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PERPENDI CULAR MAGNETI C RECORDI NG I\/EDI UM FI ELD C]: THE

I NVENTI ON g The present invention d

5 e R ot A
magneti c recordi ng nedi um having a first internmediates

| ayer and a second internediate |ayer. The present
invention has particular utility in hard disks

~utilizing perRERPENDICUIARMAGNETIC REGORRINGAVERIYSY s. 10

BACKGROUND TO THE | NVENTI ON Per pendi cul ar magnetic
recordlngﬁnedla are being increasingly used for

FAFLDOR THE IWVENHONNS . in  consuner electronics and in
partl cul ar hard di sks. In contrast to traditional

ﬁaﬁéﬁsﬁ% '%prtéoﬁ't g?Fegﬁe EfréIT n:jlg\(:})%szua{] &IMA@?%C ggrc?mg’]nwgdmm and in
@eriieviarl byt nrdeatibsivelyt & @fpérp§0¢'¢'~&ﬁfénaﬁ'le'!%@cwélgg upgdium having a first

ﬁ’rﬁérﬁ@ﬂngﬂe%ﬁénd%&{d nﬁ?terrrr%aﬁfedby'éﬂ mﬁieaerh &V@nﬂﬁ’ﬁﬂé@ﬁdrﬁbular utility in
donai ns

i e

Wdﬂ% 'IngPerP?)nd?cH@r %‘ﬁ?’%eé% e%grgmgﬁa ®Redi um This
aI lows for a nuch higher storage density than have
Rtk ey $6 THE iIN@EghibNdi nal magnetic recording
media: 20 To nmeet the industry requirement for
ever-increasi ng anounts of data storage in a given
aeenticulafmdyaetit rdécsdingimedia ael keonglnvoasminglg usear feratarious applications in
%?ps%lrgey el)ectr I?I%Q ﬁcﬂH %Hr%cdlmgr%vm Nk céﬁagtngtrﬂlﬂﬁglg&ﬁﬁl%nal magnetic

netic record medi a i S needed.
(m@rct"@c'ﬁ'ﬁq"%}u@‘eir?]tr\W@ﬂ*ﬂe‘!"om@@Fﬁ“@\/%‘c 'ﬂ‘gﬂﬂ@j magpetig|domains is generally
RRRéIttY tHeSsubfece’ FdMCRedili®, @rsdnticsiarzeagpbtid teeording metiiadhave magnetic

roglgrgét? ' ncﬂ dr'{givﬂqug mgg\@gé/ gBmalﬁ‘sDngécﬁﬂérﬂgzufapFosthg%uﬁgc‘"em? the! fhedium. This

sPve fﬁf RgMFshel %heaﬁ?f%gr-m'ft‘? YrihgHveReen &R Y58 dP '%“Pg}‘édt"él magnetic
Qé¢dﬁd]ﬁgﬁhedﬁaﬂ A050. This in turn results in higher nedia
noi se, which cancels any inprovenent in

signal -to-noise rati o (SNR) obtai ned by using smaller
giroarhens the SIIVRIRYTWIEMERECT eN/ENFTPASNG a819unth offiefaio[pos g A glyen amount

t 1 BaiIGRR BRta (AI5YRHdWh @B ‘e @drRiy )l contif@usiBrpravemant in the arrangement of
I nt & ggtﬁérg%%egw Eﬁf? E‘%ﬁ‘bedlgll ngile%ed ddmestgchn,ahg &r(ﬁrqéha{oeachleve higher

| anead dmsdy wtteredeoedhe grain sige hethe magnetiRigrording megigt ewaverapplying this
qgérﬂ)ﬁue to perpendicular recording media results in a poor switching field distribution dH¢/H.

and pbor crystal orientation ABs,. This in turn results in higher media noise, which cancels-any

improvement in signal-to-noise ratio (SNR) obtained by using smaller grains. |
| SUMMARY OF THE INVENTION

In general terms, the present invention relates to the use of an intermediate layer comprising a

~ first intermediate layer of a chromium (Cr) alloy, and a second intermediate layer of ruthenium

(Ru) or a ruthenium alloy.

In a first specific expression, the present invention relates to a perpendicular, magnetic recording
medium comprising a soft underlayer, a recording layer and an intermediate layer between the

" soft underlayer and the recording layer, wherein the intermediate layer comprises a first

intermediate layer of a Cr-alloy, and a second intermediate layer of Ru or a Ru-alloy.
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invention relates to a perpendicul ar nmagnetic
recording nediumconprising a soft underlayer, a
recording | ayer and an internedi ate | ayer between the
soft underlayer and the recording |ayer, wherein the
internmedi ate | ayer conprises a first internediate

| ayer of a Cr-alloy, and a second internedi ate | ayer
of Ru or a Ru-alloy. -

blékér&ﬂlﬂ-ﬂné Ydel hickhddidid Jallérlcbinbilééblalﬁl:ét]éjkr 6f d CrtalibyCRH0H@cond layer of
(f 5aﬁoyl Eﬁi‘;sg gl?erfble{e?tfor reac |v<§ g;?uttleﬁ%gﬁ CA?"SR& NS ?r?ar%ther form, the

Gecaati Jaggr, is fofreed t»yrrs@ctw«aymmerm Wi A endriid Prgferﬁfénmgat»@ bias voltage is
$Bel 8hArgGheVebdlivdEpu@Bhg\ocekd) - anot her form the

second |ayer is formed by reactive sputtering with Ar

and N2. Preferably negative bias voltage is 5 applied
dmeferaigly the€ratbayds CrMn wihuvin eantangingrereedssd toRP&t%r abl y t he
Cr-alloy is CVn with Mh content in the range O to 30

at% Preferably the first internedjate |ayer

FieRble 0 T CUBHOSR AR FReah R SECeNd
linéreetadilfeehdsayteickneasbaiwddn sokrepg SOfret ween 5nm and

30nm Preferably the recording | ayer conpri ses a

Co-al |l oy and an oxi de havi ng_a hexagonal cl ose

&i@fﬁ@ay Gh?cfﬁyofﬁiﬁ%?éef cpmPfisesA SeRMYP F?@quf(% aving a hexagonally-close
4pHeasitdpPphasé.ne present invention relates to a method

of formng a perpendicular magnetic recordi ng nmedi um
having a soft underlayer, and an orientation contro

|imyPe pecond tshecifisoPpressindele dyjesent Mtk eiaigs d%n‘ﬂpF?@Pﬁ’] g’f forming a
fRFgEh &R rrﬁdgﬁ@tfc rthHr@ﬁngddlﬁ\h&alnﬂg’ @rsof linderi&yer, alilanyorientation control

tl%t%ég?r@& sgftl &in eg gt??rn%sur Bl tho% ombEflr%dfofrﬁ %d;‘g r?igst ?xﬁéﬁ%&?&&' layer of a Cr-

|aﬂose¢nrmdloaeréatloay@ﬂtrol Ziye'pla@# &rabg @ o6 'ht@rr@eﬁ@tef lpyeg(of Ru or a Ru-
|£5@5mgf,§§,@te},@%[e |§§g;rpr| ses reactive sputtering the
loy with N2. In one form the nethod may
furt her conpri se appl ying a negative bi as vol t age
Rreferayly foregtthe, rstoptammediaterigyer 26miPises eaeltye prytisring theg Cr-Rkoy with Ar

nTOand the second

: fén'iﬁ\f th %B@?d?ﬁdfh@tr&tﬂoayﬁéy GRHER EbRS B e aPPIIhd1g ndgatile Slbs voltage during

ayer of | oy and second | ayer of a Cr-all oy,
t’ﬁ%Ct‘f"??%‘fterf”&yer bei ng for med by reactive sputtering

with Ar and N2. Alternatively, formng the first
%Fagﬁ%rﬁﬁn d@%/r?trmt‘ér‘?ﬁgafa'teslg%rfc@rﬁﬁﬂs@&foﬁmﬁé b $itst ia?éf%f a©f- aIon and a
a

sec
SSeseTes 7 Cilot TGl el o SO0 BY BRI SPYRT I A 20 Ne
AAIte&ﬁdverNfbrmlh@ theifitdy etermadiate |dybrecomptisesdoraingfadirstiaygr dflaebr-alloy and

: rae Iseec\c/) eay% gﬁt{yamérsgkaﬁrlaﬁp Egﬁd %ﬁnépﬂ) Bébaige @putt%@ng with Ar and

30

35

negati v reacti ve sputterin
P‘N:eﬂfe?'ﬁ‘BT 9aqeh@e N@t'&qﬁin‘?féﬁrf“"@uﬁh? ﬁﬁeviagfale}(qr\p@ysfwmef é?’f‘ﬁ’{ge applying a
| SeghiVelbi® vbiBI3E Quiitg the feactl@%putdnd. t he negative

Preferably the N, content during reactive sputtering is in the range of 0 to 10%, and the negative
bias voltage has a magnitude in the range of 0 to -600V. In one non-limiting example, the

negative bias voltage may be -300V.

Preferably the Cr-alioy comprises CrMn with Mn content in the range of 0 to 30 at%.
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bi as vol tage has a magnitude in the range of 0 to.

-600V. In one non-limting exanple, the negative bias

vol tage nmay be -300V. 35 Preferably the Cr-all oy

conprises Cvn with Mh content in the range of 0 to 30

at% 2 Preferably the recording layer is forned as a
Co-al l oy and an oxi de havi ng a hexagonal | y-cl ose

packed (hcp) phase. As will be apparent fromthe

fRodferably thg reesding pyerdmfornedeaspr Garalipy and e oxideehaving sthezapgnally-close

. %sa@g@m Fmbggernedlate | ayers in the present invention

results in better SNR (I ow frequency signal to high
frequency noise i.e. LF/HF ratio) due to | ower nedia
el Wit be\\apaeend froeg diei folowngadescoptioag thei wovisippbf ¢ first and second

qMér’n{%&'a{ehgyetsolmm brgge ang%rg@n f’ésglﬁstm 'bQﬁe‘? %Wﬁ%o@ﬁf?eqh&%? Signal to high

entation
chegq_iqnicbg@qsq)he (Lr sy ‘:q@?) dyedo Iqu G\¢eig . no'rpﬁe\élgergﬁdwe@fltfygrblas voltage is-
ra@bl@uedima@hmdmaguesonv\bﬂ {he brest meaﬁbdiaye myeraroqmal fodentation (ABs), and

SR LR ) B0 e e

trh@llpam@eamt toiskillechreireans fpm Fhem@fkﬁéo’d@é%h bed with
reference to the acconpanying figures in which: 15.

AR RepeibaioN BETFRRGURES S cver o per pendi cul ar
recording medium Figure 2 is a schematic

Cﬁr@@§e§§ﬁ$do@ﬂen@§ of A€ dﬂf sehiehvedforf @l MoReddP@eriet lvth reference to the
record gqne i um Figure 3 is a schematic

c"’lcﬁ‘%p@é' f%ﬁﬁesd’f‘wf"ﬁ'% first and second internediate
layers in a first enbodinent, Figure 4 is a schematic

°r5| S71585 ShidhaRt ¢ Fg@?sée‘tl&?‘&f @B&péﬁﬁ:@lagreb&ﬁﬁg'ﬁ@éu &\lePa perpendicular

ers in a secon di nent, Figure is a
§€ﬁ§ﬁﬁimem%Poss section of the first and second
internediate layers in a third enbodinment, and 30

FIQ%H& 8% écﬁefﬁ?{tfc cP¥s %Q&SE oﬂﬂe blRBd %ﬁrﬁ 55:%911&?@!8?'%@0@&9 medium,

Icatin € perpen I cul ar record ng nmedi um
DETAI LED - DESCRIPTION OF PREFERRED ENBODINENTS

Figure 3 is a schematic cross-section of .the first and second intermediate layers in a first

embodiment,

Figure 4 is a schematic cross-section of the first and second intermediate layers in a second

embodiment,

Figure 5 is a schematic cross-section of the first and second intermediate layers in a third

embodiment, and

Figure 6 is a flow chart of the preferred method of fabricating the perpendicular recording

‘medium.
DETAILED .DESCRIPTION OF PREFERRED EMBODIMENTS

The preferred embodiments are directed to a perpendicular magnetic recording medium for

application in magnetic recording systems.
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per pendi cul ar magnetic recordi ng nmedi um for:
application in magnetic recording systens. 3 As shown
in Figure 1, an exenplary perpendicul ar recording

- system 100 has a magnetic - recording head (read-wite

devi ce) 102 and a perpendi cul ar recordi ng nmedi um 103.

The magnetic recording head -102 has. a reader unit

RSN R igTe 4. A gHeTiRstesRange iarereserfing system) WAikeag @ magnetic
brcadihghdsd 1ebawarddelRbp 1027 kad @g&@éddrcuraeeé&odﬂrrggrrté&aﬂ 103. The

]Tg%ge"élti O%C&% %e% J162e Flasug Iread%oltt)mtnSI sslgtlng%f %fm?a%nw{?r sustlve sensor 104

a retuarn
ott@éke&t Byoshieldgr 1G58 and dﬁ5b t ke elagnetie sepording heedl 1162 @tsb dhag @ Awvriter unit

tda;hgstgb o aPaité p@;@& oi7 fanty rla\‘:-‘reﬂﬁrli RERI0S! U|Iﬁ1rr|ngf @Q@fm% BBeration, write flux
rns

TrRe Bondien BGieak LR mp At S Fbedessiisp Pesgordne medum 103
suﬁsﬂwaﬁwtma@ﬂ"apgaﬂWSunderlayer 110, an 10
internediate |ayer 111 and a recording layer 112. An

enpl ar cherm i C section (not to scale) of
e PR doigTg B oy P RGTh UG E P Undetiayer 110, an
risterrediategayee dil UandlD@cording lagew 12.nAn éxegpiagy s2herdetic capas-bextion (notto
s&eB) b tﬂénstr[x‘&urg'cﬁlérpﬁefertr&efoﬁﬂfp% Qﬁtﬂ&f Ar%(é%t ert'gl H‘ugdu?rﬂ 1 g‘?s shown in

substrate conpri ses
aride 2sé\§o‘i’f'ﬂ %F?enuﬁ%ﬁ'l‘eawe 1i]9f s\ﬂﬁt”l‘?d%f ayeyle %‘f ”P?USUbs"ate 109
Icbprigestadestrsoft ueddriayes t11 2 see@nd ssfoﬁridetlaiydemd \iyhesd Byer of Ru 115

;b:er%néeﬁﬂlé anp?r?]U ée%%(f‘& gwdﬁﬁé;}ier 1f13¥f“ r AA'Joﬁeritactioﬂt%ontrol layer 118 is

leﬁtaé@‘i‘?e‘éﬂ Hteéqﬁay!éerlamrﬂ 1l96t"’ﬁ@ aarlmtarﬁ@é@teolﬁyqr h1é1 being arranged on the

Odrieﬁitﬁtﬁoﬁhtdoﬂtfbl e;yért 116! THeat@medid . layEhe11i dﬂtr@rpm&reat@bb@meﬁt comprises
[ ses

d _enbodi
el ehnele ST ST Dlor kRIS | 38P s g yer 112, 2

1Prgectine Haé’é"oﬂ‘tﬁ @Qd Iady@tcaftti%’ef 420 piegpanedi spbsqaygndly onitbe intermediate
amgra1d ubricant |ayer 120 are fornmed subsequently on

the internediate |ayer 111. 20 The substrate 109 of

t he perpendi cul ar recordi ng nmedi um 103 i s nade of

alhgrdupstiata (08 pf tbe pemkudidular uegozdingoyediym t162 igpmades pir @lgminium (Al) or
eémﬁﬁ*hm’lby |th¥?@ b%fé?‘r%g %ﬁ%@cﬁr}ﬁeﬂtr wHesl rfeSégsarS/ he d§§@§ttﬁ@5@ostrate 109

rrajls s ,
o'PaVs‘?‘ﬁ rp%dgﬁ)? E%EB?%E! éuqh Ea% SI|I€ﬁ,?egra‘Ul§? i?gb @qu?tg#elfhe avetage surface
rrougphesssy thef subbteates (Asit theet peefeéO@ embadimenpis ebetrighed than 0.3nm, and not

qg&Qﬁén@ﬂtm ley. §Hach td&?ﬁfesé BaRedh 03HA ardtthnPL acc%établ@)ss

han 0.1 nm ('e.g. surface roughness between 0.2nm and
O 1 nmis accept able). The soft underlayer 110 is
fThenﬁud witerdaysoi10 isEgetiof ansditernagnketi material §i.¢ved ewieadl that is easily

gtrlzr%g %@.ﬁ A)e%g?rq@l%lﬁt |'nz'(ﬁ‘éj g?%t’étreq e&'!mt%?ﬁtghtfm ?t?—:)esoftl Ha#r@ﬁc material is

capl ErHiCor e eW'KhGSF%!‘)(CW st Eﬂfﬁ@th( ens) wiisone|og Mggesadditives selected
aftdnOtie grodg cmdidﬂng)afetamblumlr@) aidbluhi(NBSzigehias (2§ siébnf(50Moron (B),

tz‘%?"é’g:{?ﬂ%'”?%?'?ﬁé':ﬂ add| \geagt\ﬂ{gl%%é Tar‘@f olt”Oqg |1Hna1t°;u I\‘pl)the preferred '
embodiment, the soft underlayer 110 has a thickness between 20nm and 80nm and has an
amorphous crystal structure. The advantage of having an amorphous crystal structure is that it
helps the lattice making up the medium to seftle uniformly on the surface of the substrate 109

and therefore results in better uniformity of grains in the perpendicular medium structure.

The orientation control layer 116 functions to improve crystal growth and grain orientation in the
recording layer 112 .and is chosen from nickel (Ni) alloy, platinum (Pt), tantalum (Ta), or

4
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carbon (C), alumnium (Al). The additive is within the

range of 0 to 10 at% In the preferred enbodi nent,

the soft underlayer 110 has a thickness between 20nm

and 80nm and has an anorphous crystal structure. The

advant age of havi ng an anorphous crystal structure is

that it helps the lattice making up the nediumto

settle uniformy on the surface of the substrate 109

3paliagiem (P ralipyo rwe rtiigknpsss ofi the [aentation gantrah fayph {160 between 1nm and
gT5AMNIA thepréBRedd@nRRMEne W Bihnskslientaliontdohied) HyEr. 116eay not prowde the
CH U P8 SR B B A3 A0 0 PR B . e
I ta%ﬁf Ol'ifzat&’ﬁdmh%ol d@V@fs &b Mmapewitdkeh incrdape il theyhead-to-soft-underlayer
Pdpatihg e thétbtbre rhayNinabdiabi( dedreasewritichitpal | adi um (Pd) -

all oy. The thickness of the orientation control |ayer

116 is between 1 nmand 15nmin the preferred

~ efisduieimediate Iaver 1 Tneféhe nernepdicelen recordingrnediym 1€ fenctigristto control grain

r@% AMalgrdt QMttislRod fﬁQhe Q@&Hlﬁ@ Qayérmﬁﬁ QNcthirng::c%&r%fa?&negfaM& the grains of
ral

0 reiartee ater o echeret PRPREPDA TIRE el LIS FaeT 12 n te

nergsenesvention, theaintermeliate ageri 11 1tdoaprises a first intermediate layer 117 of a Cr-

hﬁl@? a59a§96‘o¥16 H\@rﬂé&nﬁg\%‘yer ﬁB%’Pﬁ@ bw%ﬁgﬂ)lyt-ﬁ\%r(ﬁf gcqus B;@érably formed

undesi r ab decr ease nt er ne
| %Vy’é?c“i‘iip Fr VIHEATFEF Par9as: Eerta?rmp@d@ealm @laﬁefa'ta@m%sferab'y applied
f dunied theneactiae smmérrp@dcegi &ihas bednzieurankbt g¥aative-sputtered formed Cr-alloy in

dthé élre's%)d'ég PR én‘& l\‘ ggs fnetﬁg f]rq |ﬂ%rrlwe%¥a?er I]a}e]r 17 hé\gé tld%laﬂ%l the grain size,

orientati
|Weriegatw2 biagrpltpgst Husing g@@ti@muﬁ@nprmesg |ha|P$1$0 pagtiphe distribution of

T R6iAs i thg recbrﬁ}h@ﬂaybﬂiﬁ |aﬂd tHaeusd Qf ROQ}‘B@I’RU éIIBV fthé 88bond MBermediate

: lg)zlegﬁ grlﬁn‘%t & t|>e?t segrelg?tlon (o] {?@SS’}S @g éeclg dis r]g ?y&; W&? gucﬁness of the
fg@téptemqﬁ law by 5 We&m:ﬂyn ath &5p.- wiile ghe ithickness of the second

Pihefneddakd iydr a8 Betwly¥n S@aaid YRS tHetoRdferiidtehbAdimamsl b&Bw.
gas. Furthernore negative bias voltage is preferably

applied during the reactive sputter process. It has
bEuee prefgred embadimentgcafithesintepoediate lagerfldit akitie Cresentlinygntion are shown
tiRGigRreB3aH 6€ IPFighe 321Rd N inddSedidte )&t ‘if1f7rc§|tnprlses a Cr-alloy (spemfcally

te | t
L Hhch GBS B R SR el 110 comrses
siRwet@Ru-plloycBedird dltgmediate tayat 111 cotmpesed ingitipieayersonanadly a first layer

9’( 1% %ﬁd 'arée&d‘rh@ |£y%P P78l Béth |fﬁ=¥ 8hd dekbdnd fa%?s Y 'ih% H‘% é?é oRé‘ Cr-alloy, but
second i nt er med

t he at e
Ohe aeai e T ab Soiass & Sulob hag s e e BY pescbiecgpiiering wit
Ia':tg@'f (A]:)léhd Nhevith la edgatesbiad vditage béing applied tiedngette adaetive sputtering

[?}Xéae':ss kr?bv\}ﬂ% Wéea'?t § g?ﬂtép grogeég %r ]t_w n?atlérbgf 51&&%%?5‘&?&%5 the use

second i ntermnme
A @neaiheasn YR fegas ip é'aedef?bg’&u dﬂFéh@fse BesRytier togetshiieuever, in the
porefeesd foah erthostesaanihgentbn, bb@ Ar ahcenmd meetde(wltrame IN, ¢dnter®@{ip to 10%).

t'Hw% rB!.u‘?@S @r—a‘l&ftﬁggilopentﬁggaql@n Rl\élns tr?Icgs : “Wﬁ% rr:i)’algté) nlﬁ%a r-alloy bce

dbowqeosere@sﬁy@éx stivetgrel n Figyre, lm»teaﬁ! weﬁ@ﬁ@@d@y%éimgdﬁmed by
treacile dpMerimndith AL aﬁ@‘NQnLﬂdérrﬁ ﬂégmdé gike vbl&ﬁ@rthéfﬁ&t layer 117a is so

C r or Ru-al | oy. g Irst terEE &

BB B ERson e TRe PRyl bidh eiovhaishy e e vers bt

| sgiegle layer resulting from reactive sputtering the Cr-alloy with Ar and N,, with a negative bias
voltage being applied during the reactive sputtering process.
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25 117a and a second layer 117b. Both first and second
| ayers 117a, 117b are of a Cr-alloy, but the second

| ayer 117b conprises a Cr-alloy that has been forned
by reactive sputtering with argon (Ar) and N2, with a
negative bias voltage being applied during the
reactive sputtering process. As is known in the art

a sputter process for the formation asna inc

of
" he rqggrging dﬂyeraﬂ 2|0ﬁ@p{ise@ See or-[rp?ﬁ:- eéﬁ:q) 35:r )g\pd Era(grqfegatws%ao ]al&y) with an

okige thagifdar Bexagbnapiibsdec padkad (hep)s phadsevent ihas ian ddeg a3® orientation

%rir%gr?d’ c,ru%g teo&f?% mnor{?rr%ﬂﬂ € %&%ﬁﬁ&%ulér rr]é{:%%n'tg%fgb /§Fa|'ﬁs ?Lth@ Fb@ording layer

content u
Mea PR RrstPtiisyer R &1t fpesr eereys) te%agiogia'i fieiPtyepe She prafered form of
@e d\rgseﬂhh\}eﬁtid'ﬁ&lrmd%ls Rh %rﬁhe&te&’dyb@uitmfor bty irieo t® loBehtation of
cu bicg stru t ead of t
reacti
Additved oNB, Indé&r Ta Traegtatfpwrtmrasmwrsmqtgen theh@NR | Tizf—‘t recording layer

| A& oIt lgrﬁprlsgs SRutipfeO§raRbbr récfbrd: hd 14 & Sandl 5}‘3 uﬁﬂef $bntinuous recording
internediate layer 111 is sho

AYPE i TBP NPGRT 87 Bt ePYUiag 1Ay ek isepr%% ?e&%ﬂ“tioﬂa" and 70nm to
friadrtain sdfcient/ggrapontputrSNRyardrye@riteadhbagtengtich Ar and N2,
with a negative bias voltage being applied during the

B g Bk 51 T80 e A 55 Yl BB ers
Gevordirigoyiddiven t103,camd additickealliaeipsitp prevemk agrousohl Yhecproteetive layer 119
Qgr%éi%gs GRhe P? the %ﬁﬁpg%@@scaﬁu ecﬁ‘%Yoga)Fhéthibrkht%e%F‘Fh'FcHPeferred form

or na I 'n” per pendi cu
me@eﬁtiwﬁlﬁi@rﬂé%saet“@eraﬂmandrﬁ%e recording | ayer have
either a hcp structure or an fct (face-centered
tra ) strycture. pr. r r f D
LRI o A el B R Bl TRLRbD pbionerer

é@PW@@P@WP@¥tﬁﬁ@tzﬁ@tAPWﬁited to) orientation of
grains in a recording |ayer having a hcp structure.

Kpr@ err " %\R?)g.f:f e}ﬁ? ti%]'%he? ée%é)?n‘a%p‘ﬁrr ile§§r§iné tr]n(;‘ladium:tml 'ﬁb\)é %E described

SR refteacey tectoe APwehpr e FigursréefTae &tspy r@i@iapr fothe, present invention are

b B &1i@bhaxed ! viHile Is@p9 el RBVERNE i, pradist AlertiBi@re shown in dashed
continuous recording .layer. The thickness of the

Hﬁ%ﬁiding | ayer 112 is preferably between 20nm and
70nmto 10 maintain sufficient signal output, SNR and

?f‘lﬁﬁgn:fi{tiﬁ)c;rc]jgo ?ﬂ@%ﬂ‘cﬁﬁ'ﬂn@tﬂﬁ@soﬂﬂ?ﬁer@y&t BBtdn\Mke bd¥eite 189 (601), including

o BT COAEPYer L R G rddD G 6T S RIS 11 gy pecond sof

helkgtayérot 1proeieniRu Geer 051 Amoriehtadorpeantreldayev &16, dyesired 1i9 then formed

S&”@E's?}ﬁsungﬁﬁaggif 1561?% ?lAQi\é’l:igign %3?% "fﬂeﬁ m&ie Rito }e type of first

ness pr eferred form
pptertn@@[afe\)@yer %formpg i gie@gaqﬁggﬁntlof figresd agﬂpn i.erthg first intermediate
| 1s\RF hevan mioaa@%rs 123 ama@nprhH)sesuldbe fafed e fist lagati 1N (604) and the

naterials u e t

?néiol yer 1 {)F)L‘) (%Zaogféi gta% {oFme earc;:lé gﬂ%%ﬁ tigpd %Infagapl:ontrol layer
f‘aiﬁ r(orcpaitthmg:ﬂtWéeri%erp*éﬁdrf@m taere iSO gNAEPROATR! FAYERE 116). At least one
NG \elmst Qﬁ@é‘ercbiktﬂdyeréiw i7a aheh enedie prhed Byneadil@ypuabragtwitbAr and N,. If

Ft}:iggrraengement § FSQEU%J % rhgililg ¥>a|?orme ‘i‘l mei{iio Sp?@cee&éq%efgitrﬂ %‘66) the first
intermediate layer 117 of a Cr-alloy as a single layer on the orientation control layer 116 (or on
the soft underlayer 110 where there is no orientation control layer 116). In either case, once the
first intermediate layer 117 is formed, the second intermediate layer 118 of Ru or a Ru-alloy is
formed (607) on the first intermediate layer 117. Once this is done, the recording layer 112 is

6

i:[% n@qﬁber 8vrrhgea g%o s%ructure q‘ﬁe recordin? Iaé/lé]iB 115 ‘i\’s%rl*%mprises the . .
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shown in solid boxes while steps not relevant to the

present invention are shown in dashed boxes. 25 The

nmet hod begins with formng the soft underlayer 110 on

the substrate 109 (601), including the first soft

underl ayer 113, the Ru | ayer 115 on the first soft

underl ayer 113, and a second soft underlayer 114 on

the Ru layer 115..An orientation control yer 116

fersed 688) dndhe Braend ifarBeriaty Ry Bsfoliqwed by é’ﬁ Qipeation iHhe brotective

(8210 @96k il rocordifiDBYer 132, tane mhemameatiars oft olubrvantt Iyyee 126 (610) on

Eﬂerst [ nlteelrr §l| ate layer to be forned. If the -
W&ﬁﬂ%ﬂ%ﬁ¥ Figures 3 and 4 (i.e. the first

internedi ate 30 | ayer having two |layers 117a and 117b)

ghampids be formed, the first layer 117a (604) and the

second layer 117b (605) of a Cr-alloy are forned

accordingly on the orientation control layer 116 (or

¢tmthe men-$moititg axaﬂrmiésa;e@crlbgq_(belmealboftthﬁg legers ©f the perpendicular recording

?rfe'dﬁﬁ]\t @5§ Rbricaed rb?' Dé @r\(é:‘gﬁetﬂo‘-h@putt@ﬁn R\lm}i‘ 2501 B)t-B&ept for the

ngl gréﬁsgtwe\a,lgyeé S’l’,eﬁ?‘?hg‘?’?snf@ t |5% da d?;fosﬁu?rh Tge rfr%(r:!caktlan was carried
amnmagmmemtchaﬁbdmguaea@umnwl of 1B&oflessmed, t he met hod
proceeds to form (606) the flrst 35 |nterned|ate I ayer

117 of a Cr-alloy as a sing he ori ent at

e on .
dbaintesmeqigs @yerﬂ[@; fegrpedd'ﬁlvmg ﬁé-lr% ﬁe(rmaﬂﬂ%ﬁqysw alﬁonJ intermediate
\M}@rr Qith the fisst intermediate IIa@ért@Mpﬂsing:Oanmth Mragaeteni Bedweenl thand 30 at%,

fasé %g%coﬁg DErmadi&E | I'ygrg:om |l|sr| th &%ﬁid‘ﬁl@y ate layer 117 is

secon nte iate layer” 118 of Ru or a
Ru-alloy is fornmed (607) on the first internedi ate

|T%%'5(a mdids, ESaSle Aling Examsk® BEof tﬁd‘lﬁstﬁlﬁaﬁfedlaléga)leawere fdntigated in the
genc? 8fo IF oawg a\‘ 608 ée?éhhoef‘ Esgr%;%] Iaﬁtﬁ]grt%%bﬁkgra \/@y&émples {Comp.

or rra 1 on
|Exgrople 113 a(db @,95) vgﬁﬁe fqlqgca,te@ldgmlanr@aqtlé? é;?uttirl;goceéﬁdw tpﬁ gresence of Ar

a0 Mgt InCH‘fuﬁrﬁer%orhwﬁé}éﬂv%@ﬂimﬂl@xebmﬂ,@alﬁ\ﬁé(B) tiefirsttiftermediate Iayer was

s ol AL DS AL G O a

peltage his beiha ppplied durdg ithg reartvl PGP br i cat ed by DC
magnetron sputtering (I NTERVAC, 250 B) except for the
protective |aye

. | h
oLy W S T s B 5 e oo
weithLhelp ohtmd elepanideit hysteeesia Upopsevedsutsmentobys Pd?ERRe%' 810 CPC SD2

hgork nﬁ?%&(ﬁ&% FbRorh@N@F w¥B etb @HidR doyhéWJSﬂgG@ZIkl G&tread/wrlte analyzer
|nter Irate |ayer and a secon g ayer

ViRWA2Q0R @ndl 2 sein-stanfl AR ALP3INE |"§'i%rﬁ‘a;aga?tl&h°°vﬁ Wag used for
Miritie@ rene ratturliretuvgsmagr@tcwmttlﬁ()(Taltl“\%elemndm dhesreproddcing section was used

Ifn |I fRE @Qua@léﬁ ?ﬁ\égrrd ,&8 %ﬂ%ﬁ&éﬁs'ﬂg F@éor‘arng Qie%ﬁy%lf HQ’X} kfdivak\WRed in the

of
|¢X@@plﬁ%dﬂ’m esylg fnewqgnqn%g{) g\ggrr@a sfa'tph'tyhfécto Bg%ﬁ@galécr—nmse ratio

AENFaR ELFNEF) Gt She dx@impleaiett ddfpaiangxbesledaratistedpeltwin Table 1.
conpar ati ve exanpl es (Conp.

INz content

Bias Voltage (V)|V/kBT SNRm (LF/HF)
Example A (CrMn: Mn 0 to :
30 at%) 0.00% 0 118 20.011
Comp. Example 1 D 50% 0 110 00.305
Comp. Example 2 5.00% 0 09 20.198
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Exanple 1, 2 and 3, 4) were fabricated using a

reactive sputter process in the presence of Ar and
N2. In a further conparative exanple, (Conp. Exanple
5), the first internediate |ayer was 20 nade using a
reactive sputter process in the presence of Ar and N2
and further wwth a negative voltage bias being
applied during the reactive sputter process. Thermal
amplei ByCiVire Mo Oke)\/ kBT of| t he resul tfi ng nmedila was
8at’Mat ed by the SHAPBek ealation  witlh’hel p 40-326hw

NHefhpib¥st eresils_| oops pfreasur enment bi P- KHRR o1 -
i ) a USA 71K B i |
| BkdiRsle By a USA Gl read/ wri (% ?nﬁl‘ezipeé"lsgb .

Iﬂoﬁﬂi.’Egi}ﬁﬂaeti c polfﬁ&ﬁs usk for_ vvri]i(i;gpg, angh &aq

mnneal 1 na mMmanat Ay A2 P A )\ al o =Y
ogrmTeT Ty nmagrnctorcorsStT ve LILAAAY) CT CTITeTTt 1 U1

reproduci ng section was used for the evaluation of
recordi ng chishledtResults ptExaperies afidi{tprepanative Examples 00
kfci was used in the exanples. The resulting

| gtﬁgﬁlg{aretg%n %@-pg@ gﬁbgatln%;%tag%%}ﬁit% @;%%ré’?%s;%ﬁgﬂ for Examples A and B,

eheavghles sreadetreasepanat the dtaxadptk dayeaisdormed fretie ipedsengei af Ar and No

}é\%%&slstm’\'%orgotﬂér?@é, Rk a8 cYiRddt AEFnat \ﬁabi}{'ké/lqﬁﬂ-t ‘SHRiFable SNRm s also
LF Exa M 0 to 30 at?© . 00% 118

/ nmple A (CrMh: M . _

2btayed a"‘tﬂ}?ﬂaﬁéﬁ&emi‘a%%ﬁbﬂff‘li‘d"ﬁ%? B30T AE3RAHN=

Exanple 2 5.00% 0 99 20.198 7 Exanple B (CrM: MVh: 0

t tQ | o0 0 2 M. . 0

g5 3ed s a0 e nebbfh2es’ o SRR, RS rdi oo on e

cyghingieldrintibutionldedidy ansyey ste grientptign gbyreqesgingiayer grains (A8 of Co-c

Eff%}liktsﬁovﬂf in E>é|616’[2| tRRwaTEE Swaniag adld dietribatdN M) Wasi reeasured with P-
aat i 1 ' , _ .

Tl B ong SRy RN RGT cLIL ARt A using @ Rigaks

vatay P¥fragianeiRicr eased when the internediate |ayer is

formed in the presence of Ar and N2, (although still

nore than 60, the so-called thermal stability limt).

Desirable SNRmis also obtained and show a marked

| Tpr ove rtuantlent .SNRm : iats%ltg gaﬁﬂcddIQJIHqu ar‘éql\&eso)-rhe

ef fect v oS vortagyg aurT g

the rea@tdowe sputter Process on thdo.o70 sw tidBAshg

field distribution (dH /Hc) and crystal ori€gn i on of

recor di B . ) »%@axi s) 453%;“9"

in Tabl & sgopoel ow. Thelsgi t ching figbgesdi strijpghs on

(dHIJH, ) Wwas measured W th P-

‘Table 2: Results of dH./H. and A850 of Co-c axis

The éxamples in Table 1 show that the formation of a Cr;alloy with Ar and N results in lower
KuV/kBT of grains in the recording layer as the N, content is increased. The lower KuV/kBT
effectively represents grains in the recording layer having a smaller magnetic grain volume (V).
As outlined earlier, perpendicular recording media with smaller grains are desirable for higher

recording densities.

The examples in Table 2 show the associated increase in the values of the switching field
distribution (dH./H.) and crystal orientation (ABso) as N, content is increased. As lower dH./H.
and ABs, are preferred, it is clear while the increase in N, is beneficial from a KuV/kBT viewpoint,

it may be undesirable in some cases due to the degradation in dH./H. and ABgq values. In such
8



KERR BH- 810- CPC SD2 (Neork), while the Co c-axis

orientation was neasured using a R gaku X-ray
Diffractoneter. 15 N2 content Bias Voltage (V) dHc/ Hc

Co 0050) 0.00%0 0.077 3.739 2.50%0 0.089 .039

2.50% -300 0.085 3.842 Table 2: Results of dkb/H and

A050 of Co-c axis The exanples in Table 1 show that

the formation of a Cr-alloy with Ar and N2 results

|cgsmsy the 20plikefign leBT nedatiy kipn¢oltpge MAKDS IBRISMENTRE 19 BFee t%fsdH /Hoand

N '-.td@% VHRe§ 8O IR ih Tabi@or Based wo_'raﬁendg@mfbldﬁwdlté’dgrmay be applied during

10

15

20

ﬁré%feﬁrténvéesg%}s'[ %ng%g@h%tf?rﬁ;naaé&h tn%glr |Cs§t)/§n(?erm |ate¥ayer to-improve
diet-dry stee cbrierdation e @solp @ngh swidéhingl Eeid ﬂlef@blrtan ridHAbd i therelbyt improving the
S BE. 10k & inlliaHoRefdesi rabl e for higher recording
densities. 25 The exanples in Table 2 show the

associ ated increase in the values of the swtching

fSkalbdl perdorstwill bppreaiete (rofhl tmel—b)egalngi degcyigtioa [thad thecprefatrédofarmation of a
(fﬁsg‘ﬁﬂdggﬁat%ygpmae& alfg? lrf #et %@rﬁ:g ofﬁ?aﬁoolwerresg“n‘ H@her SNRm, and

ar e i S cl ear he i ncrease
e Replcaion ot e MPEaTA bt belae Rerine Q@rfe@?t@ﬁﬁavw procgss ffipr improves
BNRi d@s isecipl entérmesioteeayeasicRu cheeR b-alloy reprdeg e ay stal roriemation and

ds'é'g/eggtloﬁgg%égg Q tIYealleHcﬁﬁlht\;/ Q%"Swﬁgh in %urﬁ %%r% mé OIse While the specific

a hegat ias volt age
i fey1atiore it lavpry éeﬁce!aﬂaic'é agyRitagroys, WARdS 'mf@"tv'aﬂfaﬁegf%g'on of the first
Shemdiafe E;a&a bﬁa 2r—a||o|9 afd h@rse\ﬂ@’fddﬁtem&ﬁ@&t layee obR@sr a Ru-alloy. Without

I d
\F;tﬁ%stgzgg a}rrgﬁ ﬂeﬁond |Rperm ecfjate Vaa?rst |’1 habbgerl F%% rYa? étf’eo Hc.lpt &Fucture of the

e formation
i |mtcedimeldyen tannotlieedesirablyi mgintaiped. Co- cr yst aI ori ent ation
(Ae50), and switching field distribution (dH /HI,

N Ay

- fiortegert opydless eybigst fovpretines of HeedfiFtioay rne%Pngﬁr FROEIrYston or operation

%th@utdfebmgg ffomtﬁéa&%@hﬁeuamr of a, C-alloy in the
presence of Ar and-N2 results in higher SNRm and the

application of a negative bias voltage during the
reactive sputter process further inproves 10 SNRm The
second internedi ate | ayer of Ru or a Ru-alloy inproves
the crystal orientation and segregation of grains in’
the recording layer, which in turn | owers nedi a noi se.
While the specific formation of |ayers described is
advant ageous, what is inportant is the provision of
the first internmediate |layer of a Cr-alloy and the
second internediate |ayer of Ru or a Ru-alloy. Wthout
these first and second internediate |ayers, it has
been found that the hcp structure of the



15 recording | ayer cannot be desirably maintai ned. The
foregoi ng descri bes preferred enbodi nents, which, as
wi |l be understood by those skilled in t he art, may

be subject to variations or nodifications |n_desrgn,
construction-or operation w thout departing fromthe

.scope of the clainms. 20 9 CLAIMS 1. A perpendicular -

magneti c recordi ng medi um conpri sing asoft underl ayer,
L%@ﬁbrding. |l ayer and an internediate |ayer between
t he - sOft'underIayer and the recording layer, wherein 5

: .- t he | Il\g[feerfl'prg?’l U arl rpao%a/n%terreggrgﬁr I Sg%macofmlﬁilssir%q%gé {l%ﬁéﬁ%}' % record.rng
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Iayer econd
defyeRandoan intefRupdigite tayer etweph dhgeafpenddiiayar and the geretding |ayer wherein

rtr?ecﬁrﬁéiir‘n&ﬂatéraﬁi}eﬁv'r@oﬁfpngésaé Mirsk WREFRlidte tidyer fof aStr-alloy, and a second
nt er ned r|ses a first layer of a

dﬂ'terﬁ‘le?%? '3dﬁb°f§“s°£8&‘foa(ﬂ Payer of a Cr-alloy, the first
| ayer being 10 formed by reactive sputtering with Ar

3nd Nipe ﬁerpa_rt?ﬁ:u laf Fﬂé?ﬁlﬂrb catbRing RGBT bicidiR A Q\Vh‘éren'gthérﬁgt Higtmediate
of claiml1 wherein the fjrst |nteragd|ate

GYRpIIMPERES 2 FrtriRyer Phg &F-aligh 28d @secnd g3yenpe %f-é%&cs'?rdﬁfsf fayer being
lfarpred bypfeactivEspuatetimywititAtangSeond | ayer being formed by
reactive sputtering with Ar and N2 15 4. The

per pendi cul ar magneti c recordi ng nmedi um of any one of _
t3he pri&e eerPeRfliceial magnetigrreprding rpgriintet %ﬁlmdwhese"dhr/ﬂfst intermediate
WylehcanpBeCo fitse Aer of 4 Oeallbpage a&etdhdgéyeabf% Ch-allofhthe second layer
L per ng nmedi um of any one of
i S R R T

internedi ate | ayer has a thickness between 3nm and

]45nm The p-EFﬁén@&ﬂé}erﬁggr@trﬂ aefcom&@ﬁﬁéduﬁn fof @AY Qhd Of tﬁéd;brl#dfédmg claims

reBReaR e ® g B SR AR R i ana

30nm 25 7. The perpendlcular magneti ¢ recordi ng
"§3d| Umh@fpeﬁiéﬁdrélﬂéﬁ Rhgriehe rRbRIQh&ure loRiaRP onaVde R freddamg claims

GG S e Rt e Pea Pl e a8 ST oa

of form ng a perpendicul ar magnetic recordlng medi um

réav't ngl'h@| p%pdzehdrcﬁg)r MQ&\%M ?éégfdrr@nrqecﬁﬂn Qf 'aﬁy“bﬁé |of3|fhe precedrné claims
contr ol

GOSN 57 PP RN FRe BYat o OGP RaMEER SRS B o
Cr-alloy on the orientation control |ayer, and form ng
& Secﬁ@%e}&%&ﬁﬁ@dhg%r%tlé B Fdirdl mEMurR of @nfRénélok @ H8ceding claims

the first 1nternedi | ayer .
wherein the recording layer comprrses a Co-alloy and an oxide having a hexagonally-close

. packed phase.

8. A method of forming a perpendicular magnetic recording medium having a soft
underlayer and an orientation contro! layer on the soft underlayer, the method comprising
forming a first intermediate layer of a Cr-alloy on the orientation controi layer, and forming a

second intermediate layer of Ru or a Ru-alloy on the first intermediate layer.

9. The method of claim 8 wherein forming the first intermediate layer comprises reactive

sputtering the Cr-alloy with Ar and N,.

10. The method of claim 9 wherein forming the first intermediate layer further comprises

applying a negative bias voltage during the reactive sputtering.

10
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9. The nmethod of claim@8 wherein formng the first
internmedi ate | ayer conprises reactive 35 sputtering
the Cr-alloy with Ar and N2. 10. The nethod of claim?9
wherein formng the first internmediate |ayer further
conprises applying a negative bias voltage during the
reactive sputtering. 10 11. The method of any one of
claims 8 to 10 wherein formng the first internedi ate

~layer - conprises forming a first layer of a Cr-alloy

am._d a TREGRMdd | AXRY o ofﬁ:laﬁ?l‘\s 8ltb QU,w_hHéﬁ‘) lf)inﬁi@ the @iy intermediate layer

25 B AR 2T 305 BTN S RRO P B 0t e s o

faomed pgreadiige Sputisting withéhrgadiNat e | ayer conpri ses

formng a first layer of a Cr-alloy and a second | ayer

of a Cr-alloy, .the second |ayer ei ng

Feact Ty ME oL ARG PR SO

ebmprisas forrhibg @rfirst 2aybuoeftan@ralloy ampt @ séaogd kpel of iarfig-adloy, the second layer
qatd ' VOLS A&k iAPdng fehe reactiye sputtering.

%%gekﬁﬁgwgbﬁéﬁlo%aanygone ofncI%inB 9 to 13 wherein

the N2.content during reactive sputtering is in the

range Taé mathb ofldim 11 or 15furtidreomprismgchppifing b aegatiddbias vokage during
erel. gative bias voltage has a magnitude in

w&ggg?g%ééﬁ%?%o to -600V. 16. The nethod of any one of

claims 8 to 15 wherein.the Cr-alloy conprises CrM

Wit h ghe 26:thdY 60aMyesHe biMcldiMe 9 @NYE whkre® the NBOcontedb ddrifg reactive

Th nethqg ﬁnagxﬂpgqogf clains 8 to 16 further

cB P?%?hg d1ﬁ1ng a recording layer on the second
internedi ate | ayer, the recording |ayer being fornmed

0k a2 GRe #etioY oROSMAID PXB UBerehand MgatveRcaPRiYaInkbY a Glagfifide in the

RaGser RNgss. 2° 11

i

16. The method of any one of claims 8 to 15 wherein the Cr-alloy comprises CrMn with a

Mn content in the range of 0 to 30 at%.
17. The method of any one of claims 8 to 16 further comprising forming a recording layer on

the second intermediate layer, the recording layer being formed of a Co-alloy and an oxide

having a hexagonally-close packed phase.

11

erpl) fi%r%g]—nﬁug ﬁ?%ﬂ'r“%@ediate layer



