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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

YNIRCIELCAANGE ¢ OBINNG N MAGNETRORECORDING MEDIA
exchanged coupl ed magnetic | ayer, preferably in

contact with each other. Mre particularly, the

| Nyeid bPIhveRlic €S to hard disk recording nedia

providing 1ncreased signal to noise ratio during
[uodriggnem ?rés@ﬁqﬁ@nﬁ& reBRS KOPoNEa, High [00QARE pdibrhahéd M

gnetic recordi ng nedi a, mhereln a fine-grained

ma#ghé/ 1%56{‘3;11? ldlaR& omPRGRE k1 SasB WENKIY SARIngBLEN PR BfaghdiR

netic recordin ayer, are generally classified as

layecl)' rml%]e% &olﬂg%rakl}an%glecoﬁg&?ﬁggieﬁy b3k, pre@@RANEI Data@ it ¥ach

ghet dofmains (bits) of the
{ 1}
B S IS AT e

. Tec égmg{ ad 1997), shows
lncrﬁaasﬁage}%agq%?(ﬁgsér@an nsiti ons 'n | ongitudinal and

per endi cul,ar recording. [0003] The increasing demands
#gﬁgﬂﬁgggareal recording density inpose

lﬂﬂ#’écor g AR RIS “2’%%?*25 Bt b eBAE i lline
Coeé g]h)gg%?éf geévw ln%’a eétfc?‘ecroe 11\1/% gr arggg#erallyaﬂaggﬁée(??sc
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wher e K. e netic.api,so 0 stant 0
Maﬁﬁgﬁ&ﬁk@frvgfé%gﬁaﬂ*gﬂﬁgn eﬂw are e é’wr%é“ga {‘“ tig
rai.n. ends . on, t he netic,l ayer thickness (t
o o EoOp RS0 pepnee e bording” ()

[0003]  The increasing demands for higher areal recording density impose

increasingly greater demands on ﬁin film magnetic recording media in terms of
coercivity (Hc), remanent coercivity (Hcr), magnetic remanance (Mr), 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

gh si gnal to noise r: o
ooy g edtopl At Tt e AE MR Brizarty on

noder at.el Q . uni-f.or change coupling between
the?‘hcéosp ?tflﬁe)élfghs?\%)arté'é}#}lfnse. ozzrS | ongi t udi nal ,

T
Rl Rl ECRRRES OHA P gl e
e P A S SR RIS o

s i L 0BRSS B e

correl ated.. Reduci ng exchagﬁe cou decreases the
g

|
s ezt - (Yo EEE YAREE PP B8 TARSHEL FEPSRITEENT
recoReS oA EPPRAPAbFPo SHTE Rt MRSy Ve R RGV Ey ori b

_exchange coupling between magnetic grains produces a
neighbeyng g5dip-squar eness sheared 15 hysteresis | oop, a
broad switching field distribution, |ess resistance.to
[00053| f Gensrelyav icxehengsconplipeindesirad seibatimasnghicswitsns of
~nucl eation field (Hn) in perpendicul ar nedi%gpdes%gps.
neighberinggrfing dace peibseryes top b‘@BIYr@rrahatcéwge%rP& eYFhanEE cqupting
act independently while other grains act in cluskers,
decreasssitheisizg of the hageatic gawicleiop mepentis syitchizginit i(@opdracke) e
size and anisotropy field. 20 100061 Conventionally
cormglotien longth aefumedieineisecasm eerrespandinglyfedyced.r Hews ar Mganzeyh o
having Co-Cr-Pt-B and Co-Cr-Ta alloys where B and Ta
exchange eupling/begsesd magnetigaraineprodices & ¥y aynsquarsness skgared,
-the magnetic | ayer. The exchange coupling is
hysteresis lanp] £lotol/swishing deldvistabution{ lossiresigiance to self
non-ferromagnetic material at the boundaries between _
denmagugptiestion 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 Adhl B FomaghBticGRateR SEMnirAdALP Poriad HngBhitt® aBpdsiidn of

grain center and the grain boundary such that there

CoPtSrfcdniaiag 51[0%52 o hiZAteTRBPRre Gubs@ale®By ﬁ:ef&?@lﬂﬁlt sufface
conposi tion change coupling in such nedia is

diffe96H 61X 80 BRY gttt Bities PReATRlREShualsH Wadiss bdtReda th@pdin

B concentrations, and the substrate tenperature.

cenfeP 8Akike DARr lfoﬁﬁ&a?}nﬁﬁﬂ @fat thefiBE § Er'aﬂltl&l%n?hﬁ%e}% 1d f¥0ed

at nmagnetic grai’n boundaries during sput

maghEROSn ogirﬁon‘?f Em%ge%gﬂﬂlﬁ%% E\Q:h%édﬁyﬁ ctrol 1%y changing

enper ture substrates dition of a netal OXIde

pmgngertégrggmﬁey{hfe aac?ﬁ%§ﬁce9&at¥z>\as a%g%e Gk BHbdALINY ¢ he

I'n a er gas contalning oxy change

[Oﬂ&ljum N{;'Ig-fen%ma e%g xx{g?egf f‘({ansalsgoog 5r9rled%gmpéﬁet1§ %gﬁéoﬂgdaries

paraneters Su ressure

oGBS {&%55.8&4,& @onzﬁﬁliﬁl% Syl @.&G%Jg? R —
addhlono amlpfgﬁ%)aﬁ o Lg%%ﬁe rt?rgig (10 @5 aesac?ve?y sputeting the target in a
spulds B0 conlaiine SUsSh Bl BPeRPEh o (525 ﬁd%?".“éfgﬁed by
chag R AT Shh PRFLe %%rég%?f%ar%ﬁnkmieaﬁﬁhave S
g5 GRUR EPAeTHBR T SOHE BBt of non f orr omagnet | ¢
0ogf} o Taay fes e?%%@%ﬁéﬂ'é B IR OhRR RRT Loghas maierl leads t

B R 2 e e

r.med_as nDderater exchange coupl ed, 010
boumeaanr erEsRndinghn thg sece aa@b*wmghij on tragon
t hat. t he 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 N8 Srai 8 LAk, B fsbhdk @Rins are
o D5 SERAR RN o o AL THL Ll g
much Wdke sf!r&fgg%ou fe@ iR oﬁéﬁ. RaV&nd HrobiealR hat fldiay didfubibgT ent

conpositiron than smaller grains, and hence have

ol litheVsize (Flrfel Qar @ UPih\An ARG

proi;?rlé% énez:?&{ ﬁp%ﬂ tljley 512':% oq'lﬂre rizig?ﬁtltlcr &GS, g'g)]ﬂg, mar? l‘éPAl

i ¢ ani sotropy. pr s that the

systgéﬁc%%gf%&ng éogtla;{&. iltig{f Eﬂsal’i @rtn&lgér:%ig%%/ﬂﬂgi)?gﬂ?alﬁiggSYSIéc(r)nngaélg
diﬁ%r%“eg%ﬁgﬁéoéggnreggﬂd nalsgﬁég}%tﬁﬁﬁgg? rﬂrlﬁi}& roBRELib Eﬂaﬁﬁ‘le and

oupl non- ronmagheti c regl ons

TR BT B sSSP o et
o B s R B LA A b ek B

particles as. well as the _grain boundar erial
nonbiagamegney Seighs e e dedt RS Rt oy s Sl except
roperties of each c onent. of the film Also .
for i GerFieaHfob i< ERTPETSF PSR e CBo RGP g SRy acge upling
. mechani cal robustness and corrosion resistance that
it BR800 L SCOMPORIED (s Bee GO Eoy s
sputter nethods necessarily yield increased surfac
graip bopnapsmateria] cHhus, 1k isdifjeulty Oﬁé@aataés pPUmizs e ORFHIH 85‘”‘"“
for the magnetic recording nedia that provi des .
conipapens pbde @g-n-t Abp, plourth n@hgngféﬂ%wbrﬁﬁﬁ@ Bwﬁ'e ﬁ‘iedrfﬂ"gCH%‘P‘fa&
| ayer and i nproved recordin% per f or mance whi l e
robystreseang; cAFosiRIesistars fRat Arses from syphyprjor rt wherein high Rrepsyre
[0011] The enbodiments of the invention are directe
sputtes methaga geaessarilyaicld incomasqdspifassapuahness Theeeds tus g MAEPLAn
havi ng an inproved conpositional segregation wthin
newt hethodifpn theineagheticaeeprdiay medig it prowides imrayed soptepl 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 longitudinal 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 naegnetic |ayer. Preferably,

secér{tlleé'g{g'nétig lfaﬁegtd Piseﬁe?ﬁ{y HBSkhh gedoﬂa tﬁ'{}éﬂ%ﬁ ‘Fagbﬁ aft ihla il

IC gralns In rragnetlc

staci( é§§h af‘ﬁr Shefid & I?j%%?th% Brf ﬁgﬂgi\f l%;gl:r Bathmay, etclaﬁﬂls’rgﬂy i he

gne C Iayer ot her e odlnent
ording nedium conprising a 5
Pm@ﬁH%bP #bgesﬂtt ﬁ%ﬁ%&%lc | ayer and a second

[00 gne}tgtgtge': aeé“éotalﬁgvmnterlgﬁten Sagr'ﬁlogt kil 74 otdi Lgn r&ﬁé{%{nga
sub g.ff,gggﬁwm st v, SRR A5 Ric 1K S‘%ﬂpr Bhid HrsDagneri
e SAmBE 8 AR LGS tﬁ%%b%r?‘%{&%“?°?‘§§%@%“°%ﬁ el
e P STELE oy A1
restyBt o PRI PP AT P RSP Ve SOt o |

layer with reactive oxidation or depositing a second
subnta@trrélwe npprfemomARIgti§ iRatedighst ant i al r eact | ve

oxi dati on. Preferabl said first er and
(0083  Yetawptheramfiodime ¥t%r‘° EH!?BF’Pé’gH %F‘r PR %%‘B%%"F‘é“d
at different substrate tenperature, further whe
recordingsradavmicomapyisiog phtapangs JubEEate depositinga 86% PAgRELS JaYEF
substrate tenperature greater t han 50C, .
with reaftéveasidation eralepesiingiaiseenyd anapnsticllayes Wikeyt éI?hS!a‘y%?I f?ag“"e
at a first sputter gas pressure and the depq3|t|n
oxidwioon Brefagiin shid firg yagngts layer andsaidorepnd Rasneic Igygg comprise
pressure, in this order, wherein the first sputter
filogradepyrited st differeny smsgneremmmmrm@ﬂbwﬁﬁens%ﬁ%? Juer
pressure, and an exchange coupling in the first
comrisaed film depysited aba jubsweate teaerabire graterdhapedeuplsong in
20 the second magnetic |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 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.

[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

w1tl‘éc{rﬁ\e/§c{}%ﬁﬁg oA ifleREtnY ’A&&%lxﬁ[ﬁmemlﬁéﬁnd Qedetipidnl 4¢ito

e regarded as illustrative in nature and not

be ‘?%‘6&"%% mugﬁ-étw@mmr@fmémgg ieRfic@e, Of the Drawi ngs

Figure 1 shows (a) longitudinal and (b)

gifon'sf i ts. 5 [0016] Fi > sh
per_m on'of B 15Ya%9n Iu:: of Eredl a] ofl tgﬁlfg shows
["“m\/?gﬁok‘?‘g#"& %Z%ném%?a&(ﬁ tRutat QQorGH v&). and

curv unctio t he th|c ness of

g f%g%z%'s&@%%&mnagz%wa%@ws B ko

Wﬂé%&@%&f’ﬁ?‘i 1 S (SEADTD sfia R FrgnPafy fAT anB ot
I NEC IR A i i =
maérga? @ggﬁ s%fapé:{' e)fcémg)eg &?rrua 2 a%ég%{:!lcalxﬁ%r is fCQﬁ l&ﬁf in the

tr nS|t tmeen t he magnetic grains and the non-
cm §ﬂ ICh grai n boundaries, and thus, the

recordln nedla is expected to have 15 hlgher

saﬂ@ﬁﬁﬂﬂ&ﬁAﬁ%ﬂﬁklzatlon (Ms) and nagnetocrystalllne

ani sot rop .and ar [ in
00ffle; QMaglebe Faspding ”law e F@@&sﬁ fi‘a S i ihe it B

Co-Cr- Pt-MO (M s ve net
andclgrie HPROYAdhe %Pgrfi%ﬁ? h'§ ?Y&‘ﬁ A A E"f %e%“ﬁ%%et i

| ayer. A better segregatlon proflle of oxide geads to
Pmﬁleﬂﬁ GF Jsads tp p shrrperitignsition Rpbween thefRaEREHERIR af the A% and

t he non- magnetic oxide-rich grain boundari es, ﬂ
magnstie Cr-riglogray bogrdaries Apd thuyithe reeordinpmedia i %"83%368 ave

hi gher saturation magneti zation QNG) 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

corraﬂ)gﬁ? {oqgw%fe‘}kﬁ: Eé ?fn@ SFor h tg%@ér A cgﬁgcﬁggﬁ) Oe, a value
of I-’\P;:glllllrp Lél&g ?O{lﬁéﬁ%ﬂb@ﬁe &B%S%%dj%g)ellﬂ&?ggﬁ e:&lﬁm%g QQu , wllile a

cou be considered to

me é%%ﬁﬂﬂ&%?f%%émw 8HEN Bty Wihrte SounfBRE Bﬂ‘%@“fv‘gﬁﬁé‘é‘
bet%egp F:l%()) %Ef QOQ(P Br 9&&11&‘"9& 941%11 &gg%%@ Qct%gcc&lﬁbﬁd bg

y exchange. coupl € nmore-accurate
I e
(tiegh st %sa%?qﬂ%wv@wsé%ﬁé%%%% f?“éﬁg i i
ol o ehe ety a1 v
(e ks s HeReprstifiiion p %ﬁ@%&%mggﬁtf&fsa‘gﬁ %@%,J.ﬁ b

val ue 10 between 0.15 and 0.3 for st _curren
deppsh HERTFEISF P BT hrsET Y i KTy S rgEac @sﬁgﬁ ayglue

be defined by Hex bel t 1000 Ce, Moder at
be%’}ewaz%geﬁeé&& i ey PERE SO AL B S 308 %@8 3
and hi exchan e coupllng may be ve ab
coupkng Sivonmmesnon: (06 cre Nl p6fee aete. o

net hod and ap aratus for a_ 15 magnetic rec
maheamoenabont g Iy T AAGREC CONRIE (a2t ARV about
| ayer and a strongly exchange coupl ed magnetic | ayer.
300916 weakl y exchange coupl ed nmagnetic | ayer has
sufficient non-ferromagnetic materi al betmeen na%netlc
[003ai nEhe dvshodisxantsaf dre inveption saseprise a msthof apd,appasatustor a
optimal for a magnetic recording nedia. The strongly
magetiheenordihgaendil indudingmweilkdy exehense saupled maengticlRygrgad 2
coupling such that substantially al
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 magnetic 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 strongly 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

' il fhe Bl iENERARE SowrdR] ed

cou §n%;%e%gefﬁr%ym%%&?%ﬁﬁgﬁ%{p§dﬁ%§%§é ekcrl]anged coupl ed

i ' if Bupti ERRRIEodeBY REdnBY, ReSiv@en
optifEEAdfie LSy o Bluolife o FHERRAIR o E0Y i 085

I ner ed toward an optinmal noderate value by their
an%ﬁﬁﬁﬁ%g connection through the strongly coupl ed

o] : .
10038 e e e S e bt i SRR BT ubln e Rt
excha between the nagnet i | ' .

1) ‘%g’é‘ﬂ% cgg}ffﬂf'ae%'em e 1|n§fu': %3%%? E{(}g%dgg%E@%het r olg é%lc by

h [ t t hj ck f.th ]

G S R P R B e o B SRRt S 4HRa Cotpled
conposition of either |ayer; 2 chan coupl in .
maspRRORE TR HRORGR o OB MR 2) 6 s uplis

depend as_ nmuch on grain size o the weakly co.

g e e EpupIed SRR AL oS BRP A A LGP Fn S of
strongly coupled 10 netic |layer doe ot _depend a
the W SIS SHERGICARET &) CTRaReS S0P g ORPDE EEPCEREL

4) Exchange coupling through the jpterface. bet n the
OB DR ASGATR RO Py B Tl TSP TL3p g Semens
coupl ed magnetic | ayer inyolves nore ato ({han -

4) Exghangqepurbing thrquah theiesfres fetygen &13&%51?&@?@3 Hagngiic layer
weakl y exchange coupl ed_| ayer; and 5)  thi ckness .

and dheratrongly ceuplegraagnetic layes invelyes mREe dloms tham exchiaige GPURLng ng
i nvol ved in exchange tuning is relativel a 15 tP

betwesn prigy of eronpin theryaakly et aesnupicdiayer and mﬁf‘%\{%ﬁ control is
provi de magnetic recording nedia suitable for high

preciseesy thatdheowenllpnberefiatomsaRyal d ip ¥changaiuimgs relatively 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 o
(0022] The 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

recamggﬁ LZ §5 o PRErHANRHOGI AL heQB R iIdy¥r is kABEBbus e term
underlayer 1s "soft" because it is made up of a soft

“amggﬁﬁgl‘fst‘ 'infealBhe! theateri et Unde@iftl H@thid RO YRdomRfEnt sharps
called an

_ under | ayer" because it resides under a 8
pcalf ﬁlcagr)fj-hgﬂi i}ﬁ%&%nbpahgrn%s BERhRE] 8DaSUPRPAMIFBRE. Thd s Of t
[ rphous. T

i
ayer ano he term "anorphous" neans that

“améoﬁ:%oﬂgate%(ju@ass%g n )@J}Jrs‘tggﬂ !u? : brpRetti ghideSor ARy Mh&ce bRt

arp peak I n an action pattern as

matgr?awg‘{ogg eI ES Q)Elﬂﬁig%oqﬁ’% inaht'$halSpedk in ARIHB @Hfaction
enconpa a

S€s nanocrys I'l'tes 1 n anorphous phase or any
Bt RSB BB e v
s s T or A e @Pp B infup B3 A lg =€
confpfraq oy Rinted o by R oger S BHRAA BcP R Lt-doed

| ayers.. The, anot pho of t under,l r tera
Fe-yif¥nRiain il o aan (e P plloy R e oA B et b dCozrt and

C,te_; e Fe-alloy could be CoFeZr, CoFeTa, FeCoZrB and 10
FeGeBcoB, [ 0024] An adhesion | ayer could be optionally

i ncluded_in the enbodi nents of this. Lnvention .
1003, R ATesigR IIFEoRY e aroral nstided L sEROdi s of s
~ Substrate and the soft _underlayer, A_proper gdheéi on
invengignr Ap adhesior iyeris @ layPr LHedBPFESER Be sitiizatt gpd the 50

underl ayer by pronoting a mcrostructure that
 undgrlyen A Bropet ABFSIQHaY P%ﬂﬁ%c"&ffag%‘%ffa"%%fe&e inderlayer by

influence 15 of a magnetron field, or dif&g{egf. .
promaine BISTosirBetITs Ahat sehibith rder ot agner OplSTIPEUAHeE e Apttugpe

| ocal stresses in the soft_underquen. 0025
of apmagnetrandfia)d, of differrat magnetasHighipn- o4y pdhsriop fyer could also alter

per pendi cul ar recordi ng nmedi 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



10

15

20

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

are TRGRAThAR IdwiRd A §1ré1:'t15§ ﬁ‘ﬁ:@ger@l%%é eWRfith BrediidnsTithedBad-write

transverse to the traveling direction of the

hca%%@ﬂlto%aﬁ gtfimglaﬁﬁmtogward the traveling direction.

SO0, preter under | ayer of the perpendicul ar

[00{6? borgﬁlgxg)hg%déoﬂmnﬁéﬂ\ rﬁd\iﬂ‘ﬁﬁﬂgﬂ% lg'll}]és-}’angélgﬂd@ﬂ Without long-

ansver ani sot ro at the domai nS

Ol‘aé? a 9&1% th%u? s‘i!iﬁé ﬁ*n@ﬁla%ﬂa c%gﬂfnle%ﬂi%tropg thé

TG Er Ion nsverse to th
“ScPE%?faf"%"% 4 P%@%‘ : °9“c}‘~“ *ﬁ%@? A ﬁ%ﬁ@“ 3F
d°$33%§55? ! %%P%E‘&'éﬁ%ﬁm Gip o %“’%‘\g"%ﬁ'%ﬂ

g‘g%t??%% @h‘%@@f‘&?g‘? Bt y%'greo?]rg’ a\%‘é’éﬁﬁ' %P sQr educi ng
ﬁﬁif’e BB E@'}*%g}gﬁ@"?é@?%gg Bl g adpRRa

surfaces as c ared to F crystalllne under| ayers.

f°“T’ﬁ*@‘|d§’PS&WBerp ¥ &E@‘%f P&er | ayer coul d be one way
red the ss of,  the tic.re

(00584 o The %7 g?'ﬂg  FRarpleH el %Ee‘ﬁ%fgr»?éif‘?fosm%bg“’“”
recordin 10 [0027] The surf roughness of the

M ARYF P g Belpw Srifahy agg atost Eefg‘faﬁwetﬁgﬂ @f B ow 1 nm
nor e eferably bel ow 0.5 n and nost. pref erahl

10051 ovlcrosoraes Yith STainanis S IRIFEBO e BRI A AL P be
of this invention, the substrates at naylgg used in

useq ppshe prpbriiments of the inversion inclileieliss. g uminurm,

gl ass-ceram ¢, N P/alum num netal aI | oys,

metp! aloys, lagtisyBkaner mateial £FTaniG Slps-POLYTReracamngsits mpfrials or
conposite materials or 15 other non-magnetic

othermopmagnetic reteripds. (Hpsreeramigimaterizls do aes nppeally sxhigitpy
exhibit a crystalline surface. d asses and

cryggdlimessugfagen iflassesrad class-Feyamieh Besierallyjexhbit bigh sesighaee ©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 intetlayer also promotes
the desired microstructural properties of the recording layer. In some embodiments the

interlayer comprises an hep material with strong <0001> growth orientation. Ina
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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

prefga Ft? emt?od enIHl% nhg'ﬁ] 351[ 1§¥l§ chﬁ&V&%a%m a]ié)gt ¢4 @nded ON

ween e anor nagneti c rlayer and

embﬁhggnerngsaaqﬁ{ cont: él%LP%alpogrlnte}I%Iel §¥ﬁ.ﬁeﬁhc§)% ﬂe{dglgﬁérg%ggpgj:&%aure
ARk Ry R 8F io‘ﬁ" bR edf o R Ok aNEE L BIRE O3

n a

corwswﬁfﬁ .rﬁ e #fﬁﬂ% sbifes Sy BlrrcarbRpes @
R | | |
10038 gor PersgB e e gt ReGFAR o Pl 5&%%‘?3‘?‘?”%’“““

enbodlnents tqf Ru- contalnln i nterl

dePBivg PP B utetrte SHREA TN POEEFIGT SR PR Fria covld
tter deposited at diff f
be éwé@medfswﬁﬁ’diﬁér%gg%m%os%@%ﬂmgﬁ@oa e bR

sequentially sputter 03|b$%won t he substrate,
lubkigagt (©RGORL Wﬁ‘ﬁ@ﬁéﬁsé‘ﬁ“ B?Httz A carbon overcoat

could be typically deposited in argon with nitrogen,
(0034 o’lj’@rﬁn&o‘i’é‘ﬁﬂﬁl@ﬁ@gﬂ% erertingomedia compsise aHRSt hcoat s

are typically less than about 20A thlck 100% The
magnetio Wy ere clndiae ahigast eps Weakisteachangg coppLRd A gn sy 1pxes haying

| east two 10 magnetic |ayers including at |east one
lovirenichange shon raptimebiopt siaglrdayempanciia jreprdmeRem 330at

exchange than is optimal for a single-Iayer nagnetlc
least encotidhgly exrbaigsreoupledimagnetiy layenhaying exehapgefoyp

coupl ed magnetic | ayer havi ng exchange coupllng hi her
than isaptimal fors simglé-layermagneliqygearding yedivga Jh %Pﬁ lgast ‘é’éd‘feel%ﬁ

medium The at | east one weakly exchange coupl ed
exchangn etupledinageeticdyer nivbtha ot lpastione straeely exdargeromlehange

coupl ed 15 magnetic | ayer are deposited successivel
magnetit layérate depesited successivalysnth that theyard adjaeentin ghe 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 50 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

sgﬁﬁ%&h% flmﬁ SRURLRGBBENGE &chage Eoupfeddm%b;@gd SO

orma conpositionally "segregated

dﬁh:%ﬁ%&[ H’cﬂt etm%ﬁé? biled f1& éﬂ?ﬂﬁlﬁgé &’é&hélﬁhﬁno%@'rhe -

rIS er concentrations o

sudollfy e?“@%%{égﬁ@fé’fﬂ%%ﬁ?g Aﬁgﬁgﬁ%g#&?{% ““é*‘%ﬁéﬁ'?‘ip;'née
cmhgw ﬁ;o@%}%agemﬁ% skl [P or &&q&sgsg}écgaw;mwéﬁ(

Stan y non magnet stron

exc?n ? ﬁ.&ﬁjeéla gaﬁ%%thcdlfl}%? ISStP o%r’ e@t%he‘glggpc}uﬁt&ﬁ %ﬁﬂ&lc layer
R o e . esa%%raﬁ@ R B pat U

i ses a.Co- con

betgg BT TR et Snesiriqh gok b B Yiements a't“‘o

speaﬁfév nf e RPES g e RaCiorpedt Bk Ry pltis i

t he strongly exchange

Ied na tic is
10“6"'6 3 ?‘“:%EFO“I’ ém}%géc layer efesome preferred
MmdrmMS non nfmrmm. iC
e cBbpdEERs e maind ot B ag LG T dsheting

concentratlon of non-pmgnetic elenents a

adhegjar laysrs, ot ynderlayers Rad HESTIRYSTS fbab?P%ﬁ%fgw&qf the magnetic
materials at nagneti ¢ partic]e boundaries.is

layesp dposifing ﬁ@“\%@@kﬂ?@é%ﬁ%{ H‘“& ‘EP“FFé’é’ﬁ o Y@%FS of
case. 10 [0032] In one enbodi nent, the qt§

nonRARHeticErain Penndary matsrial deprsingiaGaaloydase i Jt5/y R0 non-
soft underlayers, and interlayers that opt|n1ze growth

maggetic geinhayndary materialy and degesidas 2 PrRKCUYeOYESPItoy magnet i c
| ayer having hi gher. concentrations or vol unes of

[00ﬁ3)]n madhemedia of thisinvsotiomhave thedfollowing exneamentaliy Yrgrogstrated
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

e

Hn) can be controlled 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. HAEA b@adiASrd 669 0 33 abstRG8odBeby changing the
thi ckneSs of the strongly exchanged coupl ed nagnetic

5. l—ivr\xg:glsﬁe Wede QY by GRANELD P00 AR Syt h@Buritile 103€0fknal to

'y exchanged coupl ed magnetic | ayer. 2. Exchange

noist P4t l,f:ﬁﬁlc&ﬁ’sri‘ﬁé['ﬂly AR Ses90F the @ﬂéﬂg!ﬁex%ﬁﬁﬁﬁ&ﬂ&d@k&ﬁ%fgnéﬁg

preferentia ransport of selected elenents.

A0 EorhpRItoR th R3O A0 sfdler hraiiaete 7000
laye&%%ﬁtzdﬁgfﬁﬁ&ggﬂﬂgeo algjgugt ed from b%‘%\e/v%rOe to above
i ' i infRA&4! ddpartd (DHEE

6. SERe sty s e bR EmplGl RERRR M iR ol O dRONET
. i nClLeas] y_thi t he strongly exchanged
hlgléb%ﬁrpﬁme%e %%%’%gf ?’gl’r T%%/Hewﬁﬁ%%ﬁt changi ng any ot her

conmposition, thickness, or sputter paraneter. 5 6.

Surface roughness is reduced and corrosi on resistance

i s dncreased, conpared to the high PAr single

na 2| ayer nedia of the prior art. Exanples

0341 All | es. described in this. discl
10034] A Panp SR i R Bt e PRy D
Car b fil i on- b jted. Oxid
e URI e R DY TRA S ATR AR RATLAT 00351 Sone

recordi ng nedi a of

%% ng properties and

0052 S i e ARG S Sk iy oy con

include the following properties and steps:

Step 1: A soft magnetic structure including 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 structures are deposited on top of the soft magnetic structure. 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

percBht (188, fﬁg&ealﬁgﬁﬂ{ah §e Sdupid Wgﬁetxc'lﬁ&ealsmeﬁfsﬁéd &fhs to form a

embodi’ e interlayer is an hcp ruthenium (Ru)

Bld paRticBEs@
e e

hl@@%@é‘{t&t]&l@%@ Co 'aﬁcl;] e %ﬁé R DoRlatifPbedlech ?Mﬁ%hid’é&e r

0O grow wt cp <0001> preferred growth

comipHse[ él—fetr c(%r&em{a 181?5 elsf?c?h ﬂaﬁgﬁ & BmEnhR 18ivBScoBhlk Oy

O 1 nc er nonmagneti c

f f o
consgB rﬁWFﬁg%ﬁdﬂance Pl PR gl nont .
t ) "
pre Exaffgqt@@d%e@g cen(r??'lﬁg%ner | S al &%p%%%%u%(%ﬁ%fg induced

4 ] SO as to forma
Coc?rie, e P BeREn e eggn”r‘n%’ﬁrn b%l%%ﬂt%%%gwﬁ%%?%ﬁéﬁﬂf
f°“‘b°£rff‘1"&f“b%“’m%"6 ﬂb?’fléeemﬁfaﬂé?c s W?f% ki ﬁ’“’fmﬂ

ti
e QR RORE b SR BB R BRBY v s T

Ta2 SUbSt ant L2 li@ﬁ@(%;,gﬂﬁ(gg fl-cfgohglhg%%%ﬁ %fe c{emel%dlmenm the

reactlve sputterlng induced CoQ, In anot referr

oxide AgBIniRE RONMAERSHR %Wd%j’l"f% maieriakhas An (BB Pisa p%?ﬁ““"e
oxide forned froman t or .oxide e o
obserpied, fRyeyample, Ly Pl t\pféy Eyﬁg%lg coplﬁngea ﬁbca ?@ﬂ?l?ogt 10% b

enbodi nents, the oxide rraterl [ ect%ﬁr gr%? ts,
volupegfithe waklitaxchangs canplg TRRERglc ey rEEEEEd cRISYgen
W3, Nb20b, A1203, and, Y203, In oy e prefe ed
the wraidyiexehanesd cqupled ragnefis 1aYsR isAPARt 2 YR MHigh i‘} 3 E"”gﬁrl’éﬁf{“
boundary material has an anorphous appearance &
embidireant; dk, weably exshangedecouplgd maawmww pRJion s gerformed at a
conprises greater than about 10% vol une hlcn
higlwepaktenygas pesbriregle-gc SAPMERMHPGA 68 PehqaéQ sybstrate, gﬁé]i“ ess of
preferred enbodi nents,
the layer has Hc greater than 4000 Oe and Hn less than 25% of He. In a most preferred

embodiment, the weakly exchanged coupled magnetic layer passesses 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.d.

boadMEhe e streRAY eAdhantel @ad sl Bahstid B &alsar&dmgnstebh@oness
emo t he I%ye@pe a%% gréﬁ?grﬁ?ﬁan ZOOO Ce and Hn | ess

conIaIIﬁ% R fd 1af8: InloRe @IHMII{IEIRI 1Bt SR, exeRan@ed tRpled nidgtetic

y exchanged coupl ed nagnetlc I'ayer possesses nore

IayeIr hﬁ'ﬂieﬁ&mﬂ?ﬁémﬁ bh AREBHP LBoMBL %&h@ orfehtedl Fifin Giahd Pt
boundary region as typically characterized by 20 TEM

I I
SR8 1P S Capncatd s o

cou (? &E%ﬂ? ig Yaa/orﬁ%.ﬁ%%%&ggn& A< (ﬁ oth;Izl?iel%I:(ﬁ anghWing Pt

netic has hi gh exchange

conge%II'QtI :IangssMII 5 alof) ?ltld ahist ?{I)ﬁ)gfolw"éI' I ﬁ'IgI ofGhe WEGITRAPRE! C

ns are strong e couple In a preferred

oSO g st RO “%Ié“%?’?ﬁ%@%”
at ah%w terigqag lgges ée & %Sm%&’r s¥o %ﬁ&ﬁ:ﬁgﬁ ﬁIratlon by

ayer er co rlses opy

“sh%%oo:b” {oﬁgﬁ hiegrrelgen 5 1ment cmglg nﬁﬂgﬂ e%%ﬁﬁ%ﬁx@@eﬁ@

n ano

d 5 t I
ey oy P SR e °f&ﬁﬁ B en?o”e OBl
N L
h | ed t
prefeERITED hagod PO FLIES sﬁft‘%s%r%sI lgs%na?vg&%’o%%%
e s L
exchanged coupl ed ma ne1|% 10 Iax #s ﬁf 0Si fion of
rAbipRcenEraien Qf@opRiagRstc syt 400 FReciisp elc%%cgn
conpositionally seg ated n1cro tructure th t he
nonpagnetic “@f@é‘ﬁhﬁ@@ﬂg@%m‘g ?Sé’ hesipngly foupiedmagpetic

preferred enbodi ment, the oxide material in the
layes fa Jower thansin gy weaklyreaplippeesl coypled pgnetiq laygr. In these

embodiments, the exchange 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. In a

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

xR dbRd MaghR@ N8kt & dbadridddyeIEMUA @dfehRfic 6f thé prferred
| strongly coupled magnetic layer is lower than in the

medi8 @KlcHirER SRANDR FiS.e4 P el APORBES ihtedSer 1,IWeakly@sehanged
enbodi nents, the exchange coupling of the full film

couﬁl'é&‘ﬁllﬁ lefic 14)6F £3a& %Jn@@'@x&ﬁbﬁgéﬂb’up%@hﬁ@ndﬁf: Idye€e3. weakl y

exchanged coupl ed magnetic layer to higher val ues by

g
der&oﬁ&[a‘ﬁg% bfile diddas&DATSHA withfcrsising Mt Rhe T RRNGB gy

cou magneti c layer. In a preferred enbodi nent, 20

5 exc@ag%%%%g@fg{igg&%ﬁﬁq p?ﬁ%ﬁ%&%&lﬁg&mgne“ c layer could

. nost  preferred embodi nent, He of
st g it PR o PHARE s ERRRLR AR TR orplchs €
con Org%ql%ﬁﬁcrﬁ?rﬁ %%?ﬁﬁﬁ%&ﬁu&}%{xtﬁgﬁdoﬁte@. 1P 5B LS niediments,

ere 1s’subs y no anor phous oxi de

te et paomg e g e Ra e R R O TEPer T ed oo
100541 or P bR P e R ke B en,
10 inclyls S rulef iSRRG s BeP o ORR P Bt Rbecitnd
Mol GoRrea bt o HORPELPUSS St op 4. A protectve
St piFded bR AR AR APy SeebR G HV e AL T
\ (e T B g e, SRR BB b
R PO Bt e
| simlar to 1-4 of the previously described i de
15 sbopklp st chromi e (GRb.C TGS L0 BPRIARGS o BTt 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 He.
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

o



10

15

20

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@Y¥&ducEPBPIddRRE ofingtifss, Aaiveap@tsring GowérifgRibsaagd
greaggr than 15 g%gut 15 at% chromum (Cr). Cr

tempatifuRES b8 W QBRE MScHaRisHE & rBchRe UAMEh inf®ilite dirigBpatter.
nonmagnetic material including greater than 20 at %

Oth& UnfiSiMBhts! of 1 ;azg;eﬁdianﬁ-freaomﬂg mediR Oflihe BiVentidnhAclii®akdpy
exchanged coupl ed magnetic |ayer is about 10-25 mm

.t hi adidinkIMddes S
simfifhi l“é‘%%“‘éfﬂ?ﬁ?ﬁ@t‘ggp&@?&?‘%? DB eRUATR SOIEIMARES e

i i ' 2Bupled |
En AR b S5O PTDARE ) B Lt

ma,g %%hgl@é 0% (gﬁno@@asﬂ% ég,ggingg ﬁ%fpg@ttﬁfn fillnbaRe stRndly % éHBEe

e weakly exc magnetic | ayer case.
o S8l MO kg afissied b
ol GRBRIATH B8 e A S SHREATTp ons
L e T R

db&t rat e enpératu

th i. t d t bi | i _
e A e
di redi f the.i ti i ncl .
cong B ReEe 3 o et i s A DB ft e of

Per pendi.cul ar Recor di i a 5, Enbodi ' .
a stipgy Ep it b s eh e forpled R Pie] mal b feposited
coupled |layer rmay conprise two or nore weakly
atd@%@ﬁﬁ@@gm Bled thin filnms; the strongly exchange
Jayer may conprise two or nore strongly
situdinal Recording Medigbmbediments: o strongly exchange
coupl ed | ayer, deposited at high tenperature nmay be
(0038 posSamareTthpgiments QendpysidgatiSrsEng B ok e Jppon
. deposited at |ow tenperature; a strongly exchange 10
includg the ElloWiRgroRFES 8P4 HePSat  hi gh tenperature may be

deposited 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 hep <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.

elethQR0 id MpkefRled Bﬁs&riﬁmﬁhwmoacmﬁ&i FRRh&T thiDaROBY3t%.

Sone enbodi nents of the | ongitudinal recordi ng nedia

'Ihe%eaki')‘zecxbmg@éduﬁféd rlaBfdtid Uief f3QepSRitkPW R% REARErties and
st eps: Oiented seed |ayer and underl ayer

con?ptﬁglﬁgﬁc?gy %@g_ri%a?cd%@l‘a&hkﬁﬁie QRdreindhSbsietidpficlesdiphise

l'oy underl ayers having a

lug-;,heg2 ggncgrﬁpaﬁlﬁﬁse "t 6 d(ﬁ%llciﬁpgﬁmg&@ﬁ‘b&we&{ in@gﬁ‘leﬁ& patficles

SO inc e nonmagnetl c hcp materia

con% sgﬁgﬁg.fﬁﬁéegmﬁ%ﬂl 9f> nofim ﬁ,ﬁgwﬂgn&?s AW c%a‘iteCt I on.

e weakly exchange coupl ed magnetic | ayer

congafon ?‘hcm?ﬂ‘ctb%%‘%@oéﬁg?ﬁil%ﬁﬁmﬁﬂg% Bl
pre%frﬁng?mﬁ gjsrﬁ%rbh"go rro e%llhg%c‘;l&?ge ﬂ%%gén?gbéﬂ’%
&v@gfér?ﬁtfr‘”‘ﬂ#@?% o fﬁ}ﬂﬁ e R Ak B304 B na
mogRREE AR 35 ié’a%hi%ﬁ%ﬁ%%@ L EpgRfc Pler o diaRif
perfoREedEs 2dm o ttfe?%a%ﬁnrecé’”ﬁ SoIRRIPr L e TRl t
2008 RO PR G HRRT 1Bk e CORAR O CRBELR RS on,
wa%&%&aéﬁ Emlcf E%E%raeéh%%? %a@%ﬂ?%&f oY R ey
pmziar%@ PRI s MR fiafrnget s%w acsa? el lstcﬂﬁgwp?ﬂgﬁa%ﬂ%
and greater than 5 at% B referre?

ickrhas i BT DHRANID DR A RO AR B GRS TR

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 50-70
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 a <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

<103-Eab®ih dridAed £5-a8bYaiRh noRking PE BehcBntitibh Freatbithan M4t as
preferred enbodi ment, the weakly exchanged coupl ed

in thAWERTY & chAYET coupled Baphetié QrydP FRBAankddoufslidpas ghdin Gpuaddries
than 4000 Ce and has a nonmagnetic grain boundary

is ifPda6ddi 17 redueinig 3¢ blitHinRhgdhe et Sid 1 Betent Of 1At Bepokited!niatérial. In

nore preferred enbodi nent, greater than about 10% by

oth Ut BFindhits] (E‘r%e%é’:hilox SRR HRh £k ARBAGEduGed By er
conprises the "nonmagnetic grain boundary materi al

addif¥iof gne;ﬁﬂig@m ABERUSuRRIRE AL ARG substraRtSBhetSse or Blas, or

exanp y plan-view TEM Wakly exchange coupl ed

j- ¢ | N ale '
ok B1E8S, PSRt B s S
e Eld gt i meeBl S DGR RO SR of
h y J : i
ponfiiBndh YRR RG R LI Boif e f NRVer BRI RO ALY Y

rarns are stro exchange
enchSpER Fvotsd sl g er FERADIARE, R add it st e
medigrinsrra TR o8 0afiC bt YRRl piibatded PR g (e
o EHEY ook o e ooy oy ofehARET AR dRlghi <1
eyl G P S Tk Qe AP ETRRBA g

ug{ai boundari es may be further reduced by 5 addition
coulf} be OFF¢i es, reactive sputtering, |lowering substrate

tenperature or bias, or_ other .mechani s t.0.reduc
SteB it oMPBETIVF OYERERTHCRP=L QePensng 11 Sl gy Stefe

enbodi nents, _the overall concentration of

rolyragi-IphitsaRicruld b dprasited agrofding do the PRAT AT { he
concentration of nonma netic.nateriala aéénqﬂ gtic
(00381 ¢ | 1 oo STRRRRIFOERIS, O IGALECHERNG SIEPS @A SRAG be

reversed.

[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 {ﬁﬁﬁmprotective overcoat, typically conprising an
anor pets—C-al | oy structure 15 pol yner | ubricant
coul d be deposited according to the pri or art. [0038]
In other enbodi nents, the order of performng steps 2

d 3 | d be. d,. [0039] .Thi i i .
o e dS o g b SRR Fiu SPRRNAL S SoPRR, ot eic

ithin t.he discl d Ter.i
R el Gt SR B it o S Y A BT ot
R B S RBLAER e e Pl b Pl iRlaR Al
nunmerical ranges. Finally, the entire disclosure of

the patents and publications referred in this
application are_hereby incorpo

Yy [ rated herein in entiret
by referBifapasngtis resospipg medivmof ﬁgﬁﬂéw]&e’?‘é :‘,}lfrfrt}ﬁtﬁﬁ secon
nediun1conpri$in% a substrate, a first qggnetic Iﬁxer
AAREngticlayeEnRre i ey stack sg hat magpelic grains n, the Jiest mppgneticlayer
coupling in the first magnetic layer is _ |ower than an
e pchinee soupied by patvyay dhrgughghe secarBesnetis e . 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,
ar e exdehhampengtisapoatingpediup £pPHpEYE h%@fgﬁﬁestarfgstgééﬁﬁﬁ
magnetic |layer. 3. A magnetic recording medium
deyen pitdsd segonsgl magnetic layes, wherin sajd firsh gygnctie 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 matetial 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
magneti c | ayer conprises regions of anorphous

mat eri al and said second magnetic |ayer conprises
substantially no anorphous material. 4. The magnetic
recordi ng nmediumof claim3, wherein said first
magneti c |ayer conprises regions of non-ferronmagnetic
mat eri al and said second magnetic |ayer conprises
substantially no non-ferromagnetic material. 5. The
magneti c recordi ng nediumof claim1, wherein the
secon neticg. | r 1S i t : i L p:d he
Firet Thognarentio s iy yith oy, SRaAH. Mamtic
medi um of .claiml, . wherein.the magnetic recording
dﬁﬂF@ﬁ?F@mng%gEFFﬁﬁﬁﬁﬁFwﬁ%H%un1 12. The mmgnetic
recordi ng mediumof claim1, wherein a tota
concentration of one or nore non-magnetic el enents at
grain boundaries in the secon etic .| ' .
Poner 1BndR mepdicieoug aROLE Stsmgn. whgeig e Wl cgbSbatration
non- magneti c el enents at raj n boundarigs in th .

f 98¢ ORFREA APT-EaETRHE SlemeRts o mﬂ’&aﬁ%ﬂ%'“r‘@ec%?‘a%dn“a‘eg“"“°
medi um of claim]l, wherein said first ma netiéie “ﬁ%ﬁr
claygsis lewer than 3 (Qlal fonCRRITARAR R ‘g}leeaﬂlﬁree’t?ﬂﬁﬁ%ﬁ‘s‘fﬁ i T
films or the second magnetic |ayer conprises at |east
t gidindpyndagsyn s fErtaaesReliiaYs'™c thin filns.. 14. The
magneti c recordi ng nmediumof claiml1, wherein the
first magnetic layer has a Pt concentration greater
than 10 atom c percent. 15, The nagnetic, re ing ..
medi a 13f Thei magnetic regiding mediug; of °|1q"iﬂgt W @'ﬁé?ﬁﬁgirrsq |“E§'é‘i"°
is deposited prior to said second magnetic |ayer. .22
layer comprises at least two weakly 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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16. A nethod of manufacturing a magnetic recording
medi um conprising obtaining a substrate, depositing a
first nmagnetic layer with reactive oxidation and
depositing a second magnetic | ayer w thout substantia
reactive oxidation. 17. The method of claim 16,
wherein said first nagnetic |ayer and said second
magneti c | ayer conprise filns deposited at different

Subst ngt Lo fiBR 6F Abdtfoturlnd o iiheti e Shp meABmI S A PRMng

| ayer conprises a filmdeposited at a Substrate

toﬁ{éﬂﬁﬁgﬁ Hb&ratd) hgﬁgiﬁ{lg L hps@ mgg%lc i’a§er ‘J-lnlere%{vp Q’Fidegron 911‘1@' m

16, whereln the deposSiting IrSt magnetic |ayer is

?gg%s%gnfgiar‘-‘%ma Ridbnetic 182 Pwithdut Subs@ndHl geat:tri\% JAfgsl.ti ng a

magnetic layer 1s at a second sputter gas
pressure, in this order, wherein the first sputter gas
pressure is higher than the second sputter gas

Pr €SS Y5 exne Mithoddf Bk #6) WhefeitH¥ald M8 thiknbdiBiafdr bRd said second

magnetic layer 1s lower than an exchange coupling in

e SRADRH cAREHRE tilhs dp¥&iled aftgfferm%uﬁtaQQ%ﬁgmﬁe?fuﬁhé&

wherein the first magnetic yer has crystalline

iRt the WcbRYRGG S olrifER b Hirh AbpddRd 9 sAREAT R Pt
appearance observed by transm ssion electron

Bt taRBYd. TEM and the second nagnetic |ayer has
substantially no anorphous oxi de. 20 The net hod of
claim 16, wherein the first |layer sputter gas pressure
is greater than about 20 nmlorr and the second | ayer

sput t 8. 19 fnefio@ 3B Llaith 16 WheRh thE@posiBRE firseagrefi®layer igd
- 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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