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METHOD OF MAKING HIGH PERFORMANCE, LOW NOISE 

ISOTROPIC MAGNETIC MEDIA 

INCLUD.IN•',i A CH!<OMIUM 'G'"NDERLA.YER 
...... 

BACKGROUND 

The present invention relates principally to the 

manufacture of magnetic recording media used in rigid 

10 disk drives commonly used for computer data storage. 

In particular, the fl.resent inv~ntion relates to a novel 

method for manufacturing low noise, high cdercivity 

(''He") isotropic media using" a 11.eated substrate and 

multiple nucleation layers, ·inci·uding a Cr-alloy 

15 under layer. 

performance of. ad,ra.nced magnetic disks is commonly 

determined by four basic characteristics, known as 

20 l?WSO, overwrite, non-linear-t:.ransition-sihift ( "NLTS '') 

and media noise. These cha~ac~eristics are described 

in detail in Bertram, 11 Theo.ry vf Magnetic Recording", 

Cambridge University Press, .. pti~J .. ished in 1994, 

incorporated herein by reference. 

25 PWSO is the half width of the output signaJ. (i.e. 

the width of that p~Ytic~ Qf ~ ~~lse fTom the cim~ i~s 
~ . . : . 

~ • f"f car:! P ..,1.~.,.;.. h-' - '.~ .;t·- ..:! ... · ~ .:t· 1 ·lo +- "'h r_sin:..: ._ ... ae r.._a.,.r.--.-~ o:nF.: r.;~.r O• • • . e: ..... ap.i ........ ("" -C:· ~.a 
'. . """ . ' ... '·. ,. • I : ..... ; ! ;. '.:. ~ . .. ' •· . " 

time its falling edge falls to c!le half its amplitude) . 

PWSO must be m£~imized to a~hieve high recording 

3 O density. Means of reducing PW50 include reducing "Mrt" 
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(the magnetic film-thickne~s 't ttmes temanence ~r)·;· -· 
• ' • , .•• • J.. . .., • '• ·•• 0 

• I • .•. , : '·• ~-:. '.:-' ;. t_ ~· .. 
raising He, inc:i:-'E!:as':l:iig .h·~~s"t'ere;:sts "loop .. sq\.;_ar"en~ss.' "S* II I 

. .. .. • ·.·.1. . .· I . .. ·,·::.~. ~ · .. ;,,,•-~ ~~. · ...... :.· 

and in'.·c:tE!asin~f 'l;"e'inanent. .~oi;i.~c,i'vity.';squa~E'!:~es-~;' "S*rf:;!m", 

as described by Wi1lia~s and ·comstock in "An Analytical 

5 Model of the Write Process in Digital Magnetic 

Recording, 11 A.I.I?. Conf. l?roc. ·Mag. Materials, 5, p .. 

738 (1971). 

Overwrite {"OW:") is a measure of what remains of a 

first signal after a second· signal. (for example of a 

10 different frequency) has bee.n written over it on the 

media. OW is improved by :r.aising S* and_ by decre.asing 

He and Mrt. 
:·.:·J 

Non-linear transition. shi:tt (Ni-Ts). refe,r.:i; :·to -~:n. 
. . . . ·, :·. . ..: . J . ·' '· . . . .... . .. . 

. . .- ... ~ . . . . .... : . . : . . , •.. . . : . ~·. ..· . ~- ~- ·.. ·' 

unpredictable shift in the J.o..c.:-...~ion of thci written 

15 bits, which can cause an error, NLTS can be reduced by 

reducing Mrc and increasing He: 

High density media also need to have low noise. 

The noise performance includes read jitter and write 

jitter. Read jitt~r is prim~rily determined by the 

20 amount of signal available fr~rr; :a· bit, and the noise in 

the channel and head, and is· r.educed' ·by i~creasing. Mrt. 

Write jitter is c:lstermin.-:d b~/ i'.:he .intr{n1;ic no:is~· 'of. 
the magnetic layer. and can be redcced· by breaking. d1e 

I 1 • \ , • ' • 1• . ~ 1 .·_ .·: : • ·• ,• "' ." ·~. • I ; I 

25 by reducing domain percolation at the transitions 

between magnetic domains. This may be accomplished by 

spacing the grains apart from one another by a few 

angstroms or more, or by intexposing a non-magnetic 

material or insulator at the grain boundaries, as 

3 O described by Chen et al. in .i;·p.qys ical Origin qf Limit.s 

This Sheet Has Been Replaced 
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in the Performance of Thin-Film Longitudinal_ Recording 

Media," IEEE Trans. Mag., vo~. 2~, no, 6, p. 2700 

(1988) . Intrinsic media no~se .. ~as been theoretically 

modeled by Zhu et al. in "Micr~magne~i6 Studies of Thin 

5 Metallic Films", J. Appl. ?h:{G,, -;101. 63, no. 8, i?. 

3248 (19~8). A. reductio1"'. i:l ·i·ri·c.r-;·'::'partic~-e ·exchange'· 

interaction has ~i~6 ~een ~i~d ·to a~ iftcr~a~e in·~~ by· 

Chen et al_ and by Zhu et al. in t.he aforeme.ritioned 

10 

references. 

There is yet another source of media noise namely, 

the grain noise. For media with well isolated grains, 

smaller grains provide sharper transitions and 

therefore exhibit lower media· noise, both in the down 

track as well as the cross-track directions. The grain 

15 noise is very important for fut~re high recording 

density which will have bit;~~ie~ ~ppr6ac~ing th~ 

dimensioris . of a. tew magnet.ic o::::-ains. 
. : ' ,,.. 

Most media lt\&de . today are. :i ,,r:i.~.!r:t:e.d 11
, .:. • Eo.. ?.~:. · !'-'i:~:t 

and S* are higher in the circur~terential direction than 

20 in the radial direction, as opposed to 11 isotropic 11 

media which have the same He, Mrt and S* in all 

in-plane direction~. It is believed th~t the 

performance of oriented media. is poorer than that of 

isotropic media at high bi.t .·de_ri.sity especially in terms 
. . . 

25 of off-track noise and tran:=.dtion percolation. 

Transition percolation is wcI:se foT crieI1:ted -;-;;~~ia 

where the ma.;:iet},c '. t::·~a:y :?.? ;:. s, ~~ :~ .;:s -pref P.'?'"c:nt :i a.l ly :i..n the 

circumferential. di~ectio~. .For this ~~ason, high 

density media a~e likely t~ be isctropi.c. 

-3-
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Hence future high density madia·require high He 
' 

and Mrt I high S* I s1mall,. well ·isolat:.ed. grains .. an.d·.<: .. :· 

isotropic ·mCi.ghl!t'ic.__:;propar.t,.ie~s.s. ·~At::.~p:i;:esent: .. ,~.-t!'~~i .. a,,.;:,a:i;-~: :;_c, .. 

commonly made- by ·\.Hfiii:ig two· me'=.hods ... ,. · . : . ·· · '• \ .. .. .. ~ .. · ... . 

Description of Prior Art Manufact:.uring Processes 

A. Low. temperature media 

,. 

In a first method in accordance with the prior 

art, "low temperature media 11 are manufactured by 

10 plating a NiP layer onto an Al alloy substrate, 

polishing the NiP layer and then.· texturing the NiP 

layer. Texturing· is achieved by applying. scratch:es to 

15 

' .. I 

the NiP in a circu~ferential ·. dlre.'ction to . reduce 
• .. .• •. : • . • "\., ;, • . . ~·:. 'I.. ~ :. • .~.-: i .... · .. ·.. .. '. . . . • 

stiction between the reco::"."C!.'ing he=id and t.he disk. 

Thereafter a nuci~:a~io~ layer·,· ; .. c~~t·.:·bas~d alloy_' 

magnetic layer and carbon protective layer are 

sputtered sequentially onto the substrate. This 

process is described by Yamashita et al. in U.S. Patent 

5,180,640. Such media are sputtered without substrate 

20 heating or with moderate heating, using a low rate 
• ... • ,·.J .• 

sputter process (typically less than about 1 

nm/second), using an in-liile ·sputter system. The 

nucleation layer i.s typicaliy sp~~ttered Nil? I. which 

controls the gra~n. size of . the: ·rnagn~tic. layer. 
25 segregation of ~6~·~m~gn~tic ·~lemen~s .isolates.· tht\! Co 

alloy grains to give high H~ arid. low noise. The Co 

alloy grains have random c-axis orientation. 

Such media has several advantages. The media have 

isotropic magnetic properties irrespective of the 

30 substrate texture. Little or no substrate heating is 

-4·-
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required which s:L'm-~1U.fies n\anuf.~\ct.u?:),:ng: and improv:=s 

uniformity. The media ha.ve · ·f i~~:,.· u~if~rm "grain siz~ 

which is controlled by the nucleation layer, and 

consequently have uniform magnetic properties and high 

5 S*. Additionally, the process can tolerate a 
_,. 

relatively low sputter base pr2Esure such as 10 Torr, 

which allows the use of in-line sputter systems. 

Segregation isolates the pa:.i:·tic.les .anQ.. gives lcw noise. 

See, for example, U.S. Pate~t: ·11.pplicac.ion 08/286,653, 

lO incorporated herein b_y ref e.r:snc~ ... 

However, the.disadvam::a~e of thiE pro~-ess is. that 

segregation of the. n~n magne~ic 0l~~en~s~ whi~h is. 

needed to isolate ~he magnetidgrains, :is slow at low 

temperatures. Hence the process requires a low sputter 

is rate to allow time for segregation to occur, and the 

magnetic layer has to contain elements or compounds 

which segregate ~~sily, such~~- silica er CoO. This 

metallic 9egr~gant.s such a::: C-r- ·~·~· 1·.:~. whic:b.. segregate 

20 only at elevated temperatures .. · 
.. .... . .. .-·-:., .. 

B. High temperature 11 ori~nt.ed 11 media 
. . 

In a second:.-.m~thod, ;i o.rient.ed. rri·~·dia ;, · are 

manufactured by' plating a N.iP ... ·J.ci.ye; o~t·o an Al 

substrate, polishing the NiP layer and then 

F. 9/54 

25 circumferentially texturing the NiP layer. Thereafter 

the substrate is heated (typically over 200°C), and a Cr 

underlayer, CoCr alloy magne~ic l~yer and carbon 

protective layer are sput~ered sequentially onto the 
I': :-. •.• . ·~: : ! .. '·. . ;. .. 

substrate. This process .ir-: de.scribed by Hedg·ecoth in 
.::•. 

30 U.S. Patent 5,082,747. Sputtering the Cr at .an 

-:~ -
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elevated temperature, typically over 200°C, causes the 

Cr to form with a (200). crystal orientation, which in 
. . : . : ... :.,' . :. ... . . . .. 

turn causes the Co magnetic alloy layer to form with a 
• .• . \ -· . . ·• . . :.:.. . !_. ~-- . : -·: .. • :. ': ... ~ ..... : • • 

(1120) I crystal ~rientati~n: .:. .. dn:a~:r.:'.'tiies~· ·C~nd:Ltibns 'the. 
' ' • ' ' ,.- • :·' ., ~. '•• I ~... ' ,., . •' ·•. ' : . • • '• • 

magnetic prop~rti~s~of. the fil~~i~ s~nsitiy~ .t~: 

substrate texture, i; e. the· ~!c, .Mrt etc. are higher 

parallel to the text~r~ iine9 than perpendicular to the 

texture lines (as· described in· Ballard ~.nd 'feng, 

"Anisotropy Induced Signal Waveform Modulaton of DC 

10 Magnetron Sputtered Thin Film Disks, 11 IEEE Trans. Mag., 

Vol. Mag-22, No. 5, Sept. 1986, p. 579 and in 

Mirzamaani et al., "Orientation Ratio of Sputtered 

Thin-Film Disks"·, J. Appl. Phys· .. · 67, p. 4695 (1990)) 

The Cr underla}rer grain siz-~. c·b':g.t.rc:i~s ~he_ .co all.oy 

1.5 grain size. Segregatiori: of. _.er· 'a~_d -O~h'e~· ailoyirlg 

elements such as Ta in the ~o:.; alloy layer grain· 

boundaries isolate· the mag1)etic"grains. 

Such media have. several . r.:.ctvant·,ag~$ ~ 'The use of 

elevated temperature for sp·..ltt.eriny prorti6tes 

20 segregation of alloying.elements such as Cr and Ta 

within the Co magnetic alloy, giving good isolation, 

high He and low noise. High· rate sputter processes may 

be used, e.g. greater than S~m/second, allowing the use 

of static sputter systems $~C~·&s Inteva~ 250A. He, 

25 Mrt and· S"" are high pa!e..lJ:.~l tb · ~r~e c:i.rcumfer.!';!ntial 

texture lines. 
• • , • ,1 

However, there are also.n~merous disadvantages. 

He increases with er: thick.nes;, and t-yp.ically Cr 

thicknesses of over 60nm are r~quired to obtain 

30 sufficien~ly high He, as described in the product note 

- 6 .. 
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of the c- 3o10 sputtet" sysr:.em ·irei:n. Anel va Corp. (Tokyo, 

Japan) _ Since the· grain size ;·f. t.he CY f'il'.n inc:r:eas.i;:s 

with thickness, this causes c l;;i:cg~r· Cv. ·a'.i1 o~·-· s.~iri. size 
.. 

d tl h . h · i·s 0 Add·1;t-1'onally, there an consequen y ig grain no ,_. 

5 may be multiple nucleation of Co alloy grains on the Cr 

grains, as described by Nolan e-c al. 1 "Effect of 

Microstructural Fea~ures on Madi~ Noise in Longitudinal 

10 

Recording Media," .J. Appl. Phys -'7'3, p. 5566 (1993) and 

the consequent clusters o.f Co: g:rains show poor . 

uniformity. One approach to r.ed'.;ce gn~.in size is 

use a ultra-clean vacuum syst~Q as described by 

Takahashi in "High. Co~rcive F0rc~ and Low Inter;ranular 
·-. . 

Coupling in CoCr'I'.~ T-hin Film Recc;-d..i;l.9 i.l'!edia F<:<bri::ated 
.. -· 

·. • •. 'r 

Under Ultra Clean-Sputtering Process~, ,.sµbrnitted for 

15 publication to Journal of Magnetism and Magnetic 

Materials. This approach boosts He and therefore 

enables one to use a thinner Ci underlayer. This 

causes high He with. ~malle:r: -;·t:.;:~.t1.s; ~-:r:.:;~.:;·,··2:;;. s~.\Ch a 

Process .. l..·S· v·e· L' .. :J. ·'-' :-·r.......... · ..... _ .. : · ,.,,_,,,,.,,.,....:, ... ·i; ••. --. ·•.yr .-,.,st 
.r \..l..&...&-.L.1.'"- .... - - '-~.> •'• ··.:• .-..,.~··· 1: •.. , ' I ....... ,."A ._ . ._/ 

20 manufacturing usirtg ~n ... i.n-:i:'..?;.~ "1:::ic::ni rie as. aesc'!-~.bed in 

25 

., . - . .. . ,·· 

the Yamashita patent., since t.h~ ·panels ·contin.uo~J.sly 

bring water and oxygen wher.. _t:hey are exposed to the 

outside 
... 

enviromiient durin~ i .. d' .... oci. .J.ng and unioading of 

disks. 
.. 

An additional disadvantage of such media is that 

the magnetic properties of the media are very sensitive 

to the presence of residual scratches and texture 

non-uniformities .. in ~he subst.::::-ate. The media relies on 
• I • " I • ~ J 1: • • • • ' • ' • ' 

scrat~h~A to gi~e_hiqh He a~~ s~ along the track, ~ut 
.. ·.••'f .•·.;, \ r· i• 'I '.., '. I :_ ~ •• '.,: ,: '', ·. ' •• " • : •'-·" .• "" •• 

30 the resulting media has worse ~ercolation and noise due 
: ; . ; . . . . ~ .. . . . ~ . 

- 7-· 
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to ics anisotropic magnetic properties. For high 

density media with low flying height, the substrate 

roughness needs to be minimized. It is difficult to 

elimina"te ·r-esid1ial' '·sctatch~s. ;l\;ft by :tile·. polishing 
. .. .... . . ~ i ·~ : ·=. '· . . : ' . . -: . . . 

5 pro·ce·ss·:·.-~· The _-pl~'ese:ti:ce. :of :res'.\q~al'. .. scr~~ .. ches: .and . . . . . 

texture non-uni"form1 ty .C:.au:~·~<:rna:gne·~,~~: :Lnho.mogenei ties 
. ._.,.· . . .. 

in the media and create signQ . .i inodul.acion, which is 

undesirable, and ev,en a very sm<;::1ll numbe!'".of residual 

scratches cause; b;i. t.shif t. Med.ia wi.th ii:.:ot.ropic 

10 magnetic properties: can or> .. :.y ·be ~:1ade with ~ high 

temperature Cr underlayer process if a perfectly 

smooth, or 'superpolished' substrate may be used, 

without any residual scratches. Howeve·r, it is 

difficult and expensive to manufacture a $~bstrate 
. .' -~ . . 

15 wit.bout :.:.·.esid:ual :;..:::c2t::::l'"ie.<:: ,.bk.;.:.=":,:.se-: ::~i.;; =·:·'.~-....:i:~es at 

least two po1.:i.sh.i.r:,g steps. : Af~o I -.the ·nle .. 6h~~icaJ. 
.. : 

performance of smooth media i:::i p'oor· c:ecause t:he 

stiction between. the head ;;;_i..d the disk i's high, 

Hence (aJ ·it .. ~Tould be ari" 2-dvantage t:j .roa.kt::i rnadia 

?. 12/54 

20 with high He, ~·'-i: a~a· low· !-!rt .. bttt w.:tt.ti. ~~a2.·l gr~in. e; . .izs, 

to obtain lower noise, and" "(b). i't wcuie oe advantageous 

to decouple the effect of substrate texture from film 

magnetic properties, so that isotropic media can be 

made wi_t.h no dependence of the magnetic properties on 

25 residual scratches or textur~. 
~ .. . . . · .. ~ ~ . . . . . : ~ •• 1j, :,.,;:• .~, .:~ •. :;oJ.:.J ·~·.: 

S'C,JMMARY 

We have discovered that ~he magnetic film 
... 

characteristics can be decoupled. from the substrate 

30 texture, and tha~ .the g::r."'1in siz~ r.an.b~ ::r-educed, by 

-8- lif lliii rti1rrin~1r 
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forming a .. sUblaye~. betw~en .. th.e··:~~;Pstra~7 f..r-?. the Cr. 

under layer. · T:O,e rn~O.iC!- is c_o".'"1st.:::-~1ct ed as follows: 

1. A substiate is made from a ~iP-plate~,alloy, 

glass, glass <7eramic, s-inte~eJ ·2~~rbo~ ;, or o_the~· 
• ' •, ,:·: ·, \ .·.I ;, '. •. • ~ ' • _. ,· , .•• :· I 0 • •• • 

s appropriate rnateri<i·l with sin ::_:_d'.Jle text:nr..~ .. to recluc:e .. 

stiction. 
··~ .: ' ., I • ,., '· - . . . ~ . ··. . . . ··':" -~ •• : •• • • •• .. • ,; ::·.~· ! 

: ; ~ 

2. A sublayer. is depos·itecl .. ~~t:o t.l:':.e s 1.:.bstrat:r:L 

The sublayer is typically nonmagnetic, crystalline and 

is formed by sputtering. The sublayer may be deposited 

10 at ambient or elevated temperature. Ambient 

temperature may be pr.eferable; 'for bet.ter ·u.nifo::-mity, 

though some heating "may be u~'~":i .. ··to optimize· gra.in size. 

3. A ci under layer is 'tl~p-~sited over the . 

sublayer. Cr gr~ws· epi taxi~i1:}; .on th~ sublayer g~ains, 
15 

.. 

so the Cr grain si~e may be: ,_~edy~ed by controlling .the 

grain size in th.e. ~\.ibla·y~f.· .... :,>.dgitionaJ.ly ;_ the .pu:bJ'?-yer 
=: . . . . .. · •, .. , ' .. . . ·' ·: ·'' . ..:· . ... . .i 

modifies the growth of the ·Cr. :.,·rl<:J.e.il3.yer · s•1 t11at: ·a·· 

(200) crystal or{entation do;~ n~t pr~dominat~, even if 

the Cr is deposited at an elevated temperature. The Cr 

20 underlayer may be replaced by a b.c.c. alloy of Cr, 

e.g. CrV, CrMo, CrTa or non-magnetic CrCo. The lattice 
.' ... : ·. 

parameter of the· Cr alloy is. o;::hosen to match t.hat of 

the Co alloy to .op'timize the. c:cystal: qua.fity of the Co 
... ··.:. . . ~ . 

film and hence the. magnetocrys.tallin'=. anisotropy Ku. 
; ; ,' ... _; · ... · 

25 The Cr may be deposited at a~:b::!.ent. or e1evated 

temperature. Ambient tem:i?erat.u~:e may pe preferaot.~, for 
,·. . : .. .·· ·· .. · ... : ........ .. 

better uniformitj: 
.. . . . ~ . 

4. A magnetic laye:c is t~1en. torrne.d on the Cr 
... 

underlayer at elevated temperature. The resulting 

30 magnetic layer is isotropic in the plane of the 

:-9.-
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substrate, even if the substr~t~ ·{s te~tured; The 

magnetic layer is. t>yi>i'caJ.ly· 1>;;{'···~6-:".oased ·a1·l.cy .with 
. ·~ . . . . . . . . 

h.c.p. structure; "66~taining segr¢ga~ihg elements such 
. . . . . . . ~ . . 

as Cr I Ta, other -~etals with" 1.fm:i .. te2i· soltlbi.~±t:y·: in c6, 
. . 

S or oxides, and Pt to raise the magnetocrystalline 

anisotropy and thus the coercivity. The large angle 

grain boundaries in the Co promo~e segregation. 

Thus the present inventioll permits isotropic media 

to be formed on t.ext 1.ired substr.~\~.es or on substrates 

10 with residual scratches, using a pnicess which includes 

elevated temperature and a Cr underlayer. The media is 

isotropic and has. nq sensiti:"~i.ty to res~ciual scra.t.che;;;. 

The grain size ~~ _im~li to r~duce noi~~; Segregati6n 

occurs readily at .. th~ elev~':.ed · .. c.i:mpera.tu:re :;.:1.t the lar·3e 
. . . . - .:·· . ~ . . .. ' ... 

15 angle grain boundaries in the .. b.J alloy to give high He 

20 

25 

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 better uniformity and lower 

sensitivity to temperature \: . .i.:.;j.r .. convE::1'.i.t:i.onaJ. critmted 

media. 

BRIEF DESCRIPTION OF THE oRA.wii~G 

Fig. 1 schema~i~a~ly sho~/~ a prior :a~t in~gnetic 

disk including a '•:t.~xtured ·,,1..i.b~zjt~at?.. 
. '; .i .- ,·-·· 

Fig. 2 sh~·ws a pair o; ·B-:H · cu:::-Ves 'f.:i:r. t.he disk of 

Fig. 2. 

Fig. 3 schematically shows a magnetic disk formed 

~.n. 

accordance with our 

P. 14/54 
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Figs. 4A-1 a:o..d.-4.~-.~· , .. sq9:1. :1?;i:·fin'ru:~"?1,;:;;_.J,~r;, .~ n:1~gnetic 
disk includ.ing. a .. te;x.,tured .. subst.~ate, a sputtered Cr 

• • ~ ••.•. '· : •••. ., . • • . .J. ......... • • . 

underlayer, and a CoCrTa mag~~~{~:layer:-: ~ig. 4A-l 

shows the B-H curve in the ~ircumferential direction, 
' ' ' 

5 whereas Fi.g. 4A-2 shows the B-H .::nrv~ :i.n the radial 

10 

.. · .'.. 

direction. ·. ··. ; ··. 

Fig. 4B show.s· a E-·H c:urvei f~.;r a ma.g:ne\::ir:: ·disk 

including a smooth .s.ubstrac~, ·.?.. : .. ~:put:t.e;z;ed c.r 

underlayer, and a' ·coCrTa magne::.ic · Ui:ye:r.·. 

Figs. 4C-l and 4C-2 show B-H curves for a magnetic 

disk including a textured substrate, a 2 nm thick Al 

sublayer, a er uri.deriayer ari·Ci · ~· ··cacrTa ·magnetic layer. 

Fig. 4C-l shows· the B-H ·cur•re; .'1.n the circumferential 

direction. Fig.· 4c..:2 ·showt:" the B-}! curve in the radial 

15 direction. 

Figs. 4D-l and 4D-2 show. E-H curves for a magnetic 

disk including a textured sub~1trci:te, a 2 nm thick ~-1· · 

sublayer, a Cr u.:;tde:r:layer· · ?..:ild a CoCrTa ;i1ag:1eti.c ·. layer. 

Fig. 4D-l shows the B-H C'.l:::ve 'j.::n. r.n~· r:t·:ccvmf.erer:tia.1· 

20 direction. Fig. 40-2 shows the B-H curve in the radial 

direction. 

25 

Fig. 4E shows a B-H curve for a magnetic disk 

including a smooth substrate, a 2 nm thick Al sublayer, 
. . . . . . 

a Cr underlayer and a CoCrTa magnetic layer. 

Figs. 4F-l and 4F-2 show. B-H cur.res for a magnetic 

disk including a textured substrate, a 16 nm thick Al 
. . . . ~ . 

sublayer. a Cr underlayer ?ind ."a CoCrTa magnetic layer. 
• • j j •. •• ' • ~ , • •• • : 

Fig. 4F-1 shows. the: B-H curve in the o::i:tcumf.e~ent1al 
' I ' ~ : .! . • 

direction. Fig: 4F-2 shows the.B~H curve in the radial 

3 O direction. 

-· lJ. -
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•.··· 
Fig. 4G shows a B-H curve for a m~gnetic disk 

.. ; 
including a smooth substrate, a.1G nm ~hick Al 

sublayer, a Cr underlayer a~d· a CcCrTa magnetic layer. 
; o ' : ' '· - ' • : - ' :,• : • ' ' • • I • .: ': ~ 

Fig. S shows :,the relat.i.an bet: ween .:-:oerc:i..v.ity and: 
. . . ·.;: ' ! ·. . : .. . . •. ~ • . 

s the thickness of an Al subl:-;.ye:r: j r:. r:-...• r:iaqn~r: i c disk.. ·· ~-

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 

10 to generate the data of Fig. s. 
Fig. 8 shows the variacicn in coercivity He along 

a magnetic disk track for a magnetic ctisk including an 

Al sublayer. 
. ·. ~ :: 

Fig. 9a is a TEM photograpl:;, ·.of a mag.!.i.E:tic disk .· 

15 ~:ilcy 

magnetic layer cu'r<!'1t::1J.ct:.e::1. in. '>'.l'"".C·:n:C.n!'.ce i;:ith the prior 

art. 

Fig. 9b is an electron diffraction pattern 

indicating that the Cr underl~ye~ oi t~~ di~k cf Fig. 

20 9a is oriented ~uch that (200) film plane is parallel 
; 

to the major surface of tht; iri<Jgnet.ic disk. 

F ' 9 . 1 ~-=-~f..,.. .... c·ti rir:· oa··,...+-e·.-·n lg. c is an e e<::trcn .... ..1-~·-.-°'. -~ _ _ ·-'- .,... •. 
···• 

indicating that the Co alloy film ·is ·oriented such. that 

the (1120) film pla:ne is Pc:!:~·ai).-\cil to the ;r.~.j c:r sul'..~ace 

25 of the magnetic'·'disk . . . . . 
Fig. lOa i:;; c. 'J:'.EM. ph.,~t"..OS'":'."~~h uf a m;1,S'".Lt"=.tic disk 

• • ' ' 'I'·• • 

constructed in accordance with the invention including 

a substrate, a NiAl sublayer· tormeci on 1...rn:: ;::iU1::i;:,.;:·c;;.t..::;, _ 

Cr underlayer formed on the t~'iAl ~'...i.!:l:,~y~-:, . and a Co_ 

30 magnetic alloy_formed on the ~r underlayer. 
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Fig. iob 1 is ·a'n ·'e'lectron··'dif.fraC:r..'idi.1· patte:i::·r.. ':·,, -; : .:: :;.'.-
~--<.' ·~ ·: ·. l. ·>;~:~·' .. ~l;)··;::·,l'~·'·i · .. :~.~:. ~::. :-';,_: •.. ·.~-7-:::i·~·::: ~-' ·· .. : --: ... 

showing that the NiAl"sublayer·'•O.f'-·f'tg>,l·O:a h:a.s··a'·random· · 

crystal orientation. 
. .. ,_ .... 

Fig. lOb" is an electron diffraction pattern 
• • • •·. '•, ! :, .. I ' · I .~\ ~ .- . ~ ; . , . 

5 showing that the Cr underlayer ~t Fig. ldk has a rand6m 

10 

15 

crystal orientation. 

Fig. 10c i~ an electrorf diffJ:-action pattern 

showing that the Co alloy·layero.E Fig. 10a ,has an 

almost random orientation. 

Fig. 11 illust~::ites a dis~ drive _including a 

magnetic disk co~§tructed in accozdance with our 
.. ·•·. ,. 

invention. '.1. 

..... ' : 

DETAILED DESCRIPTION 

A method for manufacturing magnet_ic media for 

longitudinal recording. in acc'?r.dance with. our invention 

permits use of a hi~h temper<iture sputtering process, a 

high Sputtering rate 1 and 1:is~·· O.f: Sl'-.gr~gant. element.S 

such as Cr and Ta in the magne1; i~ Co ~lloy. Ol.i.r 

20 invention also permits formation of high coercivity 

isotropic media which is suhstai~tially · .. m::.::fected by' 

25 

; : . . · . :• 
surface texture.features. 

Fig. 1 shows a_ prior a·rt· magnetic;' ·disk ~orti1ed· '-i.i;:.li 

a high temperature sputtering process. 

Referring to Fig. 1, a prior art magnetic disk 20 

includes an Al alloy substrate 22 covered with plated 

NiP layer 24. A texture pattern is schematically shown 
. '. ' 

in disk 20 including a set of ridges R and _valleys V 
.. 

extending in a di:::ection rn. · r.~ Cr U!"lderlayer 26 and a 

30 Co alloy magnetic layer 28 c.re formed on Nil? layer 24. 

P. 17/54 
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Cr underlayer 26 is typically formed by.sputtering 

after substrate 22 'has been heated {e.g. to a 

temperature greate.r t.han 200°c~·}· ,···and for~s ·with a (200) 

crystal orientation.· Co allo·:/ i7,agnetic laye~ 28 grows 

-
5 with a (l 120) crystal orientacior. · 

Fig. 2 shows two B-H cuJ:•Jes. A £irst B-H c:u.rve· 32 

shows the characteristi~s of mag"('!e-tic f.i.'..:n 28 along· 

direction Dl and a second B··H cu:t..vr: ~~. si.J.o,.·h> the 

characteristics of magn~tic fil~ ~8 ale~~~ directi~ri: 

10 D2 perpendicular to direction Dl. As can be seen, the 

coercivity Hc 1 along direction Dl is greater than 

coercivity Hc2 along direction .02. One measure of the 

anisotropy of film 28 is the value Hc:OR = Hc1 /Hc2 • (HcOR 

is generally known as . the oi;iel;!.:.=.c:.:ti.:m ratio· cf Hq.) . A 

15 typical prior art :-magnetic .f.i.lr:\ ·has , a !-icOR value of 

about 1.4. 
' ' 

Fig. 3 shows a magnet::..·::: :b.!:.;l-::. 20 1 in accorda:::.ce 

between NiP layer i4 and ci und~Tl~yer 26·. Sublayer 2~ 

20 is a crystalline f iirn' (typically metaJ...Lic, 1~urni1a\;·L':.~·c:.:.,:. 

and formed by sputtering) which encourages Cr layer 26 

to grow in a manner other than with a preferred (200) 

orientation. In one embodiment, sublayer 25 causes the 
·.· .. •. 

crystals of Cr layer 26 to ·grow in a more random 
. '·. : · .. ~. . . ' ' .. 

25 manner. In another embodi'mer.:I::; si..~blayer 25 .causes the 
; ,. ... .. ·: . . · .. : .. 

Cr crystals to grow· with a pref.erred (110) ~rientation. 

This prevents Cr film 26 f.:rom. growing wit·h a ~referred 

(200) orientation,. and prevents. Co alloy filrn_28 ~row 

growing w~ th tl?-e :(ll20) orientatior~ associated w~. tll . 

3 o texture induced anisotropy.··-·- .;:!;.J,'-iJ..a.:r.::.:.:..· .. . ":,; ... ~1>:··~.::: .io.~. , ,, 

-14-
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crystalline to promote epita~y·>~~~~ the ·er ·bu't: ·shou14--·-· .. 

not have a { 200) orieiitatio~, .. <:TF'llm 28. gfCi'wi · i.n · ~n. : '". 
• ,•_. L... . • .• :.. • • ~ J ' , ' ·~ • • •• ' 

epitaxial ·re lat ior~ :.witS Cr ~ncie·~.·~:;~re!~::_ 2 ~:;:'.) · .··=· > · ''. · · : '-~> .... 
In some embodlment's I. subi~f~i.~~-:25 '.''C#.1'.i'.:'~~e c,.:f~r~e4;-. •. : .. : .·: 

s from a material that does not include Cr (or does not 

include a substantial amount of Cr) . 

MATERIALS USED IN SUBLAYER 25. · 

In one embodiment, sublaye';r. ?S 'is ~ material with 

10 a B2 crystal structure, sue!?-·~-~ N'iAl (:;.·0% Ni; so.~ Al by 

15 

20 

25 

mole) . (The term 11 B2 crystal ~t~cture" is wiell knoWI'.l_. 

in the art, and is ~iso .. som~~i~~~;referred to as a 
.. ( ,;. : \;. . : . . . .· 

cesium chloride s·t'r1.1cture .} · · N:i.Al '. teP,ds· .tc grow.. wir:_h a 
.. 

random orie~tati6n, The. cry~t~~ 
~ - ~~ 

NiAl closely matches· that of C~:· / 

grow with a random orientation, even when sputtering 

occurs at a high substrate temperature. (Cr has a BCC 

crystal structure.) !n lieu of. NiAl, other B2 

materials can be us;td, e.g. (Cl'., Co, Ni, Pd, Fe. Ru, 
. .. 

Cr, V) Al, (Co, cu.·,. N:i, Pd, · Fe, Ag~ Au) 

Zn. etc. When sublayer 25 is.· a'· B2 c:.rystal structure'· .. 

material, the lattice paramst:er. a preferably· e.q:.ials · . 
. . 

between 0. 2G anc G ~~.~ ·.::-4~~,:t: · -'!.~.a.teri ~.::·~ 
·, ... 

: ' I ••.. ;; • 

r;,..,:uil.om Qri.entat:i.on. 
. · ... .-· '. ·:··. ·:. : ;·_ ....... ·. ..:. '. '•'. 

The reference to (Cu, Co, .. Ni, Pd_.· Pe,·· Ru,· Cr, Vj 
!. ~- .. . ' 

Al in the above paragraph means a B2 material of 50% Al 

(by mole) , with the remaining 50% comprising one or 
. . 

more of Cu, Co, Ni, Pd, Fe, R~. Cr, or V. The 

reference to (Co, Cu, Pd, ~7::.:, ::'e 1 .Ag 1 Au) Zn means a B2 

30 material that is 50% Zn (by ~ole), with the remain~ng 

This Sheet Has Been Replaced 

. '. ~ .. ·' ..... I lllllll llllll llll Ill llll 
·'•. ,· 
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~ ' I· ~ • •, I. / .' :.,I.:· ... ,•, •'• ~ 'r, •' :·'~''~ "
1 .. !·:·'. . . :· ·::· ... · .. : 

· ... ,·•., .· 

. ~ :. . . 

5 o %- comprising one or more of Co, Cu, Pd, N.i, Fe, Ag or 

Of importan~~· some .. of the above-lisced 52 : . . . . . . . 

E2 (:r. :2cc struct•..ires, 
:.~ ,;,-,1:·,::·. ..... . '•' .... ~ ·,. . ·', ·' materials form with·~ither 

•' .•: . 

5 depending en the substrate ,~ ..... m·-:,,...r :-'t:.i,...e· :d~'rin· a . 
.... r;;; ··~.l":"" .. _ .. ;1. l . • ,..\ '• .• _,,. 

deposition. These materials CC:.::1 be \.r~ed in -cheir. BCC 

form when they forrn with ~rientat:o:n o·.-: a 

random orientation~ 

In lieu of the ··above-ment·i~ned:.B2 .. "·rnate::=-ials, .· · . . . . . . .. . . .. . .• . . ~ ·: ··. : .· . . 
.. 

10 materials having &"BCC cryst~l~~itucture chat grow with 

15 

20 

25 

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 th~reof. -Other BCC m~ta~ial~~include Cr with 

less than 30 a~6mi~~' Ti, 
.. . ..,.,. '\ - : ., . ·,. . . 
Ni., ~.J. ;· Si or. Co" The 

. . . 

lattice spacing parameter e. shou~d he· betweei;:i O, 26 and 

0.32 nm. 

at 'ni· g...... ···.~-r,, ............. .,.., .·•:.·. •·· . .,. -- •·· .,. 
.... ""-:G= "~c:;. .... - ... ·-..:- .. ·-'. 

,: . , .... . ... . . :::· .-~ 
sputtered at lo~·~emperature~:) 

Cryscalline materials oth~~ ihan the above-

mentioned materials can be used as long as (a) the 

lattice spacing of the sublayer material tends to match 

that of the Cr ~nderlayer; and (b} t~e Cr crystal 
. .. . . ·- . 

orientation is altered by:t:he·sublayer so that the Cr 
.... •, . 

. · .. 
does not grow. in ·:a. preferr·ecl" .. (2 00 )' orientation. 

' ,•' ,·, ': • • 'I • 

In another ·embodiment, :.ip;:;tead · o,f forming· sublayer 

25 frorn a. material. with a. .a;!· ct BCC cryst.al structi.tre, . _., , ........ ::. 
. ... . ., . ! ~ ..... 1 •• ••· •. : j' : . :: ··~·.: ... .. •. ~.: :·.~ ·~}.· .. ' 

sublayer 25 comp:i:~ises a mat~ria.l having a· FCC crystal 
" I ' "." ·• • '. : ·, ;,,," : . ~- f • -~_, I .: -:~; , ~·:.. ~ •·, : • • '" 

3 O structure such a.s Cu, Al or alloys t;·hereof. Such 

. ': 

-16-
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5 

j !:\ j ~ _; ,, 

.. ... ' 

materials· tend to grow with ~a. (Ti :J.) orientat:.ior.. The 
.~ .. 

lattice at the top of the fj"lrr. hc.\s three-fold- symmetry, 
I ·•· ,• ,· . ., ' 

and tends to cause the Cr tc gro~ randomly. FCC 

materials ~h·~~ gr(}~~~~..,-~ th_-:~~ ~-~-~~;~)~ .. ··cryst~:..· ... ·t~rient.·ati'~·~';. __ ':::. 

can als~ be us~d;~~\-.p~r FCC ~-at-~-~ ... L.als-; .. -.t.he=··-latticre-'· 
. . 

spacing parameter ai ~hould h~ i.:s~b~ (plus ~r·m1nus 

10%) or l.4labcc: (plus or minus J.0%), i.e. af = 0.30 to 

0.45 nm, and typically about 0;40. (The term l.lSab= 

means the quantity 1.15 times the lattice parameter a 

10 for the BCC material used tC' f-~:-:m underlayer 26, i.e. 

1.15 times the lattice para~et~r ~f er.) 

In ano"t.her e~odiment; .silb:~ay~r 2s. is a material 
·,· 

having a HCP structure such a.a·· 'I'i. ':".:i tends ::o gro•;., 
' . 

with a (0002) orieritation. :Qth~r HCP materia~e irtclu4e 
: .. -.. '.· :····i 

15 Zn, Mg, a..1.loys o.):'.··~·i, . .:.;u ;;..n2..::·z~, :::.:.:~ --·::-:.-· ~-·,::-:-·:~.; .. ,.,,., 
... : ... •: .. :. . ... ~. '. •t ·-···:,.-··:. ~. ·~ ·. ~-.,:_·: .. : ~~-~ •. ' ....... 

20 

25 

nm. 

USE OF MAGNETIC MEDIA IN A DISK DRIVE 

A disk 20' in accordance w'ith the present 

invention is typic.ally used iri~ ·a disk drive ao (Fig. 

ll) in which disk 20' is m1..,Lmt.ecl on a rotor shaft 82 

which, in turn, is rot~ced by a motor.84. A pair of 
.. . .. 

read-w:::ite haads 86a .. 95b 2.~~.-:.': -nounted on. the ex:.d of 
~ .... ; . ·•. . . 

; . . . . '.· ... 
associated arms 62d, 8Bb. Heads 86a, R~b can ba 

.. ··•· :.· .. . • ! 0 !:. :, : ' ..... :·· :·.I ·• L ; •; ·• ·~ 
1 

.'.. ~ • .i f !..'.: -~ •·• ·. ~·.; ·· '. ~.:,. ·. • • • ; .• 

ferrite heads, th.~!'. film- hea"?, magneo.to-·:resisti-v~. 

Heads 8tia, 

86b "fly" in proximity to disk 20•, where they can 

write data to and read data from the magnetic film on 

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

-1. "l -
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A · '·a· a aai...·:',;".'a'-:. · b;.:.· mo···· .. e:'.4><;~1··1ward · ox·'Jdu_twa __ rd - .- ; · 
rms a, ........ -~ _r..: ..-'~. -·,. __ ,:-:; -'~·-r.· , ... ,_: :,~_-,:~;-r.-;·: .. ,l·•··-~·;_:. ·,:..:... 

(directions 92 ana·:;_g·;z, - resp€!t-t'.·t\f~lyt"· t;6·.°"pe:;.1~i t l1~a:C;ts .. 
';•.,:..,,.i ••... . "", ;•~.::._' .• j.• •. .- .","· .. .,, .. \ .• ; • ~.: .. '···-'-.. ·,_I 

86a, 86b to access~data ~ra6k~'~t~d±i~~~~~t~1a~~ticin~~J 
of the disk. Motion of arms ·-s Sa,· 8 Bb are controlled by 

5 a servo motor (not shown) . Examples of disk drives are 

disclosed in U.S. l?at:ents 4,949/202 ·lKiin); 5,025,335 

(Stefansky); 5,027,241 (Hatch\'; and 5,025,336 

(Morehouse) , each ·of which i.s incorporated herein by 

reference. A disk in accordanc~ with·our invention can . . . . .. ·,'\' .. 

10 be incorporated ·in other types C?.f disk drives ~¥ well. 
~. ·.· -·' . 

'·· .. \ . ·~-, ~ .. 

EXAMPLES 
. .. : . ... .,._ 

I ,'."l.:,•' .. ·::.: . . 

. . . ~ ··.; . . . . . 

micron thick NiP by electrole~s plating and then 

15 processed as described below. 

A first substrate was mechanically textured with a 

circumferential t:e:x:ture havingan Ra of about 4 nm. 

Substrate A was then heated cc ~ temperature of 230°C, 

and then a SO nm t.hick Cr l=.y~r .. '3.nd a '42 nm thick 

20 CoCrTa magnetic layer ~~re· deposited·. ~m ·the NiP. The 
. ·. -

resulting magnetic disk is h~reinafter referred to as 

disk A. 

A second substrate was· superpvJ.i<3hed.. T!:~ ;~econ.~. 
~ .· - : . ' . .. - ... ,. . .·._:_ 

substrate was heat.ed to a temperature. of 23 o(;lc. and· then 

25 a SO nm thick Cr layer and a 42 nm thick CoCrTa layer 

were deposited thereon. The resulting magnetic disk is 

disk B. 

A third substrate was ~e~hanically textured and 

coated with a 2 nm thick Al J.i:yer. The third substrate 

3 o was then heated to a temp~."'."at.1.n;e of about 23 0°C, and 
::: ... 

-'.'LS-



0 c t' 14. 19 9 7 
H3oi1S 

C"J,..,.,,,,...1 "o- R r · · .. d\ i!.i'i '1 l!l~ m ·;<; !.L 
!{ o. 3 44 3 ? . 2 3 I 5 4 

then coated with a SO nm thic~ ~r layer and a 42 nm 

thick CoCrTa layer. 

disk C. 

, ... 

The res\.llt.:'..r;'·~· magn.et'i~ disk is 

A fourth substrate was rnec~2.nica1.·1.y textu.~e:?, 
··' 

5 heated to a t:emperat.ure of Z3 'J''t:. and coated. wi :.i1 a. 2 ·nm 

thick CoCrTa layer .. Tr.. ~,,.. .. ~- -~· .. ;,... -~ :I .. -..e __ e.,,lL ...... ,~ 

disk D. (Note that the dif fer~n=e bet~een disks C ~ri~ 

D is that in disk c, the substrate was heated after Al 

10 deposition, whereas in disk D, the substrate was heated 

before Al deposition.) 

15 

A fifth substrate was ~~~~hpolished. The fifth 

substrate was neat.ed to a t~e.m:pa·rit1..i.re of .23 0°C, and 

. .. . 
Tl-_:e .,...;,,..,u.1t;n·t"!' .... _ ... ,, ... .,,.. .. .!) 

magnetic disk is di~k E. 

A sixth subst~o'.'.:'7.te was mec(lanic::ally t~xt:ir..~.d .· ·~_.The. 

Sl..xth sube!trate ,,, __ .. 1-1..,-r. i...,.,-.:·.,.-: ... c - i-··:a11~,..~.--;-,1.,...,. o-F 
~ .. a ... !)_ ........ ,....-;. .. ~-J.~-,..::;,.-"~·"-· ._. .1;:. '-"""'"'·.c.'"'· .. ~ . .:;", .... ,.,., ....... -: 

230°C, and then coaced with 16 nm thick Al, so nm thick 

20 Cr and a 42 nm thick CoCrTa layer. The resulting 

magnetic disk is disk F. 

A seirenth substrate wei.s ~!1perpo~ished. The 

seventh substrate was ·coated· wit:h 16 nm thick -~l, 
. ·.: ~ . . . 

heated to 230°C, 50 nr.t t.h:i ~\i: r:.:.· ar<d 4.:?. nm thick C:oCrTa.. 
" • ~ • : ~ I ••· . • • ,. . . ,• ' 

25 The resulti~g_,~agpetic dis·1(.· :i;s disk G. 

For disks A to G, the ·er w~s spuct:.t::reo. w1.-1..u ..a 

power of 2.0 kw :::or~ ::. . ..::- .. ! p· ~-: ,_ ~. ~ .. ..:: - ··~. 

with a 200V sub.st.rat.e bias, ;:~nd. th-:-~ i2::-:iC::rT~.:; was 

sputtered with a power of 2_ k~ for 5 seconds at 11 

30 mTorr with a 200 volt substrate bias. The CoCrTa was 

.... ,__~-. 
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5 

10 

15 

20 

25 

30 

35 

40 

•.• 1· •. 

. . :· :.I·, · .. ~.. . 
··' ... 

. • , •. ,_I. ,. J •. 

··:·11. i:. ··:~· .... L ·-~ ·~·:;;.~/-~-~£·· ·.: ··1 .. :·~ :. :.: :' 

. . .· .. . . . ... ..... . ~-· ':: . . . • ....... 
10% Cr, J6%• T·a ,- ·•and· the ·.rema-in:&;r ::co: Sputtering .. was ... 

' t ,•• •:,; '.. ., • ~· ~- .: I ..• ~, :.; •• ~ .... , ' ,i,: ·~:, ·'·:.:: .:: ~ ' ' 

performed in a:n I~tevac sputt~t~i~:g.· machin:e. .mod~·i 250A. 
. . ~-.. ~.' ..... :; .~; .. , ... ~,r~ ~: ·. -:.l -·(. ·r.:;, l·~;--.r:;~ ... ,1 ..... • : ... ~-;r:·t,{j·"l'··,~r.:r:u.··~·.;.. 

Fig. 4 shows: ·\~.b~e .B-H :c~~~;~·s .... £or dis1~~ .. ·i."t~ ;-r;;" .. a·5--·- ··- ~ 
' • :_ .... --~ I , ~j.~. ·~~.(:: -~ ~··,· -~··-, \• "<: ':, ,:. ,.;_ ~ ·, '.•. ~.J ;.· • , 

set forth'".i'n Tabi'~·''.{below.:'. ···,"··' :·: : ..;'".>'-·--·· 

B-H curve 

4A-1. 

4A-2 

4B 

4C-l 

4C-2 

4D-l 

4D-2 

4E-l 

4E-2 

4F 

4G-l 

4G-2 

. . ; ·-~ •... : . .. .,,. ·';:·:• - .. -~. ·• 

Table ·r .. 
Description 

B-H curve for d~~k A in the 

circumferentiai dtrection .... ·•: ' 

B-H curve.fci die~'.~ in the 
radial d±rect.i.on.:'.: ... ;. ". . . 

B-E. <cu.rve im: ·-a.is:;~ c in ·tha 
ciihumf eretitl.al' .'a:rrectfori' :"·: ·r. 

··: -~··· :.:::: .. · .. ,· ·.; .. · .... :··. . ..... ~· ·: .. :. · .. :.~· :'. 

B~.:H. ~ur.ve fo:r .o.rs'i-;: c ::i!i":i:l;ie. ·:· 
radial direction · 

B-H curve for disk D in the 
circumferenti~l direction 

B-H curve for disk D in the 
radial direction 

B-H ,curve .for. ·ai,·::k: E in. the 
cir~~mferential'diraction 

. . ., 

B-'I:l .curve fo:::!."' ·disk E·- in· the 
ra.d:i.:;i.l dire:~t:ier:. 

·· ..... 
···'.I· 

B-H curve for "::l.lsk F 

·.·.:. : 

B-".ff curve for ·.c1-sk G i.n ·the 
radial direction. 

. .. ·: .. ~ .. , 

..~ ·. 

·-

.. :· .:. 

Table II summarizes magnetic data derived from 

Fig. 5. 

- 2. 0 --
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TABLE II 

Disk Curve 

A 471.., j . 

A 4A-2 

B 48 

c 4.C--1 

c 4'.''-2 
. . ·. 

D "J'li · l. 

D 10·2 

E ·1 i'~ 

F l,2- l. 

F 4.·F-2 

G "lG 

!~_c (Oe) 

T. 
c: :'305. 
·;,: . 

... ·2sq 
~· 

. ~ .. 110 
:· 

'.619 
{ 
.. 

• . -.602 
' 

•· 63.~ 

... :.;25 

. i:~B 

.!~32 

l.13(. 

3.-10& 

;l --· =----"' 
~ 
('1) 

~ 
::t: 
/;: 
t:t1 
('1) 

g 
~ 
~ 
~ 
8. 

, 

Mrt 

2.'14 

i.·53 

2.00 

1. ?O 

L64 

1. 77 

L71 

1. 70 

1. 72 

l.70 

1.71 

.§. 

(memu/ 

cm2
) 

.. :, 

• 86.'l 

.65C . 

• 7E! 5 

.762 

.743 

'.7lt7 .. 

·' '15'1. 

.. '73.0 

. ,,.. ... 'T 
~ , .) ' 

~70~ 

~ 7·~1.' 

§.! 

. .. 
. SJJ 

: ~ ~;, ·7 

.f H 

. ~·so 

.. ' . ·:' .... 

-~ ... ~~ .. s ... 

. :!: 

74 

·70. 

~7 

. :Jl 

Mst 

(memu/ 
2 

cm ) 

2.46 

2.35 

2.54 

2.22 

2.20 

2 .YI 

2.25 

2.31 

2 .)3 
.. 

2 ."39 

"2.36 

-21-

Manufact uri~.~§.§. 

Textur.:e/heat /C1:./CoCrTa 
. . 

Texti!re/hea~:/~t {CoCrTa 
• <t. • 

Smooth/heat/Cr/Coc~:·ri'i 

Texture/.!\l (2 n1:1:· /'h.eat/Cr/CoCrTa 

Te>::: :..1::i.o:=:/.!1.1 ( 2 r:m} _/heat/ Cr /CoCr:Ta 

'fejtt.;Jr~:0./~c::Z-:t/A· <.~· :im) /Cr/<;:.oCr'ra 

·re.~1:~i.'.Ce/h€~.::i1c/~; .. (:l .-H~J lC'f: ;¢ocr.Ta 

Srnooth/heat./Al (2 nmi/cr/CoCrTa ... 

·::: 

T~xture/heat/~: (l~ nm~/Cr/CoCrTa 

'r.·ex~i..n7~/he:.1t/1). L ( 16 nm) /cr/CoCrTa .. , 

Smoot:h/heai:./Al {H; nm) /Cr/CoCrTa 

. ~ . _.--

c:. 

""""' 
c..L.::l 
~J __ , 

(..J""I 

'""d 
~ 

c,-, 
:;::.<.; 

[:1..J 
::-t..·; 
-=--
[:i.-~ 

~ ,. 
,~: 
C°' 
~~1 
:~1 

[--·· ·,. 

~= 

-= 
0; 

~-
oP--
<-~· 

...,~.I 

"~ c.n 
....... 
c_n 

""'--
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As can be seen, for disk A; ~agnetic coercivity in 

the circumferential direction· (i~e. par~~lel to the 
. ~-

texture tines) was ... iBOS Oe, ·wh~.fe•_;·s· ... in .. tl;l,e ,Z,"adial 
. · .. " ·.···· . . ... 

~ . . . .. . •' . ' 

direct i.o:I=l! ( i . e. p"e:±;pe+id.f~\1,1.~.~ .~\';~~); .:,th~f t:~x.~µ·:(~ 1 ir.e s l 
..... ·-~ ·• · · .... •· . ·· .. ·i:"'· r·{....., •4 ,.-( ... , ~'."'·· ...... • • 

5 coercivity was 1:250 Oe. The Ec:O:R. wa~· l.SO!:i/1250 or 
• '' I• ~ 

about l.44. Mrt, s~ ~* and M~t-~imilarly vary, 
.. , . ~ . ~~ 

depending' upon wi1'~tb.er tt!~:i·e'. <,~lu~s. a:r-:! .t~:i:3li;;en from B-H 
.i._·:" ··:. ·• 

curves parallel :'.t.o ·or perpe::i.:dicular ·:o ·· thi:.: t.~xture 
.. 

lines. (As mentioned above, Mrt is magnetic remanence 

10 times thickness. Mst is saturation magnetization times 

thickness. S and S* are parameters defined in U.S. 

Patent 4,749,459, incorporated ·by reference.) 

15 

Curve 4B was generated· U:s·.i:t•g a smooth disk, and 

therefore exhibited . isotropf~>;:;~:s·n·~tic charact~ristics . 
• :. ·, ... -~~~·~. . . -c..: • . ~.-._:.. .:·=~·~:::: .\.'> .. ;. '~... ~ .<.·" .... : . . ;'.. . : : . 

The He, Mrt, S, S* .. and Mst·'vi:il'-,_es l1ere al11n betwe.en 

the corresponding ·values fcr··-.c\irves 4A""l and 4A-2. 
. . ·~. . 

Disk c was m~.h.ufact.u:r.:~,d"_. us i. ·.1g the .san~e process ~s 

disk A, except pr.·lc~ to heatir..g. a ?. ::i.m t!i:ick J\J. :Lay.,::~ 
' . . . 

was sputtered onto the disk.. .L".! tne· c.·:.rcum.ierential 

20 direction, coercivity was 1619 Oe, wh~reas in the 

radial direction, coercivity'was 1602 Oe. HcOR was 

l.01. Thus, a very thin Al layer (only 2 nm thick) was 

sufficient to cause almost lsotropic coercivity 

characteristics. ..The thi"n Al :1~yer also· caused the 

25 

30 

other magnetic ~~ramet.i;!rs .... \,!."!:(~·· .:5, ,;;,~·., ....... : :"i::c:.: 

become more isotropic. 

,_ --~ 

It is noted that in disk ·C, coercivity is slightly 

less than the c9ercivity· Of di$~ A in· the 

circumferentiai. dire~ticn. ·:acwevC=;r .· tl·tis .is ~ smaii·' 
price to pay in return for a reduced HcOR value. (It 

-2 2 ·-

P. 26/54 
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is also noted that ... Lr. "disj.;;_ r.::. · coe::rcivity is· -~-Ligher. ·i-n 
. •,. 1_ ' '••· • ·~ .,~ I < • ' ' : : ,: • ' 

the radial direct Len· ·than d":i.si< A ·) . . . '· ·: .. \·.~ ... ' . :' 
Disk D was manufactured w.it~~;1 th.e .:>;;>.me- l::..rocess 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 ·::aused the coercivity to 

become substantia~ly isotrdpi~. ?egardlas3 of whether 

the substrate was heated be~or~ 0= afte~ Al deposition. . . . .. 

Disk E was man•...lfact\.ire-~1 \_'..;_:;· t::i.e . d":l°~lle :·~ay ·'"as 'dj~sk D, 

10 except without c~~turing. Th~ m~gneti~ characteristics 

of disk D were isot~o~ic. 

for disk E than disk D. 

Disks F and G were 
.• 

and E, respectiveiy; except u~iti~ 16 rim thick Al 

disks D 

15 instead of 2 nm thick Al. As can be seen, in disk F, 

coercivity was essentially isotropic (HcQR;l.00} I as 

were the other magnetic param~~ers. Disk G also had 

isotropic characte~istics. 

20 

In summary·, the above 

Sublayer .. c"au·s .. es. ·:;..h:.;,;;· ,:;o· e'r· .. 1·.,.:,;.. ,. :_' )·,=i ;,·_··:;,,.-;:-'"·;· ... i"-·i;:- 1 1•• 
• i....J...:::::;. "'""". i....; 1-d:>-l -- ll/JIV .... -...1--.'-.;,;,1_ ..... ·=·-·-··' ..... ···.'.: 

. . 

isotropic. in the plane of t:_he magnetic filr11. f<,. slight 

drop in coerciv:Lty _:He and s.qua;r::~ness s .1.n the 

circumferential -~··aiiection· i~ .~xperien~ed, but ':hi.s 

should be a small p~ice ·t~ ·.pa:i·: ·f~t· .i~~roi.~~d Lsotropic 
.! ...• • 

25 characteristics. 

Fig. 5 shows circumferential coercivity versus Al 
•' . . 

thickness for disks manufactured as set forth in Table 

III below. 

- ) ...... 

, . 

..·· ... 

. : .. ~. . ... ··_; .:·, 

. - . · .. : ,.. . .... : ' .. 

:· .... i· .:.:.,I! •• 
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Curve 
40 

5 
4l 

42 
10 

43 

SKJERnN MORRILL 
. ·: · ... 

• 
. '. 

Substrate 
Smooth 

Textured.·· 

· .. ·· 
i, • ••• 

Smooth 

Textured 

.. ···.!." .. 

. . . . . . . ~- ~ 

Table. III· 

Manufacturing Process 
heat~~:and th~n Al, er and 
coc~ii .. deposited. 

heate·ci and : then. P.~l., .Cr and 
CoC::';!& :·.:,ci/p.:Jsi f sd : ··· " '-. "'- •· ., •-. ' · 

: ~ ·.1. • . · •• ~- ~ • ' ( •... ; •. i . : 

A.1 ··'de·e<::ii.Lted'·, ·he"cit.eH'; ·and :·then 
er ·an~ 1:ocrTa deposited_ . ". .... 

Al de~~aited, heated, arid.then 
C~ ~rid .c.~JC:r:-Ta ci.eposi ted . · ... 

15 As can be seen in Fig. S, for no ·.Al. l.;:.yer 
;_, 

(thickness=O), coercivity for ~extured disks was 

greater than for smooth disks (about 1850 Oe versus 

1350 Oel . A thin (2 nm) Al layer sublayer causes the 

He values to converge to a v,3.l!i_e of a.bcu.t · 1600 Oe. For 

20 thicke~ ~-1 fi).ms .;_~ .. ·~ibii::h tji;. ··,:;,~·~str~t-=· is heated prior 

to Al d~pos it i·~n, co~rc i v.i t\,<.B~e-nC:'.~ . to . rema·in constant 

as Al thickness hicre.ases. -~· ,Fdr ;disk~ -h:eated afJ:.e.:c: .. ~l 

deposition, coercivity tends-~~ drop ~ith incr~ased:Al 

25 

thickness. 

Of interest .. · .:in .AJ. f-Llm Li.: • ..-ids t:.r: c:::::i.i..;..;;,:: d.i;;;:;.~ 

coercivity (for dis~s wit~ ~ iex~ur~d ~~b~crate) to be 

similar to the coercivity of a smooth, untextured disk. 

This behavior occurs for textured and smooth disks in 

which Al is deposited before heating and for textured 
: .. .. . ! '·~ .. 

30 and smooth disks in which A°f ·.:Ls deposited aft.er 
. . .. ·. -~. .: .. " . . :~ ., ~ ,. . ,. 

heating. 

our invention is that we atroi.d ~cratc:h induced · 
.. , ·.· 

variation in coercivity. .r:'o.:r: ':xamp le , Fig . 6 sho~vs 

35 variation in co.;.or.civity ·£._·;:--:·a peil.ishoi:-' magnetic disk 50 

(Fig. 1i ~avin~'r~sid~al paraliel $~~~tct ~arKs 51. As 

?. 28/54 

··i.p.._ 
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.•!llSH 

~ >-. .. . ~- ' • .. , ... -·= .. • . 

can be seen, coercivity varies OP.l:',o/een about 1700 and 
. . - -~ \.. '. ' ..... : . . . .. . . . . .· ... 

2 6 O O Oe, ~s o-ne me·a·s·ur·es .,:cc)'~-:-i:'.:\ x?i>t.\r . drc~~ri'd>~a .. ::t·t'ack t·· ;. ~-; :. 

Measurement·s ·were taken at . a·;· .. '::e, ·-1. 2';· 1. 4 .<1.:~·;. and 
..... · ·. •. - ... · .. . ' 

1. 8 inches ·from' the· ·center o:{·:·:~he .-~di~k · (.c~.rves ·s2·; '.',.~·3":, . 

54 SS ·56· .. and 5-;:-:::.'.:.;..et::T-"""Cl""·~·:Jfi.;.10.,:~.: ,·-' Sy·'":t'C''"'.t\d:i·ng ·an ···AJ:> 
I f I '""'.'. ··-.t_."- ~ ·~ ... ··"• ( - ' ;:" ., . 

1
' • - .•. 

. . - .. · . . .:· . 

sublayer I we can -~_,(aid ·s"uch ;,:\~i'-.·~/·~;:_:yer~·\C::.b€::;~~·~:i·:~Y· 

variation. Fig. 8 shows coercivicy He for a magnetic 

disk similar to that of Figs. 6 and 7, but including a 

2 nm thick Al sublayer. Measu=ements were taken .8, 1, 

10 1.2, 1.4, 1.6, and l.B inches:from the center of the 

disk (curves GO, 61•, 62, -63; ·64 ·.ind 65, respectively}. 

15 

As can be seen; the v~riati.o~ :L·n:.:cc;ercivity for the 
;: .. ·.: .. · ~!. '~·~.-'t ·.: ..: .... · ·.;,,·:-~ ·.·.~·~:..: :· . • 

disk of Fig. 8 is substantia}"l)' less. t_han· fo_r ·p:ig; . 6, 

suggesting that the A°l subJ.aye.r. prevents He. variation: 
·. :...... . .·.~ -:;~ ... ' :.: ·: . ·. ·: .. :.::-· .~: . 

caused by residual ~cratc:;he.s .-· 
/: : .. ~ ~ · .. :-.. ·. ' . ·::~· :~_.:· . .. . .·. -. . ........ , ;;<'· 

:i:n Fig. 

and 1500 Oe. 

8, ·c1.1erci vity <iiar.i:~s het:.weei:.; ::3.bou1: :14:; c 
• ·:: ·.:.~_· ~ • .' • • •• • \ • ', I• 

Variation appear~- co be~ ·r<:::.l,ated to th:;. 

distance from the center of the disk. It is believed 

th~t this is caused by temperature variation across the 

20 disk surface during sputte:::-in9·. 

In a secon.4 exper.:l.ment: ,,.~·~ provided an NiAl 
~.. . .. 

sublayer instead of an Al sublayer. Table IV describes 

a set of disks H to s. . Ea.~h · Ai;;k H. to· s .. inciuded an Al 

alloy subst.rate I NiP platec ~){!to the ~Al subst~'cite I'. a Cr 

25 underlayer, a CoCrPtTa magnet,:.Lc -alloy~ layer I and a·~:J~O 

nm thick. carbor,''n\.·~rcoat.:·, .. _.'!he ·cocrPt:~~i.3 magnetic layer 
••... i . ·:: . . • . ... ·: ..... ('. ... 

included lG At.% Cr, 12 At: Ar .. Ft ·and·.4,·)\e.%: 'Ta~· with the 
. ' 

remainder Co. Sputt.ering was.accomplished with an 

Intevac 2SOA system. The NiAl, Cr, CoCrPtTa and carbon 

30 were sputtered at a pressure of .10 mTorr, 6.5 mTorr, 11 

'' ~1l1i~' 1iU1l1i[1ililir 
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TABLE IV 

I I I 
NiAJ Cr CoCrPtTa 

:! Thickness Thickness Thickness 

Disk Subslra1e {nm) (om) . i· (nm) He Mn 

[ H Texrured 0 41· 22 1693 0.55 
~~ .. 

Ms1 

I 
S"' 

I 
Sq ! HcOR 

0.6S 0.573 0.834 I l.33 

Hr 

Jl06 

-
I 

s+r 

0.773 

I! 

CJ 

*-">-

<-O 
(.(."':'> 

- ... -J 

u·1 

"'-> ........, 
~ 

~~ 
"-• 
r..1 

2970 I 0.774 K~ 
t"r1 
~ 

2)16 I 0.71J n ,,.~ .. :-_.., 
C.J· 

1- _ K· Sm~tlr~ . .:.~l_,~· 0 ... · · ·· -~i- ·. l-~-22 ~-=~~~-4 0.55 0.74 · I 0.576 I ~~7~ I.OD 1 

~-~ Textured. · I 14 · · ... 41 l 22 _ _!:Ri2. __ . ~- · 0.45 0.67 · 0.430 · · c~:5_c!...:..J. ____ o_.9_H __ -+-_ 

2659 0.722 
:.;.d 
~ 
~ 

c· • 0 Texrun:d · 28 4·1 22 2149 · i 0.47 0.72 0.533 O.~~ 

2787 0.760 i-~ 

2896 I 0.781 ~ 
~169 I 0.582 -i~ 

~ ~-; Tex~~~~·;-·· .--~:--·---~i--;2 -~~!3q- 045 O~ 0576 · ~~--+------1-
1-- ____ 6· · - ·'feiu~:~~-·t ... -~~-.-· .1 ___ ~~--- {--:~1. ·--~'--'.H'i::_. ___ ~ __ o_A!_'" _ _L__?_·6_6_ ·- _ _!!:636 ·.,..--~ . .'~~~...,.--L~~_9-----i----+-----. ~11·:B=t~1 .· . ,.,; .. -. --1 · .W s 

1
· 22 · · . ,-.-:·: · ; · o 4i .· l ... ·• 72 · . o J63 t·~ n- .,..,.1 ·. l 1 01 

2722 l ().801 
.... ". I • . .. I ;J •• ,.... : I t• '·· . . ---''!3~- I .. 

: . s ~:~;- -------56 - _-r=-;6~- -;-2--T----2~~-·-·~r~ ·;~~~-:-· .. --;~~~~ ·-- ---~~~-- ~~~~-ti~~::T·-_ ;·~~-~L~ __ 

;l,. ===oo· -en -::r ---0 -o - .... ---a: -;; 
-o =o -= ::-i -o 
-'"C ---l>l -n 

0 
p.. 
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All tt d 1, ex,.....:;r·r··· the Ni· Al ··•ere spu ere, .. ayers • ··=-:--' -.. ;.. . .. 

sputter~d-a~t~r hea0in~ th~:~u~s~iate 

NiAl was sput ter~d'.:·:~~,'.~o .·.~h~.·:.:~-·\!,~s.t.f ate 
, ' ·~ . , .. ' . I: ":,. :~: :· . ' ·.· .. 

temperature.) ' ... '• 

to ?..50°C. 

No. 3443 

(The 

For all disks·, the satur.at{o:i. magnetization of the 

I 3 
magnetic layer was about 320 ~-~riu.f.;:;:m 

As can be s~.e:.;. . f '.l;'C'iT: ':'::::~!.:: ~- -;;-: ~·'..r f 0:-; text u.red 
... 

substrates without the NiAl. H~QR was between 1.23 and 

10 l. 33. We were able to r.edu,.i::·e · P<~O~ tc 1. o by 

eliminating the texture and ~~~n; ~. super smooth 

texture. We wer~ also able .. t:{'.i r?.duct:.< H.cOR t.o about l. o 
. ~.· ·,: 

by pro~iding the NiAl subl~y~r even for textured disks . 
. ... 

Also as can ·b~ ,seen fr,orr. ,:T.:i.hle one ca.I"!. 
·. ,. 

15 increase .. coerci,t'i~y ~c ·b}~ .·.i:xi.c.·:::~i:?ir..g t.h~ i'JJ !\J. 

20 

25 

thickness. For ·ex~mple·, if· t:h?:: Ni.Al is Sf nm thick, He 

equals about 2563 Oe, whereas if the NiAl is only 14 nm 

thick, He is 1812 Oe (this i~:~or the case of a Cr 
..... '.·' .... ; 

layer that ia 41 nm thick) . ·rn.us t:.ne pc.:aa.J.1..y 
. . . -~ . . ; . . . . . . . . . 

in coercivity by providing t~~ ~iA~ ~2Y~= :an 

mitigated by rnakln~ ~he NiAi th~cke~. (Thick NiAl 

causes Cr an~ t~e~~tora ~oC~~~~t to g~o~ wl~h larger 

grains and .better. isolati.ol'.7.':.,· This ~a~:ses coercivity 

He.) A similar .r~~ult is a9hi.~ved for a· disk. wit.tJ. a 
·:-... · ... : .. 

2 o . s nm thick c:::;- ·,t"\yer: 
..... ·.··.::-._: . 

·:.· .·· .. 

Figs. 9 · a~~'.· io'.:·illust:~~.~~·.':' ~:hf;:· :.:es;.ii'tsr cf another 
' .·. 

experiment we performed using an NiAl sublayer. Fig . 
. . 

9a is a TEM photograph oi a. .. ,:,;;..:;:.·~etic i;:..s~; . .:!..:ncluding a 
. . 

substt·ate, · sput.:.:::.~:..:·;£;;.:,. ::~ ..... ~ '~ ·::·-~ ~·· .. ~"'." :; .. ""!:~. i;pu.ttered Co 
•· .. ~ ' "'/ ' ••• ·: .. ~ .. ·•: I 1. r• ,··I'(:"• 1'1·~· ... , ·.~ 

30 alloy masr.ztic. l.?.yer cc:n.str.~.tr:·"t:ed in accordance with the 
• ; • •. ·• • r 

0 

•
1 

• .·•• ;. 1- '· .'.1 ~ , 
0

, ··: '• 'I 1 , • ' 
0

' : ,' : " 

prior art. Th.e: er underL~y-nx ·~nd · c;·" ~i~ioy···~e-re 
. ·. . .· . . .· . 

• •. ·1" 

This Sheet Has Been Replaced 

,, . J lllllll llllll llll Ill llll 
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-~ !,.'. t .•='. ~ •••• .•. • • • • • .. • .... 

sputtered .. while t~.~' ~·~bst:rai·~·.··.~~:~:~'.·~e~':tr.~\,::.· ~4~: ~~n. pe ..... ,. 

seen in the eleccron·:"dif fract~piti~;~t.te:r:h_. i~" '2ig 9b, the: 

Cr under layer grew predominan·~1.y,,1 .~.:i,.t:O.. a ._! 2?~ l . c_ry~~a_l 

orient at.ion. A.s f:~):)., ... .Qe ::;~e&_,. i.!7- .. f~g: 9c '· _th~ Co alloy 
·' ,t<'.1 \ \· ••• . J..~ .. ":-1,_ .... 1.._i!.·1.tl· ... ' --~"····.:....-:,.a.~~ .. -~·· 

5 layer· grew':: wi·th·. a· -p·:i;~dominantl·y.:.,:(i 120) · crystal . '. .. . . _._,·.":'• .... , ... _ .. ,:- ,. ;_ 

orientatioti.'. The·· Co,; al1oy· .g:::-~~v:;) ... :~' an. ep.-i.ta.:-<_i.al . 
. · .. 

relation with the Cr underlaye~. 
' .. ·. 

Fig. lOa is a TEM phot~g~a~~ of .a magnetic di~k in 
. -

accordance with our invention~ iri~luding an NiAl 

10 sublayer, Cr und:rl:ayer and Co ·al).oy magnet...\.c: laye:=.-

15 

20 

25 

"' ··1. • ~ ··: • . ,. 

sputtered onto a ~i.lbstrate .in:: t':rir..t Q·cder. -, :Fig: ::.oa 
. . : ' ~ .· .. ·~' ;.·. 

shows that the grain size oi t~e·~~ all~y m~gnetic 
layer is smaller if the NiAl s"!.lblayer is formed. 

Fig. lOb' i~ ~n electron.diffraction pattern 
: ~•.: ., ' . : , . (;:_.:':.. .! .:.'. ... :_ I 

showing that the NiAl sublayer ·of Fig. lO·a· ·has a random 

crystal orientatLon'. .:· , 

Fig~ 100 11 is an ele.ct~·:-~:i'.n' \1:{ . .f f:!'a.cti~·n. ·pattern 

showing that the Cr unc:r.l.c.:i.y'='=:r . -:.;f ~'ig .. lOa grew with a 

random crystal orientat.ion. · :1:::·;_g lOc is. an· ele<::tr·on. 

diffraction pattern showir.:g t.l."1·a·t the Co ailoy magnet::Lc 

layer likewise ~~c·c;.,.;.. with :a:o -~lmc~.';3t randorr. cryst."al 

orientation. The er grew ... L~· :an. :,:~pi·t~x.ial ielat.io~ on 
'. . . 

•.'·I. 

the NiAl, and the Co alloy grew in an epitaxial 

relation with the Cr. 

Table V beio~. s'hows ao.drcional aai:'=' ~0::- i-:-1agr.et. ic: 

disks including ·a~ Al alloy~aubstrata plated with NiP. 

The disks were heated to 200:'.'C, .and SO nm thick Cr and 

40 nm thick Co.Cr'I'a were sputte:c;:c~ thereo_n. The disks 

included either a Cu s11blaye:. -~r a 'ri sublayer. For 
• ... 
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textured disks in Table V, coercivity was measur~d ih··· 

the circumferential direction':·· · · 
• , ... ~ \ ·--: : i ~~- .-:'• . ·~ ... 

";,..! •• 

He·, Te~tured ,:·: · . ·He:. ; ~o~:ished 

Sublayer o:.sk D·j_Sk·. % D:i.tfei:'ence 
. ·., .·• .. : 

38 run thick 1.137 :.:c.0~ 3 .5 

Cu 
5 

76 nm t.h.ick l:!.24 .. ,J,:H.~. -1. c: 
·.·· 

Cu 
.. · 

l.l4 nrn thick 1.. ~,. 
.!..) c °Ll~S ,. -l.3 

Cu 

15 nm thick 617 7"17 -20. 6. 

Ti 
. .. 

30 nm chick 640 "7 7;, -17.2 

Ti ~'. 

45 nm thick io7. ., .. ~ll. -12.8 

Ti 
··-::·. 

10 For disks including a Cu s-..1hlay.e.:f·, textured a.nd 

lS 

I' ·.• ': ~;: '• '. ' . .. . ..,. 

polished disks exhibited near]:}-" identical coercivitie.s 

(i.e. within. 2 to 3·.%" of or;.::.• a1.1.0t:.i1.er) . This 

texture had little or no ~t~e~t on c~&~ci?ity. 

For disks including a Ti ~~blayer, ~he polished 

disks exhibi+:-.~d b~_gher coe:r.d.vi.t:y so there was some 

effect of substrate texture on ~oercivity. Also, 

coercivity was fairly low. 

In summary,: it has ·been '.e;hown that .a crystalline 

20 sublayer (typical1y a metali .. ,· th~t' prevents a .er film 
. ~ ~.: : . . . . ·_.. -:· ·. .. \ 

from growing with a (200) cry·~t:al ·~~rlentaticn ·can be 
...... • .... 

. . ·• . . ~ .. 

used to cause a Co alloy magnetic film to grow in a 
. :. : ~ . . . . 

manner other t,l},an. ,_with ;;:.._ pref~.rred (t,120): crystal 
~ ~· ·: . . . . . . . . . . . . . .; . •. 

orient.at ion, a,r:.d in a. manner:,-~·h:aL i.s._)1,ot:. •.iep~ncent on 

25 the substrate t~,x~Uf~:, .. !he 1~:~s:ulti~1g Co film i,s 
'I \ .:. ~-~, 1

,;; " ; I ';.' ' , ·'•' I I 0 

. 'r: 

·- 3 (j -
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substantially isotro~ic in t:}:~~ · p-1. a:1e of 
-· .. . .. the r:tagnetic 

.·•. -~ :.·' .. . . . :.._. .. 
film. 

While the invc
0

-1•· ior:' ha~:: .. £;: .... ~1 ~le: ;;,;:".~{~~cl .. ~ .. ; .. ~J~ _ .. _ .... - .. -. · .. ~ .... _· ··.·-~~;.:,•.:, .. ·-:- ... --"":"'"'"" 
. '· • ' : . • • •• ; • ~ ' ..... _. : L ·:-i:,··, . ..· .... 

respect to specific embodiments .. those. skilled in the 

' s art will appreciate that modifications can be made 

without departing from the spirit and scope of the 

invention .. For example, in }.ii?.~.i. of Cr, layer 26 can be 

an alloy of Cr. In cne emboci.irr.r:i!nt., the Cr is alloyed 

with another material Sl.1~-:h I:i.9.· T~ .. ··v .or,• Mo. Cr can be 

10 alloyed with other elements ~~ ·~.~~ll. "o·.it th~· er. all.o}~ 

should have a BCC c:i:ystal ;;<.:.r 1i:.::":::.1i.~e. 
. ' . 

typically betwee.n'..~ and. lOi:. n.rr. thi.ck. 

. . . . 

typically a Co based alloy; -.anu.'., .. in .suroe c\i~.::iodims~ts i L 
.. 

15 can be a CoCr al lo ...... ~ ·-· ""~~·=·" ., .., r•.• Y. v.i;. "" .._....,~'.-:-- -· -·- -.< . 'T~.~ rnc;>.gnetic 

alloy is typically a CoCrX a.J.1.ny where X is either Pt, 

Ta or both. The magnetic ··1,... .... _ .. -. ... ~n a.J. ..... :: ... ai"!. c~,r;. ... a .... other 

materials as 'llell~ 

In one emb,ocl°i.ment, Co i .. ::.:_c;::_r. rr.3.gnetic layer 28. 

20 compri.ses CoCrTa.Pt; wher.ei:1. th€:: ·~~t' ·~.:::. :betweet1 0. a.n·d. 45% 

Cr, t.he !?t is f.:r:;om 0 to 20s.,- .. \~1~d typically about. ii_ to 

17%) a.nd the Ta '.is· f:i:om a '.tp o:t:~%. (Thssa percentagea 

are in atomic pef.c~nt.) 

typically 

25 
: . ' ., .· .. · 

sp?...1.tt.ered at an elevated temperature. 
,·.; .. ·.,;,: .. 

For exampie, ·'in 
.. ' .... ' . • -·= •· ... :. • . • ~ • ~ . . • • . .• 

one embodiment, substrate 22 is heated to a temperature 
• .. 

greater than or equal to about 200°C during or prior to 

sputtering laysrs 26 and 2~. If the substrate 

temperature .is· too great, .it. "~Lt.1 eit..her warp or cause 

30 the plate.d NiP .~aye:r-. C!."?S '..7. :;:.. J l .:_ ·~~ (p:La.r:.ed ::--1.il? is 
·' 

r ••. 
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typically amorphous). Genera'llj;:··. the substrat:e 

temperacure is kep( below about. ;1s0°C 
. ..· - '· 

In some embod.i,q1e.nts, the s~.bstra~~. is' heated 
. . . ·~ .. :;. ~-· . . . . . . . . .. · ... ' .. • .. · ' ... 

before deposit: ion i;:lf .-suplaye:c f 5.,.: .. ;.rut in._c;>t;.h~.r .. 
' • ' ,. "' ', ' ' ' • ',, \ ', I .;•'~ ~ • .. • ; • . . .. •,. • 

embodiments. this .il?. n,ot ;r:eqv).~°BI'~-· '. Su'.9layeY. 2? is 
. ·.' ... ;:. : ~.· .~ ........ ~ ;' :~ .... ·.·.:~':....,. ........ · ..... -.. :,_ .: ... ~ ·.:._. 

typically between. ·6 ·- 5 and 16 ··.n·r.::·._1:·l~ick:. ~n'.d." ·;;,.n.·· 6"ne 
. . ...... •' - .. , ,. 

embodiment, 2 nm thick. The. :.·n~Y.,t~_ce: upcn W!:"!.ich 

sublayer 25 is formed can h~v~.::. ?:. · 'rough~e:~·s Ra gr'=at.ei·· ·· 

than O. S nm and le·;:is · chan s .. ~"!.i\\ '=':~ me-:i,::-r1.J.red :l::'ly a.to~nc 
.. 

does not contribuce significariGf Y to the ,..... ··.Qr~ 1.1 '-'"_ .......... __ 
roughness Ra of the disk, and generally contributes 

less than about 2 nm to the overall disk surf ace 

roughness Ra. 

typically 8 µm. 
;._ ... . . . \ ... ·. . : . . ~ . .. 

In lieu of a NiP coated r~ ~ubs~race; otbBr 
.. ·.·."· .. 

substrate materia:;.:; such as g-::.:·~£.1s can be used.. In· ... 
• . .1 . • •· .• 

addition, vaculll~h _.:1~positiox:. ~·ech.riiqu.i?.s other than. 
. . ; . : .~ . .. ' ~ ~ . . . ,. . . . .. 

tt . ...: "·· .· ., .. ;:. ... ;·..: .. ,. ···--· ,__ .. ..,:.:,~· spu erJ..ng, e.g. ~V'd.po ... _ ... _-. ... ~ .,,,;-... ~ .1.-;;:;. 1.-..,, ___ ... 
' . . '· ,. . ,._ ~ : . ·:. ~ . 

layers in magnet: i:::: :r:i.ed~ a. iri ""'-~_!:crdanc.e. with our 
. , .· . . . . . 

invention can be of various appropriate thicknesses. 
. ·: .. 

The protective overcoat can be materials other than 

carbon. (For e~ample, the prctective overcoat can be 

25 Zr0 2 or hydrogenated .carbon.)· .. ~ccordingly, all such 
.. •' 

changes come w.i thin ·our irlve;ntion·: 

··.• 

..... ·.· 

...... ~· ~ ' .. ,· 1 

-.··· 
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What is claimed is: ·~ • .. '.'"; ~ ..... .-·. 

I ' • • 

l. A method for manufactuiing a magnetic disk 

5 comprising the st.ap.c;: of:· 

10 

15 

20 

25 

.. 

·forming·~ -:-rystall.~ri,:; .. t:iyr~::::-":;_;:i ?.. 
-·.:··· :::-).f· , .... '.·.: .. ;-~-~- ::.,; 

substrate; 
... ' . 

depositing a layer comprising Cr on said 

sublayer and in an epitax'ial relation with said 

sublayer, wherein said crystalline layer prevents 

said Cr from g~owing with E preferred (200) 

orientaticm; and 

forming a Co 
.. . 

ma.~t!~tii:. layer on said 

layer comprising Cr anrl in ~.n epitaxial relation 
. . ·. 

with said lay~z . compri:; iT!.'.:l r::r, 
.. 

h ' . I ..l .. • ' • • l w erei~ saiQ ms~ne~ic .ci~K is heat".ed to at 

least 150°t prio~ to 

layer compri~ing Cr. 

.. 
"-';a"" . .; .c:::·•·e,.... / of..- . ...:.~·oor.-;i~·'·ii·in :::iiioi.iu.. 
... .,&., ~... .,_ '- 1:' . ·' ·- . , ......... ~ -- - . . . ":l 

2 . Method of Claim 1 wherein said layer 

compr:i,sing Cr is mostly Cr, _h3.s a BCC crystal 
. . 

structure, and said Co based ~"lagnetic layer has a HCP 

crystal structure. 

3 . Method of Claim i-:.~1herein said. cryst.alline: 
.. 

layer is metall~c. 

. .. . . ...... ·. ., ,. !.'-~-'! ': ~""' ·.""'· .-~ . . .. .. ·~ ~- -~ .-,. .,.-,·,;;:-ein :''..'-'.·Ld ~:iubstrate has 

an average surface roughness ~a greater than about 0.5 

30 nm as measured by an atomic force microscope. 
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5. 

an average surfaC:e .roughness·.· R~ · i~~-~s· __ , th~·z;_ .. ~b6l-~t. 
. i'~ •.<."Jd. OL l....',: ~:~ . .J..;·.~ .l. ::!·;_"{_·,:~ '· ... ~. :·. :~;: .. ~~_.:;. ::."> ~ 

.. 
s -nm=:as 

·. :. ·: ... '. 

measured by an atomic force microscope. 

5 

6. Method of Claim 1 wherein said substrate has 

a circumferential texture. 

7. Mech6d, of .Claim l wheTein said subscrate has 

10 randomly oriented scratches. 

,! .·· . ; 

8. Method.gf Claim 1 ~h~r~in said. crystalline 
:.:,,_: .. ·.·:: .. 

layer is between a.Sand io . nrn t.hick .. · .... 
' ... '.. ·.·. . ... ·."' .... 

. . . ;··. ~· 
! "'~ :. -~ : .:.: .. ·1 •.. 

15 9. Method of Claim a.wherein said crystalline 

layer has a roughness Ra less than about 2 nm, and is 

non-magnetic. 

10. Method 9f Claim l. wr:i.e:t.<~in said st:ep of 

20 forming a crystalline. J.ayEr. {~ _psrformed "1ithout. first 

heating said substrate. 

; '• 

Clai~ · J .. i~i~.e.cei n _,,,:a· ..,;.bs ... "":::>-t.:.. .., ~--- -~ ~. '-··· :;.r.. ....... 11. Methqd. :;_~ 

comprises an. Aj_ al.lay: disk ~~Ve.red .. v1i1:.h N.i.P.) said: -

:25 method further 'c~~pris'ing' th~- ~tep of 'circumferentially 
~ . . 

texturing said NiP, and heating said substrate prior to 

said steps of depositing said layer comprising Cr and 

forming said magnetic layer. 
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12. Method of Claim 1 wherein said substrate 

comprises an Al alloy disk ccv~r~d with NiP. wherein 

there are rando~ly oriented scratches in said NiF; said 

method further comprisin~· the ste~-o~· heating said 

...... 

5 substrate prior t.o said step~: of ~leposl ting .;:;aid. la.ye~: 

comprising Cr and fr. rii'.ing .s::::-. 1~) i''.·:.,;.i.neti 0:.: layer . 

. ' '!-~ 

layer comprises a 82 or c::. ECC c":;:stal rri?..terial in which 

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

15 

20 

25 

14. Method of Claim 13 wharein said crystalline 
' ' . 

layer comprises a. material <;e"l.>.:c;'::ed f::-cm the list of 
.... ' . 

materials consisting of (Cu, (\'.;, N3 .. , P~l, 'W,~ R1J, Cr, V) ... ._: 

. ., ... 
Al, (Co, Cu, Ni, P.d, Fe, Ag, Aul Zn ~!l.ci ( .. ~g' P.,q \ . -· Mg. 

}aver r·o~rr-·Y"i Se"' .~· ·.-.(•,.. ... ::it·f-.., .. ; ~.· .• ·!'1 ~'hJ -·~. thA 
• -· ·-·\. ••·.':-"-- - ... -411 .... r" ,4~ .... H~- - .:, '.- ~-. -:;i •• L _:.'. "ii ... .:. .t • .&,!. .! .- lattice. 

parameter af is between. 0.3d a.::1~":. O .. ':I.::'. !.1i:i~. 

16. Method of Claim 15 wherein said FCC material 

comprises a material selected from the group consisting 

of Al, Cu and a.1loys therec.f .. 

17. Method. c·f Cli:iim :1. .wh.:::rei~ :;:.aid crystalline 
' . . ~ . . . . . ... . 

layer comprises an HCP mater.la.I. in which the latt·ice 

parameter. ahi;:p is · bet ween \~ · 2 :-: . ;::i:.r,;,d O • 3 ~ nm .. 
..... :.• : ;' _;•_,··: 

-JS-
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18. 
• ·: ... , .·:·; •: •' .. ,~I~ : :.·. ~ .~· ~~·,"\;·~:.:,·~.::· •. \\1 .~_..-~1- .•. \' - :-..'. ~ ::• .•·.!," \.•.> . . 

Method of ·-claim 17' wherein .sa-id- crystalline.: 
• .~ . 1~.~"·: .;~:: •. · .. : :; •• ·. ·. ··.1... ~ ~\·~. ·~·.-; •""i<. 

layer comprises a material s.el_e_cted from the group 
. ,•.. .. ;-' . ~ •. )~ .. ~.~ · .... :. : ....... :. ... ;. :~:. :;-:;: . .;~-; .. :-1 . . .· ; .:, .· 

consist·ing of· ·Ti, .. zr-C -~ig:-·:ahC.- <1".lt~.'Q~is of 'I'i.:, -~z-n -art'd 'Mg_-.:. 

:·;.·· · .. ::·· 
.: .~: : ••• : ~ . •• ! . .. • 

· ~ -: ... ;r;::;x·-: .. ~·: .. 33 .. i~;·. c: :.~';:._;,,,..,.~ ... .-:-;.:-
5 19. Method of -Claim l whsre' i.n d~e. .. t.-hickiiess of 

·~~. :- ',' .. 

said crystalline layer is greater than or equal to 

about a.s nm. 

20. Method of Claim 19 ~herein said crystalline 

10 layer is chick:enough to effec~i.valy prevent a 

preferential (200:) ·orien-tat:i.on .. :-c:,· sa·id-:.layer Cbmprisi·ng 

Cr. 

. : . . ·.'.. : : ~ ·. · .... · . 

21. 
·.!. . . . 

15 roughness Ra of said' crysta:;_.1 :i.,n~ .. lay.~;r- .:is . .i.~Sf:i 
.· · .. 

nm. 

22. Method of Claim 1 wherein the Ra of said 

crystalline layer is between 0.5 and 5 nm. 

20 

23. Meti1od o~ Claim i -whe:::-ein said layer 

comprising Cr is between ab~~~.~·S and ioo nm thfck·. 

25 comp:r:i.::,ir,si (::.::· ~-2 -~:y "",_ J ,..-_. :~.:~·-e,,:'·"'.'~.s it:'.~ C.'1".' =.i.!1.d at. I~:!ast. 

one material self\c.ted fron1 t~~-~- grc0'..~;: c;,nsi.s~ing <:>£ v, 

Mo, Ta and Co. 

25. A magnetic disk comprising: 

30 a su~strate; 

.. 
~· :J .:. ·.--

F. 40/54 
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.· ~· - ' ... 
. '... '· ... "• . 

... :_ - ~·";;r~~t~-1rt¥te·'>-:§t.'b1.~'5''~:~.:;-'f6r2.~(i_. on. ·~;~~.9: . ;: ....... -.: .. 

substrate; 

an underlayer comprising Cr formed in an 

epicaxial relation with said sublayer such that 

said sublaye~ prevents said underlayer from 

forming with.·:;-. pre>domin2r·,t.{\r (2GO) ... .::ryst.al 

orientation; .and 

a Co magr:.etic al le~{· J.-:?.yer fc·~med i;i. an 

epitaxial relation with sai.i underlayer. 

26 .... A 
. .... . . . . ·.· 

a roto:r sh:::.f'::; 
·. :·· 

·:.··· -··· 
a motor for rotating said rotor shaft; 

a magnetic disk mounted on said rotor shaft, 

said magnetic disk inclucing a S\lbstrate, a 

sublayer I at.\ under layer comprising' Cr formed over 

and in epitaxial.' rel·.;i:~.·l'c.msb:p wit.!•' s;::.id sublayer, 

wher~by s~id sublayer pre~~nta said underlayer 

from forming with a (2't;o;':' crys·cal' ori&~ltat:ion, and 
, ... 

a magnetic Ia.y~r form~cf .;~r~::- said. underlayer in an 

epi taxiM.l r.: ta.tiori' w.i th s·-?.ftl unde'X'J.ayer; 

' . 
said arm and held in proximity to said magnetic 

disk so that data can be read from and written to 

said magnetic disk by said read-write head. 

27. A disk; dr.i ve comp:rj:sing: 
. . . ~ 

• •. I 

a 1,:otor shaft; · 

a mote~ for rot~~i"~ said rotor shaft; 
.-: ... : ... 

. . ~·· . ~ . ~ .... •'• : I 

~; .. ·. ' 

·- ··.: ··~ -· 
...... · .. 

P. 4 J/54 
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a disk rnanuf actured by the method of claim l 

mounte~ 'on said rotor shaft;.--

a read-write -head; a:rd:. -~:- . 
; • 

• • • •• ~ : : ,'. -~ ! 

.. """'; 

an arm;~ sa.id··;read.,-writc-: hee,d being mounted on 

.. ..:.·· ·:·· ... :.:··. .... . . ' 

said arm and held in pr0:.c.irr.~L.t:Y- tc:.. s..ai~t. rnagn.et ic 
.· . ... .. . . . ... . . . . ·- . 

disk so tha,t d,"3.ta. can be. :-:.-:=.ad· from and written to 

" . :~. : ~ . ··~ · ..... 

said magnetic d~sk by s~id ~ead-write head . 

. . -... r, . . · ... ·._ ·: ... :· ·~·J,, :~· 

~-. .. 

·,' 

~ .· . 
·. ·, ... 

. .' \. 

- 3 s ·-
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