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ferromagnetic material) and the magnetic |ayer thickness t has decrease
Siml a,y,lgy, 25 the coercive field orgc%etm th (He) of the magnetic |ayer
has increased. This has led to a the ratio M/H . The reason
for this decredns intentibatelitbeoddRiaATRS flaghkid dkbrtifhg media, and more particularly to

. a magnetic recording disk with an antiferromagnetically-coupled (AFC) magnetic recording
layer.
15 Background of the Invention

Conventional magnetic recording media, such as the magnetic recording disks in hard
disk drives, typically use a granular ferromagnetic layer, such as a sputter-deposited
cobalt-platinum (CoPt) alloy, as the recording medium. Each magnetized domain in the
magnetic layer is comprised of many smatl magnetic grains. The transitions between

20  magnetized domains represent the “bits” of the recorded data. IBM’s US patents 4,789,598
and 5,523,173 describe this type of conventional rigid disk.

As the storage density of magnetic recording disks has increased, the product of the

' . ' remanent magnetization Mr (where Mr is measured in units of magnetic moment per unit
volume of ferromagnetic material) and the magnetic layer thickness t has decreased. Similarly,
25 the coercive field or coercivity (Hc) of the magnetic layer has increased. This has led to a
decrease in the ratio Mrt/H,.. The reason for this decrease is that the parameter Mrt/H. is
related to the ability of the recording head to resolve the magnetic bits at high density.
Decreasing Mrt/H, increases this ability. To achieve the reduction in Mrt, the thickness t of
the magnetic layer can be reduced, but only to a limit because the stored magnetic information

30 in the layer will be more likely to decay. This decay of the magnetization has been attributed
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..related to the ability of the recording head to resolve the magnetic bits
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oriented signal-to-noise ratio (SNR) of the magnetic layer.

15 U.S. Patent 6,280,813 describes a magnetic recording medium wherein the magnetic
recording layer is at least two ferromagnetic films antiferromagnetically coupled together
across a nonferromagnetic spacer film. In this type of magnetic media, referred to as AFC
media, the magnetic moments of the two antiferromagnetically-coupled films are oriented
antiparallel, with the result that the net remanent magnetization-thickness product (Mrt) of the

20 recording layer is the difference in the Mrt values of the two ferromagnetic films. This
reduction in Mrt is accomplished without a reduction in volume V. Therefore the thermal

. stability of the recording medium is not reduced. One of the ferromagnetic films is made
thicker than the other, but the thicknesses are chosen so that the net moment in zero applied
magnetic field is low, but nonzero. In one embodiment of the AFC medium both

25  ferromagnetic films are sputter deposited CoPtCrB alloy films separated by a Ru spacer film
that has a thickness to maximize the antiferromagnetic coupling between the two CoPtCrB
films.

The use of a boron-containing alloy like CoPtCrB as the ferromagnetic film

composition in an AFC medium requires the use of a special onset or nucleation layer to
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..antiparallel, with the result that the net remanent magnetization-thickness
product (Mt) of the 20 recording layer is the difference in the Mt values
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Summary of the Invention

15 The invention is an AFC magnetic recording medium having at least two
ferromagnetic films exchange coupled together antiferromagnetically across a
nonferromagnetic spacer film. In this antiferromagnetically-coupled (AFC) recording layer
the magnetic moments of the two ferromagnetic films are oriented antiparallel, and thus the
net remanent magnetization-thickness product (Mrt) of the AFC recording layer is the

20  difference in the Mrt values of the two ferromagnetic films. This reduction in Mrt is
accomplished without a reduction in thermal stability of the recording medium. The lower

. ferromagnetic film in the AFC recording layer is a ferromagnetic CoCrFe alloy that does not
require a nucleation layer between it and the Cr alloy underlayer. The AFC medium with the

CoCrFe alloy as the first or lower ferromagnetic film has reduced intrinsic media noise.

25 For a fuller understanding of the nature and advantages of the present invention,

reference should be made to the following detailed description taken together with the

accompanying figures.
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The magnetic recording disk of the present invention is of the type that has a magnetic

recording layer made of two or more ferromagnetic films that are coupled
antiferromagnetically (AF) to their neighboring ferromagnetic films by one or more

15 nonferromagnetic spacer films. Fig. 1 illustrates the cross sectional structure of a disk 10 with
an antiferromagnetically-coupled (AFC) magnetic layer 20.

The disk substrate 11 is any suitable material, such as glass, SiC/81i, ceramic, quartz,
or an AlMg alloy base with a NiP surface coating. The seed layer 12 is an optional layer that
may be used to improve the growth of the underlayer 13. The seed layer 12 is most commonly

20 used when the substrate 11 is nonmetallic, such as glass. The seed layer 12 has a thickness in
the range of approximately 1 to 50 nm and is one of the materials, such as Ta, CrTi ,NiAl or
. RuAl, which are useful as seed materials for promoting the growth of subsequently deposited
layers in certain preferred crystalline orientations. A pre-seed layer (not shown) may also be
used between the glass substrate 11 and the seed layer 12. The underlayer 13 is deposited onto
25  the seed layer, if present, or otherwise directly onto the substrate 11, and is a nonmagnetic
material such as chromium or a chromium alloy, such as CrV or CrTi. The underlayer 13 has
a thickness in the range of 5 to 100 nm with a typical value being approximately 10 nm.
The AFC magnetic layer 20 is made up of two ferromagnetic films 22, 24 separated by

a nonferromagnetic spacer film 26. The nonferromagnetic spacer film 26 thickness and
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several disks with the CoCrFe Iower AFC film 10 Detailed Description of
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CoPtCrB film 24 in turn enhances the growth of the second CoPtCtB film 22, through the Ru
spacer film 26, to also have its C-axis in-plane. If the CoPtCrB film 24 were grown directly
15 on the Cr alloy underlayer 13 without a nucleation layer, then it would not grow with its
C-axis in the plane of the film, which would result in poor recording performance. It is well
known that the presence of boron is important for achieving small grains in the recording layer,
which is necessary for high performance media. Therefore, the nucleation layer 14 allows use
of boron-containing alloys as the recording layer. The nucleation layer 14 typically is a
20 nonferromaguetic Co alloy, such as a CoCr alloy with Cr >= 31 at.% . This CoCr composition
produces a phase which is nonferromagnetic or slightly ferromagnetic.

. The AF coupling of ferromagnetic films via a nonferromagnetic transition metal
spacer film, like the structure of layer 20 in Fig. 1, has been extensively studied and described
in the literature. In general, the exchange coupling oscillates from ferromagnetic to

2s  antiferromagnetic with increasing spacer film thickness. This oscillatory coupling
relationship for selected material combinations is described by Parkin et al. in “Oscillations in
Exchange Conpling and Magnetoresistance in Metallic Superlattice Structures: Co/Ru, Co/Cr
and Fe/Cr”, Phys. Rev. Lett., Vol. 64, p. 2034 (1990). The material combinations include

ferromagnetic films made of Co, Fe, Ni, and their alloys, such as Ni-Fe, Ni-Co, and Fe-Co,
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..respectively, are AF-coupled through the nonferromagnetic spacer film 26
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5

Structure of an AFC Disk with a CoCrFe Lower Ferromagnetic Film

High performance commercially available disks using glass substrates and CoPtCrB
single-layer magnetic layers can require up to six layers. These layers are a pre-seed layer on
the glass substrate (not shown in Fig. 1), the seed layer, the underlayer, the nonferromagnetic

20 (or slightly ferromagnetic) CoCr nucleation layer, the CoPtCrB magnetic layer, and the
protective overcoat. Common manufacturing sputtering tools, such as the Circulus M12,

. currently have only seven stations available for actual sputter deposition, assuming the use of

two heating stations and one cooling station. Since the AFC magnetic layer replaces the single
magnetic layer with three layers, the total number of sputtering cathodes needed to create an

25 AFC disk is eight. This number is larger than is currently available on the Circulus M12
configured as described above. Other types of manufacturing sputter tools may also have a
limited number of sputtering cathodes, which makes implementation of AFC media difficult.

Certain materials can serve the dual purpose of acting as the lower ferromagnetic film

in the AFC layer as well as facilitating the in-plane C-axis growth of the second CoPtCrB film
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..25 antiferromagnetic with increasing spacer filmthickness. This

oscillatory coupling relationship for selected material conbinations is
described by Parkin et al. in "Gscillations in Exchange Coupling and
Magnet oresi stance in Metallic Superlattice Structures: Co/Ru, Co/Cr and
Fe/Cr", Phys. Rev. Lett. VoI 64 p. 2034 (1990). The materi al

conbinatl jc films made of Co, Fe, Ni, and their
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| ayer 20 e, bent i ons of the magnetic nonents 32, 34 of ad] acent. |Ims
22, 24, B eare al igned antiparallel and thus add destructively.
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gl ass sulerording pedforthaBodt A Eplained in the previously cited ‘813 patent, it is advantageous to
use a granular ferromagnetic material with isolated magnetic grains, i.e., no intergranular
exchange coupling, to lower the media noise because it has been shown that intergranular
15 exchange coupling increases the media noise. Thus it is unexpected that the use of a CoCrFe
lower film would decrease the media noise in the AFC media.
Fig. 2 shows the preferred structure of the AFC disk 10' according to the invention.

The thicknesses and compositions for the various layers in this preferred embodiment are as

follows;

Pre-seed layer: CrsoTiso (20-50 nm)
. Seed Layer 12: RuspAlsg (8-20 nm)
Underlayer 13: CrgTizp (6-20 nm)
Lower AFC Film 24' directly on underlayer 13:
25 Cox100-x-yCryFey with 2<x<25 and 2<y<30
Spacer Layer 26: Ru or Cr (0.4 - 1.0 nm)
Top AFC Film 22: Co(100y-2-2PtyCrxB; with 6<y<25, 10<x<25, 6<z<15.
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t he signal -to-no]iEs ratio to of the AFC media. This is a surprising result
because t &Rk Jhessrmedia prsragd! growayadisthy pammerowth conditions, with the same

thicknesses and alloys used for both the underlayers and the top AFC film. The top AFC film
15  has an Mrt = 0.39 emw/cm®. The composite Mrt is listed in the legend and is obtained by

subtracting the Mrt of the lower AFC film from the Mrt of the top AFC film. Fig. 3 shows that

the AFC media with the CoCrFe alloy as the lower film has significantly higher SoNR than the

AFC media using the CoCr alloy described in the previously cited pending application as the

lower film. Fig. 3 also shows that the improvement in SoNR is obtained in the AFC media
20 with the CoCrFe lower film even compared to AFC media with the CoCr lower film with

several different Mrt values.

While the present invention has been particularly shown and described with reference
to the preferred embodiments, it will be understood by those skilled in the art that various
25 changes in form and detail may be made without departing from the spirit, scope, and teaching

of the invention. Accordingly, the disclosed invention is to be considered merely as

illustrative and limited in scope only as specified in the appended claims.




.to add intergranul ar exchange coupling, which is generally considered to be
del eterious to -recording performance. As explained in the previously cited
"813 patent, it is advantageous to use a granular ferromagnetic materi al
*with isolated magnetic grains, i.e., no intergranular exchange coupling,
to | ower the nedia noi se because it has been shown that intergranular is
exchange l+L Pk gases the nedia noise. Thus it is unexpected that the
use of a gg%?ﬂ%agyg%gk'filn1mould decrease the nedia noise in the AFC
media. Fig. 2 shows the preferred structure of the AFC di sk 10" according
to the invention. The 4hicknesses and conpositions for the various |ayers
inthis preferred enbodinent are as follows: 20 Pre-seed | ayer: C 50Ti 50
(20-50 nn) Sedd Layemagnefic Rub@hihgQiskoRPrisiny: Under | ayer 13: Cr80Ti 2D
(6-20 nnm) Lower AFC Film 24' directly on underlayer 13: 25

Co( 1 00_x_y) Cr xfreybspateh 2<x<25 and 2<y<30 Spacer Layer 26: Ru or Cr (0.4 -
1.0 nm Top AFC Film22: Co(loo y X ,)PtyCrxBZ with 6<y<25, 10<x<25,

6<z<15. -7 In ’ i ment t CrFe alloy that serves as the
bot t om AFC f i I%H%nf?ﬁg%?%%g ugﬁze)rga?‘:? %erlecée{%%'gﬁ'é? EIRUR FRSSUGR of S¥ and pllaysof Fe
conpositign between approximately 2 and 30 at.%and a C conposition

bet ween apphPHYEHHPHIAFE:2 and 25 at. % The Fe concentration is deternined
primarily by the thickness and Mt desired for the bottom AFC film The

at. % of 5 Cr ambirskéertmagnetinBisn fdrmelidireody omandiaGofract withtHeQindarls)ieY, ¢he

t hi ckness. The upper Fe linmit is ’

first ferromagnetic film being an alloy consisting essentially of cobalt (Co), chromium (Cr)
. and iron (Fe);
a nonferromagnetic spacer film on the first ferromagnetic film; and
a second ferromagnetic film on the spacer film, the second ferromagnetic film being an
alloy comprising Co and B, the second ferromagnetic film being exchange coupled

antiferromagnetically to the first ferromagnetic film across the spacer film.

2. The disk of claim 1 wherein the underlayer is an alloy of only Cr and titanium

(Ti).

3. The disk of claim 1 further comprising a seed layer between the substrate and

the underlayer and wherein the underlayer is formed directly on and in contact with the seed

layer.




. .the amount around which the hcp structure of the CoCrFe alloy is |ost and
t hus the subsequent in plane Caxis gromh of the upper CoPtCrB filmis
conprom sed. The upper Cr limt of approximately 25 at.%is the anount
“around which the CoCrFe all oy becomes nonferromagnetic. The desired
t hi ckness of the CoCrFe filmis determned by optinumfilm 10 growth and
recordi ng perfopnmanc IS, typi call, et ween approximately 0.5 and 3.5
nm Fig. 3 shaws tﬁvlele ﬁ\{e}gé)aflgﬂxga‘ﬂ?%e%ﬁ%%i@@r Bt a8cplloy 9f anly puthemiumo Rup e
measur ed noi (SONR) for transitions recorded at different densities
(t housand ?“F‘ﬁ'ﬁ“@l‘%‘i’b inch or kfci) for several disks. These nmedia were
all grown under the sanme growh conditions, with the sanme thicknesses and
al l oys used for both the underlayers and the top AFC film The top AFC film
15 has an Mt = 0.39 enmu/cn2. The conposite Mt is listed in the | egend and

i s obtained by s5subtTRClisRef tlgn Yiihent; EC L minom fhe Mt of
the top AFC film Fig. 3 shows thathepé;llﬁéﬂ%ﬁ%?%&éﬁlga&iapﬂygt}%mtﬂéaé% ‘?‘E‘y as
t he | ower ’méj‘l"mmﬁ‘\@l gnificantly higher SYNR than the AFC nedia using the
CoCr alloy described in the previously cited pending application as the

lower film Fig. 3 also shows that the inprovenent in SONR is obtained in
the AFC nedia 20 with the CoCrFe |lower filmeven conpared to AFC nedia with
the CoCr lower filmwith several different Mt values. 0 Wiile the present

i nvention has been pHretdisubfulaiyn bhderirnmd spase filth2dnsitt BsstRlA SR ifm e
preferred enbodi nents, it will be understood by those skill ed&i nﬁgheeﬁlgrrnt

that vari q&#®)25 changes in formand detail may be nmade without departing

f the spirit, scope, and teaching of the invention. Accordingly, the
di*®cl osed invention is to be considered nerely as illustrative and limted
in scope only as specified in the appended clains. -8

7. The disk of claim 1 wherein the second ferromagnetic film is an alloy further

comprising Cr and Pt.
8. The disk of claim 1 wherein the substrate is glass.

9. The disk of claim 1 further comprising a protective overcoat formed over the

second ferromagnetic film.

10. The disk of claim 1 wherein the first ferromagnetic film is an alloy of only Co,

Cr and Fe.

11. The disk of claim 1 wherein the first ferromagnetic film has a composition of

Co(100-x-y)CrxFe, where x is between 2 and 25 and y is between 2 and 30.
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..\What is clainmed is: 1. A magnetic recording disk conprising: a substrate;
a nonferromagneti c underl ayer selected fromthe group consisting of Cr and
calloys of O on the substrate; a first ferromagnetic filmformed directly
‘on and in contact with the underlayer, the first ferromagnetic film being
an alloy consisting essentially of cobalt (Co), chromum (Cr) and iron
(Fe); a nonferrgnmagnetic.s a(fer filmon the first ferromagnetic film and a
second ferromadﬁeti idi‘ﬁlﬁc@r’i’ R ¥hereigrthe firstferramagpeidofilinhas a thidaest i c il m
being an alloy conprising Co and B, the second ferromagnetic film being
exchange BYWserappranimately Ochangief nmal |y to the first ferromagnetic film
across the spacer film 2. The disk of claim1 wherein the underlayer is an
alloy of only C and titanium 3. The disk of claiml further conprising a
seed | ayer between the substrate and the underlayer and wherein the
under | ayer is rme ' : in contact wth. the seed |ayer. -9 4.
The disk of cl g?‘m 3%2#&?&#@@3‘%@“?QVe‘?fS{%erH’a&?‘?‘ gy hasq thickpgss éhpadn
(Ru) and_al um nu&n}(;@b) 5. 'Il;ge di sk of claim3 wherein the seed |ayer is
an al | oy dPegpgtrationt it thepsondderromagnetio fitm hag 3 thigknessia aod s naghetizatiom M,
wherein the slgac_er filmconsists essentially of ruthenium

and wherein the magnetic moments per unit area (M1 x t1) and (M2 x t2) of the first and

second ferromagnetic films, respectively, are different from one another.
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A (Ru). 7. The disk of claim1 wherein the second ferromagnetic filmis an
alloy further conprising C and Pt. 8. The disk of claim1l wherein the
_substrate is glass. 9. The disk of claim1 further conprising a protective
‘overcoat formed over the 0 second ferromagnetic film 10. The disk of claim
1 wherein the first ferromagnetic filmis an alloy of only Co, Cr and Fe.
11. The di sk ofl%gaigb% wherein the first ferromagnetic filmhas a

conposi tion of (i odnpenPyiereqogding Hisk €omprisinget ween 2 and 25 and y is
between 2 and 30. -10 12. The disk of claim 1l wherein the first
ferromagnetic f#BRleshsubsumatehi ckness between approximately 0.5 and 3.5 nm
13. The disk of claim1 wherein the first ferromagnetic filmhas a

thi ck t 1 amunderlapgnelbzati B Lh8 s 2
i ckness nderlapgrelet®a o ttMerodp @n$RE ﬁf (tEﬁ a @WB& ahﬁadr%"h?li]o

thickness t2 and a nagnetization M2, = and where magneti C o 3ber
unit area §MheXubdipgatedNd (M2 x t2) of the first and second ferromagnetic
films, respectively, 'are different from one anot her. 14. A nmagnetic

recordi ng di sk conpri si nc%: . a glass substrate;
a magnetic recording layer on the underlayer and comprising a first ferromagnetic film

of an alloy of only Co, Cr and Fe, with Cr being between approximately 2 and 25 atormic
percent and Fe being between approximately 2 and 30 atomic percent, the first ferromagnetic
film being directly on and in contact with the underlayer, a nonferromagnetic spacer film of a
material selected from the group consisting of Ru, Cr, Rh, Ir, Cu and their alloys on the first
ferromagnetic film, and a second ferromagnetic film of an alloy comprising Co and B on the
spacer film, the spacer film having a thickness sufficient to induce the second ferromagnetic
film to be exchange coupled antiferromagnetically to the first ferromagnetic film across the
spacer film; and

a protective overcoat formed on the magnetic recording layer.
15.  The disk of claim 14 further comprising a seed layer between the substrate and
the underlayer and wherein the underlayer is an alloy of only Cr and Ti and is formed directly

on and in contact with the seed layer.

16.  The disk of claim 15 wherein the seed layer is selected from the group

consisting of a RuAl alloy and 2 NiAl alloy.
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. .an underl ayer selected fromthe group consisting of G, a CV alloy and a

- OTi alloy on the substrate; a nagnetic recording |layer on the underl ayer
~and conprising a first ferromagnetic film of an alloy of only Co, Cr and
"Fe, with C being between approximately 2 and 25 atom c percent and Fe
bei ng between approximately 2 and 30 atom c percent, the first
ferromagnetic _filmbeing directly on and in contact wth the underlayer, a
nonf er r omagnet i & sp%‘éfhsgiolfﬁ*a&fl 1§ whereia thesspagesifdutie®uf r om t he gr oup
consisting of Ru, Cr, Rh, Ir, Cu and their alloys on the first
ferromagnetic film and a second ferromagnetic filmof an alloy conprising
Co and B on the spacer film the spacer filmhaving a thickness sufficient
to induce the second ferromagnetic filmto be exchange coupl ed
antiferromagnetically to the first ferromagnetic filmacross the spacer
film and a protective overcoat fornmed on the magnetic recording |ayer. 15.
The disk of claim 14 further conprising a seed | ayer between the substrate
and 1D the underlayer and wherein the underlayer is an alloy of only C
and Ti and is fornmed directly on and in contact with the seed | ayer. 16.
The disk of claim 15 wherein the seed |layer is selected fromthe group
consisting of a RUAl alloy and a NNAl alloy. -12-. 17. The disk of claim 16
wherein the spacer filmis Ru.




