagtianrbesivzen the phesiohl gtaind)eFesmai thiss padi the laok fanyedisatsston
recording layer, and (d) confirol The orientation of the crystal ;rains.

17 0 C loPixoratioby Le¢ i al.,coneofart hrdexstandgwhy thretfdmsataughs by eamenall

i nmpact on the magnetic layer's saturation magnetization G's and magnetic

r enanenc@o Viot shpigany 6 pantsmprovement ismecld 808, and hence there is

m ni mal i npact on the overall thickness of the magnetic |ayer. Inportantly,
exchange coupling induced noi se can be conpl etely suppressed by the

i ntroduction of the se~reQant material and other steps of the present

i nvention. Simultaneously, a high coercivity, for exanple '?000 Ce or
greater) and high coercivitv squareness and remanent coercivity squareness,
for exanpl e approaching 0.8 or nore each) are obtained.



W have al so discovered that in order to achi eve good epitaxy between the
internedi ate | ayer and the magnetic | ayer, the backjround H, O pressure
during sputtering nmust be less than about 1 x 105 Torr, and ot he‘r rﬂgfl al
gas pressures nust also be |ow. Furthernore, we have found that 71 (} rto
achieve a food epita.~cy between th_edi—_pt_er medi ate | ayer and nagnetic | ayer,
contam nation on the surface of the deposited internedi ate | ayer nust be

m nim zed before the magnetic |ayer is deposited. To prevent such

contam nation, we have discovered that the magnetic |ayer nust be deposited
as soon as possible after the internediate |layer is deposited, and it is
preferable that the tine between finishing deposition of the internedi ate

| ayer and depogirtvionsbf meheiosudstguaiictt ayenagitetic graifiGsslacondse dhokass
dependi ng on the base pressure of the sputtering system Therefore, a

gr eat | yini ther avéCheadi’Bhpsistl Qridipdfloimis gh thie Performaecerati Bhimpiii cat i ons
is provided by sputtering a majnetic recording |ayer containing a segregant
mat er i aLoogitodimel Fpywooginizadeidja.s stpep edviaghetic gyain splasian hambesn r uct ur ed
nucl eation |ayer. The resulting_nmagnetic |ayer e;chipits predom nantl

singl e SUCCESBIUEYTPYOIEO Praglices r as.Ar ieKampia; %&pl&anérﬁapmoamrmerssnhﬁ%i ze
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ond {andorluc L EMAL o) LOSBLANR, LAl SHER A, J1% TR Bl
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to an ex scription=o he awrng he
or esent 4 . . . . ; . SWind RGLHEAY
present ACHEEa. bloie-ABRCIABRcLS HRFNGE: HRSILL chpliliind fbydCD,
a Cross rse6idifg 18Verd the Ghdividid-c e gﬁﬁﬁ§fo'fcthélrﬁkg1¢¢1tt§":é¢bl:ﬁﬁﬁg [dver are
accordance with the present invention” Fig. 2 is an illustration of the
cross segilyorysodlliacr iQipdlyaysellige meeaedt gamedillrhaecotaveyniagnete

embodi ment of the present invention. Fig. 3 is a plan-viewillustration of

a sect i arysfalline anspuespycec orscantd pthanay singhe coystilngrain  Shecpagaenot the
i nventi on. .
overall coercivity of a film is proportional to the Ku of the individual grains,

given by

He oe z 2Ku(mm\)
ams Vs

a reduction in Ku of the Co-alloy at the interface with the amorphous underlayer
results in a reduction in the coercivity of the overall magnetic recording layer.
As the Mrt of the recording layer is reduced (i.e., as the recording layer gets
thinner), driven for example by the aim of increasing linear recording density,
the ratio of the thickness of the polycrystalline region to the total film thickness
increases (and if the film is thin enough, the polycrystalline region may be the
predominant film structure), and the coercivity will be drastically reduced. For
example, as the Mrt of a film drops below 1 memu/cm®, required for storage of
over 1 Gbit/in’, the drop in Hc accelerates to the point of rendering the film

useless for future recording density.



Figs. ~. and 5 are m crograph cross-sections of media according to the
present invention, showng the epitaxial relationship between the Cr
internediate layer Grains and the Co-Pt alloy nmagnetic recording WgygtT 2002
grains. Figs. 6 are TEMinages of a Co-Pt alloy majnetic recording | ayer
according to the present invention takgn_normal to the film plane. 17 0 C
T 2002 - 27 Fib;. ; is a high resolution SEVI m cro~;raph i mage of the
fracture cross sectional Surface of a multilayer disk structure of a 1 ~0~
Ni A seed layer, a 600 C internediate |ayer, and a ?00 ~ CoCr ~=Pt,~ + 8
mol . ~c Si O, Coegneltyi. chery aeoredbogizedVhiwidrhtiee 100hy aardinnimihcoat
according to the present invention. Fij. 8 is a high resolutiion SE1~l imje
t aken ooemifitachighesgunrbaess, sindilber medio nbbset farfloF QIntAilmxXoefitutdat t he
disk is a nultilayer structure of 1~-OA Ni P + ?%Al, 03 underl| ayer followed by
a 600 @rgh dyesity vigealing wigheut slvieiel pweeribying P@*@;ow@«,m?faws mol . %
SiO filmlayer anpd JTOO carbon overcoat. Fig. 9.is a graph conparing the
v(rt vénsugrilem gas foRfl R FPEIPERMISES dBILBE G MesuP b the MaSnRHS PeRtRrMIgea 160A
t hi ck underl aver of aﬁrﬂghou N P.+ 2% A1, O; Pn whi ch g‘h:ﬁ)oCr_ﬁ'.Pt,,: + 8
mol . % ERFIIREGHet T FUESPH RMARYEACHENE oF trediOf I8 SHHdHA] RE0IHBS 2 600A
thick cfEhabkitfigh FecHRHRE! STy OFnbilislh. e AR PRIDE LhbaoRn 1R | &ver

for a method of producing media with high coercivity. high squareness, and low

noise, narrow PW30, good OW, and low TNLD.

Summaryv of the Invention

The present invention solves the problems and needs of the art by
providing a magnetic recording medium, and method for manufacturing same,
such medium having high coercivity and high hysteresis squareness and optimized
to provide superior magnetic recording parameters such as PW50, intrinsic
media noise, TNLD, and OW in high density applications. The method of
manufacturing such media comprises use of specific alloys in a vacuum deposition

system, and specific operating conditions and steps which yield such an optimized

media.

Control of grain growth and structure is a key aspect of the present
invention. Media according to the present invention are comprised of a magnetic
recording layer having fine individual magnetic grains having a diameter of
100A or less which are isolated from one another by a solid segregant, and which
have a controlled, uniform size, and spacing on the order of between 5A and 50A
(ideally a mean spacing of about 10A). Importantly, the grains of the magnetic

recording layer are principally single crystals throughout the thickness of the



Fig. 10 is a plot of Hcr versus Mt for two nedia, the first havin? a the

Cr underl ayer 200 thick, the second having a C underl ayer 600A thick b b'lh
with and without a Ni Al seed layer. Fig. 11 is a plot of Hcr versid Hde

| ayer thickness, conmparinj the results for a seed layer of Ni Al and a seed
layer of Ti. Fig. 12 is a plot of Herpgersus Mt for three nedia, the first
with a 600A thick C layer directly on the substrate, the second for a

structured nucl eation |ayer consisting of a 100A thick N Al seed | ayer and
a 600A 17 0 CT 2002 - 28 thick C internediate layer. and third for a
structured nucl eation | ayer consistin~~ of a 100a. thick Ti Seed lay er and

a 6001 hheekoQs iotRikimdiatie hl@&n@troc*@tiihn%?nri@o@o@b%n@fan‘ﬁ@t cHERSus ~Irt
for media having a C underlayer deposited directly on a substrate, having

a Ni Al gadhiGuabraiat unddumbergatd ohel @yedi3 o&ﬂdetmlmmeaohax\iﬂeﬂg a &-CQu and
Cr structured nucl eation, in one case Cr-3~'oCu, and the ot her case

Cr - ~~' cfdedominantly in the planc of the film and are r:mdomly oriented in-plane.

This media will typically exhibit coercivity squareness and remanent
coercivity squareness approaching 0.8 or better. a switching field distribution
approaching 0.2 or less. and a coercivity approaching that of the intrinsic
coercivity of the individual grains, for example at least 2000 Oe with a minimum
required Pt content, while simultaneously providing the lowest media jitter noise
and TNLD. and maximum overwrite for optimum magnetic performance. The
media is ideally suited for current and future high storage density applications.
such as use with magneto-resistive heads. We have found that the mechanism of
improved TNLD is the crystals of the magnetic grains having their C-axis
oriented predominantly in the plane of the magnetic film, and the mechanism of

improved OW is that each magnetic grain is predominantly a single crystal.

While it is known that small grains are a necessity to producing low noise
magnetic recording media, we have also found that if the small grains are of
predominantly a single crystal (i.e., crystallites) the coercivity is increased for a
given platinum concentration in a Co-Pt based alloy. The single crystal grains

provide the highest K possible to support high coercivity.

We have found that to achieve high squareness with media having isolated
grains, the grains should be uniform in size and uniformly spaced apart from
each other for uniform switching characteristics during the magnetization
reversal process. As an added benefit, the uniform switching characteristics of the

grains resulting from small size and uniform spacing also provides better OW.



Fibs. 1=Via, 1-fib, lea, 15b) I6a, and |I6b show ' TE~l cross sections. under
I dentical magnification, of disks 2, 3, and -~ of Table II. respecttyill)mﬂz
Fib. 17 is a plot of Nornmalized Integrated iVl edia Noi se Poser ver

Li near Recording Density for several nedia of the prior art and the present
invention. Fig. 18 is a plot of Non:ljgear D stortion versus Linear
Recording Density for several nedia of the prier art and the present

invention. Fig. 19 is an illustration of a disk drive incorporating a
maj neti c recordi ng medi um according to the present invention. As between
each of these figures, |ike reference nunerals shall denote Iike el enents.

= 70 T a5 ofd ashEl A B JPESS iVdfbn is a film deposition process based
on controlled grain growth through a proper nucleation process to obtain a
magnetic tilm layer having uniformly isolated small single crystal magnetic
grains (100A or less in diameter) of tight distribution in grain size for high

density recording.

The results of our research indicate that use of a proper nucleation layer
beneath the recording layer is critical to obtaining the uniform magnetic grain
size and spacing necessary for high coercivity, high squareness, and low noise.
The function of this layer is to provide nucleation sites on which individual
physical magnetic grains will grow. The grain characteristics of the magnetic
layer, including morphology (defined herein as the size and spacing of the grains)

and the grain crystal orientations are significantly dictated by the conditions of

the surtace on which it is grown.

Since physical grains will form at nucleation sites, controlling the size of
each nucleation site and the spacing between adjacent nucleation sites will provide
the facility for controlling the grain growth characteristics of size and spacing of
the magnetic recording layer, as well as provide large angle grain boundaries. In
addition, proper control of the size and spacing of the nucleation sites provides a

method for optimizing the segregation of segregant material (discussed below) at

the grain boundaries in the magnetic recording layer.

Furthermore, if a crystalline nucleation layer is selected having an
appropriate lattice match to the subsequently deposited magnetic recording layer

for epitaxial growth of the magnetic layer, a recording layer having near single



Fi~. | is a cross section (not to scale) of a typical rigid thin-tilm
magneti c disk 10 constructed in accordance with the present invention. ~
general description of the conplete disk 10 will be presented bel j\go T
followed by a detail ed description of certain of the la; ers therédf %1 g{l[lZ
t he nmethods and conditions for their gepasition. Finally, a detailed
description of several exanples will be presented to hi~hliGht various of
the inmportant aspects of the present invention. Disk 10 consists of an

al um num al l oy substrate 1?. Substrate 12 may be an al um num bl ank onto
which a plated | ayer (not shown), typically of ~fiP, is forned by

el ect rOlc?\%ﬁalpl'rﬁltg'n@gcQi'framsh@’ithnﬁ(eﬁoésa, 'drié‘rﬂ@mrb@ofrﬁﬁaﬁ’l@ gaﬂlléﬁﬁ‘%ﬁé vely,

substrate 1? may be j1ass, ceramc, glass-cer c, carbon-based naterials,
si i con,fijii t@néubsrrasé eplahesansieesbringd. olhaddainy, ophilatie: weiiasi al-a6q)l ect ed
for reasons beyond the scope of this invention. Inportantly, however, the
upper nosire pardlédeocahestiulns tplate they (e atvsa endpenlspedented withki ghe filth 1S
snmooth and wel |l cleaned. Optionally, the surface may be textured to inprove
t he CSS glend.or sandigiost wehefersuls Cndmamiendlassroppgdienedofore. podueldg known
in the art. A structured nucleation |ayer 14, described in further detail
bel ow) itBeshamRIaePOY) seldicientdy swadk viae 823 pot beenugossible. n¥e Ba¥e on | ayer 14
may conpr.i se t r re sublayers, as shown in.Fi;,. 2, In the case,of two
Subl ay er§sCRYRISR; Rt e RiRIGF D iF leati A AT PloMis i rfian Percomas Bif ( o
her ei n als tqﬁ. seed | ayer 22, and the second such nucl eation subl ayer is
referred™'N&M%in as the internediate | ayer 24. S puttering is the
preferred method of depositing structured nucleation |ayer 14 170CT
2002 - 30 ~i.e., each of its sublavers ), although other nethods of
deposi tion m&cé‘&&ﬂﬂ@l‘x&ﬁﬁ‘isﬁ{x‘@pcﬂ%ﬂ, | gtrt%?digﬁﬁ‘&ui% He@wRBhIRE d%de ﬁl\f%rrs'ggfe of

t hese subl ayers. Returning a magnetic recording |ayer

conpri si e grigp@Rretind $léeycrabs alcleasohubler™ sdodbliny aeaiegaitenmterial ,
described in further detail below, is then deposited on structured

nucl eat i mvelnayer While anaaderlageutdaerbarcapable ofrprbeidiagd metdmibid sites. it
deposition of this layer, although other techniques are available to
acconpl i shllt ¢reale vtlesiepdséttramebf finhicrystallene micpsorustatevef theer | ayer 18
of a type known [n t art, e.g., of carhon_ doped with nitrqgen, .hydrogen
or both 8tagRtigeklmydrowsver a-srustered pageation wqrrasd@r@pméﬁgoastmm ZrN,

etc., or.carbideg such_.as TiC S (¢ etc.,.of t hi ckness. for exanpl e | ess
Chan’ 300V SPILIPEPFEANP Jachat t%es#uraétw?ea&%iwqra derid e Sanpr eo
% i i . { i V. 1
and 1 ubr sasnpef 398 B ioBeRlal S 1alEbP bl n8 eriotAE VOB AR 160" ana

ther ef of @l p LS ITHRUBREdpbR 1964 R. PRER! Roplitaod o 74080 A PHE EFY,

specific g t he prese I nvent1 on, ased nagnetic a

deposi t e@qupatehedisvbdsedaboveyShitalia eednesiaidepér Japandse Renterrbodi nent
the Copt is alloyed with Cr. In this enbodi nent, the chrone concentration

is up to spplicatich 5tL9%94dnMuteyanbat al. reautediscass vse 08 agnamieelayehebutabout
75 at.% As has been described, a primary source of nmedia noise is |,
i nt er gr arfaildp wgghshoeeven ptdagrizerthalimportaret of thehgrairtgrawthimeehagism
af orenmenti oned "Physical Ojigin of Limts in the Performance of Thin-Film
Longi t udipiavidesk by @ sigromeadanuclgadondaysed 1ar fach RRimmigu s ddl eeRerdlysstis to
i sol ate tf%e Graitns OB t he 17 0 Cd.T 2002

abouf to form their magnetic media without use of any type of under layer and

Murayama et al. focus on the addition of SiO? to the recording layer material but

fail to recognize the importance of a nucleation layer.

In accordance with the present invention, the structured nucleation layer
will typically be comprised of multiple film layers providing epitaxial growth of

a subsequently deposited magnetic recording layer. The structured nucleation



- 31 recordin T layer fromone another. This is the role of the insoluble
seQegant material. Various materials. such as o:cides and nitridE% of Al,
As, B. Ce) Co, Cr, Dv. Gd. Ho. Ls. Lu) Eli, Os. Pm Ru. Re. Sc. Se,/ 4! “8m
Sn. Ta, Th, Th, Ti, Tm U, V, ~~". Y, and Zr are effective for grain

i solation. The selection criteria forjghe se~greQant material is that
firstly, it should be relatively insoluble in the navnetic alloy such that
it seQeCQates to the grain boundaries, and secondly, it should be stable as
determ ned by the binding energy of the conmpound which should be greater
than at |east 90 Kcallnol. for D 9R (as described_ in the Handbook of

Cheni st AgyemePRRYlsitee membplegy andrETam esentagsBoBoybsaqueshdayatshe not ed
that in the_toIL?ang d scripL{on and associated tiQres, SiO.,is used as
an exanpiReCECHie NAIBICKEION vgs| &) CRRUPISGHAIN SiZrans SR SPEEET, &b)

di scussion, of Si Q. and other related Zg&éeggﬂt material s, .see the .

af or enertREhH RO, Apehiding prowiding re EEtisle PO . G0d A-iever
one or re gany: such i nsol uybl e "stabl e’ segreaants. are within the,
conterrplr@tlp%gf‘t}gﬁt%teﬁ%r%&é Of e?HqSSh.L’e%laﬁFg\’/i‘%agi‘;b%? SEYShmagaftic
recordi for : ke i R I NS LSL:
recordiﬁch§§EFr§?§§§%i %?%1igﬂé?@%ﬁgﬁgnﬁﬂ?¥%f%?%E§%§ggggg%g?bgg§é§ga?bgant
mat er | al gralds BGH: 2 WeaRBURr IO thelerhin BYAAEITR Yadd REAEAMoliBahe each
of the nmagnetic grains 78 should be a sihgle crystallite of nearly

i dent i cafinsinggndtiv fostdlygrogl ated from one another by insulating materi al
80 to break intergranul ar exchange. A section of a magnetic recording |ayer
with this arrangenent is illustrated in plan viewin Fig. 4 (the inplane or
2-di mensi onal _randomgrain orientations illustrated by the parallel |ines
within the eathegtachisdumgization Ryer gtardngiogh aspast of/theeprasdinng
applicatjons,, for exanple 1 G/in2, the maximum allowable wite fitter is
expect edliVE B NGEOMPIFey o Fompenents.2 Thenlirsg coapanent 1 aeigmadyxshergin e

S = RO gh TR Ohna BTRRER ShR M T
et o oo 95 Syl e B Bt et el B TR
el i m nat ’ﬁu&f&%ti%clﬁ?&g?s fé’f&ﬁ.é&%'kfé’?ei)ﬁeis ﬁx?‘pggﬁﬁ-géﬁ'ﬁteﬂg@ﬁ?ﬁar‘{& id Eegﬁﬁgﬁglt y:

V(edi a having such”a recording layer w nEbrt the |ghest possi bl
squar enegsreptly! shigrheseedilager 1§ oneVeabodigsiPh 8ifEld iAterRietRatedayEequi red

for future high recording density applications. Lt should be noted that
there is paovidedeodriiet oeevhishuhe eneretandcoadiag layer mayrissrepitasialiyr e nedi a
i s obtainabl e by disregardin; intergranul ar exchange coupling, and

provi di ngrowase melkerystalrmoqulmlngy\mtdhmientaégnd%amb.tamg\fma unifosmwi | |
severely affect the useful ness of the nedi.a, and is _not conmercially

pract i calgrainvgze @nd Zdimensional 1Smopdc peadia. Qher embOSemERLs 6RRPISING

magneti c recordi ng,nedia .performance par ers. At.t of her _extre

e or or arDIPIE, R ADE Gt B Rl 1oy B R Bgnetic AmalaVarIy Ry R

i solati ng, t%glpg&;etq cles with spacing of several 10's of angstromns of
insulatin& al 80. However, in that case, the excessive non nagnetic
insulating material will dilute the nmagnetic |ayer too much and hence
reduce the volune nagneti zation of the filmas well as reduce the

squar eness of Afigrakdd, thel#ble Of BRCRSY Mgt ﬁs%,cgﬂo@m&a t@ﬁg[\ﬁ&%&@hbsequem
i nteraction between grains. Thus, a balance is needed between high

squar enesgrailigabwsi. VoInuRebsaapablezef protuvite beaigsyidibs o€ meenioze Nhage
obt ai nabl e by grain segregation in determ ning the amount of isolation, and
hence quali@A\inahe shbsaspgntlyasgrownmadrmediatelayegrest wellas|inya fragneticon. The
general rule is to select a suffjcient anmount of segregant to conpletely

i sol at e tigsordiagneyer growach diechiatermediatet layer.mIdiat as greir sirseolidiyr adat i on
of magnetic performance of the film |In ~ ~ 0CcT.z002 - 33 pnnciple. a
sep. . u- at MGENEFC IBERNA mgﬁﬂbﬁét%étnbﬁ Haitiered by PEQVIdiRS %Eﬁﬁ’f%&gﬁgﬁlﬁ se~r e~~ant

o R R TR IR e B B,

that the rdj. r Q d.on r oper L UC d C i | ayer.
St ruct P SAE AR ordal P RERE of Y BREEmEAHE [ R ERL et ¢
“rains fornmed thereupon, and facilitates the uniformdistribution of the
searegant between the grains to provide the necessary isolation to mnimze
or prevent inter~ranular exchange coupling for reduced noise and i nproved
magneti c performance. To acconplish this, the structured nucleation |ayer
Shoul d have a topolu'y of discrete nucleation sites to which individual
grains will adhere.



Therefore, the structured nucleation |ayer should be sufficiently thick
(for exanple) about 100A or thicker for each sublayer) to uniformy and
conpl etely cover the substrate surface to elimnate the effects of tDrcq: ZPUZ
under | yi ng substrate surface texture and establish a new crystal rTZ)r phol ogy
for subsequent crystal growth; yet,_ijq should not be so thick as to cause
the degradation of the desired grain size, distribution, and uniform
separation provided by the nucleation sites. A cross section of such a
mcrostructure of a magnetic disk according to one enbodi ment of the
present invention is schematically shown in Fig ., Iin which structured
nucl eatmé§n¢‘&yé@~0mlr@0h§’e§tg§3@f5 Hesd cpé;ékallzfzoarﬁ@e ipcangdintgtlaveayer 24.
Seed | ayer nS| sts g‘flﬁrandom oriented crete gral ns 74, which serve

oo a t el ahf g HREprayiing CRRtL Of ERERMOBAIIGROAAT [ErabT EBAEl) grains 74
are ve N er 100 A in dianeter (as ewed
perp\énd‘?[f&%ﬁgt bPo((?tc?ie W@%@@# ﬁbeOté({]fg@trat e), ! ari::I are (17 OVIC T 2002 - 34

conti~luous. .-also) each ~;~rain's crystal orientation is randon ;
oriented relative to one another, so that there are |large an~le gain

boundari es bﬁg‘ﬂ%nbtﬁfgéﬁ‘iﬁ@'inﬂefﬂb&ﬁte TR rboRPRdice BnlWARH BB of the

mat eri al used for see s beéen found that

HCP el efRhstis Yetbrisnd llay #Qﬁa@'ﬂequﬁmsﬁﬁﬂl'v @o@n@Wc%@eﬁ'oundpﬂhﬁﬁ qtedred
produce tfRese features under roper vacuum sputtering dep05|?| on

condi ti @asor d spereredi@t ellbayien Rutbils mbﬁﬁh&&nﬂﬂeymdamaim@l@ef‘ ECTHus, ont o
seed |l ayer 22. Internediate |ayer ?=~ is typicall or a Or-alloy, whi ch
has a r desproger yatgsedplhae oreatatkrcof Co musob@estbhgehbchthrwghgesblﬁomw he
magneti c recording layer. Table | shows the lattice msmatch for the planes
of a Cr SFOWHY RECES &0 |0.§§1@rr tcanap\adm!gm@ppteartl@@o&lmnﬁyr@@y@mﬂomw i gfgthe
Co( 72~ ~ .109c (in General erc s of, each el epent
shal | b@%&?e@cﬁalé aa L 8ed W“%F‘ééﬁbg 8¥c?ﬁ?ﬁf%? el tlf“?‘lénﬁ?ém@gm[ége of
he al.l.a

o) ! Comyegmhbteli? i WREG a0 € Y] o pd iR o 105, Gt

I , ~ L
panes Shof 1085 108 AEKORY RO Sy bV RIBGE 20 5 L
| anel » QQ&&@M 'la?er"rrﬁxt@t”ﬂ 9~'oin Iane( 1 ()(1010)(.7~" o and?coin Iane( LI
()(~1""-0)1.70 and -~~"oin lane(?? | )( 10/0)1.70 and -4~o0in lane!'_' 10)no

Vood match in zither direction Table | As shown in Table |, the lattice
m smat ch between the CoCr ,aPt ,g alloy and
The thickness of the intermediate layer required for establishing this

preferred grain orientation texture is generally over around 80A and less than
around 10004, depending on the base pressure of the sputtering system.
However, according to the prior art this presents a difficulty. If the prior art Cr
layer is too thick, for example over 2004, the Cr grains become too large to

support growth of fine Co-alloy grains of less than 100A in diameter.

To overcome this difficulty, the present invention proposes using the seed
layer to control the Cr grain size and also assist in establishing the desired Cr
crystal orientation texture. A suitable seed layer for the Cr intermediate layer
can be selected from metals such as Ti, a B2 structure such as NiAl intermetallic
compound, or Cr alloyed with element of limited solid solubility to the Cr, etc.

Such a seed layer generally produces fine Cr grains of less than 100 Ain



the C underlayer is about 10FO or less in both lattice plane directions,
and hence epitaxial growh of the CoCr,,oPt.te on Cr can be easily
established. (Generally speaking) the Cr concentration used in thg 70@1@@‘@
alloy is maintain between 10% and 159a for inproving corrosion resi’s !
and the Pt concentration is maintainegbetween 10% and 18% for increased K'
and hence Hc) while it is at the sane tine desirable to mnim ze the
concentration of Pt to reduce cost and increase the intrinsic saturation

nmonent, NIs, of the alloy.) As also shown in Table I, the resultant texture
of the -alloy has in- Iane Xis orjentation %< t for §10|12§ ~~
110) g whHREIRRS ERSAG &i|3Ver Piplkasss 23 ot Be STy RURSTed ROZSIARE ot ist

film To en‘ha,nethe..lar rystall o hIC rai n_angl es between, t he
Qi ns, EESTHAN oA RLJEe s’@mﬁft erasuls iy pRyReEGe AN, ed in the
fim |deallxe 1&%@@;&% i AT AT SahSo GRERLbRRANE el 1 8t ey

in plane urée € angle grain boun Jaries® “n the
grains. qu&h@escth-ﬁt% oo HOFOLHRG dith %ﬁ‘i%hﬁ L Ultahﬁs 9{ esent

i n~~ent1an, we have that ,Z CFinterned ate layer aV| ng

pr edonmi ﬂﬁ@kﬁé’ss&b@u?ﬁu&ﬁ%wEe‘%ﬁltﬁ'ﬁ%’mm @Ia-FR":bCemhs nagul Hﬁne‘i\ﬂi‘ﬁﬂnﬁlofs@‘tr'élpv of
intermediate layer ' '~ on a seed layer of Ti or ~i~ he conmon

nor phol ggys \Igaemlt/hiep@f,mgj ﬁtp{:o’:llljﬁ,e'fdh;ﬁl@ al | oy ral ns can be seen in the
m croQ aph of -~ "showing a ~ii~l seed |ayer havi ng a O internedi ate

| ayer forned thereon and a Co-based alloy | ayer fornmed on the C
internediate layer. "y'hile rrultlgle crystal orientations are present in

the seed | ayét wildibe apnreeiaterh @t the seed layar maydiectarmednef Br.oBZon the seed
B e L e A
o o ERTEG T AR SR SR G S B 1
HTustr act Gths' " b efbodiment. the seed layeris a Cr allov inherently having a good

lattice match to the intermediate layer of Cr. However, as will be explained. the

element(s) alloyed with Cr used for seed layer should have limited solubility in

Cr. Examples of such alloys are Cr-Cu, Cr-Y, Cr-Si, Cr-Pd, Cr-Hf, etc. The

amount of the element(s) alloyed with Cr should be at most only a few atomic

percent (e.g., up to 10 at.%) over the maximum solid solubility in the Cr matrix,

so that the alloyed element can fully migrate to the Cr grain boundaries to form

fine grains. Alternatively, Cr may be alloyed with more than one element with

the same limitations to achieve segregation of the more than one elements at the

Cr grain boundaries.

In fact, in general, when Cr is used as the seed layer, an alloy having
limited solid solubility is needed because it will tend to form smaller grains for
nucleation sites than pure elemental films. Thus, properly selected alloys will
better facilitate extremely fine grains in the seed layer and hence the intermediate
layer. But, with proper deposition techniques and selection of materials, certain

elemental materials such as Ti may also provide suitably fine grains in the film



In addition, as the grains with the preferred orientations overrun the
grains having other orientations, they will tend to inpinge ajainst one
anot her, and hence confine the Cr grains to grow only in the thic*zqgﬁ 0
direction (and not the filmplane direction). This effectively maint H@
the small grain dianeter up to the Lnjgrface with the Co-alloy grains. This
is well illustrated in Fig. 4. Since the seed | ayer 22 provides a very

| ar ge nunber of nucleation sites for the Cr grains to nucl eate and grow,
statistically there results a |large nunber Cr grains having a preferred
orientation. Hence the Cr grains having a preferred orientation grow

| ativel . ether. ~This mbi.ned with the fact. that th i
R e s Lt S
t end he . i i di er.. Jhi.s.. d

e e E e N R TR LA
Mot TeaRBRaranLienr A0led e RubaEN yriatosti otk ladmgdal | o

f ol I owi REokAAL tRE samq@@nmtc&rgggq&@tiﬁtehﬂa{aemau&!zgfhs&.&nﬂesord@mb qd. The

epitaxial "rowth of the Co‘ba al I oy on trEe Cr internedi ate | ayer can be
~ont i r medydryllobsphvd Abrphelacdntibdhgtdr e @hadrieid @tcbt@iﬁgnhiieﬁ(@ﬁ'i@m@&' on of
the O internediate Layer in the magnetic recording |ayer 16 shown”in Fij.
~. Fi g. Go4based THbdy] gromgemthet ineerGgedihicopyvet krowalkgitanialhvatvithoa shailhe | m
pl ane. As shown in Fig. 6) the Co-alloy grains 78 are conpletely isolated
from eag@ragt merpAAOEUr rounded by the seQegant 80 (S i0=). As al so shown,
the Gain size of the Co-alloy crystals is quite uniformand | ess than
100A, and the nean spacing of the insulatin segre~ant is about 10.i. The

good isol ati .of, 'the magnetic,gains and th mal | grain sizes of the film
ensure the mi nIIRPhEG B ﬁl‘“rfggs@o@hqlﬂ%y @dﬁ%@%ﬂp%’@ﬁpefépﬁ l3¥pppisessi ng

L anst 1B oY ity SR SE T A el SRl SeBibB B RS AISItGT (e
f i | Liq] (3 [

Cocr . P - BaRndE AW G0 ef LR < okl it Ebes By

over coat Rk deRmaa ot A ey i oy BB TRVl BHE &8 Bl O s

mul ti | ayeicotdingclayes thetemsusd BacH NignipiRpaechraingied wieradeat aatdivd ayer
shows a well defined colum of grains with clean cut ;rain boundaries which

start neéfortdxamplesay supparted by elasm doeXi,c0ck3%Chand Al ZuClioseed Messe
results confirmthat the grains are well isolated. In conparison, Fig. 8 is
t he SEVIdWﬁi}:}EClbﬂ@W)on asimlarly fractured surface of a nmultilayer film
structure of 150A NiP + 2%A103 underl ayer followed by a 600A Cr | ayer,
which in turn is followed by a 200A CoCr.,, ~ +8 %Si0~film 17 0 C

Pt .
Igfﬁ?n%s' of Dr i#"ﬁ3*@&5%'%&38#8%61&%8?}3??3?%%3@9 Siseqenfly EpRRios w i hin
o € ! i !
o al 1 oy iRl Rim et onPdid vk BhX Shn thattiiohily ptr blu e e,
show t hagningc 2o BP e nRileHG5H she® From edd 1&yerl The R provide a

e®from! i\ ( .
food nucleation site (or tenp atg ffor (@?gand érslesults In g&&%}ral ns yrow n-~

excessi venterimedise 1dyert wilb ebrablish @ReQin prefeaR IS MatiGhoWactiating Cr G ai ns
woul d have smal | grain angl e boundaries, and hence insufficient i'solation,

and woul dubstquemt epitaxiahgooth of nexgnedci grajnlsaneify axipdar(d Ceaxesimdeddnot

have ?-di mensional isotropy) even given the epitaxial growh of those

grai ns. the magnetic grains grow with random in-plane orientations, resulting in large
angle grain boundaries. This greatly enhances the diffusion of segregant material
to the magnetic grain boundaries, providing suppression of exchange interaction

between grains and hence reduced noise.



~Ve have di scovered that a properly selected elenent or alloy having a
suitable lattice structure and/or crystal structure, such as Ti, B?
structure (e. g.. N:~l), C-~alloy (where Xis alimted solid sotmbjlity
el enent, for exanple Cu in an amount marginally above the solid sol iZQﬂZ'
of Cu-Cr), etc. can be used as the fi Q? grain seed | ayer providing the
preferred norphol ogy and orientation Of the crystals in the C internediate
| ayer, which in turn provides norphol ogy and orientation for epitaxial
grow h of the Co-alloy. According to one aspect of the present invention,
the seed | ayer and subsequent | ayers are deposited at or near anbient

t enper at ur e Endimermediatativeeliy phe tghatslat dementdlsCr aioeon its kebosanlatthes  a

hi gher substrate tenperature and a | ower deposition rate will result in

| ar ger mamhnel sexsralagryistdlpasaphisdplanes e conaingolatheoftidreplanes eftthe flaent i on
to produce a fine grain seefl | ayer. We have found that the seil ection of

mat er i d13SEErMABREEE & AT [Heqy STawWenegeotrer HiiEFmaghie ¥y ¢lementoar . For
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the tine grain formation. deposition rate 1 ow

t enper aTHuS, @RPpiesatt @venBon'shRiS @of BEReHAdS beuihirad B ACrdateraledfatEor m
very fine grains due to the nature of the non-stoichionetric conposition of
t he conpryendoandnitée tdiaf Cochdsey mhgnetic esdordimmlmey).l i bri um phase structure
(B? structure single phase) in such a relatively high deposition rate, |ow
deposition tenperature system (i.e. insufficient kinetics of diffusion to
achieve equiljbriumin the deposition prqcess).. The present invention is a
uni que magnetliés HMESUANBrOYvaesucadrbirast Hoa. walleeR Eragssyhde still rel i es on a
uni que nycl eatipn layer structure and sel ecl.ion of mterials for said
yer s AgeiRe BRI maat [Er ReyoRmEyr gl Bl davSog Byan

mat eri al . |Gl i.ng.layer, ig ulti el rovided haying_ fine

or ai ns. EIHSREST OghGroBETOF sithe KBRY GratshielR FalioP s, fifd

segr egat.i t [ i 3 o]

conpl et te":offﬂ? &s}%fiatte gh'? ?eﬁ%agﬂeﬁglo‘é’?@gtﬁstg? utglsag{/%g? ?Il ggpﬁlé%?%%r géei single
crystal aghfdved $¥dmat é&h@ﬂﬁat@e@%%ge-r@?liﬁrhﬁﬁl@léséﬁyﬁrthénﬂé@?hscm and

| ow cost, in part based on the abillity td use anbient or near anbient

t enper atconepapdttoethe rprioBas exhich relies desuse of o ehickoNiAl nadefieyei w it is
within the scope of one skilled in the art to conpile a list of material in
addi t i orobtain hésealdepheying itdiGenisparallelita td plane of thesubsugter (cagdlgs an

internedi ate | ayer .to ?chi eve.a magnetic recording layer _wth the desired

at tri buteS<il.) HEVegBHYS Bt Heg meshid aughsbypinit srvasionsyersraallen gie t@ Msekst ure
oF oper 11 sFRH 16l A A Reeh RS is ObGupes SR ONEbD A5G Penah Qe
! vent: dHARFIEAEEGRE LG FRERE RaRFEEe BTN MO emBaiERs e«

di scussed herein were made using a batch vacuum deposition system nodel
SPC- 3~0, manufacture by .-~nelva Inc.. Tokyo, Japan. The system consi sts of
four sputteripRgp&RiMtoFadis invendidd Wﬁ@&h@md‘g@hoh%ﬁsﬁngo gt of
substrates into the sputtering chanber is used to mnimze th

cont am naforpholoysthirbyghidwet thetmaghetic eecartiineiydvalTigadsewithea gtrucnatdr
vapor, oxygen. nitrogen. etc.) fromthe anbient atnosphere during transfer
of subst natleationtlayeriattsqrsmatchetyto handgneticTecordingilager, ke nmagriedic r esi dual
gasses wWithin the system particularly water vapor, the base pressure of

t he systmpondgiglaysedr orm weroperiect stnglaerystasfasrtbe tinterfrgsosf theon of
t he nucl eati on and gnetic layers, (as well as carbon overcoat). The four
sputteri H&lg@é{lﬁd&%fmﬁ&i%@f @nqv)@m tﬂ&%n@ﬁla%@}@éeéfemﬁc%ﬁl goHN Gfelfifet i c)

and carbon overcoat |.ayers, c ecutiyel vy, ..
magnefic recor mé%ayér will be nearly a%mgle crystal. This is to be contrasted



A nunber of disks were prepared, both without a seed layer) and with
different seed |layer materials: N A, Ti, and Cr-Cu. Each seed | ayer was
deposited via R F. diode sputtering. A C layer, which in one case

formed wi thout an underlying seed |ayer, and in other cases where 1?%i$ﬂWBd
an internedi ate | ayer forned on a seegl3l ayer, was deposited using R F.
magnetron sputtering. The magnetic | ayer was deposited by R F. diode
sputtering. Finally, the carbon overcoat was deposited by D.C. mjnetron
sputtering. The sputter deposition of all the |layers except carbon occurred

at 1~ rifelin golgetveidineusin dhe washenc Qyedrclaie A6 Qndﬁﬁ@ﬁjﬁo%@ at 4 mrorr
arson pressure.” (Wile these were the deposition techniques and paraneters

for t heinfdetlagetr,ng nexdetioremaschedtuvddd laber apd eciont geudthpdd aubdleatibgchni ques
and 17 OCT 2002 - 41 paraneters nmay be enployed with simlar results.
For exadnpim, Cohecc(trembzyehe nefgnetanty sallee enrsommp vbeombepusitithd thggketke  di ode
sputtering, etc.) Eig. 9 is s ~ronparison of the product of the magnetic

r enanerrc@omavdagmmaéemll rapraschasedat (owth@ )InVEdC agnetertyseabne vi ty

Hcr) for. two different .recor dla e fjrst,havin 1-0.~ thick
fmde% AL RS bl s B Bk il coeR o they Lok g

nol . i0. ma tic ecordln la er or ned second haV|n a 600a
thi ck cwspeﬁr? TREPIGING, i I By rab rewqcﬁgvsaa%hm 1205 CerEaSraitig | ayer

over coat ik B%b%ﬁ%éwﬁf“m@tu by Y T 5P E R e 0 Tt e
that f otk e BPIRDONSNE MRMRDBRLC R as 4 RRGESHEIN Wadikdagglhl

rapidly as t hi ckness of t rops, ow an

menu/ C”ﬁwtbﬁﬁ@{%hmﬁ%e vob.ﬂecé Y§Pe%:ggh§i%19}oy BQ?His%)SQEryTBE‘hﬁ m&x@as@w civity
remains relatively f in the sa range) bel ow abodit menul cme.

overwrite.

The magnetic recording medium of the present invention is manufactured
by depositing a nonmagnetic segregant material. such as an oxide or nitride of
one or more of Al, As, B, Ce, Co, Cr, Dy, Gd, Ho, La, Lu, Ni, Os, Pm, Ru, Re,
Sc, Se, Si, Sm, Sn, Ta, Tb, Th, Ti, Tm, U, V, W, Y, or Zr, together with the
magnetic material. In a single deposition step, without post deposition treatment,
the segregant material must uniformly diffuse to the grain boundaries even at
ambient substrate temperature to provide sufficient isolation between grains
without adversely affecting the intrinsic magnetic properties such as
magnetization and coercivity. This must occur under moderate deposition rates
(e.g., at least 1A/sec. but less than 20 A/sec.) and at a relatively low temperature
(£200°C). In order to accomplish this, the segregant material selected is
insoluble in the magnetic alloy, and is thermodynamically stable. The stability of
the segregant material is determined by its bond strength, which should be at least
90 Kcal/mol. In other embodiments, the segregant may be a metal or metal alloy

which has a good diffusion rate in a low temperature sputtering environment



In addition, the remant coercivity of the C underlayer nmediumis higher
than that of the N P underlayer nediumfor any Mt in the range of this
experiment. These results suggest that when a thick Cr underl ayer ils] 05€@)02
good epita.~cy and hence growth of predom nantly single crystal grains of
Co all oy commence at the onset of thezgo_films growh. In addition, the
orientation of the Co-alloy gains is nearly in plane fromthe start, as
predicted by Hono et. al. and U S. Patent No. 4,652,499. \Wereas, when an
anor phous N P underl ayer is used, a polycrystalline structure grows at the
onset of the Co grainh_growh and such a polycrystalline structure may
cont i nue.gp bedow. Hive ﬁ@mtabhs}gamd graan ; O@tﬂdéﬂ ISegrogeHens-amrdlse be t wo

nmedi a, each prepared with a single under | ayer. In one case) the Cr
under | ay&&d.was 200A thick, in the 17 0O CT 2002 - 42 Second case the O
ander| ayer was 600a thick. .-also shown in Fib. 10 is Hcr and ~lIrt data for
two nedia enplovin? a ~00.~ and a 100 crystalline Vi: seed Iayer on whi ch

o a1t casos VEHE ['E‘ﬁ@{l%%{%ﬂ%gg%g}ﬁ?%%%il@hf@&‘?%ffﬁq ¢ drepShfe BERES: ' Fhe
under | ayQl, e ?tﬂ%ﬁxergﬁsksolﬁ%l'egglt Sepa a@%@“ 1? Ly iwr?ét §rcﬁﬁ1% e

bet ween each o sane as t used In t e“experinment of

Fig. 9).or2gmebin&asad the%bv—m’rm%ugﬁio me@h@n@rse fﬂ@)rﬁé}ﬁférsﬁﬁ’la@e@&ﬁ'ﬁ%h' ck
carbon &vercoat was applied over the magnetic |layer. FiFst, Fib

i |1 ustrabeplinkg! therd N ek @pper ligiees ttay emoRne G segrdt gherhichase b tv for a
given ~Irt as conpared to a thinner Cr underlaver. his can be seen when

conpar i ngcoiporagesies ik a@fetie filind ODaisQrp eprlivadt @i a éadtiomof thedsabkate at e,
and when conparing the cases of '?00~ and 600A of Cr formed on Ni Al. W
hypot heshzwerbiatitih et dnreysi inssayuriationmagmesizasiom andéorsquaggmessi caused iver |
e.~., when the O grains have a nore uniformecrystal structure (& Gain
si ze andhpeidition <§| aeayegjmtrm%qezlél may DAY HetiEFLEOEI VISR, Fig. 10
illustrates that t

t f tall Ni Al | d Cr
i nt er nediRPEC RPN Fhﬁr‘ t':ﬁrgigtgenq %é‘dl-[lé? 2! soqamé Sgsﬁégz’rrﬁd"‘ﬁgh? ggl%ﬁﬁdq %&%\ e,

8 rol . o Brerepgtefydy AaraR Sfrers; ks pifint fedahiordharS Wb By 5 o o
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Fi nal I y, <conpari- <an seen that t
I's |ess Sélwtmcmmrp&c&a rﬁé)’le%)"’f'héféﬂe‘é)’ﬁét ciré gntré@actimaf%@@e&&o@m

| ayer is enployed (Fig. 9). Indeéd, Hcr remains in the practical tange of

above 18f{ayQee gesatly enfdnced by emlploxancltbwasﬁ@re@néhtmmd simhicturddaioleatien
believe that this is a
layer under the magnetic layer.

We have found that in order for the segregant to be effectively segregated
at the grain boundaries in a dry sputtering environment and low argon pressure,
the deposited magnetic film must be provided with large grain angle boundaries
at an initial stage of grain growth. Selection of the proper structured nucleation
layer provides the requisite large grain boundaries, while simultaneously
providing uniform grain size and grain spacing. Therefore, growth of the
magnetic recording layer on an appropriate structured nucleation layer is critical
to (a) facilitate the introduction of segregant at the grain boundaries, (b) control
the grain size, (c) control the grain spacing in the magnetic recording layer, and

(d) control the orientation of the crystal grains.



17 OCT 2002 - 43 consequence ~~f the magnetic recordi nU | ayer havi ng good
epitaxial ~7rowth at the onset of deposition and establishnent of "rains
with a well defined single crystal with near ( or predom nantly) in-plane
C-axis orientation ( as the result of epitaxy on O provided by tHel D& Q0ge
match of Table I). Fig. 11 is a plot @& Hcr versus seed |ayer thickness,
conparing the results for a seed layer of Ni:~l and a seed |layer of Ti. Two
different C internmedi ate |ayer thickness (nanely ?00~ and 600t1) were used
for conparison. The magnetic recording |layer alloy is identical to that
used in the exanples of Figs. 9 0 and 10) nanmely CoCr,~Pt,, + 8 nol.~'o

Si 0=, and roxi pately ?00A thi.c The MVl rt_was intained at.0.6
rer em . Trold9RR g B £ etagmp niagrel sad i el AR Y B et
that a, thiecke : iate. | des I [ I i eed

| ayer tl ¥'%:[%(n°e:r§[ggtf—durﬁxﬁ[eif}%g¥ g%@ h\/ggglbp %ggggﬁﬁé%grgggé "\g%elaﬁglgﬁ{rn\ﬁﬁﬁ?%kness
for T afdrdieAl idheniaea. 9nd heges 2Bt cllniiidl HABAG oM Bybndi GRIGRsL hat 2
Ti seed Tayer, in addition to a NAl seed [ayer, "can provide a goo

pl at f ordp ther marawid [&fert Mengdrtdriteraxeehate chaytingfiatutde ndlsel dml 6
epita:cial growh of the magnetic recording |ayer. Fig. 11 al so shows that
usi ng eidrhptetel vNSuidpresseal By tiseadrodyeiompod el esgreghat muedyalsirabbhelicr
across a range of seed |ayer thicknesses. It vvi'TI be appreciated that

cur r entstepsrpétti¢ ipvesedit skveitiore Symubaseowiyi adigedoaravsy cfori dxiamsplat or
above ?000 QGe, which is provided at thicknesses of NNAl and Ti seed | ayers
up to 6000AQapeigreqtes, ykbhigh epereiviy pPLAENERRANE HEMABERDASEICAIBs t hat t he

t hi ckness of the seed | ayer need onlé§)e sufficient to cover, the substrate
sur f aceSQUBENESSa Bl XarPlia APROWEhIRg H-§ PBANOHeCHTl e GOWUNEd of t he

function of the seed layer, there is really no technical limtation on
jrowi ng of a thicker |ayer. ~ 7 0 CT 2002 - 44 The performance
Simlarities j AT & Sedar 8 ' ed. ] ayer
et rom t he. ot Eagr A0 sSafied i Augrdrb B B B E st e, 2
shown i ty b He § | ff @r L AMer e
pr epar eg? tEFlnF g%ajeeéa)Fé:rg%r}Ac\I t hi g@’%?ﬂ{: zgg‘\é‘%}' \E\%es_ bgggﬁlgﬂdgidﬁglér@gﬁdﬁ?rﬁq od@g super

pol i shegpattbshtahast Be (& thafttabour 19167 Qorr; endioliterRentiial eak ¢redsdierg | ayer
was deposited onto the Cr underlayer. and a 100 ~ carbon overlayer was

deposi t egunirdlso bedomagiratihermeeqrwe hgve pand therandrder tdQthieveAd goedd | ayer
was deposited onto a super polished substrate. A 600 Cr internedi ate Layer
was t heepdepydietwdenrihe inteemiidisite $aeedt dnadypragnetiCdaysrsRontamingtion@n theSi O,
magnetic recording |ayer was ne;ct deposited. And, final Ig a 100A carbon

e

over coatuifise RighsidenpsBad dnteRaleiin ey mEsbbaimiimizeg befprethe a 100 Ti
voai o Eregteh BBRGS CRESSHIR To unternthr ContpRERRtoR  h SRR elifcsBERDg 4
100 Ni Al : i i - i denti |t
that o HEGHE BREAEASTafhAA00 0 quatstodA Qidh aSKGEsibR JBAIE | S00" ) Coer

This is; sear s obtai ned
for medi DALY ot LR QAR ahaT: Is BELIL AN e g bRt 2, o)

wi t hout fanisRitth Heweditiofiof. thd n@dksedidé ll‘?éradrﬁlsdéﬂi@éitibﬂ%f\{ﬁé 4ebedquaat for
nmedia using a Ti seed layer is about 200 Ce lower than that of media using
a Ni Al dagédr isny.er 60Dmecands veledsrdepehidivey on thetaise prsssage ef tiespatiding seed
| ayer or a Ti seed |l ayer can provide Hcr over 2300 Ce with an Mt as |ow as
0.3 nemsysm. based on the rood epitaxy between the Co alloy nmagnetic
recording layer and the Cr internediate |ayer. In another enbodi nent, an
alloy of & and Cu is enployed as the seed |ayer. The data of Fig. 13

illustrates t exanples of a Cr-Cu,alloy, first ~ at.% and second 3

2t 5% O Thi oL RPTEPTS & BRI R RO QHoke s Steraiaie R Hesdy dEeh g uum

depositi of BT RPRVIELd By Spuiteifg P E8nedl Felbidthy YW hhihidLh
segregant material onto an appropriately selected multilayer crystalline structured

nucleation layer. The resulting magnetic layer exhibits predominantly single



17 0 CT 2002 - 45 R F. ma netron sputtering of the seed (aver. The second
cathode is for R F. magnetron sputtering the internediate |ayer. And, the
third cathode is for RF. diode sputtering the ma netic (aver. Sp tytgwim
was conducted at better than 1 x 10-h Torr. .-~s previously stated, e
amount of the alloying conponent is_sgtected to be just over the maxi num
solid solubility of that conponent in"Cr. In this case, the maxi mumsolid
solubility of Cuin C is about 1 at.~" 0, as reported in Binary Alloy Phase
D agranms) AS~l, 1968, page 819-8 '0. For the experinment of FiQ 13, each
of the two disks were prepared by first depositing a ?00r~ thick | ayer of
the Cr- @s@lh@wﬁn@%@ séal] ax@hnyRemt {188 vipRhi 86 urfdenidl igncedaiparst i ng of
CoCr ~gbPt ,a + = . ~0 S i0, was next deposited. For conparison. a disk
havi ng BoR08ne a‘!‘ldth:r beelk beyera@nmakirgd] @ BOQrein bayedares duef hek vwas
prepared and tested. As shown in Fia. 1~ the Turve of Her versus hirt for
t he di skeih@vixg piedorinant!yeachildyer and rsmdmhh\r oriensdthpe the plhee otitkes f or
the Ni Al seed layer and for the C underlayer, even at small Virt. This
denonst swhsEte hahe anethoduofatheoyrepeni inyeation proniEest st drovr Ghatesultingher

t han maxi mym sol i d . solubility ( be used as a seed
| ayer. WH&lyssacRring RErismasss C@@r%qtq:xa@u%ﬁn&nér@i?ﬁ%aﬁgfl%&d eed | ayers
as proposed herein can, be |nferreduﬁ arln the data of Fig. 9 to that
of Fig. ‘—‘i@m%\%ﬁosﬁ%aﬂé’ﬁﬁ@@ 8 é WC§? structure and good

i sol ati on between the magnetic grains obt ai ned using the various seed

| ayers described herein can only be verified by neasuring the magnetic

perforn%}qgfobegbﬁﬁumt& \{%l E(){Zé‘ﬁ Q,g | ayers, and conparing the result of
nmagne s using a C underlayer and disks
using a Ni P underlayer. The results of these nmagnetic nmeasurenents are
shown in Table Il and Table 111 bel ow. DI SK DATAAro |iludaUtsklligh

Frecl. (nV )Nk fe%ént {mWén}ibdw it Bel defddiboRias Qtasitevdetailybgldbwibadiudiag>( ) 1N
t 113)Wt 3u foul)~I~N |

specific e(amples thereof, with regard to the figures, in which:

Fig. | is a cross section of a rigid thin-film magnetic disk constructed in

accordance with the present invention.

Fig. 2 is an illustration of the cross section of a rigid magnetic recording

medium according to one embodiment of the present invention.

Fig. 3 is a plan-view illustration of a section of the magnetic recording

layer according to the present invention.

Figs. 4 and 5 are micrograph cross-sections of media according to the
present invention, showing the epitaxial relationship between the Cr intermediate

layer grains and the Co-Pt alloy magnetic recording layer grains.

Figs. 6 are TEM images of a Co-Pt alloy magnetic recording layer

according to the present invention taken normal to the film plane.
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Si O~(8% Cr/ CRPSB/ Car bon[ 480AI 250A! I () nA) 2?771 1) 3CuCr_nPt,r + SiGs(8/,)

-Ni Al / Cr/ CRPS8I Cai hun[ 150A/ 2(11) Ah511! ~/ 1 ON 238-11) “)4CoCr, zPt, ~ +
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= Ssl 32k?I Fig. t)laza~mmb~neso uton7yEM mucrommbmagewt It fracpsreos3oss hz =
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recording layer with a L00A carbon overcoat according to the present invention.

0T 200

Fig. 8 is a high resolution SEM image taken on a fracture surface similar
to that of Fig. 7, except that the disk is a multilayer structure of 150A NiP +
2% Al,0, underlayer followed by a 600A Cr layer, which in turn is followed by a
200A CoCr Pt - + 6 mol.% SiO; film layer and 100A carbon overcoat.

Fig. 9 is a graph comparing the Mrt versus Her for two different
recording media: the first having a 150A thick underlayer of amorphous
NiP + 2% Al.0; on which a CoCr,.Pt |, + 8 mol.% SiO, magnetic recording

layer is formed, the second having a 600A thick crystalline Cr underlayer

on which the same magnetic recording layer is formed.

Fig. 10 is a plot of Her versus Mrt for two media, the first having a
the Cr underlayer 200A thick, the second having a Cr underlayer 600A
thick both with and without a NiAl seed layer.

Fig. 11 is a plot of Hcr versus seed layer thickness, comparing the

results for a seed layer of NiAl and a seed layer of Ti.

Fig. 12 is a plot of Her versus Mrt for three media, the first with a
600A thick Cr layer directly on the substrate, the second for a structured

nucleation layer consisting of a 100A thick NiAl seed layer and a 600A



Tsble f1 shows magnetic recordi ng performance results of four different

di sks prepared usi n~~ various underl avers as proposed by the prior art and
by the present in~~ention. The sanple preparation and the structurﬁa.&ﬂdﬂ
all oys are described as follows Disk No, 1: This di sk was prepared' by iZQZ
depositing an approxinmately 80~ thick ynderlayer of NP ~-? nol.~?"0 :al.O0;
on an Ni P plated Al substrate. Next) an approximately ? 10~ thick CoCr "Pt
,~+ 6 mol.~"0o SiIO ma netic recording | ayer was deposited onto the NiP

| ayer. An overcoat of carbon approximately 100a thick was then deposited
over the magnetic recordin; layer. Deposition for this disk was in an
in-line puttering systemin accordance w th the procedures described in

U. S. pattgk&k a[%ﬁpllﬂ@ém%%&e#?)éﬂt mad OBIrdsB B3 SriRairsdenageON WaKer2309 Ce.

Disk No. 2:.This disk I .ed by first depasit. nj.an approxi mately
480A t hi OBSEH g rfawgd&ﬁgﬁ‘ysﬁﬁt FYEs AR %I@pé\d thﬁl‘s stR&ieedI s was
foll owed%t\)lyérdeposi ting an approxi mtely 250 thick CoCr,~ Pt.,, + 8 nmol. %
Si O nmagnetit recording layer. This was followed by deposition of an
approxi mately 100A thick carbon overcoat. These disks are simlar to those
used by Lee et al. in EP0704839 A, and were made in the aforenentioned
Ane.Va SPULLerina SYSIL o ie MUy ades Tk ¥8S el (Rindl gkciemadrioJIY o

a thick NA seed

di sk was prepared by first depositin; an approximately I5

layer di ggsddisedodiecay BnPaptisedidN hgulst hakga] Newd .CARiARRE Q4 Mat el y 200A
thick C internediate | ayer was deposited onto the Ni Al seed layer. This
was fol | pueldaliyndizgles] andgrad media’ hQviggl 4002-Cu 4énd aDprsetice®iedl y ~50~
thick CoCr ~=Pt ~= ~ 3 nol.co SiO magnetic recording |ayer. This was

f ol | owednbgledeposin iane ofisealCraifpCaxiandt gley otRPacashi Ck-56¢aChon o~~er coat .

Thi s di sk represents one enbodi nent of the present ~nvencion. Q1
deposition took place in the aforenentioned ~nelva 5putterin~ system The
aver age Hcr s ~' ~8~ . Disk No. ~; This disk was_prepared by first
deposi ti ng a\rll\lgé?&prb‘%- rﬂacﬁél v a5bd. NP and LG .S'%WA'IFEB? RSB Seayens.di rect |y
onto an NiLR pl.ated Al substrate. xt, a ppr oxi mat.e 0Q.% thick Cr ~
i nt er medi“} Epllgﬁ%ﬁlc%?%@&d%}tic’é‘d ldbgklshg' ﬁi'P“} yer! %ﬁpé 3&5 (§SHEFOVRIY - by
depositing an approximately 250r1 thick CoCr,=Pt,,=+ 8 nol.~" 0o Si O
magnetic recording layer. This was followed by deposition of an

appr oxi mat el y g0} IdhiaC k1o Nhritte8afne dlaled MBS NYIsd 5Pl AFGud 1 the

af orenent i oned Anel va splttering system ® average Hcr wa

Measur emiiheamveReR of@idey ey f6UZk HerAP 484 diRVAF hﬁ%ﬁgﬂi@lﬁphﬁ@tﬁ@dpresem
manuf actured by Guzi k, Santa'C ara, California. A nagnetoresistive (VR)
magnet i ¢ ingeatidong head nodel Cuda |1V XL manufactured by Seagate of Scotts
Val l ey, California was used. The disk rpmwas 7200) and neasurenents were
made at a radius of 0.87 inches. Head bias was | 2mA 0-to-peak, and head
current was 3 . ,Ihe hi% frg engy head_si%nal was 51,86 nmhz (158.118
kfci)) nmid fredd&edSyhvdsP¥. o wﬁka(m@.rdélﬂw jon, veraisol.énenri RecerdiRgiency
was 51. 86 mhz 8.118 kfci), an he Wite Jitter frequency was 25.93 nmhz
(79.06 kf ?‘)‘5.1“;0(])‘%{)61??"@5% ﬁ%g%l %fgéﬁ%fme agy jangd g‘ﬁ tFEFSf(W}ﬁ,/V%MkP“rNLD of
disk no. 1 to the values for disks nos. 2, 3, and 4 from Table Il shows

t hat when a Co

Fig. 19 is an illustration of a disk drive incorporating a magnetic

aq

recording medium according to the present invention.

As between each of these figures, like reference numerals shall denote like

elements.



al l oy magnetic recording |ayer is deposited on top of a C |ayer, higher OWN
11 ~ 0~'rT~ 2~0?~ - 49 and lower T~i LD val ues are obtained. These results
indicate that the Co alloy is epitaxiallv grown on the C surace. §ndjgl 8@
sugjests that the Co alloy a;.is its Caxis oriented predomnantly in the

pl ane of the disk. Eiuwever, conparingglisks nos. .. 3. and = in Table L
shows chat the '4VJ values ut disks nos. ' ' and -~ are alnbst tw ce that
of disk no, 3. which is the disk forned by the teachin~7s of the present
invention. The high W of disk L'1o. ' ' in which the O layer is deposited
dire

ctl pephileqPEQUSpNdH substrate surface, and disk No. .~ in which the
Cr Iaye‘r—lmmpﬁh—a sputtered anorphous NP + ? ~'¢c.~.1:0 , |ayer,
is due to the formation of large Cr ,rains, and as a consequence of the
epitaxial gromh of the Co on the Cr. the Co grains grow |l arger than those

of disk no. Big. ITizea us@ssodecaiona@dt tayeile pel awvphel Gigidnhit-fibei Augnetiyer as
taught by this invention (e.~., disk no. 3) produces fine C& grarn, and
hence t ds& b cah$toycgdannejcontimte wWahehs pidsent knvehkon.e\A deneral of | ane Co

alloy Gain growh in disks nos. 2 and 4 wll be shown latter.) These
resul t sdvsrigtyon hhthe camplewr dak 46 wil hg prasemted delows fadtowed byreesent
invention i.s superjor to. that of prior art in obtainin; excellent OWNand
TNLD) aR@tdlepubessREsian 9t Fevauobie lnEsedhremotimnd thesmetiads indoi se. In
A oy e .
G o pr SarRiE Bl pbrABRE B MSRER FafUERE T dReONERERSRER ORRS ©
(~I |YI ;J(ie%{ie‘é?d(tnlgg%%lf@qt . (mv ~)Md tray. (n~V )Low Fret'. (nV ~)Rasol uti oo
Disk 10 consists of an aluminum alloy substrate 12. Substrate 12 may be

an aluminum blank onto which a plated layer (not shown), typically of NiP, is

formed by electroless plating or other methods well known in the art.

Alternatively, substrate 12 may be glass, ceramic, glass-ceramic, carbon-based

materials, silicon, titanium, stainless steel, or other appropriate material selected

for reasons beyond the scope of this invention. Importantly, however, the

uppermost surface of substrate 12 (from the perspective of Fig. 1) is smooth and

well cleaned. Optionally, the surface may be textured to improve the CSS

performance of the resulting magnetic storage medium, as well known in the art.

A structured nucleation layer 14, described in further detail below, is then
deposited onto substrate 12. Structured nucleation layer 14 may comprise two or
more sublayers, as shown in Fig. 2. In the case of two sublayers, the first such
structured nucleation sublayer is referred to herein as the seed layer 22, and the
second such nucleation sublayer is referred to herein as the intermediate layer 24.

Sputtering is the preferred method of depositing structured nucleation layer 14
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Returning to Fig. |, a magnetic recording layer 16 comprising a magnetic
alloy and an insoluble "stable" segregant material, described in further detail
below, is then deposited on structured nucleation layer 14. Again. sputtering is a
preferred method for deposition of this layer. although other techniques are

available to accomplish the goal of deposition of this layer.

A protective over layer 1§ of a type known in the art. e.g., of carbon
doped with nitrogen. hydrogen or both or oxides such as ZrO2, SiO2, etc.. or
nitrides such as TiN, ZrN, etc., or carbides such as TiC, SiC, etc., of a thickness
for example less than 300A. and a lubrcant layer 20 of a type known in the art.
are applied over magnetic recording layer 16. Details of the protective over

layer 18 and lubnicant layer 20 are beyond the scope of the present invention, and

therefore are not discussed in detail herein.

In order to achieve the specific goals of the present invention, a CoPt-based
magnetic alloy is deposited together with an insoluble segregant material. In one
embodiment, the CoPt is alloyed with Cr. In this embodiment, the chrome

concentration is up to about 15 at.%, and the cobalt concentration is greater than
about 75 at.%.

As has been described, a primary source of media noise is intergranular
exchange coupling. As discussed by Chen et al. in the aforementioned "Physical
Origin of Limits in the Performance of Thin-Film Longitudinal Recording

Media," one method of reducing coupling noise is to isolate the grains of the



Disk ~1. ~ ~ This disk was prepared by first depositing an approxi mately

100 thick Ti seed saver on an ~liP plated :~l substrate. -~eVt, nl T
spproai matel v h00. thick C internmediate saver was deposited ont o lﬂg -}QUZ
Seed | ayer. This was foll owed by depositin; an approximately "' 00 ~. thick

CoCr ~=Pt ~: + 8 nol.~0 SiO nm;netic :He]c_or ding layer. This was foll o~L~ed
by deposition of an approximately 100 i ck carbon overcoat. Al deposition
took place in the aforenenti oned Anel va sputtering system The average Hcr
was ? 19.8 Oe, and the iVIrt was 0.8~ menu/cm=. Disk No. 6. This disk was

prepar ede ytdidd Sy FpOSI 6ﬁé19n@ﬂheﬁpmﬂ§'r@ﬁ{@rd’le?&%etmk@ﬂﬁbﬁ bé«%@aﬁﬁver on
an ~li P plated AI substrate. Ne:ct, an approximately 400 th

i nt er reghabgabavariomsmdeRRss { REham oxidse afil metded ayed, A'EhBS Cvrascd att,oved
by depositing an approximately 200 thick CoCr.,=Pt.,= + 8 mol . % Si O,

magnet i ©v.eGdr fimd.d. dyerNi, TD$,sPmaR . A 4. cﬁruecﬂd)ﬁrdSrmsSm i Da, OB, &h, Ti, Tm,
approxi mately 100 thick car bon overcoat. All deposi tion took place in the
af or emerfj ¥ned. AheindaZs pot teeﬁecn?esfgbsrgemm iThkatmner d§e sebcticascitesia for) and
the Mt was 0.96 nenu/cnj-. 7: This disk was, prepared by first
deposi t ithe sagregspk m@tﬁaalerSythﬂsﬁAStm & ghoald be é@atlrekyemsehllaﬁ inthe pl ated AL
substrate. Next,,an approxiately 400A thick, i nternedi gte Ia({er was

deposi t s82gRF eHhay gha tg‘ﬁe‘& SP%Vélates'l{ﬁr e\%gmf 4 Sh§NESHEIN li)’nbt an
Eyer | THoGIdE Fahlp FrctHERRa ! He eI Py B O4HH LK car bon
oyst em ShAd pErESater (i P RSB SOR cAlpbl R %gr@gtdegg,gg @Wcmsf) e

€ T SO0 ShcopuT o e R 2, SRUBHh A S st ok O

magnet ormatthmr( tﬂe%llﬁ&@lﬁetde%cﬁﬁﬁ@ﬁf&hﬁ&sb@@iﬂte@i&ﬂUﬁ@@t 8{Od iPysetoghaba.
Japan, nodel MR ' was used. The disk rpmwas -1'_"00, and neasurenents

ver e madexahpke obdieumsofutle “&table’ lmlne@ntfﬁadabmm deaildd disausbranoetpeak,

and head current was 30 m~. The hiwh frequency head signal was 30.58 mhz (
181 kf ci $iOnind Prereehatgd segregan? matkrals, s& 0@ docementinded RES| pateit equency
was i.10 mhz (2?7 ktci). The Wite fitter and ONfrequency_ was 1~.?9 nhz
(79.06 Kmlycatmseré%lownhgr B3F86r 6% c Eloseavareore Srimere Ak maAnsksuchhown in

Table 11] i ,ra fhat using a Ti d |l ayer pr.ovi TNLD. OWN and
Wite t1 ineoluRosiPTe b asregante et ishingRe SoRoRLO8] BFeRTEFRt about t he

same VI r%n\;enuo&.

As previously stated, optimal recording performance may be obtained
when the grains comprising the recording layer are uniform is size and
uniformly spaced apart by segregant material. In fact, we have found that it is
extremely important that each of the magnetic grains 78 should be a single
crystallite of nearly identical size, uniformly isolated from one another by
insulating material 80 to break intergranular exchange. A section of a magnetic
recording layer with this arrangement is illustrated in plan view in Fig. 4 (the in-
plane or 2-dimensional random grain orientations illustrated by the parallel lines
within the each grain boundary). For future high density recording applications,

for example 1 Gb/inZ, the maximum allowable write jitter is expected to be on



about the sane | ow frequency anplitude) and slightly | ower He (about 200 Ce
|l ess). This indicates that a Ti seed |ayer can serve equally effectively as
a Ni Al seed layer. Figs. l1l4a, 14b, 15a, 15b, 16a) and 16b show TEﬁjl ﬁi(ﬁ[ﬁ
sections, under identical magnification, of disks 2, 3, and 4 of lg ,
respectively. Fig. 14a, (bright field j'zna_ge) and Fig. 14b (dark field

i mge) of disk no. 2 and Fig. 16a, (bright field imge) and Fig. 16b (dark
field i mage) of disk no. 4 showthat the Cr grains forned in these disks
are exceedingly large, and consequently the epitaxially grown Co all oy
grains aievaded af §exmasrtlbss. CWebdHebaykat g sze Wheredas fomsikdly. 15a,
(bright field inmj e_t and 15b (dark field 1mage) of disk no. 3 one can see

t hat compatianiions wi assmbllers [0Gidsramalleroduced for both the O
internediate | ayer and the epitaxially grown Co alloy layer. The plan view
of Fig. 6, representative of disk no. 3, 17 0 C T 2002 - 53 Shovy-~s a
gai n di aneter_of |es thzén 100 ~ i,and well isoJated "rains), and contirm-
the tine grai My r‘%ﬁﬁ\”’e EKOVOFEd FNati BsOTdRr 40 JRAISVEPEITHENGS BIgRSpioEs of

Ehﬁga <ioach BRIEL gy ShGP Rl Rt oY °ts'£ivéhfméé‘;%ﬁl@aﬁf’aﬁ%ﬁﬁ@iaﬁﬁ%iﬁfé %"
et or onags FRuBE,FEFR 80 ARl PR AR b kbR oY ¢ oo o :[aih .
or ai ns oKL B HAREOAHIE AREHD® Wedld Gytig JE8 TREoTIme BURE v 7"Col or

of the GOlHIBRShMaleatk gosaibi SGABRLGMWAlle thaatahlne henBesphagasibet ween

r
the layers). The crfoss section of Fig. -~ representative of "disk no. 3,

shows t hged@wdoesel ha requived €or hibe higmgaddidiet densifEappliCatidfer nore) the
ability of a fine gained seed |ayer to provide the large Gain angle
boundaries for gain isolation is evidenced by the change in contrast
intensity of dark field i mage between grai nﬁsf) for exanple as shown in Fig.
15b. These | aktgdiogidiba rmﬁ@dgmscsbﬁmrsi:egaéw Wwesweer-sgnarengssinndusisa.o t he
Drai n boyndaries i)o’i solate the Gajns and hence produce extrenely |ow

i ntrinsi QMBHETRGY §QUAS Mef12 BOMHAMAbIDLY#STegA FiRgDntergranular exchange

coupling, and providing closely packed fine grains without segregant. However,
this will severely affect the usefulness of the media, and is not commercially
practical given the current and anticipated future expectations for magnetic
recording media performance parameters. At the other extreme, intergranular
exchange coupling can be completely eliminated by highly isolating the particles
with spacing of several 10’s of angstroms of insulating material 80. However, in
that case, the excessive non magnetic insulating material will dilute the magnetic
layer too much and hence reduce the volume magnetization of the film as well as
reduce the squareness of the film due to excessive reduction of magnetostatic
interaction between grains. Thus, a balance is needed between high squareness,
highest volume magnetization and lowest noise performance obtainable by grain
segregation in determining the amount of isolation, and hence quantity of the
segregant, used in the magnetic alloy formation. The general rule is to select a
sufficient amount of segregant to completely isolate the grains from each other

but not so much as to cause degradation of magnetic performance of the film. In



It should be noted that the presence of SiO- in the adm xed form of the
magnetic all oy as per the Japanese Patent Application 5-19794. (ShLII"n' éu et
al.) is not a sufficient condition to ensure the |lowest wite fitt 084i2802.
In fact, the published work by Shimzu et al. entitled "CoPtCr Conposite
Ma?netic Thin Filnms" shows TEM mi croj rgphs of unmi xed Copt, | gC, 12 and
conposite Copt, | gCr, I? + SiO- filns. This reference 17 0 C T 2002 - 54
states that "the ,rain boundaries are not ;,fear in either tilm indicatin;
a very fine structure. Ener-~v-dispersive 'c-ray analysis ~ED~C) reveal ed

q@ﬁtl@iﬁp%ﬁge@d th@&xtedrin;v be tgé’ %gsinta%&%”s

t hat Si S§ QatthFi8 Y-
W t hout pghg{ﬁ% ah@ﬂlr%olt Pcrﬂetan e se~;re~ations at gaih boundary. bel i eve

that theegreduat isofrfididmdbaa08d %ﬁ&sﬁhh%%&cﬁhn@é in@rdeefon, + Si O~

adm xture afises primarily fromthe reduction in"gain size, i.e.. a
reduction in gain noise. However, a reduction in grain size al one does not
result in a reduction of noise caused by exchange coupling, which is the
nore doni naniWediate idistavered thhedire rexjEremdnd Orouaminhatsyperiarhe appr oach
tauJht by Shimzu et al. (i.e., wthout a structured nucleation |ayer) one
cannot aetireveg doyasl wtibal sl etdoodingetayeebe( formed eonrpproper stBRarede
decoupline ot~ the ma netic grains. As stated earlier, the intergranul ar
exchang@UckAEGlayer.s e\ Fascusedauclsativatlaysr aifeers it siet tndppasiAgtaiehe onest

i bl i . As h f d, thi | h i f. a.
Db LTBRSHIE SEERS foTALR A rethn cand fociLeuas o erisrmishiBiBEpEtee | ayer
di d _ab , NiP.+ A1.0 3 | ti | . di . .
Condl o SagRAE neBketd thd bhaids 1 proigPdfs ke Mry Beiioh 15 IR it g0
5 . . . > rrare g
b oTL 092 il Peft irh ARSI AckRIALEREHRAL for PEUOEL TR Ynki WhoddAEHIS, © IO 2
by Com%hgﬁgﬁﬂgeﬂgm&&e% Hé&ﬁﬁ@ﬁﬂﬁ’,tﬁ'i@?ﬂ?c §0h EBraONEE e alYDR)1a9ér di sks no.

|, no. 2, The I ntegrated noi se powers were normalized to the

val ue of sHdifld hawe laopbleguendisceste nulctselon’ siteseaobhidhsindividpabyidas avill
meani ngf ul conparison of the data. Fig. 14 shows the ~I NP data of disks no.

1, 2, angdlieras a function of l|inear recording density (kfci). As shown, the
i VINP of disk no. 3 (that 17 0 C T 2002 - 55 sccordin~; to the present
invention) is about one-half that of disk no. 1 which uses a C underl ayer

to the Eféigﬁfﬁé’ﬁ@q{ !t@isérﬁéwi@%rli%%é[qasfmleofnh vebshond b S@#tf’cﬁtf:?h?ﬁ el o,
L . in,Fi Q 2 i.r, EP i i P 0720~8+9 ~
elai i BZ‘W@%‘?’I&%&# 0P be Hiikkes f"é”q%@'s@aqtlﬁé%) T R e Al ety

ci» DChUE TR R0 Ak BUSHEL R R RN Y 2

Cr underlayer, elrr patent app SAow about a 2090
I pr ovemghds \ j i ﬁ,{ggﬁ oV i+ f ce in
1~( NP of ovggé é%gggé%@p%tgtig?h%w (I% Cl ageen Pﬁ“ﬁ%ﬁo Flsal%gﬁ’}éeﬂéfdc gét?l]ween
nedi a W bowtigtyaicitshedldbed bako ehickaaeto ¢aredhe dvgrddationndferheedesiterl | ayer)

as tau ht by the present invention and nedia having only a C underl ayer.
Thi s di f geaiarsiee,i disethurlion, andverifami $8parationr proeided by theauskeatienf sitesance
of the structured nucleation |ayer (seed |ayerl Cr internediate |ayer

st ruct ur é) cogsstsegtipnfesvchi mderostmcoire ofst magnatie diskoacearding tmgneuch a
structure. Fig. 13 shows the pon-ljnear distortjon (% .of _the nedia of
Tabl e |1 embadiment ok the pms'eahm\fe@@@mdiwggm@ ysmwngﬁlg-ﬁhénwm of

o e o B e Bl G T ol 2 4 g B ey 20
. ¢ N . . h ¢
The. pr esoned Rener senies HEmepll Moemdg R T T R P 5h
above 10Q.kfffite fERETEEQNSES 750 muctd R anl &1 9- 15 that media usin' a
structur egl r?gcﬁeeati on"]l%ayer accordi ng tno T'he ‘present invention provides
superior TNLD as conpared) for exanple, to anorphous sputtered NP of the

prior art. ,
Importantly, grains 74 are very small, e.g. much smaller than 100 A in

diameter (as viewed perpendicular to the plane of the substrate), and are



17 0 CT 2002 - 56 Ln summsrv, the above exile: inmental evidence shows

t hat nedi a produced usin~, ~ the present invention provides Superior nedia
noi se) ON and TVLD as conpared with the prior art. Also, this work 7 0(] 2992
denonstrates that our invention is quite different fromthe prior arc suc
as Lei et. al. and Shimzu et al. bagegyon the results of our nedia noise
power neasurenents and the data for Ti and Cr-Cu seed |ayers. A tna-netic
recordi ng mediumin accordance with the present invention is typically used
in a disk drive 100 shown in Fie. 19, in which disk 10 is nounted on a
rotor shafigh@us. WRiseh cath dealins chstilobaeedidy @ AREeMm] Y terted Relativefto
read-wite heads 106a, 106b are nounted on the end of aSsociated arns 108a)
108b. Hesmttsaddbar, ddttucahereberefiardd angleeadsn boandafies bebeests adjacent

magnet o-resi sti ve heads, or ocher types of read-wite heads. ads 106a.
106b "flgraind. nThesoxitediyest aredi Sknctinn vhehe miteyiat aseduton seathtayer @2anHor ead
data fromthe magnetjic filmon sides 110a. 110b of_di sk 10} respectiyvely.

Arms 108331mpEh ks Bremired thaibi(dP slemanisaiush(as Ted ¢ ordlavssussnsi@n,
respectiéel yzl tﬁ:pﬁrmmads 106 106b to access data tracks at different
| ocat i onSUoPOd R~ @hare NipdiRiRdase Hiase teaBYUFS 1ERT B PERE G S M by a servo
not or ( not fﬁhovg]h. Exgmél es of disk drives are disclosed in U S. Patents
4,949, 20PYHGTHS U8PEVEC :%)'Y@t“%?s‘ansky); 5,027, 24l (Hatch); and 5,025, 336

(Morehouse)) each of which is incorporated herein by reference. Magnetic
recording nmedia in accordance with this invention can be incorporated in

ot her types o fd as . L ks i 54 bed
above with refsr%)tgl(':rf1 ?gu% Kzgﬁesrp_élczéﬁdgsg%%m%gﬁ%’cﬁg};ﬂg?fs]%Fﬁﬁgg‘é-@%lt e art

wi || appigeraikdidibaiydou id eaditany Cryr AT RSy Wvhidi hadgradaddiibly r@ddt he
spirit .and scope of ~~o0¢c | Zzooz - 57 the in~~ention. For eXxanple,

t he preséatice mewhi om QasPbbesedisldoy ubed fon themmmneticaeoeriiag Hayem~Table
5in~l e magnetic recording |ayer. However, in certain gﬁpl ications of the
present ilrshemts e lattiad plsmothnierithe péamasddohg Crayvesnadigiebkayenphdyed, etc.
Therefore, the above specific descriptioc~ s are presented as exanpl es of
enbodi memagnsTtia Reosiue yer soampoisng God 24eeCrdO% PhS Tedtn generaki theng

t he scope of the Sp(r){agaectef'envent' 0

percentage ment shall be denoted herein as a decimal place subscript,
and the percentage of an element with no subscript shall constitute the balance of

the alloy, e.g. CoCr (Pt ).



170CT~001 -58 What is clainmed is: 1. A magnetic recordi ng nmedi um
conprising: a non-magnetic substrate having a primary plane; a structured
nucl eation | ayer) conprising) a seed |ayer of fine crystal grain, Ezvd@gz
random | at ~i ce plane orientations, forned directly on said non-mgnhét 002
substrate; an internediate |ayer of crysal grains) formed on said seed

| ayer grains) of sufficient thickness to allow an uppernost surface thereof
to present primarily preferred lattice planes; a recording |ayer, generally
epitaaially fornmed on said primarily preferred lattice pl anes said

recordi ng |ayer haying. an .epltaxrar Telati onsti p ueternr-ret—pr—-arhy by
said interoediate la g}C or??l rg%kaatoéOVéQ%rPéﬂchﬁcqfé&tllQ?ﬁ:FloByer conprisiing a
Co- based|{ hcp alloy apd at |east ong Segregant matgrat—stuch—that—sqi d

Co- based| &l & 9r edot AbGaght yiekorery Vispgke crystal bijke magnetrc graijns of
uni form pi ze, said predom nant I'y Sijngr € crystarti e magnet+e—gra+ns4 havi ng
grain bo dddties, sa doé’éqregant materd ahd beihng d sg)og‘gqflglrdhérarl I y t said
grain boundaries) sajd single crysffalTTte magnett ¢ grarms havihg—thei r
C-axes orildBt ed predofi%@nt|y paral|letwtgdt bg pri B Madel ane of sai d
substratpe._ 5 The nefli um of clean 1], Wherer m SarajTecortimg—tayer—e ai ns
have a |FBO be ni snat EH-Pb sai d i ntjerzsadd age | ay e @i ns of no nofe than
10b.

(211) (1010) [.7% and 2% in plane
(LD (3120) 1.7% and 4% in plane
(221) (1010) 1.7% and 4% in plane
210

0o good match in either direction

Table [

As shown in Table I, the lattice mismatch between the CoCr 4Pt , alloy and
the Cr underlayer is about 10% or less in both lattice plane directions, and hence
epitaxial growth of the CoCr Pt 5 on Cr can be easily established. (Generally
speaking, the Cr concentration used in the CoCrPt alloy is maintain between 10%
and 15% for improving corrosion resistance, and the Pt concentration is
maintained between 10% and 18% for increased K, and hence Hc, while it is at
the same time desirable to minimize the concentration of Pt to reduce cost and
increase the intrinsic saturation moment, Ms, of the alloy.) As also shown in
Table I, the resultant texture of the Co-alloy has in-plane C-axis orientation
except for (101l) ., 0n (110),, which has its C-axis oriented 28 degrees out of the
plane of the film. To enhance the large crystallographic grain angles between the
grains, the film should have many different Co-alloy textures mixed in the film.
Ideally, the (1011),, texture should be present together with other in plane texture

grains to enhance large angle grain boundaries between the grains.



3. The medium of claim1l) when~n said internediate layer is at |east 80A
thick. 4. Z he nmecliumof claiml, wherein said seed | ayer grains are of

mean di ameter of 50~ or less, and said internediate |ayer grains 3r7e é)lf
mean di ameoex of 100 or |less. 5. The nediumof claiml1l, wherein s idn 2002

i nternediate | ayer conprises Cr. C T 2002 -59 6. The nmedium of claim
5, wherein said internediate |ayer corr%% ses an alloy including C. 7. The
medi um of claiml|, whet~in said seed | ayer cornpiises netallic el enents
producing grains srral |l er than 50A in diameter providing nucleation sites at
whi ch sai d i Aceprdiddpednicambodimemsof trenpreBentin emeidinyweohaed &pundithat

whet Ein said seed | ayer caonprises Ti. 9. The nedium of claiml1, whereaui

sai d seadt agi@ﬁn@@ww layes havane predominamly pirabe taniees shownon Talededi um

e um BISWSATREE. %@g@,&%@g&;@ﬁf prchigrd BTt B Poytion Sheand at

| t th d at St t t b t

amount GRTIEOB RSP ERY SRV AR W Gt @%%Mﬁ%%ﬁﬁ%ﬂéb?ga%f%%m oy
limt Ofn Nl gm%toJrﬁﬁﬁtotoﬁ% ot hﬁowﬁfrllc? Bl A laver having a Cr intermediate

layer formed thereon. and a Co-based alloy layer formed on the Cr intermediate

layer.

While multiple crystal orientations are present in the seed layer, and while
the Cr grains will nucleate and grow on the seed layer grains. the Cr will prefer
to form in a series of textures having a low energy. such as one or more of (110),
(200), (211), (111), and (221). Cr grains growing with other orientations will
tend to grow more slowly and will be overrun by the lower energy orientations.

This is schematically illustrated in Fig. 2

In addition, as the grains with the preferred orientations overrun the grains
having other orientations, they will tend to impinge against one another, and
hence confine the Cr grains to grow only in the thickness direction (and not the
film plane direction). This effectively maintains the small grain diameter up to
the interface with the Co-alloy grains. This is well illustrated in Fig. 4. Since the
seed layer 22 provides a very large number of nucleation sites for the Cr grains
to nucleate and grow, statistically there results a large number Cr grains having a
preferred orientation. Hence the Cr grains having a preferred orientation grow
relatively close together. This, combined with the fact that these grains will grow
at a fairly uniform rate, provides an ideal limitation on the tendency of the Cr

grains to grow in diameter. This can be seen and verified in layer 24 of Fig. 4.



12. The magnetic recording nmediumof claim1, wherein said predom nantly

single crystallite magnetic grains are of a nean diameter of apprOﬁmIeHy
100A or less. 13. The nmagnetic recording medi umof claim 12, wherei 07

predomi nantly single crystallite nmagnetic grains are spaced apart by
between 5A and 50.i 14. The magnetic rggcarding medi um of claim 12, wherein
said predorninantly single crystallite magnetic grains are spaced apart by
a mean di stance of 10A 17 0 C 1 2002 -60 15. The nmgnetic recording
medi um of claim 13, whea~ein a |ayer of segregant material having a

E)Plaglc)%e?]:n?r y@"ts I-lln 5 4 hﬁpg Z)‘P@St%qﬁ rgﬁh\wcﬁgt B’%’ ﬂlgjs%%hlg'q{l@(\tﬁggsited

e crys ma ne IC graln

recor dipg. lﬁf‘s‘ékiumtﬁ walmmaem%gei enﬁskeﬁ [ﬂ%g% s A e Rmtpép%%g@gr‘kg

magneti c recording | ayer magneti Cc arr di ng rre um o

wher ei nle%@@oﬂ@%%?@ﬂﬁt @NfﬁrC@'lmbﬁméQia‘%@‘lﬁﬁbrfdrpmlﬁ&? ugxrsle%d%P@Br I'Rd1g oxi des
and nitrides of Ls Ni Ra, Re) Sc, Se,

Si, Sm eﬁma\m‘agrd\bm il thél' Co- EFmiedthldV thhE(SCxanﬂeIZnedilaw hyea charse strength
of greater than 90 Kcal l nol .
confirmed by observing the continuation of the lattice plane orientation of the Cr

intermediate layer in the magnetic recording laver 16 shown in Fig. 4.

Fig. 6 is a TEM image of the Co-alloy film taken normal to the film plane.
As shown in Fig. 6, the Co-alloy grains 78 are completely isolated from each
other and surrounded by the segregant 80 (SiO.). As also shown, the grain size
of the Co-alloy crystals is quite uniform and less than 100A, and the mean
spacing of the insulating segregant is about 10A. The good isolation of the
magnetic grains and the small grain sizes of the film ensure the minimum
intrinsic noise of the media (by completely suppressing the magnetic exchange

interaction and minimizing the grain size induced transition noise).

Fig. 7 is a high resolution SEM micrograph image of the fracture cross
sectional surface of a multi-layer film disk of 200A CoCr ,,Pt,, + 8% SiO, film
deposited on a 600A Cr intermediate layer formed over a 150A NiAl seed layer.
The uppermost layer is a 100A carbon overcoat. As demonstrated in the
micrograph, the fracture surface of this multilayer structure film using the
proposed structured nucleation layer shows a well defined column of grains with
clean cut grain boundaries which start near the substrate surface and extend to the
film surface. These results confirm that the grains are well isolated. In
comparison, Fig. 8 is the SEM image taken on a similarly fractured surface of a
multilayer film structure of 150A NiP + 2%Al,0, underlayer followed by a
600A Cr layer, which in tumn is followed by a 200A CoCr ,Pt ,, + 8% SiO, film



18. In a magnetic recording medi um wherein a mag~tic recording |ayer
conprising substantially a Co alloy is fornmed above a planar non-nmagpetic
subsnare, a structure having inproved non-linear transition shift) id 2002
fitter, and over wite performance, conpasing: a seed |ayer of fine crystal
grains, having randomlattice plane _ogigentation, forned directly on said
non- magnetic snbstrare; an internedi ate |ayer conprising at |east in part
Cr grains, forned on said seed | ayer grains, of sufficient thicl~ss to

al I ow an upperrmst surface thereof to present primarily preferred lattice

ol anes: .40 Al PR copfsy S60KEARAIELmS REbalc ARPON LERAATEE BEGaLD. sar d Co

al | oy; erehy sal'd nmagnheti ¢ recor ayeér torns genefally eprtaxially on

satd Prhgsily defRisd %ﬁ%\}@&fd&ﬁm'ﬁﬁ@ﬁ)reﬁ&ﬂgh%@rgf Ayt ok""‘“?%yer of

epi t axi |'ati1 onship detennirard primaril y said int errre at e’

sai d st Qkﬁid&!xflﬁ% M reddlb OncHeay gl dle SA ﬁe@ohﬁﬁﬁﬁla&lekOyn@it?@ﬁ'ib&ﬂetdt%h@or B
single crystallite magnetic grains of uniform’siZe) said predom nantly

singl e graiatigldot tedearngNékse rgydisnshomaiighg raanorphows daricesse SNGP segr egant
mat eri al bei ng 17 0 C T 2002 -61 ciis~primaiily at said grain boundaries,
sai d SaFghe &y satraltiprogideagygepdmupleition hiavi(ogtemplate) for Cr, and results

in Cr grains growing excessively large. In this later case, the Co grains grown

on the Cr grains would have small grain angle boundaries, and hence insufficient

isolation. and would not have a randomly oriented in-plane C-axis (i.e., would

not have 2-dimensional isotropy) even given the epitaxial growth of those grains.

We have discovered that a properly selected element or alloy having a
suitable lattice structure and/or crystal structure, such as Ti, B2 structure (e.g.,
NiAl), Cr-X alloy (where X is a limited solid solubility element, for example Cu
in an amount marginally above the solid solubility of Cu-Cr), etc. can be used as
the fine grain seed layer providing the preferred morphology and orientation of
the crystals in the Cr intermediate layer, which in turn provides morphology and

orientation for epitaxial growth of the Co-alloy.

According to one aspect of the present invention, the seed layer and
subsequent layers are deposited at or near ambient temperature and at a
relatively high rate. It is commonly known that a higher substrate temperature

and a lower deposition rate will result in larger grains.

As has been stated, it is one goal of the present invention to produce a fine
grain seed layer. We have found that the selection of material for the seed layer
plays a large role in achieving this goal. For example, Ti may be preferred

because it is very reactive to residual oxygen or nitrogen gas in the sputtering



their C-axes oriented predomnantly parallel to the primryr plane of said
substrate. 19. A structured nucleation |layer, formed above a pl anar
non-magnetic substrate, and having fotncd thereon a sabstantially Cp7aiChqgmy
magneti c recording |l ayer containing at | east one segregant nmaterial) for
provi ding said magnetic nctording |ayerggMth inproved nonlinear transition
shift, wite fitter, and over wite perfornance conposi ng: a seed | ayer of
fine crystal grai ns, having random | aai ce pl ane orientations, forned
directly on said non- magneti ¢ substi at~e: acrd an interatediate | ayer

conprising at least.in part C grains, formned sai d se gr ai ns,
suffi ci éHFO%H’ﬁQfF Rsd 1 %Hnt?\A}%tﬂﬁ%ife‘r‘hﬁs‘t’e%’u‘#&ﬁﬁgﬁttﬁe‘?rg E‘rﬁé’e

Péi:n‘érgéﬁgﬁal 1traﬁ.-,‘iqrbZgréﬁ%;’%ﬂgiaedorppmaﬁ.qﬁéh"r{i%&}“ﬁé s ?ﬁ%iﬂ ""‘yelr
by sai d TR ATE! ?ﬁg?gra?&s RS ST RO TRy Y B 1Y
Co- base%e%ﬂe%gagﬂﬁ TRhSh ebﬁwcépégx} tld@nERANRE L61uBNAYNS of

e
uni f or m's S mnantnly Sl ng | te magnetic grains havin

grain bouggari@sio & dmiﬁ%%aahemh@me@he gt iiga ek %H@?ﬁ@ﬁ Sl b HhYti G4, Sal d
grain boufidaries) said single crystallite nagnetic grair~ having their

C-axes dni erdledveliveldieh depdsiyopanaldnel lowo tdhpe it reappipdasion. B2 phise
substrate. 20. A disk drive containing a magnetic recording nedi um
accor di ngprhpowtds such a2 NiAlroa ate benn okry Gineagraing duertqytiet noturdefrtbe ng
medi um wherein a magnetic recording |ayer conprising substantially a Co
al | oy i snowsipachigpestacacgnpsitionai-thagestpainsuard the diffisubiyt Horhueving

I mproving non-J i near transition |ft) wite fit and er Wit
per f or na%éﬂuéwmﬁhr?ée Stwwr@cﬁ%-zwmsezsv%wﬁ%ép@sw g ral aglggfy | ayer

of fme crystal grains, having randomlattice .
ﬁ?fﬁx c?ep&mon Fate, oW @eposmon temperature I%ystem (i.e. insufficient kinetics

of ditfusion to achieve equilibrium in the deposition process).

The present invention is a unique magnetic recording medium and method
of forming same. It relies on a unique nucleation layer structure and selection of
materials for said layer, together with a magnetic alloy employing a selected
segregant material. A magnetic recording layer is ultimately provided having
fine grains (100A or less) and large angle grain boundaries to promote
segregation of the selected segregant to the grain boundaries (to completely
isolate the magnetic grains), as well as near perfect single crystal grains with in-
plane C-axes. The method as taught is practical and low cost, in part based on the
ability to use ambient or near ambient temperature sputtering. Based on the
description contained herein, it is within the scope of one skilled in the art to
compile a list of material in addition to those expressly discussed, suitable as a
seed layer and as an intermediate layer to achieve a magnetic recording layer
with the desired attributes. However, other deposition processes, such as high

temperature sputtering, can also be employed.



orientations) directly on said non-nmagnetic substrate; vacuum depositing an
internediate | ayer of crysml grains on said seed | ayer grains, of
sufficient thicYness to allow an uppernbst surFaoe thereof to preizqf
prirnar;,ly preferred lattice planes; and vacuum depositing togethér Gli 0%
said Co alloy at |east one sego=gant_ngjerial; whetirby said magnetic
recording |layer fornms generally epitaxially on said primarily prefen~ed

| aui ce pl anes, said recording |ayer having as epitaxial. relationship
determned primarily by said inte~rncdiate | ayer of said strucwed

nucl eation |ayer, said Co-based alloy predom nantly forms single
crystallite rﬁgmmmmegmammeotnemmmd mtmrsluzsepeﬁamapcedﬁmewamll@151@ ngl e
crystallite ghetic grains having grain boundaries, said segregant

mat er i al PTRP&HESL Wi mﬂw ungerlayersi mdyruslsationdaneisel coslia S e@cmed

of oni o eungupaceT o5 SLuathdlt FERRE ool SR Ul iSRS o
sal d SegiRganl e dé‘hm‘n% PEEALALED Ieb OGBS0 @%EFPSP@J%' des and

nitrides aV| ng a bond Stren rea and wherein

sai d pr %@ﬁhﬂmﬁﬂeybslméleaqhysnaﬂ&vd Qaﬁ&ﬂn%'ecs\gfé'h%n@?s‘@otm@thﬁ C axes
randomy oriented in the primary plane of said’subsaate. 23. ?>se tnagnctic

recor di ngputesdingreathodeai m. 1@dvimokes ystemi fdr seputegah burmtterti substratesehert ed
fmm t he %W ug consi sti n% of oxi des ‘and nltrl des having a bond séhrength of
great er TBaPUGIKEERHNDLT Endsasher BilpmiZe dh @ﬁoammmtw &iUsgIy Weystallite

h C d I f

card subitraiosf alfuol, SrREE Ty SubRE or) Aydeei niTa £o keI n
d t t d
171 doshegipy s B P*&e?%?%ébﬁﬁ’ FifBERE SIS RSP R SIS (RN

Kcal | nrol ., and V\/nerel n said predomunantly single crystallite nmagredc
grai ns have S L . .
To minimize the tnitial residual gasses within the system. particularly water

vapor. the base pressure of the system was pumped down to below 2 x 107 Torr
betfore the deposition of the nucleation and magnetic layers (as well as carbon
overcoat). The four sputtering cathodes are for deposition of the seed,

nucleation. magnetic, and carbon overcoat layers, consecutively.

A number of disks were prepared. both without a seed layer, and with
different seed layer materials: NiAl, Ti, and Cr-Cu. Each seed layer was
deposited via R.F. diode sputtering. A Cr layer, which in one case was formed
without an underlying seed layer, and in other cases where it formed an
intermediate layer formed on a seed layer, was deposited using R.F. magnetron
sputtering. The magnetic layer was deposited by R.F. diode sputtering. Finally,

the carbon overcoat was deposited by D.C. magnetron sputtering.

The sputter deposition of all the layers except carbon occurred at 15
mTorr argon pressure. The carbon overcoats were deposited at 4 mTorr argon
pressure. (While these were the deposition techniques and parameters for the

following experiments, it will be appreciated that other techniques and



their C-axes randomy oriented in the primary plane of said substraoe. 25.
The strunmed nucl esbon | ayer of claim 21 wherein said segregant material is
sel ected fromthe gnup consisting of oxides and nitrides having a 1ol 200
strength of greater than 90 Kcallnmol. .A
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YYYYY\\\"]) _B_Xaa}cccztoje [V|wgl gb] X] ca] c, a] ca] ca] ca] ca] c”a] ca]ca]ca]calc
a] cal] ca] c”alU ca W] calWv] c”a V]cha

UV] ca] ca] ca] dagcq]isa]cahpadsa] ob}lmaplehcoddshe mddmpicpusvencezands=I kI W} xs
ni d_Z] ca] ca] ca] ca] caj.ca] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca]ca] ca] ca]
ca] ca] cahegnead cdc Hlickness] @4t yersuspgmegmat coercivity (Her) for two different

\ mhb n

| ca] cal CAFOR DS Baf Ch BAFES] ShGH L b0 b Leh HFapIaySant ATBrphes) 4P ca cal ca
| ca) ca] cataer it MR R EAA F oS iy 25 ) Bl e iR IR O Chl el
] ca] ca] caleddahesadomd BARingad sabAadtelt ¢alealigr] CAladkaal€POAWMEN the

{val gb] X] ] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca]
ca] ca] cajamat anigmitcatecaldinkda et &) foamedB] In(Both cases, a substantially identical

coaventional carbon overcoat was applied over the magnetic recording layer.

Fig. 9 illustrates that for the amorphous NiP underlayer media, the
coercivity falls off rapidly as the thickness of the Co film drops. below and Mrt
of about 0.8 memu/cm®. However. for the crystalline Cr underlayer media, the
coercivity remains relatively flat in the same range, below about 0.8 memu/cm®.
In addition, the remnant coercivity of the Cr underlayer medium is higher than

that of the NiP underlayer medium for any Mrt in the range of this experiment.

These results suggest that when a thick Cr underlayer is used, good epitaxy
and hence growth of predominantly single crystal grains of Co alloy commence at
the onset of the Co film’s growth. In addition, the orientation of the Co-alloy
grains is nearly in plane from the start, as predicted by Hono et. al. and U.S.
Patent No. 4,652,499, Whereas, when an amorphous NiP underlayer is used, a
polycrystalline structure grows at the onset of the Co grain growth, and such a

polycrystalline structure may continue up to 0.8 memu/cm’.

Fig. 10 is a plot of Her versus Mrt for two media, each prepared with a

single Cr underlayer. In one case, the Cr underlayer was 200A thick, in the
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applied over the magnetic layer.

First, Fig. 10 illustrates that a thicker Cr underlayer produces higher
coercivity for a given Mrt as compared to a thinner Cr underiayer. This can be
seen when comparing the cases of 200A and 600A Cr formed directly on the
substrate, and when comparing the cases of 200A and 600A of Cr formed on
NiAl. We hypothesize that better epitaxy is obtained when the Cr layer is
thicker, e.g.. when the Cr grains have a more uniform crystal structure (Cr grain

size and hence Co-alloy grain size may also be affected).

Second, Fig. 10 illustrates that the addition of a crystalline NiAl seed layer
under a Cr intermediate layer increases the Her of the resulting media. For
example, above approximately 0.3 memu/cm®, Her for the
NiAl/Cr(200A)/CoCr ,Pt |, + 8 mol.% SiO,/C is greater at all Mrts than
Cr(200A)/CoCr ,Pt , + 8 MOL.% SiO,/C. This is also true for the medium
having a 600A thick Cr layer.

Finally, comparing Figs. 9 and 10, it can be seen that the drop off in Her is
less dramatic when a Cr layer is employed (Fig. 10) than when no Cr layer is
employed (Fig. 9). Indeed, Her remains in the practical range of above 1800 Oe,

even with an Mrt as low as 0.3 memu/cm®. Again, we believe that this is a
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consequencs of the magnetic recording layer having good epitaxial growth at the
onset ot deposition and establishment of grains with a well defined single crystal

with near (or predominantly) in-plane C-axis orlentation (as the result of epitaxy

on Cr provided by the lattice match of Table I).

Fig. 11 is a plot of Her versus seed layer thickness. comparing the results
for a seed layer of NiAl and a seed layer of Ti. Two different Cr intermediate
layer thickness (namely 200A and 600A.) were used for comparison. The
magnetic recording layer alloy is identical to that used in the examples of Figs. 9

and 10, namely CoCr ,Pt |, + 8 mol.% SiO., and was approximately 2004 thick.

The Mrt was maintained at 0.6 memu/cm®.

The data of Fig. 11 is consistent with the data of Fig. 10 in that a thicker
Cr intermediate layer provides a higher Her for given seed layer thickness.
Furthermore, the curves of Her versus seed layer thickness for Ti and NiAl are
more or less identical in shape, which indicates that a Ti seed layer, in addition to
a NiAl seed layer, can provide a good platform for growth of the Cr intermediate

layer for the ultimate epitaxial growth of the magnetic recording layer.

Fig. 11 also shows that using either a NiAl or a Ti seed layer provides
relatively stable Her across a range of seed layer thicknesses. It will be
appreciated that current competitive disk drive systems require media coercivities
at or above 2000 Oe, which is provided at thicknesses of NiAl and Ti seed layers
up to 600 A thick. (It should also be noted that this demonstrates that the
thickness of the seed layer need only be sufficient to cover the substrate surface,
for example around 1004, and from the point of view of the function of the seed

layer, there is really no technical limitation on growing of a thicker layer.
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The performance similarities between media having a NiAl seed layer and
a Ti seed layer (from the epitaxial growth) is also verified by the experimental
data shown in Fig. 12, For the data of Fig. 12, three different media were
prepared. First. a 600A thick Cr laver was deposited directly onto a super
polished substrate. A CoCr ,Pt |, + 8 MOL.% SiO, magnetic recording layer was
deposited onto the Cr underlayer, and a 100A carbon overlayer was deposited
onto the magnetic recording layer. Second, a 100A NiAl seed layer was
deposited onto a super polished substrate. A 600A Cr intermediate layer was
then deposited onto the NiAl seed layer. A CoCr .Pt . + 8 MOL.% SiO,
magnetic recording layer was next deposited. And finally a 100A carbon overcoat
was deposited onto the magnetic recording layer. Third. a 100A Ti seed layer

was substituted for the 100A NiAl seed laver of the second media.

Fig. 12 shows that the dependence of Hcr on Mrt for media using a 100A
NiAl seed layer on a 600A Cr intermediate layer is nearly identical to that of
media using a 100A Ti seed layer on a 600A Cr intermediate layer. This is made
clear when one compares these results to the results obtained for media having
the 600A Cr layer formed directly on the substrate, without a seed layer. Fig. 12
also illustrates that the value of Her for media using a Ti seed layer is about 200
Oe lower than that of media using a NiAl seed layer for a given Mrt. However,
media using either a NiAl seed layer or a Ti seed layer can provide Hcr over
2300 Oe with an Mrt as low as 0.3 memu/cm’, based on the good epitaxy between

the Co alloy magnetic recording layer and the Cr intermediate layer.

In another embodiment, an alloy of Cr and Cu is employed as the seed
layer. The data of Fig. 13 illustrates two examples of a Cr-Cu alloy, first 5 at.%
Cu, and second 3 at.% Cu. This film is produced using a specially manufactured

batch vacuum deposition system consisting of 3 cathodes. The first cathode is for
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R.F. magnetron sputtering of the seed layer. The second cathode s for R.E.
magnetron sputtering the intermediate layer. And, the third cathode is for R.F.
diode sputtering the magnetic layer. Sputtering was conducted at better than 1 x
10 Torr. As previously stated. the amount of the alloving component is selected
to be just over the maximum solid solubility of that component in Cr. In this
case, the maximum solid solubility of Cu in Cr is about | at.%. as reported in

Binary Alloy Phase Diagrams, ASM, 1968. page 819-320.

For the experiment of Fig. 13, each of the two disks were prepared by first
depositing a 200A thick layer of the Cr-Cu alloy. A 600A Cr layer was then
applied. A Co alloy consisting of CoCr Pt , + 5 mol.% SiO, was next deposited.
For comparison. a disk having a 200A NiAl seed layer on which a 600A Cr layer
was formed was prepared and tested. As shown in Fig. 13, the curve of Her
versus Mrt for the disks having the Cr-Cu seed layer is similar in shape to the
curves for the NiAl seed layer and for the Cr underlayer, even at small Mrt.

This demonstrates that a Cr-Cu alloy having a Cu concentration slightly higher

than maximum solid solubility (e.g., = 1at.%) can also be used as a seed layer.

The good epitaxy between Co alloy and Cr using various seed layers as
proposed herein can be inferred by comparing the data of Fig. 9 to that of Fig.
13. However, the desired fine grain-size structure and good isolation between the
magnetic grains obtained using the various seed layers described herein can only
be verified by measuring the magnetic performance of disks with various seed
layers, and comparing the result of magnetic measurements to those of disks
using a Cr underlayer and disks using a NiP underlayer. The results of these

magnetic measurements are shown in Table II and Table III below.
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Table (I shows magnetic recording performance results ot four
different disks prepared using various underlavers as proposed by the
prior art and by the present invention. The sample preparation and the

structures and alloys are described as tollows:

Disk No. 1: This disk was prepared by first depositing an
approximately 80A thick underlayer of NiP +2 mol.% Al.O, on an NiP plated
Al substrate. Next, an approximately 210A thick CoCr,Pt,, + 6 mol.% SiO,
magnetic recording layer was deposited onto the NiP laver. An overcoat of
carbon approximately 100A thick was then deposited over the magnetic

recording layer. Deposition for this disk was in an in-line puttering system

in accordance with the procedures described in U.S. patent application

serial no. 08/286.653. The average Hcr was 2309 Oe.

Disk No. 2: This disk was prepared by first depositing an

approximately 480A thick Cr underlayer directly onto an NiP plated Al

substrate. This was followed by depositing an approximately 250A thick

CoCr 5Pt |, + 8 mol.% SiO, magnetic recording layer. This was followed by
deposition of an approximately 100A thick carbon overcoat. These disks
are similar to those used by Lee et al. in EP0704839 Al, and were made in

the aforementioned Anelva sputtering system. The average Hcr was 2277
Oe.

Disk No. 3: This disk was prepared by first depositing an
approximately 150A thick NiAl seed layer directly onto an NiP plated Al
substrate. Next, an approximately 200A thick Cr intermediate layer was

deposited onto the NiAl seed layer. This was followed by depvsiting an
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approximately 230A thick CoCr.Pt,, + 8 mol.% SiO. magnetic recording
layer. This was followed by deposition of an approximately 100 thick
carbon overcoat. This disk represents one embodiment of the present

invenuon.  All deposition took place in the aforementioned Anelva

sputtering system. The average Hcr was 2384 Oe.

Disk No. 4. This disk was prepared by first depositing an
approximately 150A NiP + 2 mol.% Al.O; underlayer directly onto an NiP
plated Al substrate. Next, an approximately 200A thick Cr.intermediate
layer was deposited onto the NiP layer. This was followed by depositing an
approximately 250A thick CoCr.Pt,, + 8 mol.% SiO, magnetic recording
layer. This was followed by deposition of an approximately 100A thick
carbon overcoat. All deposition took place in the aforementioned Anelva

sputtering system. The average Her was 2365 Oe.

Measurements were made using a Guzik model RWA 1632/1701
Spinstand. manufactured by Guzik, Santa Clara, California. A
magnetoresistive (MR) magnetic recording head model Cuda IV XL
manufactured by Seagate of Scotts Valley, California was used. The disk
rpm was 7200, and measurements were made at a radius of 0.87 inches.
Head bias was 12mA O-to-peak, and head current was 35mA. The high
frequency head signal was 51.86 mhz (158.118 kfci), mid frequency was
25.93 mhz (79.06 kfci). The overwrite frequency was 51.86 mhz (158.118
kfci), and the Write Jitter frequency was 25.93 mhz (79.06 kfci).

Comparing the values of OW, Write Jitter (WJ), and TNLD of disk no. 1
to the values for disks nos. 2, 3, and 4 from Table II shows that when a Co

alloy magnetic recording layer is deposited on top of a Cr layer, higher OW
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and lower TNLD values are obtained. These results indicate that the Co

alloy is epitaxially grown on the Cr surface. and also suggests that the Co

alloy has s C-axis oriented predominantly in the plane of the disk.

However. comparing disks nos. 2. 3. and < in Table [I shows that the
WJ values ot disks nos. 2 and 4 are almost twice that of disk no. 3. which is
the disk formed by the teachings of the present invention. The high WJ of
disk No. 2 in which the Cr layer is deposited directly on amorphous NiP
substrate surface. and disk No. 4 in which the Cr layer is deposited on a
sputtered amorphous NiP + 2%Al.0, layer. is due to the formation of large

Cr grains. and as a consequence of the epitaxial growth ot the Co on the Cr.

the Co grains grow larger than those of disk no. 3.. The use of a seed layer

below the Cr intermediate layer as taught by this invention (e.g.. disk no.
3) produces ftine Cr grain. and hence fine Co alloy grains, which lowers WIJ.
(Further evidence of large Co alloy grain growth in disks nos. 2 and 4 will
be shown latter.) These results verify that a disk created using the
teachings of the present invention is superior to that of prior art in

obtaining excellent OW and TNLD, and simultaneously low WJ and hence

low intrinsic media noise.

In another embodiment of the present invention, disks using various
thicknesses of a Ti seed layer and Cr intermediate layer were prepared.
The magnetic properties of these disks were compared to the properties of

a disk prepared using a NiAl seed layer in Table III.
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Disk No. 2+ This disk was prepared by first depositing an
approximately 100A thick Ti seed laver on an NiP plated Al substrate.
Next. an approximately 600A thick Cr intermediate layer was deposited
onto the Ti seed layer. This was followed by depositing an approximately
200A thick CoCr ,Pt |, + 8 mol.% SiO, magnetic recording layer. This was
followed by deposition of an approximately 100A thick carbon overcoat.

All deposition took place in the aforementioned Anelva sputtering svstem.

The average Her was 2198 Qe, and the Mrt was 0.85 memu/cm®.

Disk No. 6. This disk was prepared by first depositing an
approximately 3004 thick Ti seed laver on an NiP plated Al substrate.
Next, an approximately 400A thick Cr intermediate laver was deposited
onto the Ti seed layer. This was followed by depositing an approximately
200A thick CoCr.Pt,, + 8 mol.% SiO, magnetic recording layer. This was
followed by deposition of an approximately 10QA thick carbon overcoat.
All deposition took place in the aforementioned Anelva sputtering system.

The average Hcr was 2181 Oe, and the Mrt was 0.96 memu/cm?.

Disk No. 7: This disk was prepared by first depositing an
approximately 150A thick NiAl seed layer on an NiP plated Al substrate.
Next, an approximately 400A thick Cr intermediate layer was deposited
onto the NiAl seed layer. This was followed by depositing an
approximately 200A thick CoCr,,Pt,, + 8 mol.% SiO, magnetic recording
layer. This was followed by deposition of an approximately 100A thick
carbon overcoat.  All deposition took place in the aforementioned Anelva

sputtering system. The average Hcr was 2383 Oe, and the Mrt was 0.81

,
memu/cm-.
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Measurements were made using a Guzik RWA 1632/1701 spinstand,
manufactured by Guzik, Santa Clara, California. A magnetoresistive (MR)
magnetic recording head manufactured by Toshiba. Japan, model MR?2 was
used. The disk rpm was 4200, and measurements were made at a radius
of 0.862 inches. Head bias was 10 mA 0-to-peak, and head current was 30
mA. The high frequency head signal was 30.58 mhz (181 kfci), mid
frequency was 13.29 mhz (79.06 kfci), and the low frequency was 5.10

mhz (27 ktci). The Write Jitter and OW frequency was 15.29 mhz (79.06
KFCD.

The recording performance parameters for the disks shown in Table
(I illustrate that using a Ti seed layer provides TNLD. OW. and Write Jitter
nearly identical to that of a NiAl seed layer for about the same Mrt (i.e.,
about the same low frequency amplitude) and slightly lower Hc (about 200

Oe less). This indicates that a Ti seed layer can serve equally effectively as
a NiAl seed layer.

Figs. 14a, 14b, 15a, 15b, 16a, and 16b show TEM cross sections,
under identical magnification, of disks 2, 3, and 4 of Table II, respectively.
Fig. l4a, (bright field image) and Fig. 14b (dark field image) of disk no. 2
and Fig. 16a, (bright field image) and Fig. 16b (dark field image) of disk no.
4 show that the Cr grains formed in these disks are exceedingly large, and
consequently the epitaxially grown Co alloy grains are as large as the Cr
underlayer grains. Whereas in Fig. 15a, (bright field image) and 15b (dark
field image) of disk no. 3 one can see that comparatively much smaller
grains are produced for both the Cr intermediate layer and the epitaxially

grown Co alloy layer. The plan view of Fig. 6, representative of disk no. 3,
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shows a grain diameter of less than (00A (and well isolated zrains), and

confirms the fine grain structure shown in Figs. 132 and 13b,

The micrograpins of Figs. l4a through 16b confirm our hypothesis
that a nucleation layer comprising an extremely fine grained sesd layer
can form the basis for producing an extremelv fine grained epitaxially
grown Co alloy film. With reference to Fig. 13b, the dark tield image shows

that there is good grain to grain epitaxy betwesn the grains ot the Cr

intermediate layer 24 and the grains of the CoPt magnetic alloy layer 16

(e.g.. the uniform lighter color of the columns indicates a close match of

crystallographic planes betwesn the lavers). The cross section of Fig. 4.

representative of disk no. 3. shows the good epitaxy under higher

magnification TEM.

Furthermore, the ability of a fine grained seed layer to provide the
large grain angle boundaries for grain isolation is evidenced by the change
in contrast intensity of dark field image between grains, for example as
shown in Fig. 15b. These large grain angle boundaries allow segregant to
diffuse to the grain boundaries to isolate the grains and hence produce

extremely low intrinsic media noise as well as high OW and low TNLD.

It should be noted that the presence of SiO2 in the admixed form of
the magnetic alloy as per the Japanese Patent Application 5-197944
(Shimizu et al.) is not a sufficient condition to ensure the lowest write jitter
noise. In fact, the published work by Shimizu et al. entitled "CoPtCr
Composite Magnetic Thin Films" shows TEM micrographs of unmixed

CoPt.18Cr.12 and composite CoPt 18Cr.12 + SiO2 films. This reference
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states that "the grain boundaries are not clear in either film. indicating a
verv fine structure. Energy-dispersive <-ray analysis (EDX) revealed that
St atoms are uniformly distributed all over the composite films without

showing any noticeable segregations at grain boundary.”

We believe that the reduction in media noise in Shimizu et al.'s
CoCrPt + SiO2 admixture arises primarily from the reduction in grain size,
i.e.. a reduction in grain noise. However, a reduction in grain size alone
does not result in a reduction of noise caused by exchange coupling, which
is the more dominant contributor to media noise. This shows that per the
approach taught by Shimizu et al. (i.e.. without a structured nucleation
layer) one cannot achieve complete isolation between (i.e., complete
exchange decoupling of) the magnetic grains. As stated earlier, the
intergranular exchange induced noise has to be completely eliminated to
obtain the lowest possible noise. As we have found, this can only happen
if a proper structured nucleation layer (such as the seed layer plus
intermediate layer discussed above, or the NiP + Al,O,; nucleation layer

discussed in our pending application seriﬁl no. 08/286,653) is used to

facilitate the segregation of the insulating segregant.

The extremely low intrinsic media noise as provided by the teachings
of the present invention is highlighted by comparing the normalized
integrated media noise power (MNP) of disks no. 1, no. 2, and no. 3. The
integrated noise powers were normalized to the value of Mrt (or low
frequency amplitude) for each disk to provide a meaningful comparison of
the data. Fig. 14 shows the MNP data of disks no. 1, 2, and 3 as a function

of linear recording density (kfci). As shown, the MNP of disk no. 3 (that
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> #10%§c (ﬁ. in @10%&5&0%)the1r1&§8&a53 -xcast10|ﬁl%6$%/6&8_~9 Al show a relatively
small difference in MNP. less than 10% improvement at 107 kfci, between
their media having a NiAl underlayer and media having only a Cr
underlayer. and in Fig. 16 of their patent application show about a 20%

improvement at 107 kfci. This should be compared with a the difference

in MNP of over about 34% at 107 kfci seen in Fig. 17 hereof between media

with a structured nucleation laver (seed layer/Cr intermediate layer) as
taught by the present invention and media having only a Cr underlayer.
This difference is equal to over a 110% improvement in noise performance
of the structured nucleation layer (seed layer/Cr intermediate layer

structure) of the present invention over structures not employing such a
structure.

Fig. 18 shows the non-linear distortion (%) of the media of Table II as
function of linear recording density. As shown, the TNLD of disk no. 3
according to the present invention is virtually as low as that of disk no. 2
which uses only a Cr underlayer (e.g., having large Co grains) for each kfci.
Whereas disk no. 1 shows a higher NLD than that of the present invention
in the range of frequencies measured, particularly above 100 kfci.
Therefore, it is clear from Fig. 15 that media using a structured nucleation
layer according to the present invention provides superior TNLD as

compared, for example, to amorphous sputtered NiP of the prior art
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thin film heads. magneto-resistive heads. or other types of read-write
heads. Heads 106a, 106b “fly” in proximity to disk 10, where they can
write data to and read data from the magnetic film on sides 110a. 110b of
disk 10, respectively.

Arms 108a, 108b can be moved inward or outward (directions 112
and 114, respectively) to permit heads 106a, 106b to access data tracks at
different locations of the disk. Motion of arms 108a, 108b are controlled
by a servo motor (not shown). Examples of disk drives are disclosed in U.S.
Patents 4,949,202 (Kim); 5,025,335 (Stefansky); 5,027,241 (Hatch); and
5,025,336 (Morehouse), each of which is incorporated herein by reference.
Magnetic recording media in accordance witﬁ this invention can be

incorporated in other types of disk drives as well.

While the invention has been described above with respect to the
specific embodiments, those skilled in the art will appreciate that

modifications may be made without departing from the spirit and scope of
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including Cr.

7. The medium of claim 1, wherein said seed layer comprises metallic elements
producing grains smaller than S0A in diameter providing nucleation sites at which said
intermediate layer grains form.

8. The medium of claim 1, wherein said seed layer comprises Ti.

9. The medium of claim 1, wherein said seed layer comprises predominantly B2 phase
material.

10.  The medium of claim 9, wherein said B2 phase material is structured NiAl.

11.  The medium of claim ], wherein said seed layer comprises an alloy of Cr and at
least one other element, said at Jeast one other element being present in an amount up to but
not exceeding 10 at % over the maximum solid solubility limit of said at least one other

elernent in Cr,

12.  The magnetic recording medium of claim 1, wherein said predominantly single
crystallite magnetic grains are of a mean diameter of approximately 1004 or less.

13.  The magnetic recording medium of claim 12, wherein said predominantly single
crystallite magnetic grains are spaced apart by between SA and 50A.

14, The magnetic recording medium of claim 12, wherein said predominantly single
crystallite magnetic grains are spaced apart by a mean distance of 10A.
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single crystallite magnetic grains.

16.  The magnetic recording medium of claim 1, wherein the medium includes only a
single magnetic recording layer.

17.  The magnetic recording medium of claim 1, wherein the segregant material is
selected from the group comprising oxides and nitrides of Al, As, Co, Cr, Dy, Gd, La, Lu,
Ni, Os, Pm, Ru, Re, Sc, Se, Si, Sm, Sn, Ta, Tb, Th, Ti, Tm, U, V, W, Y, and Zr having
a bond strength of greater than 90 Kcal/mol.

18.  Inamagnetic recording medium wherein a magnetic recording layer comprising
substantially a Co alloy is formed above a planar non-magnetic substrate, a structure having
improved non-linear transition shift, write jitter, and over write performance, comprising:

a seed layer of fine crystal grains, having random lattice plane orientations, forrned
directly on said non-magnetic substraze;

an intermediate layer comprising at least in part Cr grains, formed on said seed layer
grains, of sufficient thickness to allow an uppermost surface thereof to present primarily
preferred lattice planes; and

at least one segregant material deposited together with said Co alloy;

wherehy said magnetic recording layer forms generally epitaxially on said primarily
preferred lattice planes, said recording layer having an epitaxial relationship determined
primarily by said intermediate layer of said structured nucleation layer, said Co-based alloy
predominantly forms single crystallite magnetic grains of uniform size, said predominaniy
single crystallite magnetic grains having grain boundaries, said segregant material being
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having formcd thereon a substantially Co-alloy magnetic recording layer containing at least
one segregant material, for providing said magpetic recording layer with improved non-
linear transition shitt, write jitter, and over write performance, comprising:
a seed layer of finc crystal grains, having random lattice plane orientations, formed
directly on said non-magnetic substrate; and
an intermediate layer comprising at least in part Cr grains, forrned on said seed layer
grains, of sufficient thickness to allow an nppermost surface thereof to present primarily
preferred lattice planes;
whereby said magnetic recording layer forms generally epitaxially on said prirmarily
preferred lattice planes, said recording layer having an epitaxial relationship determined
primarily by said intermediate layer of said structured nucleation layer, said Co-based alloy
predominantly forms single crystallite magnetic grains of uniform size, said predominantly
single crystallite magnetic grains having grain boundaries, said segregant material being
disposed primarily at said grain boundaries, said single crystallite magnetic grains having
their C-axes oriented predominantly parallel to the primary plane of said substrate.

20. A disk drive containing a magnetic recording medium according to claim 1,

21. Inamethod of forming a magnetic recording medium wherein a magnetic recording
layer comprising substantially a Co alloy is formed above a planar non-magnetic substrate,
a method of improving non-linear transition shift, write jitter, and over write performance,

comprising:
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vacuum depositing a seed layer of fine crystal grains, having random lattice plane
orientations, directly on said non-magnetic substrate;

vacuum depositing an intermediate layer of crystal grains on said seed layer grains,
of sufficient thickness to allow an uppcrmost surface thereof to present primarily preferred
lattice planes; and

vacuum depositing together with said Co alloy at least one segregant material;

whereby said magneltic recording layer forms generally epitaxially on said primarily
preferred lattice planes, said recording layer having an epitaxial relationship determined
primarily by said intermediate layer of said strucrured nucleation layer, said Co-based alloy
predominantly forms single crystallite magnetic grains of uniform size, said predorninantly
single crystallite magnetic grains having grain boundaries, said segrcgant material migrating
primarily to said grain boundaries, and said Co-based alloy having a C-axis forming
predominantly parallel to the primary plane of said substrate.

22.  The magnedc recording medinm of claim | wherein said segregant material is
selected from the group consisting of oxides and nitrides having a bond strength of greater
than 90 Kcal/mol., and wherein said predominantly single crystallite magnetic grains have

their C-axes randomly oriented in the primary plane of said substrate.

23.  The magnctc recording medium of ¢claim 18 wherein said segregant material is
selected from the group consisting of oxides and nitrides having a bond strength of greater
than 90 Kcal/mol., and wherein said predominantly single crystallite magnetic grains have

their C-axes randomly oriented in the primary plane of said substrate,

24.  The structured nucleation layer of claim 19 wherein said segregant material is
selected from the group consisting of oxides and nitrides having a bond strength of greater
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than 90 Kcal/mol., and wherein said predominantly single crystallite magnetic grains have
their C-axes randomly oriented in the primary plane of said substrate.

25.  The structured nucleation layer of claim 21 wherein said segregant material is
selected from the group consisting of oxides and nitrides having a bond strength of greater
than 90 Kcal/mol.



