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film magnetic recording disk. The invention has
particularly applicability in manufacturing a low noise,
high density, magnetic recording medium.

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 magnetic recording
medium. However, this objective can only be accomplished
by decreasing the medium noise, as by maintaining very
fine magnetically noncoupled grains. Medium noise is a
dominant factor restricting increased recording density
of high density magnetic hard disk drives. Medium noise
in thin films is attributed primarily to inhomogeneous
grain size and intergranular exchange coupling.
Therefore, in order to increase linear density, medium
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magnetic layér typically comprises polycrystallites

15 epitaxially grown on polycrystal Cr underlayers.

The conventional NiP plating on the Aal-alloy
substrate is provided primarily to increase the hardnees
of the Al-alloy' substrate, thereby:providing a suitable
surface for polishing to provide the requisite surface

20 roughness or texture. The NiP coating is typically
‘applied by'elecfroless plating to a thickness of about 15
micrometers. _ ' '

Werner et al., U.S. Patent No. 4,900,397, proposed
the use of Radio Frequency (RF) sputter etching to remove

25 surface deposits on a conventional NiP coating of Al-

. alloy substrates, followed by oxidization, to improve

adhesion of a Cr underlayer. Doerner et al., U.S. Patent

No. 5,302,434, found it difficult to obtain high

coercivity on superpolished untextured NiP coated

30 substrates, and proposéd annealing in air to form a

nickel oxide film on the surface of the NiP plating for

enhanced coerc'ivi'ty. The smooth surface of the polished

NiP layer was maintained th‘rough subsequént layers. The

nickel oxide film was also said to reduce modulation by

35 altering the 'érYst'allographi'c orientation of the
underlayer and magnetic layer.
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PC}I/'/ udds/ 20158 Magnetlc fllms exhibiting a gbicrystal clusieyp,

substrate mat Qﬁi@fésttlﬁy@tlbﬁ@n ®lavleOy eEeeRUCIithe  subjestgl ao‘ﬁes,ree;egac an
Xt i e of “ancrp¥eRerangions . ail fo o, rrpetRbRLRRYR. tBeE T N Al
materi al s do. nebisé®, and highraiemanent lsquaxrengsst.al Howevean,f haeryst@lasses
and cluster magnetic f£ilms have not proved to be commercially
15 ~ feasible. Wong et al. (IEEE Trans. Magn., MAG_—2_7, P-
4733, 1991), Mirzamaani et al. (J. Appl. Phys., 69, p.
5169, 1991), Min and Zhu (J. Appl. Phys., 75, p. 6129,
1994), Ding and Zhu (IEEE Trans. Magn., MAG-30, p. 3978,
~ . 1994) and Futamoto et al. (IEEE Trans. Magn., MAG-30, p.
20 3975, 1994) successfully produced bicryst;ai media on
single crystal substrates. Ye and Zhu employed computers
to simulate a bicrystal structure (J. Appl. Phys., 75, p.
6135, 1994). However, the production of actual bicrystal
cluster media corresponding to the computer generated
25 - ideal microstructure of Ye and Zhu has been elusive.
Bicrystal cluster structures were produced in Cr/Co
alloys deposited on NiP coated Al substrates by Nolan et
al. (J. Appl. Phys., 73, p. 5566, 1993), Peng et al.
(JA-01, Intermag Conference, San Antonio, Texas, April
30 1995) and Hosoe et al. (JA-02, Intermag Conference, San
Antonio, Texas, April 1995). See also Ding et al.
"Fabrication and Recording Performances of Bicrystal
Disks on GaAs Substrates", Journal of ‘The Magnetics
Society of Japan, Vol. 18, Supplement, No. S1 (1994) and
35 Ding et al., "Experimental Study on Recording and Track
Edge Characteristics of Bicrystal Thin Film Media", IEEE
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medi a correspgrglkag t&thglaggneb%nﬂ%neréﬁsgtﬁéte  andleal Qs gicture
of Ye and Zhu has, been eI Usive |crystaéf ¢l uster §I ures

were produced®ignifiepntly red‘é‘l’?@ys‘“%&&l QL 85h Mqiltmfeeﬁ Alt%utastrat es
by Nalean et magnetial . aCLloyApplayeB.hyShavZﬁg Pa 55&§§¢r§1§9 , Bang ‘%r
(JA-01, Int ern;xja(%rOonE_er ence, % @ﬂ% Texasii IdB - 1995 and
Hosoe et al v ‘f?\?lé’lrﬁaﬁp Srug, © un e, havdpgs
April 1995). a G@0)al @oys):a.glegraphlc ‘orientaEabni. caThen ferthaBaonr dimg
Per f or mances pf (Bh6f Yekdlentat vASKScR ‘g:‘g@s t&%g L Journal, of The
Magneti cs ( ):)C|e nfa lf%lan Vo%c Ji% ?u c?éf'tﬁongé f§§14) and
35 Ding ef3¥{E on ab%rg%éﬁﬁaprsa}assd@qx@@am stwate ackIn one Edge
Char at er i St g mlt y ited s findd: lop Vi Beed EBFer was roughened.
There ex:.sts a need for a method of manufacturing a
_magnetlc rlgld ‘disk uﬁdlum for longitudinal recording
with low medium noise and high coercivity comprising a-
magnetic alloy layer having bicrystal cluster media
20 - suitable for commerc:.al appllcatlons in a cost-effective,
efficient manner. '

Disclosure of the Invention
An object of the present invention is a method of
manufacturlng a thin film magnetic recordlng medium
25 exhibiting low noise and hlgh coerc1v1ty
Another ob]ect of the present 1_nvent:|.on is 'a method
of manufacturing a thin fi.lm' magnetic recording medium
comprising a magnetlc layer hav:mg a bicrystal cluster
mlcrostructure
30 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
apparent to those having ordinary skill in the art upon
examination of t;he following or may be learned from the
35 practice of the invention. The cbjects and advantages of
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. 15 exemplified simply by way of illustration of the best

mode contemplated for carrying out the invention. As
will be realized, the invention is capable of other and
different embodiments, and its several details are
capable of modifications in various obvious respects, all
20 without 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 bicrystal cluster
microstructure produced in accordance with the present
invention.

Fig. 3 schematically depicts a magnetic recording

30 medium structure manufactured in accordance with an
embodiment of the present invention.
_ Fig. 4 illustrates a processing sequence in
accordance with an embodiment of the present invention.
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15 the obtalnment gf ‘a bicrystal cluster microstructure in
a magheticlallby layer epitaxially grown thereon.
The improved magnetic recording médium disclosed in
copending application serial no. 08/586,571 is shown in
Fig. 3 and comprises a substrate 30, such as a glass or
20 glass-ceramic material, having a seed layer 31 thereon.
The seed layer can comprise a material such as Ni,P, NiP
or tantalum (Ta). An underlayer 32, such as Cr, is
formed on the seed layer and a magnetic alloy layér 33,
such as a Co-based alloy, is depbsited and epitaxially
25 grown thereon. As in a conventional magnetic recording
medium, an overcoat 34, such as carbbﬁ;“and a lubricant
35 are sequentially d_epos:'ited on the magnetic alloy
layer. Seed layer 31 induces the underlayer deposited
thereon to exhibit a (200) crystallographic orientation
30 which, in turn, causes the magnetic alloy layer deposited
and epitaxially grown thereon to exhibit a bicrystal
cluster microstructure. In some of the disclosed
embodiments, the seed layer is provided with a roughened
surface to facilitate preferential aligmment of the Cr
35 ~ underlayer to exhibit a (200) 1crystallographic



20

Fig.

nmedi um structure.

cl ust

i nventi on.
rmmumstnmtwermn
the present inventiThe present anEPFg°n4¥ﬁI@%¥¢%&%§ Boprodeashed ofquence

acC HGRIGR-tirihagh eagediciRNreebridiagneasn eRMEBLEORg low
WD 97/ 26391

in

wi t hout departing fronithe i nvention. ! Accordlngly, t he-

dr awi ngs and descrlptlon are to be. regarded .as. I 11 ust
nat ur e, WON72639% ostrict i ve. " Brief Description o‘%‘?@ﬁpﬂg‘?
1 schematically depicts a conventionadl magnetic 25 recordi ng

er

Fig. 2 schematically depicts a bicrystal
onnenunnronuurEnponduoéduhezﬂx&nlnﬂﬂﬁaemb¢d1menpses@h@

seed llﬁefqﬁb

acture

“1'h accordance W th

PCT/ US96/ 20158

Descri pti on offei@ | RPIAS oA high °°er?ﬁglﬁggneﬁp rEBBPHFﬁQnHédPum
di.scl osed i n ety alloy aapbmxnhawnmgrlal d.cXEE36, S5élustbe
entire disclosure

exhi bits

formati on
cl uster n1cro§5
cobal

to Fi

(200)

15

20

25

30

35

ek IS s e i SR i et

of ccmpnma@seta csunfacs-oxigizedenpedi layer él as showncipst al
§F %ﬁ égeﬁgdéﬁcg'ﬁﬁtﬁ the preséﬂgrhﬂvgﬁéﬂﬁfd Fﬁgerence

ust er
mcro Pructur@ezg Yﬁf aft??n@ﬁﬁ?ﬁﬁf%??] {ﬁuﬁﬁ*Q%ﬁﬁ ZRPVWW%ﬁléﬁhﬁﬁlts a

havi ng a bicr

appropriate surface texture, whereby a subsequently
deposited underlayer, such as Ct, exhibits a preferential
(200) crystallographic orientation. Upon forming an
underlayer with a - (200) crystallographic texture, a
magnetic alloy, such as a :Co-based alloy, deposited and
epitaxially grown thereon exhibits a bicrystal cluéter
microstructure, as shown in Fig. 2. _

In an embodiment of the present 1nvent10n, the seed
layer, underlayer, magnetic layer and overcoat are
sputter deposited in an in-line sputtering machine in
which'the seed layer is conveniently oxidized. Thus, the
present invention can be practiced by modifying
conventional sputtering systems to include, inter alia,
means for oxidizing the deposited seed layer. In this
way, the resulting low noise magnetic recording medium
can be produced in an efficient manner without
substantial modification of existing manufacturing
procedures or equipment, or the need to acquire complex
new eguipment.

The substrate employed in the present process can
comprise a glass or a glass-ceramic material. The seed
layer can comprise Ni,P, NiP or Ta, and can be sputter
deposited in a thickness of about 200A to about 20004,
such as about 500A.

The underlayer can comprise Cr, a chromium-vanadium
alloy (CrV}) or a chromium-titanium alloy (CrTi), and can

AEAIRN S v 801 &' SodoHEARE! b EgRArdi ng 30

I ment of
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under | ayer depgsd vt RBP4 0 exhih - ( Si raphic
orientation 3(%?&‘ &ﬁ\%hnll pﬁllior}{ tgré%ﬁgggzéesét héegér%:gﬁle(tg}?gagﬁ%yﬁ ?é&gﬁum—
deposi t ed tantajap o311a¥i AGSFRRETM 4 har PPALE eirromivm-bl at yauml

clusteo mcreallloycgeerpt)l,Na 66PR1tOhick8®-plheshimedlloy (CoNiPt)

enbodi nents, the %%ﬁ%'l ayer .i s .provided w.th a_ro:tjlgheng(g? ... _sarface to

facilitate pr8&f EPRRLCAP SRS RO R A4 inEn alloy, (eoNiGEPt) t@r axhi bi t

a (200) crpbaditl-cirapiiium-platinum-bodm 9A1A6301 (CoCrPtB) . The -
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In one of thea'ﬁﬁ’?gfégeda%rlrﬁgdi can be deposited 'in any civériént
thickness, such as about 100A to about 1000A, about 2008

15 to about 500A. '
' A protective overcoat can be deposited on the
magnetic alloy layer, as by sputter deposition. The

protective overcoat can comprise carbon, silicon-carbide
(8iC), zirconium-oxide (2x0,), or a carbon-nitride (CN) .

20 The protective overcoat can be deposited at a thickness
sufficient to provide the 'requisite' protection of the
underlying layers. A thickness of ‘about 50A to about
300A, such as about 100A to about 2004, has been found
adequate. A lubricant can be applied to the protective

25 overcoat, at a thickness of about 5& to about 504, such
as about 10A to about 20A.

In an embodiment of the present invention, oxidation
of the seed layer is conveniently conducted in an in-line
sputtering system having an oxidation chamber. The

30 underlayer, magnetic alloy layer and overcoat can be
sputter deposited in a con,veritionial'm'a'nner. Thus, the
present invention enables the manufacture of a magnetic
recording medium comprising a magnetic layer having a
bicrystal cluster microstructure on a glass or glass-

35 ' ceramic substrate in an efficient and cost-effective
manner. ' '
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formn under | a r | x4 U a 15

nmagnet gc al | ofPUELER LS ayég: dsté%a%ﬁ%g/{@ c?gpgo%%%% @nd ééig?gm ally
gt own thereonlayhmbspgt&emldsygﬁateélﬁbﬁ€ﬁ°n in a thizdostage: urALtes shown
in Fig 2 os:Lt:Lon It ¥heHed TRiYferdf 6£1QiéﬂiﬁﬁrEsléB&ﬂﬁ¢@éd ife seed

| ayer, underla gnetic layer and overco é
deposited in anfpﬁrﬁhn§t§ﬁﬁtte phgeFHeREAY i ﬁeatlng 15mﬁ?§ﬂ“€ﬁ§ stBd@| ayer
i's conveni ent kY r@X dkag@, Andsa tbeunderlayeareseaéposweat inna siwthbe
practiced by nDdlfylng e

v spu syst ens
i ncl udB, intePtdBes, The negﬁs f%?& 8¥%an %%ﬁihggngt%d s& go?ayer
In this 25  cryeyalileguegdild |qrg.dmmrsevhﬂa€}netn®¢%%drm rfeP nipaisadh

can be producg 3‘ e% ?i[é it £ TndRIYE i Vd Wenth stagsUSi&Mivit a

nodi fication O nanufacturlng - procedures or eqU|pnent or

the need to aqunM§Q§%nﬂl9§ter microRbregtipfent A FFotective gpgbon

substrate enplQueddat the pH%ﬁ@EEtEHOCQﬁS §AN eighth 60&P&i Sgnd OtAes or a
glass ceran1c materi,al . The seed

can .conpri [err]P, N
or Tal5and cakesalsimg dragnetic r?ﬁﬁﬁg&?%d%?ﬂlﬁmtﬁﬁcaaiﬂ? %h§OOA to
about 2000A, nlnth stade aThb gt @D Aa30 be contlnliﬂuzslmctmrhdqetedan

glolmc));/i ?g%) g) O?ﬁaraln%n%q{olﬁ'ﬂer substHdtW dftef LpAGIraBbLFLLLan um

_1s moved to the second stage for heating. 1In addltlon,
a.piurality'of substrates can be simultaneously'processed
20 during each stage. _ .
A sequence for oxidation in accordance w1th the
embod:.ment depicted in Fig. 4 is set forth below.
Time 1: the entrance door of the oxidation chamber
is opened and argon gas is supplied to the oxidation
25 chamber. _
Time 2: one or more the substrates arrive in the

oxidation chamber. _ .
Time 3: the door to the oxidation chamber is

closed. _
30 Time 4: the flow of argon to the oxidation chamber

~is discontinued.
Time 5: the oxidation chamber is evacuated
Time 6: an oxidizing gas is introduced in to the
oxidation chamber.
35 | Time 7: oxidation is conducted in the oxidation
chamber.
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8 be sputter deposited in a thickness of about IOOA to .
about 2000AWG:92e32t1s about 500A. The nmagnetic | ayer ntmmsyslzeﬂ;gon

t he underl ayer can conprise any magnetic,q alloy suitable for use in
a magnetic recordi ng nedi um 5 such as a cobal t-based alloy. For
exanpl e, the Co-bagese 8- theahh9¥oaﬁﬁt§%nao@0@ﬂ1é#¥afyﬁégqé§%9%néCDcr)

a cobalt- chrom. umtantal um. al Al Cke
chromi um al | oyhe(e¥kfeFion ghapBsrt 1§hF16ﬁFG‘ draedyum tantal um

all oy (CoCrPtTa), Timecobal thehoritugtphathambet0is evalduaeddoC Pt), a
cobal t - ni ckel - pl at num I | oy CON|

cobal t - ni ckel -chro Pat i rf céﬁ‘l 6% (1&1506“538& ointp the oxidation
cobal t5 chr omi @hambarl. num boron alloy (CoCrPtB). The magneti c

all oy can be dep dyqLn : ?%[ng : |ckne S, such as
about 100A to aboﬁ?iﬁgoﬁk a oute’%g-'g 1 r'gf thoe a oéa chinb is A

protective 0\/%?%%%@_ can be deposited on the : magnetlc al | oy | ayer,
as by sputter depoxsirheom tﬁéesubstrategré&ﬁﬁi'iélfngvaﬁ{ a ) 'Se
err or

carbon, silicpn-carbid rco OXI de (Zr :
carbon-nitri X?ﬁbpaﬁﬁ to tqﬂen%¥5t%5??b§r g@Fc gAteRT-be deposited at a

t hi ckress Birhé | T3 enttHen epriny iddort E teRUbMidatRon edlanderofid he
underlying | ay c% A thi ckness. of about 50A to about - 300A, such as
about 100A to a ou? 200A, has .been found adequate. A lubricant can

be applied to the Pine ek § vehebentrangg edewatto é;theaoud:ldaltnemschhtrmlecrut 5A
to about 50A;i$Usfened and &%e APUhord hel Osdbettatds arrive.

The gas employed for ox:Ldat:Lon can comprlse' any
15 convenient oxidizing gas, such as :a:.:ir, oxygen, or a
mixture of oxygen and argon. Suitable temperatures and
times can be optimized in a particular situation.
Suitable conditions inélude a temperature of about 20°C
to about 280°C','s'uch as about 50°C to about 250°C, for
20 more than five seconds at about 0.1m Torr to about 200
Torr of oxygen partial pressure. In an embodiment of the
present invention, oxidation is conducted in a gaseous
atmosphere comprising 20% by volume of oxygen with the
balance argoﬁ, at a temperature of about 100°C a

25 pressure of about 10m Torr for about one minute.

The present invention is not limited to the
particular sequence of manipulative 'st'eps or oxidizing
conditions exemplified herein. In accordance with the
present invention, a method is provided to manufacture a

30 magnetic recording medium dompris‘ing ‘a magnetic layer
exhibiting a bicrystal cluster microstructure with
attendant significantly reduced medium noise. " In
accordance with the present invention, a 'magnetic
recording medium having a signal-to-noise ratio in excess

35 of 15 dB can be produced, including a magnetic recording
medium having a signal-to-noise ratio in excess of 20 dB,



In an enbodi nent of the present invention, oxidation of the seed

| ayer- i s convenient|y conducted in an.inzline. sputtering system

havi ng an o”‘gg{ ! chanber . The 30 undet | ayer, nagnetr%"gg?wlf%yer
and overcoat can be sputter deposilited in a conventional nanner.
Thus, the present invention enables the manufacture of a magnetic
recor di ng nmedimeasiurgy iadi 1@ 7aKFEdndthousaysk flaxi wgversals pelri dnydt)al

cluster mcro : I3 =4 C 1 ratedn an
Ciiiorent ang e PrdsRdl iR iod ialapplicible ol EhRTRECANREICH B¢
9 V%@I%dm%g)f SRARARSTEEC recordiRg daedda, wantignlarly

embodi ment  of Hilyh &SPy | FVESEA LG | Re@SASMBUCEAlHsY a thin fBPW‘h BgH 9.

4. Wth conti esg?r ference to Fl,g{_: 4, tfe . _Substrate is loaded in
the fiPst sta?é V& fqmdapgitudingl reerdiRdem heated in a second
st.age, and a seed Only ceraadn emboddmetaEosift etiet havean ioh andhbug st age.
After j . QX1 i i dycted.in

a fourth st agg%%%%%ée ue‘% I({?%’ht}gﬁ%r%é%lltg{%lo%u%féeﬁ%w% and &es?r?’#’ﬁdst age,
and a Cr undedrayjdie ipreggidsidietligsurei xt¥ 18 to be agrderstoodhtha€r
underlayer  eqd biih¥entdon (280) capable CBYSt@kb00SAPN, G PH{EN! 8{:%;89- whi ch
i nduces the Co-based al oy deposited thereon in a seventh stage to
exhi bitP a combgnationg and arernarmets AdirkS capahle cof | vhasgeson
overcoat is deposmnbddfibagiionsi glibhshagthandgddpe 18f theesihiéngigagnetic
recordi ng nmediumis. unl oaded in tcp%erein ninth stage. The nmethod can be

continuously ESRGTETedS S*pPresse



as by | oadi ng another substrate after a prior substrate I's nmoved to

the second stage for heating. In addition, a plurality of substrates
can be si mWO#36393| y processed 20 during each stage. PCT/US96/20158%\
sequence for oxidation in accordance w t{ythe . enbodi ment depicted in
Fig. 4 is set forth bel ow Time 1. the e

oxi dati on chanber - - 1s opened amtﬁafﬁglgas is:'s

oxidation 25.  chanber. “Trne 2: one or; ﬂ“u Iﬂ“ﬂﬂﬂ ﬂla
arrive in the oxi dat i on chanber T to

t he oxi dation chanber is + closed. 30 : Tlne 4: the f|OM/Of
argon to the oxid |o ch .scontinu 5:

t he oxidation cha rh %g%é%a?gdmanufacgurlng Fi WQQQEt&ﬁ 5%99?9%ﬁ?gas is
|ntroduced|rmednumuawhlch meihodt comprhaeber . 35° - Time 7:

oxi dation is cond t4i WO

97/ 26391 1 g e B Ufer on a 5@%%%3%&6%‘?“51“9 a

10 glassrigr B:9lagr-cexami@craberdalan oxi di zi ng gas into

t he oxi dation chaqﬁ@majgﬁﬁb5ﬁ5§ng@@@d1ayer.' ' Time 9: - the oxidation

oo £ Bhgtigire on el For BBkl SR
oxi dation chamger is '
depositing a magnetic layer on the underlayer,
wherein the deposzted nmgnetlc ‘layer has a bicrystal
10 cluster microstructure.

2. The method according to claim 1, wherein the
magnetic recording medium is a thin film magnetlc

recording medium.

3. The method according to claim 1, comprising
sputter depositing the seed layer. -

4. The method according to claim 1, comprising
sputter depositing the underlayer.

5. The method according to claim 1, comprising
sputter depositing the magnetic layer.

6. The method according to claim 1, wherein the
substrate has a surface average roughness Ra of about 24
to about 100A.

7. The method according to claim 6, wherein Ra is
about 5A to about 20A.



opened. Time 12: the substrates conprising an oxidi zed seed

oo or -+ nevipdtieficn | IRV 3, o2 ! TG

entrance door to the:oxiddtibn Ehatber 13 i s opened and one or nore
new substrates arrive. The gas enpl oyed for oxidation can
conprise any 15 8. cofMheni methogti diccorgigss tosgdRrims hi r compydeing or a

m xture of Oxwtaé}d aégaglcﬁgl balided cTRpER! woe&aalmn a matkidiB3 can
be optim zed I cullar™ situation Sui tahle con |t|ons

i ncl ude a tenﬁ@rﬁ‘ﬂ?r%{ dromdih @Y‘@%P]?Pnsmtlngt‘afagbtﬁ PR A4 Tasuch as
about 50[err]C to about 250[err]C, for nore than five seconds at
about 0.1m Torr to abou 200 Tor y arjia ressu In an
enbodi ment of the &h pFE&&ﬂ§|§ﬁﬁﬁﬁé g %294&1é %ﬁﬁ%?e&ﬁfh
gaseous thiatkmesh erfe thenpeedi hgyeﬁ%s)yahaamm t@xya@entv\ﬁzonoﬁhe

bal ance argon, at a tenperature of about 100[err]C, a 25 pressure of

about 10m Torr for about one m nute. The resent invention
is not linmted ti®. tHehe methodpaeeprdiag $&urEliat o nehepeint the st eps
or oxidizing thlckneé‘sorwktﬂmss@é@nHyéfeflsh&ﬁ&;a 500A. accor dance wi th the
present invention, a nethod is provided to nanufacture a 30 magneti c
recordi ng medi um conprising a nmagnetic |ayer exhi biting a bicrystal
cluster nicrostrucugre Wrhe method & derdibng csigﬂmﬁmcanllyompeduaﬁg

di d h th '
et ¢ Coxidighng the nBRFAAYSEnG T O oHaPOrERRse SE HHE PR Bicess
35 of 15 nri&mme bef pardwnednd nokugeng at rmgnetxygene(mrejswe of

medi um havi ng 3,3iedMRl 1k Gt Sk TR | o psss. of 20 dB,

12. The method according to claim 11, wherein the
seed layer is oxidized at a temperature of about 20°C to
about 28B0°C.

13. The method according to claim 12, wherein the
seed layer is oxidized for more than about five seconds.

14. The method accoxrding to claim 13, wherein the
seed layer is oxidized for up to about one minute.

15. The method accordihg to claim 12, wherein
oxidation results in an induced surface roughness having
a Rp-v (peak-to-valley roughness) of about 10A to about
100A.

16. The method according to claim 1, comprising
depositing an underlayer containing Cr, CrV or CrTi.

17. The method according to claim 16, wherein the
thickness of the underlayer is about 100A to about 2000R.
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11 _neasuredi ysand flux reversals per inch). T &
The pr esent WOoe763%10n !H _ H the producti on of PCT/USS8/201585
types of nagnetic rec S g ylarly hi gh density

recordi ng media, such as a th|n fllmhar di sk drive for

| ongi t udi nal recor?gnJ The qgthod ace %3J£i§fmof?rfgﬁ§F§E§Lg&ﬁ and

i nventi on and but exanpl e versati
descri bed thlChﬁ¢ﬂﬁu@ﬁnﬁhﬂmﬂﬁdﬁﬁiﬁXﬁﬁnxﬁ about $@0Ahe understood t hat

the invention is capable of use in various other 10 conbi nati ons and
envi ronnments and |§ capapl e of or nDdlflcatlons within the
Pv

scope of the inven he meEﬁﬁ@e%F?ﬁFq%&ﬂegge& Réfeily, comprising WD

97126391 dep051t1ng a magnetic layer comP€Ilsih§6426458ased alloy.
12 CLAI V5 1. A nmethod of
manuf acturing a magnetic recording medi um whi ch nmet hod conpri ses:

depositing a seed RQyer The methiodt paicordimy itsd mjlaim 19, whgrsin othe

gl ass- cer ani CcBBLELEA a113y 1ecReldiszidh ﬂ@;ﬁﬁﬁ; N

depositing an underlaé X %Sesgxfalzed seedt% isting of
CoCr, rTa, CoNiCr, CoCrPtTa, CoCrPt CoNiPt, CoNlcht

and CoCrPtRB.

21. The method according td'claim'20 wherein the
thickness of the Co- based.magnetlc alloy is about 100A to
about 1000A.

22. The method according to claim 21, wherein the
thickness of the Co-based magnetic alloy is about ZOOA to
about 500A.

23, The method according to claim 1, further
comprising depositing an overcoat, about S50A to ‘about
3004, on the magnetic layer.

24. The method according to claim 23, wherein the
thickness of the overcoat is about 100A to about 200A.

25. The method according to claim 23, wherein the
overcoat comprises carbon, SiC, ZrO, or a CN.

26. The method according to claim 23, further
comprising depositing a lubricant, having a thlckness of
about 5A to about 50A, on the overcoat.

27. The method according to claim 26, wherein the
lubricant has a thickness of about 10A to about 203.



and depositing a magnetic |layer on the underl ayer,

wher &i‘n t he i magnetic | ayer has a bicrystal 10 cluster
m crostruct uﬁg&%&&ﬁ? 2. The nmethod according to cl ai FETUSHsaMS8 |,
t he magnetic recording nmedium is a thin filmmagnetic
recordi ng nmedi um 3. The nethod according to claim1,
conpri si ng sputter depositing the seed | ayer. 4. The
met hod according to claim1, conprising sputter depositing th
under | ayer. 5. The nethod according to claim11, conprising
sputter depositing the nmagnetic | ayer. 6. The nethod according
to claiml1, wherein the substratg pas a surface average roughness Ra
of about 2A to about | 00A. 7. The nethod according to
claim6, wherein Rais about 5A to about 20A. WD 97/ 26391
13-

LUBRICANT 14

CARBON: OVERCOAT +—13

Co MAGNETIC ALLOY {__2

Cr UNDERLAYER 411

NiP PLATTED AIMg |10

FIG. 1
PRIOR ART
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8. The nethod according to claim1, conprising sputter depositing a seed
| ayer containing a materi al sel ected fromthe group consi st] - ﬁ
?%#ﬁggghmﬁérei :

Ni [err] P, NWP9%{2689Ta. 9. The nethod according to c n
t he t hi ckness of the seed |ayer is about 200A to about 2000A. 10.
The met hod according to claim9, wherein the thickness of the seed |ayer

i s about 500A. 11. The nethod according to claim1, conprising

oxidizing the seed layer in an atnosphere of air or a m xture of argon
and oxygen at an oxygen pressure of adf3ut O ImTorr to about 200 Torr.
12. The method according to claim1l, wherein the seed |layer is oxidized

at a tenperature of about 20[err]C to about 280[err]C 13. The
mét hod according to claim 12, wherein the seed |l ayer is oxidized for nore
t han about five seconds. 14. The met hod according to claim 13,

wherein the seed layer is oxidized for up to about one m nute.
15. The nethod according to claim 12, wherein oxidation results in an
i nduced surface roughness havi ng

o)
3
BX/_L—\;. // 21
. |
' — 20

FIG. 2
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a Rp-v (peak-to-valley roughness) of about 10A to about 100A 16.
The«nst hod | to claim1, conprising depositing an updgg

cont ai ni ng ???9‘5(1%3/9% CrTi. 17. The net hod according to % al ?715816,
wherein the thickness of the underlayer is about 100A to about 2000A

14 18. The method according to claim 17, wherein the thickness of the
under |l ayer is about 500A 19. The thod according to claim1,
conpri sing depositing a magnetic |ayer coﬁi sing a Co-based all oy.

20. The nethod according to claim 19, wherein the Co-based alloy is
selected fromthe group consisting of CoCr, CoCrTa, CoN Cr, CoCrPtTa,
CoCrPt, CoNi Pt, CoN CrPt and CoCrPtB. - 21. The nethod according to
claim 20, wherein the

: WBRCANT 35
CARBON OVERCOAT 34
CoALLOY ~ 33
Cr UNDERLAYER L3
SEED LAYER 3
GLASS CERAMIC SUBSTRATE
~30

FIG. 3

TR SEED LAYRR G |CoALLOY |CARBON
oK | T ppogmon| VIO | e 'nfposmoul oeposirion|peposiion] UNLOAD

FIG. 4

SUBSTITUTE SHEET (RULE 26)
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t hi ckness of the Co- based magnetic alloy is about 100A to abouiygBRQMWAemprs

22. The method according to claim21, wherein the thickness off

magnetic al | oyP(GTabout 200weRLE
according to claim1

further conmprisin
to aboull n@ﬂww'awuw"gﬂw

K -sed

i
0

ran-nr ORGANIZRHON  The S
%gle an overcoat about 50A
Tﬁg'l‘m&&m?"&ﬁ AZY (BCT)

cl ai mﬂwﬁmntmmmhness of

200A hod accor di
conp |ses ca”éﬁhzwe err] or ﬁ(1:1\

-

e |QUS intePRtionhipubtiRitdh N t O alyyg 97/26391

ho claim 23, wherein the overcoat
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(57) Abstract

A magnetic recording medium comprising a magnetic alloy layer -

(33) having a bicrystal cluster microstructure and, hence, reduced medium
noise, is formed by depositing a seed layer (31) on a glass or glass-
ceramic material substrate (30) oxidizing the seed layer, depositing an
underlayer (32) such as chromium, on the oxidized seed layer, whereby the
underlayer exhibits a crystallographic orientation (200). A magnetic alloy
epitaxially grown on the underlayer having a crystallographic orientation
(200) exhibits a bicrystal cluster microstructure. An overcoat layer (34),
which can be carbon, and a lubricant layer (35) are deposited over the
alloy.
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