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METHOD OF MAKING HIGH PERFORMANCE, LOW NOISE
ISOTROPIC MAGNETIC MEDIA
INCLUDING A CHROMIUM UNDERLAYER

BACKGROUND

The present invention relates principally to the
manufacture of magnetic recording media used in rigid
disk drives commonly used for computer data storage.

In particular, the present invention relates to a novel
method for manufacturing low nqise high coercivity
("Hc") isotropic media ﬁsiﬂg"a heatéd subsﬁrate and
multiple nucleation layers, inciﬁding'a Cr-zlloy
underlayer. . A

Future magnéti: disky will be reguired to stors
increasingiy high'dénsi:j iat;l Th& raxacé*rQ -

performance of advanced magnetic disks is commonly
determined by four basic characteristics, known as
PW50, overwrite, non—linear—cfénsition-shift ("NLTS")
and media noise. These characreristics are described
in detail in Bertram, "Thedfy'bf Magnetic Recording",
Cambridge University Press[ pdblishéd=in 1954,
incorporated herein by refefcnce |

PW50 is the half width of the output szgna] (i.e.

the width of th

t

..*\‘

; Lt, cv of & ﬁuls= fram the Vumh its
rising nﬂaa rnaches one hu'r.n. its *Q ;r1d= *c ’ﬁﬁ
time its falllng edge falls t- uﬁé:héifmitsnémplitude).
PW50 must be_mlnlmzzed to achieve high recording

density. Means cf reducing PWSO include reducing "Mrt"
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(the magnetic film‘ﬁhickne:s;ﬁ times remanence Mr) .
raising Hc, 1ncreaslng hystereeﬂs loon scuareness:"s*"
and iricré@sing remanent.¢éevc1v** ;equareness :"S*remf,
ag described by Williams and'Comstock in "An Analytical
Model of the Write Process in Digital Magnetic
Recording," A.I.P. Conf. Proc. Mag. Materials, 5, p.
738 (15871).

Overwrite ("OW") is a measure of what remains of a
first signal after a second signal (for example of a
different frequency) has Eeeg written over it on the
media. OW is iﬁproved by ;aieing S* and by deereesing
He and Mrt. o o | '

Non- llnear *ran51tlon snmxt (NLTS) refers to. an

e

)"
0 N
:

unpredlctable shlft'ln the'T':iL?'a.éf the written
bits, which can cause an error., NLTS can be reduced by
reducing Mrt and increasing Hc.

High density media also need to have low noise.
The noise performance includes read jitter and write
jitter. Read jltter is prlmarlly determlqed by the
amount of signal- avalldble from a bit, and the noise in
the channel and head, and is reduced by 1ncreaelng ‘Mrt.
Write jitter is determlﬂed b" the intrinsic nalse of
the magnetic laver and can be reched by break1ng the.
exchange 1nteractlon between the magnetlc partlclee ‘and
by reduc1ng domaln percolatlon at the tran51t10ns
between magnetic domaina. This may be accomplisghed by
spacing the grains apart from one another by a few
angstroms or more, or by in;e;posing a non-magnetic
material or inedlaﬁor at the grain'bouhdaries, as

described by Chen et al. in ﬁPh&sical Origin of Limits
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in the Performance of Thin-Film_Longitudinal'Recording
Media," IEEE Trans. Mag., vol. 2@, no, sj_p. 2700
{1988) . 1Intrinsic media noise has been theoretically..
modeled by Zhu et al. in'"MiciémagneEié Studies of Thin
Metallic Films", J. Appl. Phys., ﬁol €3, nc. 8, .

3248 (1988). A reduction ia’ -mgﬁfpartlcnv exchange”

e,

interaction has éigb'been iéd'to an ihcréase in-Hc bv-
Chen et al. and by Zhu et al. in the aforementioned
references.

There is yet another source of media noise namely,
the grain noise. For media with well isolated grains,
smaller grains provide sharper transitioﬁs and
therefore exhibit lower media noise, both in the down
track as well as the'cross-tfa; dl*ecrlons The graln
noise is very important for furure h;gh recordlrg
density whlch w1ll have blt sxzes approachlng the
dimensiors of a few magneg;. g ins.

Most media made . today are .DIL¢~ redr, i‘a;'“é,:mﬁt
and S* are higher in the circumterential direction than
in the radial direction, as opposed to "isotropic"
media which have the same Hec, Mrt and S* in all
in-plane directions. It is believed that the
performance of oriented media.is poorexr than that of
isotropic media at high bit”dénsity especiallv in terms
of off-track noise and Lransltlou perrclatlon
Transition percolation is w01ce for criesate d veﬁi‘
where the magnet j ﬂgasy §fia_u;;s preferantially in the

c1rcumferent1a1 1r=ctlon F r thJs *eaﬁon, hi*h

density media are llkely tc be Jscf*op:c
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Hence future high den51Ly mcd*a requlre nlgh Hc
and Mrt, high S=*, small,*well 1501ated gralns and‘hd.
isotropic ‘Maghetic. propertiess At .present..media are i

commonly made- by using two mezhods: w. . .;.:v . i

wm

Description of Prior Art Manufacturing Processes

A. Low temperature media
In a first method in accordance with the prior
art, "low temperature media" are manufactured by

10 plating a NiP layer ontc an Ai ailoy substrate,
polishing the NiP layer and hen tevturlng the NlP
layer. Texturing-is achleved bv appl ng scratcnes to
the NiPp 1n a c1rcumferent¢al q;ae¢t1on to *eduee'a”
stiction between Lhe recorﬂi r h ad and the d1s"'.

158 Thereafter a nucleatlon layer, tobt hased al IOﬁ B
magnetic layer and carbon prctectlve layer'are
sputtered sequentially onto the eubstrate. This
process is described by Yamashita et al. in U.S. Patent
5,180,640; Such media are sputtered wiﬁhout substrate

20 heating or with hoderate heating, using a low rate
sputter process'(tyﬁically less Fhan abouﬁ 1
nm/second), using an in- llﬂe ‘sputter evstem The
nucleation layer is. typlcallv soattefed NiP, .whlch :
controls the graln 31ze of the magnetlc layer

25 Segregatlon of non magnetic elemenes 1so1ates the Co
alloy grains to glve high He and low noise. The Co
alloy grains have random c~axie'oriehéation. -

Such media has several advantages. The media have
isotropic magnetic properties irrespective of the

30 substrate texture. Little o:fno substrate heating is
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required which Smel .fies manu;actu*lnc and 1mp*ov=='
uniformity. The medla have cln-' unltorm ‘grain size
which is controlled by the nucleation layer, and
consequently have uniform magnetic properties and high
S*. Additionally, the procese can tolerate a

. . -9 .
relatively low sputter base prassure such as 10 Torr,

which allows the use of in-lins sputter systems.

Segregation isolates the particles and gives lew noise.
See, for example, U.S. Patent Application 08/286,653,
incorporated herein by refe:eﬁceﬂ )

However, the'disadﬁanuaqe of this pro:ese is.that
segregation of tne non maguet:t Pl?ﬂeﬂts,.WAl h'ief
needed to isolate the magnetlc gralns,-ls slow at low
temperatures. Hence the process requires a low sputter
rate to allow time for segregation to occur, and the
magnetic layer has to contain elements or compounds
which segregate easily, such as silica or CoO. This
limits the choice of :eqlcgentﬂ-nnd pfeveetm tiha use of
metallic segregants such. as Cr :f fa,.whieh segregate
only at elevated temperatures ‘ ' - o

B. High temperature:"orlented" media

In a second. mathod, 'otlentnc mad;a"'are
manufactured by platlng a i P Jayer onto an Al
substrate, polishing the NiP layer and then
circumferentially texturing,the NiP layer. Thereafter
the substrate is heated (tyﬁically over 200°C), and a Cr
underlayer, CoCr alloy magnetjr layer and carbon
protective layer.are sput“ered %equen Ja¢¢y onto the
substrate. Thls proeees- L& deetr1bed by Hedaecoth in

U.s. Patent 5 082 747. Sputterlng the Cr at .an
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elevated temperature, typically over 200°C causes the
Cr to form with a (200) crystal orlentatlon 'which in

turn causes the Co magnetlc al‘oy *ayer to Lorm w1th a

(1120), crysta1 orientat;cp;. Uﬂde* tneee condltzoqs the'
magnetlc propertles oF the f 1o a:e Seaeltlve to
substrate texture, i.e. the-Hc,¢M;t etc. are hlgher
parallel to the textﬁre lines'than pérpéﬁdiéﬁlarﬁ;c_the
texture lines (asideecribedeiﬁfBallerd eed'Ieng[ |
"Anisotropy Induced Signal Wavefbrm Modulaton of DC
Magnetron Sputtered Thin Film Disks," IEEE Trans. Mag.,
Vol. Mag-22, No. 5, Sept. 1986, p. 579 and in
Mirzamaani et al., “Orientatioanatio of Sputtered
Thin-Film Disks", J. Appl. Phys. 67, p. 4695 (1990)).
The Cr underlayfer grain size coﬁtrols the Co. alloy
grain size. Segregatlon of. Cr and btner allaylng
elements such as Ta in the ¢p;el¢oy 1ayer grain
boundaries isoclate the magnetichraine

Such media heve sever a+-nﬁ\a ?agee 7 Phe use.of'f
elevated tempera*ure for sp Jtternqu hronctee
segregation of alloying elements such as Cr and Ta
within the Co magnetic alloy, giving good isolation,
high Hc and low noise. High rate sputter processes may
be used, e.gq. greater than Sﬁﬁ/second ailowing the use
of static spucter systems eﬁckfe: Intevas 250A. Hc,
Mrt and-S* are nlgh ga'eli 1 ra:the c1rcum£erential
texture lines. o -

However, thefe are a]ee ﬁumerouelaisea§aﬁtages.
Hc increases w1rh Cr thchn ‘and typﬂcally Cr
thicknesses of over 60nm are reqqued o Gb*aln

sufficiently hlgh Hc, as described in the product note
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cf the C-3010 sputtct sysrem Erom 1ne1vq Cc 0 (¢okyo,
Japan) . Since the qraln size ﬁf tue C* fllF 1ncreases

with thickness, thls causes € lﬁzger Co alln 'c.ln size

and consequently hlgh grain n01se.' Addltlonally, there

may be multiple nucleation of Co alloy grains on the Cr
grains, as described by Nolan. et al., "Effect of
Microstructural Features on Madia Neise in Longitudinal
Reccrding Media," J. Appl. Phys. 73, p. 5566 (1993) and
the consequent clusters of Co. graing show poor .
uniformity. One approach to reduce grain sizs is to
use a ultra-clean vacuum sys! tem as descrﬂnea by
Takahashl in "ngx PoerFLVe Porc= and L W Ln.ef"'a“ulat
Coupling in CoCrTa Thin Dl'm PQCOVdLnQ “edl_ Fmb&;~d ed
Under Ultra Cleaﬁ-SPutterlngHPrpcessﬂ Jucnltted for |
publication to Jourmnal of Magneéism and Magnetic
Materials. This approach boosts Hc and therefore
enables one to use a thinner Cr underlayer This
causes hlgh Hc w1th smaller srains. .nu#c»ﬁj. such a
;:?Temﬁﬁt For o mast

process lS VEL{ Gilfioall

[

N

manufactuxlng uSLng ﬁp'*;—f;né ma hirelas'éascr:bed in
the Yamashita patent since fbe pane¢s.éﬁn~znuously
bring water and oxygen wher t1ty are expcsed to the'
outside env1ronnmnr durlnu bcad1ng and unloadlng of
disks. : R '_ A

An additionaiidisadvaﬁ:éée'of such.média is that
the magnetic properties of the media are very sensitive
to the presence of residual scratches and texture
non—uniformi*ieé in the sub rvaue *he medla relles on

EET I

scratchas te nga high Hc anu g+ a;ong the track but

.--:'\"1 Vv

the reSthlng medla has wnrsp m colatlon and n01se due

.o

o
Co~dL
| .
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to its anisotropic magnetic'prcperties. For high
density media with low flying height, the substrate
roughness needs to be minimized. It 1s dlfflcult to
eliminate residual scratches Weft by the pOl;Shlng
process:* The presence of resxdual scratcnes and
texture non-unlferm;ty causefmagnet;c;1nhqmogene;ties
in the media and create signal hoduiehicn, which'ls
undesirable, and even a very. svall numbey of re51duar
scratches causes_n hlf:._ 'edra Wluh 1sotrop;c
magnetic properties can OPLY "be ﬁadefwith 2 hlgh
temperature Cr underlayer proceSs if a:perfectly
smooth, or 'superpolished' substrate may be used,
without any residual scratches. However, it is
difficult and exbensive to manufacture e substrate

w1thout “es‘dual scret:hesf

Nl ey Yo t] 3 -
i~ . PR

least two poli. b sﬁeps;:_Alsc,ithe-ﬁechanicel
performance of smooth media fs:pbor'cecaﬁse'ﬁne'“
stiction between the head érd th

Hence (a) 1t would be an- edvantege-faﬂmake'medie
with high Hc, 5s M"d low Mzt guc with smal l ar" size,
to obtain lower'n01se, and (b} it would be advantagecus
to decouple the effect of substrate texture from film
magnetic properties, so that isotropic media can be

made with no dependence of t 2 magnetic properties on

re51dual scratches or textur
K T I T A SR S A N .-}.‘-.:,::=.,:-'..:..f__'. Tkl
SUMMARY
We have discovered thet“the megnetic £film
characteristics can be decoupr . from the substrate

texture, and tha* “h ain gize can be reduceu, by
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forming auedblaye;hbetween,thef$gbstrete"§g§.the Cr.
underlayer. -The media is constructed as follows:

1." A substrate ig made feum a NiP- platcd alloy,
glass, g1ass ceramlc SLntered carbon or other '

appropriate materlm"-wlth su_eanle texture.to"redhce_,

stiction.

2. A sublayer.is deﬁdsited 5htq"the'= bstrate.
The sublayer is typically nonmagnetic, crystalline and
is formed by sputtering. The sublayer may be deposited
at ambient or elevated temperature. Ambient
temperature may- be prefe:ab e Tor berter unlfo:maty,
though some hea"lng may be usr='q o opt1m1ze grain size.

3. ‘BAcr underlayer is’ ehOSJted over the’
sublayer. Cr grows epltaxtally'an the subleyet grains,
so the Cr grain size may be r ced by controlllng the
grain size in the.subldyer -dltlona.ly, che gumla
modifies the growth of the cf_iude laver =To] f}a 'a"'
(200) crystal orientation doea not predomenate even if
the Cr is deposited at an elevated temperature. The Cr
underlayer may be replaced bv a b.c.c. alloy of Cr,
e.g. Crv, CrMo, CrTa or non magnetlc CrCo The lattice
parameter of the cr alloy 1s thoaen to match that of
the Co alloy to optlmlze Lhe trvstal qualety ot ‘the Co
film and hence the magnetotry t l ine anlsotropy Ku.
The Cr may be dep051ted at amb-ent erIeJevated
temperature. Amblbnt temoevrfu*e may be preee*anle for
better uniformlt?;f : IR C .

4. A maéﬁetic.l-yer.is then, fe;med.on;tﬁe-Cr
underlayer at elevated temperature " The tesulting

magnetic layer is isotropic in the plane of the

This Sheet Has Been
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substrate, even lF the substra t fis textured.  The
magnetic layer is tvplcany a'»o oased allcv w*th
h.c.p. structure,.corbalnlna seo g r. g el nmert sucb

.,

as Cr, Ta, other metals w1th'l}m1 e& solubility" in cd,
or oxides, and Pt to raise the mégnetocrystalline
anisotropy and thus the coercivity. The large angle
grain boundaries in the Co promote segregation.

Thus the present invention permits isotropic media
to be formed on textured subsﬁfﬁgés or on substrates
with residual scratches, using a proces 58 which bncludes
elevated temperature and a Cr;ugcerlayer. The_medla is
isotropic and has no senéiti%itv:tc residﬁallsCratcbes.

The grain size ‘S's all io reduce n01 a;:-ségregatibn
occurs readily at the eleva*ed T mp . re 3t tﬁé ia;go
angle grain boundarles in the Co alloy to glve hlgh Hc
and low noise. Such media are suitable for manufacture
in in-line or static sputter systems and may be made on
any substrate. Media have betterx uniformiﬁy and lower
sensitivity to températufé'uaan coﬁ&é&tionéi oriented

media.

BRIEF DESCRIPTION OF THE DRAW JG

Fig. 1 schematlﬂally snowa-a orlorfafﬁ mégnéﬁiﬁi
disk including a h_xtureu ’Ubatfat° o i |

Fig. 2 shdﬁs a pair o.‘B q ru*ves for Th dlsk uf
Fig. 2. |

Fig. 3 schematically shows a magnetic disk formed
on a textured supstiate locililig w Trllea in

accordance with ouy invention,

Y
4
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Figs. 4A-1 and,&A—;,anw Hreury%smﬁga a magnetlc
disk including_a.te;turegisubst*ate a sputtered Cr
underlayer, and a CoérTa magu=t1e layer : Fig. 4A-1
shows the B-H curve in the c1rcum _ntlal erECLlon,
whereas Fig. 4A-2 shows the B~H turvt rn the rad al
direction. 2 '_. L

Fig. 4B shows a E-H curve for a macne ic'disk
including a smocth”substrate; afsputtered Cr |
underlayer, and a "CoCrTa maéne:ie'lﬁyefﬂ

Figs. 4C-1 and 4C-2 show B—ﬁ curves for a magnetic
disk including a textured substrate, a 2 nm thick Al
sublayer, a Cr uhéerlayer and & ‘CoCrTa magnetic layer.

Fig. 4C-1 shdws'the'B-H'éurvefin the eireumferential
direction. Figi 46;2 shows the B-E curve in the radial
direction. | o ._ B

Figs. 4D-1 and 4D-2 shew'EJH curves'ferse-magnetic
disk including & textured bhme cte,_a 2 nm tnlck “lw
sublayer, a Cr u: dexlayer;and é CoCxTa magﬂetxc l ayer.

Fig. 4D-1 shows the B-H surve nn rne.rlrcumfexe i 1.
direction. Fig. 4D 2 shows *he 'B-H curve in the radial
direction.

Fig. 4E shows a B-H curue'for a magnetic disk
1nclud1ng a smooth substrate, a 2 nm t“rck Rl sublaye
a Cr underlayer and a CoCrTa maanetlc 1aVer

Figs. 4F-1 and 4F-2 show. d " curves for a magnetic
disk including a textured "ubstrate, 2 16 nn thlck Al
sublayer, a Cr underlayer auq a CcCrTq magnetlc laynr

Fig. 4F-1 shows Lhe B-H L"rvc-rn the P;rfumferentaar
dlrectlon. Flg 4F 2 shows ha B H turve 1n the raﬂrar

direction.
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Fig. 4G shows a B H curve for a magnetic disk
including a smooth substrate, a.ls nm chick Al
sublayer, a Cr under1ayer aﬁd.u oCrTa magnetlc layur '

Fig. 5 shows’ :Lc relac_on batween coer 1v1t} avd“
the thickness ofhan Al sublzye riiﬁ ahﬂaqrrr ic dlsxh-“”ﬁ'

Fig. 6 shows the variation in coercivity He along
a magnetic disk track caused by residual substrate
scratches in a magnetic disk'lacking a sublayer.

Fig. 7 schematically shows the magnetic disk used
to generate the data of Fig. ¢:

Fig. 8 shows the varaaL'cn.;n coercivity Hc along
a magnetic disk track for a maqnetln disk i.:_uq ing an
Al sublayer. - .

Fig. 9%a is a TEM phot .%ph;of a ﬁagnat
comprising a substxate} a'érvuﬁderlayéf} and'a Ce &i;cy
magnetic layer co 44t:uctedvin acccfdahcc.with-the pfior
art. o -

Fig. 9b is an electron diffraction pattern
indicating that'thé-Cr underlayér of ihe disk of Fig.
9a is oriented auch tha* (206f £ilm plane.is parallel
to the major surface of t}e magnetlc dlak

Fig. 9c¢ 1s an electrcr c='f t1ﬂn Da “'“n

indicating that the Co allcy fllm is orlenfed =uch that

the (H20) fllm pla“e ls pav~t1e1 to the m;; or su:ﬁace
of the magnetlc ilsk _ .

Flg 10a la 2 TEM DhOfO”VGDh uf a ma c t. - dlsk;.
constructed in accordance with the invention lncludlng
a substrate, a NiAl sublayer rormed on wue suusciaLe, &

Cr underlayer formed on the Wil sublayer, and a Co

magnetic alloy formed on the Cr underlayer.
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Fig. lOb' is: an elactron_dlffracr*on pattern.J

showing that the NlAl sublayér o‘~~lg 10a ha= & random

crystal orientation.

s EE T PP

Fig. 10b" is an electron dlffractlon pattern
showing that the cr undevlayer of Plg 10a has a randém
crystal orientatiOn. ' ,

Fig. 10c is an eWectron ‘§i¥firaction patfern
showing that the Co alloy'léygr'of Fig, '10a.has an
almost random orientation. S . o

Fig. 11 1llustr:tes a disk: drive lncrudlng a .- .
magnetic disk co r ucted in. accordance W1th our '

invention. . o e L fg-

DETAILED DESCRIPTION

A method for manufacturinggmagnetic_media for
longitudinal recording in accordance with our invention
permits use of a hlGh temnerathre sputterlng process, a
high sputtering rate, and u ~.5f cgregan_ elements
such as Cr and Ta in rhn mago i' Co a1lov 'Oﬁr
invention also permlts forwatlon of hlgh coarcirity'
isotropic media whxch is subatantlally unzs fectédfby’
surface texture Features o ' ' '

Fig. 1 shows a prior avt magneclc disk formed wich
a high temperature sputtering process.

Referring to Fig. 1, a prior art magnetic disk 20
includes an Al alloy substrate 22 covered Wlth plated
NiP layer 24. A texture patrern is schematzcally shown
in disk 20 1nc1ud1ng a set or ridges R and Valleys v
extending in a d1 ect*on Ur."h C* underlayer 26 and a

Co alloy magnetlc layer 26 are formed on NiP lqyer 24.
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Cr underlayer 26 is typically formed by .sputtering
after substrate 22 has been heated (e.g. to a
temperature greater than 200°"f and forms w1th a (200)

crystal orlentatlonaf Co a“lt} 1eL1c 1ayer 28 grows

with a (H20) crystel orlentatlaﬂ;-' | _
Fig. 2 shows two B-H curvee‘ A first B-H curve 32
shows the characteristics of magnttic fiim 28 along
direction D1 and e'eecend B-H ctrve-:é snows the
characteristics of magnetic fil: 28 eicng a direction
D2 perpendicular to direction D1. As can be seen, the
coercivity Hec, along direction D1 is greater than

coexrcivity Hc, alcng direction,Dz. One measure of the

anlsotropy of fllm 28 is the wziue HCOR = Hc,/Hc,. (HcOR

is generally krown as the or’ev stion ratio.cf He.) A
typical priox art-magnetlc\fllm'haSga HcOR value of

about 1.4.

0 I

Fig. 3 shows a magnet_.:ﬁiﬂk 30" in accordance
with our inventisn, inelu 1ipe 2 sublayver ?E forned
between NiP layer 24 ahd or underlayer 26. Sﬁblayer 28
is a crystalline fllm (typlcaliy metarrlc nAUnAgLatie
and formed by sputtering) which encourages Cr layer 26
to grow in a manner other than with a preferred (200)
orientation. Inrone embodiﬁeﬁt sublayer 25 causes the
crystals of Cr 1ayer 26 to erow in a more random |
manner. In another embodlmenL -nublayer 2% causes the
Cr crystals to grow w1*h a preferreq (110) rrl xnt atlcn.

This prevents Cr fllm 26 frnm grow1ng w1tb a preferred

(200) orlentatlon, and preven“s Co allov fllm 28 £rom
grow1ng with the (IUO) orlentatﬂor’ eoc1eteu witn

texture induced anisotropy. - Juviayeis el ggtgli.be

CeANR I
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crystalline to promote epltaxv w;th the Cr but should
not have a (200) orl .tatloq (Lllm 28 growq in-
epitaxial relation: wlhh Cr unde*¢~v b3 ﬁg fa*i::¥‘“;5*
In some embodiments,'sublayer 25'cavvbe=formed
5 from a material that does not include Cr (or does not

include a substantizal amount of Cr).

MATERIALS USED IN SUBLAYER 25

In one embodiment, sublayer 25 1is a material with
10 a B2 crysﬁal structure, such‘as Nial (Eb% Ni;.so% al by
mole). (The term "B2 crystalquructure" is wer known
in the art, and ls_aﬁ o”eome_.mes ‘referrsd to as a :
cesium chloride =trurture : N1A1 tandb;c; grow_wann-a

random orientatidn._ The cr)

=
=.

~ gl e
.;alr‘\.-J-s-c.‘

15 NiAl closely matches that of Ca,hanéléﬁ; ces the Cr to
grow with a random orientation, even when sputtering
occurs at a high substrate temperature. (Cr has a BCC
crystal structure.] In lieu of NiAl, other B2
materials can be ﬁéé', é.g; {Cv, To, Ni, Pd Fe. Ru,

20 Cr, V) Al, (Ag, Bu) Mg, '("Cc,': LQ i, Pd, Fe, Ag, Au)
Zn, etc. When sublayer 25 is a Bz urvstal sLTLctuYe"

material, the lattice parareter a preferab;v equals

between 0.26 and G.3% nm :u;n]mafnv'““# t'plcaiwy"'

grow w;:i 2 17

'!-J

C?'"“ant=;iﬁw o aﬂJdndom ﬂrlettafndﬁ

25 The reference to (Cu, Co fwl, Pd Fe, Ru Cr, V)
Al in the above paragraph ﬁeans a Bz materlal of 50% Al
(by mole), with the remalnlng 50% comprising one or
more of Cu, Co, Ni, Pd,'Fe, Ru,'Cr, or V. The
reference to (Co, Cu, P4, ﬁi{ Te, Rg, Au) Zn means a B2

30 material that is 50% zn (Ly wole), with the rehaining

This Sheet Has Been Replaced

S




Oct 141937 [:50PM  SKJERVEN MORRLL . ="

3gd>s0

o

20/54

,],:

R
Cad
—

i ‘: EX " ..' . 0 J

50% comprising one or more of.Co, Cu, P4, Ni, Fe, Ag or
Au. . '
of importance, some, of tc: above-.isted B2
materials form Wrth =1ther 42 'r ?Cu structureshf.”
5 depending con the substra e tem;writuve darrne"

deposition. These materlals &n be uzed lr tbeﬂr BF

form when they form with z
random orlentatlna,..w'"-
In lieu of the»above-menﬁiﬁﬁedjE?fﬁateria%s;1':'
10 materials having a BCC crystallstructUre'tnat grow with
a (110) orientation (or a random orientation) can be
used as sublayer 25. Such materials include Cr (when
the Cr is sputtered at room temperature) v, W Mo, and
alloys thereof. Other BCC mé als 1nclude Cr with
15 less than 30 aromic:% Tl, Nivuﬁiijkl or’ Co The
lattice spac1ng parameter a“sﬁould be between O 26 and

0.32 nm.

4
oy
¢

(Cr grows with:a (4Uu; widaataticn, woal 3

at high temrera.t‘a;; Frdom THEGT cwlamtalion whan

20 sputtered at low tnmoeratutes _
Crystalline materials other than the above-
mentioned materials can be used as long as (a) the
lattice spacing 6f the sublayer material tends to match
that of the Cr underlayer, aﬂe:(b) the'Cr crystal
25 orlentatlon ls altered by rhe sunlayer so that the Cr
does not grow 1n a preferred \”00; orlentatlon.

In another embodlment 1ﬂutead of formlno subla?er

25 from a "naterla1 w1th a a"wt BCC crysta‘ <-truf'tm-e,

sublaver 25 comn*1ses a materla’ hav1na a FCC crystal

30 structure such as r‘u Al ox. a110y- thereof -Sucn
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materials tend to grow Wlth a \11 ) orlentaelon. The

lattice at the top of the fw'm naq thee fo symmepry,

and tends to cause *he Cr tec g1o~ random|y FCm

\.

materi als that grcw drth a'“andﬁw crysta_ hrlenratlon E

TN

can also be used’ " For FCC matevmals,-rne Lattrca
spacing parameter af should e ’i,:S.-..bct {plus coxr minus
10%) or 1.4la,. (plus or minus 10%), i.e. ap = 0.30 to
0.45 nm, and typically about 0.40. (The term 1.15ap.
means the gquantity 1.15 times the lattice parameter a
for the BCC material used tc f:rm underlayer 26, i.e.
1.15 times the lattice parameter of Cr. ) .

In another embodlmrntr Su:,ayfr 75 is a m=terlal
having a HCP structure such anTi. .ra d~ :o grow _
with a (0002) orieﬂtatien:_ndthec HCP macerraas iaclude
Zn, Mg, aiioys of ii,. G and iy, ani mme sgmasie o

e

alloys, =.g3. Cof

ﬂ.l
\.

Jgh L

nm.

USE_OF _MAGNETIC MEDIA IN A DISK DRIVE

A disk 20° in.accordanée with the present
invention is typ1ca‘ly used ?a'a disk drive 80 (Fié.
11) in which disk 20' is mnvpted on a rotor shaft 82
which, in turn, is rotate _ hy'a motqriaaﬁ A paxr of

read-write haads sma, are TOLnfed on the erd of

assoc1ated arms ora, 880 Ha ds BGa Bﬂb can be_ﬂinﬂ

ferrlte heads, h*h f11m heaH= macneto za 515t1ve
heads, or other tvpes of read-writa’ neads Heads;&&a,
86b "fly" in proximity to disk 20', where they can
write data to and read data from the magnetic film on

sides 90a, 90b of disk 20', respectively.

P 21/54
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Arms 88a, BSbfear-bémeved“faward'or cutward'

'x*‘...,-tu-

(directions 92 apdisg respet‘*Vcly\ tc oermlt keadsiw

86a, B86b to aceessidata tracks:et-drrferent-locatlonsgj
of the disk. Motion of arms ‘883, 88b are controlled by
5 a servo motor (not shown). Examples of disk drives are
disclosed in U.S. Patents 4,949,202 (Kim); 5,025,335
(Stefansky); 5,027,241 (Hatchi; ‘and 5,025,336
(Morehouse), each of which'is incerporated_herein by
reference. A disk in artordance dlth our invention can

10 be 1ncorporated Ln other types or dlsh derE° as we_r.

EXAMPLES

A set of Al alloy substrates were ﬂovered w1th B

micron thick NiP by electrolese platlng and then ’
15 processed as described below.

A first substrate was mechanically textured with a
circumferential texture havlna aﬁ Ra of about ¢ nm.
Substrate A was then heated e o temperetare of 230 C,
and then a 50 nm thlck Cr 1:ye1 and a 42 nm thrck

20 CoCrTa magnetic layer were de”oe tei ﬁn the N1P ' The'
resulting magnetlc disk is nerelnafter referred to ‘as
disk A. |

A second substrate waslsuperpsjlsl '_t_fhs _e “1f
substrate was heated to a temﬂerature of 236°C, and5then

25 a 50 nm thick Cr layer and a 42 nm thick CoCrTa layer
were deposited thereon. The resulting magnetic disk is
disk B. | o |

A third substrate waS'mebhanieaily textured and

coated with a 2 nm thlck Al 43yer The -dwrd substrate

30 was then heated to a tempefatuve of aoout 230 C and
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then ccated with a 50 nm thick Cx layer and a 42 nm
thick CoCrTa layer. The resultipy magnetic disk is

disk C.

A fourth substrate was meéhinica ly textut ﬁ,

heated to a temperature of 230"7, and coated witii 3 2 7um

thick Al lavyer, a ¢ am chick Cr Zaver snd a 42 o

A R
Sy )

thick CoCrTa 1ayé?!f The r51u.»'u0 ﬂaehcw;*.iiéf'iS"”’”
disk D. (Note that the differsnze betwaen disks C.énd
D is that in disk C, the substrate was heated after Al
deposition, whereas in disk D, the substrate was heated
before Al deposition.)

A fifth substrete was s#pérpolishede. The f£ifth

magnetic disk 1s d 3k .

A sixth sun:trate was meraenlea;xv_t:x ured..yibe
sixth substrate wa thern h~~ Lot te o3 avre"VHVQ cf
230°C, and then coated w1th 16 nm thtck Al 50 nm thick
Cr and a 42 nm thick CoCrTa tayer. The resulting
magnetic disk is disk F.

A seventh substrate wa.s «uperpﬂllskea The
seventh substrate was - coated ULLH 16 nm thlck al,

heated to 230 C 10 nm tbﬁ*k'CQ anﬂ a2 nm thﬂ”k CoCrTa..

The resultlng magnetlc d1=k s dlSK G

For dlSkS A to G the Cr was aputtereu Witu d

L

power of 2.0 kw tox S s&bﬁuia, SC 9. D WL LY peEnnTe
with a 200V sucstrate bia and. tre '«rrTu"was
sputtered with a power of 2 kw tor 5 seconds at 11

mTorr with a 200 volt SUbStTnte bias. The ColrTa was
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o T I




il L 1997 LoniBH SKJERVAN HURRIL . ,
Pt SHERGRILL 3 P/

Lo Sputterxng'was
. R e ml
pnrformed in an In gvac spu“teL‘na machina nodel 250a.

H -.,- L ¥ —-,. - -l f-'; i-s--." ny et s F : L )‘r

o b5 HER

10% Cr,%é%?Ta— and the-remalnd».

BRI

Fig. 4 shows uhe B- H cu*te - Fox dxs&s A to F as_:_a

set forth in Téble:I below

. E
Table I-
B-H cuxve Description
4A-1 . B-H curve for disk A in the
circumferentiai &irection
10 . .
4A-2 . : B-H cuvve fcr 01z&'A 1n th
: radial dlrect;on  ?
4B P B-H curve for dlsk B
15
4C-1 B-Hicurve foridisk C an thg Lo
ci réumferevu4¢l dLrectloq .?; =
4C-2 B-H. curve for d*sL éT-A tha?[if 
20 radlal dlrecrlon
4D-1 B-H curve for disk D in the
circumferential direction
25 4D-2 B-H curve for disk D in the
radial direction-
4E-1 B-H .curve for"d'wk E in. the
c1rcumferen+1 l dlrectlcn o
30
4E-2 : B H curve fO”'dlSk E _ﬂ the
radial dl*e'*lnr
4F B-H curve Lux'lek F
s LR ' R ST
4G-1 Bl uurve rar dlsk G in the
circumferentlal dlre i n'
4G-2 puH curve for- 4-ax G ia ths

40 radial direct;on

Table IT summarizes magnetic data derived from
Fig. 5.
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Manufacturing Process

Tex;une/heat/C;/CoCrTa
Textﬁf?/peat/éx/CoCrTé
smooth/heat /Cr;CoC:Ta
Texture/Al (2 ma}/heat/Cr/CoCrTa
Tex;ure/hl_(2;nm)/heat/Cr/CoCrTa

rexturz/hezt/A- (2 swat JCr/CoCrTa

%e%tﬁfé/héat/gn {4 am) sCr/CoCrTa S
Smooth/heat /Al (2.nmi/Cr/CoCrTa
Texture/heat/af (15 nmj/Cr/CoCrTa

%exyhré[heut/AL (156 nm) /Cr/CoCrTa -

Smdoth/hea;/Al 11¢ am} /Cr/CoCrTa

Bl

0N

e

pe/e? 4
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As can be seen, for disk Ai.magnetic coercivity in
the circumferential dlrectlon (iqe. parallel to the
texture lines) wasJ1805 Qe, whcrdas in. the radlal
directiom (i.e. p§£§§p§£§ﬁ%§ ﬂto‘Fhe‘Ee&tpre lines)
coercivity was 1250 Oe. The ¥ O«.was 1cOR/1450 or'

about 1.44. Mrt, 31 S$* and ,st?~1m11a:-y v*rv,

depending upon wnether the‘e_va'ues ace t?ke from B-H

curves parallel . to ‘or perpend uiax to the rexture
lines. (As mentioned above, Mrt is magnetlc remanence

times thickness. Mst is saturation magnetization times
thickness. S and S* are parameters defined in U.S.
Patent 4,749,459, 1ncorporated by reference.)

Curve 4B was qene*at d us inc a moofb dlsk and

3

s

therefore exhlnlted 1sotrople marnetlﬂ ﬂharacterlstlcs.
The Hc, Mrt, S, S* “and Mst~ vﬁliés were all in between

the corresponding values for hurves 4A 1 and 4A-2.

Disk C was manugacLuzg 19 the ame process as
disk A, except pricr to he '_gf a 2 nm:thick Al lavex
was sputtered onto the dlsxu I the‘cxrf mferential

direction, coercivity was 16i§ Qe, whereas in the
radial direction, coercivity was 1602 Oe. HcOR was
1.01. Thus, a very thin Al iayer (only 2 nm thick) was
suff1c1ent to cause almost 1socrop1c coerc1v1ty

characterlstlcs The thln A¢'sayer also caused the

bl) o RO VPR, L
2 g

e Dy Sy Bdesa HEL,  SU

other magnetlc parameturs

become more isotropic.

It is noted that in diskié coerc1v1ty is si 1ght¢y
less than the coe::1v1ty of d‘am A the ' _
c1rcumfe;ent1al dlrec*lcn jHéweverj~tHis ig a smaiiﬁ

price to pay in return for a reduced HcOR value. (It
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is alsoc noted thaL Lﬂ dlsk < is higher -in

the radial dlrectlcn fhan dwsxi”

Disk D was manufactured WLLN.Lhe same-ﬁrocess as
disk C, except the substrate was heated prior to Al
5 deposition. As can be seen, HcOR for disk D was about
1.00. Thus, the thin Al layer caused the coercivity to
become substantially isotropis. regardiess of whether
the substrate wasuhéatéd be‘orala; aftsf Al depdsition,

35 'digk D,

Disk E was m_”uFactqre”'
10 except without texturing. The. rf*aqne*':l.c characferlstlcs
of disk D were isotfomic,_ Laerc;v1ty was somewhat;mess
for dlsk E than :LSk D. o -_ | _
pisks F and "ware man;:iafﬁhegazﬁg;way-as“dié#saa
and E, respectlvely, except usi ﬂg 1€ nm thick Al
15 instead of 2 nm thick Al. As can be seen, in disk F,
coercivity was essentlally lsotrcpl- (HcOR=1.00), as
were the othﬂr magnealc param~*ers .Disk'é also had
1sotrop1c characfpr thS o |
In summaryu the above Gana gem;qsguﬁ,;;'b;_;'L"'l;
20 sublayer causes cﬁe oer 1v;tg t& Ea 5;batanéiélly: '
zsotroplc in the plane of the magnetic fiim;. E”sliéhtl

drop in coerczvm:v H and ‘sguarsness S in the

o

c1rcumferent*a1 alrectlon is_aﬁperienaed, hut ?lis~*

should be a smal; prlce to pag *or 1m rovnd 1sotrop¢c

25 characterlstlcs.
Fig. S shows circumfer=ntial coercivity versus Al

thickness for dlsks manufaccured as set forth in Table

III below

. . .
. G ey en s B T,
gt : - = e 2y
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Table III-

Curve Substraté_ - Manufacturing Process

40 Smooth . heated :and then Al, Cxr and
' CoCrTa. deposited. .

41 Textured .. ; heated,and then Al C and .

CoCrTH e u=1tei T

eu,‘nea ed and thon
rTa deposxteﬁ

a2 smooth Al“éeﬁ'

ed, nd
p osited

e
pe0)

43 Texturadti‘ﬁf. al dapo ited,
Cr and .CaCxTa

’l
(Dﬂ

As can be seen in Flg 5,.fnt.uc.¢l ;e§=r
(thickness=0), coercivity fox'fextured dlsks was
greater than for smooth disks (about 1850 Oe versus
1350 Oe). A thin (2 nm) Al.iayer sublayer causes the
Hce values to con#erge to a vaiﬁe nf zbcub 1600 Qe. For
thickez 21 films in which t}olaﬁostfaté“ié heated prior
to 2l déposition, coerr1v1tj _e cs to remaln constant
as Al thickness fncrnases .Forrdlsks.heated afcer al
deposition, coerc*v1fy tends "ty drop with incrsased ‘Bl
thickness. .

of interest,fan,A] f;l@'ﬁan&s e caﬁse diék
coercivity (for.disﬁs w1tb é téxturéﬁﬂﬁibétrate) to be
similar to the coercivity of a smooth, untextured disk.
This behavior occurs for textured and smooth disks in
which Al is dep051ted before heatlng and for textured
and smooth dlsks in whlch Aj;is deposlted after

heatlng

One advantagc of a disw nade ;z_w:~7*i:;t -

our invention 1s that we aleo scratch 1r*duced

variation in coerc1v1ty. :or ﬂxample ng 6 snowa

variation in cotr:;v1ty v pullshvﬁ magnetlt d1sh 50

(Flg. 7) hav1ng reqldual oaral;*l at"h'mafks 51. A=
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S

28/54



uet 14, 1397

181536 No, 3443

10

15

20

25

30

[192PM SKJERVEN NORRILL

Ao

E e L

can be seen, coerc1v1ty varlae oelween =bour 1700 and

2600 Oe, as one me Sures: Foerelv:ty drcund N tra*k*ﬂﬁﬂ

1. 2 1.4, e d '

Measurements were ;aken at -sﬁfd
1.8 inches”from‘the?tenter efﬁfju
54, 55, 56 and 57 _'spec:#vég”-;

sublayer,'we can dmuld suc“xe-'.' coereivit
variation. Fig. 8 shows COETC'ViuY He ror a magnetlc-
disk similar to that of Figs. 6 and 7, but including a
2 nm thick Al sublayer. Measurements were taken .8, 1,
1.2, 1.4, 1.6, and 1.8 1nches from the center of the
disk (curves 60, 613 62, 63, &4 and 65, respectlvely).
As can be-seen: the varxatlen;Lﬁ LOcIClVJ*Y for th

disk of Fig 8 is substantlalxv less than for F:g

suggesting that the ‘Al sublaver'nreve nts Hc varlethn

Crw . Dot

caused by res1dua1 ccrarchee T

. et

In Flg. 8, coe‘c1v1ty varies hetweer'abou\ 145%

and 1500 Oe Var1at10n apuea 4'*0 b ted to the.
distance from the center of the dlak It is believed
that this is caused by temperature variation across the
disk surface durlng sputteri 9.
In a =e~ond °Xherrmnnr wa Drov1d d~en NiAl
sublayer instead of an Al sublever Table IV describes
a set of dlsks H to S.: Ear"h a. k ﬂ. to S anluded an Al
alloy substrate, NlP plated onto the Al substrate, a Ccr
underlayer, a CoCrPtTa magnenlc alloy layer, and a-10
nm thick carbon overcoat-#:The LoCrPrva maqqet1c ]ayer-
included 16 at. { Cr, 12 A*: 'Pt:anderuﬁt & ”a, wrrh the
remainder Co. Sputterlng was . accompllshed with an

Intevac 250A system. The NiAl, Cr, CoCrPtTa and carbon

were sputtered at a pressure of 10 mTorr, 6.5 mTorr, 11
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mTorr, and 7 mTorr re&spectiveli: - A substyste bias of ~v

300v was used durind ‘sputteringios’ Cr it COCGLPCTE. & -

This Sheet Has Been Replaced

AEHRER




383536

S)
=
P
<D
e |
TABLE IV
o
: NiAl Cr CoCrP(Ta ~
i : Thickness | Thickness | Thickness -
- Disk Substrate | (nm) (om) - (nm) He- Mrt Mst S* Sq HcOR Hr S
H Textured 0 4% .2 2693 0.55- 0.65 0.573 0.834 1.33 3106 0.773 3
—. : =1
-~ K- | Smoothi: -] 0 oA 7536 0.55 0.74 0.576 0.725 .00 2970 0.774 =
= - " 7 : r— : - - =
N Textused - 14 |4 22 1812 - 045 - 0.67 0.430 - ¢.56) 0.98 2316 0.713 .
-0 Textured 28 41 22 2149 047 | em 0.533 0.665 0.98 2659 0.722 =
. T . . K t_T
- P Textured 42 - 41 22 0.45 0.72 0.576 - 0.674 0.99 2787 0.760 |
X 6 | Texmreo s 36 44 ) 0.48 9.66 0636 | GiM 0.99 2896 0.781
e S s e . g -] — S T
| B | Testwea |3 2.5 22 SOV TR I W 0.363° LS,y Lo 2169 0582 |
- v o —t——— .__...-_ - - _'_......_.-..__...-.-.....-!,._._.. T 2 -_.. - =] .r_.:_._-...___.f:f'!....ﬁ..;-.-_.;._.__..._.—__--.._._. ”
S Texiured 56 20.5 22 245 [ 04%- 47 AT 0.648-- QERY 26, 2722 0.80(
— &
—— 3
=
T
R £
— >
j—
—_—
—— O .
— s
2] —
—"0, -
I D .
3 g
[=9 .
Cad
<
(45 o |
.
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All sputtered layere exoebf the ‘NiAl were

sputtereo after hearrﬁq the ubrprate te 250°C.  (The

NiAl was sputterepﬁon;o,;heﬁ“‘bsgrate zt room

temperature.) o "”:’Er.' .

For all disks:.the satdreeioﬁ hegnetization of the
magnetic layer was about_320-§muﬁgm3.

As can be: S:c“,f e Tabie_ﬁV. for textured
substrates without the NiAl, Scéi we; between 1.23 and
1.33. We were abie-toiredqoe??cﬁz te 1.0 by
eliminating the texture end ﬁsin? aasuper smooth
texture. We were also abTe L;:reduoe HcOR to about 1.0

by prov1dlng the NlAr =dﬁl ver even for textured disks

Also as can Ce seen from{.

increase’ coerc1v1 y Fc byluﬂc;e'eing Lhe'NiAl
thickness. For_examp'e,'lf Ln ! NiAl is S€ nm thick; Hc
equals about 2563 Oe, whereaw 1F the NiAl is only 14 nm
thick, Hc is 1812 Oe (this is for the case of a Cr
layer that is 42 nm thickf'-'Tnﬁs the penally Cus PEyE
in coerc1v1ty by prov1o1ng e“e_-rAr ;éy;r can be
mitigated by maklng the NlaL vn;eker mh1cx Nial
causes Cr and thereforo CoC:-ﬁwc £ q.ow Wi th'targer
grains and better lso7atlon:;'.nls raWaee coerc1v1ty
Hec.) A 51m11ar re sult ls agﬁ;eved for a dlSK with a

20.5 nm thlck (*ilnyer

Figs. 9 and’ 10 111us i ?ﬁth 2lts of another
experiment we performed us1ng an NlAl sublayer Fig:

9a is a TEM photograph of a- “ebue_rc ¢ial including a

-

substrate, - epue--_M_.Z:,ﬂTf:" mwev  3nd sputtered Co

. .....l.... cacen Paate
alloy magnc.;c 1=yer coﬂstrvrred 1n ac cord ance with the
prior art. The Cr undelraynr .1d Co ’o; were
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sputtered while tne substrate wa . . -Ay can. be .
seen in the elec:ron dlfFract1on prtreln in“Fig 9b the-
Cr underlayer grew predomlnantly1w1th a (299 c:ygtal

orientation. As cap,pe sgep“}ph;+g BCJ“Eh? Co alloy

layer grew:with: a predomlnantly 0120) *rys*

B A M o,

orientation, ThewCOaalloy.q-mw.gn-anfepu;‘x;al._
relation with the Cr underlaveL: ) | |

Flg. 10a is a TEM photrqra.ﬁ of-a’haénetif aiSk-in
accordance with our 1nventlon,-1ﬂclud1ng an Ninl |
sublayer, Cr undefiéyér and C; dlloy maGWPg;C layer
sputtered onto a sub:trate ln tnar bEd&l ?.Eig, i0a
shows that the graln size ot. he Co alJoy magnetic T
layer is smaller if the NlAl =3 b1ayef is formed.

Fig. 10b' ls zn slectron d ffractlon pattern
showing tbat rhe N1A1 sub1a§é£ of Flg '10a ‘has a random

crystal orlentatlon

Fig. 10p" is an elect;ﬂq;Eiffréttiﬁﬁuééttern
showing that the Cr undarla?ei'sf Fig. 10a grew with a
random crystal oiieﬁtatioh!'fFig loc an elec
diffraction patterﬂ show §'tn§é the Co alloy macnerxc
layer likewise qwcw wlbh 20) édmpst IuﬂRDT c:yst
orientation. The Cr grew . in ‘an Gp;-_Yl felation on
the NiAl, and the Co alloy gre¢ in an epltax1al
relation with the Cr. oL

Table V beio&lshohs aédiﬂional daca for magnetic
disks lncludlng an Al alloy nuDSt“a 8. piated with NiP.
The disks were heited to 200 ”C ~and S0 om thick Cr and
40 nm thlck CoFrTa were srLEr d thereon - h di;ks

1ncluded elther a Cu subldver 2T 2 Ti aLblaye Far
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textured disks in Table V, coercivity was measured in”

the circumferential directiom.'

TABLE Vi

He, Textured 5. Hen 2olished - Pl
Sublayer Disk ST Digk : - % Ditference
38 nm thick 1137 i0ok 2.8
Cu
76 pm thick 1134 . L 1ias . -8
Cu : ’
114 am thick 1136 . R LT I -1.9
Cu
15 nm thick €17 777 -20.6.
Ti _ L .
30 nm thick 640 - T - -17.2
Ti ' ;
45 nm thick . 707 . LBl : : -12.8
Ti - . . . .

For disks 1nc1ud*ng a C" sul :e:, texturan and

pollshed disks exhlblted neorJ} ldentﬂcal coerc‘v1tﬁes
(i.e. within 2 to 2% of oné am@tner). This
demonstrates that £or thesa digks, thefsuﬁétraté
texture had llt*le or nc etical on.cﬁércivity.

For disks 1ny¢uo¢ g & Tihﬁgblayﬁﬁ, the polished
disks exhibited higher coerciﬁity so there was some
effect of substygte-texture_onfgoercivity. Also,
coercivity was fairly low.

In summary,. {r has-been:shown that.a crystalline

sublayer (typlcally a metal; Fhat prevents a.Cr film

from grow1ng wlth a (200) crys;al ~r;entathn can be

used to cause a Co alloy muﬂﬂ°tlc F1lm to grow 1n a

manner other tban w1th a prefe ed (IUG) crystal
orientation, and in a'manng,: rat.- J= not dependent on
the substrate tegxfture. Ehgurgﬁpl;}pf Co film is

e Wl e
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substantially isotrqﬁi; in the plane of the magnatic
film.

While the lnveq'lcn bae been de=¥;

YT ,,.‘,.

en. x.;-.J.
respect to speﬁlflc embodlments those'sxllled in the
art will appreéiate that modifications can be made
without departing from the spirit and scope of the
invention. For example, in lieu of Cxr, layer 26 can be
an alloy of Cr. In cne embodiment, the Cr is alloyed

with another material such a;_e;,.v nrlMo' '.r_can be
1

alloyed with other elements Aé*wé' bat the Cr. al‘oy

should have a BCC crystal qtrvﬁ:;re. Layer éé'i
typically betweep;;gand lQn;nm.ruack e

As mentionesd ‘above, tha’ magnetic all o»-lsﬂ"
typically a Co baeea'ailoy;ﬂanda;n SONE emooaiments it
can be a CoCr'alley_of & Ccﬁ;sallﬁ;. Thea ﬁagnetic
alloy is typically a CoCrX ailov where X is either Pt,
Ta or both. The magnetlt a;le' can =2 rta:n other
materizls as well. |

In one embpdlment, Co ailey.magnetie iayer 28
comprisee CoCrTaétf wﬁeteih?fﬁeiﬁr-fs:betweeﬁ'ﬁ'and 25%
Cr, the Pt 15 from 0 to 209 %?L& typiealif_abbat fiitc
17%) and the Ta is f*om a tt"aé%. ( '

are in atomic perﬂ-nt )

.}Ve;- 7-" —’l"-' H‘I.—C"._._

...J

Cxr

.'ﬁ.ryglcallv

sputtered at an elevated temneratureJ’ For example '1n
cne embodlment substrate 22 is heated to a temperature
greater than or equal to about 200 C durlng or prior to
sputterJng layers 26 and 22. If tne subetrate

temperature ie too great 1-.MHL1 either warp or cause

the plated NlEﬁlayer_tc crystallize {p at d V*P is

This Sheet Has Been Replaced
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typically amorphous). Generaiiyﬁithe substrate
temperacure is keoE'bélow about’ 350°C.

In some embodlments. the suBstra;g'iS‘hgatgd

before dEPOSItlon pf aublayeL ?5';but_1n.qthgr“_

embodiments this is not ;gqul' ,anla r;i'is

typically between_ﬁxs and 10 el 1‘J.ck and iR onp

embodiment, 2 nm thick. The, suztace upon whlch

‘roughness Ra gredter -

W

sublayer 25 is formed can have.,
than 0.5 nr and 1Eésfthan 5_nn 3g me=%ured qy.atcmic
force microscope.” Fotmation of. .smbiaycr JS‘tYpically
does not contribute signific;ﬁq}y_to the cvarzll
roughness Ra of the disk, and generally contributes
less than about 2 nm to the-6Vg?all disk surface
roughness Ra. | |

NiP layer 26 15 typ1Ca11y 5 to 10 pm rhlck and -

typlcally 8 pm.

In lieu of a ViP coated ﬁl substrage,.oqnsr

substrate materla_a éuch as ;¢“hs can be uaeﬂ In ..

addltlon, vacuum ﬂen051t19v echnlquos other than

sputterlng, e.g. EeVapoL ati gni _
layers in magnetiz media in wﬂhhrdancézwiﬁh our
invention can be of varloué approprlate th*cknesses
The protective overcoat can- be materlals other than
carbon. (For example, the prctectlve overcoat can be

Z2r0, or hydrogenated carbon . cordlnaly, all such

changes come w.thln ‘our 1nvent on
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CLAIMS B
What is claimed is: -~ - "fu}h%;;
1. A merhod for manufagtuzvng a magnetl' disk

5 comprising the stbrs oE

rormlnc ~crystalliﬂem~“

substrate;
depositing a layer'ééﬁpfiéing Cr on said
sublayer and in an epitaxfél relation with said
10 sublayer, wherein said érystalline layer prevents
said Cr from grow1ng w*b“ & preferred (200)
orlentatlon,'éhd ' | B |
formlng a'Co pase éiﬁggnét'c iayer on said

layer comprising Cr and :

.3

an epitaxial relation
15 with said lay o comprx 1rﬂ,Cr,

where*:'s id mﬂgﬂer:',éisk_is heated : o at

. (u .

least 150°C'pr10r-to gajid grep L Cepositing Sdéu

layer comprising Cr.

20 2. Method of Claim 1 wherein said layer
comprLSLng Cr lS mostly Cr,"h*s a BCC crystal

structure, and sald Co basud maﬂnetlb !ayer has a HCP

crystal structure.

25 3. Method of Clalm 1 uharein said. crystalline
layer is metal‘zr

4. Mrohes 7 hoie U oWrarein s2id substrate has

an average surface roughness Ra greater than about 0.5

30 nm as measured by an atomic force microscope.
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5. Method.e; Qla1m 4 rwher e -1 -said. subatrate haa

e T

an average squace *oughnesu.Ré 1esq't n-=bout S -nm= -as

Cof 00 .0 Claanl Lowlte. i SaLL o

measured by an atomic force mlcvoscope

6. Method of Claim 1 wherein said substrate has
a circumferential texture.

7. Method of Claim 1 wherein’said substrate has

randomly oriented scratches.

8. Method 53 Claim 'i.wnereln Salﬁ czystalline
layer is between O and 10- nm thlcx . b '

s aine -
€A

SN

9. Method of Claim 8.wherein said crystalline
layer has a roughness Ra less than about 2 nm, and is

non-magnetic.

10. Method of Claim i wharein said step of
forming a crystalline layer is per ormed without first

heating said substrate.

11. Merhod sf C'aJP..ldﬁPfe’n aa“d ;Ubstraﬁey
comprigses an. AL alloy dlsx & ered with Nip, said
method further'dbmprising the“step of circumferentially
texturing said Nip, aha heaéiné said substrate prior to
said steps of depositing said'leyer comprising Cr and

forming said magnetic lavyer.
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12. Method of Clalm 1 wherein said substrate
comprises an Al a]lov disk covered with N3P, wherein
there are randomly oriented scratches in said NiF; said
method further comprisinz: the pke_ df=heat1ng said

5 substrate prior to said steps of rtigpositing

said layer
comprising Cr and farming szn2 mwgnetic layer.

13. Method of Claim i.wharein. z-nd aryivziline
layer comprises a B2 or a BCC cuystsl material in which

10 the lattice parameter a is between 0.26 and 0.32 nm.

14. Method. of Claim 13 wnereln Sa’d c1ystalllne
layer comprises 5 material selected from he list of
materials cons;:twnu of (Cu, Ce. Ni, P4, Fe, Ru. Cr, V)

15 al, (Co, Ci, Ni, wd Fe, Ag, Bu! Zn, znd (Ag, Au) Mg.

laver comprises = ¥CC matevial zn whicah the lattice

parameter a; is between 0.39 zud 0.45 nm.

20
16. Method of Claim 15 wherein said FCC material
comprises a mater*al selected from the aroun consisting
of Al Cu and a’loys thereo
25 17. NethbﬁTEf Claim 1 wherein =a11 crysgall1ne

layer comprises a2n HCP materlal in whlch the 1atr1ce

parameter a,.; is between o 2¢ and 0.3% nm.
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Method of Clalm 17 wherc*n edad eryftalllne

‘o

18.

con31st1ng of Tl, Zn

R Lol SRR O RLG
s 19. Method cf-. i r%e *HLﬁKHess of

said crystalline 1ayer is greatev than or equal to

about 0.5 nm.

20. Method of Claim 195 whereln said crystalline

10 layer is thick. enough to effe i.ely prevent a
preferential‘(2000ierientatiagac£5Saidﬁlayer cdmprising

.

Cr.

LA

wnereln the su*face

21 . Met'h'oc" ;;f c'l’éi'_'rr 1

15 roughness Ra of" Sald crysta ;ene Laj°“ 18 LBEE Ladil Z

Iom.

22. Method of Claim 1 wherein the Ra of said

crystalline layer is between 9.5 and 5 nm.
23. Mefnod of Clalm l whe*e n sald laver
comprlslng Cr is between ahout 'S and lOG nm ehﬂck

24. Method of ‘Claim 1

217 e

25 comprising To L& =l
one material selssted from the

Mo, Ta and Co.

25. A magnetlc dlsk comprlslng

30 a substrate,
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suBscrate}
an underlayer comprising Cr formed in an

epitaxial relation with said sublayer such that

said sublayer prevents said underlayar from

foxrming withbezgiedomlneun iy (200) wcrystal

orientation; -and

2 Co magpetic alley layer fovmed in an

epitaxial relation with said underlayer.

26.. . A disk; prive o

o .
1]
oy

rctcflﬁﬁ«ﬁﬁﬁﬁl L
a motor for rotating“seid rotor shaft;
a magnetic disk mounted on said rotor shaft,
said magnetie disk incTQdihg a substrate, a
sublayer, an underlayer romprwswng Cb formed over
and lﬂ epl XL11 re;a._u:erzp with szid sublayer,

whereby sald sublajex preventa said unde layer

from formlng with a (2UGf,ﬂry81n; orientati en, and

a magnetlc lawer formed over eawd unde arlayer in an

epitaxial raic ation with szid underlayer;

a read;W?lte heaa-*and

an.arﬁ, sald ‘read-wirite neaﬂ being mounted on
said arm and held in proxlmlty to said magnetic
disk so that data can be read from and written to
said magnetlc dlsk by sald read wrlce head
27. A disk drlve como ualﬂg h
a Jotor haft- .

a motcv for fOtutlﬂﬁ sa;d rOLor shaft
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2 disk manufactured by the method of claim 1
mounted ‘on sa*d rotor shaft;.--

-

a rTead- lete -head; anx_{u-

.-\’

an arm; sald read w*1 d belng mounted on

e T

said arm-and beld in prox;nth-tr °81Q magnetlc
disk so that d= & can be “'30 from and wr*t en to
said wagﬂerlc & sk bv S’LQ ead write head

¥
e o

-

28. A magnetic disk in accu;aaﬂuﬁ with wlaim
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