cz{eBeT~@{D(6T@2Z14 AU G 2002 i wu~"w~ ~i m~~oi en Magnetic Medi V\ALAIU&
+Ferromagnetic Overlay Materials for Inproved Thermal Stability I‘E ZBJQE
| NVENTI ON Thi s invention relates generally to nagnetic |ayered structures
for use in magnetic recording nedia, particularly magnetic recording disks.
BACKGROUND Conventional magnetic recording di sks have a magnetic

recording |ayer, typically of a ferromagnetic all oy, suchnﬁmm Co)
alloy, that is sputter deposited as a continuous thin fil I///Wmmv&%s of
the crystalline magnetic material. It ¥s well known that to ac.tp&%g*e h
density recording in magnetic recording disks it is necessary to decrease
the grain size, increase the coercivity (Hc), and reduce t

magneti zati on-thi ckness product (Mt) of the magnetic reco:nmmmmmmm”m
Therefore, nost attenpts to increase the magnetic recording depgjty of
magneti c nedi a have focused on these three paraneters by altering the
conposition and mcrostructure of the magnetic material in the magnetic

| ayer or by reducing the magnetic | ayer thickness to achjieve |ow Mt.

Unf or t unat eMpongéig Yedip feigiefeerPREHINi Iy TVaFerE WrEPr il If9r ai ns can
beconme thermal |l y unst abl eImpheveai mhereataghabititponents of the small grains
can spontaneously switch their nmagnetization direction, resulting in |oss
of the recorded data. This is of concern, especially at the el evated
operating tenperatures of the disk drive. Thermally unstable grains, at
sufficiently small grain si2e8P & THENENEFYT PRt erred to as

super pafafggrareatgerai pelates genera \ly GQOBZN2ETRedeY SUpd rPanmagret i ¢

grai ns rfepr eseat ia serdrous obsé ant @ i fedider panct easesly N maggeetcC

recor di nggepgihti 8ssxdhis limtation of conventional nedia is evident by
the fact that a reduction in grain volune by a nmere factor of one half, for
i nstance, may change the thermal stability frombeing on the order of
several years to less than a m nJRAERCER ntional media may show anplitude
| 0ss, n&swenfépraasera¢mrticasedodding etidrs have, 2l B3gnetiq exvlandioa, etc.,

i n shortlayegenamailcdloss of aageetowagreaaradi aigl er fordtange duecbalthermal |y
driven degpgnetbzat LRk PIOCEISREreuEfo PRI @sCat asht oRliGs and o @Rhf t her nal
demagnetizatiog sels Lp At the superparampaneld ¢ LLpil, This sl ouer but

st eady magnetgi Zation deca can be Rar acteri zed By a nunber of eéxperi nent al
measur ef&rt et Rdds, 59 n@F%H?H‘@ ﬁ&é“ri?et %“ﬂﬁ%cE?Ff%dl(‘ﬁag]ﬁét PZ24RP6R decay
rate) nEgsPrelit sliskfe donventeorssarmgrret fec¥eed? drhg frdia éadeexhi bit
si gni f i cantr sragmet tlzat i oredecaiyty at €5 Whi and npeseicser tbas Femahahions on

the magpebiheh 80k dh Moy A9hRdd 'F)%OHQ@IE ﬁ?{t&b%fa(ﬁhb_er\@&peﬂri@ LRIk onal
mechanismto stabilize thermal 'y activat'ed magneti zati on processes i s by
rai si ng leNEIragndbEEEFOrsl | RS tantsBRTREY SAd *CGEEESA t YR of "eABeRebi a. This
route i seboweven Sehfecy dfo negeetbastedianthavieat orheedaynetticsamtireehead can
pr oduce patrlayhe ergX ity ra fiealichgmagia tasthposticdbni snkdi micedsbyutheraagfieti c
moment deSLinal LheIBLEL] A, ol hechalecPigces Of dhedridiggnead. The
witeabiTity |%h-§per Jormance  ime |§.| S Cl’llt &al i n_Por er to’li ncrease t he
magnet i 83FEESi ::l\tj’ FEnditdick8es§. tenéf atval tornMrErE & SU0RGE Yol . 34,
no. 4, ppryl624i1626ach®88c descridies usayegrs keepbr dmeyldr s§rdotst henmal |y
Et ablk I : %'e'&g)m_reh%lh@_gﬁgg.& guxgﬁ?&ﬁldé ,ntgmle@ﬁ@ﬁsth@l &5@1’1@% BnorA i QF !mbl( Cr)

reak | ayer. .is | am nated between eper yer, & : ayer.
For exar?p ael,l ag)éfrnBF’ea%anj a?%?ng%%‘?%x?ﬁ%g?’lt g t{nhs roﬁﬁggP%?gggiq:gg?eposi ted
on a nmaGREECEIPRy eF PR BIRY ol eSESi OEnGRE FEFAT ‘?/Cgl %hi ck50 150°150 nm)

concern, especially at the elevated operating temperatures of
the disk drive. Thermally unstable grains, at sufficiently
small grain sizes, are generally referred to as

superparamagnetic grains.



14 AU G 2' 002 3 keeper layer. The C break layer is used to control the

. gromth of the keeper layer and to prevent exchange coupling b weggpQLZggz
wi thin the magnetic |ayer. Depositing such a thick magneti cal

| ayer directly on a nagnetic recording layer will cause strong magnetic
inter-granular coupling in the magnetic |ayer and hinder its use for high
density recording. The function of the keeper-I|ayer/break |ayer
construction is to reduce the denagnetjzation fields from adjacent nagnetic
transitions. Keeper layers are known to be a | arge source of recording

noi se. Furthernore, the keeper |ayer construction reported are 50-150 nm
thick. It is preferred to have the total thickness of the |ayers and any
overl ays aﬁd<$rotect|ve over copats naklggzgp the mediumto be very thin to
opti m ze THET eCHTNY 2PEFFEF hanTe? * W di™H $SRBEJRASPE B RIS é¢r di ng
medi um wi flrghehi Anvegeedse fayaadgnetdc haschrghneodesiaiittiyes | ar ghiis

coer ci Vi tyisipialieness (Shyent oyngprmndnt ipr egtident hbgknesst{dd tghatand t hat

i's thermaldy,stabl SN rg\{ﬁt@@mrﬁetgybg ﬁtete ngcgappgrft IA@ MRk, high
recordi ng; denS| t| es, ngr ef & atqle t hat %‘ |um can be fztl%“ cat ed

usi ng conV&ntdBral T3 3f mlbae 5i tH%n rre’t"hods AN ASVART REE

Accor di ngP¥Aes 1o $eyepril nkest Db eSSt LhAR HrEBIfe i nvention to provide
magneti ¢ recordi ng nmedi a exhi biting enhanced thermal stability. Because the
magnet i ¢ ¢@eéntof orddll SmédvenhaPnsB¥Ri Binbs ikopeovedst hefjgimle stradyiddde).

thi nner ”PIQ{E%JS%J eperding layers cpontaigy rt%s%ttﬁttslt 9&@& ns ﬁ‘?‘”sll%‘?c used,

resulting In hi net| data’ recordi econd

obj ect of? tﬁ@rte%?g‘nt ﬁrag nPrevEtLfie rreec%‘%l 8ﬁ5?8(ﬂ“§fn|c§t i ‘?:’ée of*%ery
thin nagnetfeng ayEr sdByVBPoviiEWﬁgnﬁéllFéﬁa@ﬁet Péoéﬁérsleéys egreTcapgifeg el ayers
deposi t edcaradthesdhiragnet iraplidy ehermdhedémagmetpigpeatiian eedrs dys dathahease t he
ef fecti vesysdipm-safagnbeiemab ki t hermmid ys1wnetabhe geakas tn@gzt@@ﬁmraﬁti C

| ayers angeddys dAIPr easech NELOBL, PLERI IS Ve ndfdd) %@0% & itch$ 3 third
obj ect of medi a

gresent |nveB|onto§§d netlc recor g with

i mproved WP tBAGMSYy. TESEOPS it TRCAREBE ec %?n?ﬁécpr esént °Pfivédtion to
provi de nHEFEIG L %@t%{l WEERAE h&Rp ehadiftSUE STeRSI-t | of8S MG et igma 1l ow
Mt. SLTImadrnARY OF eHdEdL NYENEGON ddve objidcits sapdiadvant agesnofi4dia opr esent
i nvent i onigd 8, obd & Negh fyh PLAYdH Nge:dl JRYNRIIGaTRANS Wil i Megnridie

r ecordi ng; Laves; dhalenbiel des, # faby gangaeldfed nost” |ayer and a thin
overlay or capping |ayer erromagnetic material deposited on the host

| ayer. The ferromagnetic host |ayer is a granular |ayer wth grains that
are weakl The oBpREEN b Ot olipFBER et FLAR&LAFS| 41care LdXp st Vet ed

i ndependemdne tchartgiong pagreetsezatiisorbyi rasctiranstian mhdwen presemncs ldfinleocal
magnet i c 4l ds genemnat edebylth@y negneid tedint e hrad. rdihee f 28 nsmgRet i C

over | ay c% Eg'e t?‘t@er t‘?t%@g'tl 'ttl'ﬁétan'gdé’wrhﬁ 1(’: t\Vri){et R%ad can
ferrorragnetlér:i mat er.i al in [ su stantially. thér})ner tghan t he

host Iaye‘?ro i€ é’x@hﬁ‘ﬁﬁém’%ug}%}d&t gt"r’hltu For&yer® Fertomaghet’

"overl ay me}@%&ntm‘t“@nrtetdgpstléyaoﬁeFP%n‘aﬁﬁ%’f’t"’c} rfh{t e"rltealp‘tll‘?atplleé"eél toﬁer a
cont i nuoushd aydrteofhefadr r ofagneti ceapt Hrtivalof fidhspenfémmnss Imgddr ils t he
form of acitspensiianoefiei st ands:r@asgr ahasnaindtaicr eragnai hg a@ierdials, or a
mul ti pl e phase | ayer cont aining islands or grains of a first ferromagnetic

mat eri al Sepgrs r at eqﬁ céLﬁl g@ﬂ% g,?_réct;ﬁ[ ‘(!omagn‘f;ti C ﬁaterl aI Becati the

f erromagnet i m%ohs F11mor d)sper *on o
material 2436 slééﬁverﬁee%ﬂrthﬁ% efeing o "ARCPEFf dAISFE T hfeknédermplileh i s
the t hi ckstessi tihaitnguouhe begattac nedcukding héagame partiled enédiix. framt he
deposi ti athappakatas)f gredk fidyaexhi bhhi Mgt O Hdtndeus theveEager: ldyer

addi tion, , becayse Ittyt,ttpts ANRzE mat &sd,al éx%glgl soace@sugl@éa%g ASyer

ferromagnetlc , i s convenient to refer 1o effectiv

concent ra’:’tg?%‘?%x*d?atr?gtyer%%l%ng%ﬁ%ﬁ deEHS be° aiCRvEt & 88n8er¥targ§’tett6ﬁ of a
materi al }avather oVt | & . AR tridtder r3 gt a0 81 e g e r (8mign et PéVer | ay
or a ferronmagnetic host |ayer as a continuous |ayer the intent is to

di stinguish a i



14 AU G 2002 5 continuous |layer froma discontinuous |ayer or a1ch 96&&.?&02
. of material, and is not intended to inply that the layer is a single phase
material. A magnetic medi um of the present invention has at |east one
magneti c Co-based |layer that is preferably 1 to 30 nmthick and that is
deposited on a prepared substrate. The substrate is any suitable disk
substrate, such as an alum num di sk bl ank coated with nickel phosphorus)

gl ass coated with NN A, silicon, ceramc, quartz, MO and silicon-carbide.
The substrates are covered with an und®rlayer in order to achieve the
desired crystalline orientation of the subsequently deposited ferromagneti C
host | ayer PureOrlsatplc drlaer but nderl esmayas

i ncl ude CFSERSyd3¢6ht ai T‘H% %rgﬁgng ofttd® e\(} g¥ ! The FH8ite of
substr at es°farfe¥1€tjrﬂ€i@?9%2§/e¥®/qrs adeh erfd gt e eIt & Wq@%@ﬁ Jdlgnds@ct“te@}ler to
be deposi teechiaryd wihehimt endedagppticalirgrrof tHepaorwidiiug #utkr rondgeét | C

host | ayemdgsdRiehelabbyr@ epl-NUQYs, NROReid 1S, bacar Qb@ﬁet@&efec&l&m@ﬁy

al so be a ern etic a of
Ceveral it Rnquier hethe p feg it o e Par BPOLER TR X O

nonf er r omdGTEYGTE r &GiVEHis anldnhén%‘t’—ref BFF edS 2nbodi MeHt , deps i 3fo’h%cgﬂ%3tllnéf host

| ayer i s d&hGoCunceinargf otrhet]lk&lepernéalyelammﬁhmltabrecoCanthectemgesofto

appr oxi matrelgu - 8heat @EhLg Pet LA i drat €l cdiid Crrop a1 AP Iﬁﬁb@tle&tléo ate.
In a pref Etfxra%%l%qgﬂg' ”E’ik%ela@? {%éwtkﬁom% 'h?eyea[ & Pt Ta

or Pd in th %[ % seg gating el grent o boron %?n in an
ef fective cocﬁ’dC atrtoc}ﬁ §tr§‘° hér s égr gatl g Frat €T STePude
oxi des of Iﬁp%ﬁ(ﬂ?%r%nﬁos@ﬁerw ERLFEST t i It et Bt ddrAghTve Zhe Hf,

Ag, No, WtartclArhitchaesweak| yheolpyerorand @t Toupla STegnetpoo graiins.

Mat eri al s digedoche sl AaRihieud efHOmgAeh eohbst veayetBihave Sgtiniadd @he
nmagnet i zat Qi3 {3V8); ¥alHesnhriveen approxi mately 50 and 1000 emu/cnB 14 AU
G 2002 6 The thin ferromagnetl c overlay or capping layer containing at

| east one el enent selected fromCo, Fe and N i s deposited on the

f er r omagndtiat hbst PESGER. 1The cBpPR P ayBFOFS1PFefEabiy 5l Hi gh Bdent

f er r onagnetagnatrter Labvew tthaa Satur i gbn aregwatviizat.i ohatfdl) oralred vihetween

appr oxi natsfe{t%régeggd (4900 faw CBnedbesfsitamagnekhesoven! ey Ia%dort% er ably
a material has_a si flcantlyhgher magnetic nonent 1.

times gredtSertherAanlag Jﬁ: aREnkARL teROt Rt T ét%ehéﬁnéﬂ Euwa%ttt%%/éfrery
mat eri al . Hilwh frecegdagaetens gviers .ay Tits igr ekefabiyla disperstlom gfedium
f er r omagnetarc beslFabpdscafed hasisur tageentidhel ffdnmomegnet t tohasétHager with
an effective thickness of appr oxi mately 1-40 Angstrons. In an alternative

enbodi ment, the ferromagneticg,ji ?ma Oafefl ed to as grains, contain
el ements of Pt and Pd in the raneo aE\BAl(I &Eé -75 ate or. Cr in the

r OXI
range of PoRTEEaIlyn Harts @ufpéllméﬁiﬁoﬂl? grt% h rﬁ?@%’éntnY%‘&”l &R the
f er r omagnetyicy iciee megy egria rmce?rréleepateétléd BPikA taRer TRGFS CSEC dhgamg lphase
i ncl udi ng Ee@i1Si2, orsdyaey et aagary iconmpeadiws odf Bhidhdnvedetbayers,

ferrorragneg,thq est ;L ayesss and fghr orBE et df, AvehhaYSmebntPec PF&ssMing
i nvention lepos] L gqﬁ?jéser &lg}b aqfnsffeéatw%e' fekadi 99s§?9£ﬁ§r na,

i on- beam d1 6’05| tion an ep05| ion. I's al so desirable 10 deposit a
pr ot ect i vérighercoagnesie Has afeeeh@ehgl@?faﬁltd@ﬁr phous carbon overcoat,
after depositing the ferromagnetic overlay to prevent oxidation and

degr adat i ofy qfs thgeoyga! &y td Jfceehenagnait ohest ikgyers. thagheid-@imgdi a of
the presenf, jinventiaqn have Lgoe,r g,V'% A’%HSEeE?@g'lré@eQest “‘Dn?np% RAdis: Tn

general , rragneatl c vol ume el ene h, g rains_of the
f er r omagnelts & A% Gy t‘ﬁ’@rﬂﬁ‘@ﬁetq ‘Taa%%lrngt ng?y?%%ggﬁBP t bPth &2nagFsei ¢
bit, contmdmtedior dayershe r¥atlbiekrsingaaPtife cle3dery s heCar@se o thise
rragnetl C rerrddread. vbhuhBeo PrieseHmalny eiteiron 1 heunagael ¢ conmier iial thiet h t he
hi ghest mypent..densihty, s nalelnukhenhptesd alnddvaihecguertay, is placed in
closest proximty to the read head. The nonent density of Co, for instance,
is nearly five times the nonent density of the 14 AU G 2002 conventi onal
ternary or quarternary Co alloy, which has a nonment density of about 300
enmu/cm . Thus a very thin layer of 0.5 nmof Co has nearly five tines the
nonent density of a conventional ternary or quarternary Co alloy. Therefore
a very thin layer of 0.5 nmof Co not only has an Mt equal to that of a

| ayer of 2.5 nm of conventional Co alloy, it also places the source of the
magnetic flux in much closer proximty to the read head. And because the

hi gh nonment density overlay material is placed in closest proximty to the
wite head there is also an inprovenent in witeability since during
witing the field fromthe wite head is strongest at the surface cl osest
to the head. Further nor e, the magnetl C torques~t hat are exerted by the

T - S



For ‘a fuller understandi ng of the nature and advant ages of the ﬁkéséﬂﬂﬁ 2002
«invention, reference should be nade to the follow ng detail ed description

t aken together wi th the acconpanying figures. BRI EF DESCRI PTI ON OF THE
DRAWNG Fig. 1 illustrates a cross-sectional view of a nmagnetic di sk nade
according to the prior art with a break | ayer and a soft keeper |ayer
deposited on the magnetic recording layer. Fig. 2 is cross-sectional
representation of a nmagnetic recording disk nade in accordance with the
present invention. Fig. 3 is top view pf a magnetic disk of the present
invention illustrating partial coverage of a ferromagnetic host |ayer by

the ferromagnetic overlay material. Fig. 4 is a sectional view of a portion

of the disk,_ shown i 3 represe ng the couplin mal | _qgr. s of
t he host f%rroLmagne e g g)rj %ﬁeag 63% esenty ‘?’JgJZ?rIlo 8pr°q’

ferrorragne‘f“i‘%“%ﬁﬂé?r Irﬂoﬁﬁf-’éﬁlfBﬁ?dlaar‘rdthuﬁ@hé‘?vﬁffeprré%ﬁhlﬁgtb’m magnetic bits.
Fig. 5is a Table listing magnetic data for three magnetic structures mde

}Nith CoPt Gagt1py ierwnagnesnoiaeclhoetf |t@1)éerp3:e%@§ltdiﬂ;r11fv@'rﬁﬂbnt r&cck;rrse'&a% gf
erromagne r4;ay, et erj a r.aphs of tization decay
rate ver suéé1 p%ol ed' rié\%erée FristP f‘@rggfaﬁecnﬁ thc?oéltsr’ucl?tlg wWisS et Hata i s
listed in ¥ae Tabl e of Fi gure 5. Fig. 7 are graphs of the remanent

magneti zation versus applied field for magnetic structures with CoPtCrB

ferromagnetic host | ayers anc_; Qu&.t,lﬁhzcl&?ﬁ.gﬁ@f oef permalloy (N Fe~

ferromagnetic oyer] ays. are grap magnetl zation decay rate
versus appfied r(-,Jverse ’?ngl FHem ar‘lgeessa F85§Prtucfﬁr’%’§ti‘/\ﬁ’osé‘r§ata is

pl otted i nORF@tRed 7 PYOESCRVETLON OF W@?EIIERREWENB@FWEI\HSHNQW t he
fol | ow ng det@idied deyeri phronisonidéns Mayospeaetics “host theapyr pases of

i | lustrati@nthone ofexrai nasy cab'bhhgi Ny ast %kkoa«agheeileft enaw@tlariany
vari ati onsdglg@maggdero@lt |tg@sh59 haf foll Q%ngexcei%;en?gg;n tq Ehh?gé cope of

the inventiogn. Accor

1 owi n r
i nvention &F & %eff or?% §ﬁ ll“&ss%g gete? al"f? f% %%bPJV\? ho’lft
i nposi ng | PR} ehs Hb%ﬁel{lhéh@l aﬁ?édlsl et F@PlabF?gtSPrfe 1nqep endanddy
sectional ehawgofigampoheriaatiomgderictiedsunins tkid hpackeeper ofaylercad. A

magneti c resgnding Eayess2gesedepesi bed o an@i&tlrcat@rﬁtecneaep OfThtehe
magnet i c re&%%&gné@yer o% %npésaktﬂeay% fraS dsr?gf;r]& %?%
t hi ckness of ; appr ﬁg I ons of ﬁ )ér
keeper | ayéf %}’%dleﬁ’os etcf‘e & BF‘@&Rth?/e?‘a%ﬁ‘sajdejdosrl?%?%‘?‘l tlr?é’erﬁalgnetl C
recordi ng ?-%Ly%‘r‘ botanftifldverthioneredbee Fheehogt abriver . coupl i ngexehanes
magnetic | egepledl tPhéheabneti tatdy. sOkrrksepesticayevedlagdudesmedrec to
demagnet i zakEeon té eh dféhadmafises LheBrihe BRENEL s CeitnBSI &i 88St1@CAIded in
the magnetig,éRYSf Rerromagnetic material, a discontinuous layer in the
form of a dispersion of islands or grains of ferromagnetic
material, or a multiple phase layer containing islands or
grains of a first ferromagnetic material separated by a second
non-ferromagnetic materjial. Because the ferromagnetic overlay
can be a discontinuous film or dispersion of material, it is
convenient to refer to an ‘effective thickness” which is the
thickness that would be attained with the same particle flux
from the deposition apparatus for a film exhibiting continuous
coverage. In addition, because multiple phase materials are
also considered as ferromagnetic overlays, it is convenient to
refer to effective concentrations of materials, which describe
an average concentration of a material in the overlay. When
referring to either a ferromagnetic overlay or a ferromagnetic
host layer as a continuous layer the intent is to distinguish a



1 ~r' AU G 2002 9 Figure 2 shows a cross-sectional view of a maq tALG %[]02
erecording disk 10 nade in accordance with the preferred enbodi nent of 't
present invention. The disk 10 uses a substrate 11, which is preferably a
substrate of al um num coated with nickel phosphorus, but can also be a

gl ass, silicon, ceramc quartz, MJO or silicon-carbide substrate. A

Cr - based underl ayer 13 is deposited on substrate 11. A ferromagnetic host

| ayer 15 is preferably a continuous ferg omagnetic | ayer deposited on
underlayer 3. The ferromagnetic host [fayer nay al so be one or nore of the
ferromagnetic filns used in a magnetic recording disk that has a | am nated
type nmagnetic recording~l ayer, as_described, for exanple, in IBMs U.S
Patent 5, CSPRUESOUFhdAYRTelFaed WFGORtABHOEFt LAYDN Phe® sHvRTAten12Et o
facilitat enadtwrisuibsegu@nis depbsinktendaddtgr awpi vofthielte tHost ldwgreridsa It is
wel | knoungifiale g@pesi mbbgrSgeci fic Cr-based underl ayers can enhance the
grow h processes of subsequently deposited ferromagnetic |ayers. Pure Cr is

typically used an un but underl ayers wit e of V,

Ti and O r%ym%?ls%tlb T}se%imi’ nxf hE"Gr BEBRERT n%éﬁ?‘?%’n‘m %‘? Frg ﬁgf‘ﬂi ﬂBgt

| ayer 1S i@ EICr Corrayed- Bvarmtbaicks tpreferdly datar é@l%ﬁ YhigieBhgat i on
val ue (Ms)theset weend&p@sitdd (o) ) mmpareemshhsthatehe Phef enbadrembods ment
the ferromagnesiCediosd Hayer sdbs @S COi@ Ngs aBneketRNhuAf abdx Faagk Pt in

the range @Jaéedzal%%enﬁggeth@p%% Contsiass cvgat@daal ﬂfﬁﬂii, silicon

concentration 1,n the range as a segre tlng material for
the CoOr FFTYPgr al‘ﬂ‘sart(ﬁ heﬁgoséﬁgeﬁé%i’-ﬁ@nn%‘%’etﬂdﬁ 'S |'Ir‘ﬂ’9 GtéﬁdaSF‘Oz A
thin ferromprad cwbber Pay UpBegdayarniing aiddeast epkievemthe desCoedFe and
NI and w tdraatelfeakl vertikintkidss beifveamel - AhAnNgsidonby i sddppestead on

the ferronpgnelisgrest hayerla%r .The,pyeg}t aJys natehiiahl hasadr My, al e

bet ween 5 over.| tery has a;Np, val e, that |s
substanti gfrgugq% ;ﬁ% t gn t]%o lncfl {% eEra rjr:o Contal St ?% er mi’terl al. In
an al ter na‘f‘?\/e e i }t%é:hﬁtl€§eﬁtf FHP@EF?B‘?Ft?‘fed ury er@aﬁ(etﬂs 18002 , 0
f er r omagnedsrensiant op atlfseb fymearase e ehenentaxdr o dre Riedasitied padge of
1-75 ate. tie ifrerancirEgaebil Ccaviaid ay gAY aésdburgontain G in a range of
approxi mately 1-35 at$. The ferromagnetic overlay may also be a dispersion

of islands, of_grains,of; f %%E?"?%grelt ;]f rp%ggf'eerlb Lhat .are. seqr eQﬂaE}gnreltg¥s  hat

nonf er r ons ne?lc S “red Segrégatin
may be useFSHEHh aP’gFr oﬁ’gbrf@y @150ePr ay sPHFC TS Fﬁ5€ﬂ’f‘?%ﬁ ciichede B,

Co0 and Sibayey tthat Hendfitéeaned cbepusiaft seyeneénneoiads dardyon igy &heoat
layer 19 adter wepdsidid ngitheeter rbvmgneidce over laayl t nopfevenmaguetace
oxi dation gdgidies under lybre sk ayel %-mbEBQHEEt?’ 4 l{distohabast dctiapstvilgweof the

magnetic dj sk, Oéoéé‘ete‘lfrﬁa torh§¥§”EéPA‘a "1‘1%9 E%@Efl'é‘é fr?vﬂgéﬂgzea?e Lie

ferrorragnetlc host erroma |c cappl | ayer or o rIay The
clear circfRBTPEHP %5% $aifris 31°%h8 T SRl | B ond Jrai ¥ of °t he
ferr orragne@PErWSs%‘aFﬁ}éfr aRd Et‘?fe hat dmedaci PERESTFEFr eSBRPAERENs| &REs or
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ot her large grains. ef fective magnetic volunes o e snall gral ns
33 are |nc1@@1@eeinum3oh t hereby inproves their thermal stability. Figure 4
is a sectional view through a portion of the ferromagnetic host |ayer and
cappi ng Layer depicted in Figure 3 and illustrates the mcrostructure of
the magnetic recording | ayer that conprises the ferromagnetic host |ayer 15
and the capping layer 17. The ferromagnetic host |ayer 15 contains 1~
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grains 31, 33 or groups of grains that are physically separate‘pllr m@BeQ 92y
. by a nonferromagnetic segregating material 21.. Segregation of the grarns
is acconplished by the inclusion of an el enent or elenents during
deposition of the ferromagnetic host |ayer 15. The preferred segregating
material is B) but Si02, CoO and transition nmetals of Ti, Zr) Hf, Ag, Nb,
Wand Au, which do not strongly couple magnetic grains, are also useful as
grain segregating materials. In the prgferred enbodi nent the ferronagnetic
host Layer 15 is fornmed of CoPtCrB, with some of the added B and C serving
as segregating material 21. The segregating material used is i-' preferably
incorporated into the ferromagnetic host |ayer with - an effective host

| ayer conceRfr &Rint ¢Tr AAHRFE CoPVEF2BY afE. CTHRI B gt B | T TetdrPaptal
acts as anleasul atorelamanedused ecnedr £gomnCd arFeoupd iNig bhddepdtwsdeach
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f er r onagne®¥ cP¥per omi thvnera Jumymagneti®- overlay, row 2 lists the
magnetic data for a structure made with a CoPtCrB host | ayer and a Co
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prepared without a ferromagnetic overlay, line ~2 is the magnetization
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nt_ymagneti zat,i,on p fleld
for three magn E:aréct‘?'uc’t%r%‘ia]é t%Ji neiqrrlkg "SSPt aB eﬁn]e(?% féejernrsoﬁ gﬁ%?l ¢ °host
| ayers. A first sanple (line 51) has no ferromagnetic overlay, a second
sanple (line 52) has a NiFe ferromagnetic overlay with an effective
t hi ckness of 10 Angstrons on the CoPtCrB all oy 14 AU G 2' 002 13
ferromagnetic host layer, and a third sanple (line 53) has a N Fe
ferromagnetic overlay with an effective thickness of 25 Angstrons on the
CoPtCrB all oy ferromagnetic host |ayer. The curves illustrate a decrease in
remanent nagneti zation M and inproved coercivity squareness S* with the
i nclusion of Ni Fe ferromagnetic overlays. Furthernore, continued reduction
of H- and increase in S* are observed with increasing thicknesses of N Fe
ferromagnetl o ovexl ays havi ng an effectl ve th| ckness up to 25 Angstroms
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In . Figure 8 the nmagneti zati on decay curves for the sanples deékhiHHdEMQBﬂz
respect to Figure 7 are plotted. The line 61 corresponds to the sanple

wi thout a Ni Fe ferromagnetic overlay, line 62 corresponds to the sanple
with a NiFe ferromagnetic overlay having an effective thickness of 10
Angstrons and line 63 corresponds to the sanple with a Ni Fe ferronmagnetic
overlay having an effective thickness of 25 Angstrons. The sanples with the
Ni Fe ferromagnetic overlays exhibit inmproved thermal stability over the
sanple without a ferromagnetic capping layer. Wiile the present invention
has been particularly shown and described with reference to the preferred
enbodlnents it owill understood b%gghose skl n the ar h@et vari ous
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field from the write head is strongest at the surface closest

to the head. Furthermore, the magnetic torques” that are
exerted by the applied field from the write head are emplified
by the increased moment density of the ferromagnetic overlay.
The present invention therefore offers improvements in writing
by combining the strongest write field magnitudes with the
largest magnetic torgues at the surface of the magnetic
recording layer in the medium.

For a fuller understanding of the nature and advantages of
the present invention, reference should be made to the
following detailed description taken together with the
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 illustrates a cross-sectional view of a magnetic disk
made according to the prior art with a break layer and
a soft keeper layer deposited on the magnetic recording
layer.

Fig. 2 is <cross-sectional representation of a magnetic
recording disk made in accordance with the present
invention.

Fig. 3 is top view of a magnetic disk of the present invention
illustrating partial coverage of a ferromagnetic host
layer by the ferromagnetic overlay material.

Fig. 4 is a sectional view of a portion of the disk shown in
Figure 3 representing the coupling of small grains of
the host ferromagnetic laver by islands of



d) a ferromagnetic overlay fornmed on and in contact with said h f%
~and conprising at |east one el enent selected fromthe group conS|stfﬁg 2002
Co, Fe and Ni, said ferromagnetic overlay having an effective thickness in
the range of approximately of 1 to 40 Angstrons, wherein said granul ar
ferromagnetic Co host |layer and said ferromagnetic overlay are either both
ani sotropic or both isotropic, and wherein said ferromagnetic overl ay
reduces the coercivity of said magneti,c recording nedium 2. The recording
medi um of claim 1 wherein said ferromagnetic overlay further conprises an

el ement selected fromthe group consisting of Pt and Pd. 3. The recording
medi um of claim 1 wherein said ferromagnetic overlay further conprises Cr.
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permalloy (NiFe) ferromagnetic overlays.
Fig. 8 are graphs of magnetization decay rate versus applied
reverse field for the same magnetic structures whose
data 1s plotted in Figure 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Although the following detailed description contains many
specifics for the purposes of illustration, one of ordinary
skill in the art will appreciate that many variations and
alterations to the following details are within the scope of
the invention. Accordingly, the following preferred
embodiments of the invention are set forth without any loss of
generality to, and without imposing limitations upon, the
claimed invention.

Figure 1 is a cross sectional view of a prior art magnetic
medium 5 with a keeper layer 9. A magnetic recording layer 2
is deposited on a substrate 3. On top of the magnetic
recording layer 2, a thin Cr break layer 7 is deposited to a
thickness of approximately 25 Angstroms. On top of the break
layer 7, a keeper layer 9 is deposited. The break layer 7 is
deposited on the magnetic recording layer 2 to prevent or
reduce inter-granular coupling in the magnetic layer 2. The
magnetically soft keeper layer 9 reduces the demagnetization
field that arises from the magnetic transitions recorded in the

magnetic layer 2.



10. A magnetic recording disk conprising: a) a disk substrate; b1 zlanA\UG 2002
~underlay conprising C deposited on said disk substrate; c) a granular
ferromagnetic host |ayer conprising a Co alloy conprising CoxCrY wherein
20<x<85 and 0O<y<30 atom c percent, and 40<(x+y)<90; and d) a ferronmagnetic
overly conprising at |east one elenent selected fromthe group consisting
of Co~, Fe" and NI", wherein O<u<100, 0O<v<100 and 0<w<100 atom c percent,
and SO<(u+v+w) <100 atom c percent, wherein said ferromagnetic overlay has
an effective thickness of 1.0 to 40 Angstrons and is in contact with said
host | ayer, and wherein said ferromagnetic overlay reduces the coercivity
of said magnetic recordi ng nmedi um 1 ~ A UG?2002 11. The recordi ng disk
of claim 10 wherein said disk substrate is selected fromthe group
consi sti ngFéguakufi Abaveoat edosw tdeatiickell pHewphér as maghass ccerateddimd h
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| ayer i ncl 4@ ayer e ferromagnetic host Ilayer may also be one or
more of the ferromagnetlc films used in a magnetic recording
disk that has a laminated type magnetic recordingﬁlayer, as
described, for example, in IBM’s U.S. Patent 5,051,288. The
undérlayer 13 is deposited on the substrate 11 to facilitate
the subsequent deposition and growth of the host layer 15. It
is well known that depositing specific Cr-based underlayers can
enhance the growth processes of subsequently deposited
ferromagnetic layers. Pure Cr 1is typically used as an
underlayer, but underlayers with an element of Co, V, Ti and O
may also be used in the present invention.

Ferromagnetic host layer 15 is a CoCr alloy 1-30 nm thick that
has a saturation magnetization value (Mg) between

50-1000 emu/cm3. In the preferred embodiment, the
ferromagnetic host layer 15 also contains an element of Pd, Ta
or Pt in the range of 1-25 at% and may also contain B with an
effective concentration in the range of 1-20 at% to act as a
segregating material for the CoCr alloy grains. Other
segregating materials include CoO and SioO,.

A thin ferromagnetic overlay 17 containing at least one element
of Co, Fe and Ni and with an effective thickness between
1-40 Angstroms is deposited on the ferromagnetic host layer 15.

The overlay material has a Mg value between 50-1900 emu/cm3.

The overlay material has a Mg value that is substantially

higher than that of the ferromagnetic host layer material. 1In
an alternative embodiment of the present invention the



segregating material selected fromthe group consisting of CoOQ SiOz. and

B. 16. The recording disk of claim10 wherein said granular f 0 '
host | ayer conprises ferromagnetic grains segregated by a tra(r-:l'sz %Eﬁngz

segregating material conprising an el enent selected fromthe group
consisting of Ti, Zr, Hf, Ag, Nb, Wand Au, and wherein the effective host
| ayer concentration of said transition netal segregating material is in a
range of 1 to 20 atomi c percent. 17. T{he recording disk of claim 10 wherein
said overlay is a granular overlay conprising ferromagnetic grains

I ncluding a segregating material selected fromthe group consisting of CoQ,
Si 02 and B. 18. The recording disk of claim 10 wherein said overlay further
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overl ay. this invention include B, Co0 and SiO3. It is beneficial to

deposit a conventional carbon overcoat layer 19 after
depositing the ferromagnetic overlay to prevent surface
oxidation of the underlying layers.

Figure 3 illustrates a top view of the magnetic disk of the
present invention showing partial coverage of the ferromagnetic
host layer by the ferromagnetic capping layer or overlay. The
clear circles represent grains 31 and 33 or collections of
grains of the ferromagnetic host laver and the hatched
circles represent the islands or grains 34 of the ferromagnetic
overlay material deposited on the surface of the ferromagnetic
host material. The larger clear circles represent larger
grains 31 that have sufficient volume to be thermally stable,
while the smaller clear circles represent smaller grains 33
that are thermally unstable in the absence of the ferromagnetic
overlay material. By providing ferromagnetic overlay grains 34
on the surface of the ferromagnetic host layer grains 31 and
33, the smaller grains 33 are magnetically coupled through the
overlayer grains 34 that bridge the host layer grains together,
while the larger thermally stable grains 31 remain largely
uncoupled to other large grains. Thus the effective magnetic
volumes of the small grains 33 are increased, which thereby
improves their thermal stability.

Figure 4 1is a sectional view through a portion of the
ferromagnetic host layer and capping layer depicted in Figure 3
and illustrates the microstructure of the magnetic recording
layer that comprises the ferromagnetic host layer 15 and the
capping layer 17. The ferromagnetic host layer 15 contains



~ ~au s 2002 -20 23. A nethod of naking a magnetic recording

nmet hod conprising the steps of: a) providing a substrate; b) d

chbs

um said

Aligepany

under | ayer on said substrate; c) depositing a granular ferronagnetic

all oy host layer on said underlayer with a thickness in the range of
approximately 1 to 30 nanoneters, wherein a maxi mum atom ¢ percentage of Co
in said granular ferromagnetic Co all oy.host |ayer is 70% and d)
depositing a ferromagnetic overlay on said host |ayer, said ferromagnetic
overlay conprising at |east one elenent selected fromthe group consisting
of Co, Fe and N, and having an effective thickness in the range of

host IayeF and" gai

appr oxi mat el y. of to 40 Angstrons, wherein_said anul ar ferromn
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ALY DA inBALuA i oY AD. A8 - Aement or elements during deposition of the
ferromagnetic host layer 15, The preferred segregating

material is B, but 8i0,, CoO, and transition metals of Ti,

Zr,

Hf, Ag, Nb, W and Au, which do not strongly couple magnetic

grains, are also useful as grain segregating materials.

In

the

preferred embodiment the ferromagnetic host layer 15 is formed
of CoPtCrB, with some of the added B and Cr serving as
segregating material 21. The segregating material used is
preferably incorporated into the ferromagnetic host layer with
an effective host layer concentration in a range of 1-20 at$.
The segregating material 21 acts as an insulator to reduce
inter-granular coupling and allows each grain to act
independently of one another. Figure 4 also illustrates how
grains 34 of the capping layer 17 magnetically couple the small
grains 33 with adjacent grains 31, resulting in an increase in
their effective magnetic volume. A preferred material for an
overlay that includes a nonferromagnetic material that results
in segregation is CoCr, which can be deposited over the host
layver 15 by sputter deposition from a CoCr target. In such an
embodiment where the ferromagnetic CoCr overlay has an
effective thickness sufficient to form as a continuous film,
unlike the discontinuous overlay 17 depicted in Figure 4, it is
believed that the Co-rich islands or regions of grains 34 would
be separated by Cr-rich regions between the grains 34.

In Figure 4, two magnetic bits are represented by the arrows,
with the arrows facing right representing magnetization of
those grains in one direction and the arrows facing left
representing magnetization of those grains in the opposite
direction. In the preferred embodiment of the invention the

magnetic moment of the material forming the ferromagnetic overlay

is equal to or greater than 1.5 times the magnetic moment
of the material in the ferromagnetic host layer.
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exhibits an improved SNR.

Figure 6 illustrates the most profound improvement observed for
samples made according to the present invention, namely
improved thermal stability. In Figure 6 the magnetization
decay rates (also called “viscosity”) as a function of applied
reverse field are plotted for the three samples of the table of
Figure 5. The line 41 is the magnetization decay curve for the
sample prepared without a ferromagnetic overlay, line 42 is the
magnetization decay curve for the sample with a Co
ferromagnetic overlay having an effective thickness of
3 Angstrxoms, and line 43 is the magnetization decay curve for
the sample with a Co ferromagnetic overlay having an effective
thickness of 6 Angstroms. These demagnetization curves show a
clear improvement in thermal stability for samples with a Co
overlay that continues to improve with ferromagnetic overlay
thickness.

Figure 7 illustrates the effect of using permalloy (NiFe)
ferromagnetic overlays to achieve improved thermal stability
and magnetic transition squareness. Figure 7 is a plot of the
remanent magnetization M, versus applied field for three

magnetic structures containing CoPtCrB alloy ferromagnetic host
layers. A first sample (line 51) has no ferromagnetic overlay,
a second sample (line 52) has a NiFe ferromagnetic overlay with
an effective thickness of 10 Angstroms on the CoPtCrB alloy
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ferromagnetic host layer, and a third sample (line 53) has a
NiFe ferromagnetic overlay with an effective thickness of
25 Angstroms on the CoPtCrB alloy ferromagnetic host layer.
The curves illustrate a decrease in remanent magnetization M,

and improved coercivity squareness S* with the inclusion of
NiFe ferromagnetic overlays. Furthermore, continued reduction
of H., and increase in S* are observed with increasing

thicknesses of NiFe ferromagnetic overlays having an effective
thickness up to 25 Angstroms. Note that S* correlates to the
slope of the M-H curve by the following relationship:

AM, /AH e = M,/ (H, (1-8%))

In contrast to the structures with the Co overlays in the table
of Figure 5, the 25 Angstroms thick NiFe overlay whose data is
shown in line 53 of Figure 7 is a continuous layer that covers
the entirety of the underlying host ferromagnetic layer.

In Figure 8 the magnetization decay curves for the samples
described with respect to Figure 7 are plotted. The 1line 61
corresponds to the saméle without a NiFe ferromagnetic overlay,
line 62 corresponds to the sample with a NiFe ferromagnetic
overlay having an effective thickness of 10 Angstroms and
line 63 corresponds to the sample with a NiFe ferromagnetic
overlay having an effective thickness of 25 Angstroms. The
samples with the NiFe ferromagnetic overlays exhibit improved
thermal stability over the sample without a ferromagnetic

capping layer.

While the present invention has been particularly shown and
described with reference to the preferred embodiments, it will
be understood by those skilled in the art that various changes
in form and detail may be made without departing from the
spirit and scope of the invention. For example, while in the
preferred embodiment of the invention the ferromagnetic host
layer is a continuous granular magnetic layer, the capping
overlays described above can also be deposited on patterned
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magnetic layers that have been patterned to provide discrete
magnetic bit regions or discrete tracks.
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What is claimed is:

1. A magnetic recording medium comprising:

a)  asubstrate;

b) an underlayer on the substrate;

¢) a granular ferromagnetic Co alloy host layer formed on said
underlayer and having a thickness in the range of approximately 1
to 30 nanometers, wherein a maximum atomic percentage of Co in

said granular ferromagnetic Co alloy host layer is 70%; and

d) a ferromagnetic overlay formed on and in contact with said host
layer and comprising at least one element selected from the group
consisting of Co, Fe and Ni, said ferromagnetic overlay having an
effective thickness in the range of approximately of 1 to 40
Angstroms, wherein said granular ferromagnetic Co host layer and
said ferromagnetic overlay are either both anisotropic or both
isotropic, and wherein said ferromagnetic overlay reduces the

coercivity of said magnetic recording medium.

2. The recording medium of claim 1 wherein said ferromagnetic overlay further

comprises an element selected from the group consisting of Pt and Pd.

3. The recording medium of claim 1 wherein said ferromagnetic overlay further

comprises Cr.

4. The recording medium of claim 1 wherein said ferromagnetic overlay includes
grains of ferromagnetic material segregated by segregating material selected

from the group consisting of CoO, Si0O,, and B.

5. The recording medium of claim 1 wherein said ferromagnetic Co alloy host layer

includes Cr.
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comprises an element selected from the group consisting of Pd, Ta and Pt.

7. The recording medium of claim 5 wherein said granular ferromagnetic host layer
further includes a segregating material selected from the group consisting of
CoQ, Si0,, B, Ti, Zr, Hf, Ag, Nb, W and Au.

8. The recording medium of claim 1 wherein the material of said ferromagnetic
overlay has a magnetic moment density at least 1.5 times greater than the

magnetic moment density of the material of said ferromagnetic host layer.

9. The recording medium of claim 1 wherein said ferromagnetic overlay is a

continuous film of a NiFe alloy.
10. A magnetic recording disk comprising:
a)  adisk substrate;
b) anunderlay comprising Cr deposited on said disk substrate;

c¢) a granular ferromagnetic host layer comprising a Co alloy
comprising Co,Cry wherein 20<x<85 and 0<y<30 atomic percent,
and 40<(x+y)<90; and

d)  a ferromagnetic overly comprising at least one element selected
from the group consisting of Co,, Fe, and Ni,, wherein 0<u<100,
0<v<100 and 0<w<I100 atomic percent, and 50<(u+v+w)<100
atomic percent, wherein said ferromagnetic overlay has an
effective thickness of 1.0 to 40 Angstroms and is in contact with
said host layer, and wherein said ferromagnetic overlay reduces

the coercivity of said magnetic recording medium.
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11. The recording disk of claim 10 wherein said disk substrate

is selected from the group consisting of aluminum coated
with nickel phosphorus, glass coated with NiAl, silicon,
ceramic quartz, Mg)d and silicon-carbide.

12. The recording disk of claim 10 wherein said underlayex
further comprises an element selected from the group
consisting of Co, V, Ti and O.

13. The recording disk of claim 10 wherein said ferromagnetic
host layer 1s 1n the range of approximately 1 to 30
nanometers thick

14 The recording disk of claim 10 wherein said ferromagnetic
host -layer further comprises an element selected from the
group consistaing of Pd,, Ta,, Pt, in a range of 1<z<20

atomic percent, and wherein 40<(x+y+7)<100 atomic percent.



U10 U3 10% U& ()- sttttttKuuuV7w 10

. S100@& ()-! 109Z& () - 109Z& () - $10%%& ()- 10ee 1l0ee 10ee!3 14 AUG 2002
"10%e& () - uuFwgwnwxx*?2uViwW 10 @

S100@& ()-! H 10% ()-g! @(10%: ()-! 10%%Z& ()- @

109Z& ()-9! 109Z& () - xyayyyyyyydYNCW 10 -18Z 10z

1025+ 1002& () - (! 109Z& () - @%

1092& () - SHIQWL& f)) ; égecclbr%i?rgéz(%slg bE ¥R BAFREYH R igepro%jag]%tic host layer include a

segregating material selected from the group consisting of CoO, SiO;. and B.

16. The recording disk of claim 10 wherein said granular ferromagnetic host layer
comprises ferromagnetic grains segregated by a transition metal segregating
material comprising an element selected from the group consisting of Ti, Zr, Hf,
Ag, Nb, W and Au, and wherein the effective host layer concentration of said

transition metal segregating material is in a range of 1 to 20 atomic percent.

17. The recording disk of claim 10 wherein said overlay is a granular overlay
comprising ferromagnetic grains including a segregating material selected from

the group consisting of CoO, SiO; and B.

18. The recording disk of claim 10 wherein said overlay further comprises an
element selected from the group consisting of Pt; and Pd; in the range of 1<t<75

atomic percent, and wherein 75<(t+u+v+w)<100 atomic percent.

19. The recording disk of clam 17 wherein said grains of said ferromagnetic overlay
further comprise Crs in the range of 1<s<25 atomic precent, and wherein

75<(s+u+v+w)<100 atomic percent.

20. The recording disk of claim 10 wherein the coercivity of said disk is between 2
and 20 kOe.
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21. The recording disk of claim 10 wherein said underlayer is
200 to 1000 Angstroms thick.

22. The recording disk of claim 10 further comprising a
protective carbon overcoat on said ferromagnetic overlay.
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23. A method of making a magnetic recording medium, said method comprising the

steps of
a)  providing a substrate;
b)  depositing an underlayer on said substrate;

¢) depositing a granular ferromagnetic Co alloy host layer on said
underlayer with a thickness in the range of approximately 1 to 30
nanometers, wherein a maximum atomic percentage of Co in said

granular ferromagnetic Co alloy host layer is 70%; and

d) depositing a ferromagnetic overlay on said host layer, said
ferromagnetic overlay comprising at least one element selected
from the group consisting of Co, Fe and Ni, and having an
effective thickness in the range of approximately of 1 to 40
Angstroms, whereln said granular ferromagnetic Co host layer and
said ferromagnetic overlay are either both anisotropic or both
isotropic, and wherein said ferromagnetic overlay reduces the

coercivity of said magnetic recording medium.



