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TUNI NG EXCHANGE COUPLI NG I N MAGNETI C RECORDI NG MEDI A
Field of Invention [0001] The present invention
relates to inproved, high recording perfornmance 5
magneti c recording media conprising at | east a weakly

REGECCAANGE COPENNG N MAGRETM0 RECORDING! MEDIA
exchanged coupl ed magnetic | ayer, preferably in

contact with each other. Mre particularly, the
i n@&hpﬂ“&ﬂi,ﬁ; es to hard disk recording nedia
pr oviding 'ncreased signal to noise ratio during
[ﬂomgnefﬂe £RRQhHinfish reBRS kOmPHAR, tifh 08Kk pdifisrmahed m
gnetic recordi ng nmedia, wherelin a fine-grained

ma%gi & 1%56{'3{11? ln{eidﬁgzorr?gﬂﬁgﬁetirlgastai WOX1Y S¥RingSLENBRA AfghdiR

énetlc ecor di are generally classified as
RO ALl BRI, prep g
o LS b SRREEL I A5ERLg v
incr%%é&%%agg%?(ﬁ% r@éahn P@%ﬁ%ﬁﬁn ﬁQ?Q}gI tSEg;Nf}al and

per,pendi cul.ar recording. [0003] The increasi ng demands
fo#gﬁgﬂﬁgggareal recordi ng density inpose

oo, ARG BB o B0
oS O T Bl
TR OSSRl o v e domsn
o e B e 5Bl b, B,
e B D S R SRy R T
and raug¢§Y%gg§§g§§%;§b%gge&g gﬁé&ﬁﬁhgyer t hi ckness (t);
[0003]  The increasing demands for higher areal recording density impose
increasingly greater demands on fhin film magnetic recording media in terms of
coercivity (Hc), remanent coercivity (Hcr), magnetic remanance (M), which is the
magnetic moment per unit volume of ferromagnetic material, coercivity squareness (%),
signal-to-medium noise ratio (SMNR), and thermal stability of the media. Thermal
stability of a magnetic grain is to a large extent determined by K.V, where K, is the

magnetic anisotropy constant of the magnetic fayer and V is the volume of the magnetic

grain. V depends on the magnetic layer thickness (t); as t is decreased, V decreases.
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These paraneters are inportant to the recording
performance and depend primarily on the

m crostructure of the nmaterials of the nmedia. 100041
For high signal to noise ratio (SNR) nmagnetic

recording nedia, jt is desir oy
Thetg iy S eanbl e Tk PR Fmabt g UeperBridpary on

noder at.el v .l.ow. . 5. unif.orm exchange coupling between
the Phcéosﬂg?tl“iec é’s‘? n?)artméirsaﬁfr%e.m ogrS | ongi t udi nal ,

L
o by R SHIES 2R IR ol BT

.constant, noderate value i.s desir.ed between.each
unifgEn exphange seu Wﬁsweirbthi B%é‘ S BT Plbo§ ‘,ionlggl\}\?"gai’c hange
coupling is desired so that agnetic switchin f
perpeadigpnd fljedmagnstic greerding gpedips ﬁsf'%@e*ﬁf?aaﬁ? Efg‘f’ﬁﬂg value

. correl ated.. Reduci ng exchange couplin decreases the
is Aozt (516 CYRCHGHEEIE “HARREC AP EP e TR AL PEPSRIERA g
unit. Cross-track correlation |ength a d.nggia nois§
recosding Bsdiak BYSALRARR FAPC, AN, MqSTRLs, Eue 1§ desired hgtyech cal
_exchange coupling between magnetic grains produces a
neighbenng gigin.squar eness sheared 15 hysteresis | oop, a
broad switching field distribution, |ess resistance_.to
100053 | f Genereplev cxchengsconplipaindesifed safbatarensthicd "66’!?18 of
nucl eation field (Hn) in perpendicul ar nmedia desigps.
neighberingrgrsine dnce Retibasnme tep h\@ﬁlmgrrallateém&e%w@ egplpnggcqupling
act independently while other grains act in clusters,
decregsssitheisizg of the mapreatic garticieion mapentis switchirgywnt i(@ossdrackc e
size and anisotropy field. 20 100061 Conventionally
correlation sogth aefbmeriineiseasmecrteapandinglyrreduced. - Bewever Mgarzsiter
having Co-Cr-Pt-B and Co-Cr-Ta alloys where B and Ta
exclange eiplihg/betwest magnétipgraipeprodices 3 eqyy ywiquareness skearedn
-the magnetic | ayer. The exchange coupling is
hysteresis laip) eloroil/switshing deldntistabutipns lewsresistance to self
non-ferromagnetic material at the boundaries between
denmaggpmigation and thermal decay, and low nucleation field (Hn) in perpendicular media

designs. Non-uniform exchange coupling allows some grains to act independently while
other grains act in clusters, resulting in broad distributions of magnetic particle size and
anisotropy field.

{0006]  Conventionally used storage media contain a magnetic recording layer having
Co-Cr-Pt-B and Co-Cr-Ta alloys where B and Ta are mainly used to improve the
segregation of Cr in the magnetic layer. The exchange coupling is controlled By

preferentially forming non-ferromagnetic material at the boundaries between magnetic
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2 particles. Non-ferromagnetic material is commonly

formed during sputter deposition of CoPtCrB

contai ning all oys on high tenperature substrates by

preferential surface diffusion of C and B to grain

partR@N ARl 1B omadBti GRatE R4 SEMniAS 1P Poriviad BfThgRBht¥e Bhdsiken of

grain center and the grain boundary such that there

CoPtSrifcdnfARak Lﬂ% ot h@MtdMERREk Gulls@ateOby Eteﬁ%ﬂﬁtshﬁ'ace
conposi tion. change coupling in such nedia is

difFiea6H S 288 BAY pRllPElh B ies PR R tratisH Vafies Bdtfedn th@fdin

B concentrations, and the substrate tenperature.

% : , ' bl Led
cenfeP B e ggﬁh HoBhdPy RN Bfat GefBil s&glgé.u&%na}ntageege td fynre

at magnétic gral’n boundari es rong spu

ma@@f?@gdrﬁaﬂogﬂoﬁ’.f E ﬂge%ggﬁlmg% E\g:ggxl_uéd@’ﬁ c@#ﬂmh&%y changi

enperature substrate tion of a ngetal ox%de

pa.r{xrgcrtégrg Such B ghte 15 a&g%t%ﬁﬁécreg&m%s ra%?ﬁ}ei s}{ﬁéﬁtej%;ﬁeetrnﬁﬁniég g the

S gas containing o change

[Oﬂ&ﬁum lhnlg—fén%n}ag%‘%g ma egfaf‘({alnséls% gtfgrgle!i% magéﬁetig &géoﬂlgdarics
par aneters su as ‘sputter "gas pressure; oxygen

o NGERL PHER ML B e MR Sy
T -
BRSSP B

e SRBRA e ST e

re .are several problens when sputter paraneters are

th

25,201 QXide FOncnTatign in B SRUET BHBkint of non- f er ronagnet i o

terjal to create a signifigcantly,. but not .

0og¥) mpl 1BERY Wﬂ%ﬁﬁfﬁ@@%ﬂé&%&@mf@aofﬁméﬁs?%asaam matedd leags to
magneti ¢ naterial having a_20 significant]y _gubgnot,

a sharphe fraositipy betggenthe, masNFUE STRNSd HHrgiRaRaenghe (9-deplated grain
termed_as noderately exchange coupl ed. [0010] One

q%e&%%@“?’éon

boungagiss. LRGSR dNgHN theFece a guyp highy

. .that the exchange

inside each grain.

[0009] However, there are several problems when sputter parameters are adjusted to
control the amount of non-ferromagnetic material to create a significantly, but not
completely, exchange decoupled magnetic particles. A magnetic material having a
significantly, but not completely, exchange decoupled magnetic particles is termed as
moderately exchange coupled.

[0010] One problem with such an exchange decoupling method is that the exchange

between two grains is extremely sensitive to the arrangement of a very small number of
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between two grains is extrenely sensitive to the
arrangenent of a very small nunber of 3 atons at the
grai n boundary between each pair of adjacent grains.
Thus, sone grains are nmnuch nore strongly coupled than
ot her s, SR | ik T b @Alins are
storl g A EAReRAAH R i Uhcep L, TSR s
hys ' IR a6 Blatay adfubiber ent
mu%dﬁ%%él@#@ﬁkP %ﬁhgﬁgﬁﬁng§§§P32¥%§%d héhce have1
StSmal el din Fuld SiRnke Farf @ W idhd Wn BRIV
profﬁ%sgﬁa]egg Iilé:u%)ﬁ iﬂjé%st]%oogﬁe [%(%%Eklﬁcr g Qﬁég tg%P% m g S %tmﬁ at the
conposi ti-on of " i i i nc ' icall
sy PR i g S b Sppter by el b ystematicaly

diﬁ%r%“eg%ﬂgﬁéggwg%bgﬁ%ﬁ% 1ect a%%g@?pmﬂqgﬁd ﬁro b iL ﬁJaFtT’le and

non- rer romagheti ¢ regi ons
conpe S FESRES y PE T SRR AR B s B9
o e DR B A 4P e s
LSRR MU W T A A T

roperties of each c onent, of the film Al.so. a ..
for s GrefsrepstalIteetaRaper: £ e Aeie Sooi ot RGP agpangs Supling
. mechani cal robustness and corrosion rﬁ%iStaQ%ﬁth§t
in the filmegeneraliychangss thi qogposifien ghthe wagneff HUFFLENISS the
sputter nethods necessarily yield increagsed surfac€% h
grain bowndassmaterial cthws, ikis diffeult o sepamately pptimize the prongicy Btfac
for the magnetic recording nmedia that provides .
conipapebvEte Bl Alsb. bfourth pehliestelietie e deemted mshaial
| ayer and inproved recordin%‘perfornance whi | e
robystreseandi cagosieriesistarns tkat arses fromy syehpror grt wheeein Mgh REFSYF
[0011] The enbodi nents of the invention are directed
sputter methaga geqessarilyaicld incogsedsnifras dpughnes. Thereds thus g rerddPian
havi ng an inproved conpositional segregation within
newt hethodifpn theineagneticaeeprdiay medinithisd piomides ympreied sontep! gf
magneti ¢ recordi ng nmedi um )
exchange coupling in the magnetic layer and improved recording performance while

preserving media robustness.

Summary of the Invention

[0011] The embodiments of the invention are directed to a longitudinat or
perpendicular recording medium having an improved compositional segregation within
the magnetic layers. One embodiment relates to a magnetic recording medium
comprising a substrate, a first magnetic layer and a second magnetic layer, wherein an

exchange coupling in the first magnetic layer is lower than an exchange coupling in the
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conprising a substrate, a first magnetic |ayer and a
second magnetic | ayer, wherein an exchange coupling
in the first magnetic layer is |ower than an exchange
coupling in the 4 second magnetic |ayer. Preferably,

ol o PR PR e e b

c grains int { magnetic

L e
ecordi ng medi um conprising a 5

| t ti
Pm@%ﬁ%@%ﬁ@bgegxgﬁggggﬁél%@?}p | ayer and a second
(00fBr padber b SRERGE Rl S el o T fn cdrlng o
subgfAie, B k] SRR vt s S apegetic e WiRRk Slid hrsllagneri

| ayer conprise regi ons of nan-ferro net. '
layea HEeR TS AR ratqria S&‘&ﬁﬁ?°f‘§a Bea. oy BPLoilghi¥s
substantially no non-ferro netic material. 10 [.00131
subgROal GP ROPrIOABEH it DTeBTADRERT 1o, BRI ygf comprise
manufacturing a magnetic, recording nedi um conpr.i sing
regipns af nonrgrremaetis mgﬁ%ﬂl %ﬁb@%@?ﬁf&‘ﬁ‘i‘“ﬁﬂ“ GRS ¢
layer wth reactive oxidation or depositing a second
subgtggfintly pe nparfesromagastis atelidhst ant i al reacti ve
oxi dati on. Preferabl¥, said first nagnetic.layer and
0083 d Yetwwatheramphodiment refajesto g Gwﬁwﬁgémgwfﬁ??é"f@é%‘a%%“{”é"d
at different substrate tenperature, further wherein
recording sredipicanapyising phtaiing subgrate, denopiting & Si5¥ mageeug faysr
substrate tenperature greater than 50C _Alsq, . .
with reattiveaisidation ¢ralepesifingiarseenad snagnetictayer yHBQUL sulsigpiisl reagtive
at a first sputter gas pressure and the depositing a
oxidatoon Brefagntshid firgt pragndtss layer 2ndgeidsaepnd magpelic lyyggcomprse
pressure, in this order, wherein the first sputter
filmpatepprited studifferens shibstyhieterpesature farthes ceaesinstye secend lgy
pressure, and an exchange coupling in the first
comrisaed film depysited aba subseate teaerabire graterdbapcs0Couseng i n

20 the second nagnetic | ayer.
preferably, the depositing a first magnetic layer is at a first sputter gas pressure and the

depositing a second magnetic layer is at a second spufter gas pressure, in this order,
wherein the first sputter gas pressure is higher than the second sputter gas pressure, and
an exchange coupling in the first magnetic layer is lower than an exchange coupling in
the second magnetic layer.

[0014] As will be realized, this invention is capable of other and different

embodiments, and its details are capable of modifications in various obvious respects, all
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100141 As will be realized, this invention is capable
of other and different enbodinents, and its details
are capabl e of nodifications in various obvious

respects, all 5 without departing fromthis
w1tﬁtﬂ1¥§f{}§1ﬁﬁg frofhR e RELLY - Adc DR (A We et Afkhnd Q8 Fiptitnl st ko
e regarded as |IIustrat|ve|n nat ure and not

o BB i Bl ehofiashastan, o the b i o

perﬂ}ﬁgg M!ﬁmo?%rﬂla%él ts. 5 [0016] Figure 2 shows
ure of nedia of this

onl G e O kaf A OBl gt

[ﬂﬂiﬂe 5’1[“1r O”Q'S){o\%sx Cha%ﬁm?e%rgil a{iiru H‘{b%ﬁﬁ? &)ﬁ% m(léntﬁ‘m’

eto Secon magne e st rong Yy
l"“fﬁghaﬁﬁ%af R: SEORATT afa L’%ﬁ&ﬁé’f’ afy AT 8o
hickRESERL e SR S A0 oA e mmed%l%w‘%ve{ g#ﬁq%%% sphapt "¢
ma@éﬁ? g S%favﬁi et Baitd PR AU s OB R i the

nS|t gtvveen t he magnetl c grains and t he non-
°m 1@“ ich grain boundaries, and thus, the

recordln nmedia i s expected to have 15 hi gher
saﬂ&ﬁﬁkﬂghiﬁﬁgﬂﬂ&i zation (Ms) and nagnetocrystalline
ani sotrop .and _ narower n
1007 fle; Mgl posaRim oS P BEP AP G ek AR Foniga B
Co-Cr- Pt-MO (Mis a reactive nEI Wi th ox
andckirie HRRFOYABLE aegr%ﬁﬁlw qrn%ﬂ'ge&.geﬁﬁ ‘?Yc?ﬁ AW%\{@%’%‘&? tic
| ayer. A better segregation profile of oxide |eads to
profilegk 6F [sads to e abrIPYitgRSIBRA RESEP thaTRmmaihere e R BT AP and
t he non- nagnetlc oxi de-rich grain boundaries, nﬂ
magnetie Cr-rigfegram boredsrigs, Agd thissiiths Treordingmedia i qxgedted fg have

hi gher saturation magneti zation gm@) and
higher saturation magnetization (Ms) and magnetocrystalline anisotropy (K,) and

narrower intrinsic switching field distribution. Magnetic recording media having Co-Cr-
Pt-MO (M is a reactive metal with oxygen) contain MO to improve the segregation in the
magnetic layer. A better segregation profile of oxide leads to a sharper transition between
the magnetic grains and the non-magnetic oxide-rich grain boundaries, and thus, the
recording media is expected to have higher saturation magnetization (Ms) and
magnetocrystalline anisotropy (K,) and narrower intrinsic switching field distribution.
[0019]  For perpendicular recording media, the simplest quantity to estimate exchange

coupling is He-Hn. For a selected media structure, larger values of the quantity He-Hn
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magnet ocrystal | i ne ani sotropy (K') and narrower
intrinsic swtching field distribution. [0019] For
per pendi cul ar recordi ng nedia, the sinplest quantity
to estimte exchange coupling is Hc-Hn. For a

cor SRR R i AL By Rl Mgt 5 O, o
oL 2o S3B RS Ay a0y, ot

cou e considered to

T T N e
Bl BB JoBE R 2541 4t 0850 s
oSSR Pl SR S LSRR U {0
O e R MR Y L

B e S
o s PSRBT 2 b SR

al ue 10 between _0.15 and 0.3 for ..mst curren
depph BROTFRINCIEF AP BT NiERT g S KRyl e Brighach Go ppsiavgiue
may be defined by Hex bel ow apout . 100Q Oe. Moderate
betsea el ad 03t A% cumeny PrRedisElRE BRI ETES1 b SXTBEDe

and hi gh exchange coupling nay be _above about 3000
couplng OOEO IO og (00 GFe NA PR SOIEBRIPILE o

nmet hod and apparatus for a 15 magnetic re;grﬁgpg
maybscheswéenabentil BYP- 3000 pryl high-enehanee counbng Eay ke RavF about

| ayer and a strongly exchange coupl ed magnetic | ayer.
300018¢. weakl y exchange coupl ed magnetic | ayer has

sufficient non-ferromagnetic material between na%netic
[0020)ai nEhe dmhodismentsaf ges inveptipn ¢amprise a msthed andyapparatus Tor a

optimal for a magnetic recordi ng nedi a. The_stronglz
magetiheenordihgaendil indudingmwealkdy exehange saupled maeneticlaygs gad

coupling such that substantially all .
strongly exchange coupled magnetic layer. The weakly exchange coupled magnetic layer

has sufficient non-ferromagnetic material between magnetic grains that exchange

coupling is lower than is optimal for a magnetic recording media. The strongly

“exchanged coupled magnetic layer has high exchange coupling such that substantially all

of the magnetic grains are strongly exchange coupled. The strongly exchange coupled
and weakly exchanged coupled magpetic layers are adjacent in the film stack so that
grains in the weakly exchanged coupled magnetic layer are moderately exchange coupled

by a pathway through the strongly exchanged coupled magnetic layer. That is, exchange
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20 of the magnetic grains are sirongly exchange

coupl ed. The strongly exchange coupled and weakly

exchanged coupl ed nagnetic | ayers are adjacent in the

filmstack so that grains in the weakly exchanged

4Rl i fhe! IENERARY Rovrpdipl ed

cou@i/nggje%‘gete %%t ?‘Sl}"%ﬁﬁ?ﬁ%{p&dﬁ gF@Jlg %ﬁ%ﬁge% coupl ed

LT IEN P upl; UorlghGRERdnBG BESMEEN
ondBERSF | EEy T Pory ASPARSRofyoRP LS e
maig&gpqged toward an optiml noderate value by their

%bupFYng connection through the strongly coupl ed

gnepic lLayer. 100211 The | N

00T o et Ehents bR blesd i ERRAE LIRS uftn b o R tha
excha between the nmagnetic ghrainsg. i .

1) <R B ket b elf Rl el |
changi ng t t hj cknes f the rongl y exgcha

laye G e et i Siciesh gt SRchal SRR ipted
conposition of either layer; 2). exchan couplin .

magngicolag Vitout thaneige cea*aé?sgamrﬁgﬁﬁ?i‘”e’eﬁ 2y gsscomline
depend as_nuch uypon grain size o the weakly caupl

thropgly e sirenetgpuped aghat fayadoed Batpsg & UG pon grain Siz® 4
strongly coupled 10 nagnetic |ayer doe ot, depend .a

the weakly cayBled sragneticdsier &) gﬁ%ﬁa\l linghrugh B siprgPuRIFL :
4) Exchange caupling through %he jpterfac%_betwfqn tqg

magpetigdpyer dgerios deneadpanch upgy areferetial rapspatt ¢t splgptgd clements;
coupl ed magnetic | ayer involves nore ato t han el

4) Exghangmeraipbing thrqueh thepriesfice Retygen the grealdly spypled magngic layer
weakl y exchange coupl ed I ayer; and 5) thickness .

and ¢hsrstnongly iceuplesyraagingtic layes invelyes mREs Ao thamexchuiee SPuRing g
i nvol ved in exchange tuning is relativelﬁvgaﬁg 15 t?

betwesnprisy of graupinthetyrskly prehenaeenupled fayer @ud phHBIGKPesHcontrol is
provi de magnetic recording nedia suitable for high

preciseesy thatdeomenlinyndenefiatomsaralyadip gechanggunpgig relptively easy
per pendi cul ar recordi ng nedi aenbodi nent of the

to comfradnt i on achi eves such technol ogi cal advant ages by
formng a

(0022] Tl?e embodiments of the invention provide magnetic recording media suitable

for high areal recording density exhibiting high SMNR. A perpendicular recording

mediaembodiment of the invention achieves such technological advantages by forming a

soft underlayer. A “soft magnetic material” is a material that is easily magnetized and

demagnetized. As compared to a soft magnetic material, a “hard magnetic” material is

one that neither magnetizes nor demagnetizes easily.

[0023]  The underlayer is “soft” because it is made up of a soft magnetic material,

which is defined above, and it is called an “underlayer” because it resides under a
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soft underlayer. A "soft magnetic material" is a
material that is easily magnetized and 20

demagneti zed. As conpared to a soft nagnetic naterial,
a "hard magnetic" material is one that neither

recam gﬁﬁ,&rz 83 a PRIErAQTRIBGH AL ThcRBR Idy¥r is L&Q%%Lusmem term

ayer 1s "soft" because it I's made up of a soft

n’fggzﬁﬁpl‘fst’ ’ 'n%aﬂ?ﬁn@tr @lnaten%ﬁhdf % indedifd SBHhid QQ}S&donﬂﬁﬂnﬂ sharbs

l'ayer" because’it resides under a 8

peauf ﬁ%fﬂmléﬁa e paltPrn s BSbREd 6 PaBHERAA RBRL TGO |

anorp e term anor phous"” neans t hat

ﬁ;%o@?teﬁéan@lass%h )agaﬁﬁé i .35{,9% rgahge%r BRy AhedemH st

peéak I n an pattern as
co

matgtial 9 o%g 4 {HeQndl @5 %h%&%o%?%d%ﬁunaﬁp& ok in A REBRHRction

€S Nnanocrys es I n anorphous phase or any

pattglilpilg %(?r{lé){r%%t%%fifg%?%%ﬁtgﬁ% a’hlg: rs(éﬂpe BtECr{EldE%glr daitbe fabricated
diff

a5 5 &léa%?% iR e dRpRfER g oy aﬁé‘@%ﬁ?% R =
' ltil Th

con}sghrg g{la%{cis o[é\egﬂ%&én‘mg}sf e@erlagg ngga%ﬁb%gﬁd?ﬁa—doped

MRYSEEEN Yl ARt

the Fe-alloy could be CoFeZr, CoFeTa, FeCoZrB and 10
FeGeBcoB, [0024] An adhesi on Iayer coul d be optionally

i ncluded_in t e enb ment s of. nve
(0028 e sAB AdheSigR ayFrscoaﬁfLsﬂ iopally ipg el Bb‘:" ho 4%‘8‘“5 of this
substrate and the soft underl ayer. proper % ion
invengignr Ap aﬁleaxpg IyEris @ lager 'é(mgé’éf’?%’ﬁ'ifl e Slt‘ﬁ%afg a'f‘t €50
under| ayer pronoting a mcrostructure 4& derlaver b
under*wrebufbgmaprtqﬁ*éfswamw aepcaprgbaisegorfdhe soffginderiayer by
i nfluence 15 of a magnetron field, or different
promalifte: WISTesiugtuig shat grhbigs rither short-sange 09968% egthe influgpee
| ocal stresses in the soft underla 0025
of appagnetrendie)d, of differeat wagnetasiigtion- a%? hstiop Jager cobld also alter

per pendi cul ar recordi ng medi um of
local stresses in the soft underlayer.

[0025]  Preferably, in the soft underlayer of the perpendicular recording medium of
the embodiments of the invention, an easy axis of magnetization is directed in a direction
substantially transverse to a traveling direction of the magnetic head. This means that the
easy axis of magnetization is directed more toward a direction transverse to the traveling
direction of the read-write head than toward the traveling direction. Also, preferably, the
underlayer of the perpendicular recording medium has a substantially radial or transverse

anisotropy, which means that the domains of the soft magnetic material of the underlayer
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t he enbodi nents of the invention, an easy axis of
magneti zation is directed in a direction
substantially transverse to a traveling direction of
the magnetic head. This neans that the 20 easy axis of

arc thdr@tdviiRd 4 Eiréytif)ﬁ JeriDio 8hd Welirth dreMlidntstiiedBad-write

ransverse to the traveling direction of the

mm@ﬁggF%@ﬁJ e“ﬁ@ﬁ??%?ﬁéﬁﬁmﬂrd the traveling direction

preter under| ayer of the perpendicul ar

[00{65 co rgrln&%ggﬁsdgoﬁmn?%gaggr ﬁﬁﬁfﬁiﬂ%ﬂ Iﬁhés-%tngéﬁydéj Without long-

ansver ani so mean at the dommi ns
f th f.t ' ' .
o 5l RS 0 ABEFARY EhobDERAREL B SSeopd 06
t | ] i t f..th d-ri .
v PR 5 PR gl b G b EE S 08 g
under | ayer

ials |ack | - W
corpaigoo PGB DRSPS MEP RSN AT G ST ke B |
| Iine ani T 5
suries o FRIORAFp PO DFIEAAS Breettrr e TPBHE I8 ng

noi se caused by ri.ppl e dgmai ns and.surface rou e
S S SR L R
surfaces as c ared tp polycrystalline underlayers.
for higadensyly pepepfdy W%‘?"“ Pler | ayer coul d be one way

100381 & T Bt BHESHEP i BRorpRat e Pl et Py ol Sow |
ding. 10 [0027] Th f h f th
o TP RGNS B Ork i 584 G1ok e SR 2 81 ow 1

nore preferably below 0.5 nm and nost, prefera
[00B8| oingrosordange ith SBadifgits 2E BiSRYFBHOR LR AISY Mlﬁf%"c

of this invention, the substrates fhat naylgg used in
useq incthe prbriments of the inveption incliKle igkss, BlAgY-¢rEMEH M€ @luminum,
gl ass-ceramic, N P/alumnum netal alloys,, )
metp) adloys, plaptisy gokaper material, §PTamics BlapsROlYReTacoEIngEjte maprials or
conposite materials or 15 other non-magnetic
othermopmagnetic reteripds. (Hpssreeramiginaterials do aes opppally sxbibitpy
exhibit a crystalline surface. dasses and
crysyalimessuefagen Flassespand glags-peyarpich Benerallyieghbit bigh ssighpee o
shocks.
[0029] A preferred embodiment of the perpendicular recording media of the
invention further includes an interlayer. The interlayer can be made of more than one
layer of non-magnetic materials. The interlayer prevents an interaction between the
amorphous soft magnetic underlayer and recording layer. The interlayer also promotes

the desired microstructural properties of the recording layer. In some embodiments the

interlayer comprises an hep material with strong <0001> growth orientation. In a
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shocks. [00291 A preferred enbodi nent of the

per pendi cul ar recording nedia of the invention
further includes an interlayer. The interlayer can be
made of nore than one 20 l[ayer of non-magnetic

o B BT DS PSB! B8 O
A RS AP ey BB S e
A R AR A 5 T,
contg PR L3 SRR b L ik

R [ I
1003 1cr T B 0 G i masse LGN ERu b SRR A Ty
sonme enbodi nents the Ru-containing,interl ax 1d
depewisp pp thegubstrate Sypically by %ﬂ’aqrqﬂowé%ﬁ‘?a Arian ey et cou

sputter deposited at different 00 of t
be typigally dspesitedinargpagrith rrltfose@c‘af 8ﬁ'§;°’1 %‘i‘gﬂé&ﬂ ﬁ%‘éﬁ B%na‘c'
sequentially sputter 03|t d .on the substrate,
lubicat REoRts A\ YPisR) Wét’%sélﬂn ‘?}tttz thigk- A carbon over coat
could be typically deposited in argon mntg.nltrogen
[0031)dr oFearenghodiments)af n@gne(t]@ erertinggngdia °‘P"%FBTSF gyt Mhcoat s
are typically less than about 20A thick. 1003 %=The
magnetiolyere cidive ahlgast ens weakisparehangg conplsdanagnehis lpves haying
| east two 10 magnetic |ayers including at |east one
lowweechange sheh isrptimebiept sidelrdyysempanctialFePramgURIm. 2ahar
exchange than is optimal for a single-Iayer nagnetlc
least onostedngly exabanarpouplpdimagnetit layethaping cxehapgsoyplingbighsg e
coupl ed magnetic |ayer having exchange coupllng hi her
than isaptimal fopt simglé-layermagnsiiqxgtasdipg psdiupe Fhe st least e
medium The at | east one weakly exchange coupl ed
exchanga etuptedinsageeticdaykr mivbtha bt IEashene straeely F’F‘gﬁ@e)ﬁ’?ﬁl% ange
coupl ed 15 magnetic | ayer are deposited successivel
magnetit layérate depesited successivalyasnth that theyard adjseenttin the fdmgtack and

in direct physical contact. The weakly exchanged coupled magnetic layer is generally a
cobalt and platinum containing (Co-Pt) alloy that also includes other nonmagnetic (non-~
ferromagnetic) elements. The weakly exchange coupled magnetic layer is deposited so as
to form a compositionally segregated microstructure wherein the magnetic particles
comprise higher concentrations of the Co and Pt, while the boundaries between magnetic
particles comprise higher concentrations of non-magnetic elements and lower cobalt
concentration, such that the boundary material is substantially non-magnetic. The

strongly exchanged coupled magnetic layer has high exchange coupling such that
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in direct physical contact. The weakly exchanged
coupl ed magnetic layer is generally a cobalt and
pl ati num containing (Co-Pt) alloy that al so includes
ot her nonmagnetic (non- ferromagnetic) elements. The

suﬁéﬁﬂifahiér ?l’&?ﬁﬁ%?a&&%?&ﬁéjar 3@ &cﬁﬂ@&oﬂp&ddﬁ{&&bﬁ@? SO

orma conposi ti onal segr egat ed

ex&iﬂu? e 3bd; H’ﬁgitrh*:{g‘ﬁr AL £ofled g0 @%é ac(ﬁcp@(lfrﬁdl gﬁlo%oThe

ris centratlon Pt', while

str n%&h 2s ?%% &ir doﬁﬁ’leg) ﬁ]tagﬁgig (l)z{}@lglg ggﬂogltecps%rag 'td:{oﬁﬁ anphPr i se

concentrati non-magneti c el enents and

coxhﬁ%’ﬁongﬁ)be%ymﬁ e%qﬁl%FJs rL.{IIQ'Q or Sﬁéqgs E{? %ga{eﬁl%ag%g\g@ﬂ(éﬁ

St an y non- nmagne stron

ex e Ppea iRl R SR s s Y 5 B O BiEf BB layer
h“g?ﬁ%g’ﬁttﬂl L A e e ﬂﬁfﬁﬁ@ ﬂ?%f}&?mswte’ﬁ mafegial

i ses a.Co- con i nin
betgg i g%%ﬁ%ccov%?yé?ﬂqﬂ 5% e ep s Yemens e,
non- [ tionall r t ed Cro ucture.
spesibeghiang %(g@e@@a RekRoBEaEl ﬁﬂtﬂ%@ RalieFneht Bt Ry uis
coupl ed magnetic, |l a That is, the strongly exchange
loweg, fhigp g‘?@f F’égf""m ﬁgBE'%" IBYer £%¢some preferred
errbodlrrents stantl |1y no non-ferromagnetic
3k or gne epbodiaeRt fhérﬂa%ms‘gaﬁ SRpUa AgjpLpg,om ‘%%*f%
concentration of non-npagnetic elenents aﬁ‘&
adhepjar Jayers, ot yndaslayers, sad Iisriaysrs fhabepUsyan s ity of the magnetic
materials at nmagnetic particle boundarl es.is
layer, depoiting h@omlé@)kmgq%ﬁa FrONING HAbE e PrRRAiALS Of YOjEF@FS of
case. 10 [0032] In one enbodi nent, the nethod, of
nONTRAZHFticErAIR bwgld@arwﬁﬁrr@éécwﬁwguat%@lwéﬂﬁé%ﬁvaw littlg Qsyng non-
soft underl ayers, and interlayers that optinm ze growh
magyfeti Fraimayndary ematenalyénd degrasiéng & pratgctive@yesritoy magnetic
| ayer having hi gher. concentrations or vol unes of
[00ﬁ3)]n madhemedia of thisinvsotienhave thedollowing expeemeatally drgnogstrated
Co-alloy layer having little or no non- nagnetic grain

advgpfagrsary materi al ; and depositing a protective

over coat .
1. Exchange between the magnetic grains {as measured by the difference between He and

Hn) can be contrelled over a range greater than 4000 Oe by changing the thickness of the
strongly exchanged coupled magnetic layer without changing the composition of the
weakly exchanged coupled magnetic layer.

2. Exchange coupling control does not require any adjustment of preferential transport of
selected elements.

3. He can be made to range from below 3000 Oe to above 7000 Oe.
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15 [0033] The nedia of this invention have the

follow ng experinentally denonstrated advantages: 1.
Exchange between the magnetic grains (as neasured by
the difference between He and Hn) can be controlled

4. }ﬁ‘éﬁﬁb@a&@%@r&(ﬁé&@bdél@ﬁb&b@@@ﬂdbeby changing the
|ckness of the strongly exchanged coupl ed magnetic

5. }tn%ttﬂse r%ﬁem% ﬁﬁ?é‘rﬁhr{‘ﬁ)dohj‘e mrmpﬁrytm@aum {08€ot%knal to

y exc anged coupl ed magnetic |ayer. 2. Exchange

noise 4R b?ﬁlc&ﬁa’sﬁ{% Sy GRRRes88F the @%Hg[yeex@ﬁ%ﬁétﬂddd Fe!fﬁﬁhnéﬁcc

preteérenti ransport of selécted elenen

laye&%thkgﬁtzdﬁglgg%%&ga ﬁ{}g 90(I1 Mo etéﬁ%e@@ QP spfdRer ﬁr"ﬁﬁ@é{' e 7 000

uste om bel ow'0 Ce to above

mq e r(%ghness 1s]t4&cgcf‘£}gi]tk%rrr)§]8ﬁ Eﬁ?ﬁgmqy i Eﬁdtddﬂﬁ]’aﬂzg @Dmee

any “neasu 0SS 0 noi se rati o,
|ncreasrn the strongly exchanged
I“gg% age %ﬁ%&ﬁﬂ%ﬁ%ﬁ%ﬁt changi ng any ot her
conposrtron thrckness or sputter paraneter. 5 6.
Sur face roughness is reduced and corrosion resistance
is [ ncr ased, conpared to the high PAr single
% ayer nedia of the prior art. Exanples

| .sappl es,described in t re
wotzﬁbr .%ttwle@ndg?ca@m st @%gﬁ Wr%nratg%%r?‘%tf LT
Car bon overc filnms re |on O%dted Cklde
magBetr LI T e at OFEERCAGM R YL t'$r 00351 Sone
enbodrnents Qf the o-roendrc.lar recordrng medi a of
B SerDendisuiap Recqraing, e : & ng properties and

00T i AP AR oL My R
include the following properties and steps:

Step 1: A soft magnetic structure inctuding adhesion layer, soft magnetic layers, and any
desired nonmagnetic lamination layers are deposited onto a substrate. In a preferred
embodiment, the soft magnetic structure is 50-400 nm thick. Orienting seed layer and
interlayer strctures are deposited on top of the soft magnetic stmcture. In a preferred
embodimcnt, the interlayer is an hcp ruthenium (Ru) containing alloy with a <0001>
preferred growth orientation.

Step 2: The weakly exchange coupled magnetic layer is deposited on top of the
underlayer so as to grow with an hcp <0001> preferred growth orientation. It comprises a
Co-Pt containing alloy that also includes other nonmagnetic {(non-ferromagnetic)

elements. In a preferred embodiment, the Pt concentration is greater than about 15 atomic
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15 desired nonmagnetic |am nation |ayers are deposited
onto a substrate. In a preferred enbodinent, the soft
magneti c structure is 50-400 run thick. Orienting seed
| ayer and interlayer structures are deposited on top

percg{%(gtg’% ’f'}?J&e t grcct;uﬂé@ ﬁﬂﬁ%ﬁetlcll@eﬁmﬁﬁﬁﬁsﬁéd &0hs to form a

nent , [ayer is an hcp ruthenium (Ru)

com%?{f{ér%{ag# F%fq%h!f%)ﬁé%%%ﬁﬁrew&ﬁ theRh&h&id BfticHsQoknbrise

The weakl y "exchange coupl ed

high%?%ﬁ%&iﬁ%ti!)r%%? to!aﬁ% fenm ﬁ% gl%i%co)%glfégsg}eg?eg? e gm’ai%h}}c@%er

conﬁ))h%etelﬂt %trl (g)n%ﬁ%t{ah eisgt?h ﬁa% ¢ BEm&RE‘Erﬂ 1548 oBAIk OY

es O er nonmagneti c

nont ferr ﬁ@?ﬂgkﬂﬁd ] a%e Al is S'llbétﬂlh%ll)pﬁtﬁlf Gihdete. In one

cen ratthon greatetr than about
er cent ) induced
pre Eﬁifgff‘@??"%fé‘ﬁél? PRt metogl %@}p?ﬁ%‘k%tliés‘v?% e
03|t|o ally se ed n1cro t e
Cog) € pff fiffnggfg ﬁtpﬁ’l §8mn?ﬁn§ eélgtg%%c enpﬁ %tg %ﬂélhgf
and Pt, while s bet
o P Mo PG A1 5 L PP AT R HrChE psfered
non- magneti c el ements_an wer, .coh
embegimeats thg oxign materals sakeste %tflﬁ) ﬂa‘ﬂﬁa’é@? finclodipg 02, Tio2,
subst antj al | non [.n_one refe
Ta2QpBACAEHO3, VHEO A iyt 20 nibie PG rlpgiments the
reactive sputtering induced CoQ. In anotF referr d
oxiderAentgining RoNMAgStis, %Wd{j’i‘l@‘i‘% ryigtigkies  EBABRTYS p"a"ﬁ“’“
oxide formed from an or .oxi de e
observied, fRregample.y Pl gy T {%g@H cofugrise, ﬁ{fa F@F‘éf‘?"é’a 10% by
enbodi nents, the oxide material is s ect%gri@w s,
volupefithe weakbiaxchanes copled nepgtic lyerin ofigr prgisfad cRofgen
W3, Nb20b, A1203, and Y203, In nore preferre ed
the wraldyitivhanged cqupled mpgnetis lwﬁt%bﬂwrﬁgzm g 2 E“’a’rﬂé?‘ﬁ"
boundary material has an anor phous a pearance
embwidinegnt, bt weakly exghanpidcoupled B]agxﬁmg laygr tionjis ae Sted at a
conprises greater than about 10% é vol une 8 qm ¢
higlnepakttrygas Rushrairege-8c SAUMERIpgn @k ppheptsg gybstrate, agg gLhickness o
preferred enbodi nents,
the layer has Hc greater than 4000 Oe and Hn less than 25% of Hc. In a most preferred
embodiment, the weakly exchanged coupled magnetic layer possesses more than 10
percent amorphous material at the grain boundary region as typically characterized by
TEM. Such structure should yield exchange field (Hex) below 3000 Oe, preferably
below 2000 Oe, and most preferably below 1000 Oe.
Step 3: The strongly exchanged coupled magnetic layer has high exchange coupling such

that substantially ail of the magnetic grains are strongly exchange coupled. In a preferred
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t he weakly exchanged coupl ed magnetic | ayer is about
5-25 nmthick. In a nore preferred 15 enbodi nent, the
weakl y exchanged coupl ed nmagnetic | ayer deposition is
performed at a high sputter gas pressure (e.g.,

LoaMERe e stdRAY eAdhastRl ol Badashid BY& alsdRBmPridch Coness
emof t he I%ye@yﬁasmﬁg gréﬁ?%rgghan ZOOO Ce gﬁd Hn | ess

con{\?ehﬁﬂlg xﬁﬁg"ﬁbﬁé 1l InloRe BmBRBhel! GE @&d’n@lﬁr exBRERQEH d3RPled niaBfetic

akl y 'exchanged coupl ed nmagnetic l'ayer possesses nore

kBB LB06BL 6wl oridhted Afin B5vdhd Pt
m“%@ﬁﬂﬁé§§m$§$§§ﬁ55§ﬂ$&p?%a||y C araé?erfzed by é%PTEM

con%g%io&é&g%rgkﬁaﬁ lglé?)é.l ﬂgbéeﬁlbﬁllefjermnﬁaﬂ%é 4t Blyckinangdael ow

f I er ow 2000 FE, and noSt
S Bl G S DR Bl
conE PR I Bss iGN 5 aloh ?ltld i ?ﬁ)ﬁ}nfo\v@l !thil ﬂ)éi ofGhe WEKIVRRAPRE! C
gra Yy ange coupl ed.

ins are strongly exc I'n"a preferred
14 . ' t, .th t : . '
s SR Bt DEnBl Lo B AR A
nbodi oo t " ati
ot 0 e A EB PRI ot AP T F e o B A HEa R Paton by
.. <0001, wt h ' filmhavi Rt '
RS FRE eSS R AN S oA bt
t l. xch d5 | ed tic | f ]
e PP S SRR S A fE A1 oo el
seB B AP E R A BEH “Han s s logber
eE LB LSS 4P ST BRGNS PR e
compaiea ol Mg FRehaed SrBNaPRo b U TPt TR SRTHOTY
exchanged coupl ed nmagneti¢ 10 Iaxer %5 @f osite tion of
the Qysrafbincsniraiion Af@opmagagticsirmentsaud sreciliGpiy e paggniration o

conpositionally segregated m ¢rostructure th t he .
nongagnetiy meseaialy A @asnet mfg%le H‘Hﬂ\‘?é‘ﬁsé’% fhespogly ﬁ°“£%3ﬁ?@?‘=’“°

preferred enbodi nent, the oxide material in the
layes pﬁjpwg‘rthqralpglawq:aglyreéﬁweﬁi’ coypled magpetig layer. In these

embodiments, the exchangé coupling of the full film stack is increased from the low

value of the weakly exchanged coupled magnetic layer to higher values by increasing
thickness of the strongly exchanged coupled magnetic layer. In a preferred embodiment,
a 1-10 nm thick exchanged coupled magnetic layer could be deposited. In a most
preferred embodiment, He of the full magnetic structure (completed media) is between
4,000 and 7,000 Oe, Hn is between 1,000 and 3,000 Oe, and Squareness S>0.95. Ina

preferred embodiment, there is substantially no amorphous oxide in the strongly

15



conpared to the weakly exchanged coupl ed magnetic

| ayer. In the various enbodi nents, the overal

concentration of non-magnetic el enments and

specifically the concentration of 15 nonmagnetic
exchd dRbRd ?Jagﬁ@ﬁ N8fel £ ddadrhéddyerEM UA datiein@ic Off thé preferred

| strongly coupl ed magnetic layer is lower than in the

med’*@nﬁﬁgmr@% Qﬁlﬂﬂ%‘#@ﬂ&@h\ﬁé&ﬁﬁ%&h&é ihteBr 1,IWeakip@Schanged

I ments, the exchange coupling of the full film

coué E‘Jﬁﬁﬁe?lc el £ %ﬁ@ %Jnﬁ@@x‘:ﬁﬁgéﬁﬂup%@ln‘d&eﬁﬁ 1dyBes. weakl y

ed coupled magnetic layer to higher “val ues by

denicoggﬂ:al‘?i@]g bffe dé&éaggmcs}{ﬁf\mﬁahﬁcr&@&g RELRhe S CTRRNEBALLY

magneti c layer. In a preferred enbodi nent, 20

5 exc ange cougﬁ{ﬁr@g&%ﬁc?%%pf‘ﬁgﬁgwx?%%%ﬁg3 magnetic |ayer COU| d

epo nost. preferred enbodi nent, He of

SW%EG ff%kécﬂ‘a”ﬂ?‘g’&%%thaﬁ{fﬁ%%@sﬁ%ﬁ%%02 Byt .
cong;% l‘%mruc@l?rﬁ g?a&] qQ %E'ubs% Q?t%? flﬁploﬁtea Irptgtﬁéreeﬁ[b%ﬂlmem

no anor phous oxi

te plet i peory g hsa%ﬂﬁﬁﬁlé %MLE%?‘;‘?QEQS oy s
S |

t0o5e); 2?4;%@ 'bfdf’rw%%ff? el F T P

10 inckyi e P BH-SoT TRERBEH L ETOE PHO ppDIr R Rheoltind

hi ckn ss of t Str 5 exchanged coupl ed nmagnetic
Me 5?@’3’0 “}eg 15556 a??i‘"%%g‘%ﬁ\{eé 0%, Step 4: A protective

t, tI
Step ok prvaisd ebebEm Ry ran'aﬁ%%?%ﬁ%ﬁﬁ%?g% R BT
| ub t d t ed th
R LR o SR
i 10036) O her enbodlnents of the erpeqﬁlc ter th
: exchange FRHPIFG ASHFUE 18Yer Copaprisey BIRHFIJRAD aPguS cﬁt"?rd’g and gger than

simlar to 1-4 of the previously described i d
15 abotl3 S hEmuE (380 G WIoG CEMBR LoD B TRARS 10 Bt as

nodi fi ed bel ow.
nonmagnetic material including greater than 20 at% chromium. In a more preferred

embodiment, the weakly exchanged coupled magnetic layer is about 10-25 nm thick and
has He greater than 4000 Oe and Hn less than 25% of Hc.
Step 3: A preferred embodiment of the strongly exchanged coupled magnetic layer
‘ 20  comprises a <0001> growth oriented Co-alloy film including Pt concentration greater
)than 15 at% than in the weakly exchanged coupled magnetic layer case. Exchange
coupling at grain boundaries is increased by reducing or eliminating the Cr content of the

deposited material. In other embodiments, Cr segregation to grain boundaries may be

16
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Step 2: A preferred enbodi nent enpl oys sputter

deposition at |ow sputter gas pressure (e.g., <10
nrorr) upon a substrate heated above 200C. In such
enbodi nents, the weakly exchange coupl ed nmagnetic

furth@¥EducEPBPIdaRRA oBinfatifts, idaaveap@itting JowérifpRibseran
greatugr t'han 1§ gg%ut S15 at%gﬁroméum (C). O

ternp&Hhtubr b8 Wr Q8RR RScHaRisS R BIRE YAAGH nRBilitpdiriigEpatter.
honmagnetic material including greater than 20 at %

OthS Unfi8liBats! dF 11 JAReRdi 1S rE8dot EAl mBdR 6 gihBRREationhfcNRApY
exchanged coupl'ed magnetic | ayer is about 10-25 mm
imfid} ' ingiMddgs S
R R e i i e
Em§ddiBoH %ilﬁgﬁglgg%ﬁ%s Qo H&E‘ﬁﬁjelwglﬁ@ﬁhaﬁ(&@aélﬁ{nggl E%pller% layer

conpri ses growt h ori ent ed

ma)i an%iqgﬁé B (Eﬁno?é’%ﬁ%%@éi@g ﬁ%{pz.glttﬁi'h fillnllafk stongly Ydiange

e weakly exc magnet’i ¢ |ayer case.

¥ ( ; c e 3 b
coup":l)é(g u&?ﬁ%gayoc%& sd 3 o tnodd oggl %H&Qﬂ%& &ﬁpl‘e? tl'ltuﬁgfn?s?§e y

i'mnating content’ o
d it ed i al.. . ' : na
steog gy S5 AR B8 5P acb st i SRR IR beeposied upo
g 4 b i e L .
weld§ TR PRt P8 et Tyt o b anls R Sk oxehapee
th i. t d t bilit '
couglgt BB epo R B BB AR IS CRE BLP IRt B e
di Tedi f the i ti i acl A
con B8 S BB B ot A KB oo neof
o s P B o b Ao RN gl Heposed
coupled layer may conprise two or nore weakly
at d gDl ed thin filns; the strongly exchange

coupl ed_| ayer nay_con%rise two or nore strongly
aitugdinal . Recorxdine Media. Embepdiments:
854 5+~-a  Strongly exchange

goﬁpfea Iayef_déposited at high t eratu may be
10038 possamareTihsgimets dlinipys A ERLAETEb STRA! g fapnton
. deposited at IomAteqferature; a strongly exchange 10
includg the ElloWiRgroRFEES 8P4 HePsat  hi gh tenperature may be

deposi ted upon a weakly exchange .
Step l:poﬁented seedplayer and underl%lycr structures are deposited onto a substrate,

which include Cr-alloy underlayers having a body-centered-cubic (BCC) <200> growth
orientation, and may also include nonmagnetic hcp materials oriented with <11.0> or
<10.0> growth direction.

Step 2: The weakly exchange coupled magnetic layer could be deposited on top of the
underlayer so as to grow with an hcp <11.0> or <10.0> growth direction. It comprises a

Co-Pt containing alloy that also includes other nonmagnetic (non-ferromagnetic)
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coupl ed | ayer deposited at |ow tenperature; two or
nore films conprising at |east one of a strongly
coupl ed magnetic |ayer and a weakly coupl ed nagnetic
| ayer may be deposited at different tenperature.

eleh @0t HpHeRRled Bﬁsmlﬁm%hé\@ﬁdoﬁceﬁm iTBihSF thiPatiRDRVEt%.

Sonme enbodi nents of the | ongitudinal recordi ng nedia
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step ented seed layer and underl ayer
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SO I nc e nonmagnetl C mat er |

con@ é:“ ﬁlgﬁeq?ﬁﬂéegmﬁéﬂl 9f> nofiim ﬁﬁ&cﬂ&mﬁxﬁ W cGiaftect i on.

e weakl'y excharfge coupl ed magnetic | ayer

confiils ',, P Sy TR0 R AR h A A EBSan NG AUl anaS Lo
I
P“’%Pﬁngf":ﬁ ﬁ%ﬁﬁ?‘%}ﬁ%ﬁ bl P'r b mfbhel e “lcﬁl‘#g%%@’%
L arapitn SRty s 1Badh R R el i 55 B Tna
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203 T R RO By Hol Segteerie Eogra bo IR S e on
WSUChwta@H’é%ﬂhat ol fﬁ“g‘iraeéfveéﬁéﬁiat%m' SR E $E- dits faore
ne! n arincingin, 3
pm%é‘éé‘%? engi s e Fishanged SHCploBmaE Bl lsﬁﬁng??Sm
and greater than 5 at% B referre?
tickal BT DAL NI DR PR e RSB G RS

deposition is
including greater than 20 at% Cr. In a more preferred embodiment, greater than about

10% by volume of the weakly exchange coupled magnetic layer comprises the
nonmagnetic grain boundary material having an amorphous appearance, as observed, for
example, by plan-view TEM. Weakly exchange coupled magnetic layers may also
include Ta, Si, O, and other alloying elements. Magnetic layers commonly include 50-7D
at% cobalt, and have Ms=200 — 500 emu/cc.

Step 3: The strongly exchanged coupled magnetic layer has high exchange coupling such
that substantially all of the magnetic grains are strongly exchange coupled. In a preferred

embodiment, the strongly exchanged coupled magnetic layer comprises 2 <11.0> or
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10 perforned at a | ow sputter gas pressure (e.g., <10
mlrorr) upon a substrate heated above 200C. In such
enbodi ments, Cr and Boron segregate to grain
boundaries to forma nonmagnetic material including
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erred enbodi nent, the weakly exchanged coupl ed
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[0039]  This application discloses several numerical range limitations that support any
range within the disclosed numerical ranges even though a precise range limitation is not
stated verbatim in the specification because this invention can be practiced throughout the

disclosed numerical ranges. Finally, the entire disclosure of the patents and publications

referred in this application are hereby incorporated herein in entirety by reference.
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exchanged coupl ed magnetic |ayer. In these

enbodi nents, the exchange coupling of the 10 nedia is
increased fromthe | ow val ue of the weakly exchanged
coupl ed magnetic layer to higher values by increasing
t hi ckness of the strongly exchanged coupl ed magnetic
layer. In a preferred enbodinent, a 1-10 nmthick
exchanged coupl ed nagnetic |ayer could be deposited.
Step '.Asprotective overcoat, typically conprising an
anor p C-al l oy structure 15 polyner |ubricant
coul d be deposited according to the pri or art. [0038]
In other enbodi nents, the order of performng steps 2

d 3 could be. d.. [0039] .Thi | i, Gati :
i sci dsok mege R Fium <pRgiey | SpRBR 18 pillpese
i thin the disclosed nunerical
bt Gt MaRgR: o whiren o SHTEReS B e e ot
20 stated verbatimin t ificati t hi
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numeri cal ranges. Finally, the entire disclosure of
the patents and publications referred in this
application are_hereby incorporated herein in entiret
by reRerBranagngtiy reposdipg mediumyof glaym 4t whersig rﬁlﬁﬁﬁ?‘ﬁa secon
medi um conprising a substrate, a first etic Iaxer
amgngticlayesnere thfgg\’ét stack sqhat magpelip Wséﬁg'g%ﬁé‘??é’éﬂ‘c ayer
coupling in the first magnetic layer is_|ower than an
e echange connled byp pathway dhrowghgheiserersagnetis Byr . 2. The
magneti c recordi ng nediumof claim1, wherein the
first and second magnetic layers are in a filmstack
so that magnetic grains in the first magnetic |ayer,
are ejchamyengtisaproatiogmediup sEMpESNG HTuSetEe. £ st SKgnsilg
magnetic |layer. 3. A magnetic recording medium |
deyepandi segoral magpstic layes, wher¢in said firshgagnefie layer comprises

regions of amorphous material and said second magnetic layer comprises

substantially no amorphous material.

4, The magnetic recording medium of claim 3, wherein said first magnetic
layer comprises regions of non-ferromagnetic material and said second magnetic

layer comprises substantially no non-ferromagnetic material.

5. The magnetic recording medium of claim 1, wherein the second magnetic

layer is in direct contact with the first magnetic layer.
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| ayer and a second magnetic | ayer, wherein said first
magnetic | ayer conprises regions of anorphous

mat eri al and said second magnetic |ayer conprises
substantially no anorphous material. 4. The magnetic
recordi ng nmedium of claim3, wherein said first
magnetic | ayer conprises regions of non-ferronmagnetic
mat eri al and said second magnetic |ayer conprises
subst gnt i —f ar [ | :
ragnett o TFepur Rl FRRUBIARRIORANE WSl 3 piBRic
S L . , ¢ . e
¢ P BAg b bbide o Ehigh gl Rk T e O e It
NMERUMAL oadigh, 1. Wherein the first magnetic [|ayer
conpri ses an oxide-containing material and the second
magnetic layer is substantially oxide-free. 7. The
magneti ¢ recordi ng medi umof claim1, wherein the

first etic .layer.has crystal.line.qgrains.separat.ed
by o br 0 magehe BEHiRS RS St aneet BRaBFhaGRS
man-vi ew OIE Cross- se%eif?gjn tran 1Irnrrl sion ehect ron

ayer et thySrallineRAping e Y SASRG™ IR G EPPIRPUS FRPCARIES
substaptial | y. no anor phaus oxi de. mat eri al . separ at.i
P VREFE biPian s s GHHAT-FE OPR G EHSHIgh e QRIS TOGoba R and
erein . the first magneti ¢ . |layer has greater .than 10%
o SR oo s Syl O PR, il Seprabing
conpl eted nedia | ayer has He in the range of about
4888 to 7,000 e, Hn is in the range of about 1,000
and 3,000 Oe, and Squareness S>0.95. 9. The magnetic
recordi ng mediumof claim1l, wherein the first

magneti c_ layer has a, thickness in the raqﬂge of abouyt
5-25 rfm W@%’é“%@&@ﬂ’&gﬁﬁéﬁlﬁ ?fc"lqn&)ﬂe}"’hﬁa‘g e first magnetic

layer has greater than 10% amorphous appearance by plan-view TEM; and the
completed media layer has He in the range of about 4,000 to 7,000 Oe, Hn is in the

range of about 1,000 and 3,000 Oe, and Squareness $>0.95.

9. The magnetic recording medium of claim 1, wherein the first magnetic

layer has a thickness in the range of about 5-25 nm and the second magnetic layer has

- a thickness in the range of about 1-10 nm.

10. The magnetic recording medium of claim 1, wherein the magnetic

recording medium is a perpendicular medium.
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a thickness in the range of about 1-10 nm 10. The
magneti ¢ recordi ng nediumof claim1, wherein the
magneti ¢ recording nediumis a perpendi cul ar nedi um
21 It. The magnetic recordi ng nedi umof claiml1l,
wherein the magnetic recording nediumis a

| ongi tudi nal nedium 12. The magnetic recordi ng nmedi um
of claiml1, wherein a total concentration of one or
nore non-nagnetic el enments at grain boundaries in the
second magnetic |ayer is |lower than a total
concentr.ation of ane.or [ e - L: at
gr ai n%oﬂﬁd’éﬁ’gf‘gécrie%m?‘ﬁ% FrHe %@%@?‘P gér%lgyt/kgelr. @gécsThe
magneti ¢ recardjng. nedi,um.of claim1l, wherein said
frieg“g&nﬁﬁ’ﬁ?r‘g?‘i‘ﬁaiﬁ“ﬁ%ﬁ“&&‘?ﬂ?‘f’%es at |east two weakly
coupl ed magnetic thin filns or the second nagnetic

| ayer conprises at |least two strongly coupl ed nagnetic
thin filns.. 14, The _nagnetic cor,di edi um of .
cl ai m1Z; Therpaeaete reppudipg ‘“Hh‘b{ﬁg’l“f‘cl’ WF%?/‘@ P q%@scogceﬁphon
concentration greater than 10_]]3{ or%% ﬁﬁéﬁem' d]h% ch
nf e PF BOTE SERHERGIC RIS 5 SRINAHREN RSP LT RS A

first magnetic |ayer is de ositedeﬁ{?ior tot.s:i\id ts at
slayss irdovrerghan 3 otaf grnspntration giione AT MOFG Ry -Tpjenchc elements &
manuf act uring a magnetic recordi ng medi um conpri si ng
ofyeiabanmlgries 8 thedirptaagnetiedayEi ting a first magnetic

| ayer with reactive oxidation or depositing a second
magneti c | ayer w thout substantial reactive oxidation.
17. The method of claim 16, wherein said first .
magnetldcTheayamnetigrgcarding medughef clwﬁdn@kﬂemﬁef?%m magnetic
conprise filns deposited at different substrate

t Byqreompniscpat l¢ast igeweakly coupled magnetic thin films or the second

magnetic layer comprises at least two strongly coupled magnetic thin films..

14. The magnetic recording medium of claim 1, wherein the first magnetic

layer has a Pt concentration greater than 10 atomic percent.

15. The magnetic recording media of claim 1, wherein said first magnetic

layer is deposited prior to said second magnetic layer.
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wherein the second | ayer conprises a fil mdeposited at
a substrate tenperature greater than 50C. 18. The

nmet hod of claim 16, wherein the depositing a first
magnetic layer is at a first sputter gas pressure and
t he depositing a second magnetic layer is at a second
sputter gas pressure, in this order, wherein the first
sputter gas pressure is higher than the second

tt _ _ cond
R S

| . h d LE. 4l d T 1 d
e e

talli i et erd al .havi
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el ectron mcroscopy (TEM and the second magnetic
| ayer has substantially no anorphous oxide. 20 The
met hod _of cl aim 16, wherejn the

first | I _sputter
gas pridsShmethed ofclaim 18, Whereip saig) s Wﬁ‘eﬁgary Fr %‘ﬁ(ﬁ? a‘fei fecond
zrg\g%?:gf ia?grgzrgm%gget élglrs d aossitgt{ ES?hsfyerreem !‘;Lﬁ:slmetg en‘}pg% e,%l?rﬂ'l%{'
wherein the second layer comprises a film deposited at a substrate temperature

greater than 50°C.

18. The method of claim 16, wherein the depositing a first magnetic layer is at
- a first sputter gas pressure and the depositing a second magnetic layer is at a second
sputter gas pressure, in this order, wherein the first sputter gas pressure is higher than
the second sputter gas pressure, and an exchange coupling in the first magnetic layer

is lower than an exchange coupling in the second magnetic layer.

19. The method of claim 16, wherein the first magnetic layer has crystalline
grains surrounded by material having an amorphous appearance observed by
transmission electron microscopy (TEM) and the second magnetic layer has

substantially no amorphous oxide.

20 The method of claim 16, wherein the first layer sputter gas pressure is

greater than about 20 mTorr and the second layer sputter gas pressure is less than

about 20 mTorr.
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