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Magnetic: Media with Ferromagnetic Overlay Materials for 

.Improved TheJ:mal Stal:>ility 

PIELD OF ~HE INVENTION 
This invention relates generally to magnetic layered structures 
for use in magnetic recording media, particularly magnetic 
recording disks. • 

BACKGROUND 

~onventional magnetic recording disks have a magnetic recording 
layer, -typically of a ferromagnetic alloy, such as a cobalt 

('Co) alloy, that is sputter deposited as a continuous thin film 
having grains of the crystalline magnetic material. It i.s well 
known that to achieve high density recording in magnetic 

recording disks it is necessary to decrease the grain size, 
increase the coercivity (He), and. reduce the remanem: 

magnetization-thickness product (Mrt) of the magnetic recording . . 
layer. Therefore, most attempts to increase the magnetic 
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recording density'of magnetic media have focused on these three 
parameters by altering the composition and microstructure of 

the magnetic material in the magnetic layer or by reducing the 
magnetic layer thickness to achieve low Mrt. Unfortunately, 

very thin magnetic recording l.ayers wi t:h small grains can 
become therm~lly u.~stable, wherein the magnetic moments of the 
small grains can spontaneously switch their magnetization 
direction, resulting in loss of the recc~ded data. This is of 

concern,. especially al: the elevated operating temperatures of 
the disk drive. Thermally unstable grains, at suffic"iently 
small .grain sizes, are generally referred to as 
superparamagnetic grains. 

. •' 
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These superparamagnetic grains represent a serious obstacle to 
further increases in magnetic recording densities. This 
limitation of conventional media is evident by the fact· that a 
reduction in'· grain volume by a mere factor of one half, for 
instance, may change the thermal. stability from being on the 
order of several years to less than a minute. 

Conventional media may ~how amplitude loss, noise increase. 
increased data error rate, loss of resolution, etc., in short, 
a general loss of ma~netic recording perfoJ;manc:e due to 
thermally driven demagnetization proce·sses evert before 
catastrophic and rapid thermal demagnetization s~ts in at the. 
superparamagnetic limit. This slower but steady magnetization 
decay can be characterized by a number of experimental 
measurement methods~ including magnetic "viscosityu 
(magnetization decay rate) measurements. The conventional 
magnetic recording media can exhibit significant magnetization 
decay rates which impose serious limitations en the magnetic: 
recording densities that can be achieved.· 

... 
The conventi.onal mechanism to stabilize thermally activated 
magnetization processes is by raising the magnetocrystalline 
anisotropy and coercivity of the media. This route is however 
subject to the const:::aint that the magnetic: write head can 
produce only a maximum field magnitude which is limited by the 
magnetic moment density of the material of the pole pieces of 
the write head. The writeability of high-performance media is 
critical in order to increase the magnetic recording densities. 

J. Chen et al. in IEEE Trans. Hag., Vol. 34, no. 4. pp. 1624-
1626, 1998 i describes using "keeper layers" for thermally 
stabilizing the magnetic recording layers in the media. A 
chromium {Cr} break layer is laminated be.tween the keeper layer 
and the magnetic layer. For example, a Cr break layer 
approximately 25 Angstroms thick is deposited on a magnetic 
laye·r prior t:o depositing a relatively thick (SO to lSO nm) 
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keeper layer. The Cr break layer is used to control the growth 
of the keeper layer and to prevent exchange coupling between 
grains within the magnetic layer. Depositing such a thick 
magnetically soft keeper layer directly on a magnetic recording 
layer will cB:use strong magnetic i"nter-granular coupling in the 
magnetic layer and hinder its use for high density recording. 
The function of the keeper-layer/break layer construction is to 
reduce the demagnetization fie.lds from adjacent magnetic 
transitions. Keeper layers are known co be a large source of 
recording noise. Furthermore, the keeper ·1aY.ar construction 
reported are 50-150 nm thick. It is preferred to have the 
total thick."less of the layers and any overlays p.nd protective 
overcoats making up the medium to be very thin to optimize the 
recording performance. 

What is needed is a magr.etic recording medium with a thin 
magnetic layer that has high coercivity, large coercivit:.y 

squareness (S*), low remanent product thickness (Mrtl, and that 

is thermally stable and writeable to be able to supporting very 
high recording densities. It is preferable that such a medium· 
can be fabricated using conventional film deposition methods. 

OB.J'ECTS AND ADVANTAGES 
Accordingly, it is a primary object of the present invention to 
provide magnetic recording media exhibiting enhanced thermal 
stability. Because the magnetic media of this invention 
e~ibits improved thermal stability, thinner magnetic recording 
layers containing smaller grains can be used, resulting in 

higher magnetic data recording densities. 

It is a second object of the invention to improve the re~oiding 
characteristics of very thin magnetic layers by providing 
ferromagnetic overlays or capping laye_rs deposited on these 
magnetic layers. The fer-romagnetic overlays increase the 
effective volume of the small thermally unstable grains in the 
magnetic layers ar.d thus increase thermal stability. 
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It is a third object of the present invention to provide 
magnetic recording media with improved writeability. 

Lastly, it is an object of the present invention to provide 

magnetic media w.i th sharp magnetic transitions, , high S * and low 
Mrl:· 

StJMZ«ARY OF 'l'HE INVEN'l'J:ON 

The objects and advantages of the present;.· invention are 

ob.tained by providing a magnetic media ~ith a magnetic 
recording layer that includes a ferromagnetic "host"'" layer a."ld 
a .thin overlay or capping layer of ferromagnetic~ material 

depo~ited on the host layer. The ferromagnetic host layer is a 
. granular layer with grains that are weakly coupled or 
uncoupled, wherein the grains are capable of independently 

changing magnetization directions in the presence of local 

magnetic fields generated by the magnetic write head. The 

ferromagnetic overlay enhances the thermal stability and 
writeability of the ferromagnetic material in the host layer. 
is substantially thinner than the host layer, and is exchange 
coupled to the host layer. Ferromagnetic ftoverlayu is meant to 

refer to a ferromagnetic material that is either a continuous 

layer of ferromagnetic material, a. discontinuous layer in tl':.e 

form of a dispersion of islands or grains of ferromagnetic 

material, or a multiple phase layer containing islands or 
grains of a first ferromagnetic material separated by a second · 
.. . 

non-ferromagnetic material. Because the ferromagnetic overlay_ 
can be a discontinuous film or dispersion of material, it is 
convenient to refer to an ~effective thickness• which is the 

thickness that would be attained with the same particle flux 

from the deposition apparatus for a film exhibiting continuous 

coverage. In addition, because multiple phase materials are 
also considered as ferromagnetic ov~rlays, it is convenient to 

refer to effective concentrations of materials, which describe 

an average concentration of a material in the overlay. When 
referring to either a ferromagnetic overlay or a ferromagr.,etic 

host layer as a continuous layer the intent is to distinguish a 
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continuous layer from a discontinuous layer or a dispersion of 
material, and is not intended to imply that the layer is a 
single phase material. 

A magnetic medium Of the present invention has at least one 
magnetic Co-based layer that is preferably l to 30 nm thick and 
t:hat is deposited on a prepared substrate. The substrate is 
any suitable disk substrate, such as an aluminum disk blank 
coated with nickel phosphorus, glass coated with NiAl, silicor., 
ceramic, quartz, MgO and silicon-carbide. Tha·substrates a:e 
cove.red with an underlayer in order to achieve t.he desired 
crystalline orientation of the subsequently ~eposited 

ferromagnetic host layer. Pure Cr is a typical ~derfayer, but 
underlayers may also include Cr alloys containing an .element of 
Co, V, Ti and o. The choice of substrates and underlayers is 
dependent on the ferromagnetic host: layer to be deposited a.."l.d 
the intended application of the medium. 

A ferromagnetic host layer is preferably a continuous magnetic 
recording layer, but may also be a pattefned ferromagnetic hose 
layer that is patterned by any of several methods known in the 
art to form discrete ferromagnetic ·and nonferromagnetic 
regions. In a preferred embodiment, a ferromagnetic host layer 
is a CoCr ternary or quarternary alloy with Co in the ra.~ge of 
_approximately 20-85 atomic percent (at%) and Cr up to 
approximately 30 at%. In a preferred embodiment the 
ferromagnetic host layer. also contains Pt, 'l'a -or Pd in the 
range of l-20 at% and a segregating element: of boron (B) in an 
effective concentration of 3-25 at%. Other segregating 
materials include oxides of Si ·and Co, and several transition 
metals, including Ti, Zr, Hf, Ag, Nb,. W and Au, that weakly 
couple or do not couple magnetic grains. Mat:erials used to 
form the ferromagnetic host layers have saturation 
magnetization (Ms) values between ·approximately SO and. 

1000 emu/c:n3. 
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The thin ferromagnetic overlay or capping layer containing at 
least one element selected from Co. Fe and Ni is deposited on 
the ferromagnetic host layer. The capping layer is preferably 
a high moment ferromagnetic material with a saturation 
magnetization CMs J value }?et.ween approximately SO and 

1900 emu/cm3. ·The. ferromagnetic overlay· is preferably a 
material that has a significantly higher magnetic moment (e.g., 
l. 5 times greater) than magnetic moment:. of ·the ferromagnetic 
host layer material. The-ferromagnetic overlay is preferably a 
dispersion of ferromagnetic: islands on the ·surface of the 
ferromagnetic: host layer with an effective thickness of 
approximately ·l-40 Angstroms, In an alternat:.ive ei\ibodiment, 
the .. ferromagnetic islands, also referred to as grains, contain 
elements of Pt and Pd in the range of approximately 1-75 at\ or 
Cr in the range of 1-35 att. In particular embodiments of the 
present invention the ferromagnetic overlay grains are 
separated by an amorphous secondary phase including coo, Si02,· 
or binary or ternary compounds of B. 

The underlayers, ferromagnetic host layers and ferromagnetic 
overlays of the present invention are deposited by ar.y number 
of methods including sputtering, ion-beam deposition and laser 
deposition. It is also desirable to deposit: a protective 
overcoat:, such as a· conventional amorphous carbon ·overcoat, 
after depositing the ferromagnetic overlay to prevent oxidation 
_and degradation of the overlay and ferromagnetic host layers. 
Magnetic media of che present invention have coercivity values 
ranging between 2-20 kOe. 

·in general, magnetic volume eleme."lts, which comprise multiple 
grains of the ferromagnetic alloy in the magnetic: layer t:hat 
together form a magnetic bit, contribute more t~ the readback 
signal the clo$er they are to .the magnetic read head. In .the 
present: invention the magnetic mat:eriai ·with the highest moment 
densit:y, namely the material in the overlay, is placed in 
closest proximity to t:he rea.C: head. The moment density of Co. 
for instance, is nearly five times the moment density of the 
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conventional ternary or quarternary Co alloy, which has a 
moment density of about 300 emu/cm3

• Thus a very thin layer of 
0. S nm of Co has nearly five times the moment density of a 
conventional ternary or quarternary Co alloy. Therefore a very 
thin layer of 0.5 nm of Co not only has an ~t equal to that of 
a layer of 2.5 nm of conventional Co alloy, it also places the 
source of the magnetic flux in much closer proximity to the 
read head. And:. because the high moment density overlay 
material is placed in closest proximity to the write head there 
is also an improvement in writeability since during writing the 
field from the write head is strongest at the surface closest 
to the head. Furthermore, the magnetic torques~:that are 
exe~ted by the applied field from the write head.are a~plified 
by tbe increased moment density of the ferromagnetic overlay. 
The present invention therefore offers improvements in writing 
by combir.ing the strongest write field magnitudes with the 
largest · ~gnetic torques a.t the surface of the magnetic 
recording layer in the medium. 

For a fuller understanding of the nature and advantages of 
the pre~ent invention, reference should be made to the 
following detailed description taken together with the 
accompanying figures. 

BRXEF DESCR=r~ION OF '?BE DRAW:tNG 
Fig. 1 illustrates a cross-sectional view of a magnetic disk 

made according to the prior art with a ~reak layer and 
a soft keeper layer deposited on the magnetic recording 
layer. 

Fig. 2 is cross-sectional representation of a magnetic 
recording disk made in acco.rdanc:e wit:h the present 
invention. 

Fig. 3 is top view of a magnetic disk of the present invention 
illustrating partial coverage of a ferromagnetic_host 
layer by the ferro~Agnetic overlay material. . 

Fig. 4 is a sectional view of a portion.of the disk shown in 
Figure 3 representir.g the coupling -of small grains of 
the host ferromagnetic layer by islands of 
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fer:-omagnetic overlay material, and further 
representing two magnetic bits. 

Fig. S is a Table listing magnetic data for three magnetic 
structures made with CoPtCr alloy ferromagnetic: host. 
layers and different thicknesses of ferromagnetic co 
overlay material. 

Fig. 6 are graphs of magnetization decay rate versus applied 
reverse field fer the magnetic structures whose data is 
li.sted in the Table of Figure 5. 

Fig. 7 are graphs of the remanent magnetization ~ersus applied 
field for magnetic structures with CoPtCrB 
ferromagnetic host layers and various thickn~sses of 
permalloy (NiFe} e'erromagnetic overlays. 

Fig.· a are graphs of magnetization decay rate versus applied 
reverse field for the same magnetic structures whose 
data is plotted in Figure 7. 

DESCRIP~ION OF THE PREFERRED EMBODIMENTS 
Alt.hough the following detailed description contains many 
specifics for t:he purposes of illustration, one of ordinary 
skill in the art will appreciate that many variations and 
alterations to the following details are within the scope of 
l:he invention. Accordingly, t:he following preferred 
embodiments of the inventior. are set forth without any loss of 
generality t:o, and withQut imposing limitations upon, the 

claimed invention. 

Figure l is a cross sectional view of a prior art magnetic 
medium 5 with a keeper layer 9. A magnetic recording layer ::z 

is deposited on a substrate 3. On top of the magn~tic 

recording layer 2, a thin Cr break layer 7 is deposited to a 
thickness of approximately 25 Angstroms. On top of the break 
layer 7, a keeper layer 9 is deposited. The break layer 7 is 
deposited i;m the magnetic recording la.yer 2 to prevent or 
reduce intar-granular coupling in the magnetic layer 2 .. The 

magnetically soft keeper layer 9 reduces the demagnetization 
field that arises from the ~agnetic transitions recorded in the 
magnetic layer 2. 
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Figure 2 shows a cross-sectional view of a magnetic recording 
disk 10 made in accordance with the pref erred embodiment of the 
present invention. The disk 10 uses a substrate 11, which is 
preferably 'a substrate of aluminum coated with nickel 
phosphorus, but can also be a glass, silicon, ceramic quartz, 
MgO or silicon-carbide substrate. A Cr-based underlayer 13 is 
deposited on substr~te 11. A ferromagnetic host layer 15 is 
pl::'eferably a continuouSf ferromagnetic layer deposited on 
underlayer 13. The ferromagnetic host layer may also be one or 
more of the ferromagnetic films used in a magnetic recording 
disk that has a laminated type magnetic recor~ing~layer, as 
described, for example, in IBM's U.S. Patent 5,051,2Sa. The 
und~rlayer 13 is deposited on the substrate ,11 to facilitate 
the subsequent deposition and growth of .the host layer 15. It 
is well known that depositing specific Cr-based underlayers can 
enhance the growth processes of subsequently deposited 
ferromagnetic layers. Pure Cr is typically used as an 
underlayer, but W"'.derlayers with an element of Co, v, Ti and o 
may also be used in the present invention. 

Ferromagnetic host layer 15 is a CoCr alloy l-30 nm thick that 
has a saturation magnetization value (Ms> between 

50-1000 ·emu/cm3. In the preferred embodiment, the 
·ferromagnetic host laye;-·15 also contains an element of Pd. Ta 
or Pt in the range of l-25 at\ and may also contain B with an 

effective concentration in the range of l-20 at% to act as a 
segregating material for the CoCr alloy grains. Other 
segregating materials incluce Coo and Si02 • 

A thin ferromagnetic overlay 17 containing at least one element 
of co, Fe and Ni and with an effective thickness between 
l-40 Angstroms is deposited on the ferromagnetic host layer 1s. 

The overlay material has a Ms value l:>etween 50-1900 emu/cm3. 

The overlay material has a Ms value that is substantially 
higher chan that of the ferromagnetic host layer material. In 
an alt~rnative embodiment of the present invent.ion the 
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ferromagnetic overlay also contains an elemen~ of 2t or Pd i~ 

t:he range of 1-75 at!S. The ferromagnetic overlay may also 

contain Cr in _a range of approximately l-35 at!G. The 

ferromagnetic overlay may also be a dispersion of islands or 

gt"ains of ferromagnetic material that are segi::egated by a 

nonferromagnetic segregating material. Preferred segregating 

materials that may be used with the ferromagnetic overlays of 

this invention include- B, coo and Si02. It is beneficial to 

deposit a conventional. carbon overcoat layer 19 after 

depositing the ferromagnetic overlay to prevent surface 

oxidation of the underlying layers. • 

Figi.;re 3 illustrates a top view of the magnetic disk of the 

present invention showing partial coverage of the ferromagnetic 

host layer by the ferromagnetic capping layer or overlay. The 

clear circles represent grains 31 and 33 or collections of 

grains of the ferromagnetic host layer and the hatched 

circles represent the islands or grains 34 of the ferrorr.agnetic 

overlay material deposited on the surface of the ferromagnetic 

host_ material. The_ larger c:lear ·circles represent larger 

grains 31 that have sufficient volume co be the.rmally stable, 

while the smaller clear circles represent smaller grains 33 

that are thermally unstable i~ the absence of the ferromagnetic 

overlay material. By providing ferromagnetic overlay grains 34 

_on the surface of ~~e fe:romagnetic host layer grains 31 and 

33, the smaller grains 33 are magnetically coupled through the 

overlayer grai~s 34 that .bridge the host layer grains togethe=, 

while the larger thermally stable grains 31 remain largely 

uncoupled to other large grains. 'I'hu_s the effective magnetic 

volumes of the small grains 33 are increased, which thereby 

improves their thermal stability. 

Figure 4 is a sectional view thro_ugh a portion of the 

ferromagnetic host layer and capping lay.er depicted in FiQ'l.!re 3 

and illustrates the microstructure of the magnetic recording 

layer that comprises· t:he ferromagnetic host layer 15 and the 

capping layer 17. The ferromagnetic host layer 15 contains 
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grains 31, 3 3 or groups of grains that are physically 
separated, preferably by a nonferromagnetic segregating 
material 21. Segregation of the grains is accomplished by the 
inclusion of an element er elements during deposition of the 
ferromagnetic host layer 15. The pref erred segregating 
material is B, but Si02, coo, and transition metals of Ti, Zr, 
Hf, Ag, Nb, Wand Au, which do not strongly· couple magnetic 
grains, are also usefu~ as grain segregating materials. In the 
preferred embodiment the·ferromagnetic host layer 15 is formed 
of CoPt.CrB, with some 

0

of the added B a.nd ··er serving as 
segregating material 21. The segregat~ng mat.aria! used is 
preferably incorporated into the ferromagnetic host layer with 
an ~ffective host layer concentration in a range of l-20 att. 
The ·segregating material 21 acts as an insulator to reduce 
inter~granular coupling and allows each grain to act 
independently of one another. Figure 4 also illustrates how 
the capping layer 17 grains 34 magnetically couple the small 
~rains 33 with adjacent grains, resulting in an increase in 
their effective magnetic volume. A pref erred material for an 
overlay that includes a nonferromagnetic material that results 
in segregation is_cocr, which can be deposited over the host 
layer 15 by sputter deposition from a Cocr targee. In such an 
embodiment where the ferromagnetic CoCr overlay has an 
effective thickness sufficient t:o form as a continuous film, 
unlike the discontinuous overlay 17 depicted in Figure 4, it is 
believed that the Co-rich islands or regions of grains 34 would 
be separated by Cr-rich ~egions between the grains 34. 

In Figure 4, two .magnetic bits are represented by the arrows, 
with the arrows facing right representing magnetization of 
those grains in one direct:ion and the arrows facing left: 
representing magnetization of tho$e grains in the opposice 
direction. In the preferred embodiment of the invention the 
magnetic moment of the material forming the ferromagnetic host 
layer is equal to or greater than 1.S times the magnetic moment 
of ~he material in the farrc~agnetic host layer. 
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. The table in Figure 5 lists the magnetic properties for three 
magnetic structures. Row l lists the magnetic data for a 
magnetic stl:Ucture with a CoPtCrB ferromagnetic layer without a 
ferromagnetic overlay; row 2 lists the magnetic data for a 
structure made with a CoPtCrB hose layer and a Co ferromagnetic 
overlay having an. effective thickness of 3 JU1gstroms, and row 3 
lists the magnetic data for a second structure with a CoPtCrB 
f errotna.gnetic host layer and a Co ferromagnetic overlay having 
an effective thickness of. 6 Angstroms. Both of the samples in 
rows 2 and 3 exhibit improved coercivity squar~ness cs~) and 
the sample with a Co ferromagnetic overlay of 3 Angstroms 
exhibits an improved SNR. '"' 

': 

Figure 6 illustrates the most profou.~d improvement observed for 
samples made according to the present. · invention, namely 
improved thermal stability. In Figure 5 the magnetization 
decay rates (also called '"viscosity") as a function of applied 
reverse field are ploteed ~or the three samples of the table of 
Figure 5. The line 41 is the magnetization decay curve for the 
sample prepared without a ferromagnetic overlay, line 42 is the 
magnetization decay curve for the sample with a Co 
ferromagnetic overlay having an effec~ive thickness of 
3 Angstroms, and. line 43 is the magnetization decay curve for 
the sample with a Cc ferromagnetic overlay.having an effective 
thickness of 6 Angst:oms. These demagnetization curves show a 
clear improvement in thenr4l stability for samples with a Co 
overlay that continues to improve with ferromagnetic overlay 
thickness. 

Figure 1 illustrates the effect of using permalloy (NiFe) 

ferromagnetic overlays to achieve improved thermal stability 
and magnetic transition squareness. Figure 7 is a plot of the 
remanent magnetization Mr versus applied field for three 

magnetic structures concaining CoPtCrB alloy ferromagnetic host 
layers. A first sample (.line 51) has no ferromagnetic overlay, 
a second sample (line 52) has a NiFe ferromagnetic overlay with 
an effective thickness of 10 Angstroms on :he CoPtCrB alloy 
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ferromagnetic host layer, and a third sample Cline 53) has a 
NiFe ferromagnetic overlay with an effective thickness of 
25 Angst:::-oms on t:he CoPt.CrB alloy ferromagnetic host laye::. 
The curves illustrate a decrease in remanent magnetization Mr 

and improved· coercivity squareness S"' with the inclusion of 
~iFe ferromagnetic overlays. Furthermore, continued reduction 
of He and increase in S'* are observed wit.h increasing 

thicknesses of NiFe ferromagnetic overlays having an effective 
thickness up to 25 Angstroms. Not.e that s• correlates to the 
slope of the M-H curve by the following relatio~ship: 

In contrast to the structures with the Co overlays in the table 
of Figure S, the 25 Angstroms thick NiFe overlay whose data is 
shown in line 53 of Figure 7 is a continuous layer that. covers 
t.he entirety of the underlying host ferromagnetic layer. 

In Figure a the magnetization decay curves for t:he samples 
described with respect to Figure 7 are plotted. The line 61 
corresponds to the sample without a NiFe ferromagnetic overlay, 
line 62 corresponds to the sample with a NiFe ferromagneti"c 
overlay having an effective thickness of lO Angstroms and 
line 63 corresponds to the sample with a NiFe ferromagnetic 
overlay having an effective thickness of ·25 Angstroms. The 
samples with the NiFe ferromagnetic overlays exhibit improved 
thermal stability over the sample without a ferromagnetic 
capping layer. 

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 vario~s changes 
in form and detail may be made without departing from the 
spirit and scope of the invention. For. example, while in the 
preferred embodiment of ~he· in~ention the ferromagnetic host 
layer is a continuous granular magnetic layer. the cappir.g 
overlays described above can also be deposited on patterned 
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magnetic layers that have been patterned to provide discrete 

magnetic bit regions or discrete tracks. 

·. 

·. 
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t'lhac is claimed is: 

1. A magnetic recording medium comprising: 
a) a subst:ra"te; 
b) an underlayer on the substrate; 
c) a granular ferromagnetic Co alloy host layer fo~ed on the 

underlayer and·hav1ng a thickness in the range of 
approximately l to 30 nanometers; and 

d) 

.., .... 

3. 

4. 

5. 

a ferromagnetic overlay formed on and in contact with the 
host layer and comprising at least one element selected 
from the group consisting of Co, Fe and Ni, the ~ 

~erromagnetic overlay having an effective thickness in the 
range of approximately of 1 t:o 40 Angsl:roms . 

The recording medium of claim l wherein the ferromagnetic 
overlay further comprises an element selected from the 
group consisting of Pt and Pd. 

The recording medium of claim l wherein the ferromagnetic 
overl~y further comprises Cr. 

The recording medium of claim 1 wherein the ferromagnetic 
overlay includes grains of ferromagnetic material 
segreguted by segregating material selected from the group 
consisting of coo, Si02, and B. 

The.recording medium of claim l wherein the ferromagnetic 
Co alloy host layer includes Cr. 
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6. The recording mediu.~ of claim 1 wherein the grains of 
said ferromagnetic host layer further comprise an element 
selected from the group consisting of Pd, Ta and Pt . 

7. The recording mediu..~ of claim l wherein the grains of the 
granular ferromagnetic host layer include a segregating 
material selected from the group consisting of Coo, Si02 1 

B, Ti, Zr,. Hf, Ag, Nb, W a.'td Au. 

.. 
8. The recording medium of claim l wherein the material of the 

ferro~agnetic overlay has a magneeic moment density at 
least'l.S times greater than the magnetic moment density of 
the material of the ferromagnetic host layer. 

9. The recording mediwn of claim l wherein the ferromagnetic 
overlay is a continuous film of a NiFe alloy. 
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10. A magnetic recordi~g disk comprising: 
a) a disk substrate; 
b) an underlayer comprising Cr deposited on said disk 

substrate; 
c) a granular ferromagnetic host layer comprising a Co alloy 

comprising Cox~r~ wh~rein 20<x<85 and O<y<30 atomic percent, 
and 40<(x+y)<90; and 

d) a. ferromagnetic overlay comprising at lea~t one element 
selected from the group consisting of Cou, Fev and Niw 

wherein O<u<lOO, O<v<lOO and O<w<lOO atomic per~ent, and . .. 
SO<(u+v+w)<lOO a~omic percent, and wherein said 
ferromagnetic overlay has an effective thickness of 1.0 to 
40 Angstroms and is in contact with said host layer. 

11. The recording disk of claim 10 wherein said disk substrate 
is selected from the group consisting of aluminum coated 
with nickel phosphorus, glass coated with NiAl, silicon. 
ceramic quartz, MgO and silicon-carbide. 

12. The recording disk of c!aim 10 wherein said underlayer 

further comprises an element selected from the group 
consisting of Co, v, Ti and o. 

13. The recording disk of claim 10 wherein said ferromagnetic 
host layer is in the range of approximately l to 30 
nanometers thick. 

14. The recording disk of claim 10 wherein said ferromagnetic 
host layer further comprises an element selected from the 
group consisting of Pd~ r Taz I Ptz in a range of l<z<20 

atomic percent, and wherein 40<(x+y+Z}<l00 atomic percent. 
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15. The recording disk of claim 10 wherein the grains of said 
ferromagnetic: host layer include a segregating material 
selected.from the group consisting of Coo, Si02. and B. 

16. The recording. disk .. of claim 10 wherein the grains of said 
ferromagnetic host layer are segregated by a transition 
metal segregating material comprising an element sele~ted 
from the group consisting of Ti, Zr, Hf, Ag;·Nb, Wand Au, 

and wherein the effective host layer concentratioR of said .. 
. transition metal segregating material is in a range of 
i to 20 atomic percent. 

17. The recording disk of claim 10 wherein said overlay is a 
granular overlay comprising ferromagnetic grains including 
a segregating material selected from the group consistir.g 
of Coo, Sio2 and B. 

18. The recording disk of claim 10 wherein said overlay further 
c~mprises an element selec~ed from the group consisting of 
Pt~ and Pde in the range of l<t<7S atomic percent, and 

~herein 75<(t+u+v+w)<l00 atomic percenc. 

19. The recording disk of claim 10 wherein the grains of said 
ferromagnetic overlay further comprise Cr9 in the range of 

1<s<2S atomic percent, and wherein 7S<(s+u+v+w)<l00 atomic 
percent. 

20. The recording disk of claim 10 wherein the coercivity of 
the disk is between 2 and 20 kOe. 
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21. The recording disk of claim 10 wherein said underlayer is 
200 to 1000 Angscroms thick. 

·. 

22. The recording disk of claim .10 further comprising a 
protective ca~pon oyercoat on said ferromagnetic overlay . 

. ~ 
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23. A method of making a magnetic recording medium, said method 
comprisng the steps of: 

a) providing· a substrate; 
b) depositing an .. underlayer on the substrate; 
c) depositing a granula~ ferromagnetic Co alloy host layer 

formed on the .µnder+ayer and having a thickness in t~e 
range of approximately l to 30 nanometers; and 

d) depositing a ferromagrietic overlay formed on.~nd in contact 
with the host layer and comprising at least one element 
selected from the group consisting of Co, Fe and Ni, the 
ferromagnetic overlay having an effectiv·e thicknes·~ in the 
range of approximately of 1 to 40 Angstroms. 


