;e3de]l|]rrs\xxdB|6x|T])" " ' ' 1 8 NOV:2002 -1 ULTRA- THI N NUCLEATI ON béﬂ@%zmz
FOR MAGNETI C THI N FI LM MEDI A AND THE METHOD FOR MANUFACTURI NG THE SA

FI ELD OF THE | NVENTI ON The present invention relates generally to nagnetic
recording nedia used in rigid disc drives commonly used for conputer data
storage and net hods of nmaking the sane. BACKGROUND In the hard disk drive

I ndustry) the ever-increasing recordidb‘density demands conti nuous
|nprovenent in _hard disk recordi nﬁ la sQ as to su Eprt a hlgher Li near

recor di - ERASTHIN NURLHATIAN MYE W%%%@Tﬁ'fmﬁ REMBDIAAND: THE
density (thousands of MEZ Miensity is
proportional to the product of KFCI and KTPI, and is typically expressed as
gi gs-bits per square inch (Gb/in2). Currently the recording density is

I ncr easi nEEID OFTRENNVENTION grow h rate of 60% In order for the nedia to
be able to support the high KFCl (e.g.) over 200 KFCl), the pulse width

( PVBO- pul se vmm:rcipreéenw%cﬂhoaubmcsagmﬂctm}d&» maggelic terobdingmedinlusedis
possi ble to reduce the inter-synbol interference so that high resolution at

hi gh rec { &?Hm I ' | as the
pul se arrglhlqltlﬂge&gdg&?négéh %ﬁén%ﬂdﬁggemigﬁgsgﬁ gag%pnlﬁﬁ%% e at | ow

making the same.

BACKGROUND

In the hard disk drive industry, the ever-increasing recording density
demands continuous improvement in hard disk recording media so as to support a
higher linear recording density (thousands of flux changes per inch—KFCT) and
track density (thousands of tracks per inch—KTPI). Recording density is
proportional to the product of KFCI and KTPI, and is typically expressed as
giga-bits per square inch (Gb/‘mz). Currently the recording density is increasing

at compound annual growth rate of 60%.

In order for the media to be able to support the high KFCI (e.g., over 200
KFCI), the pulse width (PWs;—pulse width at 50% of pulse amplitude) needs to

be as small as possible to reduce the inter-symbol interference so that high
resolution at high recording density can be obtained. The resolution is defined as

the pulse amplitude at high frequency divided by the pulse amplitude at low

AT
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18 NOV 2002 -2 frequency. Based on generally known nagnetic recordin

theory, in order to reduce PW0 and hence increase resolution, the n’g@HBHW
recordi ng medi a nmust have high coercivity) Hc. For today's typical

recording density of 2 Golin2) the value of He needs to be on the order of
2500 Ce, and in future it needs to be 3000 Ce or nore for even higher
recordi ng density., O her neans of reducing PW0 |ncI ude increasing the
hysteresis | oop squareness, generally defined as "S" which is ratio of
remanent to saturation magnetization (M/My), increasing the coercivi ty

squar enes , ipcreasing the remanent c erC|V| uar enes

and narrogﬁeﬁﬁe‘%‘ﬁ’e Basadcon ggnqr?ﬁ)/ﬁfﬂawgtfrl%‘eﬁ CofFepr g,tﬁeorgslrhggdgf §%ed by’
Wl liamand Corastock in "An Analytical Mdel of the Wite Process in
Digital I\/bagimtl ngaml tienge incfeake Fesolitivie the mgRetc sectirdgg madivbgustt | ¢
Materials 5, (1971) For increased TPI, the nedia should al so have

N gh He g Subpart o b ghor . Liadk comressl BAILy (QT0L GG s, he
value of Hcneeds to be on the order of 2500 Oe, and in future it needs to be 3000
Oe or more for even higher recording density. Other means of reducing PW,
include increasing the hysteresis loop squareness, generally defined as "S" which
is ratio of remanent to saturation magnetization (Mr/Ms), increasing the
coercivity squareness "S*", increasing the remanent coercivity squareness
"S¥ . » and narrowing the switching field distribution ("SFD"), as described by
William and Comstock in "An Analytical Model of the Write Process in Digital

Magnetic Recording,” A.LP. Conference Proceedings on Magnetic Materials 3, p.
738 (1971).

For increased TPI, the media should also have high H to support a high

off track compressibility (OTC). OTC is the measure of how much the
individual tracks can be squeezed together before they start to interfere with each

other and degrade the error rate as the track being squeezed. For example, in
order to support 10 KTPI, the H, of the media should be equal to or higher than
2500 Oe. In summary, in order for the media to be able to support high areal

recording density, H; of the media must be as high as possible.



i ndi vidual tracks can be squeezed together before they start to interfey B0V 2002
with each other and degrade the error rate as the track being squeezed. For
exanple) in order to support 10 KTPI, the Hc of the nedia should be equal

to or higher than 2500 Ce. In summary, in order for the media to be able to
support high areal recording density,_kic of the nedia nust be as high as

possi bl e. 1 8 NOV 2002 -3 O her paraneters of inportance for recording
performance are overwite (OW, signal to noise ratio (SNR), and total
non-linear distortion (TNLD). Overwite is a neasure of the ability of the
medi um to accomodate overwiting of existing data. In another words, OWNis

a neasure of what remains of a first signal after a second signal (for

exanpl e of a di ag Wriide Ped¥BhiaidicareldvdirRdte dat a.
ONwill be |ow%@€%§gﬂmﬂgﬁ€m§%{%°mfi ¢ T8 Reclirtilg PeTiaddacardray gnal still

remai ns af over-witi.ng. i ener.all f . e . civity, the
squar enes s@ﬁdm@%ﬁ,\%@l&‘? f%‘?f’é\@f@%gﬁ% tgk}%ﬁf%ﬁ%&hcﬂgﬁﬁa%rpng@g%cor di ng,

hi gher He &Edia,vvi_ll be pref rreglgl.or rrower PWh0 and hi gh resol ution.
Hovever, aVPRiEAs@ MRadiie b tpAiny ol hemriam (R acERmmOda: favrikingw
Thus, there is a need in the art to inprove the S and the SFD to_obtain

i mpr ovenenefexisting\daer Ia agiother werdsHOY ing sacasuss of Whepremmains efedirstnd
narrow switching field distribution can be obtained by having uniform

di stri but i signaif aftdren gpcand sigrad (foi exémpleccli @ differenh freqhermtyd hasbeed i s
inmportant for increased KFCl and KTPlI is that the signal to noise ratio

nust be newritfenaster TeoHgiiab daant O Wbl BeSotwoShBof Wheh hegsikieshd oni cs and
t he channel used to process the nagnetic signal. But there is also

intrinsic I i & : . Qi t zed t
contri buti %ﬁbtﬁgt %%gﬁlrrﬁel%?g@g} g%ﬂ ?@h%lgyné‘?tg?gg ?dom ﬁeol\irf?gg%gér%ﬂgl e (or 1
8 NOV 2002 g4 .intercrystall.in magneti ¢ excha i ractj.on. JO suppress
thi's exchabiiectebdrit EBbRIvibh dbe SAMRRAH A BROSER!Hafe Bedifl; £E 77'0h each
ot her by ope or re npnmagnetic el e ts (such, Cr ato or conpounds.
The armuntRH\““s SN fﬁg%ll“b% bigher cfll%ﬁé %Pﬁeng'F fAEPRTPWeRe a
significant reduction in intergranul ar exchange coupling. Another source of

intrinsi c Fgeanddiigh resolutien.s Hoawveyer, dinrinorsiase inHct ik genemiytaccompanied As
the recording density approaches 2 Gb/in2 and beyond, the bit size al ong

the track yltaR&ionin'GW.OTHGS, BEreGsh A¥¥4Gh the art to improve the S* and the
SFD to obtain improvements in OW for a given Hc. High hysteresis loop

squareness and narrow switching field distribution can be obtained by having

uniform distribution of the grain size of the media.

Another factor which is important for increased KFCI and KTPI is that the
signal to noise ratio must be maximized. There are contributions to SNR from
the electronics and the channel used to process the magnetic signal. But there is
also intrinsic noise from the media that must be minimized. The largest

contribution to the media noise is generated from the interparticle (or



| ess. Therefore to prevent the excessive noise arising fromthe physi ?GlNOV 2002
di nmensi ons of the grain) the dianeter of each nagnetic grain on the average
shoul d be approximately 0.01 um (10 nm or less for nmedia in the 2.0 - 2.5
Go/in2 nedia range. The grain size should be approximately 7.5 nmor |ess
for 5 Gb/in2 media, and should be apprgximately 5 nmor less for 10
Go/in2media. Intrinsic nmedia noise has been theoretically nodeled by J. Zhu
et al. in "Mcromagnetic Studies of Thin Metallic Filmnms" in Journal of
Appl i ed Physics, Vol. 63, No. 8, (1988) p. 3248-53 which is incorporated by
reference herein. T. Chen et al. also descri bf t he sour,ce of intrinsic

medi a noi d¥ercrystalling) magnefic grehange Interaction, o SURRKSHYHHS AXEha8e Thi n- Fi I m
Longi tudi nal Recording Media" in | FFA Transacti ons on Magnetic, Vol. 24,

No. 6, (| &8syachon2on®must iselash the magseti¢ anstas fzane ¢aply other dyemeeother ei n.

1 8 Nov 200Z -5 There is another intergranular interaction) called

magnet ost aidre nonergaetic elements (fuchcdsCoatem)aorneorhpaursist Efhedambamosf bet ween
particles as conpared to the exchange interaction. Reducing the

magnet ost @ééz&aﬁ@ﬁ QEEd be Yl A Few £2YE6mis ThF tHete Go BRH dghificast Adduehibn Yn
However, the effects of nmegnetostatic interaction actually inprove

o o | oss Bt BUERERR ARPURE, I, BEMMor Sl e BAbE B0 "

and ON Therefor.e, magnetostatic interaction is generally desirable and
ence ol A AITAIIN e AEHELC B0 i B TP AR foasy ARAPRDED dr anet er
t hat needs tozbe reduced for high density recording, and it cones about

f rom i nt eiGb/irbodnd beyorids thmb sizet alerg thadirade mtill Hiet in) tha rdderasft 0.4 Ipumroasur e of
a bit at the transition during witing. TNLD can be reduced by increasing

the coerciyit e‘?&%ﬂo&ﬂ%«%ﬁg@g @%@ﬁe%@&ﬁﬁﬂ%ﬁ@gn ¢ gﬁggsélﬁ ducing the

filmthickness roni1n remanence ct MT. TNLD
is also inproved b rienting the easy.magneti zation.direction of the
magnet i ¢ GUPEPSORS Of the geain the disipeter OF ra maghRic 22in oY 06 EVEREPS
desirable pot, only for TNLD but al sQ for PW0 as nenti oned i)revi ously.

Si nce TNLBbPRK e aprroximately Pdddim; (1§ naaher logs tor medigein thei2.0s D coni ng an

i nport ant par afret er for higher recording density. 1 8 NOV 2002 -6 In
order to di/in‘hotedin tamge. (hef graimsize should behappragimeately T¥dim, ordesshfoos t he
above criteria such as PWO0, resolution, ON SNR) and TNLD nust be

optim zed.Jhis_isS.a fqrm | e task s,.each of .t hese fommance criteria
are inter r%?’?ﬂ e @gfgﬁgﬁl?e mrgﬁwﬂ&lyag s PB%@F%&V\%@%(HI r@ﬂﬁ’@i ng TNLD
by increasing the He will adversely affect ON A thinner nedium al so

provi des ratrmsiemedisb0oise thage be@\thearetidaiwenodeled byhlowhnest alhim SNR decr eases
because the nedia signal itself is reduced. |Increasing squareness of the
hyst er esi s"Micopmagmétio Studies ¢foThniaMetatlic FiIS) il Fotumial 65\A ppiied [Rimpsics,TNLD,

but may increase noise due to intergranul ar exchange coupling and

magnet ost ayélc 63NN, B¢ (1988) P.1B324303 Ghi¢HR ifeetporaed Berdfertnee tedin. T.
decreasing the grain of the nedia, however smaller grain size may reduce He

due 10 ONGHerplr AARHRASAIRIR! dofurcd {ERINL Cledif MBRANCPhyEIL ORAMEP! |1 1Y

t
of the grarn to support magneti za en 1t conpe er mal
fluctuatign. . ln. ggnetal.. the effgct nset. of er-par net.i be
el ayed by PHETEERE Aottt THib-Film bl Gindl FORhrEREMERGT ih IRER
pl ati num whi ch has hi or bi. t gl t, a{i& §so LRI QVI t.he,crystalline
perfectio f&PS%Cﬁl@ﬂﬁ@{\ggf&Sth%ﬁ%@eng:@Qeﬁ, Pcallgga’to(gg‘?’gﬁ%hs‘?‘ a0er ef ore) an
optimal thin filmnagnetic recording nmediumfor high density recording

appl i cat i dRSoEPREAted by rafprsHee heryA: bit density will require | ow noi se and
hi gh signal w thout adversely sacrificing PW0, OWNand TNLD. The




1 8 NO V 2002 cobalt alloy which is currently used for optim zati Ole(NbV 2002
certain of the above performance criteria typically includes the addition

of chromum (Cr), tantalum (Ta) and platinum (Pt), due to their ability to
provi de high He and high magnetic nonment. Chromiumis typically added in’
the anpunt greater than 10 atomc %togact as segregant to separate the
cobalt alloy grains for noise reduction and for corrosion resistance. O her
additives such as Ti, V, W M are sonetines used. In all cases, the cobalt
crystal structure must be hexagonal close-packed (HCP)) and it is

preferable to  jaave.the ¢-axis of the.grai oL ent i f: |.ane.
This i s acconptt€héy %9%5%5T¥?%%1@W38ﬁ§%maglﬁpnﬁﬁ g%+é§9\/§ t?ﬁ% 1?(1398@{&?931 ayer
and arranging for the epitaxial growh of cobalt, all oy grain,abqve the
chr oni um WA} acts Qver éléﬁl“qbogféé@égl%@@fb@“@?%%ﬁ@@tj@épﬁ@“ﬁ“@ﬁ% bal t
alloy and chrom um planes and directions in the crystal are denoted by
gener al | yexcloage éotecantioan tRadusingsthe imagnetestasic inderaction gpesraduse of X-r ay
Diffraction” by B.D. Cullity published by Addi son-Wsl ey Publishing Co.
I nc., her aitfinbidanédiamaisacslightlyl &fewevergthel dffdcss bf piagaktosratiddattadiont he
crystal |l ographic planes and directions in hexagonal crystals such as cobalt
oy a 4 | nd.fusly Mo RydéiesRodh stifdre sl Wl habftfh BRSewitkHibg fTd! C

as chromu

structure crystals suc are denoted by 3 indiceS notation

called M I}l er, indi ges. Bracket Vs > ar . i

crystall o&f's Wt&g%lﬁ}uié? ia&%gs,e?&)ﬁ%epgﬁn&grtggf ﬁcelgﬁgg@..%f’e)rgﬁgo%g, %gde&“%"c? denote
speci fic planes. ﬁ }" are used to denote a c|ass of planes which are

cryst al | ogmapecBW oy asguOVaI dierefotss magngfastatiq interasienriugenerally
body-centered (BCC) crystallographic structure) <00lI> direction is normnal
to a (001Yegta1€ ankende toldradNOV 2002 _8_ hexagonal crystal structure such
as cobalt, the crystal surface with the nost dense atom c packing is the
(0001) plane and the direction normal to that plane is <0001> direction.
The <0001> direction is often referred to as the c-axis as descri bed

earlier. The crystallqgraphic diregti .and the surface or cohglt is
Shown' i n Fi gur V% Bra it diemon TS bACai A Gt Beedtorke
crystal |l ographic, orientation rel ationship that occyrs betwee exagonal
cobal t 11 FeqUERE TBOBiSH AERTiGTeCPTAR Bandol Cgmss|abput éﬁ)&% f@arw%q Daval & D.
Randet in "Electron mcroscopy on Hi gh-coercive-force Co-Cr Conposite

Fi |l ms" i ninegerencarbstwesmadisaenithitse and partisherasurqyef abit atithedyansitionsg- 73,
This work was preceded by work by J. P. Lazzari) |. Melnick and D. Randet
i n " Exper idusingavritingdiEENLDs¢angbé reduoed hytincreasingithg coarcivityy neducing dhal t
films" in | EEE Transactions on Magnetics, Vol. MAG5) No. 4) (1969) p.
955- 59 mheemanmymyxtfz‘addntmtarﬂeredﬁcihgehemm thidknless TS fome rehrednblly its
deposition on top of a chrom um underlayer. The crystall ographic

ori ent at i gBmahersdd AIOKHESYBiScPMYTOUENLIDE 4196 fhbriadi 1§y bAehting the ddig pl ane
of the filmis to arrange for chromumfilmto grow wi tth <001> preferred

The 111 m Teoezecn MiptodOf e MURR SHERLER {1 QLU M Dell - ©

with the gtons .on 01 }fir, plane as.s i n Figure ereof. lattice
18 NOV 2035“—%51?5&@? Bespable nat o&f@'@ﬁ&% ﬂgﬁ’né"&aﬁ?&o@é pentionedpgg A
ao = 2.507 A) is illustrated in Figure 3. As seen in the Figure) the <0001>
di recti on prévicakigl tSihce TINIID ¢acrehdel ak ke recbidingdensity imdreades! ftds chr oni um
| attice in the plane of epitaxy. In this direction, the C and Co lattices

are cl oselitcOmisHes imbriah® palnakolbd 18gEONRErdng dlnsty.ong the or thogona

direction ( < 0110 > co), '

e msnmatch Wt



the C lattice is nuch larger at around 6.4% In this orientation v
rel ati onship between cobalt and chromum the lattice match is close %ﬁﬂ& 2002
in one direction. The same holds true for alloys of cobalt. It should al so

be pointed out that in the above orientation relationship between chrom um
and cobalt, there are two equally playﬁLble configuration for the cobalt.

The <0001 >Co direction can lie along tw orthogonal < 110>Cr type
directions. In fact when the chromumgrains are large, two variants of
cobalt grains which are oriented 90 to each other can formon the { 001 }

surface of thenChidertd Bb@iRtHRShéE peFshhmadirom thef hegietief mblipr esé vet ur al
Features on Media Noise in Longitudinal Recording Media" by T. Nolan et al.

publ i shed j n_,Jour nal .of | | Physi cs ) 4) p.

5566- 68. M9 WY& Q}'ﬂﬁ%ﬁg}ég% B ser FESRIYHRRS G, SN ortCTNED, bpe?BE Y
undercoat. In its current industrial forn) the Cr undercoat thickness is

t ypi cal | yoptmirsh Thi3 it a fonRddable eask, ag each ofethesé pedonnancehaitesd aseibst r at e.
A hi gh degree of epitaxy between the G and the magnetic layer is required

in order t ' ' n -1 - ' TRI9Sis | oop
squar enesg&e&%a?%gl P??Qéﬁﬁgo&/?%‘j"t“% J‘s\l{lgr&gér{ggg?(%@ %}clme%tﬁacﬁlggn aqg\h?z 200C.
In the plane of the film the epitaxial relationship is < 110>Cr ||
<0001>Co, ingrdasing dg Howill ad{vem%oa#fw QMér & thignergaedingsalsp proyides to”.

Al'l oying el enents can be added to either chrom um and cobalt or to both to

attenpt t Qaffebel BWe,, | Ridet CEWhahd e5we\TNIID! howerkrhbé GNR [evress only one
direction along the“crystallographic direction can be truly matched) while

t he ot her ,directjon (,orthogonal). will al s be m smat ched. in,t he above
epi taxi al PEPREALE i NPd Peebisuduced; TnGeagng ralREsTOF (e husietsi,
along, and D. E. Laughlin in the article "Crystall ography of Co/Cr Bil ayer
Magnet i ¢ 'lqop somtributes tornarzaweral Worl, hewes OFV rerd iwersﬁﬁbﬁ(btggg;y p. 4734- 40
that in-plane c-axis orientation may be achieved through ot her

cryst al | ognarpasecnoisd due tostteqgramtlawexchangacoimling atd magnetdhmtitol | owi ng

| attice plane rel ationshi ps have been proposed: (002)Cr Il (I 120) Co,

(110) Cr / /intetddtion] )T SNRLEP tBe meédia 1ad beGeducadiby dédrea¥ing /thé gifid OF Gee
Generally, the addition of alloying elenments into cobalt expands the

lattice. FRédidTheWweRY sEHIRP Briih GizeOinaFesdiefic Beft@onStadfiupert he | attice
paranmeters are calculated to be Co = 4.148 A) ao = 2.556 A, . For this

Comes, | Aplerd s MLERR it lnic iy RGBS b b
nuTherS 2adiihagdn QiNPY 2000k Waienah ALLEERAENS, bopde Bl E of

obt ai ned between ( 11Q)e and ( 1011,)Co for, a lattice m smatch_ of & 2% and
2% r espectaiigst of opgstof spper-parpmagnetis ean e delayed bydncreqsing jbe Ky oithei | ¢ ed
28 out of the plane. Another closely matched relationship is (211)g and
(1010)o f Qﬂa%’hdti%t gmﬁxe&ﬁb%mh@diﬁ@ﬁ of plafirins wifich dapath yital nivifie| bed

e

epi taxi al relationships re the c-axis lies in the plane of the film the

di T 1 er enceddinmprovitLthetry Staiindeperi¥Rrith 'of thd RE&agoRaPEIdsY PaskeAtREP)

Q|

cobalt grains.

Therefore, an optimal thin film magnetic recording medium for high

density recording applications that can support high bit density will require low

noise and high signal without adversely sacrificing PWs;, OW and TNLD. The



Since the original work by J. Daval & D. Randet on Co/ Cr epitaxial fil8nNOV 2002
structure, there are many exanples of work on both the cobalt and chrom um
under | ayer alloys to inprove the recordi ng performnce of the

cobal t/chromium all oy structure. A variety of schenes have been proposed to
inprove the lattice matching between g%_or Cr alloys with the cobalt all oy,
and hence inprove the in-plane orientation of the cobalt, and inprove He
and ot her properties as previously noted. There are several approaches. The
first involves alloy or deposition variations on a basic two |ayer

st r uct ur e cobalv alloy ndhich isanuiretnlyahdedyfor ioptigizatinn efeeestain 953 akIve nvol ves
use of nultiple layers in the undercoat or a different material other than
Cr or all pesfoerhafide tritedia tgpicallptinélades thecidditien whghedminnp(Gpetantalam
Thirdly) nmultiple magnetic | ayers can be used to attenpt a better in-plane

orientati W:E))e%radlgﬁtiﬂ% éli?%u-elcg O aBilltgth gréme Ihdyie HoodHd 9igh nagdrdban

article by t al. entitled "Magnetic Properties and Crystal Texture of
Co All oy i j | -ﬁﬂgg - B . Agﬁyi Physi cs
73(10) 153%g§°§%9 Og%. 3§P$@P9?§§L§&$H§f§£§?%ﬁ%@?ﬁﬁ?ﬁ?gg%fg d%?%ntation
can be forned on single crystal Si s t,at es .whi.ch t.hen al l.ow 0)0

o T ent at | O EAT SERTERRE 10,66k at0 Be SP0RB AT SRAIER 0% eSS Teqlotipt abd e i o
terns of obtaining the good in-plane orientation of the Co) but the S

subst r at e Cosrosionsiesistaapt.y Qs eesciehased, Yo WoMears wigtimeustduni num
substrates or alternative substrates such as glass or glass-ceramc, and

t her ef or e Intall caseqtthecotedli cxybtal Strectard inassbahsxagontbclobapackddn(HTPSt r at e
bias, O fornms a strong (110) orientation, which then causes the cobalt

al oy fil mndqt iﬁ%ﬁf&h&l@ to Ha¥d )th&p-axex bR gibinglorientéd!in fle mmpmnene and

hence the He of the filmdropped. Therefore the cobalt alloy Tilmhas a

fnlB)C'L %E@%Wf%%é@é%%‘%@%a@%%ﬁ Tt bk el P7 " |
il mthickness.of .3

AL h i thed " Pref d.ori '
i n G- ana gk forane Pl BN ot CRRR Yt dorus BB o rance
f the Megia" H.C Tsai et al. in J | Lied Physics 71 (7), 1
pr 1 (1093yer, Hoarir s deschbedoe sralfpaanan ot e Fonslt el ead ' ng

(200) C which then pronotes the in-plane orientatign of (1120)o for higher
He and i nplenasans:disgetions én the erysiahatcedengted,by generallymceepiedst r at es
(canasite) however, the authors note that ( 110) Cr is forned 1 8 NOV
2002 - 13 wionybntions, sechisedeschibedin &Elaments of dovayDiffraction? byd H.out of the
plane. In fact a vertical orientation in which the c-axis is normal to the
film pl aneCultisy pablistiedhy AddisencWesley BublishinigaCs. Inepdiereinhliatorporated i on of
preferred orientation in the O layer is determ ned by substrate materi al

and the oxfiygefesdtitkbe It id u?pidme t§ ﬂaﬁdﬁmef&yﬁm&%ﬁgm?lbﬁbM&rMna, a He
of 1350 Ce was obtained for CoCrTa all oy, and 1370-1830 Ce was obtai ned for

CoCrPtTa ghlHka as-%ﬂiﬁff”s'ta.l?%uéﬁ‘hé:%@cﬁfsb' B 4'{88i8s hbtatfonliRd MARrBrapld M T of

the nedia was a I'gh at around 5 mu/ cn2. Using the second approach, in

o b A Sad s TSt o6 o4 = 11
e R Rl o WA T A o B0 21 T2

of these nethods, the Cr underlayer nmust be several hundred angstronms thick
to establ i ¥HstaHegipbiscdiregtionsxwhile pasnthgsis ki al' agy BsgdhtoodenoteSesifig | oy.
However) the consequence of formng such a thick G or C alloy |ayer is
that the gplanes.s%{ze} bfare needro denate aaflassyofgilanesgrhigh are orystallageapificalwer al
hundreds or possibly thousands of angstronms in dianeter. Since the grain
size of t heydralbhnyFolepanple ovitdn chivenitm widicbddyyesnteied! (BGCxrh the grain
size of the Cr underlayer) the resulting cpitaxially grown Co-alloy wll

| h i [ | bl f
al so have ?ngg?ggéa?gf&js@ﬁctﬁ&YQ@@'bM%&i%ﬂﬁstn%n\ﬂ}ﬁﬁ?d g égoiﬁﬁmﬁaﬂ%x%

angstrons In such a case, 18 No




-14 the high intrinsic nmedia noise at the magnetic transitions due to tgggyv 2002
| arge grains renders the nedia useless for current and future high density
recording. In an approach using nmultiple underlayer and different

materials, Lee et al. (Carnegie Melton) in "N Al Underlayers for CoCrTa
Magnetic Thin Films," |EEE Transactiong_on Magnetics, vol. 30) no. 6, pp.
3951-3 (Nov. 1994); "Effects of C Internediate Layers on CoCrPt Thin Film
Media on Ni Al Underl ayers," |EEE Transactions on Magnetics, vol. 31, no. 6,
pp. 2728-30 (Nov. 1995); and European Patent Application Publication EP O

704 839 A L i QL SihaP j [

08l 315, ogé,cxﬂﬁgghggtﬁ??&%ﬁél’5%‘%‘?%“3’& ety g‘gjs%"@%rrgggﬁg?it@@a PEdense o
fornmed abgyve .an _upder.l aye [ a B-2 crystal structur The.B-2 crystal
o & body SEHE deERing in e [odd el and B <idsetion ool o ok BB 00t ot
the Co bas§8 na%netlc alloy layer is grown epitaxially on the B-2 structure
| ayers di 8013 dyereon. Fhe S<tectioniis aften referredato 1the)C-&FiARS and ( 112)
Ni Al Preferred growth orientation of the Ni Al |ayer provides the basis for
t he Co- al Hescribedamagliere Fhe erystllographea directions aneb thet surfaces famcobaltpisane
c-axis orientation of the cobalt alloy, and hence resulting in high Hc. In
anot her eshowhigRigurer exd tsoselfyr thiomitn aret shiowadimFigurager (25 to 50A) is
deposited between a B-2 N Al underlayer and the Co based magnetic all oy

| ayer, in order to increase He of the CoCrPt alloy. In this case, the C
| ayer ~ g NOVi 1002 -15 is grown epitaxially on the B-2 crystal

R e
e R e T e

between the B2 | ayer and the nagnetic recording material layer). Thus, Lee

&

et al. re&dndet imzFleetren micrasaepy an Slighyeeragive-duce CGariGy Gompositsdrimsh 25A
and 50A) to prevent the & fromdeveloping its own preferred orientation.
Lee et al in BEEE TFraasactionaon Ma@netios, dvinkiioaNe. Ma(97Q)p. %6873 .eThisowprkevent
contam nation of the Co by the excess Al on the NA filmsurface, and that
the O i nweasiprecealed Yyawerk byudt Pokazzard, IcMeliick andilD. Randet)inni ni mi ze
diffusion of & into the Co filmlayer, and (b) avoid interference with the

epi taxy beEbt?@ﬂnieﬁ&l Saudidd @éin?‘i‘ﬂr?-géﬁﬂa@t feRORTiAE ot Y RiuRLEbHalteiRha™ i

in
underl ayer. Tn their exanples | atively high coercivity up to 3300 Ce and

squar enes T* 00 I f h j t _<of at om c%
al | oy. Deggﬁéei’ltaﬁgaﬁﬁg}{ d?(r)lglrag:ﬂ \Q/? %%ﬂl 8&“?%&?%%’5@622@' ??Snesg gv?%%ﬁ
structure e . ) - Yer dig1on of
the N Al un%%géﬁér{ dg{tgéggggkeo%éb}ftaﬁ%?% %‘% ea|‘8’r§r(grb vlgasrr%ér# ?}dﬁ ﬁ%ﬁ%e#l% noi se
perfornanCﬁi and th%E the resulting nmedia is inadequate for current and
future hi GREYBHIRYRdPHAYETi ng applications. Wth reference to EPO 704 839 A
1) this mniml inprovenent can be seen in Figs. 14 and 15 show ng carrier
noi se neasurenent data, and Figs. 16 1 8 N~v 2002 -16 and 17 show ng
integrated nedi a noi se neasurenent data. Inportantly ) it appears that the
nedi a taught byheeeystallegraphigrarientationoef ¢hrgmitm wh@%wn@mte@ﬁwm’cgh c-
interaction as evidenced by the high hysteresis |oop squareness S* of

| ar ger t hamisowlis fthe plane lof thd film-is ¢6 arrange florpehremium filtkfo prowseith i ons on
Magnetics, V.31, p. 2728, (1995). There is no teaching by Lee et al. to

addr ess t hk@Oilssprefédfed dwahNo/hidemeans that {00 BY éypd flanes of ehdorkitinf ke lidyer of
Ni Al of over 1000A is required in order to formthe necessary (112) N Al

texture) i ry i e j I S cause
t he deposi%tll‘fglnahg holcfe %jgﬂlglf orﬁzlé‘@ ?Egtpgde{%f@o@gts% ff;lf?eﬁ}egpg&l ﬁr%g(?g%ltgl:it ating
frequent shut-downs for cleanup. Flaking parts also cause defects which is
det ri ment ayelt wxmew&m@pﬁem&@& rplr?élerpécﬁ%awnmmﬁlguse Alheeeof. diatticecul t
material to nake the sputtering target out of) hence it is expensive to
make. Al so the use of thick |ayers necessitates the use of high rate
sputtering nmethods such as using DC nmagnetron sputtering. A high rate can
be used to deposit thick filnms but the machi ne nust be cleaned frequently
since the inside of the deposition chanber becones coated just as fast as
the substrates. If slower deposition nethod such as RF sputtering is used)
the tine allowed for each sanple nust be increased hence the throughput of
the machine will be decreased. In either case, the cost of depositing a
thick layer makes it inpractical and costly for conmmercial use.




18 NO ~ 2002 -17 There are several other problens with the Ni Al underl &jé¥ 2000
concept. As it was shown previously in Table 1, a (110)Ni Al texture is |like
the (110)g in that it is also |likely to cause the growth of (1011)o
texture, since the lattice match is equally favorable. Since (1011)o
texture has c-axis oriented 28 out of _.ghe plane, it is not a favorable
orientation for good paranetric performance. Therefore it is quite possible
t hat under sonme nore varied deposition or substrate conditions that can
occur in a typical manufacturing environnment, the perfect inplane
orientation of the cobalt alloy |ayer may not occur. W also_bel,ieve that

t he hi gh spaeing fdrtpure &rgla =b9.5{8ée'\ andpurer €8 (P13 41068 t B =uk 80D A)ds
relatively |arge anount of platinum (e.g., -- 18 atom c per cent to obtain

He of 330@uSRitedan FpaRsEd AsoscRfiif helFlgure,thex00d byditactibhah ddbeltds - axi s
i n-plane orientation of the cobalt and perfection of the crystallite

Sy S T e S P LY B, e
Lo YD B P Yo IR Rl Gl (Pt 1

properly isolated as we have shown in the copendi ng patent application by
Chen et atrounddr.3%. Alorgtheoanisrgraabdirettiarh(afdilidagioths mismsastymdith t o t he
assignee of the present invention) and which application is hereby

i ncor por a : r L SHCR; L : Vel may be

pr oduced Ev}\ﬁj%pﬁi%g%% @P?g%%kge?ggaro Hgﬁazi%é.&l'ﬁé@? iz:al(l::t(:mtn %g? él(z;aikﬁsl!l&ekﬁgven hi gher
t han 3300 was not ohtained by.lLee et al..with 18 atomc%.Pt in the alloy
t oget her W%‘f?epﬁé’%%@f‘gﬁ%ﬁ?mu@Bmﬁqﬁmﬁg%6]518-(i SE RBLY BP0 SEEFHSB ¢ el y
hi gh hysteresis |.ogp squareness d_no i_nprov nt_in noise performance

i ndi cate ﬂ}ﬁtsa@ﬁémgﬁ?q e %gﬁoﬂ/&r_@a& IéFhoﬂgg‘iﬁﬂ b peintedhout thakingthenul ar
exchange interaction between the physical grains. The third approach to

i npr ovi ngabovepdenrtaten celationship between chrpbmiiumaandgolalt, thdre artéwdual
magneti c | ayer approach as taught in many publications as cited below In a

| ai d- openeq@dlBANpREsiBR edifiiation d6r B8 cdbalt 1 AHLL00Y1 (A disttiopkdafllied, a
doubl e | ayer of CoCrTa ! CrPt on C has inproved recording density and

| owered noj se. In one ex l.Le, the tqtal, magpetic |ayer thickpness is 200 A
Wi th thi naleaE o P’Gb%%aﬂimﬂﬁ?ck £n 15 §act when:the,chramERAERINas 700
A, and Pt concentration in CoCrPt alloy was between 10-15 atomc% Wth

CoCr Ta: CogfePlargé)itivg Wiriah®dof cobalt\gfdinewhithldre cri¢tied 90Md-€achf otBébOar e Was
achi eved. In another | aid-open Japanese patent application JP5-120663 by

Yamaguchi fernd oBE§001 § SlifacEbe Ble’ érbmidmistainsRodQkHbed &Y eEffeensf sti ng of
a CoCrTa fast layer and a CoCrPt second | ayer having | ow noise and high He

LTS e e A SR L R R b e
i mar sqoNoEnst ehenpishedis Susnit Gohadiod Phyfled 1Ok SRR e
maxi num gssggt ined was 1900 Ce with a top layer alloy conposition of
Co82Cr 14 h a 1000 A Cr underlayer. The MT of 1 8 NOV~ 2002 -19

A large variety of cobalt alloys have been used with a Cr undercoat. In its
current industrial form, the Cr undercoat thickness is typically between 500 to
2000 A, and it is deposited on a heated substrate. A high degree of epitaxy

between the Cr and the magnetic layer is required in order to obtain high He and



the media was - 3.6 nmenu/cn2. The inventors also stipulates that in the
preferred embodinent) the CoCrTa fil mnust be sputtered within 15 secoh8i$0V 2002
after the Cr layer is deposited, and CoCrPt is to be sputtered within 10
seconds after the deposition of CoCrTa film This is to nmaintain the high-

He of the film and prevent contam nat i_qﬂ_of the filmonce it has been
sputtered. In a Japanese | ai d-open publication JP5-109043 by I nao) U sum

and Kondoh, the order of the magnetic alloy filmstack is now reversed,

where the first |layer above the & is CoCrPt foll owed by CoCrTa alloy. The

first laygp,i 2 00 A thic j - r %b%s 100 to 800
A. For thgﬁgl%?g%%p?sglggo,% %’f@retnﬁfscb;&%gllg’ ‘?%gfq\géj%%‘lo A ﬂ]@fg preferred

| ayer thickness. of 150 00 A They claimthat, it is .preferable to have
CoCr Pt as QriFR3RAN Gl?ﬂwca%)r Coi Ionthe pdang oy ﬂHhF}B%FP\thgWE“{%éLiPO\R, noi se
CoCrTa filmon top for the best performance. In their preferred enbodi nent,
t hey obt ai<l Iifeed, tlixDO@L%E,, ahd {1 00 FQ0/ (b1 20 kdy wherst @i denia: “Hacalledtq’3000 A)

I CoPtlo (300 A) / CoCrl1l2Ta4 (400a) structure. The He they achieve is
actually v ‘ C : LnqJ i at | ess

t han ideal%lhggl%%é%&%%ﬁ%v c@@?g&%@%&?&ﬁ@&ﬁ gnyﬁgl %%Er:a?% %ﬁ{dl Q&hrrté e of the
orientation of the magnetic.nedia. Ip as article.titled "Recording

Char act er (AEFRRY (Gt s G ppREp i RnRaped beftre RoRiEyGEIGENE) i n 15th
Annual Japanese Applied Magnetic i .1 8 NOU 2002 -20 Conference ( 1991 ))
t he aut hordirestion alesg theerystablegraphic digestinmecambe trudy, matehads gvhdke thso A t hi ck
CoCrTa alloy as the first |ayer above the Cr, foll owed by 350A thick CoCrPt
| ayer as hathendirectioh (ortimigonal) willsiiRapnte @Msmiatdhed inrthe shove epitakidly DC
magnetron nmethod to achieve He of 1200 - 1900 Ce. All oy conpositions are
not speci fargshtati®pn.an acconpanying article by Kodama et al. in the sane
journal entitled "Magnetic properties of CoCrTa, CoCrPt Double Layers", the

aut hors show that for 500A total filmthickness, there is a snpboth
transition in He fromthe | ower value of 1000 Ce for 100% CoCrTa to hi gher

He val ue of ab : % b Q.0 { Gkness of the
two alloy fil ns%élfetzalje gg%t%elg%%é%%g%h% § Ig'ﬁiagﬁo%\ia?)hoa ’ 1218{1%(:0 Ta = 150 A
and CoCrPt, = 0 A ,superiqr~S OW.and P . _obtai ned. quer t.hose of a
gl e | aykodha i e Rrten S alogireBy of L Hifar e A1Eh BHRST 1
f M t titled "A d ti in.Fjl f Ul t Hi gh
Densi 'y oG oOFRAlrelcAPRH P RES C6S U6l I T - thart R pigee £1e8ts on
Magnetics, Vol. 30, No 6) (. 1994), describe the properties of CoCrTa/CoCr Pt
doubl e | ayetientation may béachinved thraughy otfer soystalbographic relationshipdetween
CoCr16Ta2s alloy has better lattice match with a C underlayer than with
CoCr 13Pt 13Chend €4d asticen gThe fdikawing latticp phane relationshipsibave deen progosede
cobalt alloy magnetic |layer. The epitaxial relationship was quoted to be {
1010} Co matopnsd. /@ 1203 L Ot@and /4 (BT Qx - (1A0YS! Y (10 TD) ke ard (211 .8//NOV i 002
-21 3720 e WZ " obt ai % ﬂ@gr%T( of g% (rreer(?'cmS, wi)t#ea gc()odﬂ)g* rati o of
0. 88. Medi a noi se was egjg;ct ed to be higher for this structure however, due
to i ncreaséd 1 Mqar §oencunldy, the edditign qfadloying elements inteicabalpexpands thy L. L.
Fang et al. entitled "New Hi gh Coercivity Cobalt Alloy Thin Film Medium
Structure ongi i1nal Wale’) | ib$h i i ics Letters)
65 (24) Deféltﬂ;lc%zp?‘ll%%lgglcggﬁ%g{stgjﬂ egggpwgﬁﬁférlegﬁmﬁatggé r%éstructure

usi ng CoCr13Ta3 and CoCrloPtl8. In this work, the O |ayer is 1000
parameters are calculated to be ¢, =4.148 A, ag = 2.556 A. For this

composition, the lattice mismatch for pure Cr and CoCrgPt;4 alloy for several

combination of planes are listed in Table 1. The two mismatch numbers are two



and a range of thickness rations of CoCrTa and CoCrPt is explored. Foy§0V 2002
total double |ayer thickness of 300 or 400 A the He peaks at around 4000
Ce for 50 to 60 A, thick internmediate CoCrTa | ayer. The orientatioa |
relationship is reported as (110)g matched to (1011)0. Even though this
inplies out of plane c-axis orientati of the cobalt alloy, the hysteresis
| oop squareness is very high. Wereas Wi thout the CoCrTa internediate

| ayer, the nmagnetic ,layer shows vertical orientation, as indicated by
x-ray diffraction and hysteresis | oop. The high He obt ai ned by Fang et al.
is quite lortheiggnalidirdationtén higplaRe of tiret epitaiyn kivenbegeen from ashde 1 thad t he
fact that high squareness was obtai ned despite the out of plane c-axis
orientati by B.
hang ot S CHERH TR B O MR en O IR fof aNeRE, Y
Recor di ng" publ i shed i n | EEE Transacti on gnetics ~ 0 ~ wéooz -22
Vol . 32 Ndnismagch of63% and @ afFS@eCtd@é)érll%%‘é“-VFédBr STgSa e Fragivees e
properties of various conbi nations of double |ayer structures. In this

wor k) t he coheltds hiedid8n oaoef the plane. CAapeT slasgliematcied relatioashipssi n
dijer's work. When the bottom CoCrTa |layer is 1/3 of the total thickness
and bal an fa a0 t 5 Ce
which is g?éﬁ&r’%ﬁa(r@?ﬁ)e ‘ﬂe&oﬁ‘ eagﬁﬁ?ﬁngﬂﬂ?ﬁ%%ﬁﬁ ovvevler dgrcreased
nmonotoni cally wi.th_ increasi ng CoCr Pt Ta t hj ckness The hysteresis | oop of
the doubl ethersnitaxial relationshias wheee the erasts| issgn dherplanedtithe fila, dhangl e | ayer
films. When the film stacking order was reversed wwth CoCrPt Ta as the

bot t om | aydifferenge e m)istoatchr dong tthe tweo dircotipisisallyays gfeatesnt . The SNR

remai ned | ow for the nost part, inheriting the poor SNR of the CoCrPtTa

| ayer, while He increased nonotonically with CoCrPtTa thickness and never
peaking as it did in the reverse stacking. It is clainmed that the CoC Ta

al l oy has the samtmer&ioganatwwwr)nmm SRR ef oA/ P2kl M gr ai n

si ze which can be passe on to CoCrPt Ta when |t |s deposi t d first above

ﬁ%guﬂ ggn?s?dor e’r gfgtﬁl?'ﬁ%rp; O%\’Hsto';fz crsroléspfr’ ure cg’ai'l"ok%rd:l'aﬂ%:1mp aégof érl >
e D Al 2 R Mol R,

d h f 1 h 1 11 10 1 0)C0
ori ana?W%Yaﬁ%&ggagﬂgagggﬁgch&%& ﬂgé%eiwag abiee a‘i@p I edbiicei on
conditions in_this publication. ~ a Nou Zoa2 -23 Lastly) in an

publ i shed matchingbetimeen @ ox/Cp aﬂ@xs wuthathe cobali nugy,eandblnmn)mmw the Joi nt
MW I ntermag Conference to be held January) 1998) the authors claimthat by
i ntersper smmiaﬂbmﬁatahen\nfdhetchbal(,]abZl)Mprbaanamdi @her propeatieas c | ayer,
the (1010) Co texture inproves and in-plane He al so increases.

previously noted. There are several approaches. The first involves alloy or

deposition variations on a basic two layer structure, involving Cr and Co alloy
films. The second approach involves use of multiple layers in the undercoat or a
different material other than Cr or alloys of Cr in an attempt to affect the
magnetic properties. Thirdly, multiple magnetic layers can be used to attempt a

better in-plane orientation.



( 1010) Co in CoCrTa is clainmed to have better lattice match to the (18 NOV 2002
112) Ni Al than CoCrPt. Therefore interspersing a very thin |layer of CoCrTa

is clained to cause better in-glare orientation of the CoCrPt film hence
contributing to the high He and hysteresis | oop squareness. In all of the
af orenmenti oned publications, a common phene is that lattice matching
between Co alloy and Cr is clained as the key contributor to the high He
and | ower noise. Particularly with respect to double |ayers using CoCrTa
first layer and CoCrPt second layer) it is claimed that CoCrTa is better

B AL e R e
1011) Co H . i ' 1 -f e [ [
(1012), G0, PRt pasoREV R ThOk £BY Bolauhy ARGH S5kl Bag g 01 1

i I d ' hj i I di £ficul j :
S that T o banRs Bies. omALo applg R ek dod UrthaaldbS a3 oxygen
whi ch can be produced fromthe water vapor) can affect the interface

bet ween t heheCauthors dlhien Gmt {R0O)-, lotigatativntandiesforined onosinglardrysthl Sioss of
epi t axy. | 8 NO ~ 2002 1 -24 From our experience in this work) nost of

t he deposition processes report .0 the ref.erenges cited in . this

appl i cati oﬁu'&%t?fewg'&ﬁstﬁ%?ﬁﬂw"ﬁﬂgh?@a?‘éﬂ.“aﬁ‘bit% g‘PW OPatSﬁs(bﬁ%vé‘t room
approximately 5 Alsec fall in the high rate category. A though some of the
prior art ¢rBpéranas. Muels hepasint teffis bfbbminiagahe good 46 hmeddertatior of | ¥
used only in research settings, where there is little or no enphasis on

th hput . R | itS ; i i : hi gh
roughput hd BoCBRE he i Slelb%]tlrdgtﬁ 1§§<§t§3§%%1ﬁ3§éha% %sﬁ@sﬁdn%béo%wwu&&? g

rate processes to achiev a production environnent to
make the pr Q i viahle. . I ctiagn |evel
machi nes, P F AR Rblet of e Y AR bk ALgRN Y Bl ERAE: (o

hi gh thr Ou%rr]xaut.ﬁéreforc it is not practical. The authors also note that with substrate bias, Cr

(y

forms a strong (110) orientation, which then causes the cobalt alloy film to form
with (10T1) o, texture which is out of the plane and hence the Hc of the film
dropped. Therefore the cobalt alloy film has a natural tendency to form with the
out of plane (10T1) ¢, orientation on (110) ¢, The Cr thickness was 1000 A and

Hc was < 2000 Oe for a CoCrTa film thickness of 300 A. In another paper
entitled “Preferred Orientation in Cr-and Co-Based Thin Films and its Effect on
the Read/Write Performance of the Media” by H-C Tsai et al. in Journal of

Applied Physics 71(7), 1 April (1992) p. 3579-85, the authors discuss the

importance of achieving (200) , which then promotes the in-plane orientation of
(1120), for higher He and improved parametric performance. On glass

ceramic substrates (canasite) however, the authors note that (110) . is formed



One alternative to reducing the effect of residual gases on epitaxy is to

i mprove the vacuum of the deposition chanber. M Takahashi et al, in 4§V 2002
Utra C ean Sputtering Process and Hi gh Density Magnetic Recordi ng Media"
publ i shed in | EEE Transacti ons on Magnetics Vol. 33, No. 5 p. 2938 (1997)
shows that by maintaining the vacuum ajs an ultra high vacuumlevel of about
10-9 Torr, higher He is obtained at a thinner G thickness It is clained
that high He is obtained through increase in the magnetocrystalline

ani sotropy field Hkgrain, and by a decrease in the degree of intergranul ar
magneti c coupling. The high vacuum al | ows better, se?r? ation of ?r at the
grai n boumdeh thearauses thaGaalloy te graw svithhiigrictxis oyt 8F fe plapsudh fagtdl | er o
under| ayer grains. These effects al so 1 8 N~V ~JO~ -25 in turn inproved
the SIN raestizabbrititationdn avhith tigae-aalssio doemiahtethecfiln iphane wap keposted
orientation of the nedia is inproved by reducing the oxidation of Cr

under | ayefn ofé cRG0MThe RAHRS ¥eictt B8 FoFRAESS bF preferied lotiataionvidCtierTd evel s
whi ch are advocated are not practical in terns of a |ow cost, high

h
P BB By oo PR St 1
2L O OB B ol by ol B S SOREL BBl G Er SRLLT 1S

c-axis in-plane orientation _of the hexagonal cobalt filmis not necessarily
achi eved, apdddiAn 830 Pewas absained fog GopERd oY oF YRICH GEHUpkNess iR ent  of
CoCr Pt based alloy, and al sp reduced squareness. In addition, the grain

si ze may these fdmsrvérsr 7A00A gard MriThefnthelmedia veas alse high/at amsngSoper
crystalline perfection for high anisotropy constant Ku. These factors |ead
to fil ms hauhi@m’ess than desirable parametric performance. As it was shown
earlier, even under best conditions where epitaxy is favored, there is
still inherent m smatch between hexagonal cobalt and cubic chrone lattice.
Lack of good epitaxy and subsequent poor growth of the nagnetic |ayer can
result in formation of a |arge anmount of inperfections such as .

di sl ocati ons) YUsigkthageeend appraach,dnibS. PateayNoaki@i%499 hythaoward, & | i ne
structure which will reduce He potential for given alloy conposition and Pt
cont ent . [if dishlosed ¢hattd dmpropest thillattics maschiag betwesmthe Ca-alopland!the @2 - 26
amount of inperfections, the Ku of the nedia wll be decreased drastically.
When t he Gadedaydrofpebetter episei, alde Oetunderlaydreis GHloyEd vhials athrabivey (Whd Cr
according to the above cited prior art, it apparently hel ps the perfection

of the Co@ther %ﬁﬁg%ﬁhﬁbn&%ué@%ﬁmm 4di T4 Bﬁ’v&b%&fiaﬂsbttﬁé&t ure still

has to resort to high Pt containing alloy to raise the Hc. Hi gh platinum

costs nor CJO?&}I&%% chbR omtﬁﬁ?Q%WrQn&ﬁﬁzg ispd sFﬁ}ﬁfhﬁrﬁﬂU& res a

thicker filmto Obtain a given and al so causes nore tice

i nperfecti i b . ruc . %P, I ent,
there s RErayds MRk IR e biotel Godexie RIURRIR BN AT 6 Tt
structureéﬁni Cgtﬂw" reduce the Ku val ue, of the HCP, ;{{ruc ugﬁ bi/? note than
an order GHO¥adAPYVEYY: theccRusequrAchPirBing iR GrftOTdFT BHOY FRYER ISat t enpt
to raise He will defeat the purpose of the benefit of Pt. Because of these
di fficul titBat thggrainsize af I ob CEfalloy rasegiosts, it acsizeaf sevesel hundredsi que
met hod of overcom ng the aforenmentioned difficulties as follows: In this

i nvent i on)orpossibly thopsandsfofzan@stratmisdy diarbtens Sinceatbe graiesizabf the, Concl udi ng
an all oy having the same conposition used for the main magnetic |ayer, is
sput t er ed dloyaiepexiteconitie Crwinderlapert wilhmraedhethef gratresiee aflte €r1. 0 A/ second
to a thickness of preferably less than 20 A on a (200} oriented C film

under nodarmetlager Sid AlsaltinR SRty OMRS, Wil Rl@ ARl £ gffR 8izkidron of
CoCr Pt based al ?3‘3 to create a nediyggrv(\)hvi;rggbhas very h% vﬁtcf |0W9sz$@£, hi gh

SNR and | C’sﬁ’vgﬂﬁkggﬂ%gg?o pB¥sibt5 thBuddids of GHPMHJMS in HEndRO TR suPREGSs@! | oY

| ayer i

—




-27 achi eves excellent in-plane crystallographic orientation, and high He
is achieved with a mininmal anount of Pt. The conbination of |ow Pt) {t§ 6V 7002
rate deposition of the main magnetic layer and relative insensitivity of

the process to the vacuum conditions of the system nmakes the nethod very
comrercially viable. There are also sgyeral additional key benefit which
the previous literature have failed to achieve. They are as follows: First,
the nethod allows very fine grain structure of cobalt to be forned which
contributes to good signal to noise ratio. Second) the fine grain structure

combi ned mctmgﬁhﬁemswmn%e%gcggg 5§ﬁﬁ?§4gmﬁe HA8itHNdIde tb'hE Qg GhRAngi gnal to

noi se rati1 o even hi gher. h" degree of in-plane caXisS orientation

is achiev i | ayer whi ravi LY reness nedi a
which in %&’9%%%;’38@% |S%{§'rsg$ r EW%{}% gb@é’lhgqﬁgl\\/{v%%ﬁfg 9cllg:(c))udr?‘# , the quality
of the grains is high so that high anisotropy constant Ku, is obtained in
the magnetic layer, resulting in high He without the necessity of addition
of excessively high level of Pt. Low TNLD al so ,results fromthe high
perfection of Inma gpripach usinggaultipla nndertayer apd sifferent materialerkee etal.
conventional sputtering processes) w thout having to invoke ultra high
vacuum co(@armegiesMeBbapin N4l Usdepere fivd QoCrTa MagnepadthinfFilpsti fic %

| atti ce m smatch between the C underlayer and the CoCrPt based alloy in

order to DEEBITrahsdtfiohe oﬁrwlagﬂaits,respeloi, fi6. Oepp. BIMUT ENGS, 199g; as there is

a (200) C orientationin the C to allow sone nmatching with t he

subsequent t i F[ﬁ? i : q@ir}]be obt ai ned
for differ‘gﬁ‘teg%r ai#%@c%%é%,ﬂggﬁoés@dgrggl rrg iﬁe%aéélgg much i 1 8 NOov
~~02 -28 r€,f 1 exi,bidd now Lo chogse the all,0y,conpositi ed on the
ability Oﬂjn[dﬁgagﬁsb% if?’%séfugllf‘c?lu ?%F%’r%dagl’a%?'lﬁtpf' ?gaé'te)@rsegate, or
to form smal | in s|jzes as posed to adjysting.th netic and

under | aye?ﬁe )i e Eurepean, %ntf@phcaﬂpnti’élwﬁaew %@W%@&@gﬁ Ahe two as
proposed conventionally. 18 NO V t002 -29 Summary of the Invention The
present i Aladming priots add.SnRateot Applibatior npn08BdD A% filed Bepts2P.uct ure
of chrom um or chrom um all oy underl ayer, followed by an ultra-thin

nucl eat i oi994yteackc a3 basedgnagnefic@lloydayper fakineyd alepe antuadedayerilzwing a
deposition rate with sufficient atomc nobility conditions, such as with

subst r at e Ba2a&kysigl Sifudhirec OTiE B2 hg@tawiiﬁ A tadyhdenterad chibie sitifairealley f ol | owed
by full deposition of CoCrPt based magnetic alloy at high deposition rate

which is theh B NTRLYIN Y€ EmbRdith &R, MRACH st makheto alfoyTayef isQFrodl oy film
is sputtered using preferably RF diode or RF magnetron “‘caf hodes, wth

heating Uﬂgft&iﬁﬁ?i‘b%ﬂkgﬁfﬁ’-g %&&m&a& drelly Beliw> %@Efpré%él:ﬁ]xﬁﬁgnaTlgfié or

better. A tonven deposition Tate o et ween sec is first
used to deposit .Cr |ayer obt ai referably.a (200) tieptation. The
Cr thickn (illiohyipl eé&(}i Awfcg?f??ig@wgré’%é%#%&&lﬁr%ﬂ s a

nucl eation | ayer consisting of preferably a CoCr based alloy such as CoCrTa

i s deposi pesyidés thevifisis fop\thél€BOfidy torhskdhe a @'(D(Id){:o bfeAtatibANRGulthgl iar m a
smal | grai ned tenplate for the subSequent growh of the CoCrPt based all oy

magnetic |layer., An inportant.disgcovery js. that e nucl eatiaqn | is very
Thine ar BRURELAR 5 aRBorsRa O Shie,aobalt oY opnchbeadh R ARE 4RGN Hey shoul U
preferably be deposited at a very slow rate of |ess than approximately 1.0
A/ sec. In addition, sufficient nobility is preferably inparted to the

slowly depositing atons. This can be achieved by various neans including
appl yi ng substImarothememhgdinserntsan axtzemely thin Cr intermediate layer (25 to

50A) is deposited between a B-2 NiAl underlayer and the Co based magnetic

alloy layer, in order to increase He of the CoCrPt alloy. In this case, the Cr layer



t I ~a Nor zoot -30 DC bias, and using an RF sputter deposition process.:
The RF process allows for |low sputter rate and al so i nduces high rmb'iBiNﬂVﬂW
to the sputter species fromthe high bonbardnment of substrate with

el ectrons. Alternatively, instead of RF diode sputtering) DC rmagnetron
sputtering can be used, particul arIy_ilrg_t he high rate deposition of C
under |l ayer and the top magnetic |ayer. "For the nucleation |ayer) DC
magnetron can be used for low rate deposition, but it will be nore
difficult to obtain | ow rates conpared to the RF deposition nethod. If DC‘T
magnetron; Lng sl agld] I Hgﬁr}s (§TeN j aobility
to the splljst'S eﬁrﬁéblgauémmgﬁz%e%%gﬁsg%@bes ch'ggag%]iggh%rsa?éﬂ\;&gﬁgggn
substrate_Rheati ng and/or_.higher .S t rat ehi.as r. t

ul tra-thi ﬁ‘n%tsr g ‘%‘éapﬁﬁlg@?ﬁ&&g&m@iﬁ&%r “%Pet ﬁ*g@%{?&g%&@%ﬁ he
magneti c gropertieg of CoCr Pt based al l&é il msuch as CoCrTaPt sputtered
at hi gh dépodicEsasad caersidbodrd sarareress <ei ohlayRR ARRACIIRKEITIPE SIS v over the
case where the nucleation |ayer does not east. The He is dramatically

rai sed andrysyslicgraphis reladpnsip deenessther(t i 2pgas and dhes (1:0D)a , d.¢.| dieypi cal |y
exhi bit coercivity squareness and remanent coercivity squareness of 0.8 or

better and switehin ield,di ibut i appr i . 2 or. less. At the
sare 1 o IndipEeRfitn BetwdRactnd T (@t M P RRGRBC b by alReyed)
resolution.is enhanced. TNLD and OWval ues are al so i nproved over the

per f or rranggluéf Eae gbal é?ﬂ‘%l&’x‘?’&F ﬂ%%’l“é"é’”@ﬂi?éﬁ%ﬁﬁﬁahe SRERASY; tRink (heffeethe nedi a
is ideally suited for current and future high storage 18 NOVc002 -31
density apdlA erd iS0A9 to prevensshe S fram ldenelpping its @ws praferr¢d/Ryiehtativa. and
future giant MR head. An inportant aspect of our invention is to overcone
the inper fiaetetladt 4156 stat@ it arQr hrdrnedintOlayer iSreqlitaytopdesdtayer and t he
magnetic | ayer by introducing a very good |lattice matching of a nucleation

layer to (g hiaagbh 6f e/ Eh -bg%ele%sgemﬁd tHeONiAPEBA shbe, Wndth&n@EIN
atomic nmobility of the nucleation |ayer, a near equilibriumgrowh

condi tion ¢sS: ' s t : | 3 t of the
nucl eat i on(t lf%g%ﬁdgﬁgé%%r%% b%hggfﬁ%cﬁﬁgﬁ@ﬁetgﬁr@ é%zr% dfl#g%l%geérf\rgrs as a
tenpl ate f.0 he~hi-gh ,rate d iti.on of. magneti.c |l ayer. Since the in
mmgnet i o 1ApRerae B dades b PEEpIaid BnpirelRR S af¥lavfistien B0

| attice matched to fhe nugleation layecr.. there . is a high, likelihood of good
epi t axy bellAdRaERRsisTecREting Jayes and S Nial 3a0raves 1 Bl aGmen: at | on of
the c-axis and nore perfect crystal lattice structure of the cobalt alloy
grai ns. Adelagiyehghigh cegeaivity uptm3300{2e and sanarenessud™s @b aPPfoaredur i ng t he
initial growh of the nucleation layer on the C or C alloy underlayer
appear s t gepertedfor theihigh £t covteat bf é8iatomipfodlloyi t axy bet ween t he

nucl eation | ayer and the C underlayer. The C or C alloy underlayer has
cubi ¢ BCC structure on which the hexagonal HCP structure of the cobalt
alloy filmnust grow. The two lattices do not match very well) and near

equi | i bri um comybspit®itse Mightcdéréiitititich ishifarehess) and RS iral Sirsdiacd Qagh | |
favor better epitaxy. The surface of the C or C alloy filmis also very

sensi tive g1 ¥AeHHIT(sdel EPOTRESTRAT), ¥hé BIXr@ THAR R Othe Wil EfMrlayér 18 2

provides only a minimal improvement in the media noise performance, and thus
the resulting media is inadequate for current and future high density recording
applications. With reference to EPO 704 839 Al, this minimal improvement can

be seen in Figs. 14 and 15 showing carrier noise measurement data, and Figs. 16



-32 so that even if proper crystallographic orientation of the C Iay¢@hmqqmn
been deposited) the subsequent nagnetic |ayer may not grow epitaxially
above it. In fact, the cobalt alloy filmgenerally does not favor growth
with the c-axis in the plane of the film The (0002)o growth (perpendicul ar
orientation) is nuch nore favored, espgcially at a high deposition rate, so
that any problemin epitaxy between a depositing Co alloy filmand a C

under| ayer will cause perpendicular orientation to form Near-equilibrium
slowrate deposition overcones this tendency for perpendicular orientation

in the cobalt alloy film and also allows tinme for the depositing atons to

"find" the HAHEGL It I0- A ient af i aAﬁ?a

equi libri uﬁaﬁgrlzm#’ﬁ“gggtﬁgéggn c([a se(E)hagégg?n?%agﬁe?r%é&?idt%gh' 21%11'10{%’(15511 su hitas oxygen
and ot her residu s fromth urface. .Oncg a Cr,..based_al | nucl eati on
| ayer is fBPREASS %ﬁ%ggpﬁe&q trs?éfrlecef WA ﬁﬁgsfﬁmﬁggwﬁ%@@é’bosi tion of
the magnetic | ayer, even at npderate vacuun1conditj3ns so t hat sgbsequent
to its dep&%¢hangs interectipnpscavidencad by the hpgh-Bysterssisdper squarengss * migher
rate and achieve good in-plane orientation as long as it has close lattice
mat chi ng widrget thanQ%eshiomanin thgeboveirefeasnatd gapee e EERakranbdctionsmnoccur
even when the nucleation layer filmthickness is only few angstroms thick.
Theref ore Mg HtReeVS1, . W28, H905RIThere 830 teAcking dyCléer A0ty adBis Wher e
t he vacuum | evel s are usually poorer conpareéed to machines typically used in
resear ch. i ] ‘eduet | : o fd f@my;aki he 1
BTNV ;2030 3P AL Eedietht B RERELE) hARACRPRSITHY ok Per o NIR S Mel
order to .he process ecpnam cal ., But in-so i{ng, .therno amni,c

ot 11 bri uiCPOAGRBARERY th GRERP Eoan sher e Rd k) po S BREE U HhiGk sed.
By splitting the magnetic |ayer process into two parts, nanely a thin and
sl ow deposilayertis egpensivey & mandfactire k Thidk iersaiatseél teoddpositionl siyélds hi gh

t hroughput is still maintained. Therefore the structure and the nethod of

deposi ti on gedurdithe @a}ﬂ%&es%%&%léar1§g§1|é@ne§sﬁggﬁn£fée$&ﬁisaﬂt36®ﬂ§ g QBarr OCess.

In previous art using nuch thicker a as an i1nternediate |ayer

betveen O bRG ke BTEC Wik hebdBindhils e BRLSPRRELYGE"
oDt Al 10 0 R BB} R B oS SSRGS

Since it is the sl ow deposition rate with high mbility whjich determ nes
the qual i t ReBfe itHg CEpFRAAYVS IBasRe Alihliecseof 3@9@9}@5 BReFseiRten tha wssi9fon

| ayer, there is nore freedomin the alloy selection for the nucleation

| ayer. |n fhigh ratersputiesing impshodscsushas ueing PG magneror Kputtering. af ygh rate
conposition is used for both the nucleation |ayer as well as for the
magnet i ¢ | apabe usedpoaleposie thick §itmb buttiei mhackine omst bercleaned fraguently al | oy
can be used for the nucleation |ayer conposition. For exanple, for a CoCr
STa4Pt 3 nagheici thelingide of GalicboinibnidHahiber bebemey comed hest us €45t as tliche

nucl eation | ayer to save the cost of the Pt, but the lattice constant of

i 1~r! OVaOkubgfatefe It yBwak H@%ési&é@ méBd SdchSE RP spabiRd efisede te tim¥i t hi n
0.5% |l attice msmatch). For higher Pt content magnetic alloy) the

nucl eat | on kel ARYaLE Ukl AN bd RAacl hSRc el BrdliUhBLALP iR hAliihe e

constant that I's closer e magnetic layer. quite

i mportant t there is cl.gse |lattice t bet.wee H?g nucl eatign | ayer
et he gt v ARGt T cnfl g Eoftis SGpaRhRE R ikl E BT axy
and also tq obtain a high ality crystalline filmin the magnetic | ayer
for high kd™pPipgReal @8\/&@@@9%0"55:9%@? B¥§stal structure will be the sane
hexagonal structure between the nucl eation |ayer and nagnetic |ayer, there
is actually nore flexibility in the choice of alloys for the two | ayers.
Therefore the all oy selection can be based nore on factors such as ability
to formsmall and uniformgrains or on basis of creating segregated grains
as opposed to selection based on lattice matching consi derations al one as
is the case with previous art. See the earlier referenced patent
application of Chen et al., serial no. 08/ 802646, for a description of sone
nmet hods of achieving small and uniformgrains and for creating segregated
grains. Control of grain growh and structure is also a key benefit of the
present invention. Media according to the present invention conprise a
magneti c recording |ayer having fine individual magnetic grains having a
di aneter of 100A or less which are isolated fromone another by a solid
segregant such as excess Cr in CoCrPt base alloy. The magnetic grai ns have
a uniformsize) and spacing on the order of about 10A. Inportantly, the
grains of the magnetic




18 NOV 20" -35 recording layer are principally single crystals with

defects in the grains, such as dislocations and stacking faults throughout
the thickness of the |ayer, so as to maxim ze the nmagnetocrystalline

ani sotropy constant) Ku) of each individual grain) and furthernore, the c
-axis of the grains are oriented predgginantly in the plane of the film and
are randomy oriented in the plane to provide high Hc. Such magnetic grain
structure is a consequence of the use of thin nucleation |ayer formed in

sl ow rate deposition under near equilibriumcondition and high atomc

mobi lity. Si nqqlefresré@verdmﬂ&tol?@bieaﬁmmr@errwqrmrepext exicapt.y Aguer the
nucl eation layer grains) controlling the size of each nucleation site

(grains) and the spacin n, adj nt nucl eat i Wi l. | I‘OVI de an
easy nean¥af 61?0‘%55@?‘?"6?1’5}3 %ﬁ'glva“} wiad i€ @Hﬁﬁﬁc@%ﬂr%t(ﬁ@)ﬁé’? thd
spacing of the magnetic recordi ng layer, as well as providing large angle
grain bouRdadd BRely!td cagdsll theQrbwi @PQIOP Y.{{ reektueé, sifee tlelatiaBdngtblaed ng of
the nucleation | ayer grains provides a ne ’hod for optim zing the
segregation of segregant material such as Cr at the grain boundaries in the
magnet i ¢ Pquadly aﬁgrabgﬁye&ncw(é%é)@e@ﬁweeaép %@Pﬁgnwﬁ@%%ﬁ@iﬁh%cture as
descri bed above on the magnetic properties of the nedi a are as follows.

Smal | er gftsehesltqp%fatw&&ab& &M&ﬁuéﬂ%ﬂ Q@é&gﬁﬁkﬁ&'lb etfdemageQr di ng nedi a.
More crys 't ne perfection in the grainS provide the highest possible Ky

so that hi I C

i o m anfeishgel € i R Béﬁéﬁ&?&%t@%dé‘??ﬁ% 1ot 9%&?{1%9%16@855*‘%&%&? ovi ng
the OW TNLD roved haV|n he c-.axi |nthe | ane, of t efllm

H gh st Etiens BBk SE8 Gart B bibeal pRar B E PoP RIS rihe GEHES: Psol at ed
grains, with unjformsize distri but| on Last | ) t he rocess used herein is
hi ghl y ecblaagiosigntasion ofthe sabalt glley 1 wecrrm@oaﬁ acqus phatt i num
content of around 3 atomic % an He val ue of about 3000 Oe has been

obt ai ned tite high dukefciviay trught b§ . I7ee-etGl. @suksfroomehe T3e of a selativelyrltrgast with
the very high Pt content used by others to obtain high He in the literature
we have chainednt &eglatinam (e, Pt 18 atimictpertehtito oipdin HeiofB300rQe), awi | | reduce
the cost of producing the disk significantly) and increase the Ms of the

film Thi \% pERAIoHRAg dérived StisiPsly fréfighé ccarisia-plaskieaentadbn af gha/en M T
product, I ch resul ts in better performance through effectively | ower

headnedi a.gRacqLid perfection of the crystallite lattice. As will be discussed further below,

a properly isolated CoPt based film can achieve a coercivity of over 3,000 Oe,
even with less than 13 atomic % Pt in the alloy even without the benefit of Cr
epitaxy, (that is without c-axis in the plane of the film) if the grains in the film
are properly isolated as we have shown in the copending patent application by
Chen et al., serial number 08/802646, which application is assigned to the
assignee of the present invention, and which application is hereby incorporated by
reference herein. Indeed, such a high coercivity may be produced with random
orientation of grains. The fact that an Hc even higher than 3300 Oe was not

obtained by Lee et al. with 18 atomic% Pt in the alloy together with the fact that



~ s ~~ov ~~02 -37 Brief Description of the Drawi ngs The present inveggil\mv’ 2002
W Il be described in greater detail bel ow, including specific exanpl
thereof, with regard to the Figures, in which: Figure 1 is a

crystal |l ographic representation of cobalt with some of the planes and
directions indicated. Figure 2 is a crystallographic representation of
chromumw th sone of the planes and directions indicated. Figure 3 is a
illustration of lattice matching between (200)g plane and (1120)0 pl ane.
Figure 4 is a . crpss section of a rigi.d, thin-film mgnpeti.c disk constructed
in accordgﬁé'eowatq’fgeme@)é@ﬂth hﬁ%“égﬂl? &P ?ﬂ“&&?‘bcs%iggné?'ﬁr%’ gReRidny g
CoCr16Ta4 nucl eation | ayer cat hode power cenS| ty for i!i95 A thick C V50
under coat Ngkse PEEPManes tndicasetieg theRing targhidy leq etyaly has significant

intergranular exchange interaction between the physical grains.

The third approach to improving in-plane orientation of the cobalt alloy
film is the dual magnetic layer approach as taught in many publications as cited
below. In a laid-open Japanese patent application JP8-147660 by Yan and
Okumura, a double layer of CoCrTa / CoCrPt on Cr has improved recording
density and lowered noise. In one example, the total magnetic layer thickness is
200 A with thin CoCrPt top layer thickness between 20 - 60 A. Cr thickness was
700 A, and Pt concentration in CoCrPt alloy was between 10-15 atomic%. With

CoCrTa:CoCrPt ratio of 150 A:50 A (i.e. 3:1), a maximum Hc of 2150 Oe was

achieved.

In another laid-open Japanese patent application JP5-120663 by Yamaguchi
and Onodera (Fuji Electric), a dual magnetic layer consisting of a CoCrTa first
layer and a CoCrPt second layer having low noise and high Hc is described. In
this case, the thickness ratio of CoCrTa:CoCrPt between 1:9 to 7:3 is specified,
with optimum around 3:7 to 5:5 (half) achieving the combination of high Hc with
low noise. For a total thickness of the film at 5004, the CoCrTa layer is from 50

A (1/9) to 250 A (5/5). The maximum Hc obtained was 1900 Oe with a top layer

alloy composition of Cog,Cr,4Pt 4 with a 1000 A Cr underlayer. The MiT of



18 ~OvVa:JU2 -38_ Figure 6 is a in-plane hysteresis |oop of a QV/C@@'mmUZ
filmfromFigure 5 without the nucleation layer. Figure 7 is a vertical
hysteresis loop of a COV/ CoCrTaPt filmfromFigure 5 without the nucleation
| ayer. Figure 8 is a in-plane hysteresis |oop of a CrV/ CoCrTal CoOrTaPt film
wi th CoCrTa nucl eation |ayer cathode p@m_er density of 0.54 watts/cn2 (-600
volts RF cathode bias) fromFigure 5. Figure 9 is a vertical hysteresis

| oop of a CrV/ CoG ' Tal CoCrTaPt with CoCrTa nucl eation |ayer cathode power
density of 0.54 watts/en? (-600 volts RF cathode bias) from Figure 5.

Fi 10 i f , ; |
Gensi by 1ore a5y Spsrl AN sheliyorfi TRE LWRHES RO RIALs GRL IPER POI°0r 1

vs. CrV cat hode dpower density for CoCrTa nucleation o
preferred embodiment, the CoCrTa film must be sputtered within 15 seconds

after the Cr layer is deposited, and CoCrPt is to be sputtered within 10 seconds
after the deposition of CoCrTa film. This is to maintain the high Hc of the film

and prevent contamination of the film once it has been sputtered.

In a Japanese laid-open publication JP5-109043 by Inao, Utsumi and
Kondoh, the order of the magnetic alloy film stack is now reversed, where the
first layer above the Cr is CoCrPt followed by CoCrTa alloy. The first layer is
100 to 1000 A thick with preferred thickness of 100 to 800 A. For the second
layer, the thickness is 100 to 1000 A with a preferred layer thickness of 150 to
700 A. They claim that it is preferable to have CoCrPt as the bottom layer with
its high Hc capability and the low noise CoCrTa film on top for the best

performance. In their preferred embodiment, they obtain maximum Hc of about
1700 Oe with 10 atomic % Pt for Cr(3000 A) / CoPt,q (300 A) / CoCry,Ta,
(400A) structure. The Hc they achieve is actually very low for the Pt content that

they use, indicating that less than ideal Ku has been achieved in their media. No

mention is made of the orientation of the magnetic media.

In an article titled “Recording Characteristics of CoCrTa, CoCrPt Double

Layer” by Yamaguchi et al. in 15th Annual Japanese Applied Magnetic



| ayer cat hode power density of 0.54 watts/cnR2 (-600 volts RF cat hode 1bqg '\L 00
1 8r!0J 2002 -39 Figure 12 is a plot of He vs. CoCrl 6Ta4 nucl eati on @ 2
cat hode power density for C undercoat thickness of 230 A and CoCr 15Ta5Pt 3
magneti c | ayer thickness fixed at approximately 230 A. Figure 13 is a plot

of He vs. CoCrTa nucleation layer cathgde power density for three different
conditions of substrate DC bias on the CoCrTa nucl eation |ayer and CoCr TaPt
magnetic layer. Figure 14 is a in-plane hysteresis |loop of a Cr/ CoCrTaPt
filmw thout the nucleation |ayer fromcurve Cin Figure 13. Figure 15 is a

FFom sur veb entereneeaPa: 8e warsclsie e RRLHE Ryl SR onsRher L
Cr/CoCrTa/ CoCrTaPt filmw th the CoCrTa nucl eation | ayer deposited,at a
cat hode poofelS®iAntiick/CofrDa allopias shefigst layer above the Cr, followed by 350A
thick CoCrPt layer as having good resolution, SNR and OW. Films are sputtered
by DC magnetron method to achieve Hc of 1200 - 1900 Qe. Alloy compositions
are not specified. In an accompanying article by Kodama et al. in the same
journal entitled “Magnetic properties of CoCrTa, CoCrPt Double Layers”, the
authors show that for 500A total film thickness, there is a smooth transition in He
from the lower value of 1000 Oe for 100% CoCrTa to higher Hc value of about
2100 Oe for 100% CoCrPt as the ratio of thickness of the two alloy films are
changed. Yamaguchi et al. show that for CoCrTa = 150 A and CoCrPt = 350 A,
superior SNR, OW and PW are obtained over those of a single layer CoCrPt

film.

More recently, a paper by P.Glijer et al. (Univ. of Minnesota) entitled
“Advanced Multilayer Thin Films for Ultra-High Density Magnetic Recording
Media” published in IEEE Transaction on Magnetics, Vol. 30, No 6, (1994),

describe the properties of CoCrTa/CoCrPt double layer with the thickness ratio
of 50A:200 A. It is claimed that CoCry¢Ta, 5 alloy has better lattice match with
a Cr underlayer than with CoCry;Pt; hence leading to better in-plane c-axis

orientation of the cobalt alloy magnetic layer. The epitaxial relationship was

quoted to be {1010}, matched to {110}, and {112},. A Very high Hc of



(-400 volts RF cathode bias) and substrate DC bias of -35 volts appl i ed on
both CoCrTa and CoCrTaPt | ayer fromcurve Cin Figure 13. 18 P "¢’ JNQ&OQ@
-40 Figure 17 is a vertical hysteresis loop of a Cr/CoCrTa/ CoCrTaPt film.
with the CoCrTa nucleation |ayer deposited at a cathode power density of
0.3 watts/cn2 (-400 volts RF cathode bjas) fromcurve Cin Figure 13.
Figure 18 is a cross-section TEM ni crograph showi ng the thickness and
structure of CoCrl16Ta4 nucleation | ayer deposited at cathode power density
of 0.54 watts/cnR (-600 volts RF cathode bias) as in Figure 5 and Figure
12. 1 8 PO~ ~~02 -41 Detailed Descriptio

3720 Oe was obtained for MrT of 0.9 memu/cm®, with a good S* ratio of 0.88.

Media noise was expected to be higher for this structure however, due to

increased intergranular exchange present in the media.

A paper by L.L. Fang et al. entitled “New High Coercivity Cobalt Alloy
Thin Film Medium Structure for Longitudinal Recording” published in Applied
Physics Letters, 65 (24) Dec., 12 (1994) also describes a double layer magnetic
structure using CoCry3Ta; and CoCr;oPt;g. In this work, the Cr layer is 1000A
and a range of thickness rations of CoCrTa and CoCrPt is explored. For a total
double layer thickness of 300 or 400 A, the Hc peaks at around 4000 Oe for 50 to
60 A thick intermediate CoCrTa layer. The orientation relationship is reported
as (110)¢, matched to (1011)g,. Even though this implies out of plane c-axis
orientation of the cobalt alloy, the hysteresis loop squareness is very high.
Whereas without the CoCrTa intermediate layer, the magnetic layer shows
vertical orientation, as indicated by x-ray diffraction and hysteresis loop. The
high Hc obtained by Fang et al. is quite likely due to the high Pt content in the
magnetic layer, and the fact that high squareness was obtained despite the out of

plane c-axis orientation suggests that media has high exchange coupling.

A paper by B. Zhang et al. entitled “CoCrTa/CoCrPtTa Double-Layer

Films for Magnetic Recording” published in IEEE Transactions on Magnetics



Fig. 4 is a cross section (not to scale) of a typical rigid thin-filnngNﬁvzmz
magneti c disk (10) constructed in accordance with the present invention. |A
general description of the conplete disk ( 10) will be presented bel ow,

foll owed by a detailed description of certain of the |layers thereof and the
met hods and conditions for their deposjhtion. Finally, a detailed

description of several exanples will D€ presented to highlight various of

the inmportant aspects of the present invention. Disk (10) consists of an

al umi num al |l oy substrate ( 11). Substrate (11) nay be an al um num bl ank

ont o whic Ni not i t : ating
or ot her ﬁ@h%?ﬁﬁ p- g#o%edlrgrqs taf?é) %2?%%33 {%P L@@%Fy aérl ueglg:térgb gﬁ?ﬁ# may
be gl ass, ceram c, glass-ceranif, car bon baseq terials siligon

titani um VAFRPHrCagbIRgtons)of doubldlayer Hgheprasarls his WPk the e berbees,
reasons beyond the scope of this invention. The uppernost surface of
substrate filﬂlj'fa( andberCrnktTadayerscare variod ariig Glijpr’s svarko ovhearike hettome| eaned.
Optionally) the surface may be textured to inprove the CSS performance of

t he resul tGoCrTarlgped iscl/3 of tiegotaatioknpssaand balantd okDBvmadaupled art. A Cr or
Cr alloy underl ayer (12), described in further detail below, is then

deposi t ed @t/ PrELHE HY gea(ksla% atoundOB30D OBSyIGED WHRNEARRN the HesFedchi N
B NOV ~~0< -42 | I CoCr

nucl eati on 1 ayer ( 13) of a Co alloy such as a

based all J %qﬂg | bk : & | ayer
such as Co O&Woggb&gg %“}‘bg}' m i E@aélé‘%%u e g@%%‘éf@‘%ﬁ%@% eltpégawi |1
be descrihed, | at er utteri i sct.he. .preferred..nethod of depositi,ng any of
he embocitHEkPESso Tae BYperfels 19ap o 1t e e SIRE it & reuR Bese PER oy
acconplish the desired goal of form%on&or nore, of these sublayers. In
par ti cul arcompared & thessingledayergfilmas.+ Wehasy stagking prdeves revessed o Fi g.
4, a magnetic recording layer (14) conprising a magnetic alloy consisting
of CoCr Pt with CoCrPtTa ab dsebotdthdgydrdaiegues, thedesiltvweteheortipletelpased al | oy
nucl eation |layer (13). Again) sputtering is a preferred nethod for

deposi ti ondifferenti STHeAYNR) redidihediliw Gotile hostpurt)isheritig teapdHBNRIGE

acconpl i sh the goal of deposition of this layer. A protective over |ayer
(15) of a thy ERHCIPOTL ldyRr  WEiléHo inBredsed Hon%%&@ﬂlfﬁﬁ?@é@ﬁt@ﬁ@ﬁ@kﬁ!s@h ,

ni trogen, hydrogen or "both, or oxides such as Zr(02, Si 02, etc., or nitrides
such as Ti : rs i TCo1e B Gai rekness
for exanpl %Ldl l‘(@sdsgr lp %glﬁng&g dt 8ﬁ{jri]&dlﬂ g%ﬁ%&? (:“5tgré1ltﬂ}i?ayI (tarﬁ flmﬁ%d: tshlf1 (t: @eagc’ét}rg

per fl uorop er of type k in. t r i over. t he

Dot eot | valos i the et RF SRR, pRmllF ol BHEpRIE e ki S5

| ubri cant | r 6) are, beyo scope .of jhe present.invention, and
ther ef or ¢ WG 3 1R meRsed 849 0 ogPErS WRBR 4t s debOufesl B spoBp s €3 |
Figure 5) arggl ot of He vs., CoCr16Ta4 all oy, nucl eation Lawker cathode power
density i sandeglayrer. aFromitheis gesultse & tiskness ipthemnge of ~6@ A 1% mawred iy ) |
under | ayer and CoCr 15Ta4Pt5 magnetic |layer. (For alloy materials subscripts
denot e at drder o sstj thh propemmicrastruatare: ofeCaCrby in piasefon ths subsequent

non- subscri pted element) Al the |ayers were deposited by RF sputtering at
pressur e giropengrowth of GoCePtAladaperat ThepHomet stEte tiseprisntation relatonsing i n an
nodel SHD 14S in-line sputter system manufactured by U vac Corporation

Japan. Thijg thBiglfilRe it theyf SHOW XCtay diffraotiid @&h%h_@(v‘i&ﬁi%ﬁtsh@ﬂgipiedeinﬁs ofput ter
system and the disks are | oaded Onto pallets which Travel "past sets of

cat hodes CQRi | S d, Tdeposi: WM th (i ous |lavers.

Typi cal | y?éltlgkfggéﬁp’?@pgm@tahg (ggllﬁz& ﬁéérgg?%één 5-03’6‘@%@[ S The
substrates used were circunferentially textured Ni P plated al um num

subst r at e Matistatag\noroargthe depositiem comditions Rathisipublicatianat e bi as was appl i ed
to the disk during deposition of all the |ayers. The substrates were al so
heated in this exanple to around 220' C just before the deposition of the
CrV50 layer. In other enbodinents the substrate may preferably be heated to
a tenperature in the range of approximtely 140' C to 250' C, although
tenperatures outside of this range may be used. In general, the nethod of
the present invention requires |lower tenperatures than prior art nethods
for achieving high in-plane orientation.



1 B~ ~V 2002 -44 The size of the sputtering targets used for depositing
the individual layers is 590 mm high by 200 mm wi de. The power i nput |ntd

t he cat hode divided by the area of the target is the power density wpﬂmf
of watts/cnR. The higher the power or power density) the thicker tﬂélw
beconmes. Anot her nmeans of nonitoring the relative efficiency of the cathode
in converting the power input to actual deposition rate is the cathode bias
voltage. This is the voltage that devel ops on the cathode relative to
ground as RF power is input into the target. The voltages shown in the

Figure are they %g&g ﬁé&b‘?ﬂﬁc&'%&?&%@%@@%wgﬂ réélu[éthﬁ Bf’éﬁﬁé@%@g&% There

is a non-linear owWer or power y to at hode ‘bi as
vol t age. I ow ut and uent | n th | tion rate
regi ne, t)t?t@ Ek?cag m%@r@ag ?‘c g %é%§% gﬁ% 8'f§avi or of
t he cat hode. The plot shows He as function of varying the thi ckness of

CoCr Ta nuodliaiat theat byamearspersimg ZeoCr Tadverween theo( 11Qy; A2 pletet adcGaCrihi | e
keepi ng the CrV50 and CoCr Pt Ta rragneti c layer thickness and deposition

diti th ck CoCr TaPt
magnet | o TEgERe AT 08 UL O ea BRtire SRR Y-S, Andopiens RS ingeaes.
memu/ cnR. At zero thickness of CoCrTa, the He is very |ow at 300 Ce. As

soon as ve(y)Td)l cg, ihAYSCr T is @24med tbhaRk desr hefiverntd® tﬁe\@m%ﬂ el Pt Ta
| ayers, the He diately clinbs up At cat hode vol t age of olts

is around 27 8 ~l, ~aQZ -45 n t i as voltage
of - 600 Vet Hesteore inteipesing e ey 48 13UFR lgRob TS SoBiavaed G Satita o
to be around 5 A and at a bias voltage of -600 Vis estimated to be_between
12 to 15 Abetter inplapg ewentption ofithe CoCelt Alm, kanceontrbuting tntherhighklss at
these thin thickness reginmes, and the estimate is based on extrapol ation

f rom hi gheandhyttertsisjoogsquareness. at hi gher filmthi cknesses) and by direct
observation of the filnms in cross-section by transm ssion el ectron

m croscopy. At -800 volts, the He decreases to around 2800 Ce, and |levels
off thereafter. The estimated thickness of the CoCrTa nucl eation |ayer for

cach poi nt. i s TAGICH G dbreFldabhe ol aidnicy SBHIGH wieAleR @kt Lifed || TS

aLe as follows. Bot and ers were sput';ered at
sorel 5 She %Péﬂﬁ%@o Bhoy ﬁgé?%oé?f;am%ﬁﬁamﬂgk@g%ﬁﬁ%b BB
- 600 0 .6

Ve l&f)b? He @ﬁig%?éefﬁgé | wﬂ?ﬂy)ﬁ"ﬂ? g?8e8§t°t$%‘%ﬁ‘§/§?y§lfj%§?l§‘gscg%e§ﬁr%;]hg ane
condi ¢ 1 onsts 11¥rs BeripperirisRnnd Ve gheclatmed B pos PFERIRES ndi cat od
in Figure 5. F| gure 7 shows the sane filmof Figure 6 neasured in the

vertical dinatcheddn Gy viithervthe oeientationmelationshipetlaimed i (200)ed/
perpendicular to the film plane. The hysteresis |oop taken in this nanger

(s usual Iy gplded o) Yo (165h) Lo%Promdbheb 3k (EIGH IPAGPERLL S VoY

char acteri

However, as shown earlier in table 1, a perfect lattice match in all directions is
not possible. Furthermore, perfect or even good epitaxy in an actual production
machines is also difficult to achieve. One reason is that residual gases in the
system which are often water vapor and oxygen which can be produced from the
water vapor, can affect the interface between the Cr and the Co alloy layer and

cause loss or partial loss of epitaxy.



I
t

~ a you ~00z -46 of a filmwhich has its cobalt-alloy c -axis directqz% NUWUGZ
vertical to the filmplane. In other words) the filmis strongly ;
perpendicular. This result is quite remarkable ~ that despite using a CrVgo
underl ayer which is generally believed in the art to have better lattice
match to the CoCrTaPt than a pure G Iqgyer as indicated in the literature
(see, e.g. U S. patent 4,652,499), the sputter condition used here created
a preferred orientation of HCP (0002)o alloy texture which is contrary to

t he usual expectations of epitaxial growh on the (200)g It shows again
that depositing the Co alloy filmat high rate can cause perpendicul ar

orientation of Frhg &r@k@?d%@c‘:ﬁ itSs {woBk 1AbMIGH the egesitivn iploddiseabsence of

epitaxy. The condition e vacuum system and the process, such as the

presence ' Lot he e effect on
Phe o veoreRated 3 Bie €Rtehdts' QbR BB inARaRpE Ry bo R MIBRGH" o
better |atfice tch with the cobal lel O I,l.m . Such tendenci es however
are erased wc@ﬂgrq}g%%quﬂmomt tf Ms%a{?grmége glf‘ﬁk)l%\ﬁ?e ERGEPY -8 shows
i n-pl ane VSM hysteresis | oop for the case where the

Although some of the prior art discloses lower deposition rates, such processes

are typically used only in research settings, where there is little or no emphasis
on throughput. In contrast, it is generally considered desirable to use high rate
processes to achieve high throughput in a production environment to make the
process commercially viable. For example, in many production level machines,

rates as high as 50 A/sec are typically used in order to maintain high throughput.

One alternative to reducing the effect of residual gases on epitaxy is to
improve the vacuum of the deposition chamber. M. Takahashi et al. in “The
Ultra Clean Sputtering Process and High Density Magnetic Recording Media”
published in IEEE Transactions on Magnetics Vol. 33, No. 5 p. 2938 (1997)

shows that by maintaining the vacuum at an ultra high vacuum level of about 10
Torr, higher Hc is obtained at a thinner Cr thickness. It is claimed that high Hc is
obtained through increase in the magnetocrystalline anisotropy field Hkgmin, and
by a decrease in the degree of intergranular magnetic coupling. The high

vacuum allows better segregation of Cr at the grain boundary, and formation of

smaller magnetic grains through smaller Cr underlayer grains. These effects also



|
CoCr Ta cat hode bias was set to -600 volts for the thickness of the E ,
nucl eation | ayer of approximately 12 to 15 A as shown in Figure 5. Thé BNPVZWZ
i n-pl ane hysteresis | oop shows excell ent squareness and high Hc, indicative
of good in-plane c-axis orientation of the cobalt allay hexagonal crystal
structure. The conplenentary vertical_sg¢ientation hysteresis loop in Figure
9 shows a "col | apsed” | oop which is 8 N~~! 1002 -47 indicative of a
hard axis of switching in the vertical direction, which is again a good
i ndi cation of an in-plane c-axis orientation. VSM anal ysis of -400 volts

cat hode bj LA j iqure 15 e, - d oped '
i npl ane 0#‘\%2‘9%@"@9%%@{@5?@&&% EJI:I-)ﬁtndé?'catl ngﬁ% 2ee ectd:,@gtngls@&g# havi ng
CoCr Ta nucl.eati.on l.ayer i.n pronoting,the,in-plane ori.entation pof the cobalt
al | oy crySHEREUOR o6 e Msdinisimpravess by JFALSIRINE Sridalie JHiCe UhdrlatRess of
CoCrTa to be around 5 A. At this thickness) the deposition rate is Less
than 0.2 ANhough itk resulisiaze intpressive,phe tyrst ofviasvam yelowhichi afkness product
(MT) vs the CoCrTa nucl eationl ayer cat hode power density for a fixed

t hi cknessadfodated 4eGof pPRictivabiretermslofieelow Tost, bighpthesughpatmwtnuédetiring dat a
wer e obtained are the sane as those used to generate the data shown in
Figure S. opéhfiede bias voltages for each data point are also indicated in
the Figure. The plot shows a rapid MT increase fromO0.54 nmenmu/cnR to about
0.95 nmenmu/cnR2 for CoCrTa thickness going fromzero bias to -b0O0V bi as.
Then, leveling off to a slower rate of increase between -600 to -1200 volts

cat hode bias. MSM results show.t.nat hysteresis | oop squareness. i nproves
over the range ?B{ﬂrf) ‘E‘B‘%-fé’gBOVhPF cgpé@)onggﬁ?%% r}ogrﬁng‘r%ﬁ:ﬂ? R MT fromo
to -600 volts is actually_ due to transition fromyvertic orientation of

t he magnetrEsiaf] vacupm; gaaditions, Wﬁpg@ﬁ%t&tq?&?PP%}PﬁBrtyP‘ﬁ peeshitRdi t i onal
contribution to MT fromthe CoCrTa nucleation |ayer. After | ~Afn'." 70(
-48 -600 vommercial hpplicationsobtaining good lepitaxy ketweasncGr and fonalipy layérism t he
additional contribution to the remanence fromthe CoCrTa filmitself. The
resul ts siiffieultno Gthisve:s Hente cldXis idplaat erichaatidnaofethe hexigorgb cotdt t akes

place in the orientation of the top CoCrTaPt magnetic |ayer with the

pl acenent fiih is not necessarily achieved, leading to lower Hc than is possible for a given
Pt content of CoCrPt based alloy, and also reduced squareness. In addition, the
grain size may not be uniform and grain themselves may not have the proper

crystalline perfection for high anisotropy constant K. These factors lead to

films having less than desirable parametric performance. As it was shown
earlier, even under best conditions where epitaxy is favored, there is still inherent
mismatch between hexagonal cobalt and cubic chrome lattice. Lack of good
epitaxy and subsequent poor growth of the magnetic layer can result in formation
of a large amount of imperfections such as dislocations, stacking faults and other
irregularities in the crystalline structure which will reduce Hc potential for given

alloy composition and Pt content. If the magnetic crystallites contain a high



a very thin CoCrTa nucleation | ayer below. The CrV50 filmis oriented BV 2002
the proper (200)g texture, but in the absence of the nucleation Iayer} ;
CoCrPt Ta by itself has sone difficulty establishing the in-plane
orientation. We believe that the problemis in the fast rate of depositioh
of the CoCrPtTa magnetic |ayer. Wen the rate is high and vacuum condition
is only noderate, the filmapparently has difficulty establishing a good
epitaxy with the CrV50 alloy layer so that it takes on the orientation
which it naturally favors, which is the (0002)0 orientation as cited in
paper by i chibed Vi | %3 id ¢ ; CrTa
nucl eati on oggpf%pgf%%vﬁébg%%ggﬂfea%nga%nw%rl\g/é(géeﬁ?g%a#guw h better
chance of W<':1ﬂ;_3proachi ngT near equilibriumgrowh condition so that CoCrTa has
a chance WhesthenTpErla lyeptoineertehbetsepn e GotaPt hagadalloycand s
orieatation. Once this has been acconplished, the CoCrTaPt can be then
deposi t ed aatondimghtchihgrebove atited ribrsar, lif appairently helpsahe perfeetien of thent at i on
established earlier by the CoCrTa nucleation | ayer. 18 P~V Q02 -49

Figure 11 @gCrPt Basdd dlloye ¥dme Skidne Hubitlidtiesd litdrhniré edll das povesor@nsi ty)
for a fixed CoCrTa nucleation |ayer thickness of between 12 to 15A (at -600

N ZdeaLE‘z 3 PE%%’Z?%“?*%?HQ & ;@%@?!ﬁ%@ﬁ%ﬂﬁat ﬁ%ﬁ‘%ﬁﬁ*i’iﬁs‘gﬁﬁgg:gf =
-17 {
<ol gni I MSep BT 4T nE R A ke R T el T o™

corresponds to apout 140 A and 195 A, respectjvely. T ct that such high
He is obt M’B&'&fﬂ%f«‘ﬁfuﬂeﬁ\m@% mggnperfe@ﬁwna Waﬁﬁiéﬁsyupw.pﬁau num
content of 5 atomc %is a good indication that a high Ievel of perfection
has been aboiveddd platinumecontyat, dlhere s ingregsed kbamepirpredugingCGr(faces, and
that high ani sotropy constant, Ku has been attained. It is also remarkable

t hat hi gh ddatdred chisieh cnistAistadtune sdvictawilh dedudecthe 36w walvewfahe HEB of ar ound
10~ Torr in a comrercial deposition system Figure 12 is a plot of He vs.

CoCr 16Ta4 simighftabyafiotedthah anyreer deAaphitud®’ Hanbe h8dinl dansResayer
thiclaiess of 230 ~ and usi ng CoCr15TabPt 3 magnetic alloy layer with a

L ckness BloBieae £ 3 heaftto S AL MR R kot PR B P 1600
Cond | om0 VO S GR5A A R oot Tl 91

maxi mim Ofan%rt?nliagc %nzc 0 of g%eracgr%%]gd th%' a%o}/evangén%o%%% c{iféglﬁtigsoést tsoﬂ%%vtsb()de .

|

In this invention, a thin layer of a Co alloy such as a CoCr based alloy,
including an alloy having the same composition used for the main magnetic layer,
is sputtered at an extremely low deposition rate of preferably < 1.0 A/second to a
thickness of preferably less than 20 A on a {200} oriented Cr film under

moderate substrate temperatures, followed by high rate deposition of CoCrPt

based alloy to create a media which has very high Hc, low PW,, high SNR and

low TNLD values. By using this technique, the CoCrPt based alloy layer



|
18 h~ ~J e02 -50 voltage). It is interesting to note that at zero rl
of CoCrTa nucleation layer, the He is nuch higher for the Cr underlggw )(302
conpared to He for VSO in Figure 5. However, the maxi mum He att ai nabl e
with a O underlayer is |ower than the maxi num He attainable with a CrVvgd
underl ayer. The peak of He vs. the Co(irTa power density is also slightly
different. These differences are due 'tg'l ower Pt content in the magnetic
alloy for Figure 12 with 3 atomc %vs. 5 atomc % used in the exanple ofi
Figure 5, and differences that arise due to using Cr underlayer vs. C VSO
under | ayer. ,The estjmated CoCrTa nucleafion |ayer thick S. i s, indicated
for each #dueesisxcpilentrin-plane grystaljograp %@W%ﬁ’%{?’\%&}‘gg% isagiekedy Ta
thickness is expected to be around 5 ~. Nevertheless, the effect of the .
CoCr Ta nuwithaa mininhadyasnoumt ofi®ti Thel combiipatierpf low i, highapte dapesitiontiickness
CoCrTa nucl eation |ayer, the He increases by nore than 350 Oe over the case
wi t hout tthe maicl magnedt lagseind fol@ivecindéhsitivivgs of e prfocessttodhe apaiumng - 35
volts DC substrate bias on the He of the C/CoCf Ta/ CoCrTaPt film structure.

Curve A i ' ' droRicpsMeRGallPLiabRIPPRdreafe Curve
Ais mthﬁ%ﬁgaﬁfﬁgﬁg}’\é@ ?adé({&sg?is%&é%%\aggs the He d}gplélndence rv\/nen DC

Geposi 11 o0 RYo/R! ERRLORL O Rere sl B BRI ERERTE 1l

during both ,CoCr and CoCr TaPt netic layer..depositi.on. Both Curve B and
C show st RAFTCaeRAre 8 Elesii P fi MSHhd Alewavery bog grain stuckig, -5,
The He is |ower at zero CoCrTa nucleation |ayer power than, for curve A
with He aff epbalhtp be bormeasdiwhichoccnsribwes tugoed signahtp woise satifecbecpady. At 0.3
watts/enm2 or -400 volts cat hode bias however, the He reach nmaxi num val ue at
around 278 fire grain struetrs8 cambimebdithehtomium rsegre@atith detudeancthe grains He
declines for both cases. Wien DC substrate bias is applied during the

CoCr TaPt {rpRivettBiB @tdrial @ noiseehBo ieveBighedD Hitd, \a Rightde@retepomiplang cspeci es
so that there is nore opportunity for to segregate to the grain

boundar i egyis! faditiithd £ AHRVEMGH t6E BbBhl BFeAWHIEh gﬁﬂﬁ'&éé wWiihligh the DC bias

hel ps to inprove the crystalline perfection of the grains so that high

ani sotrop j i 3 t @We o) g&%ns 0 i ncrease
Hc. Addi t|¥%€I%Pﬁésgggé?dr§gtv{éﬁﬁﬁgésm&ﬁ?ﬁ%ﬁ%o@#év%uc eaé]ﬁ {))n alfgf 4rglqg‘r)[(s)'si tion

hel ps enhgnce these effegts sonpe rre) hence.,the He is raised even higher
in curve gf’“ﬁh’ qrality Of thasgrains %%lgﬁléoéhﬁtgﬁg &Plsﬁmyﬁﬁﬁa{‘hgutlﬁi n CoCrTa
nucl eation | ayer deposited at very lowrates is very obvious. It is also
very int epbeiinétlid theiRighetiddapdr] essultivlg inhigh Hé withoas tHemdcbsityase where
there is no CoCrTa |ayer deposited. The He drops nuch |ower for the case
where DC RHdRionSoffddiReiel) High tevERGPSLI T.08} TRLD AV red@ROSbI B8 Hifgn when

there was no DC substrate”bias applied during this step. In fact The He

Grvio undBPiSS AR R B, CPRSl KB RRURES oBlr vt R AL 0 o Ta

power

sputtering processes, without having to invoke ultra high vacuum conditions.
Also there is apparently little impact of specific % lattice mismatch between the

Cr underlayer and the CoCrPt based alloy in order to obtain high Hc and good

recording performance as long as there is a (200) ¢, orientation in the Cr to allow

some matching with the subsequently deposited cobalt alloy film. Similar results

can be obtained for different Cr alloy layers, such as CrV films. There is much



1 Sf~U~t ~& -52 was nuch nore drastic. It is believed that the F%}Hﬁfp‘
is due to an adverse surface effect that takes place on the freshly 1 J02
sputtered Cr layer just at the tinme of magnetic |ayer deposition as a ’
result of substrate bias. It nay be being oxidized or contam nated nore
severely when the substrate bias is apz&[ed whi ch prevents the nmagnetic

| ayer fromorienting properly in the 1fi-plane orientation, hence the film

t akes on nore perpendicular orientation. CrVSO | ayer exhibits the sane ,
behavi or even in the absence of substrate bias, therefore it nust be nuch,

nore sensitj aSHrface contam patjon or oxidatjon conpared to pure Cr.!
S nce substiorf SeRititity 865 15 ERedti 68 iR cOmuBS RN r g alilisyioggher: gh
degree of segregation for good grain isolation and also to achi eve good
crystallin %Fqgégfg%wcgcnamngmw abilifjetorgrasegate oo wcforthsmall grainy cause
to C is a significant detrinent. Depositing the thin layer of CoCr based
al | oy nearsigefiay Pppasechte adjlisting the( :eagnetid and uiedearkiyiet 06mpobitioRs ehadya®i | i ty)
either prevents the oxidation of Cr layer to take place or makes i'ts i npact
less on t hfordgtticatiatchisgchtRes e g RIPRIpoSed auentiShay.es 14 and 15 are
the in-plane and vertical hysteresis |oop respectively tor the case where
there is no CoCrTa nucleation layer i.e. for sanples prepared in the sane
manner as those shown for curve Cin Figure 13. The | oops show a strong

i ndi cation of vertical orientation) but not quite as strong as it was in
the CrVSO case. Figures 16 and 17 show the in-plane and vertical hysteresis
| oops, 1 8 NOV 2002 -53 respectively) for the case of -400V RF cat hode
bias for the CoCrTa | ayer. The hysteresis | oops indicate a strongly

i n-plane orientation of the magnetic |ayer. The results again show that
with a pure C underlayer, simlar results as those in Figure 5 have been
obtained. That is, an ultra-thin layer of CoCrTa film deposited at very
slow rate can dramatically inprove the in-plane orientation of the nagnetic
| ayer) and that very high He can be obtained, with even smaller anmount of
Pt of only 3 atomc % conpared to 5% used in the exanple of Figure 5.
Figure 18 is a cross-section transm ssion electron m crograph show ng the

t hi ckness and structure of CoCr16Ta4 nucleation | ayer deposited by itself
on a snmoothly polished Ni P/alum num substrate at cathode power density of
0.54 watts/cn2 (-600 volts RF cathode bias) as was the case in Figure 5 and
Figure 12. The arrowin the Figure indicates the CoCr' Ta | ayer. The CoCrTa
forms semi -circular particles of around 12 to 15 ~ thickness above the
substrate. As for the inportance of epitaxy and epitaxial relationship in
the aforenentioned nedia structure, it is probably less inportant that
there is perfect lattice match between the & or C alloy underlayer and
the CoCr based alloy nucleation | ayer than between the CaCr based all oy and
the magnetic |ayer above it. Wth Cr being a BCC crystal, there is an

i nherent msmatch that will always 1 8 NO V 2002 -sa be present with any
hexagonal crystal, at least in one direction. A slow deposition of a CoCr
based al l oy nucl eation |ayer under near equilibriumcondition with
sufficient nobility is a key factor is arranging for the in-plane
orientation of the cobalt alloy structure. As long as C or C alloy has a
proper orientation, e.g. (200) ~r to allow for the cobalt alloy to take on
t he in-plane



|

orientation, the anount of lattice msmtch with the & or C alloy do'fa@f\'ggvzggz
not matter as nmuch. Whether the & or C alloy has nore or | ess propensity

to oxidize or contam nate its surface during the deposition process is much
nore inportant. Al though this can be alleviated by having ultra-high vacuum
as suggested by Takahasi et al. as citgd previously, it is not very

practical to have ul h~a-high vacuumin an industrial deposition equi pnent
where productivity and high throughput matter. Therefore a nethod which |
alleviates the problemof C or C alloy contam nation or oudation to the

epi t axi al Q‘Elflﬂm_dhlﬂft_th%_ﬁﬂ%th@l loy filmis quite significant Wiat is mich
nore i nportant however 1S the lattice match between the nucleation |ayer
and the magnetic layer. This is a growth of two hexagonal |ayer above one
another. A small lattice match difference can |lead to formati on of

di sl ocati ons stacking faults which may have. detrinental..effect on Ku
and hence on u FrPﬁ?Sénf—k‘g’e?HBnICSP?F'E@Q@%%PEM%&E%W%‘P&4 and HCP-
CoCrtSTaSPt3 is nuch less than 0.5 % ipn any, djrectjqgn hovgever) usi ng

publ i shed smchcqflﬁmwutalq;e@HP@wmwéﬁYa%ctf& yebrfgﬁame Oy ampitrasthifo at

| east ~2 % lattice m smatch between BCC-Cr and HCP- CoCr16Ta4 al ong t he
<000l > ~o nucleagiondwye2ORRsisEag @if ICosin tmsed aHdy depositedaiglaw deposition rate
direction. Therefore the best match can be obtai ned between | ayers of the

sane mat erwith suﬂicﬁenttdﬂ@micambbﬂit?'%nﬂﬁfontshmdhm| withisabstray Geating of e
magnetic | ayer. However) a small nodification of the alloy conposition of

ih Lot / ' , : . ;
€ nuc e%h?c{lgé@?(ﬁag%thiglﬁglt:@% gﬁ"ot%é‘%%stfa'?é ﬁﬁ@@@&'b‘ﬁ‘uﬁtdeﬁ:@& SoE @6@# | ve

simlar resu 3 %Pt fromthe CoCrTaPt all oy w | ead
to at nost, 0. 5% chapge.in edattice I t.er ble 2 shows:t

conpari sorpaé?émﬁggn%c%%thge%oésh#ﬁa&%%% isl %‘% prggta?.gsl@gaxéfoggﬁgr ding to
one enbodi nent__ of i S inventjon aggjnst a conyenti onall r £eqd nedi a.
The sanpl FECKERH Fot a.fF B AIVehIm s sPudered s preferply gﬁ%aawrt he
sane way. The substrate was a 95 mm N P plated al um num wth

ci r cunf er SRF imagneson pathedesawithrheating spstosround 25QRL orfpwer ats basedi a
(Sample 1) was prepared using a static deposition systemusing 200 A thick

Cr, a CoCrprasa@ioB 1xd07PeTom draystter.avidcddntional depositicr enelf betwestePosi ti on
rate was at around 40 A/sec for the O and nagnetic |l ayers. An Intevac

nodel 11~P25 system made hy | pteva Santa Cl am | if.ornj s used. In
this rnsu:hitfﬁfe‘éOdA aesi g P“éﬁegk@ i}p@smﬁirc}agqrgpi«g{wrp b33 (R each cat hode
for each layer. The subs~ate was heated to -- 250C prior to Cr deposition)
and subst redenti¥omi The Cr thidkdesoisttgpically 300/ A of less. tTie seegndtayerivbiel. The
second sanple (Sanple 2) was prepared in an in-line deposition systemin a

nmanner si rﬁk'a&iudléhﬁdiﬂa@é@&&iﬁs&iggv refPabl§>CEBCr bagdd lloyithna Coagldide the
thin CoCrTa nucl eation 18 2002 -56 | ayer. The structure is Crl

CoOr 15Ta5RHebaLiRRPat o YeryTow! BLAKASSSMESIRRRIOAARIE O ABR Amand the
Substrate ltee eélaturteagla a?l%gtﬁ% Cr.a The carﬁon ic%ness Waré1 100 . A. The
third sanple. %a.gglg ) al I I i

i nvention %‘%H{%as ?)éf?yvﬁg g@!%;,g,g%ﬁ%gg?f g’ﬁg‘?%‘;‘fﬁng‘}%é%gqﬁ%&#@% t hi ck
CoCr 16Ta4 nucl eati.on | r,.deposit -600 v.ol t.s RE cat hgde bj as vol t age,
and a ®0$§%9Mid&scp§%ﬁ%ﬂﬁaﬁi’8m9 OTdﬁyeéllsd’Fr%gtPBoﬁé over coat .
The substrat heated to approxi matel y.160C and a DC subsfrate bias of
-30 volts mfcr\égﬁ kéﬁtha@raamexwl‘razoaﬁdxr&;@amé@aq isyhould pra bea

nucl eation layer was deposited at a rate of 0,5 t~/sec, Both Cr and

CoCr TaPt | dgpostiedat a véey okiwt eate af less¢hamapprokimataly $8cA /®ee. depdditionon was
done with RF sputtering, at the pressure of 7 mlorr. The machi ne used was a
Sl 3D450 i nsuffioiend epstslity nmrbmrhblgﬁﬂ@ahﬁd%msmlp-deg/?siﬂiﬁ affornb Thid cases,
magnetic layer thickness was adjusted to achieve an t of approximately
0.7 menu/ cggh b&geiEdd By RAFbAS Hﬁ%ﬁ?h{&@cﬁﬂéﬁﬁgrﬁﬁé%&a@h@éﬁd& IsBstatéuzi K
nodel RWA 1632/ 1701 Spinstand, manufactured by zik, San Jose, California.
A magnet oresi stive (MR) magnetic recordi ng head manuf actured by | BM was
used. The di sk rpmwas 5400, and neasureneats were nade at a radius of 0.83
inches. MR head read bias was 8 mA) and wite current was 40 mA aero to
peak. The high frequency head signal was 109 M| ux/sec at 230 kfci. The

overwite frequency was 109.9S M| uxl sec over 14.66 Miux/sec. Wite Jitter
frequency 1 8 NO V 2002




!
-57 was 54.98 Ml ux/sec. The results show that all three have roughly tlréehiIDV 200
sane | ow frequency anplitudes) and He is within 150 Ce of each other. -
Sanmple 3 with the CoCrTa nucleation | ayer has the superior performance with
t he hi ghest resolution, narrowest PWO0, |lowest wite fitter and TNLD. Wite
fitter is a neasure of SNR, and a | owegy val ue nmeans |lower intrinsic nedia
noi se. Sgueeze is a measure of track conpressibility, and again the nedia
with the thin nucleation | ayer has the best squeeze perfornmance. Sat S* is
a neasure of remanent | oop squareness as neasured by the spin stand at '
actual re ding switching rates. |t i.s a slope t wite gaturation !
curve at ﬁﬁab‘\ﬂﬁ’i and ysing éﬁ%&]@ﬁ}«mqftdepésplp@%@ﬁ?%esf'hgjhf:cﬁg PERfSS éﬁ%‘% fef the
recording field switching rate as opposed to VSM hysteresis | oop which is
obt ai ned koW sputier|rate andeadpo iratusss highymebilify it e sputatsperies frpm thees bet t er
remanent | oop squareness. Again Sanple 3 with the thin nucleation |ayer has
t he best Kgh tmbdddiieat of sebderite odthpelectbdms.t o t he Sanple 1 and | ower than
Sanple 2. This is due to the fact that effective He at the recording
switching rates of Sanple 3 is high, contributing to good squeeze and TNLD)
but lowering the ON Table 3 shows additional Guzik spin stand recording

modia made accaroaarrs Rl giRR SO RRng DG ke UG bR AP )T

t he same {ixst,disk as,sho jn.table 1, .which was de usi | nt evac nodel
250 oyst B Sedhdartcitany M blbnaAlk fenssioh, 5 CRRe SR eVer i Dene ot at | ¢
deposition systen) a Mddel C3010,nmade 18 NO V 2002 -ss by Anelva Ltd.)
Japan. ThnagBekdiayerafop ity Rugieation layer;Jo¢ magnntion %h@pﬁd forlew mtr1 100
t~. of carbon overcoat. The substrate was heated to around 250 C just

bef or e t hdemsitien,drut dhailt be moretdifficudtstoodbtainiow tites compargdpoitbe RIb t he
magnetic layer. As in the Intevac system the Anelva system uses DC

magnet r ondepositien method. t If BOuhagnetron spattefing iousell, 4ddAlsat nieahs bt h O and
magnetic |ayer. The fifth sanple (Sanple 5) was nmade according to an
enbodi nen iPh SssHility fo V@Rt i Ldd Lar r jthed for
Sampl e 3 ¥&ﬁr%1%?g]1§ﬁ A Crtyuﬂr?lod‘grel 93}3% %ﬁéﬁoﬁ?éﬁﬁeﬁzg&ﬁﬁg? egosi ted

fol | oned i V. . i 16Ta4 nucl eation | ayer
deposi tedmé’teﬁpggg voi tg@%@gcaérgcﬁ%%%gg}?%gcv% tsgjétec. e magnetic |ayer was a
CoCr 15Ta5Ptg film followed by 100 t~ of carbon overcoat. DC substrate bias
of -60 volts was applied for both CoCrTa and CoCrTaPt |ayers, aad the
substrate te rature before the | ayer, deposition S ound 160" C. The
CoCr Ta nucl egﬁgﬁ%om&rtﬁ&é‘i“ﬂgﬁﬁs&%g#dﬁgﬁl a@n‘éﬁw&b eRhavecr and
CoCrTaPt | ayers were degosited at the rate of 7 A/ _sec. The sixth sanple
(Sanpl e ~Mesheg the magngtc prepesies obflobrPtbassd abloydilsa suctips GpCeTaBt s in t he
fil mas opposed to in-plane orientation for the other three sanples. This
medi a was sputtesediat highodepositionkratspehavertbe nicleatian shianges| drastezllyyovar the
CoCr11Pt 13 (Si02) g alloy magnetic | ayer and 100 ~, thick carbon overcoat.
No subst r aase Wherei the nueleatipp layed does hoi existasFhe Hclis dravaicB2raised aAdai n) in
all of the above sanples) the magnetic |ayer thickness was adjusted to

achi eve ahyitetesttf 10dpREQArelBIsSh¥rédses. TP/ mEédi will icaagie&_ﬁitﬁpas&réi?vﬂys used
in this conparison used a simlar |BMhead but at 216 kfci recordi ng

condi t i ONgauatBedsGHH rbAAhbSt {%ﬁ%ﬁiét??gﬁ%repﬁssg?ﬁé drHEs andlal A Ne M T

of the medira was appr oxl mate three sanples, the was

di fferent &f S8 f i_ndi ~in. the,table. .The Guzik
test res ulﬁtcgd gﬁ%t‘ﬁ% %631??%%% %%Fgf lesys &ﬁi’?gﬁmg\%ﬁ% &’\ﬁn’?{rﬂ"sﬁ Pedd - ThLD,
Squeeze and, Sat _S*, the Sanpl.e 5 nmedia with the thin Ta eation

| ayer has n85§5éf)f?4ﬂ‘fﬁ1& |S§}bﬁ6€£°-l§’eﬂflg§ﬁﬂi‘&%9n rRADARE amg&@a@!‘@ 1) has
the higher ON hut this is explained by the |ower He of the nedia.
Consequen@rs/alsp impreved@verithe pselormance:of a ape-qpitaxial threcedimansionel t he OW
for the high He of the thin nucleation |ayer nmedia is still exceptionally
good. Theissargpie filimi SHie meidia iseideally asitddforRdgrensaddviahire High serageand good
squeeze performance, but the resolution) TNLD and Sat S* are all poor
conpared to other nedia. The results show that thin nucleation |ayer nedia

can achieve an excellent |evel of recording performance across all of the
key parametric paranmeters conpared to the nedia prepared by current art.




I n conclusion, the nmedia nade according to the invention has excellent { n
recordi ng performance conpared to those of previous art. Hi ghest possibﬁ&ﬂVLmz
He is obtained for a given Pt content in the alloy and excellent in-plane
orientation of 1 8 NOV 2002 -60 c-axis of the CoCrPt based magnetic all oy
| ayer. These properties can be obtaingglin an commercially avail abl e
producti on deposition equi pnent with nbderate vacuum capabilities. The
process is anenable to high throughput production so that it is highly
econom cal and | ow cost. Those skilled in the art can use this invention to
magnetron sputtering or to RF sputtering nmethod where the deposition of the

nucl eat i ordensitg rapgammmsséxmm e with hgaktoaesistine WBdsads ¥inl Gutugeposi ti on
rate. Near equilibriumconditions can be obtained through the use of

conditi ons%%g%jég%il'hi gh nobility of the depositing species such as use of

DC or RF s as or substrate heating or a conmbination of both. It
w Il be appreciated that nodifications to the above descri bed enbodi nents
can be nmade by one of ordinary skill in the art. For exanple, within the

teachings set forth herein, differing thi cknesses or conpositions _of one or
more of the | aytt PR ASBEEEH of| oy dn¥gntionsis & ONEIcBo e mpertngt lasties or
differing conditions such as_tenperature, bias voltages, power |evels, etc.
may be usdBatchingibetweepder oretealoy undentayes and thewmagnetis layardyi scover ed

met hods of producing relatively high coercivity filns - i.e. filnms whose
coer ci vi t yintodeeing & ety goddattioe matchingl ofea madieatipd layer cotiri miagwétdcon one or
nore factors such as relative platinum percentage in the film underl ayer

conposi ti dayandAt ow H@?ééﬁion rate$ wikvhigh Qaongt a%iﬂic%@@ﬁit&:o? ipeondi tions.

Wth the present invention, for any given cOercivity level, a film

accor di ng g 1éffoPh§ee tnéa?&éﬁﬂibg&ﬁxg%%ﬁ&% ndén i Megistoythﬁpatngﬁ'

manuf acturer. For exanpl e, pen esi gn and production gdals, for
a given c Y resent i i i flexkpility to choose
one or rm?@rgéf& }gd?tg\%srtﬁph atclnﬁfﬁ ﬁé@%@éﬁ?ﬁﬁ) g%ﬂgﬁs %’E@“ﬁ‘éﬁtﬁ? ilrii; a
thi nner thickness of ap underlayer, such as chr.qnm um | omer |attice match
bet ween a %ﬁ%ﬁ%}ﬁg%&’ﬁpﬁﬁ‘&s%&e? F?%@""&“ghlﬁgéé?ﬁ?mo rMagedca nor e
comer ci al I}j/ fegsible (i.e. higher) base pressure in the sputtering system
as conpar ¢@Y§F- ¢ HOCA dhe, main magnetio iayer basthe same exystal ghrugiyse s,andrist he fil m
smal | grain size, and segregation of conponents such as chrom um provide

| ow noi se)verpwlaseliaties tat tatthe nuelnation/layer, aherei isyar kighdikelthowdhiof e not

wi shing to be bound by theory) as described above it is believed that the
present i ngead ¢epitaxyrbetivders thdse swolayers, Henc Jeadimy tadinrplahie roreatitionl dfed
crystal gromh of the nucleation layer. It is believed that by formng the
nucl eat i ontheayaxisiandanoie perfécy erystaliagice seutturd of e cobult lley grainfd by
providing for nobility at the growing surface) the atonms formng it are

abl e to grAvhiewirg ﬁ)bguitlibﬂ«u%_@he& &duliRSrigd ddﬁaiﬁ@d/aﬁriﬁg%@ iniﬁﬁPgi‘b?gPOf

this, incorporation o he desired conponents fromthe Sputterin get is

¢ q i . . . h
oxygen) vy che A B UROCE ox K2 oy BTl EF R RD BERERY 0 T
growt h.  Ascrbid8%4 akhielidle ﬁgw%g[%%%é Itgﬁcléadrgplelg;grcgﬂ&)&sé.cpwce this

nucl eation layer having

underlayer. The Cr or Cr alloy underlayer has cubic BCC structure on which the
hexagonal HCP structure of the cobalt alloy film must grow. The two lattices do
not match very well, and near equilibrium conditions with high mobility of the
depositing species will favor better epitaxy. The surface of the Cr or Cr alloy

film is also very sensitive to vacuum. It can be easily contaminated or oxidized



!

|
18 NOV 2002 -62 structure is fornmed) a subsequent magnetic |ayer can lﬁeNU[V M0
grown at commercially viable rates with the above-descri bed desirabl é
properties. The conditions which are believed to |lead to the growh of a
high quality filminclude the use of a nucleation |ayer deposited at a
relatively slow growth rate) bias on_ghe substrate during filmgrowh, use
of RF sputtering, and use of heating during filmdeposition. These -
conditions help achieve equilibriumor near equilibriumgrowth and/or ,
provide nobility to the atons arriving at the surface for the nucleation

layer. It fsé heat! &ehqwﬁégegtééga%%%s?ﬁcf&fén%@od@m&ec} Mg@f hdepedylent . For

exanpl e) faster gro he preferred rates descri bed above may

cubstr at e R Bl Bbstehs b AR 8t LT PGB e AR, F oue'

rates and substrate bias, _high coercjvit il ms _may be, obtai ned, at

t enper at ufe&h a}?a@ t@fﬁ)’dﬁ%t@“i‘@ﬁ%éﬁ%ﬂ“&%%%ﬂéoﬂ{q Wl‘thatgf‘.c'*}"t‘s WS d pe
noted that regardl ess of whether different or additional nechanisns are
present t pddhel dothe filesc The¢000R) g ignowtthéerpearsdionlar nrientation) {macks sever al
advant ageous net hods of producing nmagnetic nedia, that nmay be used al one or

in conbinatio For, exanpl use. of ;a lL.ow growth te for,the.nucleation

| ayer res oS Tayomdn PR 1§ Fie qePrnbartaf o8 ' Sucthplet s FFSR Pas
been shown herein, use  of | ow yvol tage appli.ed to the nucleatiqp |ayer

tar get betpeema deperting £ alotilre ﬁgﬁgs %Wimg,ca&ﬁm?%pémaé use of
arelatively | ow power density, results in a filmwth the described

desi r abl e qsieapasian tosformd dNernaguilibriums slow-rate dsposisinnl gvareomesnthiseat i on

| ayer according to the present invention is advantageous. As seen in Figure
5 for exanphdencgrforperpendicnldrovidntidoiasthe obhhalloydilagtandraléicai@tws esul ts
in the maxi mumcoercivity value. It should be noted that use of a very thin

nucl eat i onirh@¥&F theHlposititgeMEms!th & fings thd §oﬁ£cttéﬁmﬂyq5ﬁﬁf-mpiaa¥%ﬂaﬁ9n s

advant ageous even if "a maXinumis not reached at very |low thickness as in

e S ARG NP LaduKB LN UL RRT IR B AUl
prior art stqhﬁggzqigggg%é?%%:r%%?g@?%% %@rngpé%ﬁfﬁggdl ate layer for lattice

mat chi ng, ronale"to use thicknesses
described herein. For prior art teaches internediate | ayers used for
lattice match, it is generally believed that the thickness should be such

that it does not contribute sjgnificantly to the rmagnetic propertiges, and
there is no teachi n@nﬁ%aé@%i}ﬁeﬁiaﬂﬁ&m@%&ﬁ%é%@s‘& ormerhthe suriareciiuse
prior art filnms generally have the poarest crystal structure at the

i nt er f ace, mereifayoggble for sutiseqrens siepesitionof ithe magnetiedayies: evenatanodergtst al
structure to inprove. Therefore, it is generally believed to be

advant ageowssutim coarlitibms $o thae subsehuertite its depasitivnethermagreitigriayerctim | v
affect the overall nmagnetic properties. 1 B NOV 2002 -64 Tables: Lattice
m smat ch f@ih beodépriRed ladadiglidr rale adidchchidvel godd B(plahe siibfitatorTak dbig &

it has close lattice matching with the nucleation layer. It was discovered that this
can occur even when the nucleation layer film thickness is only few angstroms
thick. Therefore the process is well-suited for use in production equipment
where the vacuum levels are usually poorer compared to machines typically used

in research. In using a typical production deposition tool for making the



[

t extureM smat chc- axi s110(1011) 0. 2% and 2% 28 out of planell0(1010)1. 7% and

11 %n | ane(200)(1120)1. 7% and 9% n | ane21l (1010) 1. 7010 and 2% n 18 NOV .J02
| anelll) (3120) 1. 7% and 4% n | ane221(1010) 1. 7% and 4% n | ane210no ood mat ch

in either direction Table 1. Conpares lattice msmatch between CoCrloPt! 8

alloy with pure Cr. NOONJ QZ uigTable 2: Guzlk Rscordln0 Test Medla
H M Tff 1~LFReePW004Vf Wt Jtr TNLDSqueeze Set '

S (emukm ) MVppnmVppnVpp%msd8nm X¥sanpl e 111 (I ntevac) 2100 |
0. 700, 12i 0. 4210. 6s222. 6021. 113i .ifi.40 13.7037.1 ti 0.60 Sanple 12 ’

(I Avac) 2460d. 700. 1310. 4440. 69! 21. 322. 103T. 653. 3013. 6632. 760. i 9Sanpl e i3
(Ul vac| Coarerding madiaoa high rate deposition is necessary in order to make the process

| ayer) 260i 0.1 70. 1470. 4670. 60224.1720.1737.042. f112. 3340. 000. 74 tae kid
| esHng coedondmitabis Ba in BddCHg, HérmvdPnamineqdiibriam B. dfficulte achi¢fe - 23|
Kid . 109.A5 Mluxls MF - 649A Mluxls LF . 21.>a8 M| ux/s OWNHF/LF -
109. 9N14, §8d Mool epitaxy is often compromised. By splitting the magnetic layer process
into two parts, namely a thin and slow deposition rate layer and thicker high rate
deposition layer, high throughput is still maintained. Therefore the structure and

the method of deposition of the layers are well-suited for production deposition

process.

In previous art using much thicker films of CoCrTa as an intermediate
layer between Cr and CoCrPt, it is claimed that better lattice match between Cr
and CoCrTa alloy as opposed to Cr with CoCrPt is the key contributor to
obtaining high Hc and in-plane c-axis orientation. In this invention, there is no
limitation to CoCrTa as the alloy of choice for nucleation layer. Since it is the
slow deposition rate with high mobility which determines the quality of the
epitaxy between the Cr underlayer and the nucleation layer, there is more
freedom in the alloy selection for the nucleation layer. In fact, the most ideal
choice would be that the same alloy composition is used for both the nucleation
layer as well as for the magnetic layer. In practice, a small modification from

the magnetic alloy can be used for the nucleation layer composition. For

example, for a CoCr,sTa,Pt; magnetic layer, CoCr;sTa, without the Pt can be

used as the nucleation layer to save the cost of the Pt, but the lattice constant of



!
Table 3: (iuslk Fiacordl nD Taat Media H M Tff M-I Fti esPWs0aAl WA 18 NOV 2302
Jtt TNLDSqueeze Sat S (nmvmMan: ) mVppmVppnVpp%msdBnnmi@&enpta it (tntavac) 2EO0L
0. 700. 1t 10. 5100. E8521. 4f 17. 7Z41. 773. 2222. 1H45. 8d 0. 6f 13 Sample i 4
(Metva) 24i 40.!f30. 1720. 5040. E2027. 7717. b37.13. 1121. ! 1b5d. 320. 65! i Sanple /S
(U vao/ CoCr Ta nucl aat| on .

t:yar)2000D. 700. 2090. 6390. E3E32. f 161t .3g2'3f 1.412. 9a20. 2TEl . 61 0. 766Sanpl e 18
(Ut vadl aotropl o

med| ar 2i 000, Ei 0. 11 10. 5310. i 3130. 3310. 4f 134. 042. 9f 124. 4E6t . 200. s17 21E Kl bl
bsdr~p oonddon tiaa~ IBM 6400 rpm Tasl at 0./84' (adw HF . 2le Kid . 120
M W/ s MF the tfo hlloygare tdry.clise tubench atim (erg. . Withinl 901% Gathiteixismatch).. 0 a 0

N OON 1 8 NoV 2002
For higher Pt content magnetic alloy, the nucleation layer may require additional
Pt 50 as to maintain a lattice constant that is closer to that of the magnetic layer.
It is quite important that there is a close lattice match between the nucleation
layer and the magnetic layer in this invention in order to obtain good epitaxy and
also to obtain a high quality crystalline film in the magnetic layer for high Ku
values. However, since the crystal structure will be the same hexagonal structure
between the nucleation layer and magnetic layer, there is actually more flexibility
in the choice of alloys for the two layers. Therefore the alloy selection can be
based more on factors such as ability to form small and uniform grains or on
basis of creating segregated grains as opposed to selection based on lattice
matching considerations alone as is the case with previous art. See the earlier
referenced patent application of Chen et al., serial no. 08/802646, for a

description of some methods of achieving small and uniform grains and for

creating segregated grains.

Control of grain growth and structure is also a key benefit of the present
invention. Media according to the present invention comprise 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 such as
excess Cr in CoCrPt base alloy. The magnetic grains have a uniform size, and

spacing on the order of about 10A. Importantly, the grains of the magnetic



-67 What is clainmed is: 1. A method of producing a nmagnetic recording 18 NOV 20
medi um conpri sing the steps of: providing a substrate; depositing an

under | ayer conprising chrom um depositing a first |ayer conprising a

cobalt alloy over said underlayer; depositing a second |ayer conprising a
cobalt platinumalloy over said firstskayer; wherein said first layer is
deposited under a condition of equilibriumor near equilibriumcrystal

growh to allow for formation of a high quality crystal structure. 2. The

met hod of claim 1 wherein said first |layer is grown under one or nore of

conditions selected fromthe group consisting of: |ow.depositjion rate of '
sai d firstreterimg lahﬁa%rbrpgingfpagdismgaﬁﬁtsﬁaéﬁ &1 WF‘H&‘“&%SS@FE% ‘Brfkﬁf said first
| ayer, RF sputtering of said first [ayer, and applying a bias voltage to
sai d substgraine, shchiasdistematsns amd sta¢kisgifaultsi thequghgyethe thickess ofthdhod of
claiml1 wherein said first layer is deposited such that sputtered species
form ng sdagerf 5¢ a4 td myLimibavie: Mafnaberystallinet anisropyi abnstast ks ofieach
deposited. 4. The nmethod of claim2 wherein said first |layer is deposited

such that sauAded §ohif PATd AftHpmbtd)dhé 2i-axik iof the lgANSY aftedteerdedli gh nobility

as sai d species are deposited.
predominantly in the plane of the film and are randomly oriented in the plane to
provide high He. Such magnetic grain structure is a consequence of the use of
thin nucleation layer formed in slow rate deposition under near equilibrium
condition and high atomic mobility. Since the main magnetic layer grains grows
epitaxially over the nucleation layer grains, controlling the size of each nucleation
site (grains) and the spacing between adjacent nucleation sites will provide an easy
means for controlling the grain growth characteristics, size and spacing of the
magnetic recording layer, as well as providing large angle grain boundaries. In
addition, proper control of the size and spacing of the nucleation layer grains

provides a method for optimizing the segregation of segregant material such as

Cr at the grain boundaries in the magnetic recording layer.

The consequence of having the microstructure as described above on the
magnetic properties of the media are as follows. Smaller grains contribute to
lower intrinsic noise in the recording media. More crystalline perfection in the

grains provide the highest possible K, so that high Hc is obtained for a given Pt

concentration in the alloy. Uniform and small grains also contribute to
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1 8 NOV 2002 -68 5. The nmethod of claim1l wherein said first Iayer1isNO'v 207
deposited at a rate of 1~ per second or |less. 6. The nethod of clai mg L
wherein said first layer is deposited at a rate of O Sl ~ per second or
| ess. 7. The nethod of claim1l wherein said first layer is deposited to a
t hi ckness of 20 ~ or less. 8. The rret_? d of claim7 wherein said first |
| ayer is deposited to a thickness of .~ or less. 9. The nethod of clai'm
1 wherein said second |ayer is deposited at a higher rate than said first
| ayer. 10. The nethod of claim9 wherein said second | ayer is deposited at
rate equal, to ar %;ater than 2 tinmes tha% of said first |ayer. 1;Lé_@oThe
met hod of IBPERYING thmeWi T NEDdisimpeeved ey haviggdne ¢-axipH thghlage o ]
texture in the plane of the film

film. High hysteresis loop squareness is obtained with having uniformly isolated

grains, with uniform size distribution.

Lastly, the process used herein is highly economical and reproducible.
With even a relatively low platinum content of around 3 atomic %, an Hc value
of about 3000 Oe has been obtained at the MrT value of 0.7 - 0. 8 memuw/cm?.
This is in contrast with the very high Pt content used by others to obtain high He
in the literature we have cited. Reducing the Pt content in the sputtering target
will reduce the cost of producing the disk significantly, and increase the Ms of the
film. This means that film thickness itself can be reduced for a given MrT
product, which results in better performance through effectively lower head-

media spacing.



18 NOV 200Z -69 12. The nethod of claim 11 wherein said second |ayer 18 NOV 2302
exhibits a primarily { 1120} texture in the plane of the film 13. The

met hod of claim 11 wherein said first layer further conprises chrom um and
tantal um and sai d second | ayer further conprises chroniumand tantalum 14.
The nethod of claim1 wherein said secgnd | ayer conprises said platinumin

an anount of 6% or |ess, and wherein said nediumhas an in-plane coercivity

of 2500 Ce or greater. 15. The nmethod of claim| wherein said first |ayer

and said second | ayer have substantially the sane conposition. 16. The

met hod of claim1 wherein said first layer is deposited using a power

density OfBﬁgﬁﬂ)léstc@fpﬁﬁEM tRé Pri¥iggd or less. 17. A nmethod of producing
a magnetic recording nediumconprising the steps of: providing a substrate;
depositing an underl ayer conprising chrom um depositing a first |ayer
conprising a cobalt alloy over said underl ayer;

The present invention will be described in greater detail below, including

specific examples thereof, with regard to the Figures, in which:

Figure 1 is a crystallographic representation of cobalt with some of the planes

and directions indicated.

Figure 2 is a crystallographic representation of chromium with some of the

planes and directions indicated.

Figure 3 is a illustration of lattice matching between (200)¢;, plane and (1120)q,

plane.

Figure 4 is a cross section of a rigid thin-film magnetic disk constructed in

accordance with the present invention.

Figure 5 is a plot of Hc vs. CoCr,¢Ta, nucleation layer cathode power density

for 195 A thick CrVg, undercoat and 230 A thick CoCr, sTasPts magnetic layer.



depositing a second | ayer conprising a cobalt platinumalloy over saig "
second | ayer; r ~ a Nov 2002 -70 wherein said first layer is depos1 &4V a4l
a rate of less than 1 ~ per second. 18. The nmethod as described in claim17
wherein said first layer is deposited at a rate of 0.75 .~ per second or
less. 19. The nethod as described in giaim17 wherein said first layer is
deposited at a rate of 0.5 ~ per seconhd or |ess. 20. The nethod as

described in claim17 wherein said first layer is deposited to a thickness
of 20 ~ or less. 21. The nethod as described in claim17 wherein said
chrom um under | ayer is deposited on a surface of said substrate in a

nom <81 26 e Lol LORAL Ry RB TR ey R i Hgst vher i

without the nucleation layer.

Figure 7 is a vertical hysteresis loop of a CrV/CoCrTaPt film from Figure 5

without the nucleation layer.

Figure 8 is a in-plane hysteresis loop of a CrV/CoCrTa/CoCrTaPt film with
CoCrTa nucleation layer cathode power density of 0.54 watts/cm® (-600 volts RF

cathode bias) from Figure 5.

Figure 9 is a vertical hysteresis loop of a CrV/CoCrTa/CoCrTaPt with CoCrTa
nucleation layer cathode power density of 0.54 watts/em? (-600 volts RF cathode

bias) from Figure 5.

Figure 10 is a plot of MrT vs. CoCrTa nucleation layer cathode power density
for CrV underlayer thickness of 195 A.

Figure 11 is a plot of He vs. CrV cathode power density for CoCrTa nucleation

layer cathode power density of 0.54 watts/cm® (-60Q volts RF cathode bias).



23. The nethod as described in claim 17 wherein a do bias is applied i% WV"WZ
said substrate during at |east a portion of said step of depositing s ich'U ¢
first |ayer. 1 B NOV NO02 _ 7y _ 24. The method of claim 17 wherein said
first layer is deposited using a power density on a sputter target of '
1.0WcnR or less. 25. A nethod of prodycing a magnetic recording nmedium
conprising the steps of: providing a Substrate; depositing an underl ayer
conprising chromium depositing a first |ayer conprising a cobalt alloy

over said underlayer; depositing a second |ayer conprising a cobalt

pl ati num al | oy over said _second Iayfr; Wgerein said first |layer is

deposi t edFigyrealZ is 8 PSS He veoColirglay pageatplayer catode poer 4easisr and

said second | ayer conprise crystals having a C-axis, said Caxis having a
: v . O 263 _. o " m 0B
Wher el n Sl G oriotfoct MRS 080°A sHAR0STH SRS s 18fer il

fixed at approximately 230 A.

Figure 13 is a plot of Hc vs. CoCrTa nucleation layer cathode power density for
three different conditions of substrate DC bias on the CoCrTa nucleation layer

and CoCrTaPt magnetic layer.

Figure 14 is a in-plane hysteresis loop of a Cr/CoCrTaPt film without the

nucleation layer from curve C in Figure 13.

Figure 15 is a vertical hysteresis loop of a Cr/CoCrTaPt film without the

nucleation layer from curve C in Figure 13.

Figure 16 is a in-plane hysteresis loop of a Cr/CoCrTa/CoCrTaPt film with the

CoCrTa nucleation layer deposited at a cathode power density of 0.3 watts/cm”

(-400 volts RF cathode bias) and substrate DC bias of -35 volts applied on both
CoCrTa and CoCrTaPt layer from curve C in Figure 13.
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per second or less. 27. The nmethod as described in claim27 wherein saiidg ray 7002
first layer is deposited at a rate of 0.5 ~ per second or less. 28. The
met hod of claim 26 wherein said first layer is grown under one or nore of
conditions selected fromthe group consisting of: |ow deposition rate of
said first layer, heating of said ~ 4 Nou ~oa2 substrate during |
deposition of said first layer, RF sputtering of said first |ayer, and
applying a bias voltage to said substrate during deposition of said first
| ayer. 29. The nmethod of claim25 wherein said first |ayer is deposited

such t hat t J } | @Q:If-[q)? haaﬁm\j\# bility
as said s&@?gsﬁérgga 35‘:‘%63? P g%fgf%q%?ﬁgdf?r&e{:ho cf C (csi(lzm e?vgt:ﬂntﬁgai d
first layer is.depgsited such that sputtered speciges form sai d first

| ayer havéf";‘fiqag‘lh‘P 91 layerdenosited @ é@?é@dﬁr@% pxtt]ée?qoggwa;gs/ﬁg hod of
producing a magnetic recordi ng nedi um conprising the steps of: providing a
subst r at e;(-4(RPesits RcARoddIRE] ABRT c@BIT i Figire 130m um

Figure 18 is a cross-section TEM micrograph showing the thickness and structure

of CoCr;4Ta, nucleation layer deposited at cathode power density of 0.54

watts/cm® (-600 volts RF cathode bias) as in Figure 5 and Figure 12.



depositing a first |layer conprising a cobalt alloy over said underlayﬁgqmvfcm
depositing a second | ayer conprising a cobalt platinumalloy over said ;
second | ayer; wherein said first layer is deposited by a nmethod conpri sing
appl ying power to a target cathode, wherein said power is applied to said
target cathode at a density of 1.0 Wcpe or less. 32. The method of claim

31 wherein said density of said power applied to said target cathode is

0.75 Wcm- or |ess. 1 BNO Y 2002 -73 33. The nethod of claim1l wherein
said chrom um underl ayer further conprises one or nore el enents sel ected

fromthe gr ?Mﬁ)e&oﬂ%i?é#ji Qg of: Ti) V, M) Nb, Wand Ta. 34. The net hod of
claim1l ' 1 | ayer further conprises one or nore elenents
selected fromthe group consisting of: Ti) V, Mo, Nb, W Ta, Pt, N, Pd, Zr
and Hf . 35. The nethod of claim1l wherein said second |ayer further
conprises one or nore elenments selected fromthe group consisting of: Ti,
V, M, Nb, W Fig, 48 a crpss spatiorz(nairid sritle) 96a typ gid hin-Edmrmpgreticedi um
formed on a substrate conpri sing:

disk (10) constructed in accordance with the present invention. A general

description of the complete disk (10) will be presented below, followed by a

detailed description of certain of the layers thereof and the methods and

conditions for their deposition. Finally, a detailed description of several

examples will be presented to highlight various of the important aspects of the

present invention.

Disk (10) consists of an aluminum alloy substrate (11). Substrate (11) may
be an aluminum blank onto which a plated NiP layer (not shown) is formed by
electroless plating or other methods well known in the art. Alternatively,
substrate (11) may be glass, ceramic, glass-ceramic, cartbon based materials,
silicon, titanium, stainless steel, or other appropriate material selected for reasons
beyond the scope of this invention. The uppermost surface of substrate (11)
(from the perspective of Fig. 4) is smooth and well-cleaned. Optionally, the
surface may be textured to improve the CSS performance of the resulting

magnetic storage medium, as is well known in the art.

A Cr or Cr alloy underlayer (12), described in further detail below, is then

deposited onto substrate (11). Above the Cr underlayer, a very thin nucleation



an underl ayer conprising chromun a first |ayer conprising a cobalt Emlvymz
di sposed on said underlayer; a second |ayer conprising a cobalt plat1 91L“
al l oy disposed on said first layer; wherein said first |layer has a

t hi ckness of 20 !'~ or less) wherein said first |ayer and said second | ayer
conprise crystals having a Caxis, saig Caxis having a primarily in-plane

orientation, 37. The magnetic recordi'ﬁ‘ “medi um of claim 36 wherein said

first layer has a thickness of 10r or | ess. 1 8 NO V 200z 38. The
magneti c recordi ng nedi um of claim 36 wherein said underlayer exhibits a
primarily QRO0} texture in the plane of the film 39. The nagnetic

recor di ng, nedi of glaim 38 wherejin,said second, |layer exhjbits a.primarily
LP1120  ladet (FD qhe Cnaligy SHeh a1 2GR based aley (vbictrmgn Geitke suds AllPHg
medi um of claim 35 wherein said first layer further conprises chrom um and
t ant al um composition as the magnetic layer such as CoCrPt or CoCrTaPt) film is deposited

at a very slow rate as will be described later. Sputtering is the preferred method

of depositing any of the embodiments of the layer 13, although other methods of

deposition may accomplish the desired goal of forming one or more of these

sublayers. In particular, RF diode sputtering is the preferred method.

Returning to Fig. 4, a magnetic recording layer (14) comprising a
magnetic alloy consisting of CoCrPt or CoCrPtTa based alloy is deposited above
the CoCr based alloy nucleation layer (13). 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 (15) of a
type known in the art, e.g., of carbon or carbon doped with nitrogen, hydrogen
or both, or oxides such as ZrO2, Si0O2, etc., or nitrides such as TiNN, ZrN, etc., or
carbides such as TiC, SiC, etc., of a thickness for example less than 200A, and a
lubricant layer (16) such as perfluoropolyether of a type known in the art, are
applied over the protective layer (15). Details of the protective over layer (15)
and lubricant layer (16) are beyond the scope of the present invention, and

therefore are not discussed in detail herein.



41. The magnetic recordi ng medi um of claim40 wherein said second Iaye?gNGVlWZ
further conprises chromumand tantalum 42. A nmagnetic recordi ng nedi um
formed on a substrate conprising: an underlayer conprising chromum a

first layer conprising a cobalt alloy disposed on said underlayer; a second

| ayer conprising a cobalt platinumallgy disposed on said first layer; _
wherein said first layer is deposited under conditions of equilibriumor

near equilibriumcrystal growh to allow for formation of a high quality
crystal structure. 1 8 NOV 2002 -75 43. The magnetic recordi ng nmedi um of

cl ai m 42 wherei n sai yer osited t a.thickness qf 20~ or

| ess. 44, Thelnfé@HFﬁg rﬁé?g‘ilgf P%PHE &Qt‘%l@fyﬁﬁa@aa under | ayer
exhibits a prinmarily ~ 200 } tex'_[ure in the plane of the film 45. The
magnet i ¢ ;heePHEhNE KEoWh R LHREAMHAGKNRE LEICTVARI(E. g5 ePR, NaReCrpxhi bits a

underlayer and CoCr;5Ta,Pt; magnetic layer. (For alloy materials subscripts

denote atomic %, with the balance of the alloy composed of the non-subscripted
element) All the layers were deposited by RF sputtering at pressure of 7 mTorr
in pure Argon atmosphere. The deposition was done in an model SHD14S in-line
sputter system manufactured by Ulvac Corporation, Japan. This machine is a
commercially available production in-line sputter system, and the disks are loaded
onto pallets which travel past sets of cathodes at a continuous speed, to be
deposited with various layers. Typically, the travel speed of the pallet is between
300-400 mm/min. The substrates used were circumferentially textured NiP
plated aluminum substrate with AFM roughness of about 10A Ra. No substrate
bias was applied to the disk during deposition of all the layers. The substrates

were also heated in this example to around 220°C just before the deposition of the

CrVsq layer. In other embodiments the substrate may preferably be heated to a

temperature in the range of approximately 140°C to 250°C, although
temperatures outside of this range may be used. In general, the method of the
present invention requires lower temperatures than prior art methods for

achieving high in-plane orientation.



I
primarily ~ 1120} texture in the plane of the filin. 46. The magnetic 18 NOV 2002
recordi ng nmedium of claim45 wherein said first |ayer further conprises
chromium and tant,~lum 47. The magnetic recordi ng nmedi um of clai m50
wherein said second | ayer further conprises chromiumand tantalum 48. A"
di sk drive conprising the nmagnetic ngqiqn1of claim35. 49. A disk drive |
conprising the magnetic nmedi um of claiﬁ142. 1 8 NOV 2002 -76 50. The
nmet hod as described in Claim1l wherein said first |ayer and said second
| ayer conprise crystals having a c-axis, said c-axis having a primrily
i n-plane orientation. 51. The nethod as described in Caim1l7 wherein said

first layer arthesqzdlof rOsphtleting tagetniseddor dypositisg teinddvidua-layérs, said
c-axis having a primarily in-plane orientation. 52. The nethod as descri bed

S0 aime : : ot : .
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orientation. . .o . .
e area of the target is the power density in units of watts/cm’. The higher the

power or power density, the thicker the film becomes. Another means of
monitoring the relative efficiency of the cathode in converting the power input to
actual deposition rate is the cathode bias voltage. This is the voltage that develops
on the cathode relative to ground as RF power is input into the target. The
voltages shown in the Figure are the actual cathode voltages measured at the
power density. There is a non-linear dependence of power or power density to
the cathode bias voltage. At low power input and consequently within the low
deposition rate regime, the bias voltage is a sensitive means of monitoring the

behavior of the cathode. The plot shows Hc as function of varying the thickness

of CoCrTa nucleation layer from zero power up to near 2 watts/cmz, while
keeping the CrVsq and CoCrPtTa magnetic layer thickness and deposition
conditions the same. CrVg, thickness was around 195 A, while CoCrTaPt

magnetic layer thickness was around 230 A for an MrT of about 0.95 memu/cm?.

At zero thickness of CoCrTa, the Hc is very low at 300 Oe. As soon as

very thin layer of CoCrTa is placed between the CrVy, and CoCrPtTa layers, the

Hc immediately climbs up. At cathode voltage of -400 volts, Hc is around 2700
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53. The magnetic recordi ng nmedi um described in Caim42 wherein said Si rs@ .
| ayer and said second | ayer conprise crystals having a c-axis, said c 8,404 0
having a primarily in-plane orientation. .A3.A .A V3. Alr. AF.A . A3 .A93 . A
A% A Yy AYY. A, AU A% Al F. A3 AF. A3 L A3 LA, .A?2. A3l .A . A+t%AY.Ae.A 0. AA
A LALAALAL CARASILA%AS. A YR MLl A As. A e AFH . A . AYSYE ‘

Oe, and 3000 Oe at cathode bias voltage of - 600 volts. CoCrTa thickness at a
bias voltage of -400 V is estimated to be around S A and at a bias voltage of

600 V is estimated to be between 12 to 15 A. It is quite difficult to establish the
true film thickness at these thin thickness regimes, and the estimate is based on
extrapolation from higher cathode powers (i.e. at higher film thicknesses) and by
direct observation of the films in cross-section by transmission electron
microscopy. At -800 volts, the Hc decreases to around 2800 Oe, and levels off
thereafter. The estimated thickness of the CoCrTa nucleation layer for each point

is indicated in Figure 5. Relative sputter rates of the films are as follows. Both

the CrVs, and the CoCrTaPt layers were sputtered at the rate of about 7 A/sec at

-2000 volts cathode bias or 3 watts/cm> power density. The sputter rate of the

CoCrTa film at a cathode bias voltage of -600 volts is estimated to be less than

0.5 A/sec.

Figure 6 shows in-plane VSM (vibrating sample magnetometer) trace of
the hysteresis loop for a sample with zero CoCrTa nucleation layer thickness
deposited under the same conditions as the sample shown in Figure 5. The Hc is
very low as indicated in Figure 5. Figure 7 shows the same film of Figure 6
measured in the vertical direction by VSM, where the applied field is directed
perpendicular to the film plane. The hysteresis loop taken in this manner is

usually called the “vertical loop”. The parallelepiped loop is very characteristic



[
.AYe. ALY . A . AFR AF?. AY3. Al . AF. AFA Al .Ar.A[R A3

" AFY. A3% A, . AT3yA FRA u. AS . ASF .Al.An .A ASFl .AF .A .A@Anl | (9D5nf 1§ NOV 2002

*6~~ytoj e [ V] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]c:alc:a]c:a]ca]ca]c
aJca] ca] ca]cal cal]c”™a]calca]cal]ctalcaUcaljcald D QU !
Pgl " ###% ( (| wmhc] X] ] caV] ca] ca] ca] ca] cg§ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a]c
aJ calca]calcalcalcalcalcalcalcalcalcalcalcalca! ((**k*o*+d.///10345666666666
65899;

;; =+A8A=A~xsni d_ZU] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] caV] ca] caV] ca] caV] ca]ca]c

:} ga] ca] arjadipe which bag dapebaltaliens catis diecked-yasiedhiethe falmplants Mk MNAR) S7S
<SxToWHYUYZY{[ _% *_d eeefi k{vql gb] X] c] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca)gidroedris] the] filh dajtead gligpeiptdjodan] This| realle a3 quite a3maikeblecal kkkmp+

d- q: g?gst vwww
in that despite using a CrVsq underlayer which is generally believed in the art to

have better lattice match to the CoCrTaPt than a pure Cr layer as indicated in the

literature (see, e.g. U. S. patent 4,652,499), the sputter condition used here

created a preferred orientation of HCP (0002)c, alloy texture which is contrary
to the usual expectations of epitaxial growth on the (200)c,. It shows again that

depositing the Co alloy film at high rate can cause perpendicular orientation of
the c-axis which is its natural tendency in the absence of epitaxy. The condition

of the vacuum system and the process, such as the presence of residual gas in the

chamber apparently has a strong effect on the CrV g underlayer surface which

counteracts the supposed tendency for better lattice match with the cobalt alloy
film. Such tendencies however are erased by the use of thin nucleation layer as

shown.

Figure 8 shows in-plane VSM hysteresis loop for the case where the
CoCrTa cathode bias was set to -600 volts for the thickness of the nucleation
layer of approximately 12 to 15 A as shown in Figure 5. The in-plane hysteresis
loop shows excellent squareness and high Hc, indicative of good in-plane c-axis
orientation of the cobalt alloy hexagonal crystal structure. The complementary

vertical orientation hysteresis loop in Figure 9 shows a “collapsed” loop which is
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Figure 10 is a plot of magnetization thickness product (MrT) vs. the
CoCrTa nucleation layer cathode power density for a fixed thickness of the
CoCrTaPt magnetic layer. The samples from which this data were obtained are
the same as those used to generate the data shown in Figure 5. Cathode bias
voltages for each data point are also indicated in the Figure. The plot shows a

rapid MrT increase from 0.54 memu/cm? to about 0.95 memu/cm? for CoCrTa

thickness going from zero bias to -600V bias. Then, leveling off to a slower rate
of increase between -600 to -1200 volts cathode bias. VSM results show that
hysteresis loop squareness improves over the range from 0 to -600 volt bias, so
that rapid change in MrT from 0 to -600 volts is actually due to transition from
vertical orientation of the magnetic film to the in-plane orientation rather than

from additional contribution to MrT from the CoCrTa nucleation layer. After
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10% u& () - 312%901/% lfﬁ% Qxentagon o?tlgg top CoCrTaPt magnetic layer with the placement of

a very thin CoCrTa nucleation layer below. The CrVs, film is oriented in the

proper (200)c, texture, but in the absence of the nucleation layer, CoCrPtTa by
itself has some difficulty establishing the in-plane orientation. We believe that the
problem is in the fast rate of deposition of the CoCrPtTa magnetic layer. When
the rate is high and vacuum condition is only moderate, the film apparently has
difficulty establishing a good epitaxy with the CrV s, alloy layer so that it takes
on the orientation which it naturally favors, which is the (0002)¢, orientation as
cited in paper by H. Tsai et al. described previously. By depositing a CoCrTa
nucleation layer at slow deposition rate on CrVs, there is much better chance of
approaching near equilibrium growth condition so that CoCrTa has a chance to
establish the proper epitaxy for the in-plane c-axis orientation. Once this has

been accomplished, the CoCrTaPt can be then deposited at much higher rate and

still maintain the in-plane orientation established earlier by the CoCrTa

nucleation layer.
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Figure 11 is a plot of Hc vs. CrV s, thickness (plotted as power density) for
a fixed CoCrTa nucleation layer thickness of between 12 to 15A (at -600 volts

cathode bias voltage) and CoCr,sTa,Pts layer thickness of around 230 A. Ata
power density of around 2 watts/cm? or cathode bias voltage of around -1700
volts, the Hc reaches around 2700 Oe, and at 3 watts/cmz, Hc is slightly less than
3000 Oe. The CrVs, thickness at 2 and 3 watts/cm? corresponds to about 140 A
and 195 A respectively. The fact that such high Hc is obtained at very low
thickness of CrV s, and relatively low platinum content of 5 atomic % is a good

indication that a high level of perfection has been achieved in the crystallinity of
the CoCrTaPt alloy grains, and that high anisotropy constant, Ku has been

attained. It is also remarkable that high Hc has been obtained under a moderate

vacuum conditions of around 10 Torr in a commercial deposition system.

Figure 12 is a plot of Hc vs. CoCry¢Ta, nucleation layer power density for

a pure Cr underlayer thickness of 230 A and using CoCr, sTasPt; magnetic alloy

layer with a thickness of around 230 A. The substrate was heated to
approximately 160°C prior to deposition of the Cr underlayer. Otherwise, the
deposition conditions were very similar to those described for Figure 5. The

Figure shows that at zero CoCrTa power, the Hc is around 1800 Oe, climbing to

a maximum of around 2200 Oe at around 0.3 watts/cm2 (-400 volts cathode bias
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voltage). It is interesting to note that at zero power of CoCrTa nucleation layer,
the Hc is much higher for the Cr underlayer compared to Hc for CrVs, in Figure
5. However, the maximum Hc attainable with a Cr underlayer is lower than the

maximum Hc attainable with a CrV s, underlayer. The peak of Hc vs. the

CoCrTa power density is also slightly different. These differences are due to
lower Pt content in the magnetic alloy for Figure 12 with 3 atomic % vs. S
atomic % used in the example of Figure 5, and differences that arise due to using

Cr underlayer vs. CrVs, underlayer. The estimated CoCrTa nucleation layer

thickness is indicated for each point in Figure 12. At -400 volts RF bias voltage,
the CoCrTa thickness is expected to be around 5 A. Nevertheless, the effect of
the CoCrTa nucleation layer on Hc is clearly seen. With a very small thickness
CoCrTa nucleation layer, the Hc increases by more than 350 Oe over the case

without the nucleation layer.

Figure 13 shows the effect of applying -35 volts DC substrate bias on the
He of the Cr/CoCrTa/CoCrTaPt film structure. Curve A is the same curve as in
Figure 12 reproduced for comparison. Curve A is with no substrate DC bias.
Curve B shows the Hc dependence when DC substrate bias is applied only during
the CoCrTaPt magnetic layer deposition. Curve C is for the case where DC
substrate bias was applied during both CoCrTa and CoCrTaPt magnetic layer

deposition. Both Curve B and C show significant difference with that of curve A.
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The Hc is lower at zero CoCrTa nucleation layer power than for curve A, with

Hc at around 1200 and 1400 Oe for curves B and C, respectively. At 0.3
watts/cm? or -400 volts cathode bias however, the Hc reach maximum value at

around 2750 Qe for curve B and 2950 Oe for curve C. Thereafter, the Hc
declines for both cases. When DC substrate bias is applied during the CoCrTaPt
layer deposition, there is more mobility of the depositing species so that there is
more opportunity for Cr to segregate to the grain boundaries, leading to
improved grain isolation. Additionally, the DC bias helps to improve the
crystalline perfection of the grains so that high anisotropy constant Ku is
obtained. Both of these effects helps to increase Hc. Additional substrate bias
during CoCrTa nucleation layer deposition helps enhance these effects some
more, hence the Hc is raised even higher in curve C. In both curves B and C, the
effect of providing the thin CoCrTa nucleation layer deposited at very low rates

is very obvious.

It is also very interesting to note the effect of substrate bias in the case
where there is no CoCrTa layer deposited. The Hc drops much lower for the
case where DC bias is applied during magnetic alloy layer deposition than when

there was no DC substrate bias applied during this step. In fact the He behavior

with CoCrTa power density becomes more similar to those seen in CrVsq

underlayer of Figure 5, although the Hc drop in CrVs, at zero CoCrTa power
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was much more drastic. It is believed that the Hc drop is due to an adverse
surface effect that takes place on the freshly sputtered Cr layer just at the time of
magnetic layer deposition as a result of substrate bias. It may be being oxidized
or contaminated more severely when the substrate bias is applied which prevents
the magnetic layer from orienting properly in the in-plane orientation, hence the

film takes on more perpendicular orientation. CrVsq layer exhibits the same

behavior even in the absence of substrate bias, therefore it must be much more
sensitive to surface contamination or oxidation compared to pure Cr. Since
substrate bias is an useful and necessary means of achieving high degree of Cr

segregation for good grain isolation and also to achieve good crystalline

perfection for high K, the adverse effect that it may cause to Cr is a significant

detriment. Depositing the thin layer of CoCr based alloy near equilibrium
condition (e.g. slow deposition with high mobility) either prevents the oxidation
of Cr layer to take place or makes its impact less on the epitaxial growth of the

magnetic layer.

Figures 14 and 135 are the in-plane and vertical hysteresis loop respectively
for the case where there is no CoCrTa nucleation layer i.e. for samples prepared
in the same manner as those shown for curve C in Figure 13. The loops show a

strong indication of vertical orientation, but not quite as strong as it was in the

CrVsq case. Figures 16 and 17 show the in-plane and vertical hysteresis loops,
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respectively, for the case of 400V RF cathode bias for the CoCrTa layer. The
hysteresis loops indicate a strongly in-plane orientation of the magnetic layer.
The results again show that with a pure Cr underlayer, similar results as those in
Figure 5 have been obtained. That is, an ultra-thin layer of CoCrTa film
deposited at very slow rate can dramatically improve the in-plane orientation of
the magnetic layer, and that very high Hc can be obtained, with even smaller

amount of Pt of only 3 atomic % compared to 5% used in the example of Figure

5.

Figure 18 is a cross-section transmission electron micrograph showing the

thickness and structure of CoCr,¢Ta, nucleation layer deposited by itself on a
smoothly polished NiP/aluminum substrate at cathode power density of 0.54
watts/cm> (-600 volts RF cathode bias) as was the case in Figure 5 and Figure

12. The arrow in the Figure indicates the CoCrTa layer. The CoCrTa forms

semi-circular particles of around 12 to 15 A thickness above the substrate.

As for the importance of epitaxy and epitaxial relationship in the
aforementioned media structure, it is probably less important that there is perfect
lattice match between the Cr or Cr alloy underlayer and the CoCr based alloy
nucleation layer than between the CoCr based alloy and the magnetic layer above

it. With Cr being a BCC crystal, there is an inherent mismatch that will always
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be present with any hexagonal crystal, at least in one direction. A slow
deposition of a CoCr based alloy nucleation layer under near equilibrium
condition with sufficient mobility is a key factor in arranging for the in-plane
orientation of the cobalt alloy structure. As long as Cr or Cr alloy has a proper

orientation, e.g. (200) ¢, to allow for the cobalt alloy to take on the in-plane

orientation, the amount of lattice mismatch with the Cr or Cr alloy does not
matter as much. Whether the Cr or Cr alloy has more or less propensity to
oxidize or contaminate its surface during the deposition process is much more
important. Although this can be alleviated by having ultra-high vacuum as
suggested by Takahasi et al. as cited previously, it is not very practical to have
ultra-high vacuum in an industrial deposition equipment where productivity and
high throughput matter. Therefore a method which alleviates the problem of Cr
or Cr alloy contamination or oxidation to the epitaxial growth of the cobalt alloy
film is quite significant. What is much more important however is the lattice
match between the nucleation layer and the magnetic layer. This is a growth of
two hexagonal layer above one another. A small lattice match difference can lead

to formation of dislocations and stacking faults which may have detrimental effect

on K, and hence on ultimate Hc. The lattice mismatch for HCP-CoCry¢Ta, and
HCP- CoCr;5TasPt; is much less than 0.5 % in any direction however, using

published or calculated values for the lattice constants, compared to at least ~2 %

lattice mismatch between BCC-Cr and HCP-CoCr,¢Ta, along the <0001> ¢,
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direction, and ~10% along the <0110>¢, direction. Therefore the best match can

be obtained between layers of the same material, i.e. the same alloy for the
nucleation layer and the magnetic layer. However, a small modification of the
alloy composition of the nucleation layer, such as without the expensive Pt can
also achieve similar results since deletion of 3% Pt from the CoCrTaPt alloy will

lead to at most 0.5% change in the lattice parameter.

Table 2 shows the comparison of magnetic recording performance of the
media made according to one embodiment of this invention against a
conventionally prepared media. The samples shown were all deposited on a set of
substrates prepared the same way. The substrate was a 95 mm NiP plated
aluminum, with circumferential texture at AFM roughness of 10 A Ra. The first
media (Sample 1) was prepared using a static deposition system using 200 A thick

Cr, a CoCr5TasPts magnetic layer and 100 A carbon overcoat. The deposition

rate was at around 40 A/sec for the Cr and magnetic layers. An Intevac model
MDP250A system made by Intevac, Santa Clara, California was used. In this
machine, individual disks are held stationary in front of each cathode for each
layer. The substrate was heated to ~ 250°C prior to Cr deposition, and substrate
DC bias of -300 volts was applied to the magnetic layer. The second sample
(Sample 2) was prepared in an in-line deposition system in a manner similar to

the present invention, except that it did not include the thin CoCrTa nucleation
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layer. The structure is Cr/ CoCrysTasPts/Carbon. The Cr thickness was

approximately 400 A, and the substrate temperature was about 220°C. The
carbon thickness was 100 A. The third sample (Sample 3) was made according to

an embodiment of this invention and has 230 A of Cr underlayer, approximately

12 to 15 A thick CoCr,¢Ta, nucleation layer deposited at -600 volts RF cathode

bias voltage, and a CoCr, sTasPt; magnetic layer, followed by 100 A of carbon

overcoat. The substrate was heated to approximately 160°C and a DC substrate
bias of -30 volts was applied for the CoCrTa and CoCrTaPt layers. The CoCrTa
nucleation layer was deposited at a rate of 0.5 A/sec. Both Cr and CoCrTaPt
layers were deposited at the rate of 7 A/ sec. The deposition was done with RF
sputtering, at the pressure of 7 mTorr. The machine used was a SHD450 in-line
deposition tool made by Ulvac Corp. of Japan. In all cases, magnetic layer

thickness was adjusted to achieve an Mrt of approximately 0.7 memu/cm?,

Recording performance measurements were taken using a Guzik model
RWA 1632/1701 Spinstand, manufactured by Guzik, San Jose, California. A
magnetoresistive (MR) magnetic recording head manufactured by IBM was used.
The disk rpm was 5400, and measurements were made at a radius of 0.83 inches.
MR head read bias was 8 mA, and write current was 40 mA zero to peak. The
high frequency head signal was 109 Mflux/sec at 230 kfci. The overwrite
frequency was 109.95 Mflux/sec over 14.66 Mflux/sec. Write Jitter frequency
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was 54.98 Mflux/sec. The results show that all three have roughly the same low
frequency amplitudes, and Hc is within 150 Oe of each other. Sample 3 with the
CoCrTa nucleation layer has the superior performance with the highest
resolution, narrowest PW50, lowest write jitter and TNLD. Write jitter is a
measure of SNR, and a lower value means lower intrinsic media noise. Squeeze
is a measure of track compressibility, and again the media with the thin
nucleation layer has the best squeeze performance. Sat S* is a measure of
remanent loop squareness as measured by the spin stand at actual recording
switching rates. It is a slope of the write saturation curve at the writing
frequency. It represents the loop squareness at the recording field switching rate
as opposed to VSM hysteresis loop which is obtained at very low sweep rates.
Higher values of Sat S* signifies better remanent loop squareness. Again Sample
3 with the thin nucleation layer has the best Sat S*. OW is somewhat comparable
to the Sample 1 and lower than Sample 2. This is due to the fact that effective He
at the recording switching rates of Sample 3 is high, contributing to good squeeze

and TNLD, but lowering the OW,

Table 3 shows additional Guzik spin stand recording data comparisons of
the media made according to this invention against the media made according to
conventional manner. The first sample (Sample 1) is the same first disk as shown
in table 1, which was made using Intevac model 250A system. The fourth sample

(Sample 4) was made using another static deposition system, a Model C3010 made
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by Anelva Ltd., Japan. This sample had 200 A of Cr, a CoCrysTasPts magnetic

layer and 100 A of carbon overcoat. The substrate was heated to around 250° C
just before the Cr layer and substrate bias of -200 volts was applied to the
magnetic layer. As in the Intevac system, the Anelva system uses DC magnetron
sputtering with sputter rates of around 40 Alsec for both Cr and magnetic layer.
The fifth sample (Sample 5) was made according to an embodiment of the present
invention in a similar manner as described for Sample 3 of Table 1. A Cr
underlayer of approximately 230 A was deposited followed by an approximately

12 to 15 A thick CoCr;¢Ta, nucleation layer deposited at -600 volts RF cathode

bias voltage. The magnetic layer was a CoCr,sTasPt, film, followed by 100 A

of carbon overcoat. DC substrate bias of -60 volts was applied for both CoCrTa
and CoCrTaPt layers, and the substrate temperature before the Cr layer
deposition was around 160°C. The CoCrTa nucleation layer was deposited at a
rate of 0.5 A/sec. Both Cr and CoCrTaPt layers were deposited at the rate of 7
A/ sec. The sixth sample (Sample 6) is media with isotropic orientation of cobalt
alloy c-axis in the film as opposed to in-plane orientation for the other three

samples. This media was made with 20 A thick sputtered NiP layer, followed by
a CoCryPt,5 (Si0,) ¢ alloy magnetic layer and 100 A thick carbon overcoat. No

substrate heating was applied in this case.
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Again, in all of the above samples, the magnetic layer thickness was
adjusted to achieve an Mrt of approximately 0.7 memu/cm’. The testing
conditions used in this comparison used a similar IBM head but at 216 kfci
recording conditions. The test radius was changed to 0.984 inches. Although the
MrT of the media was approximately the same in all three samples, the Hc was
different for some of the samples as indicated in the table. The Guzik test results

show the following. For resolution, PW s, write jitter, TNLD, Squeeze and Sat

S*, the Sample 5 media with the thin CoCrTa nucleation layer has exceptionally
good performance. The Intevac sample (Sample 1) has the higher OW, but this is
explained by the lower Hc of the media. Consequently, it also has the poorest
squeeze performance. In fact the OW for the high Hc of the thin nucleation layer
media is still exceptionally good. The Sample 6 isotropic media has low PWy
and write jitter, and good squeeze performance, but the resolution, TNLD and
Sat S* are all poor compared to other media. The results show that thin
nucleation layer media can achieve an excellent level of recording performance

across all of the key parametric parameters compared to the media prepared by

current art.

In conclusion, the media made according to the invention has excellent
recording performance compared to those of previous art. Highest possible He is

obtained for a given Pt content in the alloy and excellent in-plane orientation of
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c-axis of the CoCrPt based magnetic alloy layer. These properties can be
obtained in an commercially available production deposition equipment with
moderate vacuum capabilities. The process is amenable to high throughput

production so that it is highly economical and low cost.

Those skilled in the art can use this invention to magnetron sputtering or to
RF sputtering method where the deposition of the nucleation layer can be slowed
so as to obtain the necessary low deposition rate. Near equilibrium conditions
can be obtained through the use of conditions promoting high mobility of the
depositing species such as use of DC or RF substrate bias or substrate heating or a

combination of both.

It will be appreciated that modifications to the above described
embodiments can be made by one of ordinary skill in the art. For example,
within the teachings set forth herein, differing thicknesses or compositions of one

~or more of the layers, additional layers, differing deposition systems or differing

conditions such as temperature, bias voltages, power levels, etc. may be used.

As described herein, the present inventors have discovered methods of
producing relatively high coercivity films - i.e. films whose coercivity exceeds
that of prior art films taking into consideration one or more factors such as

relative platinum percentage in the film, underlayer composition and thickness,
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and deposition conditions. With the present invention, for any given coercivity
level, a film according to the present invention provides more flexibility to the
manufacturer. For example, depending upon design and production goals, for a
given coercivity the present invention provides the flexibility to choose one or
more of: a lower platinum concentration of the magnetic filmh; a thinner thickness
of an underlayer such as chromium, a lower lattice match between a chromium
containing underlayer and a subsequent layer, and a more commercially feasible
(i.e. higher) base pressure in the sputtering system as compared with the prior
art. Additionally, the high quality of the film, small grain size, and segregation
of components such as chromium provide low noise, low TNLD, good resolution

and PW50, and improved OW.

While not wishing to be bound by theory, as described above it is believed
that the present invention provides these benefits by providing for controlled
crystal growth of the nucleation layer. It is believed that by forming the
nucleation layer in equilibrium or near equilibrium conditions, and by providing
for mobility at the growing surface, the atoms forming it are able to grow in
stable, low energy sites as the layer grows. Because of this, incorporation of the
desired components from the sputtering target is favored as compared with
incorporation of undesired contaminants such as oxygen, which are believed to be
pushed to the grain boundaries during growth. As a result, fine grains grow with

few imperfections. Once this nucleation layer having a high quality crystal
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structure is formed, a subsequent magnetic layer can be grown at commercially

viable rates with the above-described desirable properties.

The conditions which are believed to lead to the growth of a high quality
film include the use of a nucleation layer deposited at a relatively slow growth
rate, bias on the substrate during film growth, use of RF sputtering, and use of
heating during film deposition. These conditions help achieve equilibrium or
near equilibrium growth and/or provide mobility to the atoms arriving at the
surface for the nucleation layer. It should be noted that these factors may be
inter-dependent. For example, faster growth rates than the preferred rates
described above may be used in combination with greater heating and/or a higher
bias on the substrate. As described above, by use of RF sputtering, very low
growth rates and substrate bias, high coercivity films may be obtained at

temperatures that are moderate compared with the prior art.

It should be noted that regardless of whether different or additional
mechanisms are present than those described herein, the present invention teaches
several advantageous methods of producing magnetic media, that may be used
alone or in combination. For example, use of a low growth rate for the
nucleation layer results in a high coercivity film relative to the prior art. As has

been shown herein, use of a low voltage applied to the nucleation layer target
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cathode during sputtering, and therefore use of a relatively low power density,

results in a film with the described desirable properties.

Additionally, use of an extremely thin nucleation layer according to the
present invention is advantageous. As seen in Figure 5 for example, an extremely
low thickness of the nucleation layer results in the maximum coercivity value. It
should be noted that use of a very thin nucleation layer that achieves the results of
the present invention is advantageous even if a maximum is not reached at very
low thickness as in Figure 5, because use of a very low thickness reduces
throughput time, material usage and maintenance costs. Note that the although
some of the prior art discussed earlier teaches a thin intermediate layer for lattice
matching, this alone does not provide a rationale to use thicknesses described
herein. For prior art teaches intermediate layers used for lattice match, it is
generally believed that the thickness should be such that it does not contribute
significantly to the magnetic properties, and there is no teaching to go any thinner
than necessary. This is because prior art films generally have the poorest crystal
structure at the interface, and a greater thickness allows the intermediate layer
crystal structure to improve. Therefore, it is generally believed to be
advantageous to use the highest thickness that does not significantly affect the

overall magnetic properties.
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Tables:

Lattice mismatch for various planes of Cr and CoCroPt;g

Cr texture CoCr Pt g Mismatch c-axis
texture

(110) (1011) 0.2% and 2%) | 28° out of plane
(110) (1010) 1.7% and 11% | in plane
(200) (1120) 1.7% and 9% | in plane
211) (1010) 1.7% and 2% | in plane
(111 (3120) 1.7% and 4% | in plane
(221) (1010) 1.7% and 4% in plane
(210) no good match in either direction

Table 1:  Compares lattice mismatch between CoCryPt; 3 alloy with pure Cr.
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Table 2: Guzk Recording Test

Medla Hr MIT (2 M LF Res  PWS50 ON WrnJir TNLD Squeeze Sat§*

{memu/cm?) mVpp  mVpp mvVpp % ns [ 2] am * %
Sample #1 (Intevac) 2600 o0.70 O0.126 0.421 0.562 22,50 21.08 36.89 3S.40 13.70 37.18 0.69
Sample #2 (Ulvac) 2450 0.70 0,131 0.444 0598 21.93 22,10 37.85 3.30 13.66 32.75 0.69
Sample #3 (Ulvac/CoCrTa nucisation layer) 2809 0.67 0.147 0.457 0.592 24.87 20.87 37.04 2.9t 12.33 40.00 0.74

238 kid testing condition

Head: 1BM CH-T1S

5400 rpm

Tost at 0.83° radius

HF = 234 Kicl = 109.85 Mfiux/s
MF = 5498 Miuxd/s

LF = 21.98 Miux/s

OW HF/LF = 109.05/14,68 Mflux/s
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What is claimed is:

1. A method of producing a magnetic recording medium comprising the steps of'
providing a substrate;
depositing an underlayer comprising chromium;
depositing a first layer comprising a cobalt alloy over said underlayer;
depositing a second layer comprising a cobalt platinum alloy over said first layer;
wherein said first layer is deposited under a condition of equilibrium or near equilibrium

crystal growth to allow for formation of a high quality crystal structure.

2. The method of claim 1 wherein said first layer is grown under one or more of conditions
selected from the group consisting of: low deposition rate of said first layer, heating of said
substrate during deposition of said first layer, RF sputtering of said first layer, and applying a

bias voltage to said substrate during deposition of said first layer.,

3. The method of claim 1 wherein said first layer is deposited such that sputtered species

forming said first layer have a high mobility as said species are deposited.

4. The method of claim 2 wherein said first layer is deposited such that sputtered species

forming said first layer have a high mobility as said species are deposited.
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9. The method of claim 1 wherein said second layer is deposited at a higher rate than said

first layer.

10.  The method of claim 9 wherein said second layer is deposited at rate equal to or greater

than 2 times that of said first layer.

11.  The method of claim 1 wherein said underlayer exhibits a primarily {200} texture in the

plane of the film.
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12.  The method of claim 11 wherein said second layer exhibits a primarily {1120} texture

in the plane of the film.

13.  The method of claim 11 wherein said first layer further comprises chromium and

tantalum and said second layer further comprises chromium and tantalum.

14.  The method of claim 1 wherein said second layer comprises said platinum in an amount

of 6% or less, and wherein said medium has an in-plane coercivity of 2500 Oe or greater.

15.  The method of claim 1 wherein said first layer and said second layer have substantially

the same composition.

16.  The method of claim 1 wherein said first layer is deposited using a

power density on a sputter target of 1.0W/cm? or less.

17. A method of producing a magnetic recording medium comprising the steps of:
providing a substrate;
depositing an underlayer comprising chromium,;
depositing a first layer comprising a cobalt alloy over said underlayer;

depositing a second layer comprising a cobalt platinum alloy over said second layer;
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18.  The method as described in claim 17 wherein said first layer is deposited at a rate of 0.75

A per second or less.

19.  The method as described in claim 17 wherein said first layer is deposited at a rate of 0.5

A per second or less.

20, The method as described in claim 17 wherein said first layer is deposited to a thickness of

20 A or less.

21.  The method as described in claim 17 wherein said chromium underlayer is deposited on a

surface of said substrate in a non-epitaxial relationship.

22.  The method as described in claim 17 wherein said first layer is deposited by RF

sputtering.

23.  The method as described in claim 17 wherein a dc bias is applied to said substrate during

at least a portion of said step of depositing said first layer.
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depositing a second layer comprising a cobalt platinum alloy over said second layer;

wherein said first layer is deposited to a thickness of 20 A or less, wherein said first layer
and said second layer comprise crystals having a C-axis, said C-axis having a primarily

in-plane orientation.

26.  The method as described in claim 25 wherein said first layer is deposited at a rate of 1 A

per second or less.

27.  The method as described in claim 27 wherein said first layer is deposited at a rate of 0.5

A per second or less.

28.  The method of claim 26 wherein said first layer is grown under one or more of conditions

selected from the group consisting of: low deposition rate of said first layer, heating of said
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foormin(g) said first layer have a high mobility as said species are deposited.

30. The method of claim 28 wherein said first layer is deposited such that sputtered species

forming said first layer have a high mobility as said species are deposited.

31. A method of producing a magnetic recording medium comprising the steps of:
providing a substrate;
depositing an underlayer comprising chromium;
depositing a first layer comprising a cobalt alloy over said underlayer;
depositing a second layer comprising a cobalt platinum alloy over said second layer;
wherein said first layer is deposited by a method comprising applying power to a target

cathode, wherein said power is applied to said target cathode at a density of 1.0 W/cm? or less.

32.  The method of claim 31 wherein said density of said power applied to said target cathode

is 0.75 W/cm® or less.
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34.  The method of claim 1 wherein said first layer further comprises one or more elements

selected from the group consisting of: Ti, V, Mo, Nb, W, Ta, Pt, Ni, Pd, Zr and Hf.

35.  The method of claim 1 wherein said second layer further comprises one or more elements

selected from the group consisting of: Ti, V, Mo, Nb, W, Ta, P, Ni, Pd, Zr and Hf.

36. A magnetic recording medium formed on a substrate comprising:
an underlayer comprising chromium;
a first layer comprising a cobalt alloy disposed on said underlayer;
a second layer comprising a cobalt platinum alloy disposed on said first layer;
wherein said first layer has a thickness of 20 A or less, wherein said first layer and said
second layer comprise crystals having a C-axis, said C-axis having a primarily in-plane

orientation.

37.  The magnetic recording medium of claim 36 wherein said first layer has a thickness of

10A or less.
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38.  The magnetic recording medium of claim 36 wherein said underlayer exhibits a primarily

{200} texture in the plane of the film.

39.  The magnetic recording medium of claim 38 wherein said second layer exhibits a

primarily {1120} texture in the plane of the film.

40. The magnetic recording medium of claim 35 wherein said first layer further comprises

chromium and tantalum.

41.  The magnetic recording medium of claim 40 wherein said second layer further comprises

chromium and tantalum.

42. A magnetic recording medium formed on a substrate comprising:
an underlayer comprising chromium;
a first layer comprising a cobalt alloy disposed on said underlayer;
a second layer comprising a cobalt platinum alloy disposed on said first layer;
wherein said first layer is deposited under conditions of equilibrium or near equilibrium

crystal growth to allow for formation of a high quality crystal structure.
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43.  The magnetic recording medium of claim 42 wherein said first layer is deposited to a

thickness of 20A or less.

44.  The magnetic recording medium of claim 42 wherein said underlayer exhibits a primarily

{200} texture in the plane of the film.

45.  The magnetic recording medium of claim 44 wherein said second layer exhibits a

primarily {1120} texture in the plane of the film.

46.  The magnetic recording medium of claim 45 wherein said first layer further comprises

chromium and tantalum.

47.  The magnetic recording medium of claim 50 wherein said second layer further comprises

chromium and tantalum.

48. A disk drive comprising the magnetic medium of claim 35.

49. A disk drive comprising the magnetic medium of claim 42.
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50.  The method as described in Claim 1 wherein said first layer and said second layer

comprise crystals having a c-axis, said c-axis having a primarily in-plane orientation.

51.  The method as described in Claim 17 wherein said first layer and said second layer

comprise crystals having a c-axis, said c-axis having a primarily in-plane orientation.

52.  The method as described in Claim 31 wherein said first layer and said second layer

comprise crystals having a c-axis, said c-axis having a primarily in-plane orientation.

53.  The magnetic recording medium described in Claim 42 wherein said first layer and said
second layer comprise crystals having a c-axis, said c-axis having a primarily in-plane

orientation.



