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BACKGROUND OF THE INVENTION

20 The present invention is directed generally to
magnetic recording media and devices incorporating the
media and, more particularly, to manganese (Mn)
containing layers for use with cobalt or cobalt alloy
based magnetic layers in the formation of magnetic

25 recording media.

There is an ever increaéing demand for magnetic
recording media with higher storage capacity, lowerx
noise and lower costs. To meet this demand, recording
media have been developed with increased recording

30 densities and more well-defined grain structures that
have substantially increased the storage capacity,
while lowering the associated noise of the recording
media. However, the rapid increases in recording
densities over the last two decades, combined with the

35 proliferation of personal computers have only served to



n éegnented circular tracks on the discs. Disc drives typically enploy one
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i nfornmati on. The heads for disc drives are mounted on a novabl e armthat
carries the head in very close proximty to the disc over the various
tracks and segnments. 15 The structure of a typical thin filmdisk is
multilayered and includes a substrate at.,its base covered by, an underl ayer,
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proximity to the disc over the various tracks and
segments.

15 The structure of a typical thin film disk is
multilayered and includes a substrate at its base
covered by an underlayer, a magnetic layer and
optionally, an overlayer at the top. The overlayer may
be coated with an overcoat and an organic lubricant.

20 The magnetic layer is the main body on which the
magnetic bits are recorded. Recording media comprised
of cobalt or cobalt alloy-based magnetic films having a
chromium or chromium alloy-based underlayer deposited
on a nonmagnetic substrate have become the industry

25 standard.

Magnetic prdperties, such as coercivity (H.),
remanant magnetization (M;) and coercive squareness
(8*), are crucial to the recording performance of the
Co alloy thin film. The magnetic properties are

30 primarily dependent on the microstructure of the film
for a fixed composition. For thin film longitudinal
magnetic recording media, the desired crystalline
structure, or texture, of the Co and Co alloys is
hexagonal close packed (HCP) with uniaxial crystalline

35 anisotropy and a magnetization easy direction along the
c-axis predominately in the plane of the f£film (i.e, in-



H gh coercivity is required to achieve a high 5 remanence. Likew se, for.
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of the Co alloys is HCP with the uniaxial anisotropy and crystalline c-axis
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I ncreases with 10 increased grain size. Large grains, however, results in
greater noise. There is a need to achieve high coercivities W t hout the
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recording densibi-e3viEY®3 WMithout 4he increase in noise associated

with large grains. To achieve a low noise magnetic
medium, the Co alloy thin film should have uniform

15 small grains with grain boundaries which can
magnetically isolate neighboring grains. This kind of
microstructure and crystallographic texture is normally
achieved by manipulating the deposition process, by
grooving the substrate surface, by varying the cobalt

20 alloy composition or by the proper use of an
underlayer.

Cobalt-based alloys as opposed to pure cobalt are
commonly used in longitudinal and perpendicular
magnetic media for a variety of reasons. For example,

25 non-magnetic elements such as Cr are commonly bulk
doped into the magnetic film to lower the
magnetization. This is especially important in
perpendicular media where the demagnetization energy
associated with the magnetic moment of the alloy must

30 be less than the magneto-crystalline anisotropy energy
in order for the magnetization to be oriented
perpendicular to the media film plane. The same
technique is used in longitudinal magnetic media to
lower the flux transition demagnetization energy,

35 resulting in a shorter flux transition length and,
hence, higher recording densities. Even more




I nportantly, however, non-magnetic elements are introduced into the
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Deng, David N. Lambeth, and David E. Laughlin,
“Structural Characteristics of Bias Sputtered CoCrTa/Cr

15 Films”, IEEE Transactions on Magnetics, Vol. 29, no. 5,
September 1993, pp. 3676-3678.

Underlayers can strongly influence the
crystallographic orientation, the grain size and as
discussed herein the chemical segregation at the Co

20 alloy grain boundaries. Underlayers which have been
reported in the literature include Cr, Cr with an
additional alloy element X (X = C, Mg, Al, Si, Ti, V,
Co, Ni, Cu, Zr, Nb, Mo, La, Ce, Nd, Gd, Tb, Dy, Er, Ta,
and W), Ti, W, Mo, NiP and B2-ordered lattice

25 structures, such as NiAl and FeAl. While there would
appear to be a number of underlayer materials
available, in practice, only a very few work well
enough to meet the demands of the industry. Among
them, the most often used and the most successful

30 underlayer is pure Cr.

For high density longitudinal recording, in plane
orientation has heretofore been achieved by grain-to-
grain epitaxial growth of the HCP Co alloy thin film on
a body centered cubic (BCC) Cr underlayer. The

35 polycrystalline Co-based alloy thin film is deposited
with its c~-axis, the [0002] axis, either parallel to
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15 underlayer should be thicker than about 50 A.

Likewise, to achieve perpendicular high density

recording media, the perpendicular orientation of the
Co c-axis with respect to the film plane has usually |
been obtained by grain-to-grain epitaxial growth of

20 the HCP Co alloy thin film to an oriented HCP
underlayer of (0002) crystalline texture or a face
centered cubic (FCC) crystal underlayer of (111)
crystalline texture. Ti and Ti,,Cr,,., are often
cited as the best seed layers for this purpose,

25 although other seed layers, such as Pt, CoO/Pt
and non-magnetic CoCr,;., have been used to induce |
this structure. See “Development of High Resolution
and Low Noise Single-layered Perpendicular Recording
Media for High Density Recording”, IEEE Trans. Magn.,

30 Vol. 33, no. 1, p. 996-1001 (Jan. 1997); "“Compositional
separation of CoCrPt/Cr films for longitudinal
recording and CoCr/Ti films for perpendicular
recording” IEEE Trans. Magn., Vol. 27, no. 6, part 2,
Pp. 4718-4720 (1991); “Properties of CoCxrTa

35 Perpendicular films prepared by sputtering on Pt
underlayer”, J. MMM, Vol. 155, no. 1-3, pp. 206-208



and hon-magnetic CoCr 35at % have been used to induce this structure. See

" Deviel opneND 98#8418 gh Resol uti on and Low Noi se Singl e- | ayer e®OISI8R8AUI ar
Recprding Media for Hi gh Density Recording”, |EEE Trans. Magn., 30 Vo

33,/ no. 1, p. 996-1001 (Jan. 1997); "Cbnﬁbsftional separation’ of CoCrPt/Cr
filims for |ongitudinal recording and CoCr/Ti filnms for perpendicul ar
recordi ng" | EEE Trans. Magn., Vol. no. 6, part 2, pp. 4718-4720 (1991);

"PBroperties of Ta end ar repared b ri on Pt
uﬁderlayer", gﬁkﬁa %%EE ? R M%EBB V%& n%ﬁ% §§% 9 ép %B§g 3%%

Trans. Magn. VBkpt321986) ; 5, IEﬁE ssa@sasmqrs«aﬁiolw%) noEEE,Tp@ns Magn.
Yol . 30, no. 9] 22 ) npRifL 1 o 0 Hi gh
Resolutlon ang B 4Rg gNég g®?2ye%§§4Perpen éﬁf gt B Medi a for
H gh Density Regoiutmgn anéE oWy y@gselvé?@@gl\mlase%re@oPezpepél 8@11001)
'(Jan. 19973 ﬂeéorﬁi‘hgnﬁebﬂa 4so§5%,14;%9u$n%qtqs%e@$feiﬁ§";o rgpEove the

“under | ayer of | ongitudi nal nmagnetic nedia addi ng. v

change its | af¥RBE-1¥2g8nsVeht 2d Fﬁbr@byﬂﬂy[ﬁ%ﬁmﬁggé?bégﬁérvagﬁp)ce

mat chi ng bet ween ttyesHCPa@@nal ey s 4 saﬂzhm @i c o s&ePeEforard tithe BCC CrV
under | ayer. In_add

.U Seri_al 096, _whi ¢ orporated
herei n by reféP858¥e gg?cﬁ&?&§%§¥%§w &Pgﬁ 1§ﬂiﬁ%?fa@%?§e?%clmﬁ & ng
materi al s havbggaddBﬁgowdaaddumrwynamqrﬂrsﬁqtmham@e stshlasthic’l and FeAl .
Addi tionaj i Mpr.QuenBAt %.ndntyépr r%nRJté N YBEPEL! §akd é%fel have been
f ound when |ncorporat|n erme |ate ayers between the underl ayer and the
20 magnetic | mpéilchlnlgsbetye@@ [thpe HER 419 1Rl Jaisdr pdvahedshEoRde®t he

u][ldte[]' ayer ap@oﬁ%zsuiaw he Bedan dhaddidyoral eanhaek tabnt e sty ucture
© e unaer ae%&al No. 08/315,096, which is incorporated herein by

(0]

reference, discloses a new group of underlayers
15 including materials having a B2-ordered crystalline
structure, such as NiAl and FeAl.

Additional improvements in the structure of the
magnetic layer have been found when incorporating
intermediate layers between the underlayer and the

20 magnetic layer. Also, seed layers can be incorporated
between the underlayer and the substrate to provide
additional control of the structure of the underlayer
and to prevent contamination of the underlayer by the
substrate contaminants. The seed layers, underlayers,

25 and intermediate layers are collectively referred to
herein as the underlayer structure{ In addition,
multiple magnetic layers that may or may not be
separated by a Cr inner layer are sometimes employed to
produce variations in the magnetic properties of the

30 resulting film. The magnetic layers and intervening
inner layers are collectively referred to herein as the
magnetic layer structure.

The use of multi-layered underlayer and magnetic
layer structures can provide for increased control over

35 the grain size, the grain to grain epitaxial growth of
subsequent layers and the surface roughness of the
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15 The present invention is directed to the use of
Mn~containing layers between a substrate and a magnetic
layer, or in contact with the magnetic layer, to
provide magnetic recording media having increased
coercivity and lower media noise. The Mn-containing

20 layer may be incorporated in the underlayer structure,
the magnetic layer structure, or the overlayer to
provide for a recording media having higher coercivity
and lower noise. The recording media can be
incorporated in a rotating, translating, or stationary

25 data storage device for use in conjunction with
‘magnetic transducing heads for the recording and
reading of magnetic data, as well as other
applications.

. The magnetic recording medium of the invention

30 preferably includes a Co or Co alloy magnetic layer,
and a Mn-containing layer formed from Mn, VMn, TiMn,
MnZn, CrMnMo, CrMnW, CrMnV, or CrMnTi, and most
preferably CrMn, disposed between the substrate and the
magnetic layer. The Co or Co alloy magnetic layer has

35 an HCP structure and is deposited with its c-axis, the
magnetic easy axis (the direction in which it is easily
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and the magnétic layer. Materials having an A2
structure are preferably Cr or Cr alloys, such as CrV,

15 CrMo, CxW, or CrTi. Materials having a B2-ordered
structure having a lattice constant that is
substantially comparable to that of Cr, such as those
preferably selected from the group consisting of NiAl, .
AlCo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe,

20 CuZn, AlMn, AlRe, AgMg, and Al,FeMn,, and is most
preferably FeAl or NiAl. An intermediate Mn-containing
layer is preferably disposed between the underlayer and
the magnetic layer. In addition, the underlayer may be
formed in multiple layers wherein each layer is a

25 different one of the foregoing materials.

More than one magnetic layer can be incorporated
in the media and it can also include one or more inner
layers disposed between the magnetic layers. The inner
layers are typically about 10 to 40 A thick and

30 composed of Cr, but can also be the Mn-containing
layers of the present invention.

The magnetic layer may be covered by an overlayer,
which, in turn, may be covered by an overcoat. &An
organic lubricant is preferably added over the overcoat

35 to reduce frictional wear of the media. The overlayer
may be comprised of Mn or a Mn-containing alloy.



20 Cuzn, Al Mh, AlRe, AgMy, and Al 2FeWh2, and is nost preferably FeAl or

Ni Al . An iWO8#M84d3ate Mh-containing layer is preferably di sE63&85%AVRken

t he underl ayer and the magnetic layer. In addition, the underlayer may be
formed in nultiple |ayers wherein each-l8yer is a 25 different one of the
foregoing materials. More than one magnetic |ayer can be incorporated in
the nmedia and it can also include one or nore inner |ayers di sposed between

and 30" composed S Voo R SR LRPERGH AT RERY R s o the
pr esent i nremmtiﬁﬂae@gg llrgla@&a amey cb@t@os‘eoedgby_ciawlim&s_r | ayer,

ich, in tur ’EH%% : : : s gan s S
preferably agpg vezkréq;tlgfe?/%\r/ercoé%@giﬁgﬁztﬁﬁggﬁggﬁﬁ%rf@}aﬁ f the
media. The I lpnar molsfe anshsia &F WHE ot anfk 1S myes | oy.
-9- Accorgli nglns i PIRSENcd tivaY | OrTI%Qé/iQﬁaﬁﬁnggéki G Y nMedi a

and data storage devices incorporating recor I a havi_ng. hi gh

ding r
coercivity aft-4loRSCHRE &P %sﬁr%rt%%ef?%fﬂ‘&?‘ﬁgdp@ﬁa&rﬁ%s 5 and ot her
appl i cati ons.deHw@siptadtnt ages and others will becone apparent fromthe
foll owi ng detailed description; BRI EF DESCRI PTI ON OF THE DRAW NGS 10 The
advant ages of the present invention can be better understood by reference
to the drawi ngs i n whi chBREEF. DESEGRIPTION QfFe TEEh®RMWINGS | ustrati ons of 15
sever al fgbodinents of a multi-layer structure of the thin filmdisk of the

present 1 nvention; Fig. 2a shows Cr-M equilibrium phase di agram
The advantages of the present invention can be

better understood by reference to the drawings in
which:
Fig. 1(a) - (c) are schematic illustrations of

15 several embodiments of a multi-layer structure of the
thin film disk of the present invention;

Fig. 2a shows Cr-Mn equilibrium phase diagram;
Fig. 2b shows V-Mn equilibrium phase diagram;
Fig. 2c shows Mo-Mn equilibrium phase diagram;
20 Fig. 2d shows Ti-Mn equilibrium phase diagram;
Fig. 2e shows Co-Mn equilibrium phase diagram;
Fig. 3 shows x-ray diffraction scan of a 4 micron
thick CrMn film on an oxidized Si substrate using Cu Ko
X-rays;

25 Fig. 4 shows in-plane coercivities of 40 nm thick
CoCrPt films on CrMn and Cr underlayers of wvarious
thicknesses on unheated smooth glass substrates:

Fig. 5 shows in-plane coercivities of 40 nm thick
CoCrPt on CrMn and Cr underlayers of various

30 thicknesses on smooth glass substrates with substrate
preheating at 250°C;

Fig. 6 shows x-ray diffraction spectra of 40 nm
thick CoCrPt films on various thicknesses of Cr

underlayers on 250°C preheated smooth glass substrates;



Fig/ 2b shows V-Mh equilibrium phase diagram Fig. 2c shows M- M

equi | i bri uwqdsasetadi agram 20 Fig. 2d shows Ti-NM equiRGHUSSHTIase
di Agram Fig. 2e shows Co-M equilibrium phase diagram Fig. 3 shows x-ray
diffraction scan of a 4 micron thick C-Mi0fiH mon an-oxidized Si substrate
ugi ng Cu Kcx x-rays; 25 Fig. 4 shows in-plane coercivities of 40 nm
thick CoCrPt filnms on Crvn and Cr underl ayers of various thicknesses on

unheat ed snmooth gl ass substrates; Fig.,. hows. i n-pl ang_coerci,yi ties of 40
nm t hi ck CoCr Pt on%’s I\‘/hulaﬁ oYs ﬁﬁ&&ﬁ%}%@%&%i%ﬁgcgﬁa Phi &Rn8ses on
snmoot h gl ass SolbsPratfddms tom sehsitoust ehjratresdsey af QEIGCunBeglafestows
X-ray diffrac%)'hon spectra of 40 nmthick CoCrPt filnms on various

t hi cknesses of" 'Cr underl ayers on 2500C preheat ed snooth gl ass substrates;

- 10- Fig. 7 250%s prehgadedfl smobithngipsst sabaftrétesy CoCrPt fil ms on
vari ous thicknesses, of My under | ayers 2500C preheate h gl ass
subst r at esg,3 5 sE‘J'Iﬁﬁg%r SNRRNE L yaflfﬁqch%*?%nogfaaEegégi? 0

nm) / Cr Mh(1 OOnmym ) f/idriMnol COrint) O Fidend drayee Mg epeec dlayernnpurpeartedd oot h
gl ass substrate; Fi.q. 'é@r\]/' ' gl d mcrograph of a 100 nm
thick C fil mhggﬁggﬁde%%%fﬁaot sq'fﬂa%s]_'lﬁ é"su'bstratga at 250[err]C, Fig.
10 shows a TEM bri gHg f i%| ¢shawsg cyr hyrighty oD kel t M ekogrRPhf iofma

deposited on a gt trilAs 15 WS Alep i @ n & SmodtnsBawsd n-pl ane

coercivities of various 15 thicknesses of CoCrTa filns on ™20 nm Crvn and Cr
under | ayet8 omsubmictdtelads2HBstrates with the

Fig. 10 shows a TEM bright field micrograph of a
100 nm thick CrMn film deposited on a smooth glass
substrate at 250°C;
Fig. 11 shows in-plane coercivities of wvarious
15 thicknesses of CoCrTa films on 20 nm CrMn and Cr
underlayers on smooth glass substrates with the

substrate preheated to 250°C;
Fig. 12 shows in-plane coercivities of 15 nm
thick CoCrTa films on CrMn and Cr underlayers of
20 various thicknesses on smooth glass substrates with the

substrate preheated to 250°C; and
Fig. 13 shows a comparison of the in-plane
coercivities of 40 nm thick CoCrPt films on various
thicknesses of Cr and CrMn-11 (11 at% Mn) underlayers.
25 '
DETAILED DESCRIPTION OF THE INVENTION

The recording media of the invention can be

embodied in a rotating, translating, or stationary data
30 storage device, such as a rigid magnetic disc

incorporated into a disc drive (not shown). Typically,

the disc drive includes a magnetic transducing head, or

slider, supported on a movable arm in a suspension

assembly used for moving the head over the surface of
35 the disc. The transducing head is maintained in a



3

substrate preheaqtﬁﬁg to 250[err]C Fig. 12 shows in-plane coerci ypihos/efosd S
hm t hi ck CoCr W2 #8-on oM and O under | ayers of 20 various thicknesses
on snooth gl ass substrates with the subst rat,§ preheated te 2500C; . and Fig.
13 shows a conparison of the in-plane coercivities of 40 nmthick CoCrPt
films on various thicknesses of & and Crivn-11 (11 at % M) underl ayers. 25
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The recordi ng nedia of the invention

can be enbodi ed phogendt ablak@ed,! prdldleIngrebat sonshbpareledtiveStstidiage
device, such as a rigi gneti c,.di sc, | nco ' -dj.sc [
shown). Typi cal §}1rlf%gedlo ctgﬁ HE5 A4 ghsé gr%rr%é%gt %’gggragr}?é‘tsjci (r% ef/?g%%l?g%r
5| i der, support edistancenbetitweear rhlien headispedistba disenidisy 1 el X novi ng
he head over thieggrfac‘seeeof M ! he i s%xdTﬁgn?_ngsgggi.r)g MR £C

ed, e

i ntained in a 2*11°-7¢l osel’y spac ara r,elatlonsh]isé) relative to
he surface & tBECORDINGur iiegshrorkrat Bbkr Meerawabivdi 23b 4ilA& e Het ween

D, | NAGNETI C 5 R N ol T G e  H |y Gab Ty
lor genson, The CSkgpdes Hehdbisk- iﬁdi\/ajg#%%]c %gom' ng,Pa%th'B't %46 (3rd.

d. 1988), and UsSod2gtoant, Nhe vy, diselosheeanoiiviciaisuaes of which
e present. | nverCSFHRER A I B Ho o v TRoF POYES o Rep TS B Sce. 1 oppy
i scs, or tape uliduprdinvn riddia bbe thbspresest Refventimp teayiglsa(ke, the
mgnetic recordin 4 : ol | O3 npissed 8¢ a 15
ubstrate 12, a Iﬁegﬂlﬂ%%ﬁégg %&ﬁgﬁ caay'rrgg:tr?et irfc opey

tape using known flexible substrates.
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Referring to Fig. 1l(a), the magnetic recording

medium 10 of the present invention is comprised of a
"15 substrate 12, a Mn-containing layer 14, and a magnetic
layer 16. In addition, as shown in Fig. 1(b), a seed

" layer 18 can be disposed on the substrate 12, as well
as an underlayer 20. An intermediate layer 22 may also
be disposed between the Mn-containing layer 14 and the

20 nmagnetic layer 16. The magnetic layer 16 can be
covered using an overlayer 24 followed by an overcoat
26 and an organic lubricant 28. In another embodiment,
shown in Fig. 1(c), there may be first and second
magnetic layers, 16' and 16", having one or more inner
25 layers 30 disposed between the first magnetic layer 16°
and a second magnetic layer 16".
In a preferred embodiment, the Mn-containing layer
14 has zero magnetic moment and is in contact with a Co
or Co alloy magnetic layer 16. However, it should be
30 appreciated that the Mn-containing layer can be
included in the media 10 as a seed layer, an
underlayer, an inner layer, or an overlayer, in
addition to, or in lieu of, its use as an intermediate
layer. Higher coercivities have been obtained in the
35 resulting media 10, when the Mn-containing layer 14 and
the magnetic layer 16 are in contact, as opposed to




| ayer 16. In addition, as shown in Fig. 1(b), a seed |layer 18 can be

di sposed owa9sM8dibstrate 12, as wel|l as an underlayer 20. ARCT/WSESQMO# at e
| ayer 22 may al so be di sposed between the M-containing |layer 14 and the 20
magnetic layer 16. The magnetic | ayer “16lZan be covered using an overl ayer
24 followed by an overcoat 26 and an organic |lubricant 28. |In another

enbodi nent, shown in Fig. 1(c), there may be first and second nagnetic

| ayers, 16' and. 16", having one or nore inner, 25 layers.30 disppsed
between i he | FRECHIRT CHCRRROT 109 A5 LBEERBCHAGRE, LVER &2 16" In a
preferred enbbditmern tHe Miraontaimimg layer 14 had reeomamgredtic nonent
and is in con&ag} vwfé1 a Co or Co alloy magnetic |ayer 16. However, it

shoul d be 30 4 SFéC|dted that the Mi-containing |ayer can be included in
the nedia 10 as a feeciftsctiveiranouwrt|eafdin if usedr thapaoduse @ Mn-
overl ayer,gin |14l , [ | ey O, Et S Nt | | ayer .
Hi gher coesrci\/a?)?geés% 2}/% %Bgénrotrbl:t‘éﬁnié% |%fF%gl§§€l?Z§§Ptdlknnﬁnﬁaa%€e when
the M- cont ai @h@RIEAr al GRS Eabl Rgnetructuyer 1 thee magnadk@act, as
gpposed tﬁ M:]Layjez_- -1@rm®:t@r§§3tﬂ&@a@0ﬁaffmeiaﬁfci aﬁ%&mdi{a%%}iab’cﬂ 22

et ween the M-.containi ng .| ayer an e.nagnet i ayer . An effective
anount of M i@ﬁéb%e&og?%%u%%aﬁnmgu%ééﬁﬁ?ﬁi ﬂ%n&gleaféryst lites of
sufficiently tihelkndgnetriocureyen i thatakesn}ssalin thestmagrtatticc i n t he
magneti c ye ang, t [ ffLclept a f, t |ffuse to
the grai niﬁou%“ ?‘laers%ofl%tlﬂ{er?%r@gg?%%‘#t%éggggéﬁeg%nggtﬁgﬁlg@aycekro 6 that
results in theXxsmmesi citiolsedesingbhavthgtdeber vagmedist icveroipeities. For

exanpl e, it i%ﬂ%géd@@k@sé k?‘ﬁ:o&@@eaaﬂﬂe{:hﬁ 688kaiy Wregnxeppd those
produced in the absence of the M-
containing layer or are comparable to or exceed those
in the prior art.

15 In a current embodiment, employing a CrMn alloy as
the Mn-containing layer, the desired magnetic
properties can be achieved when the CrMn layer is
preferably at least 3 nm thick, and most preferably
greater than 10 nm thick. The skilled artisan will

20 appreciate that, based on guidance provided herein, Mn-
containing layers thinner than 3 nm may also be
effective at producing the desired magnetic properties.
However, there may be a minimum effective amount of Mn
that can be added to the magnetic media structure below

25 which the enhanced magnetic properties will not be
observed.

Sputter depositing the Mn-containing layer at room
temperature provides magnetic media having magnetic
properties comparable to magnetic media employing a Cr

30 1layer in place of the Mn-containing layer. An
incentive to use the CrMn in place of a pure Cr even
for room temperature processes is that Mn is less
expensive than Cr. As most of the Cr targets are
manufactured by powder metallurgy methods, powder

35 consolidated CrMn targets should be cheaper than a Cr
target.



containing |layer or are conparable to or exceed those in the prior art. 15
I n a currerwoesdsdsnent, enploying a CrMvh alloy as the M- coRCATYRIBETI84yer
the desired nmagnetic properties can be achi eved when the C M |ayer is
preferably at least 3 nmthick, and nost 3eferably greater than 10 nm
thick. The skilled artisan will 20 appreciate that, based on gui dance

provi ded herein, M- containing layers thinner than 3 rmmay al so be
effective at producing the desired netic,_properties. However, there may
be a nini num ef f ect}®e? %ﬁﬂ?rﬁ?gl\ﬁgﬁgfmﬁﬁﬁ' bER&atfBT B e TR MR YRE nedi a
structure bel o4 2hahiicd mdgnebhantederagfetre ppapteti eepuditewtohea
observed. Sputter deposiiing t -cont aj ni el at._ragm rature
provi des nagmﬁé%??ﬁéﬁ%.%%v?%%@ﬁ%%%e?gﬁﬁgkgégnggé'ggn%gra %&f%g ghetic
medi a enpl oyi neerep&ratd@re aysuchnapl 26€°0f t BheMresuditdng mpdia/ei0 An

I ncentive to ' a s A3 AU evyanyf ‘ enperature
processes |§s t ﬁé%ﬁ‘%y{]‘g&g Igépéﬁg?\g/éﬁ%ﬁgnga%rgqn%satg (yf’lq Hefc_r targets
are manuf act ureeebyipbimethapt Bedia g0 npragusedpyiddouds piwheatidged C Mh

targets shoul dehe shesppatbhep.a € 1arg8bected thit tht aRw{Lsded
enbodi nent, the Mi-containin er 14 and the nagnetic |ayer, 16 _are

| a .
sputter deposi?%ﬂp%ﬁPEPEﬁb§??§FE 4oIphafieReSikdDg SRAML 1T aH2¥PEvat ed
tenperature, suehwdbl 2680&. fihetienubfi tgendepasit ivncanital i@ dbhso

Aot e S0 e a4, BedsPhgEha B8, BREeh el RIS 0 AERS LR Lo
sel ected for depodactignt b€ thgnmagnetagedayérwilld. bdcer fawemplbea, of t he
deposi tion rat@oﬁﬂgréiéf deposition rates are substantially higher;
therefore, it may be necessary to increase the
temperature above 250°C to achieve the increased
15 magnetic properties observed at lower deposition rates.
The increase in coercivity with increasing
deposition temperatures may result from the increased
diffusion of Mn across the CrMn/magnetic layer
interface. With the proper processing time and
20 temperature, a preferred diffusion of material is to
the grain boundary as opposed to the bulk of the
grains. See “Phase Transformations in Metals and
Alloys” by David A. Porter and Kenneth E. Easterling,
Publisher: Van Nostrand Reinhold Company, pages 98-102;
25 and, “Physical Metallurgy, Part 1”7, edited by R. W.
Cahn and P. Haasen, Publisher: North-Holland Physics
Publishing. Interlayer diffusion of other alloying
elements is described further in “Interdiffusion and
Grain Isolation in Co/Cr Thin Films”, Y. C. Feng, D.E.
30 TLaughlin and D. N. Lambeth, IEEE Transactions on
Magnetics, Vol. 30, No. 6, (Nov. 1994), which is
incorporated herein by reference. One skilled in the
art will appreciate that the temperature at which the
Mn-containing layer, as well as the Co alloy, is
35 disposed on the media 10 can be varied to produce media
having a range of magnetic properties. In fact, as



10 /that the heating can be perfornmed during or after the production of the
magnet i ¢ | {upgs/dMs For exanpl e, commerci al deposition rates PORAUSYISN7984 '
supstantially higher; therefore, it nay be necessary to increase the

t ¢nperature above 250[err]C to achi eve-tha i-ncreased 15 nmagnetic
properties observed at |ower deposition rates. The increase in coercivity
Wi th increasing deposition tenperatures may result fromthe increased

di ffusion of M1 across the CrMi/ magnetic |ayer interface. Wth the proper
processing ti odsgvesEel imefhe ahave ol tabEaNEreFeFeRFen 8Rematerial is

to the grain Rayndaiy ias taRPesad +ia it hpgrddiaie ttigatr ai fheriae pBaase
Transformations in Metals and Al l oys" by David A. Portet agg Kenpet h E.
Easterling, PHAgaeEt VAL &S 6?n(f519é1 HBIRP cotfpahy-2Bhe s P68 02; 25

and, "Physi calanvkizl | (RTR),, Rould 'be aiddddypiomdte GdhndafiduBiokaasen,

Publ i sher: _Nort h- Hql.l a Physi.cs. Publi shi I r | ' of_ ot her

al | oyi ng e?erré“trﬁognHﬁ:g‘ed ﬁ%‘(saéoa Uy elralmnln" ontEeF%%i +?%§#o%bg%§§§ %isn of’

| sol ation in @WeOCOTHILdY Imegnetdc Gayeng, D.E. 30 Laughlin and D. N

Lanbet h, | EEE Tr ansggt i%ﬁ&%&ﬁ%ﬁ%ﬂ% Moy 30 PRe Brebbay. 1994), which
y reference. S |IYed [ |

i's incorporated herein One | in the art wll appreciate
that the tenpamatanteian ans Arefrraply ofi nf gt HBEn, a5r¥BMC/as the Co

alloy, is 35 chipseataiv! e redieril) ood Restapredetabpioduce nedia
'he abovelBl f IR aahcib L IS aki el SRR haLhPY 81 Miappr et ate ¢ hat
a thermal postdisssivedtinstich abs asisdwaw fmnBag. o2aa bapkd Crhemmnl anneal
(T oo DEARE YA Bl Lol oy Sl PO S M A | e
solid solutions. The solubility of Mn in Cr is
estimated to be greater than 25 at% at room temperature
15 Dbased on Fig. 2a. Preferably, the CrMn alloy contains
at least 10 at% Mn, and most preferably, at least 20
at% Mn, for compositions produced using the currently
preferred method of preparing the media. Phase
diagrams containing express citations of a number of
20 specific phase transition temperatures for the binary
alloys shown in Fig. 2a-2e can be found in "Binary
Alloy Phase Diagrams”, 2™ ed. plus updates, ASM
International (1996), the pertinent parts of which are
incorporated herein by reference.
25 Because the atomic volume of Mn (0.01224 nm®/atom)
is only slight larger than that of Cr (0.01200
nm*/atom), the lattice parameter of the Cr is virtually
unchanged even for a 25 at$% Mn CrMn alloy. This
differs from other Cr alloys, such as CrV, in which the
30 vanadium is added to the Cr to change the lattice
constant of the Cr layer to better match the lattice
constant of the magnetic layer.
In a similar manner, Fig. 2b shows that a
substantial amount of Mn can be placed into solid
35 solution with V. Likewise, amounts of both V and Mn
can be combined with Cr. Since the atomic lattice size



The solid solution Wn alloy of the present invention are pr ,
Ti Mh, MzZWOSSBAB: C MW CrMnV, or CrMiTi, and nost pref ef%ﬁ'@@ofw
substitutional solid solution Cr M alloy of M dissolved in Cr. As shown in
Fig. 2a, bulk C can dissolve |arge quaniﬁtres of WMh to form substitutional

solid solutions. The solubility of M in G is estinated to be greater than
25 at% at roomtenperature 15 based on Fig. 2a. Preferably, the CrM

al | oy containg af {£aplydQr LRGN L2R0oEDRE ARCIELANY ndlal €563 % M,
for conpositionhs produced using the currently preferred nethod of “preparing
the medi a. PHdve shhidanelebhoni aFagiexppasding i i bhst bEe amatigbeltoof 20

speci fic pha%fn&r hidO0gpi £8REA Bt YEBRthObL A lt-hiasys al | oys shown in Fig.
2a-2e can be found I n_ "Bipary Allog Phase Dﬁggﬁum" . 2nd ed. plus updates,
ASM | nt er nati onal 330HEFTLYheFh8r t 2ReAPOYST t annt it ted RREYRSoLAt ed

hre}irg /ei n lr)r;/s_r efyg ?@&&ibg%l?ced Bﬁtﬁ%&bﬁh&t&ifﬂgﬁa(lé%d\m’edlzOooéoMltﬁ.BnO122;1
nnB/aton) is on ig rger than tha . : npB/.at . A he

|l attice par arﬁé‘t'@x %‘F' t %ht?ei gﬁsi ?gﬁﬁlllijrl&%&‘?‘é:r%eﬁfae%rﬁgf8%028@&3‘% Mh
CrMh all oy. Thj sisliidege EompapetetoCCral(l2088 Aychl fsied, amoumnitiscloft he 30
vanadiumis e h 0; n . he |:ce. COAS Cr | ayer
to better na?@ﬁ gﬁ%qP%t?%%%eéoﬁg?gngggﬁgtﬁg%%%%ﬁg%iﬁﬁlgggé.QFn%gﬁgﬁnilar
manner, Fig. CiMaMowslings.a substantial anmount of M1 can be placed into

sol i d 357 gsol uti onpyrt ho¥. shbivkewhse pha®RuHis PfaROkdr Vr it , Mhagan be
combined with Cr. Since the atomc lattice size - of Vis larger

than that of %%eV?téﬁntS@PGEGEuFSsadFH?Fqﬁﬂ¥%ﬁﬂi%m%5$€§ieﬁ ¥oofe® faci ng
to lattice matgh-tq Ao BAYER SBLLAAIR waMALBf (KOl | fs-

formation of this crystal structure as an intermediate
layer is favorable even at lower temperatures when

15 epitaxially grown on an underlayer chosen to promote
epitaxial growth of the magnetic layer. Likewise,
limited amounts of Ti can be placed into CrMn to adjust
the solid solution atomic lattice spacing.

The Mn-containing layer can provide for epitaxial

20 growth of the magnetic layer by either providing a
template for epitaxial growth of the magnetic layer or
by propagating a template formed by an underlayer. In
a preferred embodiment, solid solution Mn alloys that
provide a template for epitaxial growth of the magnetic

25 Co alloy and provide a source of Mn for diffusion to
the grain boundaries of the Co alloy magnetic layer are
used as the Mn~-containing layer 14. One skilled in the
art should appreciate the optimum percent of Mn used in
the Mn-containing layer will depend, in part, on the

30 method, including the temperature and deposition rate,
used to prepare the Mn-containing layer

When an Mn-containing layer is used as an

intermediate layer, the underlayer or underlayers may
or may not contain Mn. If the underlayer is selected

35 to provide the template for epitaxial crystalline
growth of the magnetic layer, it is only necessary for
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S“n1larly, Fig. 2c shows that a |imted anobunt of 5 My can bﬁib] nto
sybst it ut i WOMMH8HBi d sol ution with Mb. Wile the atonic |atth §%
M (3.14 A) is large conpared to Cr (2.88 A), linmted anounts of M can be
pl aced into solid solution of Crvh to fol Or Mhb alloys. 10 Fig. 2d
shows the phase diagramfor TiMi. At elevated tenperatures, substanti al
anounts of WMh can be placed into solid solution wwth P-Ti(bcc) The
formati on of } r c t [ orabl e
cven at 1 oner RerpEr SPhPa it HES AR o4 IRB O S  er
chosen to prohemplepetﬁnraBpgt@wnﬁloHHQﬂihmﬂﬁmﬁh% nageetici kaWese, linited

amounts of Tiggan ﬁeb %B%duhﬁleG&Mﬁ-to adj ust the solid solution atom c
| atti ce spacing % -cont al ni ng K can €rOV|de for glta i.al, 20

growth of the magné%ll §hlea§’€refl?fr&dt the sHbpLFeteol Zeditt axi al

growt h of g hefaaﬂeat b€ hayiehmagnit iy @mgafiam, asmem)het glaesnyed by an

under | ayer referred enbodi nent . soli .al | oys that

provi de a tenﬁFngoPoP QQP T O é#l %agne ig‘ Co alloy and

provi de a souAmeemhahﬁvhohahd1dxaknsuhstrmig$aSDCboaadaiasg ofe riae Go

al | oy magneti r. ar gontaining layer 14. One skilled in
Ge erayst ake ‘é%%dn@%“ ¥ v

the art shoul appreélate ercent of Mh used_in the

Mh- cont ai ni ng | ayeFow ILongddargingln ka, obheHeagpetist ayetisnclifdi ng t he
t enper at e ang depagy higon rahk d«l%%’sit?ed?rﬁi?@ﬁethéelh(ﬂg(i‘?;ﬂh@dﬂlng | ayer
When an contai ning lay erf i s use nt er ned |? e layer, the

under | ayer orméﬁﬂéﬁﬂéyéﬁéﬁnﬂﬂ%ﬁ ther SR ERREAAL LY PRKkE WderiGyer s

sel ected 35 ‘tﬁeprWn(ée dihesddimageet e Baveaxi aCher yagaleitine lgnewd of
the magnetic 1%y%gr longléagfﬁgfmeﬁfaryaégrprefer%gly a Co or Co

alloy film, such as CoCr, CoSm, CoPr, CoP, CoNi, CoPt,

15 CoNiCr, CoNiZr, CoPtNi, CoCrTa, CoCrPt, CoCrP,
CoCrTasSi, CoCrPtsSi, CoCrPtB, CoCrPtTa, CoCrPtTaB,
CoCrPtTaNb or other known Co alloy magnetic films and
are each about 2.5 - 60 nm (25 - 600 A) thick.

The seed layer 18 can be a Cr, a Cr alloy or a Bl-

20 ordered crystalline structure with a (002) texture.
The preferred seed layer for embodiments employing the
seed layer 18 is a thin layer of Cr or MgO having a
(002) texture. Pdlycrystalline MgO can be produced
having this texture by sputter depositing the MgO on

25 the substrate 12 as described in U.S. Patent
Application Serial No. 08/553,893, which is herein
incorporated by reference. The seed layer forms a
substantially continuous layer up to 50 nm in
thickness, and preferably up to 20 nm in thickness. In

30 the preferred embodiment, the seed layer is about 1.0
nm to 50 nm (10 to 500 A) in thickness, and preferably
between about 1.0 nm to 20 nm (10 to 200 A) in
thickness, most preferably about 2.5 to 20 nm (25 to
200 A) in thickness, and most preferably between about

35 2.5 nm to 10 nm (25 to 100A) in thickness.



‘t he Mh-cont al Internedi ate | ayer to propagate the tenpl ateeéﬂ? 7984
‘epi t axi al g%%%g?ﬂt"he magnetic | ayer forned by the underl ayer. ﬁgs{ohg;s

‘preferred enbodi nent, the substrate 12 is 5.forned of a nonmagnetic :
‘material, such as glass, silicon or an alufinumalloy coated with N P.
‘Al'ternative hard di sk substrates such as glass ceramc, ceranmic, or SiC may
‘be used. For |ongitudinal nmedia, the magnetic layers, 16, 10 161, and 16'"',

arg deposiffd wﬂthlmeeIQh@E&udP@al2m?g&ebﬁmemzmagvd?mpfm%egLof a _
substantially parallel .to the plane of such .magnetic |ayer, magneti c

| ayers 16 for I’BﬁgFFﬁailnEPlfrréaﬁg EPE B é‘ﬁﬁg ?J&aﬁg&gﬁ?wgf} Pi%l Such
éas CoCr, CoSm fabhetfaPla@el 16CoPEpitaxGaNl GrovwlidiiN of , tliePhalgne€dc Ta,

i{CoCr Pt, CoCrP, aSi., s ' . , Pt TaNb
tor other known %%gl of rlragg%iglin?t?ﬁc?rlgl?daﬁ?&%%%ﬁa%%%ggﬁg% ma( 25 -
1600 A) thiclkh Theysted isiyuctigecando@na atiomix Gradiny that Bs- 20 ordered
icrystalline str ] eXtqur, T r e for
iembodi ment s em#g&#%gayﬁghgggg%%é% ?tgulo? aa ?lﬁ'}lﬁélféséer@gfé% QSF& %roihavi ng
ia (002) textureSPRSipgr pft dhe AEIMESiCan e o diRfe RFRPRY- t i Bateriale by
isputter depositiBg ble cMa@edn £&7 tthe utkRdrialyed X ost dessr dhedntBqdrS.
:Patent Application_ Serial Nog I?8:8/ 553, 893,, which is herein incorporated by
‘reference. The BEBRSEafEY OF ARG IFOAHNLT 1§ ht FA s PESIRTUD to 50

inm i n t hi ckitess nuabe rpriaf)erodblatonid epAtimgs o f hilek esgnet hc3Qakies,

preferred enbodjpent, t ed | o4l 0 0 nm (10 to 500 A)
!i n t hi ckness, akvggﬁreefnegg‘oqg% %&n%ga%laﬁg%%&l’ef Oé'Fc%nm o{(goéhm (10 to 200 A
iin thickness, nost pMefterillys deine B A2 2ndB-28rder@dOcaysitalline

L Dos 205, 200 BRSucRUEPTAR % NURIAE Whieatk SubrdflEosdd MR
epitaxial growth of the magnetic layer 16 can be used

; 15 in the present invention. Suitable materials include
% Cr, and Cr alloys having an A2 structure, such as CrV,
: CrTi, CrMo, and CrW, and B2-ordered structure
materials, such as NiAl and FeAl. Other phases having
a B2-ordered structure and lattice constants that -are
20 comparable to that of NiAl (a = 0.2887 nm), FeAl (a =
0.291 nm) and Cr (a = 0.2884 nm) are also considered to
be good candidates, for the underlayer of the present
invention. The materials are AlCo (a = 0.286 nm), FeTi
{a = 0.298 nm), CoFe (a = 0.285 nm), CoTi (a = 0.299
‘ 25 mnm), CoHf (a = 0.316 nm), CoZr (a = 0.319 nm), NiTi (a
§ = 0.301 nm), CuBe (a = 0.270 nm), CuZn (a = 0.295 nm),
AlMn (a = 0.2897 nm), AlRe (a = 0.288 nm), AgMg (a =
0.328 nm), and Al;FeMn, (a = 0.296 nm). The underlayer
14 is preferably Cr or NiAl that is about 10 - 200 nm
30 (100 - 2000 A) thick.

The underlayer 20 may also be comprised of two or
more layers of different materials within the foregoing
list. For example, it is believed that a multiple
layer having a first layer of NiAl and a second layer

35 of Cr, a Cr alloy, FeAl, AlCo, FeTi, CoFe, CoTi, CoHf,
CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg or Al,FeMn, may



- 17 - The underlayer 20 is generally conprised of a material suitable for
produci ng syovsmsssd growt h of the magnetic layer 16. Epit axPCI/USNSHRRE4 of
the magnetic layer 16 is pronoted using an underlayer 20 that has a 5
crystal structure and an atonmic spacing-th&t—is preferably conparable to or
a multiple of an atom c spacing of the magnetic |layer. For exanple, a

mat eri al can be chosen for the underlayer that has an integer number (n) of

atom c spacin equal to_an,inte (m ,of .atom c ac
t he magnetic Ig%%é*‘se%ergaﬁ?-aﬂﬁ °’@€ﬁEFSFP95r SrﬁgE‘altre&H'n ag tcb'“S %‘?‘?a

having an A2 apdl ;Bﬁo@tﬁ@léreﬂeq&uﬁtabllenhyérwt wheraith addt tipgeronst ant

sui tabl e for inducipg xi al owt h .of t.he net| |.ay 16 can be used
15 in the pré%%%tofnggg g remgﬁﬁfgﬁﬁg Hﬁggfﬁg (ﬁ? 435 and Cr alloys
havi ng an A2 structDhe, istehmadi&t¥, 18y&i, 2Cr kbd &h@ Gmitye rankh B2= o3 @ler ed
structure rmte i et

B2- orderedgﬁtr%%$a§% éggﬁrﬁg?gcékcgﬁg?ggégst%EP@@}Qﬂggﬁﬁgg argﬁﬁg to that
of NNAl (a = Ogpsep af)makenials used2§erniheanaderlayer R884Imm are

al so consi der egdyfpehe ?eeéeseeal eﬁbeanmteﬁrt the %%rﬂn@eﬁraﬂé 1dee present
I nvention. The materials are (a 286 nm,, FeTi, (a = 0.298 nn), CoFe

(a = 0.285 nmiscased(and ghegbriiy 1ﬁ¥)‘3r ééHfm( an- @@f&%rﬂ&t%@ﬁe(a =
%&%9(nm N Tmaéﬁetle 38%ermL6.CuBes6a enQyZB&enlﬁ)agr@i‘Zl[328b (Bayed. %Qillg? -
a = an e
0. Zgéghn)usegketﬁkﬁgfﬁaﬁérn?4lP§eg)gP§%g%lf%bﬁ' ﬁé"?$a? i s about

10 - 200 nn130curtéﬁﬁ préﬁ@@rAﬁ ehbolkdimEmd . underlayer 20 may al so be
conprised of two I 05 4dif n I e r egoi ng
Bk 8L2:00 40l PR, Rl R YD Lhehg ¢

list. For exanple, d that ayer aV|n? I'Tst
| ayer of Ni Al nnafgrgbéanénl gpaitagt Wéﬂ:hot e mednglisy laver 1@ @, FeTi,

CoFe, CoTi, Colfgr., The overlayer 24 is preferably 1 - 10 nm (10~100

15 A) thick and may be made of W, Ta, Zr, Ti, Y, Pt, Cr,
Mn, Mn alloy or any combination thereof.

The overcoat 26 may be provided external to the
overlayer 24, so that the overlayer 24 is positioned
between the magnetic layer 16 or 16" and the overcoat

20 24, as shown in Figs. 1(b) and (c). The overcoat 26
provides a mechanical wear layer and is 2.5 - 30 nm
(25-300 A) thick. It is preferably made of a ceramic
material or diamond like carbon, such as Si0O,, SiC, CH,
or CNy (where x < 1), 2r0;, or C. The organic lubricant

25 28 may be disposed on the overcoat 26. The lubricant
28 is 1 nm to 10 nm (10 to 100 A) thick and is
preferably a fluoro-chlorocarbon or a perfluoroether.
Examples include CC1l,FCClF;, CF;3(CF;)4CF3, CF3(CF;)sCFs,
CF3(CF2) 10CF3, and CF;(CF;)1¢CF3s.

30 Testing was performed to evaluate a number of
magnetic films incorporating a CrMn alloy layer. All
films were prepared by radio frequency (RF) diode
sputtering, but could have just as easily been prepared
by RF or direct current (DC) magnetron sputtering.

35 Multilayered films were deposited sequentially without
venting the chamber. The typical conditions for the RF



CDZr Ni Ti, CuBe, CuZn, Al M, Al Re, AgMy or Al 2FeMh2 may - #ﬁn94
used. Var|0u§“EHﬁﬂPﬂét|ons of mat eri al can be used to produce t ?

fayers, wherein each layer is one of the afggenentloned underlayer
materials. The internmediate | ayer 22 and the”inner layer 30 5 can be
Conprlsed of materials selected fromthe sanme group of materials used for
the underlayer 20. In a current preferred enbodi nent, no internediate |ayer

22 is used and t&fo&%”&e#aa)é?héﬁ pi»ob@s%Owe%@ aMHahsé herasgnebi belrayer 16.
A so, only one magnetic Tayer LS used; therefore, no inner I%yers 30

are used in a cuﬁPEhFEEFEHeWPﬁd5§%Qomqﬁﬁﬁ OFReBLeT| ahlr the FRAGE
provi ded adj acenﬁréesaﬂé pretaeabiryoinn geentasi M0 tiTéhe. magpatite riayewals

b it L 4 EAREOE b i e
tiher eof . ThespvesﬁaachQnﬁhythatpm@dnd@@nnmngrﬂﬁOQo gheseveNnayer 24 so
gﬂgttﬁgeo%?&&yﬁéﬁ%‘l&ﬁ PERHIONE0 (3NN e (PIREL! ek ELeld 47 167
BFOVIdES a nechapreahrmearaﬂdy&heaﬁdlM§ @niesﬁxﬁtﬁt?95°9bérﬂ}5ﬁhlck It is

referably nade ! eni noh | §XE€nCakbeRe TGRS Si 2
I C, CH or g{"\/\%t%%%%@ i Zle%.negfr %\}ﬁgfgh)e or gani c Iubrlecant 25 28 may

e di sposed on tﬁ@P@Wéﬁ@o&@tE@SOFH§ kafhs A% %EF?%nﬁ' nfi PEOPETh to
00 A) thick@nddesoprigker altera fluoro-chlorocarbon or a perfl uor oet her

anpl es include CO 2E E2, 3, (CF2), 4CF3, %

0CF3, and CF3 (CF2) if%é’%’% t(argezFeé”Eaf%gag%c ?%?%ecg% 31(

unber of nmagnet bondedr®t rtdmsor dhenCMCriMrgét oyakagepural ICrf |’damgemre

repared by radi O trhe% %@@ﬁ (kﬁF)cthp%de The Cr target was 99% pure. The
CoCrPt films were sputtered with a -100 V substrate

15 Dbias and inductively coupled plasma (ICP) analysis of

o)

the Co alloy film revealed a composition of 78.5 at%
Co, 9 at% Cr and 12.5 at% Pt. All other films were
sputtered without substrate bias. Substrate heating
was applied by heating the platform on which the

20 substrate was situated. Depositions were made after the
temperature of the substrate and platform reached
equilibrium in about 60 min.

Typical deposition rates were CoCrPt; 13.3 nm/min,

Cr: 13 nm/min, CrMn: 10 nm/min, and Mg0O: 4 nm/min. A

25 Tencor Alpha Step Profilometer was used to measure the
film thicknesses and to calibrate thin film deposition
rates. Film microstructures were studied by
transmission electron microscopy (TEM), atomic force
microscopy (AFM) and by symmetrical x-ray

30 diffractometry 0-20 scan with Cu Ka radiation. TEM
specimens were prepared by mechanical lapping and
dimpling followed by ion-milling. The in-plane bulk
magnetic properties of the thin films were measured on
square specimens of 9 mm x 9 mm by vibrating sample

35 magnetometry (VSM). A magnetic field of up to 10 kOe




sputtering, but could have just as easily been prepared by RF or direct
current (Wosamsgaetron sputtering. 35 Miltilayered filnms wHGI/HESHIPE4ed
sequentially w thout venting the chanber. The typical conditions for the RF
di ode deposition process were a base pressure before sputtering was 5x10-'
Torr or better and the sputtering pressure of the Argon gas was 10 niorr.
Sputtering was perfornmed at a fixed AC power of 100 watts (2.3 WcnR). 5

Smoot h (non-text ured), rning 75 ass | unin oxi (111) Si
substrates WIRE GQE&H‘*&? 58’:% ﬁ&%%lqrh% f‘?’ﬁ’ﬁgﬁuﬂﬁsgn&?& ggmé"\g%‘ervm se.
Substrat es \/\/Ebesﬁltﬁ&ﬁtfé ttWeCmagneaadatmfomhe three separate ultrasonic

bat hs of acetone, _2-pro ol h tyar get was
a CoCr all oy targ@t p%rteﬁ?% (%g;dﬁy‘tl |ps %%88%8§1Pge§avg\gsgy%tdpu€6e Cr
target with bpot¢erMdepvsis CHMn Cfllm getTh}asCQEWEMZéonTlﬁ)é &d@prt filns
vere sput r%@ 5% @‘19%\6%)&%1&#%& ﬂ;? 16ba8p8RH rbBeeE alan oup! ed

pl asma (| ayS|so m r eveal ed aco&gsmlon of 78.5

at % Co, 9 at dsofownd te D22 mt? A wiiee TEMws Xeré@Ys @R hout
substrate bigs eSg?g}lr ate el 's%g&t‘é%%eg%ﬂﬁq By1hsabhng It%tsf ormon

whi ch the 20 e Oas si t positions were nma ter t he
tenperat ure chowes it ridt ramdalest other sapRedasgdios mqnﬁﬁanit aib‘é)ut 60

G e 10 o 49 °§%‘%§éraée%vﬁﬁ.n- A S5 r2n5BeVA i SER PO one e

was usedigo @Qﬁiﬂrcef tdre dpprotinakekssésmandono thdlakbiCatn tﬁmlmfl | Thhe

deposi tion r Fi I m mé:ro,rst Uf&#‘igt?e&'ekgoﬁlt el eg; %éé{ %}%{ngfl n%et rical

electron mc OF C& m Croscop by sy
x-ray 30 dif¥ rmtaprmamm&@lsc@n%\ﬁthmajwkachad-lsatelscﬁentmy equal

to the lattice constant of pure Cr (0.2884 nm).
In another series of tests, thin films of CoCrPt
15 on Cr and CrMn underlayers were deposited onto the
substrates with the substrate at room temperature (RT).
X¥ray diffractometry studies were performed, which
showed virtually no difference in thin film textures of
the CoCrPt films deposited on Cr and CrMn underlayers.
20 The in-plane magnetic properties of the films were
compared. As shown in Fig. 4, the CoCrPt/CrMn films
had coercivity values, measured using VSM, that were
equal to the CoCrPt/Cr films for all film thickness
within experimental error. Differences among other VSM
25 measured properties such as S* and M:t, within
experimental error, were also negligible.
Additional experiments were performed in which
CoCrPt films with the Cr or the CrMn underlayers were
sputter deposited on substrates that had been preheated
30 to 250°C before sputtering. Fig. 5 is a plot of the in-
plane coercivity, H., versus underlayer thickness for
fixed thickness (40 nm) CoCrPt films. The in-plane
magnetic properties of 40 nm thick CoCrPt films on
various thicknesses of CrMn and Cr underlayers are



speci mens were prepared by mechanical |apping and dinpling fgktReeso7oys

i on-m | | i nWO9B4#84%3n- pl ane bul k magnetic properties of the thin filns were
measured on square specinens of 9 Mm x 9 by vi brating sanple 35

magnet onetry (VSM. A magnetic field of to 10 kCe was applied in the
filmplane, which was | arge enough to saturate the magnetization. A pure Cr
target wth bonded Mh chips was used to sputter deposit CrM filns. The
conposition o Crs | iq t e N 8she by iyERYS patigr@s anpys
analysis is f%ﬁ%g%f%ege 154; 'Itétﬂio/lorél\éch lursairg& T{El\/l ?fr ay di ffy?action 0- 20 scans
of the sputtetbe Chiekmiass h ts‘ftﬂ)srﬁzi‘%‘g%glghﬁﬁﬁﬁrthat it has al nost the

sane |attice constant as that of a pure C& film Fig. 3 shows the x-ray

0-20 10 scan of an approxinately 4 Hicro,?a'ltbju' clf CWn film The lattice
constant calculated fromthe x-ray scan o é 3 i.s approxinmately 0.288

nm whi ch SCEMBERHIERNESEIUaTHS,0 dde| | aiN,i/tk cpnst &dnt of [puMet Omefnn/2854
nm. In an@ther series of sts —thinlf-rrot—EocrPigd o iiule

4 0.. OJI .J\J\JIOL 5* O CF .I Ul TVI]
under | ayer 4 vverelél@pé‘é‘}ted ont o %‘Fé shbstrates Wth ’t?‘le substrate at roon
tenperat urdtRI) T RAy diTTfacaasetry studi®es \er el p&8f orjmed, vthi®h showed
virtual ly no difference inthi-a-filmtexigres—oei—the Lot fi:r@r-?g-ptm'-t-ad
on G and @ M unEQrPI&yers. 20 2[?1% i p- plane’ magnetic proderties of the
filnms were [COTPAargg oS snowh 139L18g. | 4, a82 CoQr PtOB%n fli | ns hadd>
coercivity %w_wwi——\—w ver-g—etstaggtothe—Cor &7t
films for gl film'tHckness|w ? e perl‘rr%ntal er(‘r)'g?? Dilf f erences anong
ot her VSM A5~ Teamirman propeftiassauch a0 F7and MP,88i thi n expkrPhent al

error, Wwers Lg-bl-e—-Adgh-+ msﬁwgge—pp-fm-rrfdﬁg'rr'vm:h
CoCrPt filnms with 1HE®Cr or {he nderlavers

wer e _sputker deposited o
1.26

substrates [fhat hadl mreen preheat8sb 0.84 0.92
5
Table 2
Cr thickness H., Oe M. /M, S* M.t memu/cm®
100 nm 2961 0.85 0.77 : 0.93
75 nm 2792 0.82 0.78 0.82
50 nm 3202 0.85 0.82 0.91
20 nm 2953 0.83 0.85 0.99
10 nm 2925 0.84 0.86 1.03
5 nm 3162 0.87 0.88 1.05
3 nm 3092 0.86 0.88 1.11
0 nm 865 0.84 0.92 1.26

The coercivities of CoCrPt/CrMn films are all

higher than that of the CoCrPt/Cr films and the

10 difference increases as the underlayer thickness
increases. A coercivity of 4280 Oe was measured for a
CoCrPt film on a 50 nm thick CrMn underlayer, which is
substantially higher than the 3202 Oe measured for a
similar CoCrPt/Cr film. Only a 3 nm thick CrMn

15 underlayer is needed for the CoCrPt to reach a
coercivity of 3690 Oe which is higher than the highest
value obtained with any Cr underlayer. In addition to



30 to 250'C before sputtering. Fig. 5is a plot of the in- plane
coer ci vi tWQ 9848418 er sus under | ayer thickness for fixed thi cRGEIHIOTISHn)
CoCrpPt films. The in-plane magnetic properties of 40 nmthick CoCrPt filns

on various thicknesses of CrMi and Cr—uB@er| ayers are - 21 - presented
in Tables 1 and 2, respectively, where t is the thickness of the magnetic

| ayer. Table 1 CrM thickness Ha, Ce M/ M Mt
memuiem 100 erally high Be valudy osiight19 Rgher si,ahd /g, o

0. 89 vaDu88 2fidnilower Mt BU3es areloB8erved i &he 0.95 10
nm 380 9%, 8 7 3782

0.87 Cggret/crttnigps thdn %he CoCxph/tr ERUE 0. 89

1.06 0 nB65 The crystalloggaphic textgxres of a fiewesslgabed 2 O

thi cknes i 1 and 2 WeMd JGBHEH &TF1q408 8y 7

bops S o, filhs EEop %{’M‘S‘S 2% %3S im 2792 0. 82

0.78 showgz-seyr i ffractioppggans of dGgm CoCrRtgdilms on ( 91 20
8m84 g@gg 20, SOOa%a %oo nn0 85 and CrMn6 xﬁl&@rﬂ%y@gs. The 5325

1.05 3nm 'Substra§89§eafgngg.ig‘guces a o‘.oe??]’ %exturs if&lbﬁthﬁgé

865 0.8%4 and th@ @2Mn films ak 2heThE lowertci vkéneswbiclpCiRt / Cr Mh

i 1 or o | FEFBacsedieeh SR, s talEAT ARaidh o f i albb2Oh COBFRFvity of
4280 Ce was kegtured faheahGofid?t dddroion taidd ofn tie cBoCerM Bnlasl ayer,
whi ch i's on CrMn underlayers may be attributable, in part, to
the strong (1120) textures of the films. However, the
CoCrPt films on the thin CrMn underlayers in Fig. 7
15 (such as the CoCrPt film on 20 nm CrMn) do not have
stronger (1120)peaks, but still have significantly
higher coercivities than the CoCrPt/Cr films.
An alternative way to obtain stronger (002)
texture in the CrMn films is by employing a MgO seed
20 layer. A CoCrPt (40 nm)/CrMn (100 nm) film was deposited
at room temperature, without intentional heating, onto
a 12 nm thick Mg0O seed layer on a glass substrate to
investigate whether a stronger (002) textured CrMn
underlayer would enhance the coercivity of the CoCrPt
25 films. Fig. 8 shows the x-ray diffraction scan of the
CoCrPt (40 nm)/CrMn (100 nm)/MgO(12 nm) film on a glass
substrate and the corresponding coercivity. As can be
seen in Fig. 8, a much stronger (002) textured CrMn
underlayer was obtained using the seed layer, although
30 no strong (1120} CoCrPt peak was observed as in the
comparable film deposited at 250°C.
The coercivity of the film, 2884 Oe, is
substantially greater than coercivities of either the
CrMn or Cr underlayer deposited at room temperature.
35 Although the CoCrPt/CrMn/MgO film had a stronger (002)



substantially higher than the 3202 Ce neasured for a simlar
film OnlWO&28M841x-t hick CrMh 15 underlayer is needed for tqg%? ['_1489’
reach a coercivity of 3690 Ce which is hlgher t han t he hi ghest val ue
obtained with any Cr underlayer. In addid3 on to - 22 - generally high H
val ues, slightly higher S* and M/M values and |ower Mt values are
observed in the CoCrPt/CrI\/h films than the CoCrPt/Cr filns. The

crystall ograghl gl text sc%f lt‘ﬁvﬁfedfgﬁﬁjrac{rhlﬁsf EQ%T?P&?‘S‘S ai and 2

wer e comnpare how " X-T a I On scans O
films on 10, oZOthEOC@ﬁZd'Plﬂ@IMn & laned ctamsym@rwa‘ybegt ahéegsﬂosharmze

heating i nduges 51(A0%hd LAtk EdhddeL g eandshhe O MLl 15 2 the

filmthickens which, uces i taxial row h of the
(1120) CoCr Predakiyee lmpﬁr@%% idvdihe \F!‘Q‘H%%tb? PREPEBELPS filns on CrMh

under| ayes s Er?ﬁal@%t%t tﬁHaltumi&ﬁ CrMh Rl ko t@i&@?léﬁ/éQBgaﬁ:él%prlt@@d”es of
the filnms. However, &hCO%rPt fllms Vh underl.a erstln Fig. 7

15  (such a¥ h@ﬁebe&ér e %%&emeﬁ%uﬁﬁvérﬁ
(1170) peaks, vautiaplidd thame csargrbé i it tyl heghsepavateilyi ttloes;mdmrt:é he

CoCrPt/Cr fil iy t texture in the
Crvh filns i g‘éﬁ‘ %ﬁ@&%wﬁa‘i seed‘Plzt&? %@e‘?%g%g@%&g‘%t% 0 nm)/ Cr Mh( 100
nm film vvaspd:@p@snttm at room tenperat ure, wthout intentional heating,
onto a lggnm thicly, Q texture R @aglaéf SHRshr %belh%gf\i%%ﬁegate

whet her a stronger Vh und er ayer woul d enhance t

coercivity oﬁherm@fcfcegbt@aannmdlaw glaBe§ﬁoW§‘ the magnetdidfraction
scan of the Eerf(t4QMf Cif:MMslfmaxﬂmf,/; NE#MA 2aR8) ci:l hﬁﬁ@:&l&;@ﬁsss substrate

and the cor r GRONL NG QST MY ng°u sl PEagOBR" B9 oy QLS Stronger

of Cr and CrMn between the magnetic layer and the

15 underlayer of CoCrPt/CrMn and CoCrPt/Cr, respectively,
with a substrate preheating of 250°C. As shown in
Table 3, the coercivity of the CoCrPt/CrMn film was
decreased from 4315 Oe to 3899 Oe due to the Cr layer
insertion, while the coercivity of the CoCrPt/Cr film

20 was raised from 2961 Oe to 3393 Oe due to the CrMn
layer insertion.

Table 3

CrMn Underlayer Cr Underlayer
In-Plane no Cr Cr CrMn no CrMn
Magnetic intermed. | intermed. | intermed. | intermed.

Properties Layer Layer Layer Layer

H., Oe 4315 3899 3393 2961

M,/Ms 0.90 0.86 0.86 0.85

S* 0.90 - 0.88 0.82 0.77

M, t, memu/cm* 0.87 0.92 1.02 0.93

25 The introduction of a Cr intermediate layer

between the magnetic layer and the CrMn underlayer
resulted in a decrease in the coercivity compared to
the film with only a CrMn underlayer. However, the



under | ayer was obtained using the seed |ayer, although 30 no stron (1120)
CoCr Pt peWPQR48413pserved as in the conparable film deposit 8&5 The
coercivity of the film 2884 Ce, is substantially greater than coerC|V|t|es
of either the M or Cr underlayer depcd?ted at roomtenperature. 35
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|Cpsert|0;[lo T%‘é‘sxﬁa@l@ \den] ajfler layer(%rUB%E:l% r ﬂoérﬁ%l g _on no &

Nagnet | ¢ In
i nt er med. Pr&g\ﬁ,tgaé*stlcula}_raféflm that;_ass,érto be cEg,;ié'led and [Ehyeer

desired magnetic properties of the film.

Because the Cr and CrMn intermediate layers

deposited were thin, the crystal structures and lattice

15 constants of the CoCrPt/CrMn and CoCrPt/Cr films should
not have been appreciably changed by the intermediate
layers. Therefore, the magnetic property changes in
the media are most likely due to the change of
composition of the interfacial layer that is

20 substantially in contact with the magnetic layer. 1In
addition, it was noted above that the same film
exhibits different magnetic properties when deposited
at different temperatures although there does not
appear to be a substantial change in the film texture.

25 The observed variations in the magnetic properties
indicates that interlayer diffusion of the elements in
the film is occﬁrring at the magnetic layer interface.
In this regard, it will be recognized by one reasonably
skilled in the art that very thin non-Mn-containing '

30 layers may be placed between the Mn-containing layer
and the magnetic layer to act as a diffusion moderating
barrier layer to limit and control the diffusion rate
of the Mn from the Mn-containing layer to the magnetic
layer grain boundaries.

35 Fig. 2e shows the binary phase diagram between Co

and Mn. The relative small region of HCP CoMn (e=-Co)
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i ndi cat es t hatin eentagerwithf thpofofrRthd adesnewy e diffusing into

the grain boundaries or the grains of the Co-alloy

15 1layer. The Mn diffusing into the magnetic layer may
serve to further separate the Co-alloy grains resulting
in an increase in the coercivity of the film. In
contrast, the variations observed to date do not imply
that interlayer diffusion of Cr from the underlayer to

20 the magnetic layer is strongly controlling the magnetic
properties of the films.

Based on the above results, testing was performed
to investigate whether a similar improvement in the
magnetic properties could be produced if Mn were

25 directly incorporated into the magnetic layer. A film
was produced by sputter depositing a CoCrPt magnetic
underlayer containing approximately 5 at$% Mn onto a Cr
underlayer. The sputtering was performed by adding Mn
chips onto the CoCrPt target. The coercivities of the

30 resulting film decreased approximately 50% for the
CoCrPtMn/Cr films sputtered on heated (250°C) smooth
glass substrates, while the coercivities dropped about
15% for films deposited on unheated glass substrates.

Differences between CoCrPtMn/Cr and CoCrPt/CrMn

35 films would be expected because of the varying
distributions of Mn in the two films. For example, Mn
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layer. The MP%iFFLEFhaYeht &t Esﬁﬁﬁn8 ¥y AP PTRF ERYeP to furt her
separate the'Khme@ényzgngieﬁfeekubnlbgelmn&anﬂamuaiustru¢ture0@fCtMety of
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i nterl a;nér di s#%n{:%?{:%rﬁayr%%n %hggéﬁge ﬁa ?1 85[ %%g 1?rézajtgarlllétﬁrplé(\f?‘%\yer S
strongly cont@b@gmn@heh@rﬁﬁgﬁe@nctb?opégpﬁégCoﬂ&Mﬁ?f|InB Based on the

above results, tesihaomyesoRerhetied be tRLCTMIAlMmAWEt hef14 similar
| mprovenent in the
sputtered on preheated substrates were compared using

TEM. Figs. 8 and 9 are TEM bright field micrographs of

15 100 nm thick Cr and CrMn films deposited on 250°C
preheated smooth glass substrates, respectively. Both
films show grains with similar average sizes of greater
than approximately 50 nm. The CrMn film has slighﬁly
more well defined grains than the Cr film.

20 CoCrTa alloys are also commonly used for the
magnetic media. Therefore, additional testing was
performed to evaluate the general applicability of the
Mn-containing layers to Co alloys. A series of
CoCr,,Ta, films on CrMn underlayers were studied. Due

25 to the experience from the previous CoCrPt films, all
of the CoCrTa/CrMn films were sputter deposited onto
250°C preheated substrates. Fig. 11 shows the plot of
in-plane coercivities of various thicknesses of CoCrTa
films on a fixed thickness (20 nm) of Cr and CrMn

30 underlayers. Similar improvement in H. as in the
CoCrPt/CxMn films was also observed, although to a
lesser extent. The coercivities of the CoCrTa films on
CrMn underlayers were always higher than that of the
CoCrTa films on Cr underlayers. The largest coercivity

35 improvement was observed with an approximately 10nm
CoCrTa thick magnetic layer on the CrMn underlayer.



!

‘

nmagnetic properties could be produced if M were 25 directly | NCHAPB.
i ntto the magnet WO IBBHB&3- A fi | m was produced by sputter depositing a %?@984
magnetlc under | ayer containing approximately 5. at% vn onto a C underl ayer.
The sputtering was perforned by adding M chi [?s onto the CoCrPt target. The
coercivities of the 30 resulting filmdecreased approxi mately 50% for the
CoCGrPtMn/ Cr films sputtered on heated (250[err]C) snooth gl ass substrates,

whi:l e the coerci vi B.l] es dropy %(Lbﬂgyt 51%fﬁgléklggcgggoghgg@ o wigahad
S

gl ass substrates. ‘erence et ween CoCr Pt Mh vh 35 filns

woul d be expect ed lténanmaﬁeﬁlﬁf\ﬁéﬁy@% Qﬁlﬁ@r‘ﬂ‘ﬁ‘aﬁgﬁge5§ IW“l She two

filims. For exanpl edelétlb rasdatékesnobts glhskasubaldnatdis f erddin,
di fif usi on characteri stics vvhen dp

ffusing froma 5 at% CoCy. er to
Cr {layer than fromhlahemcReNFEr i 8% ?r?op‘éu%%dﬁtofll Sy glgg’gﬂg#ggyt he
reljati ve spatiab 5 fH&dridpdd®ntiodn Milms thethi Cosundedilafersnt , Thee
resul ting magnetic properties,_of the fi p t
different. It may at %@%ﬁ%lﬁec?ﬁﬁ?iﬁgwg# Fgﬁg)ré %f ?’glselt &ﬁrﬁyer
provi di ng a honogeniiicknhedd eincoeases. i nFerf asmplgt,r tdeurceestciwiet oo f
layprs that may be sefving ko 4yTERPICERRRSR! AnEndingl B Aldt MROGrEENS i n

t he: magnetic | ayer. e mcro ruct éﬂr sputtered on
preheat ed substrat dsigker theamatkatuafng FENML1ArgSOCHFTH{ED L TEM bri ght

field mcrograghs of 15 q Q%ﬂ”&:&ﬂtéﬁt%faﬁﬁe%mf lu'riﬂiaﬂ%ﬁ tveals 081850' C
preheat ed srmoth gl ass substrates, . res ectlvel feft&%: show,%\.allgP
with simlar averageltezed b ghregkeit hSHmBBE ¥ m Mh
fil mhas slightly ngpepuebh ﬂnél oedtgrgenswelran aﬁbmsﬂ?red itonp2fduce

CoGyTa alloys are 2] S\?t%é’:’:mB Xlusedlg‘gr ah"8stimated composition of

approx:Lmately 11 at% Mn, designated as CrMn-11l. A

15 series of CoCrPt/CrMn-11 films were deposited onto
250°C preheated smooth glass substrates. The CoCrPt
film coercivities vs. CrMn-11 underlayer thicknesses

are plotted in Fig. 13 in comparison with similar films
on Cr underlayers. It is found that the films with the
20 CrMn-11 underlayers all have higher coercivities than
the films with Cr underlayers. When the underlayer
thickness is higher than 10 nm, the coercivities of the
CoCrPt/CrMn-11 films are 500 Oe higher than that of the
CoCrPt/Cr films. The increase in the coercivity of the
25 film is less for the CoCrPt/CrMn-11 films than for the
CoCrPt/CrMn films having approximately 22% Mn.

Another sputter deposited CrMn film having
approximately 28% Mn content, designated CrMn-28, was
prepared. All films with the CrMn-28 underlayers

30 showed lower coercivities than the corresponding
CoCrPt/Cr, CoCrPt/CrMn and CoCrPt/CrMn-11 films. The
coercivity of a CoCrPt (40 nm)/CrMn-28 (50 nm) film
deposited on a 250°C preheated smooth glass substrate
was found to be 2650 Oe, which is "38% lower than that

35 of a similar CoCrPt/CrMn film (which has a coercivity

of 4280 Oe). X-ray diffraction 8-20 scans of a thick
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he Nh content, .of the G Mh underlayer was _al so
altered to check iF§°58nB£sPEHgHQFYeﬁké&qs.“ﬁ'h i Vi Jﬁi‘ﬁ%i#)ngPREeﬁlat get
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substrates. Thé €Cheér present domepibiion es thuiTrdepantimdefrayeithehi cknesses
scope of the present invention. Such modifications and
variations are intended to be covered by the foregoing

15 specification and the following claims.
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substantially parallel to said magnetic layer.

15
3. The recording medium recited in claim 1 wherein
said Mn-containing layer is disposed in an effective
amount to provide for diffusion of Mn into said
magnetic layer.

20

4. The recording medium recited in claim 3 wherein:
said magnetic layer includes grains having grain
boundaries; and,
said Mn-containing layer is disposed in an
25 effective amount to provide for diffusion of Mn into
the grain boundaries of said magnetic layer.

5. The recording medium recited in claim 1 wherein
said solid solution Mn alloy comprises a material

30 selected from the group consisting of CrMn, VMn, TiMn,
MnZn, CrMnMo, CrMnW, CrMnV, and CrMnTi.

6. The recording medium recited in claim 1 wherein
said solid solution Mn alloy comprises CrMn.
35
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15 specification and the follow ng clai ns. 1. A magnetic recording

medi um conpri si ng: i a Coor Coalloy filmformng a
magnet i C ki odrsans qﬂil!‘im]&mﬁwwlmpl taxial crystalline stepocgrusvsn7osai d Co-
or Co alloy formng cu Ity Of =crystalline grains having boundaries

t her ebet ween; and a Mi-containing | ayer ggnprised of Mh or a solid 10
solution M alloy in contact with said magnetic |ayer, wherein said
magnetic l-ayer is between said substrate and said Mi-containing | ayer and
said M is present_in an amount sufficient for diffusion thereof along the
grai n boundarles iThearecendihngi Bediprr recited inTid 3ide £ Wheredai um
recited in clgdg Jcm&rsino?ais gBfpetikedl ayen ekas thaWetd €3 MAXI S
oriented sibstantially parallel to said nmagnetic |ayer. 20 3. The
recording mediumrecited in claim1 wherein said solid solution M alloy
conpri ses a n@} erithesetectdingr nedion geaitedonsy stlianign o8 wWidbeiNVh, Ti Mh,

octted i 7 oSHHR 1M SPRCERES 85 Tao8Sr o P M1 oy comprises G M. S

The recording nediumrecited in claim4 wherein said Crvnh alloy is

conpri sed of ¢ess $aNrd8oRh¥nNmedivd0 récited8d AU NG WRELEIN' eci ted
in claim4 wherein said_CM |ayer I1s at |least 3 nmthick. 7 The

recor di ng nedtahereEpedavarcls FRPEPRAERS 05 105%P @vh I‘Ihélye'r is conprised
of 10-25 at % Mh. 8. The recording mediumrecited in claim?7 wherein

10 10. The recording medium recited in claim 9 wherein
said CrMn layer is 3-100 nm thick.

11. The recording medium recited in claim 1 wherein
said Mn-containing layer is at least 3 nm thick.

15
12. The recording medium recited in claim 1 wherein"
said magnetic layer is comprised of a material selected
from the group consisting of CoCrPt alloys and CoCrTa
alloys.

20

13. The recording medium recited in claim 1 further
comprising a seed layer disposed on said substrate.

14. The recording medium recited in claim 13 wherein

25 said seed layer is comprised of a material selected
from the group consisting of MgO having an (002)
structure, Cr, and CrTi.

15. The recording medium recited in claim 13 wherein
30 said seed layer is comprised of a material selected
from the group consisting of Ti, TiCr and Pt.
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said G M |ayer isWe %M ¢ hick. 10 9.  The recording nedi um r ecPEEYSP§{07984
: y

claim:1 wherein said Mi-containing layer is at least 3 nmthick. 10. The

recording mediumrecited in “E I ﬂ H"usaid fdgimetic | ayer is

conpri-sed of a material sel 98 group consisting of CoCrPt

all oys' and CoCrTa alloys. 11. The recording nediumrecited in claiml

further conprising a segd | r..di | fgga t 4T

recordi ng nediun1recitg§'in?%?af%#??aaﬁgrggﬁﬁggﬁ._seg%&?éﬁérgggiéo%pgﬁgg er

of a material s~el ect edohpsising ghroupdesrisivem i sHoaed belvagnasaido2)

structure, O. and O Tiyn2prige ZRE ERGQ MrGIREMMALCIAGri BofibpiBelilof a
whereijn said seed | ayer 1s conprised a material selected fromt roup

C 0 d f he _gr,
consisting of Ti, Ti ormakarbel selecked e nramat® RPHerkiddr eEVEEdlildne
cl ai 3?nprising an sundgekrayenrdi sposad doafaweritic Iayesubstrate and said

Vh-cont ai ning | ayer conprised of a material selected to pronpte epitaxia

crystalline structure in said magnetic layer. 5 15. The recordi ng nedi um

|
reciteg in claiml4 whgei nThai decodeingy aredismcamguritsed Dh aladmelicawherein
sel ectied fromthe grou NS[ SL . | d cLal _havin
B2-ordered structure an8§§ ﬁ%@%k@gy%%hg%aﬁg&gﬁgs‘%ﬁﬁ?§|?§m%§%%%?§bF8aF8
10 16.} The recordi ng nfdonnthecioredp cofisdishing wher@i n Cai dldaser bager i s
conprised of a matefiah,seleghedaliem LI Consl s i
b W OTi N BRFErIEL RaVING B2 grdtr %foﬁﬁs,u Ez%’leg'rr#:attlce
constant substantially comparable to Cr.

18. The recording medium recited in claim 16 wherein
said underlayer is comprised of a material selected

15 from the group consisting of Cr, CrV, CrMo, CrW, CrTi,
NiAl, AlCo, FeRl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi,
CuBe, CuZn, AlMn, AlRe, AgMg, and Al,FeMn,.

19. The recording medium recited in claim 16 further
20 comprising a plurality of underlayers comprised of two
or more of said materials.

20. The recording medium recited in claim 1 further
comprising an intermediate layer disposed between said

25 substrate and said Mn-containing layer comprised of a
material selected to promote epitaxial crystalline
structure in said magnetic layer.

21. The recording medium recited in claim 20 wherein

30 said intermediate layer is comprised of a material
selected from the group consisting of Cr, Cr alloys and
a material having a B2-ordered structure and a lattice
constant substantially comparable to Cr.
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15 CUBe,“%I{d%s“ﬂ Mh, Al Re, AgMy, and Al 2FeMh2. 17. The re éﬂh&&d&?&‘ um
recited in clarm1l4 further conprising a plurality of underlayers conprised

of two or nore of spgj ' . 18..Jhe recording nediumrecited in
claim1l further conﬂlﬂmrmumummleedl a2 | ayer disposed be'tween said ,
substrate and said M-contial mi ng 1 ayer conprised of a material selected to
pronote epitaxial crystalline 25 structure in said magnetic layer. 19. The

recor di ng rrfecia'zu,m [m txf@bdﬁuﬂ%@im?&ﬁumhtﬁé@iaeaaﬁﬁ icmaqtm@_ '%}Eh%ﬂéi)fg ilsl
conprised of a nmterial selec romthe group consisting of Cr, al | oys
and 30 a mat¥Hh Ilrh%e{ﬁT?‘Fgflaaetﬁ?z?ﬂ?%lfeﬁssF?ﬁBFﬁg& [Qir]El E‘@%setr&r?t?

subst anti al | ywelmypzadibimn i . grouB 2c&ESL ACENGNG £SHEET C2&,, TieMg,ecor di ng
medi umrecit { N i m L0 sajifin di I o ri sed of
a materi al sgl-ewc’t e#ﬁfor#%%%wgé%gp' cg#g}étl%%&‘ggf tér%,%’ %%rl(':r %&Q&gp crw
CrTi, N AP, AaZy, PEAL, FaBe, Coren, GdIMn, GAlRe, C3EMg,Niahid AQyBeMnguZn,

Al Mn, Al Re, AgMy, and Al.FeWh2. 21. The recording nediumrecited in claim

1 further 10 __cbnprising a second nagnetic |ayer, wherein said nagnetic
| ayer |ies béddween & PR GIRE MYpbiRcregytrdasd sdpdmsdbdursther 22. The
recordi ng nedicmpriinedc i secdid Mmadnéti Eheayde, CARRHeINN& a8 dVh- cont ai ni ng

[ I di d_ bet ' tic_L i d d ti
| ayer . 25 ARBRrE UG VSR Hoeh RODPASE CBYE PEFARY AARRRIG d AR di ng

medi um cbépriandiggaixd substratsubstrate, a Co or Co alloy filmformng a
magnetic recording layer, said Co or Co alloy formng a pluralitty of
24. The recording medium recited in claim 23 further
comprising a Mn-containing inner layer disposed between
said magnetic layer and said second magnetic layer.
15
25. A magnetic recording medium comprising:
a substrate;
a Co or Co alloy film forming a magnetic recording
layer having an epitaxial crystalline'structure; and
20 . a Mn-containing layer comprised of Mn or a Mn
alloy in contact with said magnetic layer, wherein said
magnetic layer is between said substrate and said Mn-
containing layer.
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crystalli %gk _having boundaries therebetween and, a M Sslohdxd
| ayer COWpI\?PSG @? Mh_or a-solid 25 solution'Vn alloy dispose etween said

magnetic | ayer and sai ‘“ ﬁr_ov:{éje_ epi taxi al- gromh of said
magnetic | ayer, Whergi \mgl ‘m“ﬁ sent” in an amount sufficient for
di ffusion thereof al che Lgr Ai n® bdundaries in said magnetic |ayer; and,

33 a magnetic transducer positioned in close proximty to said nediumto
record and reag data tappirthtiuonicaidatedstorade 24mpriBangpparatus recited

in claim23 wherein_said.mediumf.urther ri an underl ayer interposed
bet ween sai d Nh-%olﬁ?gflﬁgﬁﬁ FSﬁnggﬁé glgldg Sul5s %}tlgsltr%g'prormte epi t axi al
growm h of said magretsubdtaesre, 10 25. The apparatus recited in claim?24
wherein said underl ' terl ak; gel r rs b8t ng of
o oV, G, GWE Xéandrs$Al®%@1§§A?&@g‘f§Q&Egﬁe%ol% F}‘%‘f}?&ﬁ&n
Ni Ti, CuBe3? Cudayem MnRd/Al Re, AgMy, and Al 2FeMh2. 15 26. The appar at us

recited in claim 23 wipr&it Sai thdMmagort sbmprdskay st vp ¥ ipdif a
CrMn alloy. 27. The apparatus recited |n claim 23 wherein said 20 _ nedi um

i s rotatabl e rel atiSRMOIANMP 13h1RYREFPO98Y PehWespp SR IFERGEEY i n

cl ai m 23 wherei n saidydmoiiel igaidyibsesabs €pi pasivabdeCeysttaldigle structure
grown fromsaid I\/h-con"te%i1 ni A net hod ,of producing an

Py | ayer. 25 29. !

epitaxial crystall i HeP dt g%aja%%??g%‘@ﬁ‘ét }gygaS,ep.n M a recording
substratelOsai d semhgdetdoprtiransguceirs pos ing candd-ioont ko & ngroaymi ty
conprised of MY, ofy 39 ndafidh'€h SPLLEEE M 2LLAY a8Ra2 3RS Ao ©dia

medium.

27. The apparatus recited in claim 26 wherein said
15 medium further comprises an underlayer interposed

between said Mn-containing layer and said substrate to

promote epitaxial growth of said magnetic layer.

28. The apparatus recited in claim 27 wherein said

20 underlayer is a material selected from the group
consisting of Cr, CrV, CrMo, CrW, CrTi, NiAl, AlCo,
FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn,
AlMn, AlRe, AgMg, and Al,FeMn,.

25 29. The apparatus recited in claim 26 wherein said Mn-
containing layer is comprised of a CrMn alloy.

30. The apparatus recited in claim 26 wherein said
medium is rotatable relative to said transducer.

30

31. The.apparatus recited in claim 26 wherein said
magnetic layer has an epitaxial crystalline structure
grown from said Mn-~containing layer.

This Sheet Has Been

[T

THIS SHEET HAS BEET
REPLACED

SN AR TR




epi t axi al f a Co or Co alloy [err] heating the g
| ayer; 696§§%€§$t|ng ‘the Co or Co alloy nagnetic | ayer quwﬁﬂﬂbﬁbﬂkﬂ
Vh- cont al ning | ayer, ﬂu‘{ﬂmﬂ I oy form ng epitaxial crystalline
grai ns having bounda ‘m wherel n the Mh in the M
contai ning layer is ptesent' i an anDunt and the Mh containing |ayer is

heated to a degree sufficient to pronote interlayer diffusion of M from
t he M contai @2 noTheyeppakangst litécl@.edghmi rchaumcﬁa&imej:mnheanagnetic

ljﬁ)rlle;\gg)gal ghsxf‘%‘énﬁglﬁrgaﬁgfnﬁft ﬁgwﬁgrﬁﬁen na%/ere Jl‘grIl Jl]l‘?éjr{'%&gs ?ﬁggaf prmed
claim 29 mherhamlﬁglgranapbohndaspcghngmduther conprlses di sposi ng the
M- taini t t

contal ni ng éi‘éiefan Qoﬁ@a%%‘réfe'tl:é‘grel%ml@ ail ché St %8 SEEEE%@COm ai ni ng

crystalline sTFuCture In a
| ayer. 325Theameuhbdtef p@psmﬁhezio\méir 5§eﬂfbl of R ointPsphsi A§adart her

conpr i ses di spaghAgraeE of abliey richa subsyeate. 33, The method of claim
32 wherein said step of disposing further conprises disposing at |least a 3

nmthick CM alloy |ayer on the substrate. REPLACEMENT SHEET 35 34. The
met hod of cl agp.28 weehedn ofaiptRhediny adepgsitaxatoopyssailipet Cer

depositing the magnehig | ayeh qh A 1LgME'H U & lofls h§28hn30hee! 1 C
. 10 said method comprising:
disposing a Mn-containing layer comprised of Mn or
a solid solution Mn alloy on a substrate to provide for
epitaxial growth of a Co or Co alloy magnetic layer;
and, .
15 producing the Co or Co alloy magnetic layer on the
Mn-~-containing layer.

34. The method of claim 33 further comprising the step
of promoting interlayer diffusion of Mn from the Mn-
20 containing layer into the magnetic layer.

35. The method of claim 34 wherein said step of
promoting comprises heating the Mn-containing layer to
promote interlayer diffusion of Mn from the Mn-

25 containing layer into the magnetic layer.

36. The method of claim 35 wherein said step of
heating is performed during said step of producing the
magnetic layer.
30
37. The method of claim 33 wherein said step of
disposing further comprises disposing the Mn-containing
layer in an effective amount to promote an epitaxial
crystalline structure in a magnetic layer produced on
35 the Mn-containing layer.
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[ 5 357 The nethod of claim?29 further conprising the step of plagi eed
| REHIORRE e

! layer on s¥Qp@ B yate. 36. The d of claim?29 further
: step of provi d| ng an Hmu mﬁmm lﬂ&j I\/h cont ai ni.ng 10 | ayer and the
. substrate. 37. The ne mhereln said step of providing

conprises providing an underlayer conprised of a material selected fromthe
group consisting of Cr, 15 O alloys, and a material having a B2-ordered

structure and ggl at theenedhsidaif YiksingB3 athereonpaaabl etep GF
disposing further comprises disposing a Mn-containing
layer comprised of a CrMn alloy on the substrate.

5 39. The method of claim 38 wherein said step of
disposing further comprises disposing at least a 3 nm
thick CrMn alloy layver on the substrate.

40. The method of claim 33 wherein said step of
10 producing further comprises depositing the magnetic
layer at a temperature sufficient to produce interlayer

diffusion of Mn from the Mn-containing layer into a
portion of the magnetic layer.

15 41. The method of claim 39 wherein said step of
depositing comprises sputter depositing the magnetic
layer.at a temperature of at least 250°C.

42. The method of claim 33 further comprising the step
20 of interposing an intermediate layer between the Mn-
containing layer and the magnetic layer.

43. The method of claim 33 further comprising the step
of placing a seed layer on said substrate.

25
44.- The method of claim 33 further comprising the step
of providing an underlayer between the Mn-containing
layer and the substrate.

30 45. The method of claim 44 wherein said step of
providing comprises providing an underlayer comprised
of a material selected from the group consisting of Cr,
Cr alloys, and a material having a B2-ordered structure

and a lattice constant substantially comparable to Cr.
35
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