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TECHNICAL FIELD

The present invention relates to a magnetic
recording medium, such as a thin f£ilm magnetic recording
disk, and to a method of manufacturing the medium. The
invention has particular applicability to a magnetic
recording medium exhibiting low noise, high coercivity
and high recording density.

BACKGROUND ART

The requirements for high areal recording density
impose increasingly greater requirements on thin film
magnetic recording media in terms of coercivity, remanent
squareness, low medium noise and narrow track recording
performance. It is extremely difficult to produce a
magnetic recording medium satisfying such demanding
requirements, particularly a high density magnetic rigid
disk medium for longitudinal recording.

The linear recording density can be increased by
increasing the coercivity of the wmagnetic recording
medium. However, this objective can only be accomplished
by decreasing the medium noise, as by maintaining very
fine magnetically noncoupled grains. Medium noise isg a
dominant factor restricting increased recording density
of high density magnetic hard disk drives. Medium noise
in thin films is attributed primarily to inhomogeneocus
grain size and intergranular exchange coupling.
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of high density magnetic hard di sk drives. Medium noise in thin

films is attributed primarily to i nhonobgeneous 25 grain size and

i ntergranul ar exchange coupling. WO 98/ 16923

PCT/ US97/ 02169 2 Therefore, in
order to i nwoasaesi near density, nedium noi se nustPEEFUSHIGLIE? zed by
suitable mcrostructure control. A conventi onal

| ongi tudi nal recording disk mediumis 5 depicted in Fig. 1 and

typically CO”D&%%%%f@rgonlﬂaggééfCto 1ncre£&@%§&é§§ HenRavingmaggugntial ly

deposi ted thereon a as.a pl]ating of anorphous
ni ckel - SR8 B Ts HoN BHALahEdnder | Byerabls aliront R BRR um
(Cr) or a Cr-alcooygrod.nmagnetic |ayer 13, typically 10 conprising a

cobalt (Co) alloy, ﬁ”@oﬁr&ftqto%%tl' i’@n#ﬁ MEIEoR record:]nglémsfc%cfﬁ!

cont ai ni ng carbon. Conventional practices SO0 conprise ri)ondl ng a
| ubri cart t opcSEPiCEEE Kh&is) }.(gm typicalys GOMBrESEE R n&?‘éf"éﬁ&?tlc
Under | ayer 12, subgnette |l@yetaving sequshtaied Yyr oddemisitedveliensin 14 are
typically depoi)'ltaQQnBy oIl o4 2k aghN Gl Cinorpics CaRldLeY
magnetic | ayer PF conventi o t ech ues nor ma

conpri ses Phoﬁ@l‘“?@%‘%témﬂ esa%llfrééﬁ qYS?rgr]@\msb‘ﬁ t BE W?B‘F}}B‘t al O
or Cr- aIon undex)aysr. a Cr-alloy, #t magneecogrisaed ths} theicaliyant

magnet coHERBEhES oD, 5)°08A5l Y s Crhoc IR Ll BHBONCE

(M) an %D coercive~squareness crit
per f or mance of 14, c@maga,xlbymwltﬁaghégl@amrh f fpayentional paegshdeprimarily

on the m crost rall%bUE:Smﬁhé@Q:dmgﬁgt hClubricant ltayseéawhucch; dH&anl)'rﬂo I's
i nfluenced by e und

epaos Convent i onal
under | ayers in dgro%ecg}./ve C?verﬁﬂag;bde%%efwer hdgﬂaé?e%\ﬁf L8¥FEni um
(Ti), @R endupreteridivierryervpatsiiveire dypirably demesiited by
vari ouswubstltslﬁd&e%hngl YRS quel. i S TRE0QDI zaeldlawa&la netic 1Hpderlayers

having a fine ai n ructure ar rtlcularly
for grow ng f%{?é’oﬁrlgf‘ﬂsgy ofonven longﬁe¥5§gﬂégu% %‘T‘Fg&l?e&o P80
deposi ted ther gmiycrystallites epitakrdelbpegrowpont ehetpm]tqutat@tll g8runmi num

(Ni Al') dd Id;&agzgi,bﬁ,gd@rﬁﬁiﬂ size which is smaller than

It is ©recognized that the relevant magnetic
20 properties, such as coercivity (Hc), magnetic remanence
(Mr) and coercive squareness (S"), which are critical to
the performance of a Co base alloy magnetic thin £ilm,
depend primarily on the microstructure of the magnetic
layer which, in turn, is influenced by the underlayer on
25 which it is deposited. Conventional underlayers include
Cr, molybdenum (Mo), tungsten (W), titanium (Ti),
chromium-vanadium (CrV) as well as Cr alloyed with
various substitutional elements. It is recognized that
underlayers having a fine grain structure are highly
30 desirable, particularly for growing fine grains of

hexagonal close packed (HCP) Co deposited thereon.

It has been reported that nickel-aluminum (NiAl)
films exhibit a grain size which is smaller than
gimilarly deposited Cr films which are the underlayer of

35 choice in producing conventional magnetic recording
media. Li-Lien Lee et al., "NiAl Underlayers For CoCrTa



simlarly deposited C filnms which are the underl ayer of 35 choice in

produci ng conventional nagnetic recording nmedia. Li-Lien Lee et
al., "Ni Al Underlayers For CoCrTa WO 98/ 16923

PCT/ US97/ 02169 3 Magnetic Thin
Fil nms", | EEwORSas®acti ons on Magneti cs, Vol . 30, NoPCHBUS%3/§2169

3951- 3953, 1994. Accor di ngI ya NA thin film are

pot enti al candi dat es as under| ayers for magnetic recording nedia 5

for h:jgh denzl twag}rﬁs'ﬂ'ct %1{9@@1{!’.}?@‘3 'I‘EE{Eeof?c‘adié}Q:tloﬁng%n lvlzagneé:elc@agnet ic
recordi ng nedi mat ical |y ig and conpri ses
substrate 20, NF] 'rs? Payér BR- aﬂ%sol %9%(1 EBBért al | oy magnetic |ayer 22.
However, it was foul¢cordinglyhat MiRd cdevigi vi filnd aamegneidtentdaedr di ng
medi um 10 Céaﬂaﬂd%et%g 2 NnAkrtBgers AYEE . m @5 Adtdrle)y Hlekdal N

t he Fig. 2 IS éoo Io hl h densi t cor e.(gé , about 2000
Oer st eds® n@f‘ | 1o i&fs"iﬁféﬁ@ﬁ't F“?gf‘ﬁgb?t’é FEHOS he civity
of a magnetic raemwg:h:eﬂgcnnehwdn@medsumglarsdﬁeﬁatiﬁally depimﬂeayem can be
significantly epf ?”9%:15%&@99%&5' Sbétrate 20, MIHALGLLK- by PP o

cont ai ni ng alter ative N Al yers rat er AR & sih eN|A|
under | ayer . katt alloy magnegig) layeEf?%ct HIewsT | ritte MasdifAu@d ayer s
on Comc):r Pt tha-.lﬂ’ll Bhéi |dodvedivaten & Ala Unalgdtaier seco¥@ing 3hedim 6, 20
Novenber ,1995, 7 0} ti ecor I um
conpri s:ing an a rzﬁlastz'Ll \92;% %Afgg&%&al%%e FBCB §8" €440 de(?mted{nigl
structure i s scH@dti%allyip| Fodt e &Py rhlEngdenSltY rg:ord:.ng, e.g.
Adverting to Figbowlt 200® demgﬁé@gl magneti c recordi ng 25 medi um

conprises substrate .30 hav t her eon
sub-under | ayer 31, I\Il‘eEI o8 Adlerﬁg‘égg&%%‘ﬁé%eggggggt teF%%acfoeircﬁv&)‘fé’r 33,
and Co al |l oy rrﬁgﬁletal cmaalyetl@4 recording |me<%va§nf@9mr1hMVean tHad such a
nmagneti gsrecor diiferlayer caHE‘xSB f@baﬁaﬁ» %ﬂ%@ﬂe@bﬁwéﬁwﬁdﬁi{f

ahi oh does not RHE ﬁlyhsg%%c}%#a)&reﬁaa?a”t i HArErnaei ol Al g 2t on
crystal | ogr aphi@r lawvieast aathber than sheingkedsidduendeylayer. Liddgdesited Co
all oy magnetic jayei and,i egpeldayed b9 Intermediate Layers on CoCrPt
Thin Film Media on NiAl Underlayers,” Vol. 31, No. 6,
20 November 1995, pp. 2728-2730. Such a magnetic recording
medium comprising an alternative NiAl layer and Cr layer
composite structure is schematically illustrated in Fig.
3.
Adverting to Fig. 3, the depicted magnetic recording
25 medium comprises substrate 30 having sequentially formed
thereon Cr sub-underlayer 31, NiAl underlayer 32, Cr
intermediate layer 33, and Co alloy magnetic layer 34.
It was found, however, that such a magnetic recording
medium is characterized by an underlayer structure
30 exhibiting a (110) -dominant crystallographic orientation
which does not induce the preferred (1150) -dominant
crystallographic orientation in the  subsequently
deposited Co alloy magnetic layer and is believed to
contribute to increased media noise. Li-Lien Lee et al.
35 were able to obtain an underlayer exhibiting a (200)-
dominant crystallographic orientation by initially



contribute to increased nedia noise. Li-Lien Lee et al. 35 were able to

obtain an underl ayer exhibiting a (200)- dom nant crystall ographic
orientation by initially WO 98/ 16923

PCT/ US97/ 02169 4. depositing a Cr
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hi gh deposi ti orf2Cefper a arger graing,)ig;dmcepsdsten

crystal | ogr aphiwd.tar thatmyomeaaom h’mr employimgléViAdyes at nuciemiayert was
subsequggit |y rmoré}ﬁ:_d Sty %Qand 20 i’@d6££9YQiff§éﬁI{Pt%e b@éﬂ':bblc' ng a
(200) -dom nant crystal raph| C orientation was o 3| ned 8

deposi ting ?ﬁﬁféﬁ%@ RRYE (WHOPRTEELAn) afdeusthg SLEYPEeRT equency
(RF) sputteri ngeniplerlataneLeecht aal 260°CSegedn| giessi addcgllass ceram@602)

crystall oor aphipokkbiis |\ UBdEELEYClctmrele 29mc) ARlmeBlb

(8), 15 April 4902-

al ., "The G@HFFSF—’mgana’hlc is vifalyct e iensdoni tl("ﬂemagne‘llc

Cryst alimgr aphirecbedtingemedis hmdustry Longi tudi nal  Thin Film

Recor di ng Medi a, " g_@aﬁ Qaanet £32, No.

5, Septenber 30 Lllgggg B e§6§% uc tggma net |%:acbrslelcz)é df ng medi um

conprising a MFOSSEEANE a6 hd-ﬁ& IQERIOS&H@J@FI 59@P3F%tures to gkhaHatfcal ly
illustrated in (209)-doaiflagonpeirg@saldyidraphic oatedthdyen 4indephsi ted on

substrate 40, Nn@er‘igggy &8lcture. It was subsequently reported that
20 an underlayer structure exhibiting a (200)-dominant
crystallographic orientation was obtained by depositing

a magnesium oxide (MgQ) seed layer using radio frequency

(RF) sputtering. Li-Lien Lee et al., "Seed layer induced

(002) crystallographic texture in NiAl underlayers, " J.

25 Appl. Phys. 79 (8), 15 April 1996, pp. 49502-4904; and
David E. Laughlin et al., "The Control and
Characterization of the Crystallographic Texture of the
Longitudinal Thin Film Recording Media," IEEE
Transactions on Magnetics, Vol. 32, No. 5, September

30 1996, pp. 3632-3637. Such a magnetic recording medium
comprising a MgO seed layer and NiAl underlayer is
schematically illustrated in Fig. 4 and comprises MgO

seed layer 41 deposited on substrate 40, NiAl underlayer

42 deposited on MgO seed layer 41, and cobalt alloy

35 magnetic layer 43 deposited on NiAl underlayer 42. Such
a magnetic recording medium, however is not commercially



42 deposited on MyO seed | ayer 41, and cobalt alloy 35 magnetic | ayer

43 deposited on N Al underl ayer 42. Such a magnetic recording

medi um however is not comrercially WO 98/ 16923

PCT/ US97/ 02169 5 vi abl e from an
economi c st MMAPYIEAR3 because sputtering syst ens i n POTASe7/@26% ughout
the i ndustry maki ng nagnetic recerding nedia with the conventi onal
structure of magnetic | ayers epitaxially forned on underl ayers are
5 based uponiahilreediromurare tcob@)cs pubhépbingt, KWeenuigh r@%terlng RF

tteri I
a)ut h:r :)?ge?nhz;h%% t he %g%{g%c% \S/%H%Pgﬁggﬁg%é:%(%try maklgé %aﬁg} é:lll ogr aphi c

orientation in I9FeTAidGr | B5eEa Wy the cor}m};@@na@llg@;ucture of

cryést al | ogr aphimagtetant dtdyers regiexfally formeal loay drﬁ%é&}l&ye%&ﬁ%rfehr Ot(Jgh )

nmedi a cogpri si S a un a ve a (200
§p Nheds MBGH 8ﬂjecrf currenl: YI?(F]) a%)ql rrég}gr e‘lfcfcc}é%i gﬁ.

crystal | ographic atron have a
dom nant (1120)REr §BYEFEBHAPAR Cc MIF; é’(ﬁe&t i Avem !-ﬁer@@ lgconomigialdy | ayer,
according to LadgMHliel et al., "The Control and Characterization of

t he Crystallographl tur Longi t udj Thin Film

Recor di ng Medi a, @@E‘%ﬁ ogher‘ll?%%a&}ﬁe ﬁ%aﬁ‘:ﬁgtjﬁe?# 3%5‘”\7@ a 42004, 5,

Sept enber 1996 CrYStallogp'aPB$34Orléangmcvm &t the uepgerlagetdatst he

grain-tge 20  indicd n(ﬁpzd)axazz?% fgcxggﬂibp hslamrar ibhe {P0ke Ntvé' a”d
B3

the CoCrPt filmd.,s found to
(1210) CoCr Pt/ /g %‘1 I GJPG'Pr]lSlng an g Seefin ot her

wor ds, Laughl i ntatexalandr §pait eudedikayer have at lfzoe) a::systrﬂlo(g]r]a&&)l.c

CoGr Pt / / ( 200) oﬂ\ieﬂtat&aht ai&a alth%S undeﬂ%ly%tf 0n§ﬁ I%Je%l-' A fLlms with
MyO seed | ayer s, an er or| entation is
i denti cal R déé)zob)r FEXFE\# a?gr SFicakp &ﬁﬁeﬁ-FaﬁéP £® used

i nst ead1®f N Alallay dayeregpacteddinmita haugBl@h €e/Al., "The Weaeibayer can
only induce a vgaK chhldBleleXhtisd SOEHE! Cwstallgé‘{m{Wegﬁ&eNgg seed

| ayer or a (200), textured ee et "FeAl
under | ayers forgrﬁ)olﬁfl lt“gg“najfhl?}""fr} I ﬁlllﬁ‘ngBFE‘an‘a‘Pg mMpdia, "cCIBEE 41st
Annual Qrrdinsaetdenoon Magmetiiss) aned .Magpats c sybsept etiser Ablbant a,
p. 3634. Laughlin et al. reported that the grain-to-
20 grain epitaxial relationship between the (002) NiAl and

the CoCrPt film is found to be [1011] CoCrPt//[001] NiAl,
and (1210) CoCrPt//(100) NiAl, or (1210) CoCrPt//(010)
NiAl. In other words, Laughlin et al. reported that
there is no (1150) CoCrPt//(200) NiAl epitaxial

25 relationship found in the films with MgO seed layers and
NiAl underlayers. Rather, (200) orientation is identical
with (002) orientation. When an FeAl underlayer is used
instead of NiAl, it was reported that the (200) FeAl
underlayer can only induce a weak (1120) textured CoCrPt

30 by employing a MgO seed layer or a (200) textured Cr seed
layer. Li-Lien Lee et al., "FeAl underlayers for CoCrPt
thin film longitudinal media," CC-01, 4l1st Annual
Conference on Magnetism and Magnetic Materials, Atlanta,
Georgia, November 12-15, 1996 _

35 Co-pending application Serial No. 08/735,443, filed
on January 2, 1997 (Our Docket No. 2674-047),
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di scloses that C filns deposited on surface oxidized N P | ayers
experience woskteni grains than Cr filnms deposited ACTER7/216di zed

Ni P | ayers. Co- pendi ng application & Serial No. 08/586,529, filed on
January 16, 1996, 5 di scl oses a nethod for depositing C filns on

SUL f gcte (200 9§eﬂ¢5@éittwae éitrlflri}a,msv\a ﬁé&%n?@?@ﬁéé@%x%i&éhrﬁip -
exhibit a oninant  crysta l.c.orientatjon., . ere
exi sts a need %‘BY 58 Fethfeth Feﬁ%?:gj;?% gr?gdflﬁn?ﬂ an Cr rkfmlf“ﬁ daPoRtesd ayer

structure, conpni s;cmqoatlslnae& g¥id nlapers. siQe-périling Application ayer,
formed by DC nagpgesfongo. oa/sé@%i@“ 14120 | 8W LRSS ?U&GS £odk, at

t enper atures 0 er at ure exhi' biting a (200)-
doni nanf cryst%?%b?%%%% B&‘F@a@‘?%ngg&pos ting Gy o kssuren v $ NVENTI ON
15 Anorbg zed olNiPhef pimsenwhepeint ithe | deposiignit iCr films

recording modi ugeRpId $506) o dknOlcraRh1 YBUELbAYE orsengarsoRXN BT L1 NG

(200) -dom nant crystall ographic ori en oy | ayer,
exhi biting high coeF8$%s Brighg a need fox fapreEnetis regrgAing gRRFtym
| ongi tudi nal wagheahcudferlays:ecymliottire, comprisingAnoshell obr£idi of the

present, 4 nvent E?ge' ﬁiil”%&h%%% undﬁﬁ&y@nmf%%lé@ By D S?@Ré&rér‘?cord' N9

medi um conpri si ayer,
(200) - domi nant SPutteriyg yat oy rePmarati-ent atd -6, %dtampbrawms | ayer,
25 exhi bi t apgrbxgrhatcmj Gobnt ¥ efipdratiii@blend exbibghidgnsi (¥00) -

| ongi t udi nal netic. recordi ddi ti onal objects, advantages
and ot her feat ug“% %‘I;t &%Staﬂ?)ﬁgap%gn |r36%ntv\nébt\llld°nbe set forth in part in

t he description which follows and in part will becone 30
apparent to thgsgch@gu'ym @rctimarmvgiqﬁ'tbm n the art upon exani nati on

of the follomnng OUAX ect ?rgﬁg EEQEénP invention is a magnetic
recording medium comprising an NiAl or FeAl underlayer,
exhibiting (200)-dominant crystallographic orientation,
and a Co alloy layer, exhibiting high cocercivity and
suitable for high density Jlongitudinal magnetic
20 recording.

Another object of the present invention is a method
of manufacturing a magnetic recording medium comprising
an NiAl or FeAl underlayer, exhibiting (200)-dominant
crystallographic orientation, and a Co alloy layer,

25 exhibiting high coercivity and suitable for high density
longitudinal magnetic recording.

Additional objects, advantages and other features of
the invention will be set forth in part in the
description which follows and in part will become

30 apparent to those having ordinary skill in the art upon
examination of the following only to be learned from the
practice of the invention. The objects and advantages of
the invention may be 1realized and obtained as
pérticularly pointed cut in the appended claims.



practice of the invention. The objects and advant ages of t he

I nvention may be realized and obtained as particul arly

poi nted out in the appended cl ai ns. WO 98/ 16923

PCT/ US97/ 02169 7 Accor di ng
to the preswaiosingnzenti on, the foregoing and ot her ONEAB93/0216%
achieved in part by a nmagnetic regordi ng nmedi um conprising: a

non- magneti c substrate; a surface oxidized Ni P seed | ayer formed on
the non- 5 NMBgAeEbEd ShPStd afles preddntOrirventlibay suB- ¥BHRELANET

formed on the surface oxidi.zed Ni P seed .l aver;. a N A .or eAl
under | ayer forl’?gg (?%?}eﬁe Og’&_bep fdé rle{iyagacr ;leé’\é%r & RgFt .by a gﬁﬁSﬁgm
i nt er nedi at e | apepridpaviedivm Gompnieitay & noangagnetic subsdralte;akl oy

magnetic | ayer g,erEBd Qkildieckntgivredealiec yer fodEl on the non- |
AddItIOF!_)a| obj ect s %12% advant ages of {:geop%re ent I nvention w | |
t d

become readi |y 8Fps FESERBEE s | raligyy gub-upfderlayer e
fol |l owi ng det aifloetiedestrilp isorface oxidizdkMEiPnseaflylayer pretNdAdedr

embodi ment of i ﬁi{&@iia}bbzi Fokted onStKWVEAIANARSEALOEM. 2 TR chY way of

illustration o t‘t e est node contenplated for’ carrying out the

i nventi on. alloysinfeymesiatelayey fomeed Arehbrorderiayessl 8ndf 2ot her
and different ecbadtnmaiiey magnetic deywern famedcamalthe dhtermediate

nmodi fi cgjions iR uarious obvious respects, all wthout 20 departing
fromthe invention._ _Accordingly, the draw ngs and description are
to be regarded as iﬁﬁéé?%%@ve"gﬁ‘\e"ts and adyapeagehPhobbasPresentcti ve.
BRI EF DESCRI PTlighefEiORAN NGhecome readily &ppardntsahemmoseakkylllefi cts a
convent | onal ”%%”eéﬂi% Zort  £rom CEREIAA 1BRGLYMBLEYEEY" Fescriptio Fig.
2 schematically depicts a prror art rradgnetlc_ I’EC'OI’gI nﬁ rreafum
contai ni ng an Nheregrderlvbe preferred embodiment pisehe gtverdiion d8picts a

prior ard magnehiown and descrebef(i AnplEedlyinay QEMRLLGsEgat fon GENPREI t e
NlA!/Cr 30 . h%@QGHEQXGEPﬁEEHSi&géa for carrying oﬁkgthé i%bgﬁ@&gﬁ?lly
depicts a prior art ma%ne I'C
As will be realized, the invention is capable of other
and different embodiments, and its details are capable of
modifications in various obvious respects, all without
20 departing from the invention. Accordingly, the drawings
and description are to be regarded as illustrative in

nature, and not as restrictive.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 schematically depicts a conventional magnetic
25 recording medium structure.
Fig. 2 schematically depicts a prior art magnetic
recording medium containing an NiAl underlayer.
Fig. 3 schematically depicts a prior art magnetic
recording medium comprising a composite NiAl/Cr
30 underlayer structure.
Fig. 4 schematically depicts a prior art magnetic
recording medium comprising an NiAl underlayer and MgO
seed layer.



recordi ng nmedi um conprising an Ni Al underlayer and MyO seed | ayer.
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8 Fig. 5 schematically illustrates a magnetic

recording mediumin accordance with the present i nvention.

Fig. 6 showwosnessdi ffraction curves of CoCrPtTa 5 f PCTIUSAAOE% 1 t ed oON
different substructures utilizing g 9l ass ceram c substrates.

Fig. 7 shows X-ray diffraction curves of CoCrPtTa films on

di fferent substruct pigs Ui | |s@h'é91aﬁha§§1?ef am&strates §ub§1ta§aée§c 10

Fig. 8 shows _X-ra dlffl’g curve 1]1 al
1900] er ] CrV / r&%ﬁ["éi?% R %“‘550%8rr]a°&f’rﬁ??‘é%t|‘gflt the dé’ﬁ&ﬁ?f“éd on a
gl ass cerani c smventaom.at about 260[err]C. Fig. 9 shows X-ray

diffraction curve Oi‘-‘l 40k ekhbws X ray @Q’ﬁc—@.dn %QEC’%E"B] o@ Eobribg‘%.e”]
Ni Al / 100[err] E:r 05|ted on d £ urface oxidize | room
tenperature (abd f“%!‘:‘%ﬁ?ﬁ%)ed or > a EFF‘F?"Zl ﬁQ‘EBFﬁggt‘d’é‘?%mﬂEl 4BiPP at es.
Fig. 10 shows X¥leag defamibctsurstomtess of 290[err] CoCrPtTa /

290[err] GV and 29@Lgrry Qﬂggiaréy%{@ffdct%‘ﬁ /cu}@%%%] cocrptTa NA -/
110[err] O dep05|ted on surtace OXI di zed NI P at_about 250[err] C

utilizing gl asfid@Baph diffirkent: gubstructures uBEéEFQPFE’IﬂQSGZC?HEmFRNEI\ﬂ'I ON
The present inwsabsteatpsovi des a magnetic recording rredl um enj oyi ng

the adv. fgt ages deri E?g fré)ms%owl k gégS%ﬁfractloﬁ' Z&dyh

underlayer whil e ac Vi ng coerC|V|ty
suitabl e for hiGPFrEERS| t/y 19°°A Cr‘f oﬁgﬁﬁ@él N&Il‘-lrm{gn%'iq}b Fécéﬂﬂ?ﬁely These
advant ages ar e depositedachi £\xhdyy delramitr shpgtfatl idd zalouen2ebea. seed

| ayer havi ng.lan o§<| Cg&-Fo?g Syr %fe’d:.fffg*acti‘%:ﬁeeg#\?é’er fcolgg&y ng

NiP, a C or Cr-all oy sub-un l"ayer I'zed Ni P
seed | ayer and C10@!|rﬁ‘§ aurdd8PAt IEFE'é‘VNl/AI12(91A MaAL / 100A CgndeppayEeduer| i zi ng

DC magngd ron spuirifaeen@xibige@b)iP at roofbitampergtdde UndBshaygseog)ructure
exhibiting a (ZQ:QL)llzing glass ceramic substrates.
Fig. 10 shows X-ray diffraction curves of 290A
CoCrPtTa / 290A CrV and 290A CoCrPtTa / 90A CrVv / 160A
NiAl / 110A Cr deposited on surface oxidized NiP at about
20 250°C utilizing glass ceramic substrates.

DESCRIPTION OF THE INVENTION
The present invention provides a magnetic recording
medium enjoying the advantages derived from a small grain
size NiAl or FeAl underlayer while achieving low medium
25 noise and high coercivity suitable for high density
longitudinal magnetic recording. These advantages are
achieved by the strategic utilization of a seed layer
having an oxidized surface, e.g., a seed layer comprising
NiP, a Cr or Cr-alloy sub-underlayer directly on the
30 oxidized NiP seed layer and formed undexr the NiAl or FeAl
underlayer utilizing DC magnetron sputtering, thereby
" obtaining an underlayer structure exhibiting a (200)-
dominant crystallographic orientation, and a Cr or Cr-
alloy intermediate layer on the NiAl or FeAl underlayer.



dom nant crystallographic orientation, and a C or Cr- al | oy

I nternmedi ate | ayer on the NN Al or FeAl underl ayer. WO 98/ 16923
PCT/ US97/ 02169 9 Wien a O
or Cr-alloy sub-underl ayer is deposited directly on the oxidized
surface of wmosswead | ayer, the under | ayer struct ur e PCYISAR169
exhibits a small grain size and ad 200)-dom nant crystall ographic
orientation, 5 even when sputtered at a |ow tenperature. Hi gh

coercivity is al so anhkirededr or Cr-alloy Alp-Ghdeslayess 0nipuditved
magneti c all oys £an | r.m.ng e ¢ all | ayer
of the pc%lesen ?,I r?\r/leﬁ Foﬁ@ég%%ﬂ léal{sﬂfﬁ%ge%?i. Ef_l%osgﬁggés%ecr' l?(%ylo
present i nverMndgrlaygn miruckyrer ity@dcaplyyveahigita a smallc@radmt i onal

protective overgpa .ard/Ri qabby-88hbemoOlcrystal logkhpEOR X &lhatddgh,bi ndi ng
a lubricgnt top-coat ther

eon. The seed | ayer, conposite der | ayer
structurd conprsithg Woen SPEFCEE%@un%’%rIaayg'P,W N¥ﬂ“p8¥a ’i@'undgﬁggyer, and
C 15 | Nt exgmptiiatisyl dpenlsaageei¢ved.ayer and carbon overcoat
are typically sequenidaldey vapubhs’ c&9Pa {RB10Mabhetic alloPdRald dee
The present inventjon enabl Es t he usﬁgﬁof Iowt, te eraturg D%?
magnet ron sput t SFRAPYRE oL t EORMHPY o tOGp maggetic gligy gﬂe’ai PECHA on an
oxi di zed seed |pyeFentsuthverstion, such Casoma@neslifoyCcsublloder | ayie on a
surface;gxi di zegdrdidnt  inverdefsh | a¥8kendPer eBupAELLSVI BIFIqHRGET laayer
structure exhibiting a (téocg)_-dom nant crystall ographl c.orientation
and a smal | gr SFIPEVEONRle REGEGCFEY s VETCRFEr ~ EAR1IGRLIIE carbopgSfed by
sputter deposi tsilgicon NixPdegeand ayierding anlubricant thprtogasthexeedn.as ar gon
(Ar), followed Qsle@ad i g ite Udderd h St urE O SidiGg A
and  oxygen erlfa iéﬁ%}' OmpoA?:tL_%?nat ie\l;e]gyg?g%e Seed Iayeé céa?thgbe
sputter deposit iSipb-underlayer ot N38dhe?®e E6MDr i WdRFI&YeInd ¥per O,
wher ei n1an oxi digeskmidiate degeér, apaygnesidepaget eshd Asrban t@edrdogites for
oxi di zi ng a hied N y | |SCLos of
copendi ng appl i Tati é‘%ﬁ%grﬁ}l% l\%ﬂqﬁﬁéﬁggéigzglﬁtﬁgg \%gr%%sfif%ds oR LHh%G,
and the entire BR¥FRA&F-e of application Serial No. 08/ 735, 443
filed on January 2, TIR97 piedenbocitetention enables the use of low

temperature DC magnetron sputtered deposition of a sub-

1996,

20 underlayer directly on an oxidized seed layer, such as a
Cr or Cr alloy sub-underlayer on a surface oxidized NiP
seed layer, thereby achieving an underlayer structure
exhibiting a (200) -dominant crystallographic orientation
and a small grain size. The oxidized seed layer can be

25 formed by sputter depositing an NiP seed layer in an
inert gas, such as argon (Ar), followed by oxidation in
an atmosphere comprising Ar and oxygen (0,) .
Alternatively, the seed layer can be sputter deposited in
an atmosphere comprising Ar and O,, wherein an oxidized

30 seed layer is deposited. As to techniques for oxidizing
a deposited NiP seed layer, the entire disclosure of
copending application Serial No. 08/586,529 filed January
16, 1996, and the entire disclosure of application Serial
No. 08/735,443 filed on January 2, 1997 (Our Docket

35 No. 2674-047), are incorporated herein. As to a method
for depositing an oxidized seed layer, the entire



35 No. 2674-047), are incorporated herein. As to a nethod for

depositing an oxidized seed |ayer, the entire WO 98/ 16923

PCT/ US97/ 02169 10 di scl osure

of co-pending application Serial No. 08/ 699, 759 is incorporated
her ei n. w0 98/16923 G ven the foregoi ng objectives and deROWGRIV/OE, one
having ordinary skill in the art can easijpy optimze the 5 t hi ckness
of the various |ayers. For exanple, the t hi ckness of the

oxi di zed seed | ayg&168\ucd ange frdaﬂpahauhg appllcae@Bﬁrr]sézqaquLﬁo
2,000[err], e.g 600[err]; the

ut
th| ckness of thg%%%gtﬁ@%&&&#ggg%tg? ]iﬁ%ﬁfr% can range from
about 200[err] to ab®iverdtbeOfaradoing. gbjedtiresiend descatigarioRd5[eme] to
about 1,600[errj,yike lltaqt&ﬁ%k@ilan?%e art can éatcth) aseamagrmé ly @

or Cr- aI | oy, can t ran from about 40[err] to about
1,000[err], e.g* é S%Of’ér rt]het ovVakbows lavers.)ogofgfy|ex e Afhe
under | ayer can hhvekaesdicfknhbhs oxifdizeduteed layer ¢8herarjgd dramoalbout

3,000[err], e. gzogﬂoéot%rb%la RUL, boBRO[ 7.4, 3 MRl 3004 1Y Cléng&rfs of the

i ntermediate Or y layer can range_from a out r] to
about 2, OOO[errFOOé theaEBt‘:le’Z‘BT%Prf] the compos“ea‘b‘éﬁﬂr]%‘(ﬂre EFructhyee
t hi ckness of eaehnot-ahbe lﬂngmeabﬁualiz(wA to about ageogody okegt) vﬁrmercoat

and | ubrjicant t1?1888€t 2i7§ to abodé:onf' t %éhtfa%téﬁ@ééo@?' raghi ce.

An errbociL ment o I C recor ance with the
present inventi Bﬁdﬁlsl%lé%nﬁtqr@&llﬂy o7 or Cr- ééE)Plfft €A1 ﬁmlgali*)YaW%rrprl ses

non- magneti ¢ sulbgbmaiBout 40A tcdb@bvuth1popbddly adid.y abouseguintbakbaut
deposi t ed 'ayer§o8£l Bhe 1A1€'%% e %‘t' g&a %hﬁrﬁét{%ea t%%?chﬁgs%f %{‘t)é&‘t

conventi onal I'ces. resent I .nven
however, 406ntpnﬁb¢% %W&cee@m d? %I %fée?é?ql@yér: 089A; an® &heh as

sug face 1®<ggi ZedthbEﬂ.eb§ é@rﬂt@@l mm@a@téec@f oROQY - allccniy 1aﬁagn@amc
supbstrate n_t oxl ze

layer 51A, 51B, *R8%%a f‘ﬁ'f‘n"%t 20 56° fj°uta%ou‘to‘“no@[ & f g %%gt&
500[err]. Sur f abeubxs ek ed TePt Bbgkness of eachyef tEhteiﬂtma&'lllst(fbanals)laOYormed
by sputter depogihierg 6brotect1ve' e&ﬁ%rc:@i‘atl\ll &dnlﬁﬁrhaﬁﬁt gpcatospher e and

subsequent |y the deposited N P seed | ayer
n 2 aERBEHREFRE HAHE cePs RS oBas, SRS | vel y. ¢ he N P
20 An embodiment of a magnetic recording medium in

accordance with the present invention is schematically
depicted in Fig. 5 and comprises non-magnetic substrate
50 with a plurality of sequentially deposited layers on
each gide thereof, consistent with conventional
25 practices. According to the present invention, however,
an initial surface oxidized seed layer 51A, 51B such as
surface oxidized NiP, is formed on each side of non-

magnetic substrate 50. In this embodiment, surface
oxidized NiP seed layer 51A, 51B, has a thickness of
30 about 400A to about 500A. Surface oxidized NiP seed

layer 51A, 51B can be formed by sputter depositing a

layer of NiP in an inert gas atmosphere and subsequently

oxidizing the surface of the deposited NiP seed layer in

an atmosphere containing oxygen. Alternatively, the NiP
35 seed layer can be sputter deposited in an oxygen-



35 'seed | ayer can be sputter deposited in an oxygen- WO
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cont ai ni ng envi ronnment, whereby an oxidi zed seed | ayer is sputter
deposited directly on non-nmagnetic substrate 50. In

enbodi ment s Vo0 9&/16823pr esent i nvention, a G or Cr- 2Crws97/02169
sub-under | ayer 52A, 52B, is deposi ted diggctly on 5 surface oxidized
Ni P seed |ayer 51A, 51B. In the depi ct ed enbodi nment,

Cr - cont ai ni ng %&Iﬁ&l@ﬁ.&llgaaﬁlﬁﬁﬁnent where@@%rh@ﬁ:.@liéﬁ %E@ﬁsfa}oér ghout .
/0[err] to about under | ayer 53A,

00
53B i s depositéed ]E LiepS%lt?f? EFEFEHN 2 g 'B"qﬁ?%érlFa?’éP tepte 50528, In
the 10 depi ct ed Ienbobb@diment sNioAl tlhe derdseyer iaentidhi ekoessr dfr-

about 40[err] tﬂlaﬁpt&mmaheﬂi e ABAN! 3BROUSLY defbs SO aaﬂl&G; y_on
sub- unde, Iay| % 52B can b‘f ﬁg ttere gi\P 05|ted ¥’§ng
convent i naI 156 r S S1RRY Mt Rg Sﬁe 18,1 eMfer at u?’ést
room t enper at urdepiatesb@mbodSnent ] CCriSontaipiref estﬂimmdaﬂmuyetrom
tenperature, i.fhp e @ Eh?ckﬁ@&ée&ﬁ/ about, 70A°PBaéﬂég£‘x?| L er | ayer

structure exhibiti n%na i 0) om_nant cr lic orientation
with a fine grain si(9g. FeAl) underlayex,53h; ef HedisatdernonisedsaA,
54B, such as adx @x- ebntaﬂm.ng siibl-mndelﬁaﬁéﬂt tzn ,depasit ed gn Mndl

under | aygr 53A1de§?i%teld embogh‘k&nts dgpi, 5;1[%% gg mant Cr cont ai ni ng

|nterrred|ate as a 5529812 FRTEFEPE] to
about PR 40 t°Tﬂ€°‘|“hc7 -ed Adyeakagseuaty « HroNtaimdeg ayer

and inter rredl atsmb-ayelerlaying 532ands28 Acapr Ové dgpulbered déwsg_ggad
coercivity, Sé‘nﬁid’f/g.nbo C%DQT%QILLEE{IL% DC magrlFtronI gpgggggiéédg%l_ﬂ% | ayer

55A, 55B, typic
i nternmedi ate |§>gg}peratures 5£A3 - ,54:Bvom Az:wmmum@ dwer sbaut 56A°C,56B,

such asis prafidiably apdud kubmi eampei&mfé)atl 27A 2588, tmakepiyhen 30

sequential |y dey 0 er 5 As
used t hroughout  t C&% tanglaplglncai | otr#l%?’%e %)érPgégrSneémglgmg(Eod)zoaem nant
crystall ogr aph|49m16’ia|nénpmfﬁ‘éﬁll°9wnmc orientatégpetith @ dinendemliayer and
i nt er medi at e | ayiede .denot es that the ratio of the nunber of

l(JgSg;l_ayer and 35 An 1n9£§mg§1$taet (iaye ¥EI& EQJBaI such géhall bCI:IE Iornlr:g r-
20 alloy, is sputter deposited on NiAl underlayer 53A, 53B.
In the depicted embodiment, Cr-containing intermediate
layer 54A, 54B has a thickness of about 80A to about
1,900A. The increased thickness of the Nial underlayer
and intermediate layer, e.g. 53A and 54A, provides
25 increased coercivity, tested up to 2,600A.

A magnetic alloy layer 55A, 55B, typically a
magnetic Co alloy, is deposited on intermediate layer
54A, 54B. A protective overcoat 56A, 56B, such as
carbon, and a lubricant top-coat 57A, 57B, are then

30 sequentially deposited on magnetic alloy layer 55A, 55B.

As used throughout this application, the expression
"(200) -dominant crystallographic orientation" with
respect to an underlayer and intermediate layer denoctes
that the ratio of the number of underlayer and

35 intermediate layer grains exhibiting a (200) -
crystallographic orientation to the number of underlayer



crystall ographic orientation to the nunber of underl ayer WO
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12 and intermedi ate | ayer grains exhibiting non (200)-

crystall ographic orientations is greater than 1, as determ ned by
X-ray diffrwolbsgss curves. As used t hr oughout t IRCI/USETNZIat | on,
the expression (110) or 5 (112) - domygant crystall ographic orientation
denot es t hat the ratio of the nunber of underlayer and internedi ate
layer grains exhLBi LiRQ rRefidfe Aayledl2rstdySeahingt fRi Glon  (200) -
orientation to the n er under|'ayer”and i nternedi ate | ayer

grains  exhi bi FFﬁﬁt%{aph(lflo?me atigng) )38 gFeaterc than foqrdfhni ¢
orientation isdegesmimed tdyanX-tayasdiffractidet ecwirved. by AX- raged

diffraction"(“%féughmﬁs tféfgda hcatwﬁoueheutexb%gsaeﬁl'ﬁqto' Ofy the

expressi on om n st al | ographi c orlentatlon" in the
context & (112) pminag ﬁﬁgﬁemo%mca FOPREAE RN AEROERENGAL of Co-
15 all oy gnai flatmxdsrf btte ngumiter dfl iiHderdaystabhagiapbigediate '

orientation to i NATNY xlfﬁiﬁ.lln?ag(ﬂoqs Ex(}lllgl L ' Qgstﬁllo%raéﬂpé‘l)

(1010)-crystall og ap c orien
det ernmi ned by XoFa§neRtiemeo she number oéup;;@grlayezo and intermédiate

EXANPLES layer Mpiiald ¢ eatobitDgg Tedicn of @ibgdineets efizhe
present Linventign SELPLBLERALS %?%%L%gngncobsal t%;eatern tham 1 ps.

chrom umpl ati nahy ta etic |
i nt er nedi at e | ajererminribr Myeﬁ{ -Feyuc L ExagiPp5 curvesseed ABgyeeed

deposited usi nﬁhrbﬁbﬁéﬁlﬁ tE)Qs r@gﬂqhaemon, the @Mé@'ﬂd&g-"ﬁﬁé@rneramC
substrates were.e

| t th t t
| ayers, under| a%gg O%thcf:rYStauogEgB}a“F aéfé‘(ré? S?ﬁﬂgp I ’a%gtuf’legé‘g%}gei‘{:a £
t enper at ures and Co-alloy dewinesat layex desiogleBothapHike numbesnecétons of

the 30 15 undeph@¥$rsg2BREnknt MBELRLRg! aker s(1AR)sekykeal lobPaphic
Table 1. orientation to the number of Co-alloy grains exhibiting
(1011)- and (10?0)-crystallographic orientations is
greater than 1, as determined by ZX-ray diffraction

curves.

20 EXAMPLES
Magnetic recording media of embodiments of the
present invention were prepared comprising cobalt-
chromium-platinum-tantalum (CoCrPtTa) magnetic layers on
different intermediate layers, underlayer structures and
25 seed layers, deposited using in-line DC magnetron
sputtering. Glass-ceramic substrates were employed. The
structures of the intermediate layers, underlayers, and
seed layers, underlayer deposition temperatures and
dominant crystallographic orientations of the
30 underlayers and intermediate layers are set forth in
Table 1.
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Under | ayer
Tenperature

Ori ent at i onWO 98/16923

25[err] C) yes

roomtenperature (about 25[err]C

Ni Al /  250[err]

Deposition

Crystal | ograph

C

TABLE 1

(200) - Dom nant

iC

1900[err] CrV/ 650[err] N A/
950[err] Cr/ oxifhzed NNP 5
1700[err] CV/ 650[err]

no
Tagxidized Ni P

PCT/ US97/ 02169

Structure

room t BEHESROM6R (about

1900[ err]

cVv

1900[ err]

Crv/i650[err] N A 250[err] C no 1900[err] CrV/
650[err] N Al /[ 260[errJC ﬁ[qwrr
1900[ err] CrV/ |650FE¥HE Ni Al / [er‘rl‘]d?,?aye" Deposition  ~ o (2°°>‘D°mm:‘ 950 err]
Cr/ oxidized NfP able I W i zes fhe ?gnenﬁg{‘? Bf N ray
diffraction reastH-erent-srof—CotPtTa ITauIICL; ) Ht ed on
15 di f f er ¢ro0dAnC-¥r 6504iNM1E | tempanaties (abope25 Cladesseed | ayer
structures at | 9304 ¢ oxigired NIR npel at ur es. The IX-ray
di ffraction cuf 26 shown in Figs, erqn?re@&%f%m)n%e _ 1 1
Il lustrates thg crystarToyr-apnTre ort+entaty on of
t he intermedi atjel7Dod/&iv/ 6604 Nisitler | 2508¢ on 20 stjwet ure, deposi tfi on
t enper at ur e andg oxidizefl ¥ilyer Table 2 shows the X-ray
diffraction inf el@ﬁd}&tdrvmsoAN:Al fapisgx@ of bulk Cr publjished by
JCPDS- | nt er nat ifforrat Cettt fFor—DrffTaction 5 ' ar ent
that the 19pG4 @6 630% Nislet of 2691C (200) is only ¢me-sixth that df 25
(110). 1%ccordi Cr (110) have peaks qf sim lliar
i ntensity on X{r@yoidtdt EpgiNi@n Clgses, (200) is yes the dom na
texture. 950A Cr/ oxidized NiP
Table 1 summarizes the results of X-ray diffraction
measurements of CoCrPtTa magnetic layers deposited on
15 different intermediate layer, underlayer, and seed layer
structures at different temperatures. The X-ray
diffraction curves are shown in Figs. 6, 7 and 8. Table
1 illustrates the dependance of the crystallographic
orientation of the intermediate layer and underlayer on
20 structure, deposition temperature and seed layer.
Table 2 shows the X-ray diffraction intensity
factors of bulk Cr published by JCPDS-International
Center for Diffraction Data. It is apparent that the
intensity factor of ({200) is only one-sixth that of
25 (110). Accordingly, if (200) and (110) have peaks of

similar intensity on X-ray diffraction curves, (200) is

the dominant texture.



WD 98/ 16923 PCT/ US97/ 02169

14 TABLE 2

Diffraction Intensity Factor

(110) 100 (200)
16 5 (112)

In Fig. 6, YR err] cocrPtTa / L700[err] CrV / 650[err’ﬁ‘c’i(ﬁ’§§|7’°21‘9
(top curve) and 290[err] CoCrPtTa / 41900[err] CrV / 650[err] N A

(m ddl e curve) were deposited at t ,2500C on surface oxi di zed
Ni P and dj mﬁ‘g‘ggu%strate 10 respectively. The

290[ err] CrPtTa / 19 & err] CrV/ (>rr| N Al 950 err] (ﬁl
(bot t om c [r-ver—were—depoittld—at—about—60[-err]-Con Intensity Facter £ 500 _axi dffzed
Ni P. I n Fi g1y, the 290[err] OoCrPtTa [ 199 [err] CV/
650[err] H Al / O[err] C (toplcurve) and the Z90[err] CoCTrPrfa
1900[ err] ) ; 6 o)
ons surface oxidigzgd N P and di reEtIy on a gl asssgeramc

substrate, respectively. “AOQVEerting to

FTgS ooamt 7, TS
apparent that In Fig. 6,208 2s0A0abcibeTdomvani bevt;ure%cf;i.f Ntlm internedi ate

20 d
cont ai ni ng)égéb-%ﬂggg?l gﬁéf%g%:g«?{ﬂ%{:% slﬁ %gggp‘ gfg Zeg?’OA NlAl Ni P seed
| ayer. middle curmx/efrqnmglep@sptr:gd 8t abouts 25074 emt stlrdace200) is

not the demifanbdt@xb ULl Qilztel&lﬁzl b Wi §hades Gedibic %%bstragénde” ayer

deposi ted_at _hi u of err directly on a
o i0s cor EaPRoelReeFhr e e ok Ee ) 560K oy, 1, 650ARIBY t or | ny,

Al t hough Vi 98PArCet (kettom gusve) were delpa’ﬁetedndtlcaé:cbl(tﬂmyccbylst al | ographi c
texture IQuE_JEéL-e ox;_dlzedjrjaqﬂ ayers," J. Appl. Phys. 79 (8), 15 April 1996,

Pgr fﬁe fil m; té904 nﬂ;seq% ‘5@&8@ sﬂ%lglﬁ’%g{:gga%)csér%% §r11t geion and on

gl ass subgt Bé@éscnswtgp Rﬁnsm)t B8odi hhe FPGA ®CrPtTa / deooAsCrHtes that it
i g0t fegekbl ead é?x.b:te@ Nat 2Gom temperd @it @abBht t N ddyl NgaWi th O

sub- underla¥§ace oxmg Xd NiP and directly on a glass ceramic

substrate, respectively.
Adverting to Figs. 6 and 7, it is apparent that
(200) is not the dominant texture of the intermediate
20 layer and underlayer structure in the absence of a Cr-
containing sub-underlayer directly on surface oxidized

NiP seed layer.

Adverting to Fig. 8, it is apparent that (200) is
not the dominant texture of the film with a Cr sub-
25 underlayer deposited at high temperature such as 260°C,
and directly on a glass ceramic substrate using in-line
DC magnetron sputtering. Although Li-Lien et al., "Seed
layer induced (002) crystallographic texture in NiAl
underlayers,” J. Appl. Phys. 79 (8), 15 April 1996, pp.
30 4902-43804, obtained (200) crystallographic orientation
for the films with Cr sub-underlayer deposited at 260°C
and on glass substrates using RF sputtering, Fig. 8
demonstrates that it is not feasible to obtain (200)
texture for the films with Cr sub-underlayers directly



WO 98/ 16923 PCT/ US97/ 02169

15 deposited on glass or glass ceram c substrates using in-

| ine DC magnetron sputtering, even at el evated substrate

tenperature such as 260[err] C. However, magnetic recording medi a
havi ng an urwess/s9xr structure conprising a C or 5 CPCRIUSH02169
sub-underl ayer deposited directly on sur{gce oxi di zed Ni P seed

| ayer, even at about 25[err]C, exhibit a (200) - dom nant

crystal | ogr aphidepd¥iiceat aﬁlémass orlBUsss ceramic Hﬂgﬁﬁké‘t@é @éfﬂé‘:tl‘r'lr es

conprising a Crcontainin nerla urface
oxi di zed N P | alylglr sbgt € On FEWEEEE %rp%f a‘?‘ﬁer% I S%EV “??%5)3‘% €and
(112) texture temperatuggnpnahcas 260°C. However; gmagle@carracqm,ing
diffracti on patiefi %favaﬂg[éﬁrﬂlnderlayer @Q%@Eaﬁe/c%ﬂéﬂn a/dr be0lerr]

Ni Al / 100[err] eposi I di z seed Iayer at
room t enper at urg " f‘%q & "é“ab‘é’%?rég]!’ﬁﬂ ?°E§Fﬁ§ %@r PBn SHRCET | ng.
The pattern oxidizexhiNG Pt seadvéayest reven Gt adbant (2]51°2D) epddbit alt is

apparent that thggedoraRhite Co ét%l%%lkengig?tatb:son epigigl al Iy

grown on underl a and |nterrre late | a texture was

obt ai ned accord'}% LHOYRTt IR TYCENERE SOTPTising, anGrogontaining sub- Tap) e

3 conpares rm.gnmnltayepsoﬂepbsia@ed adn sarface oxidbzw@NimDrialyeragaetic

recordi medi O@éhb Cr 4 Cr tr re medi um

fabri ca?gd acch;erB“lpng ékQQu@e l%e prt%enﬁﬁl nven%{rll%n %e matt:\@r’ftgp‘lr%

properties wer gopminance. rreasured with a remanent nonent magnetoneter (RW).
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Table 3 compares magnetic properties of a

conventional magnetic recording medium comprising a
CoCrPtTa/CrV structure with a medium fabricated according

to the present invention. The magnetic properties were

25 measured with a remanent moment magnetometer (RMM). Her
{remanent cocercivity) and Mrt (magnetic remanance x film
thickness) of the media are reported. The CoCrPtTa and

CrV layers of both samples were deposited under identical
conditions, including target power, pallet speed, Ar

30 pressure and CrV and CoCrPtTa film thickness. Both
samples were deposited at room temperature. Signal-to-

medium noise ratic (SNR) was tested through a Guzik 1601
read-write analyzer connected to a Guzik 1701 spinstand.

A composite head with an inductive element for writing

35 and a magnetoresistive element for reading was used. The

medium noise was measured by integrating the noise power
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16 spectrum over a bandwi dth of 40 MHz and subtracting off

DC noi se and noise fromelectronics at the linear density of 180
t housand of flux reversals per inch (KFC).

TABLE 3  5WO0 98716923 Structure Hcr (Ce) M t pCcT/US97/02469
(memu/cnferr]) (dB) 1930 0.9
18.5 CrVI N Al'/ Cr/oxidized N|F;L 2565 0.9 20. 6 _

The data in Ta@p@carﬁﬁVé‘@értJ‘fﬁaﬂm&h‘ fr@§q\ﬁ1§ii rl:'gid lsubtracg?tggt 8?2\” ng a

CrVinternedi a | aye d_a,conposi . under er stru
conprising Ni Aﬁ)%aﬂay af‘ganflgf‘ﬁ? %om efec“%’tf%ﬁ&eﬁ‘% nedeF83FLEY
directly on sucfadéfoghodigandidf flux revseealléegem'&r@}hl(mmml gh SNR and a

coercivity enhancenent greater than 600 Ce vis-[err]-vis

conventi onal magnetic recordi ng medi a. Al CoCrPtTa films,

I nternmedi ate 15 Iayers under | ay seed | ayers were deposited on

Chara gl ass supstra TT Ol AT pPlESSUre =l i zi ng

DC magnetron sfutteri n@‘“%“‘l”hout subst r atler Kehs. Mt The NSFRfilims were

sputter deposi tly oxi di 7z fmamy/cm’) n

at nosphere of R0% oxygergrand 20 80% @g@on by y pégfput 30

seconds at a tgnperature . — 01| apbout_2Z5[ err] ' ‘ tfe

under| ayers an I/Cr/oxidized NiP | dyar o

deposited. The film conposi tions are shown in Table 4.

TABLE 4 25 The | dgts in Tableygy peyeal thgb/magnetip apcording P

Conposi tion 78k#541bh¢in80A2€@rv inbetmEdiate 7Bdydr and a compos{@d onic)
10 underlayer structure comprising NiAl and Cr-containing

sub-underlayers deposited directly on surface-oxidize NiP
seed layers exhibit high SNR and a coercivity enhancement
greater than 600 Oe vis-3-vis conventional magnetic
recording media. All CoCrPtTa films, intermediate

15 layers, underlayers and seed layers were deposited on
Ohara glass substrates at about 10 mTorr of Ar pressure
utilizing DC magnetron sputtering without substrate bias.
The NiP films were sputter deposited and subsequently
oxidized in 5 mTorr of an atmosphere of 20% oxygen and

20 80% argon by volume for about 30 seconds at a temperature
of about 25°C. Subsequently the underlayers and magnetic
layers were sequentially sputtered deposited. The film
compositions are shown in Table 4.

TABLE 4
25 Layer CoCrPiTa Crv NiAl NiP
Composition 73/15/11/4 80/20 50/50 75125
(atomic)

It was also found that film coercivity is improved
by deposition at an elevated temperature. The magnetic
30 properties of CoCrPtTa films deposited on a variety of
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recordi ng medi a having a strjcture_conprising a Cr-contalnlng

i nt er nedi at Sy HordDe)ai nind Mt (coet/ca’)

sub- gnder | ajy 50A MaXInbAMided NP COerci vity nmuch g4geater than 15 o1 magnefic
recordi ng di a, havi ng; 51 ngl e undeifl ayer. ANOT Ner { WO

sanpl es wer ! i idal 2770 _4 it |
except for [ heAdrvuebANEAOTSA Cr/ oxidized I[Nt er medpdt € | ayqr, undefppyer angl seed
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simlar 20 n relyl [ he X-ray difrraction curvgs

ot pese oot RN RIERE Wiy Mo i o s Ao
accordance : :

(200) -dom nant internediate |ayer under] ayer . crystall ographic
ori entation, bl:ltP%|1SsC)_ agp(affﬂb) -ronr‘nﬁagnn = SE.La_tY ea{"ﬁcofe@%éf‘ﬁﬁl ogr aphi ¢
ori ent at i onmediFhdavigget # ¢ structurepregurisdfdand rRAcaCditAadnpraf or mance of
these two safipeffiediate lapée, INsmduhae}aay_@r6andet&-$&Btwaﬁ_ihq?sted under
the BRI ns'zI y e%i%%@sKgcéogpgi\%é}] uﬁxcqlead Wl g.h];]'xer ent

sub-underlaye greater
magnetic recording media having a single underlayer.

15

Another two samples were fabricated under identical
of
The
thickness of underlayers was adjusted to obtain similar

deposition conditions except for the structure

intermediate layer, underlayer and seed layers.

20 remanent coercivity (Hcr). The X-ray diffraction curves
10. the

media in accordance with the present invention have not

of these two samples are shown in Fig. Again,

only a (200)-dominant intermediate layer and underlayer

crystallographic orientation, but also a ( 1150) ~-dominant
25 Co alloy crystallographic orientation. The magnetic
properties and recording performance of these two samples
are listed in Table 6. The SNR was tested under the
linear density of 156 KFCI and with a head with different
guality from the head used for testing the samples in

30 Table 3.



quality fromthe head used for testing the sanples in 30 Tabl e 3.
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18 TABLE 6 Structure

Her Mt SNR (Ce) (nEMJcnierr]) (dB)
290[ err] Crwoo9esasddi zed NN P 2530 1.02 18.9 PCYRATIO6L \/ /
160[err] NI Al / 110[err] C [/ 2530 0.9 19.5 5 oxi di zed NI P
Even though both the nmedia in Table 6 show a dom nant Co all oy
(1120) and wunderlayer (200) TagLgstal | ographic orientation, the
data show t hat : B danca-wit-h tha present invention
exhibit a 10 hi ghegnaNR t han thle gedi a wikhouty s N| Al underl| ayer.

The above exanf)l es denonstrate that pgengt EMU/em? | @BecHrdi ng nedi a
exhi biting ext eg&s .coe£0| VI 1Yy, %3&. 'm(l)ust‘ P500 and about 3200

Ce and | ow noi de#d&_u-ﬁ h al l oy nagnetic

| ayer on a co JGAUGE /UF g536 Anpr igkgong ¢r 1onf ai ni ng
internmedgate | Ni Al underl| gyer and |Cr-coftaining

sub-under | ayer P seed |l ayer. The
deposition of a O - geahal thdigyts UBotihd@HeayRédiiepasi tetble 6 shdltrgctly on

a surface oxidigzed Ni P seed | ayer_ yiel, 20 00)-dom n
.dzomlnélnt &S ' aXE (IlC.IE-O"i1 and e\?%ﬁeg%a¥%% m f(ghgérat ure,

crystal | ographic under!| ayer ori eﬁfat i on,
wi th DC magnet rarystgddpgrpppic orientaffien, Cphealdasp shpperthatanthRave a
(1120) - dom nantmedia in a&&dedadde0gm 8RN e Yricdndt i Alend vt exnibagcar dance

W th the pres Lavent.i on n efficient t I_que 1.S provided 25
utilizihy in pl N o%@gnkﬂﬁﬂa‘fh&é cﬁ.& " gk}gt %ﬂsﬁf}g} uhder13 dbricate a
magneti c recordi ng i aabeniebi exkagphégh demonstrateer dihvitt y magaekdw noi se,

whi ch magneti ¢ FRCIANBOnd®H 8xhibitin ie%t%@in&@?'l’ﬁ.gflpéoe\!ﬁéi/vﬂ)gg.%‘?nSi ty
| ongi tudi nal recgordi

i nvention can Ut gggav%‘? ek Pgo c‘gﬁfﬂlﬁ%ég%;ﬁéiggplaoﬁggp%%&%eg present
substrat es by depomitingoralbyadipy opaunétic Hayeanwhact wosmpokikagneti c
15 structure comprising Cr-containing intermediate layer,

NiAl  underlayer and Cr-containing sub-underlayer
deposited on a surface oxidized NiP seed layer. The
deposition of a Cr-containing sub-underlayer deposited
directly on a surface oxidized NiP seed layer yields a

20 (200) -dominant crystallographic underlayer orientation,
even at room temperature, with DC magnetron sputtering.

The Co alloy 1layer can have a {1120) ~dominant
crystallographic orientation. Thus, in accordance with

the present invention, an efficient technique is provided

25 utilizing in place conventional sputtering systems to
fabricate a magnetic recording media exhibiting high
coerciirit:y and low noise, which magnetic recording media

ig suitable for very high density longitudinal recording.

The substrates employed in the present invention can

30 advantageously comprise any of wvarious substrates
conventionally employed in the manufacture of magnetic
recording media, including various glass or glass-ceramic
materials. Conventional glass-ceramic materials are
typically formed by a surface treatment to form a thin



recordi ng nedia, including various glass or glass-ceramc

mat eri al s. Conventional glass-ceramc materials are typically
formed by a surface treatnment to forma thin WO 98/ 16923
PCT/ US97/ 02169 19 crystallized
| ayer of cerwmm9s/16MRer eon. Sone fornms of convent i aaalUs97/02169

gl ass-ceramc material are referred to agg "Chara gl ass.”

The internediate | ayer and sub-underlayer of the 5 present invention
can cotrrprl Slel ang(r@ta:maitzﬁmuw@ lFY ceramc tlhi'%qgoﬁs undgldl ffxﬁrms of i
conventi ona 0 fac | ¢ recording
nedi a, i ncl ud?/nggg‘ﬁ ttoral gqaﬁgt cFFﬁWcédm?B % dortigp s

The magnetic | a&@'ﬂa?ﬁ gl#sspr'esent invention can 10 conpri se any

magnetic al | oy converid omdéﬂnéamlc@yq%yé} and subllﬂﬁeﬁ}gagag o Gle
magnetlc recordin dla i ncl ud arenot 1imted

to, Co-b3sed al?% Vaeéilélon can’ éB@Prl%CPrF& CEpfPRYainding Moy Cor Pt
CoNi Pt, CoNi Cr Rused as uandexrCage Pt Beonvelitd driildknesspbbyédie imgngid c | ayer

is 15 CONShSh S ot otfhﬁaéﬁéekg%?éc%gdlt’@gﬁ%h}% 'félé?iédﬂlg,h but

convent i onal blgnet:’ic recordi ng aving a
t hi ckness of ab®dek s £ 0CBboTt Y 1 d6iler GFMOsuch as about
200[err] to 500[err]’1',‘hd1arsag1wnd olaykersuof abhe. present inventA%Sni ltan

conventhgnal nMagngll Gd S6RY era%gle@g' allggzgonventz%ﬁ)aht | oln\alle 1%,? Qg can be

deposited on he ma netic % conven such as
sputtering. &dPpyvRE &P&”@G&Fsr@aﬂr rpmesdazi r@erh whloyisde

(Zrgerr]), ncludEe,r o, are&hdﬂiﬁﬁguh;drﬂ@ﬁﬂ'&i-@ﬂs@ﬂr Eﬂﬂoﬁélédﬁp%scar bi de
Si O, T t
( | ) or a car n'(‘.tordr;dfg (é%?lc %oEE?Ef% Iq?%:r%\éer Eoﬁlpﬁ Kﬂrﬁ% | ayers.

provided in a thi ckness suit
An overcoat hadHy StRPEknesIhef thitkness apbuthsopesnptio abwer 3@0[err],

such asi8bout I1&éHsigtderito WOy eeh¢ R@S.ckness ofbeuﬁigriélimr.d §ayéabl &f
As in convent i ofglydFaRGahCrbEAOL i NLdBillihy BehBYS %o qatﬁoe“ a'or! cant

can be applied on an topcoat
can be provi dedP¥Hngh{R tthknes%lﬂft abratt ko r&%@bontlw)w&\:arﬂuqmla@kness of

about 5[err] taabout 200A5&1besoi>z;, Sted) iseralFeundl8lieeshid 0 about 20[err],
has been found As in conventional magnetic recording media, a
20 protective overcoat can be deposited on the magnetic
layer by any conventional means, such as sputtering.
Protective overcoats can comprise zirconium oxide (Zro,) ,
carbon, including hydrogenated carbon, silicon carbide
(8iC), or a carbon nitride (CN). The protective overcoat
25 is provided in a thickness suitable to protect the
underlying layers. An overcoat having a thickness of
about 50A to about 300A, such as about 100A to 2002 has
been found suitable.
As in conventional magnetic recording media, a layer
30 of a lubricant can be applied on and bonded to the
overcoat. The lubricant topcoat can be provided in any
suitable thickness. A lubricant thickness of about 5A to
50A, such as about 10A to about 20A, has been found
suitable.
35 The present invention is not limited to the specific

examples disclosed herein or the particular materials
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exanpl es disclosed herein or the particular materials WO
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20 previously exenplified or mentioned. The magnetic

recordi ng nauias1623t he present invention can conprise any PCTAUSITOS vari ous
types of glass or glass-ceram c substratgs, and various types of
magnetic alloy layers, including 5 vari ous Co-based all oy nagnetic

| ayers. lThe pREebiisly exemﬁl@.‘f@édl narrra@zm@heahe pPrigenthagA¥enEi on
enjoy utility |n

|cat| rtlcularl pllcatlons
wher ein fi Sﬁda%%s'?eta‘{}ﬁ 85? %8% aens ucl?'uv onn%%ﬁe?%lp’% | i sk
medi um f or | on@ft vairhahsr typedi 0. 91@58 or glasﬁjﬂ%Famépt@N#Séwsbgﬁnents of

the invention and RMlridus typesl @F @spRtes afilb Sl\é?éi'ét' linkYuaifgshown
and descri bed t disclosure i e under s?ood t hat

the invehtion % §r&8B§b&8 ngggea$ﬂ°¥aF?gﬁ§tB?h%?yers %EﬁnﬂPﬂEF F&fis and
environnent s an@cpsdcagat&dambfc%g:e‘sseﬁt inveptimadenjoptutodsity Lhin the
scope of the i %?@.Eh¥eappllcat1cﬁ'f§1C?&tﬁéu?éﬁf%ﬁ?&ll t‘i'o?ls_ wherein

21 WHAT IS CLAIMED 1S nefic recordin |un1co rising:
a non- magnet i c dgBsPPRRLty is reguixed. |§98P 3R 2 HEAHT §ﬁ6FPC $8Bst rat e,

t he seed | ayer neghiumgfan boughtastirslr racerding. a chrom um cont ai ni ng
sub- und_g(fl ayer on tBﬁl Xé%}'t_zﬁ% %%Ea& eH tch.e t%%egnlr@ﬂ@:[on and bt a

ni ckel umniumor 1Ir um ni um un er on
few examples of its versat:.l:. y are shown and described

in the present disclosure. It is to be understood that

the invention is capable of use in wvarious other
combinations and environments and is capable of changes

1s or modifications within the scope of the inventive
concept as expressed herein.



t he chrom um contai ni ng sub-underl ayer; a chrom um cont ai ni ng

I nternmedi ate | ayer on the nickel-alum niumor iron-alum ni um underl ayer;
and a magnetic layer on the internedi ate |ayer, wherein the underlayer and
intermediate layer exhibit a (200)- dom nant crystall ographic

ori entati onw098/169232. The magnetic recordi ng nmedi um accor RGRUSIFOEHI m 1,
wherein the seed | ayer conprises nickel gphosphorous. 3. The magnetic
recordi ng medi um according to claim1, conprising a nickel-alum nur?

under | ayer . WHAT ¥s Cilaammegmetic recording nedi Jlﬁmﬁsggm AAStBEENI fai m 1,
conprising a cobalt alloy magnetic |ayer. eRgm_gggpl C rLeEcordl ng
medi um according to claim4, wherein the cobalt allloy-cerp++ses—cobalt,
chromium platinumand tantal um 6. The magnet ic recording nmedi um
according to clai mi1l, WQ{agthgaeréé@: e@ B E8RPFisAsgchrom umor a
chromum all oy an 200) - domi nant crystall ographic

orientation. a 7“°“1'H89Hﬁ8h8t pubs %fi ng medi um according to claim®6,
wher ei n t he sub- undemseagelaysmen the rsim-owgnetic substrate, the seed

22 8. Thfalp&gr}g‘;lq.,gr ggogghagzg@déma'gecor ding to claim®6, wherein the

sub- underla er conpri chrom um, vanadi aII
y rrp ac romlum contauinlng sxﬁ: rl

a})c/er on the oxidized
surface of the seed layer;
a nickel-aluminum or iron-aluminum underlayer on the
chromium~-containing sub-underlayer;
a chromium-containing intermediate layer on the
10 nickel-aluminum or iron-aluminum underlayer; and
a magnetic layer on the intermediate layer.

2. The magnetic recording medium according to claim
1, wherein the seed layer comprises nickel-phosphorous.

3. The magnetic recording medium according to claim
1, comprising a nickel-aluminum underlayer.

4. The magnetic recording medium according to claim
1, comprising a cobalt alloy magnetic layer.

5. The magnetic recording medium according to claim
4, wherein the cobalt alloy comprises cobalt, chromium,
platinum and tantalum.

6. The magnetic recording medium according to claim
1, wherein the sub-underlayer comprises chromium or a
chromium alloy and exhibits a (200) ~-dominant
crystallographic orientation.

7. The magnetic recording medium according to claim
6, wherein the sub-underlayer comprises chromium.
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9. The magnetic recordi ng nmedi umaccording to claim1, wherein the

I ntermedi ate | ayer conprises chromumor a chrom um all oy. 10. The
magneti ¢ recordi ng medi um according to claim9, wherein the internediate

| ayer conprises chrom um 11. The nmagnetic recordi ng medi um

accordi ng t oWOI98/Me!®D, wherein the internediate |layer is a GUNUSOUOR69

vanadi um al | oy. 12. The magnetic ggcording nedi um according to claim
1, having a coercivity of about 2500 to about 4000 Cersteds. 13. The
magneti ¢ recording neditie aﬁg%é&agréébﬁii@a%édiﬁwa%&dgﬂgpéé 18 m a
protective overgoat, on thet@agnetlgzkf r; "and . a lubricant topcoat on
the protective YvelRGagin the” syh-u 6F of ORISRt &r i FRFOMiNEgnet i ¢
recordi ng nmedi wanagiivoh addoled conpri ses: depositing a
chrom um cont ai ni ng sub-underl ayer on an oxidi zed surface of a seed |ayer;
depositing a nickel -alum ni umor  iron-al um ni umunderlayer on the

chr om um cont ai ni ng Ssub* ¥ JEEREHLF, recordiagoredi Wy agCONASRELER €3Biai ni ng

i nt er medi at e | dy,ewheretine thecketemhediiateuMageri tonpal s¥8 NEHFBriREeLayer ;

and deposi t§ r@l&ﬂgg\ngﬂ | ayer on the internmediate |ayer, wherein the
underl ayer and i1 nternedi ate ?%i/er exhi bit a (200)-dom nant
crystal |l ographic orientation. WO 98/ 16923
PCT/ US97/ 02169 10. The magnetic recording medium according to
claim 9, wherein the intermediate layer comprises
chromium.
11. The magnetic recording medium according to

claim 9, wherein the intermediate layer is a chromium-
vanadium alloy.

12. The magnetic recording medium according to
claim 1, having a coercivity of about 2500 to about 4000
Oersteds.

13. The magnetic recording medium according to

claim 1, further comprising;
a protective overcoat on the magnetic layer; and
a lubricant topcoat on the protective overcoat.

14. A method of manufacturing a magnetic recording
medium, which method comprises:
depositing a chromium-containing sub-underlayer on
an oxidized surface of a seed layer;
5 depositing a nickel-aluminum or iron-aluminum
underlayer on the chromium-containing sub-underléyer;
depositing a chromium-containing intermediate layer
on the nickel-aluminum or iron-aluminum underlayer; and
depositing a magnetic layer on the intermediate
10 layer.
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23 ' 15. The method according to claim 14, wherein the seed | ayer
conpri ses ni ckel - phosphor ous. 16. The nmethod according to claim
14, conpri sing depositing a nickel -al um num under| ayer on the chrom um
cont ai ni ng sub-under| ayer. 17. The method according to claim 14,
conpri si ng: wo9s16923deposi ting the seed | ayer on a non- nagrRE¥EsI7T02iehst r at e;
and oxi di zing the surface of thesdeposited seed | ayer. 18.
The net hod according to claim 14, conprising oxi di zing the surface of the-

seed layer in the ppesencge metHodo¥ygeRding to claikd.14Theherthadtrecordi ng

to claim17, wherein ed I o] njckel - phosphor ous.
20. The net ho& ScoF‘&%ﬁgC?“c‘P o %,E{ei nR?ééT? rod ‘depositing an oxidi zed

seed | ayer on a non-nagnetic substrate 21. The method accordi ng

to claim20, conprhgingrheShEELS] é’&i&&iﬂﬂg”&@'bl@ih\dlmedc%ﬁ‘@gllsﬁb@r in an
at nosphere co

ai n nmet hod cording to claim
20, “wher ei n- ¢ AepossEdn) 395 kel pt vuba Hnget 1AREE o s chrontun 55! My
met hod accor dicogtaéndhgi sud-Andemhayesi- ng depositing the sub-underl ayer by
(DC) direct current magnetron sputtering at a tenperature as | ow as about

25[err] C
[ ] 17. The method according to claim 14, cowprising:

depositing the seed layer on a non-magnetic
substrate; and
oxidizing the surface of the deposited seed layer.

18. The method according to claim 14, comprising
oxidizing the surface of the seed layer in the presence
of oxygen.

19. The method according to claim 17, wherein the
seed layer comprises nickel-phosphorous.

20. The method according to claim 14, comprising
depositing an oxidized seed layer on a non-magnetic
substrate.

21. The method according to claim 20, comprising
sputter depositing an oxidized seed layer in an

atmosphere containing oxygen.

22. The method according to claim 20, wherein the
seed layer comprises nickel-phosphorous.

23. The method according to claim 14, comprising
depositing the sub-underlayer by (DC) direct current
magnetron sputtering at a temperature as low as about
25°C.
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