
;e3eRRjND6zT# -1 MAGNETIC ALLOY HAVING A STRUCTURED NUCLEATION LAYER AND
METHOD FOR MANUFACTURING SAME 17 0 C 12002 MELD OF THE INVENTION  The
present invention relates generally to the manufacture of magnetic
recording media used in rigid disc drives commonly used for computer data
storage. In particular, the present invention is a magnetic medium, and a
method for forming such a medium, comprising a seed layer, an intermediate
layer, and a magnetic alloy recording layer including a selected segregant,
deposited in that order upon a substrate. The magnetic alloy recording
layer is epitaxially grown on the intermediate layer. High squareness and
simultaneously low noise and low non linear transition shift are achieved.
17 OC1 2002 - 2  BACKGROUND Recording performance for magnetic disks is
commonly determined by several basic characteristics. including --
half-amplitude pulse width (PW50), overwrite (OW) noise, and total non
linear distortion (TNLD). A wide Pw50 means chat adjacent bits :ire crowded
together, resulting in adjoining bits interfering with one another. This
interference is termed inter-symbol interference. Excessive inter-symbol
interference limits the linear packing density of bits in a given track.
hence reducing the packing density in a given area) and hence limiting the
recording capacity of the magnetic media. Thus. narrow PW5O allows for
higher recording density. One means of reducing (or narrowing) PW5O is to
reduce the thickness of the magnetic layer of the medium. Another means of
reducing PW5O is to increase hysteresis loop squareness ("S") including
coercivity squareness "S*" and remanent coercivity squareness "S*rem"), and
narrow the switching field distribution ("SFD"), as described by William
and Comstock in "An Analytical Model of the Write Process in Digital
Magnetic Recording," A L P. Conf. Proc. Mag. Materials 5, p. 738 (1971).
Yet another means for reducing the PW50 is to increase the coercivity
("Hc") of the medium. Overwrite ("OW") is a measure of the ability of the
medium to accommodate overwriting of existing data. That is, OW is a
measure of what remains of a first signal after a second signal (for
example of a different frequency) has been written over it on the medium.
OW is low, or poor when a significant amount of the first signal remains.
OW is generally affected by the coercivity, the squareness, and the SFD of
the medium. For future high density   



17 0 C T 2002 - 3  recording higher He media will be preferred. However,
wins in He are generally accompanied by losses in OW. Thus, there is a need
in the art to improve the S' and the SFD to obtain improvements in 0 W.
Noise performance of a magnetic film is typically defined in terms of read
fitter and write fitter. Read fitter is primarily determined by the amount
of signal available from a bit, and the head noise plus electronic noise in
the channel. A thicker magnetic film will typically provide reduced read
fitter. Write fitter is determined by the intrinsic noise of the film.
Intrinsic media noise has been theoretically modeled by Zhu et al. in
"Micromagnetic Studies of Thin Metallic Films") J. .Appl. Phys., vol. 63.
no. 8, p. 3248 ( l988)) which is incorporated by reference herein. Chen et
al. describe the source of intrinsic media noise in "Physical Origin of
Limits in the Performance of Thin-Film Longitudinal Recording Media," IEEE
Trans. Mag., vol. 24) no. 6, p. ?700 ( l988)) which is also incorporated by
reference herein. The primary source of intrinsic noise in thin film media
is from intergranular exchange coupling) resulting in relatively large
magnetic domains. In the following description, "magnetic grain" refers to
physically discrete particles of magnetic material, while "magnetic domain"
refers to one or more magnetic grains which, due to exchange coupling
(magnetic interaction between the grains), switch together in the presence
of a magnetic field. In general, a higher intergranular exchange results in
higher S* and lower SFD due to the cooperative switching of magnetic
grains. However, a high exchange interaction results in higher intrinsic
noise due to formation of large magnetic domains. The noise from
intergranular exchange coupling can be reduced by isolating the individual
grains. This may be accomplished by physically spacing the grains   17 U t;
f 2002 - 4  apart from one another as described by Chen et al. in the
aforementioned "Physical Origin of Limits in the Performance of Thin-Film
Longitudinal Recording Media". The amount of separation need be only a few
angstroms for there to be a significant reduction in intergranular exchange
coupling. There is another intergranular interaction, called magnetostatic
interaction, which acts over a much Greater distance between particles as
compared to the exchange interaction. Reducing the magnetostatic
interaction does reduce intrinsic media noise slightly. However, the
effects of magnetostatic interaction actually improve hysteresis loop
squareness and narrow the switching field distribution (but to a lesser
extent than the exchange interaction)) and hence improve PW50 and OW.
Therefore, magnetostatic interaction is generally desirable and hence
tolerated. TNLD is the result of intersymbol interference between adjacent
bits. It is the partial erasure of a bit at the transition during writing.
TNLD can be reduced by increasing the coercivity and reducing the remanent
magnetizationthickness product ("Mrt", where Mr is the remanent
magnetization and t is thickness of the magnetic layer) , and is believed
to be generally described by the micromagnetic theory. Magnetic film
composition and deposition processes may be used to reduce TNLD. Since TNLD
increases as the recording density increases, it is becoming an
increasingly critical parameter as recording density increases, and
magnetic film compositions and deposition processes must be developed to
optimize this parameter. In order to obtain the best performance from the
magnetic media, each of the above criteria -- PW50, overwrite, noise, and
TNLD -- must be optimized.   T 7 C C j 2002 



- 5  T1115 LS a formidable task, as each of these performance criteria are
interrelated. For example, obtaining a narrower PW50 and reducing TNLD by
increasing He will adversely affect overwrite, since increasing He degrades
overwrite. ,a thinner medium having a lower Mrt yields a narrower PW50,
better OW, and lower TNLD) however the noise increases because the media
signal is reduced. Increasing squareness of the hysteresis loop contributes
to narrower PW50, better OW, and lower TNLD, but may increase noise due to
intergranular exchange coupling and magnetostatic interaction. (The
dominant intrinsic noise in the media is the noise arising from
intergranular exchange coupling.) Since it is a known goal to eliminate
intergranular exchange coupling to reduce the major intrinsic media noise.
the amount that PW50 may be narrowed) OW improved, and TNLD lowered has
heretofore been limited by the increase in tolerable noise level arising
from the magnetostatic interaction of the media. Therefore, an optimal thin
film magnetic recording medium for high density recording applications,
i.e., that can support high bit densities, will require low noise without
adversely sacrificing PW50, OW and TNLD. One type of magnetic medium which
has allowed optimizing certain of the above performance criteria is based
on alloys of cobalt (Co) and platinum (Pt), due to the alloys' ability to
provide high He and high magnetic moment. The media noise of Copt based
alloys can be reduced by a number of different approaches, but as described
in the following, these methods suffer from loss of hysteresis loop
squareness (i.e., lower S* and higher SFD), increased PW50, decreased OW,
increased TNLD, and other disadvantages. One such approach described by
Chen et al. in the aforementioned "Physical Origin of Limits in the
Performance of Thin-Film Longitudinal Recording Media" teaches   17 0 C T
2002 - 6  deposition of the magnetic alloy by sputtering in a high argon
pressure environment. Basically. the application of high argon pressure
results in isolated, exchange decoupled gains. Although media noise is
reduced. S* and OW are decreased, and SFD increased resulting in an
increase in PW50 In another approach. taught by Howard et al. in U.S.
Patent no. 5,066,552, in order to decrease the media noise oxygen is
introduced into the magnetic film in a concentration of 5 to 30 atomic
percent (at.%). Howard et al. teach the formation of a magnetic layer by
vacuum sputtering in an argon atmosphere into which oxygen has been
introduced. Oxysen is thereby introduced into the magnetic layer from the
sputtering environment. However, as pointed out by Howard et al. in said
patent, introducing oxygen decreases both He and S'". Howard et al.'s U.S.
Patent no. 5,062.938, teaches oxidizing the magnetic grains after growth.
However, there are a number of additional shortfalls to the approaches
taught by Howard et al. ('938) First, the additional step of oxidizing a
sputtered layer after depositing an impurity adds to the manufacturing
complexity and cost. Second, nothing is taught about controlling the
formation of the oxides. Third, nothing is taught about controlling grain
size and grain uniformity. Yet another approach is to make granular films
having grains of magnetic alloys containing Si02. Details about these films
have been described by C. L. Chien et al. in "Magnetic Granular Fe-Si02
Solids", J. Appl. Phys., 61(B), p. 3311 ( 1987), and S. H. Liou et al. in
"Granular Metal Films a recording Media", Appl. Phys. Lett., 52(8), p. 512
( 1988). Essentially, these researchers were depositing Fe-Si02 either by
co-sputtering or by using composite targets, and the   17 0 CT 2002 



magnetic films were deposited without underlayers. The values for He of
around. 110() Oe and for squareness ( S j of around 0.6 were obtained.
These values are unacceptably low for high density recording applications.
Similarlv, addition of Si02 has been exploited, as described by Shimizu et
al. in "CoPtCr Composite Magnetic Thin Films", IEEE Trans. Mag vol. 28, no.
~, pale 310'? ( 199`'), and its companion patent applications: European
Patent Application 0 Q31 035 Al, published March 10, 1993, and Japanese
Patent Application 5-73880. published March ?3) 1993; and issued U.S.
patent serial no. ~.~ 16.67. Specifically) lower media noise and higher
in-plane coercivity were noted with an introduction of approximately 10'o
by volume (vol.%) Si02. The aforementioned paper of Shimizu et al.
indicates that S* of these films were generally around 0.6 . Thus, although
media including SiO2 showed lower media noise and higher Hc, the squareness
obtained was again too low to meet the requirements for high density
recording. It should also be noted that Shimizu et al required
approximately 17- I8 at.% of Pt in the alloys. Such high percentage of Pt
significantly increases the manufacturing cost of such media (although for
media designed for use with magneto-resistive heads, e.g., having an Mrt of
about 1.0 memu/cm2) a higher platinum content may be required to maintain
Hc). Furthermore, it should be noted that Shimizu et al. achieved a peak He
of only 1700 Oe, an unacceptable limit for future high density recording
applications. Another approach, discussed in Japanese Patent Application
6-19794k published August 6, 1993 (Murayama et al.) is addition of SiO2 for
increased He while sputtering in the presence of a broad range of N2, for
example 0.1 to 10%o. Lower media noise was obtained, but at the cost of
decreasing S* as the percentage of Si02 increased. Thus, lower media noise
was obtained at the cost   117 O.C,T~ 2,O~D~1 _8_ of increasing PW50 and
OW. :additional teachings relating to Si02 may be found in U S patents
-4.837 094 to Kudo iteaching an amorphous alloy) and -i.769. 282' to Tsda
et al. ( teachin<v an alloy mc:luding rare earth elements). Importantly,
all of these references employing Si02 teach alloying or admixing the S i0~
with the ma~7netic film constituents, as opposed to depositing Si02 and the
magnetic film constituents under conditions such that there is codeposition
but only minimal alloying of the S i02 with the magnetic film material.
There are a number of disadvantages to the alloying or admixing of
impurities. First, the addition of an impurity material (e. Q.) up to 30
vol.9c S i02 by Shimizu et al. ) results in a decrease in saturation
magnetization (GIs) and hence a decrease in Mr. Therefore, these references
require that the thickness of the magnetic layer be increased to maintain
sufficient Mrt. This is undesirable because an increase in film thickness
implies an increase in spacing loss) which results in a larger PW50 and
worse OW. Second, the sputtering process is made more complex and more
costly by the requirement that additional materials be sputtered. Third,
the alloyed or admi:ced impurity does nothing to increase grain isolation
to thereby reduce exchange coupling induced noise. Murdock et al. in "Noise
Properties of Multilayered Co-Alloy Magnetic Recording Media", IEEE Trans.
lYlag., vol. 26, p. 2700-2705 (1990) teach deposition of multiple layers of
magnetic material) the layers isolated from each other by layers of
nonmagnetic material to reduce media noise. It is theorized that grain size
and spacing may be relatively controlled several grains in thickness above
an under layer. As a film crows thicker, the grains tend to vary in size
and position. Thus, Murdock et al. teach controlling grain size and spacing
by deposition of an under layer, forming a thin magnetic layer thereon
several 



~ ~ o c j zoos - g  Trains in thickness, formin;-~ on this magnetic layer
another under layer) forming on that under la~~ec another thin magnetic
layer. and so on. .-although media noise is reduced due to smaller isolated
``rains. the SFD is increased and the squareness is reduced due to a diff
cultv in matching the He or the individual layers. Moreover. the gain size
of the thinner magnetic layers may be reduced so much chat the maJnetic
grains may become superparamagnetic, resulting in a dramatic decrease in
Hc. ~Ianufacturina of such multilayered films is also very difficult and
requires additional process chambers over current equipment requirements.
In addition. special attention is needed to design the manufacturing
process to minimize oxidation of thinner ms~netic layers. Thus, although
the multi-layer approach does teach a method for reducing media noise, the
current processes yield decreased squareness and are difficult and
expensive to implement. In much of the magnetic recording media produced
today) the [0002]cr or C-axis (easy aril of ma;netization) of the Co-based
magnetic alloy crystals are parallel or predominantly parallel to the plane
of the disk (referred to herein as "in-plane" orientation, and intended to
cover both in-plane and predominantly inplane orientations). This is
accomplished in various ways well known in the art. The most common method
of achieving in-plane C-axis orientation of a Co-alloy film is use of a Cr
underlayer to promote grain-to-grain epitarial ;rowth of the hexajonal
cross-packed (HCP) Co grains on the body center cubic (BCC) Cr grains. It
has been shown by K. Hong, B. along, and D. E. Lau?hlin in the article
"Crystallography of Co/Cr bilayer majnetic thin films", Journal of Applied
Physics 68 (9) p. 4734 ( 1990), that in-plane C-a.~cis orientation may be
achieved throujh epitaxial growth of Co on Cr with one of the following
lattice   ~ 7 0 CI 2002 - io  plane relations i 00~1~, ; Ir l :=Ol,_~ . ~ 1
10~~.; ~If 1 U11'y~. ~ l 101,:, ,'I( l OlU)~", and c l l:l~~,~/(10101~".
:also, in U.S. Patent ~o. -~.6~~.-Q99 it is disclosed that to improve the
lattice matching between the Co-alloy and the Cr underiaver for better
epita:cy, the Cr underlayer is alloyed with Vanadium (V ). :according to
each of these methods, the Cr underlayer must be several hundred angstroms
thick to establish the proper Cr texture for epita.~cial growth of the
Co-alloy. However, the consequence of forming such a thick Cr or Cr alloy
layer is that the grain size of the Cr or Cr alloy also grows, to a size of
several hundreds or possibly thousands of angstroms in diameter. Since the
grain size of the Co-alloy deposited on the Cr underlayer will match the
grain size of the Cr underlayer, the resulting epitaxially grown Co-alloy
will also have a grain size of several hundreds to possibly thousands of
angstroms in diameter. In such a case, the high intrinsic media noise at
the magnetic transitions due to the large ;rains renders the media useless
for current and future high density recording. A method of overcoming the
disadvantage of the resulting large Co-alloy grains when using a Cr or Cr
alloy underlayer has been proposed by Lee et al. in "NiAl Underlayers for
CoCrTa Magnetic Thin Films", IEEE Trans. Mag., vol. 30, no. 6, pp. 3951-3
(Nov. 1994), "Effects of Cr Intermediate Layers on CoCrPt Thin Film Media
on NiAI Underlayers", IEEE Trans. lVla~., vol. 31, no. 6, pp. 2728-30 (Nov.
1995)) and European Patent Application Publication EP 0 704 839 A1,
claiming priority from a U.S. Patent Application no. 08/31a096, filed Sept.
29, 1994. Lee et al. teach controlling grain growth by forming a Co-based
magnetic alloy layer above an underlayer having a B-2 crystal texture. In
one   



~ 7 OCj 2002 - 11  a embodiment, an e~ctremelv thin Cr intermediate laves
(?~ to 50:i) is deposited between a B-~ Vi.~.l underlayer and the Co-based
majnetic alloy layer. -according to Lee et al., the Co-based magnetic alloy
layer is ~ own epitaxially on the layers below. In the embodiment in which
the extremely thin Cr is employed, the Cr layer is grown epita.~cially on
the B-? crystal underlayer, and the Co-based magnetic alloy is Grown
epitaxially on the thin Cr layer. The rationale is that the (t t?)
~~"crystal orientation of the NiAI layer, provides the basis for the
Co-alloy to assume a (1010)e orientation, resulting in the Co-alloy having
an in-plane C-axis. While the Cr layer is necessary for increased
coercivitv and squareness, according to this prior work the Cr layer cannot
interrupt the relationship between the (1 l?),~,~, and the (10i0)" (i.e.)
the indirect epitaxy between the B? layer and the magnetic recording
material layer). Thus, Lee et al. require that the intermediate layer be
extremely thin (between 25t1 and 50A) to prevent the Cr from developing its
own preferred orientation. Relatively high coercivity and squareness (S)
are reported. Lee et al. observed an increase in coercivity and squareness,
believed to be due to the (1010) texture of the Co magnetic film, which is
derived from epitaxial growth on the (~ t2) textured thick NiAI (see the
aforementioned "NiAl Underlayers for CoCrTa Magnetic Thin Films", by Lee et
al.), with the thin (25A) Cr intermediate layer merely transferring the (
112) texture to the Co. Lee et al. state that a Cr intermediate layer is
required to prevent contamination of the Co by the e:ccess A1 on the NiAI
film surface, and that the Cr intermediate layer must be sufficiently thin
to (a) minimize diffusion of Cr into the Co film layer, and (b) avoid
interference with the epitaxy between the Co alloy magnetic recording layer
and the NiAl underlayer.   1 ? U C ~ '1U02 - 12  Despite the hi~~h
coercivitv, high squareness, and tine grain structure taught by Lee et al.
(see EPO "0~ 839 :~l), the mere addition of the Vi.-~1 underlayer provides
only a minimal improvement in the media noise performance, and thus the
resultin` media is inadequate for current and future high density recording
applications. With reference to EPO 70~ 839 .-~l, this minimal improvement
can be seen in Figs. l~. and 1~ showing carrier noise measurement data. and
Fibs. I5 and 17 showing integrated media noise measurement data.
Importantly) it appears that the media taught by Lee et al, suffers from
high interQranular exchange interaction, and there is no teachinJ by Lee et
al. to address this, for example by deliberately isolating each individual
grains. We believe that the high coercivity taught by Lee et al. results
from the use of a relatively larje amount of platinum (e.?.. 18 atomic per
cent). and possibly to some de;ree from the (1010) texture. As will be
discussed further below, a properly isolated Copt-based film can achieve a
coercivity of over 3,000 Oe, even with less than 13 atomic per cent Pt in
the alloy) if the grains in the film are properly isolated. Indeed, such a
hi=h coercivity may be produced with random orientation of grains and
without a (1010) texture. The need by Lee et al. for such a high amount of
platinum, and the need for producing a (1010) texture, together with the
extremely high hysteresis loop squareness they obtain, indicate that the
films taught by Lee et al. have significant intergranular exchange
interaction between the physical Grains. From this, and the lack of any
discussion of isolation by Lee et al., one can understand why the films
tau;ht by Lee et al. do not show any significant improvement in media
noise.   17 0 CI 2002 - m  



.-~s previously mentioned. the effe:.ts of ma`netic gain isolation are
known in the art ~Chen. "Physical Origin of Limits in the Performance of
Thin-Film Lon~~itudinal RecordinU Media." supra). ~Ia`netic jrain isolation
has been 5uccessfullv put into practice. See, for example) applicant's
prior work described in L,T.S. patent application serial no. 08!?'_' S,6S6,
tiled :~prii 6) 199. However, according to this work, an amorphous under
layer is employed to provide small, uniform gains of the subsequently
deposited Co-based magnetic recording layer. :fit the interface between the
amorphous underlayer and the crystalline magnetic recording layer, the
individual crystal grains of the magnetic recording layer are
polycrystalline. A polycrystalline magnetic Grain will have a lower magneto
crystalline anisotropy constant K" than a single crystal gain. Since a part
of the overall coercivity of a film is proportional to the Ku of the
individual gains, given by HC x ~ ? Kll~ ~,am 1 ,scinr lyls a reduction in
Ku of the Co-alloy at the interface with the amorphous underlayer results
in a reduction in the coercivity of the overall magnetic recording layer.
As the Nlrt of the recording layer is reduced (i.e., as the recording layer
nets thinner), driven for example by the aim of increasing Linear recording
density, the ratio of the thickness of the polycrystalline region to the
total film thickness increases (and if the film is thin enough, the
polycrystalline region may be the predominant film structure), and the
coercivity will be drastically reduced. For example, as the Mrt of a film
drops below 1 memu/cm=, required for storage of over 1 Gbitlin'', the drop
in He accelerates to the point of rendering the film useless for future
recording density.   17 0 C 1 1002 - 14  Currently. there are recognized
limits on the ability to obtain high coercivit~~, hi~~h squareness, and low
media noise for low girt tzlm for future hi~Th ~iensit~~ recording without
ad~~ersely sacrificing PW~O, OW and TVLD. This problem has lead to
compromises in the values of the ma`netic performance parameters, ease and
cost of manufacturing, etc., for longitudinal recording media for hi`h
recording densit~~. Therefore, there is at present a need in the art for a
method of producing media with high coercivitv, high squareness, and low
noise, narrow PW~O, good OW, and low T~tLD. Summary of the Invention The
present invention solves the problems and needs of the art by providing a
magnetic recording medium, and method for manufacturing same, such medium
having high coercivity and high hysteresis squareness and optimized to
provide superior magnetic recording parameters such as PW50, intrinsic
media noise, TNLD, and OW in high density applications. The method of
manufacturing such media comprises use of specific alloys in a vacuum
deposition system) and specific operating conditions and steps which yield
such an optimized media. Control of ;rain growth and structure is a key
aspect of the present invention. Nledia according to the present invention
are comprised of a magnetic recording layer having fine individual magnetic
grains having a diameter of 100A or less which are isolated from one
another by a solid segregant, and which have a controlled, uniform size,
and spacing on the order of between 5A and BOA (ideally a mean spacing of
about 10A). Importantly, the grains of the magnetic recording layer are
principally single crystals throughout the thickness of the   



~ z ocl 2002 - 15  liver. so as to maximize the magnetocrvstalline
anisotropy constant of each individual gain, and furthermore, the C-axis of
the gains are oriented predominantly in the plane of the film and are
randomly oriented in-plane. This media will typically exhibit coercivity
squareness and remanent coercivity squareness approaching 0.8 or better. a
switching field distribution approachinG 0.? or less, and a coercivity
approaching that of the intrinsic coercivicy of the individual Grains) for
example at least ?000 Oe with a minimum required Pt content, while
simultaneously providing the lowest media fitter noise and T~1LD, and
maximum overwrite for optimum magnetic performance. The media is ideally
suited for current and future high storage density applications. such as
use with magneto-resistive heads. We have found that the mechanism of
improved TNLD is the crystals of the magnetic gains havinG their C-axis
oriented predominantly in the plane of the magnetic film, and the mechanism
of improved OW is that each magnetic grain is predominantly a single
crystal. While it is known that small Grains are a necessity to producing
low noise magnetic recording media, we have also found that if the small
grains are of predominantly a single crystal (i.e., crystallites) the
coercivity is increased for a given platinum concentration in a Co-Pt based
alloy. The single crystal grains provide the highest Ku possible to support
high coercivity. We have found that to achieve high squareness with media
having isolated grains, the grains should be uniform in size and uniformly
spaced apart from each other for uniform switching characteristics during
the magnetization reversal process. As an added benefit, the uniform
switching characteristics of the grains resulting from small size and
uniform spacing also provides better OW.   i 7 0 C T 2002 - 16  Thus) one
aspect of the present invention is a tilm deposition process based on
controlled `rain growth throu`h a proper nucleation process to obtain a
magnetic film laver having uniformly isolated small single crystal magnetic
grains ~ Ll)0~. or less in diameter) of tight distribution in grain size
for high density recording. The results of our research indicate that use
of a proper nucleation layer beneath the recording layer is critical to
obtaining the uniform magnetic grain size and spacing necessary for high
coercivity, high squareness, and low noise. The function of this layer is
to provide nucleation sites on which individual physical magnetic Grains
will grow. The Grain characteristics of the magnetic layer, including
morpholo?y (defined herein as the size and spacing of the grains) and the
grain crystal orientations are significantly dictated by the conditions of
the sut~face on which it is grown. Since physical grains will form at
nucleation sites, controlling the size of each nucleation site and the
spacing between adjacent nucleation sites will provide the facility for
controlling the grain growth characteristics of size and spacing of the
majnetic recording layer, as well as provide large angle grain boundaries.
In addition, proper control of the size and spacing of the nucleation sites
provides a method for optimizing the segregation of segreQant material
(discussed below) at the grain boundaries in the magnetic recording layer.
Furthermore, if a crystalline nucleation layer is selected having an
appropriate lattice match to the subsequently deposited magnetic recording
layer for epitaYial growth of the magnetic layer, a recording layer having
near single   



17 0 C T 2002 - m  crystal magnetic `rains with their C-axes oriented
predominantly parallel to the film f or substrate ~ plane can be obtained.
In addition, while the grains C-a,~ces are parallel to the film plane, they
are also randomly oriented within the tilm plane, a condition we refer to
as ~-dimensional isotropy. Heretofore, producing these Grains with
sufficiently small size has not been possible. We have discovered that the
structured nucleation layer of this invention overcomes this limitation.
Accordingly; it is important to distinguish between the '`under layers'' of
the prior art. and a '`structured nucleation layer" according to the
present invention. While an underlaver may be capable of providing
nucleation sites, it will not create a desired, e;ctremely tine crystalline
microstructure of the magnetic film. However, a structured nucleation layer
as proposed by this invention does perform each of these functions. The
layers of material such as undoped NiP and elemental Cr taught by the prior
art will be referred to as under layers. The laid open Japanese Patent
Application 5-73880, and its EPO equivalent discussed above (Shimizu et
al.) and laid open Japanese Patent Application 5-19794 (Murayama et al.)
each discuss use of an underlayer, but fail to suggest or even recognize
the importance of the Grain growth mechanism provided by a structured
nucleation layer. In fact, Shimizu et al. generally set about to form their
magnetic media without use of any type of under layer and Nlurayama et al.
focus on the addition of SiO~ to the recording layer material but fail to
recognize the importance of a nucleation layer. In accordance with the
present invention, the structured nucleation layer will typically be
comprised of multiple film layers providing epitaxial growth of a
subsequently deposited magnetic recording layer. The structured nucleation
1 7 a ~ i ~~ - 18  layer ,:ontrols the morphology and grain orientation of
subsequent layers. Specifically. the nucleation layer i s) controls `rain
size and gain spacing, (b) grain orientation. includin` providing large
angle grain boundaries, and an inplane C-a:cis of the vrains of the
subsequent layers, and (c) single crystal magnetic recordin` material
`rains. The presence of Large angle grain boundaries between gains allow a
segregant to diffuse to the grain boundaries and hence isolate the tine
magnetic crystal grains. The structured nucleation layer according one
aspect of the present invention comprises two components. The first
component is referred to herein as a ''seed layer". and is deposited onto a
disk substrate. The seed layer provides a template for subsequent Grain
jrowth. The second component of the structured nucleation layer is referred
to herein as an '`intermediate layer) and is deposited directly onto the
seed layer. In one embodiment. a single intermediate layer provides a
surface on which the magnetic recording layer may be epita~cially grown to
control crystal morphology and orientation for obtaining fine uniform jrain
size and 2-dimensional isotropic media. Other embodiments comprising
multiple seed and/or intermediate layers (and/or magnetic film layers) may
also be employed. As stated, the role of the seed layer is to provide a
template for subsequent ;rain growth. It must be capable of producing grain
widths of no more than 100A in the subsequently grown intermediate layer,
as well as in a magnetic recording layer grown on the intermediate layer.
That is, grain size of the magnetic recording layer must be initiated by
providing discrete, small crystalline seed layer grains. These seed layer
grains serve to establish the size and spacin5 of the crystalline Grains of
the intermediate layer. Ultimately, the   17 OCT 20U2 _ ~,9 _ 



ma`netic re;:ordinU layer <~rains ~Trow epita.~ially on the intermediate
layer gains, the later providing control of gain morpholo?y and gain
crystal orientation ( i.e.. ~-dimensional isotropy). .-~s also stated. the
intermediate layer provides a surface on which the magnetic recordinJ layer
may be epita;cially grown. We have found that sputtered Cr or a sputtered
Cr alloy is a suitable material for the intermediate layer. Thus, the
proper lattice plane orientation of Cr must be established through a
selective growth process in order to provide the nucleation sites for
epitaxial Growth of the magnetic recording layer, e. a., a sputtered Co
alloy. Therefore, the intermediate layer material is selected based on its
crystal structure and relatively close (within about 10'o) lattice match
for certain lattice planes to the selected majnetic recordin; layer
material. The thickness of the intermediate layer required for establishin;
this preferred grain orientation texture is generally over around 801 and
less than around 1000A, depending on the base pressure of the sputtering
system. However, according to the prior art this presents a difficulty. If
the prior art Cr layer is too thick, for example over 200A, the Cr grains
become too large to support growth of fine Co-alloy grains of less than
100A in diameter. To overcome this difficulty, the present invention
proposes using the seed layer to control the Cr grain size and also assist
in establishing the desired Cr crystal orientation texture. A suitable seed
layer for the Cr intermediate layer can be selected from metals such as Ti)
a B2 structure such as NiAI intermetallic compound, or Cr alloyed with
element of limited solid solubility to the Cr, etc. Such a seed layer
generally produces fine Cr grains of less than 100 A in   17 0 C T 2002 -
20  diameter, even at a Cr layer thickness of over several hundred
angstrom. It is the ver~~ small Train sizes of the seed layer that results
in production of tine Cr gains of less than 100a in diameter, and the
random orientation of the seed layer crystallites that result in large
angle grain boundaries between the Cr jrains at thicknesses sufficient to
result in an in-plane C-axis and ''-dimensional isotropy of the
subsequently deposited hcp Co based alloy. It will be appreciated that the
seed Iayer may be formed of Ti, B2 structures) Cr-based alloys, or other
materials, provided the seed layer ;rains are of sufficiently small
diameter to permit the growth of small Cr intermediate layer gains. In one
embodiment. the seed layer is a Cr alloy. inherently having a `god lattice
match to the intermediate layer of Cr. However, as will be explained, the
elements) alloyed with Cr used for seed layer should have limited
solubility in Cr. Examples of such alloys are Cr-Cu, Cr-Y, Cr-Si, Cr-Pd,
Cr-Hf, etc. The amount of the elements) alloyed with Cr should be at most
only a few atomic percent (e.Q., up to 10 at.%) over the maximum solid
solubility in the Cr matri:c, so that the alloyed element can fully migrate
to the Cr grain boundaries to form fine grains. Alternatively, Cr may be
alloyed with more than one element with the same limitations to achieve
segregation of the more than one elements at the Cr grain boundaries. 



In fact, in general, when Cr is used as the seed layer) an alloy having
limited solid solubility is needed because it will tend to form smaller
;rains for nucleation sites than pure elemental films. Thus, properly
selected alloys will better facilitate extremely fine grains in the seed
layer and hence the intermediate layer. But) with proper deposition
techniques and selection of materials, certain elemental materials such as
Ti may also provide suitably fine grains in the film   17 0 C T 2002 - 21
deposition process since 'Z'i is ~~ery reactive to the residual has in the
vacuum sputterinU system and impurities in the sputtering tarQett ~).
Regardless, the material selected for the sed layer must have a crystal
Structure capable of allowing the subsequently deposited intermediate layer
to assume or develop a crystalluGraphic morpholoGv such that the magnetic
recording layer (typically a Co-based alloy) gown on the intermediate layer
crows epita.~cially with a similar grain morpholoGy. This is not to say
that the morphology of the magnetic recordin? layer is determined by that
of the seed layer. In fact in General according to the present invention it
is not. While the work of Lee et al. previously discussed does have such a
requirement in order to provide in-plane orientation of the magnetic
recording layer) there is no such limitation accordinG to the present
invention (for example, as supported by data for Ti, Cr-3%Cu, and Cr-~% Cu
seed layers described below). The randomly oriented seed layer allows the
subsequently deposited intermediate layer to Grow and take on its own
morphology, starting with the size and location of the nucleation sites
from the seed layer. The resulting intermediate layer will establish
certain preferred orientations, facilitating subsequent epitaxial growth of
magnetic Grains having in-plane C-axes.Indeed, the magnetic grains grow
with random in-plane orientations, resulting in large anGle Grain
boundaries. This greatly enhances the diffusion of segregant material to
the majnetic Grain boundaries, providing suppression of exchange
interaction between grains and hence reduced noise.   17 0 C T 2002 - 22
The intermediate layer is preferably elemental Cr, due to its close lattice
match of several crystallographic planes to certain of the lattice planes
of the Cobased maUnetic recordin` layer. ~Iowever, other intermediate layer
elements or alloys may work equally well as an intermediate Iaver allowing
epita.~ial growth of a Co-based recording Iaver. In fact. the magnetic
recording layer may be other than a Co-based alloy, and so have a different
lattice constant. In such a case, other intermediate layers for appropriate
lattice matching may be employed. Thus) the present invention should not be
read to be limited to a Cr intermediate layer (or limited to a Co-based
magnetic recording layer). This invention provides the desired fine,
uniform Grains while still allowing the Cr intermediate layer to form
sufficiently thick to develop its preferred orientations for subsequently
deposited Co-alloy epitaxy. In fact, as compared to the prior art employing
a Cr underlayer, smaller grains are achieved even at comparatively large Cr
layer thicknesses. Furthermore, as compared to the prior art which relies
on use of a thick NiAI underlayer to obtain a Co-alloy having its C-axis
parallel to the plane of the substrate (e.g., Lee et al.)) the grains of
the media taught by this invention are smaller due to the use of a seed
layer, and an in-plane C-a.~cis is obtained through matching planes of the
magnetic recording layer with the preferred textures of the intermediate
layer. Importantly, this invention provides a homogenous crystallographic
morphology throughout the magnetic recording layer. That is, with a
structured nucleation layer lattice-matched to a magnetic recording layer,
the magnetic recordin; layer Grains form more perfect single crystals at
the interface of the magnetic recording layer and the intermediate layer.
Hence, each grain of the magnetic recording layer will be nearly a single
crystal. This is to be contrasted  



17 0 C T 2002 - 23  with a polvcrvstalIine grain of a magnetic layer formed
on an amorphous underlayer, a non-lattice matched under layer) and a non
structured nucleation layer. Consequently, the magnetocrystalline
anisotropy constant of the magnetic recording layer material approaches
that of the intrinsic magnetocrystalline anisotropy constant of the
individual ;rains. .end thus, the coercivity of the magnetic recording
layer material is increased, even when ~Irt is decreased to e. g. less than
0.6 memu/cm'. In addition, the more perfect resultant lattice structure of
the magnetic recording layer allows a more uniform magnetization switching,
which we believe is responsible for our discov ery of an increase in
overwrite. The magnetic recording medium of the present invention is
manufactured by depositing a nonmagnetic segregant material. such as an
oxide or nitride of one or more of Al, As, B, Ce) Co) Cr, Dy, Gd, Ho, La,
Lu, Ni, Os, Pm, Ru, Re, Sc, Se, Si, Sm, Sn, Ta, Tb, Th, Ti, Tm) U, V, W, Y,
or Zr, together with the magnetic material. In a single deposition step,
without post deposition treatment, the segregant material must uniformly
diffuse to the grain boundaries even at ambient substrate temperature to
provide sufficient isolation between grains without adversely affecting the
intrinsic magnetic properties such as magnetization and coercivity. This
must occur under moderate deposition rates (e.g., at least lA/sec. but less
than 20 A/sec.) and at a relatively low temperature (<_ 200  C). In order
to accomplish this, the segregant material selected is insoluble in the
magnetic alloy, and is thermodynamically stable. The stability of the
segregant material is determined by its bond strength, which should be at
least 90 Kcal/mol. In other embodiments, the segregant may be a metal or
metal alloy which has a good diffusion rate in a low temperature sputtering
environment   17 0 C f 2002 ce.~T., below Q00 C) to establish a food ~~rain
boundary se`regation can also be used. While the concentration of the
se~reQant material in the deposited media must be Sufficient to completely
separate each individual magnetic ~ gin at the grain boundaries ( thereby
minimizing media noise from intergranular eechange coupling), there is an
upper limit to the amount of segre;ant which can be incorporated in the
ma`netic film. This upper limit is a function of the decrease in
coercivitv, a decrease in saturation magnetization, and/or squareness
caused by the addition of segre~ant material. Typically, a target
coercivity and/or squareness will be identified. and the amount of
se~re~ant will be selected such that the coercivity and/or squareness are
maintained at or above their tarjet values. Typically, the amount of
segre~ant material added will be at about or below 10 molar percent
(mol.%). The effects of the introduction of the segregant may be greatly
enhanced by employing the aforementioned structured nucleation layer under
the magnetic layer. We have found that in order for the segregant to be
effectively segregated at the grain boundaries in a dry sputtering
environment and low argon pressure, the deposited magnetic film must be
provided with large grain angle boundaries at an initial stage of grain
growth. Selection of the proper structured nucleation layer provides the
requisite large jrain boundaries, while simultaneously providing uniform
grain size and grain spacing. Therefore, growth of the magnetic recording
layer on an appropriate structured nucleation layer is critical to (a)
facilitate the introduction of segregant at the grain boundaries, (b)
control the grain size, (c) control the grain spacing in the magnetic
recording layer, and (d) control the orientation of the crystal ;rains.
17 0 C 1 2002 - 25  ~~idition of the se~regant material has a minimal
impact on the magnetic layer's saturation magnetization GIs and magnetic
remanence VIr. High remanent squareness is achieved, and hence there is
minimal impact on the overall thickness of the magnetic layer. Importantly,
exchange coupling induced noise can be completely suppressed by the
introduction of the se~reQant material and other steps of the present
invention. Simultaneously, a high coercivity, for example '?000 Oe or
greater) and high coercivitv squareness and remanent coercivity squareness,
for example approaching 0.8 or more each) are obtained. 



We have also discovered that in order to achieve good epitaxy between the
intermediate layer and the magnetic layer, the backjround H,O pressure
during sputtering must be less than about 1 x 105 Torr, and other residual
gas pressures must also be low. Furthermore, we have found that in order to
achieve a food epita.~cy between the intermediate layer and magnetic layer,
contamination on the surface of the deposited intermediate layer must be
minimized before the magnetic layer is deposited. To prevent such
contamination, we have discovered that the magnetic layer must be deposited
as soon as possible after the intermediate layer is deposited, and it is
preferable that the time between finishing deposition of the intermediate
layer and deposition of the subsequent layer is e.g. 60 seconds or less
depending on the base pressure of the sputtering system. Therefore, a
greatly improved media best suited for high density recording applications
is provided by sputtering a majnetic recording layer containing a segregant
material onto an appropriately selected multilayer crystalline structured
nucleation layer. The resulting magnetic layer e;chibits predominantly
single   17 0 C T 2002 - zs  crystallite grains of small and uniform size
which are uniformly spaced apart from one another by the segre`ant material
at the gain boundaries, and have their C-axis predominantly parallel to,
and randomly oriented in) the plane of the substrate. The method of the
present invention provides control over the resulting media's recording
performance characteristics, and adds little additional complexity or cost
to an existing sputtering process. Brief Description of the Drawings The
present invention will be described in greater detail below, including
specific examples thereof, with regard to the ti~ures, in which: Fib. 1 is
a cross section of a rigid thin-film magnetic disk constructed in
accordance with the present invention. Fig. 2 is an illustration of the
cross section of a rigid magnetic recording medium according to one
embodiment of the present invention. Fig. 3 is a plan-view illustration of
a section of the magnetic recording layer according to the present
invention. 



Figs. ~. and 5 are micrograph cross-sections of media according to the
present invention, showing the epitaxial relationship between the Cr
intermediate layer Grains and the Co-Pt alloy magnetic recording layer
grains. Figs. 6 are TEM images of a Co-Pt alloy majnetic recording layer
according to the present invention taken normal to the film plane.   17 0 C
T 2002 - 27  Fib;. ; is a high resolution SEVI micro~;raph image of the
fracture cross sectional Surface of a multilayer disk structure of a 1 ~0~
N i Al seed layer, a 600 Cr intermediate layer, and a ?00 ~ CoCr ~=Pt,~ + 8
mol.~c SiO, magnetic a recording layer with a 100A carbon overcoat
according to the present invention. Fij. 8 is a high resolution SE1~I imaje
taken on a fracture surface similar a to that of FiQ. 7, except that the
disk is a multilayer structure of 1~OA NiP + ?%A1,03 underlayer followed by
a 600 Cr layer, which in turn is followed by a ?00~ CoCr,=Pt,= + 6 mol.%
SiO, film layer and 100. carbon overcoat. Fig. 9 is a graph comparing the
v(rt versus Hcr for two different recording media: the first having a 160A
thick underlaver of amorphous NiP + 2% A1,0; on which a CoCr,~:Pt,,: + 8
mol.% Si0= magnetic recording layer is formed, the second havin? a 600A
thick crystalline Cr underlayer on which the same magnetic recordin? layer
is formed. 



Fig. 10 is a plot of Hcr versus Mrt for two media, the first havin? a the
Cr underlayer 200 thick, the second having a Cr underlayer 600A thick both
with and without a NiAI seed layer. Fig. 11 is a plot of Hcr versus seed
layer thickness, comparinj the results for a seed layer of NiAI and a seed
layer of Ti. Fig. 12 is a plot of Hcr versus Mrt for three media, the first
with a 600A thick Cr layer directly on the substrate, the second for a
structured nucleation layer consisting of a 100A thick NiAI seed layer and
a 600A   17 0 C T 2002 - 28  thick C: intermediate layer. and third for a
structured nucleation layer consistin~~ of a 100a. thick Ti Seed lay er and
a 6001 thick Cr intermediate lay er. Ei~. 13 is a plot of Hcr versus ~Irt
for media having a Cr underlayer deposited directly on a substrate, having
a NiA1 and Cr structured nucleation layer) and two media having a Cr-Cu and
Cr structured nucleation, in one case Cr-3~'oCu, and the other case
Cr-~~'cCu. 



Fibs. 1=Via, 1-fib, lea, 15b) I6a, and I6b show 'TE~I cross sections. under
identical magnification, of disks 2, 3, and -~ of Table II. respectively.
Fib. 17 is a plot of Normalized Integrated iVledia Noise Poser versus
Linear Recording Density for several media of the prior art and the present
invention. Fig. 18 is a plot of Non-Linear Distortion versus Linear
Recording Density for several media of the prier art and the present
invention. Fig. 19 is an illustration of a disk drive incorporating a
majnetic recording medium according to the present invention. As between
each of these figures, like reference numerals shall denote Iike elements.
~ 7 o c r iooz - 29  Detailed Description 



Fi`. l is a cross section (not to scale) of a typical rigid thin-tilm
magnetic disk 10 constructed in accordance with the present invention. ~
general description of the complete disk 10 will be presented below,
followed by a detailed description of certain of the la; ers thereof and
the methods and conditions for their deposition. Finally, a detailed
description of several examples will be presented to hi~hliQht various of
the important aspects of the present invention. Disk 10 consists of an
aluminum alloy substrate 1?. Substrate 12 may be an aluminum blank onto
which a plated layer (not shown), typically of ~fiP, is formed by
electroless plating or other methods well known in the art. Alternatively,
substrate 1? may be jlass, ceramic, glass-ceramic, carbon-based materials,
silicon, titanium, stainless steel, or other appropriate material selected
for reasons beyond the scope of this invention. Importantly, however, the
uppermost surface of substrate 12 (from the perspective of Fig. 1 ) is
smooth and well cleaned. Optionally, the surface may be textured to improve
the CSS performance of the resulting ma?netic storage medium, as well known
in the art. A structured nucleation layer 14, described in further detail
below) is then deposited onto substrate 12. Structured nucleation layer 14
may comprise two or more sublayers, as shown in Fi;. 2. In the case of two
sublayers, the first such structured nucleation sublayer is referred to
herein as the seed layer 22, and the second such nucleation sublayer is
referred to herein as the intermediate layer 24. S puttering is the
preferred method of depositing structured nucleation layer 14   17 0 C T
2002 - 30  ~ i.e., each of its sublavers ), although other methods of
deposition may accomplish the desired goal of formation of one or more of
these sublayers. Returning to F'ig. l, a magnetic recording layer 16
comprising a magnetic slloy and an insoluble "stable" searegant material,
described in further detail below, is then deposited on structured
nucleation layer 1-~. :~aain. sputterin; is a preferred method for
deposition of this layer, although other techniques are available to
accomplish the goal of deposition of this layer. A protective over layer 18
of a type known in the art, e.g., of carbon doped with nitrogen, hydrogen
or both or oxides such as ZrO~, SiO~, etc., or nitrides such as TiN) ZrN,
etc., or carbides such as TiC) SiC) etc., of a thickness for example less
than 300., and a lubricant layer 20 of a type known in the art. are applied
over magnetic recording layer 16. Details of the protective over layer 18
and lubricant layer 20 are beyond the scope of the present invention, and
therefore are not discussed in detail herein. In order to achieve the
specific goals of the present invention, a Copt-based magnetic alloy is
deposited together with an insoluble segregant material. In one embodiment,
the Copt is alloyed with Cr. In this embodiment, the chrome concentration
is up to about 15 at.%, and the cobalt concentration is greater than about
75 at.%. As has been described, a primary source of media noise is
intergranular exchange coupling. As discussed by Chen et al. in the
aforementioned "Physical Origin of Limits in the Performance of Thin-Film
Longitudinal Recording Media," one method of reducing coupling noise is to
isolate the Grains of the   17 0 C T 2002 



- 31  recordin`T layer from one another. This is the role of the insoluble
seQregant material. Various materials. such as o:cides and nitrides of Al,
As, B. Ce) Co, Cr, Dv. Gd. Ho. Ls. Lu) Eli, Os. Pm. Ru. Re. Sc. Se, Si. Sm)
Sn. Ta, Tb, Th, Ti, Tm, U, V, ~~'. Y, and Zr are effective for grain
isolation. The selection criteria for the se~greQant material is that
firstly, it should be relatively insoluble in the mavnetic alloy such that
it seQreQates to the grain boundaries, and secondly, it should be stable as
determined by the binding energy of the compound which should be greater
than at least 90 Kcallmol. for D,9R (as described in the Handbook of
Chemistry and Physics, 69th ed., CRC Press, 1988-89). It should be noted
that in the following description and associated tiQures, SiO, is used as
an example of the insoluble "stable" se?regant. For a more detailed
discussion of SiO, and other related segreQant materials, see the
aforementioned U.S. patent application serial number 08/?86.6~3. However,
one or more of many such insoluble "stable" segreaants are within the
contemplation of the present invention. As previously stated, optimal
recording performance may be obtained when the grains comprising the
recording layer are uniform is size and uniformly spaced apart by segregant
material. In fact, we have found that it is extremely important that each
of the magnetic grains 78 should be a single crystallite of nearly
identical size, uniformly isolated from one another by insulating material
80 to break intergranular exchange. A section of a magnetic recording layer
with this arrangement is illustrated in plan view in Fig. 4 (the inplane or
2-dimensional random grain orientations illustrated by the parallel lines
within the each grain boundary). For future high density recording
applications, for example 1 Gb/in2, the maximum allowable write fitter is
expected to be on   17 0 C T 2002 - ~2  the order ut ! nm or less. V~'e
believe that grain size of media for such applications will be as small as
l00 ~ or smaller. Thus, we have discovered that in order to achieve
performance targets for such media, the individual grains 78 must be
uniformly isolated by about 10 .~~ of insulating material 80 to completely
eliminate the exchange interaction yet support the highest write density.
V(edia having such a recording layer will exhibit the highest possible
squareness while maintaining the lowest possible media noise. as required
for future high recording density applications. Lt should be noted that
there is a tradeoff between squareness and noise. An extremely square media
is obtainable by disregardin; intergranular exchange coupling, and
providing closely packed fine grains without segregant. However, this will
severely affect the usefulness of the media, and is not commercially
practical given the current and anticipated future expectations for
magnetic recording media performance parameters. At the other extreme,
intergranular exchange coupling can be completely eliminated by highly
isolating the particles with spacing of several 10's of angstroms of
insulating material 80. However, in that case, the excessive non magnetic
insulating material will dilute the magnetic layer too much and hence
reduce the volume magnetization of the film as well as reduce the
squareness of the film due to excessive reduction of magnetostatic
interaction between grains. Thus, a balance is needed between high
squareness, highest volume magnetization and lowest noise performance
obtainable by grain segregation in determining the amount of isolation, and
hence quantity of the segregant, used in the magnetic alloy formation. The
general rule is to select a sufficient amount of segregant to completely
isolate the grains from each other but not so much as to cause degradation
of magnetic performance of the film. In   ~ ~ ocT zoo2 - 33  pnnciple. a
sep..u-ation of about lU~ between the Grains by the nun-magnetic se~re~~ant
is sufficient to cause suppression of exchange interaction. W'e have
discovered that one requirement for obtaining a superior recording layer is
that the recording layer be formed on a proper structured nucleation layer.
~ structured nucleation layer affects the size and spacing of the ma`netic
`rains formed thereupon, and facilitates the uniform distribution of the
searegant between the grains to provide the necessary isolation to minimize
or prevent inter~ranular exchange coupling for reduced noise and improved
magnetic performance. To accomplish this, the structured nucleation layer
Should have a topolu`y of discrete nucleation sites to which individual
grains will adhere. 



Therefore, the structured nucleation layer should be sufficiently thick
(for example) about 100A or thicker for each sublayer) to uniformly and
completely cover the substrate surface to eliminate the effects of the
underlying substrate surface texture and establish a new crystal morphology
for subsequent crystal growth; yet, it should not be so thick as to cause
the degradation of the desired grain size, distribution, and uniform
separation provided by the nucleation sites. A cross section of such a
microstructure of a magnetic disk according to one embodiment of the
present invention is schematically shown in Fig. 2, in which structured
nucleation layer 14 consists of seed layer 22 and intermediate layer 24.
Seed layer 22 consists of randomly oriented discrete grains 74, which serve
as a template for Cr grains 76 to nucleate and grow. Importantly) grains 74
are very small, e.g. much smaller than 100 A in diameter (as viewed
perpendicular to the plane of the substrate), arid are   17 0 C T 2002 - 34
conti~luous. .-also) each ~;~rain's crystal orientation is randoml;
oriented relative to one another, so that there are large an~le gain
boundaries between adjacent jrains. These features are a function of the
material used for seed layer '_'`_'. For example, it has been found that
HCP elements such as Ti, BCC alloys such as CrCu) and B'_' phase ~li:~l
produce these features under the proper vacuum sputtering deposition
conditions. Intermediate layer ?=1 is subsequently deposited directly onto
seed layer 22. Intermediate layer ?=~ is typically Cr or a Cr-alloy, which
has a reasonably Qood lattice match to a Co-Pt based alloy used for the
magnetic recording layer. Table I shows the lattice mismatch for the planes
of a Cr intermediate layer and a magnetic recording Layer comprising
Co(72~'c)Cr~ 109c)Pt( 18e) (in General, the percentages of each element
shall be denoted herein as a decimal place subscript, and the percentage of
an element with no subscript shall constitute the balance of the alloy,
e.j. CoCr,oPt,,s).   17 0 C T 2002 - 35  Lattice mismatch for various
planes of Cr and CoCr,oPt,gCr tenure ~CoCr .,Pt, textureVismatchc-axis~, L
l01i lOlt)r).~~c and ~~ol'_'8' out of planec 1 l01t lOlO)1.7'o and 1 1 ~oin
lanel^_00l(11U)!.7 ~'o and 9~'oin lane(,1 ()(1010)(.7~'o and?coin lane( L l
()(~I''-0)1.7o and -~~"oin lane(?? l )( 10l0)1.7o and -4~oin lane!'_' 10)no
Vood match in zither direction  Table I As shown in Table I, the lattice
mismatch between the CoCr ,aPt ,g alloy and 



the Cr underlayer is about 10F0 or less in both lattice plane directions,
and hence epitaxial growth of the CoCr,,oPt.te on Cr can be easily
established. (Generally speaking) the Cr concentration used in the CaCrPt
alloy is maintain between 10% and 159a for improving corrosion resistance,
and the Pt concentration is maintained between 10% and 18% for increased K"
and hence Hc) while it is at the same time desirable to minimize the
concentration of Pt to reduce cost and increase the intrinsic saturation
moment, NIs, of the alloy.) As also shown in Table I, the resultant texture
of the Co-alloy has in-plane C-axis orientation except for (10i1) ~~on (
110)g which has its C-axis oriented 28 degrees out of the plane of the
film. To enhance the large crystallographic grain angles between the
Qrains, the film should have many different Co-alloy textures mixed in the
f Im. Ideally, the (1011)~.~ texture should be present to?ether with other
in plane texture Grains to enhance large angle grain boundaries between the
grains.   17 0 C T 20U2 - 36  :according to one embodiment of the present
in~~ention, we have found that ,z Cr intermediate layer having
predominantly the Cr textures shown in Table I results when forminj
intermediate layer '_'~. on a seed layer of Ti or ~i~l. The common
morphology between the Cr grains and the Co-alloy ;rains can be seen in the
microQraph of Fia. -~. showing a ~ii~l seed layer having a Cr intermediate
layer formed thereon, and a Co-based alloy layer formed on the Cr
intermediate layer. `y'hile multiple crystal orientations are present in
the seed layer, and while the Cr grains will nucleate and Qrow on the seed
layer grains, the Cr will prefer to form in a series of textures having a
low energy, such as one or more of ( 110), (?00), (? 11), ( 111), and (??
1). Cr grains growing with other orientations will tend to brow more slowly
and will be overrun by the lower energy orientations. This is schematically
illustrated in Fig. 2. 



In addition, as the grains with the preferred orientations overrun the
grains having other orientations, they will tend to impinge ajainst one
another, and hence confine the Cr grains to grow only in the thickness
direction (and not the film plane direction). This effectively maintains
the small grain diameter up to the interface with the Co-alloy grains. This
is well illustrated in Fig. 4. Since the seed layer 22 provides a very
large number of nucleation sites for the Cr grains to nucleate and grow,
statistically there results a large number Cr grains having a preferred
orientation. Hence the Cr grains having a preferred orientation grow
relatively close together. This, combined with the fact that these grains
will grow at a fairly uniform rate, provides an ideal limitation on the
tendency of the Cr grains to grow in diameter. This can be seen and
verified in layer 24 of Fig. 4.   17 0 C T 2002 - 37  Fi~l. -~ and 5 are
micro`Traphs contirmin~ that the subsequently deposited Cu-based alloy
layer will develop a crystal morphology and orientation more or less
following that of the Cr intermediate layer on which it is deposited. The
epitaxial `rowth of the Co-based alloy on the Cr intermediate layer can be
~ontirmed by observing the continuation of the lattice plane orientation of
the Cr intermediate Layer in the magnetic recording layer 16 shown in Fij.
~. Fig. 6 is a TE1~1 image of the Co-alloy film taken normal to the film
plane. As shown in Fig. 6) the Co-alloy grains 78 are completely isolated
from each other and surrounded by the seQregant 80 (S i0=). As also shown,
the Grain size of the Co-alloy crystals is quite uniform and less than
100A, and the mean spacing of the insulatin` segre~ant is about 10.i. The
good isolation of the magnetic gains and the small grain sizes of the film
ensure the minimum intrinsic noise of the media (by completely suppressing
the magnetic exchange interaction and minimizin; the grain size induced
transition noise). FiQ. 7 is a hijh resolution SEMI microQraph imaje of the
fracture cross sectional surface of a multi-layer film disk of 200A
CoCr.,=Pt,,~ + 8% Si0= film deposited on a 600A Cr intermediate layer
formed over a 150A NiAI seed layer. The uppermost layer is a 100A carbon
overcoat. As demonstrated in the micrograph, the fracture surface of this
multilayer structure film using the proposed structured nucleation layer
shows a well defined column of grains with clean cut ;rain boundaries which
start near the substrate surface and extend to the film surface. These
results confirm that the grains are well isolated. In comparison, Fig. 8 is
the SEVI image taken on a similarly fractured surface of a multilayer film
structure of 150A NiP + 2%A103 underlayer followed by a 600A Cr layer,
which in turn is followed by a 200A CoCr.,,Pt. ~, + 8 % S i0~ film   17 0 C
T 2002 - 38  a layer and L 00.i, carbon overcoat. Fia. ~ shows that the
columns of Drains are poorly detined. and have intra`rain fractures within
the Cr and Co-alloy layers, particularly at or below the middle of the
Co-alloy (aver, and the fracture of the gain is not clean. These results
show that the amorphous Structure of V iP + ?~'c:~1,0; cannot provide a
food nucleation site (or template) for Cr, and results in Cr grains yrowin~
excessively large. In this later case, the Co grains Qrown on the Cr Grains
would have small grain angle boundaries, and hence insufficient isolation,
and would not have a randomly oriented in-plane C-axis (i.e., would not
have ?-dimensional isotropy) even given the epitaxial growth of those
grains. 



~Ve have discovered that a properly selected element or alloy having a
suitable lattice structure and/or crystal structure, such as Ti, B?
structure (e. g.. Ni:~l), Cr-~ alloy (where X is a limited solid solubility
element, for example Cu in an amount marginally above the solid solubility
of Cu-Cr), etc. can be used as the fine grain seed layer providing the
preferred morphology and orientation of the crystals in the Cr intermediate
layer, which in turn provides morphology and orientation for epitaxial
growth of the Co-alloy. According to one aspect of the present invention,
the seed layer and subsequent layers are deposited at or near ambient
temperature and at a relatively high rate. It is commonly known that a
higher substrate temperature and a lower deposition rate will result in
larger grains. As has been stated, it is one goal of the present invention
to produce a fine grain seed layer. We have found that the selection of
material for the seed layer plays a large role in achieving this goal. For
example, Ti may be preferred because it is very reactive to residual oxygen
or nitrogen gas in the sputtering   ~ ~ o c T Zoo2 - 39  atmosphere or in
the sputtering target ~ it is very difficult to produce s high purity Ti
target), forming an oxide or nitride at the `rain boundary to thereby
produce e~ctremely tine grains. .~ Cr-alloy with limited Solid solubility
may also be pretetTed. since the amount of the alloying element beyond
solid Solubility segregates to the grain boundaries and hence facilitates
the tine grain formation. In a relatively high deposition rate and low
temperature application, B'_' phase compounds such as NiAI can also form
very fine grains due to the nature of the non-stoichiometric composition of
the compound and the difficulty of achieving an equilibrium phase structure
(B? structure single phase) in such a relatively high deposition rate, low
deposition temperature system (i.e. insufficient kinetics of diffusion to
achieve equilibrium in the deposition process). The present invention is a
unique magnetic recording medium and method of forming same. It relies on a
unique nucleation layer structure and selection of materials for said
layer, together with a magnetic alloy employing a selected segregant
material. A magnetic recording layer is ultimately provided having fine
grains (100A or less) and large angle grain boundaries to promote
segregation of the selected segregant to the grain boundaries (to
completely isolate the magnetic grains), as well as near perfect single
crystal grains with inplane C-axes. The method as taught is practical and
low cost, in part based on the ability to use ambient or near ambient
temperature sputtering. Based on the description contained herein, it is
within the scope of one skilled in the art to compile a list of material in
addition to those expressly discussed, suitable as a seed layer and as an
intermediate layer to achieve a magnetic recording layer with the desired
attributes. However) other deposition processes, such as high temperature
sputtering, can also be employed.   17 0 C T 2002 - 40  The ma`Tnetic
properties and re;:ordinV performance of several disks prepared with
various underlayers and nucleation layers according to the present
invention will ne:ct be described. Unless other`vise stated, all disks
discussed herein were made using a batch vacuum deposition system, model
SPC-3~0, manufacture by .~nelva Inc.. Tokyo, Japan. The system consists of
four sputtering cathodes. :~ load lock system for input and output of
substrates into the sputtering chamber is used to minimize the
contamination cause by the introduction of residual gasses (e.g., water
vapor, oxygen. nitrogen. etc.) from the ambient atmosphere during transfer
of substrates into the sputtering chamber. To minimize the initial residual
gasses within the system, particularly water vapor, the base pressure of
the system was pumped down to below ? r 10" Torr before the deposition of
the nucleation and magnetic layers (as well as carbon overcoat). The four
sputtering cathodes are for deposition of the seed, nucleation, magnetic)
and carbon overcoat layers, consecutively. 



A number of disks were prepared, both without a seed layer) and with
different seed layer materials: NiAI, Ti, and Cr-Cu. Each seed layer was
deposited via R.F. diode sputtering. A Cr layer, which in one case was
formed without an underlying seed layer, and in other cases where it formed
an intermediate layer formed on a seed layer, was deposited using R.F.
magnetron sputtering. The magnetic layer was deposited by R.F. diode
sputtering. Finally, the carbon overcoat was deposited by D.C. majnetron
sputtering. The sputter deposition of all the layers except carbon occurred
at 1~ mTorr argon pressure. The carbon overcoats were deposited at 4 mTorr
arson pressure. (While these were the deposition techniques and parameters
for the following experiments, it will be appreciated that other techniques
and   17 OCT 2002 - 41  parameters may be employed with similar results.
For example, the Cr layer referred to herein may be deposited by R.F. diode
sputtering, etc.) E'ig. 9 is s ~:omparison of the product of the magnetic
remanence and magnetic film thickness (ylrt) versus remnant coercivity
(Hcr) for two different recording media: the first having a 1~0.~ thick
underlayer of amorphous NiP + '_' ~'c ~-Q1,0; on which a CoCr ,=Pt ,= + 8
mol.~'o S i0_ magnetic recording layer is Formed, the second having a 600a
thick crystalline Cr underlayer on which the same magnetic recording layer
is formed. In both cases, a substantially identical conventional carbon
overcoat was applied over the magnetic recording layer. FiQ. 9 illustrates
that for the amorphous NiP underlayer media, the coercivity falls off
rapidly as the thickness of the Co Film drops, below and ~Irt of about 0.8
memu/cm=. However, for the crystalline Cr underlayer media, the coercivity
remains relatively flat in the same range) below about 0.8 memulcm=. 



In addition, the remnant coercivity of the Cr underlayer medium is higher
than that of the NiP underlayer medium for any Mrt in the range of this
experiment. These results suggest that when a thick Cr underlayer is used,
good epita.~cy and hence growth of predominantly single crystal grains of
Co alloy commence at the onset of the Co film's growth. In addition, the
orientation of the Co-alloy gains is nearly in plane from the start, as
predicted by Hono et. al. and U.S. Patent No. 4,652,499. Whereas, when an
amorphous NiP underlayer is used, a polycrystalline structure grows at the
onset of the Co grain growth, and such a polycrystalline structure may
continue up to 0.8 memu/cm'. Fig. 10 is a plot of Hcr versus Mrt for two
media, each prepared with a single Cr underlayer. In one case) the Cr
underlayer was 200A thick, in the   17 0 C T 2002 - 42  Second case the Cr
anderlayer was 600a thick. .-also shown in Fib. 10 is Hcr and ~Irt data for
two media emplovin? a ~00.~ and a I00 crystalline Vi:~l seed layer on which
a C: intermediate layer of '_'00~ and 6C()~, respectively, are deposited.
In a11 cases, the substrate was hyhly polished prior to deposition of the
underlaver ~ e.~7.. Ry ~ 10.i). 'The magnetic alloy layer is the same
between each of the disks (and the same as that used in the experiment of
Fig. 9), namely 0 CoCr,=Pt,= + 8 mol.~'o Si0=. In each case, a 100A thick
carbon overcoat was applied over the magnetic layer. First, Fib. 10
illustrates that a thicker Cr underlayer produces higher coercivitv for a
given ~Irt as compared to a thinner Cr underlaver. This can be seen when
comparing the cases of '?00~ and 600a Cr formed directly on the substrate,
and when comparing the cases of '?00~ and 600A of Cr formed on NiAI. We
hypothesize that better epitaxy is obtained when the Cr layer is thicker,
e.~., when the Cr grains have a more uniform crystal structure (Cr Grain
size and hence Co-alloy gain size may also be affected). Second, Fig. 10
illustrates that the addition of a crystalline NiAI seed layer under a Cr
intermediate layer increases the Hcr of the resulting media. For example,
above approximately 0.3 memu/cm'', Hcr for the NiAIICr(200A)ICoCr.,,Pt ~, +
8 mol.% SiO,IC is greater at all Mrts than Cr(200A)/CoCr.,~Pt,,, + 8 NIOL.%
SiO~IC. This is also true for the medium having a 600A thick Cr layer.
Finally, comparing Figs. 9 and 10, it can be seen that the drop off in Hcr
is less dramatic when a Cr layer is employed (Fig. 10) than when no Cr
layer is employed (Fig. 9). Indeed, Hcr remains in the practical range of
above 1800 Oe, even with an ll~Lrt as low as 0.3 memu/cm''. Again, we
believe that this is a   



17 OCT 2002 - 43  consequence ~~f the magnetic recordinU layer having good
epitaxial ~7rowth at the onset of deposition and establishment of `rains
with a well defined single crystal with near ( or predominantly) in-plane
C-axis orientation ( as the result of epitaxy on Cr provided by the lattice
match of Table I). Fig. 11 is a plot of Hcr versus seed layer thickness,
comparing the results for a seed layer of Ni:~l and a seed layer of Ti. Two
different Cr intermediate layer thickness (namely ?00~ and 600t1) were used
for comparison. The magnetic recording layer alloy is identical to that
used in the examples of Figs. 9 0 and 10) namely CoCr,~Pt,, + 8 mol.~'o
Si0=, and was approximately ?00A thick. The Vlrt was maintained at 0.6
memu/em-. The data of Fia. 11 is consistent with the data of FiQ. 10 in
that a thicker Cr intermediate layer provides a higher Hcr for given seed
layer thickness. Furthermore, the curves of Hcr versus seed layer thickness
for Ti and NiAI are more or less identical in shape, which indicates that a
Ti seed layer, in addition to a NiAI seed layer, can provide a good
platform for growth of the Cr intermediate layer for the ultimate
epita:cial growth of the magnetic recording layer. Fig. 11 also shows that
using either a NiAI or a Ti seed layer provides relatively stable Hcr
across a range of seed layer thicknesses. It will be appreciated that
current competitive disk drive systems require media coercivities at or
above ?000 Oe, which is provided at thicknesses of NiAI and Ti seed layers
up to 600 A thick. (It should also be noted that this demonstrates that the
thickness of the seed layer need only be sufficient to cover the substrate
surface, for example around 100A, and from the point of view of the
function of the seed layer, there is really no technical limitation on
jrowing of a thicker layer.   ~ 7 0 CT 2002 - 44  The performance
Similarities between media ha~~in~ a ~ i:~I seed layer and a Ti seed layer
t~~from the epitaxial `Trowth) is also verified by the e:cperimental data
shown in Fi`;. 1_'. For the data of Fib. 1=, three different media were
prepared. First. a r:00A thick Cr layer was deposited directly onto a super
polished substrate. A CoCr,=Pt,= + g ~IOL.~'c Si0= magnetic recording layer
was deposited onto the Cr underlayer. and a 100 ~ carbon overlayer was
deposited onto the magnetic recording layer. Second, a 100 Ni A1 seed layer
was deposited onto a super polished substrate. A 600 Cr intermediate Layer
was then deposited onto the NiAI seed layer. ~ CoCr,=Pt,, + 8 ~IOL.% SiO,
magnetic recording layer was ne;ct deposited. And finally a 100A carbon
overcoat was deposited onto the magnetic recording layer. Third. a 100 Ti
Seed layer was substituted for the 100a Ni,-~l seed layer of the second
media. FiQ. 12 shows that the dependence of Hcr on ~Irt for media using a
100 NiAI seed layer on a 600A Cr intermediate layer is nearly identical to
that of media using a 100A Ti seed layer on a 600A Cr intermediate layer.
This is made clear when one compares these results to the results obtained
for media having the 600A Cr layer formed directly on the substrate)
without a seed layer. Fig. 12 also illustrates that the value of Hcr for
media using a Ti seed layer is about 200 Oe lower than that of media using
a NiAI seed layer for a Given Mrt. However, media using either a NiAl seed
layer or a Ti seed layer can provide Hcr over 2300 Oe with an Mrt as low as
0.3 memu/cm', based on the rood epitaxy between the Co alloy magnetic
recording layer and the Cr intermediate layer. In another embodiment, an
alloy of Cr and Cu is employed as the seed layer. The data of Fig. 13
illustrates two examples of a Cr-Cu alloy, first ~ at.% Cu, and second 3
at.% Cu. This film is produced using a specially manufactured batch vacuum
deposition system consisting of 3 cathodes. The first cathode is for   



17 0 C T 2002 - 45  R.F. ma`netron sputtering of the seed (aver. The second
cathode is for R.F. magnetron sputtering the intermediate layer. And, the
third cathode is for R.F. diode sputtering the ma`netic (aver. Sputtering
was conducted at better than 1 x 10-h Torr. .-~s previously stated, the
amount of the alloying component is selected to be just over the maximum
solid solubility of that component in Cr. In this case, the maximum solid
solubility of Cu in Cr is about 1 at.~'o, as reported in Binary Alloy Phase
Diagrams) AS~I, 1968, page 819-8'_'0. For the experiment of FiQ. 13, each
of the two disks were prepared by first depositing a ?OOr~ thick layer of
the Cr-Cu alloy. A 600 Cr layer was then applied. A Co alloy consisting of
CoCr ~gPt ,a + ~ mol. ~o S i0, was next deposited. For comparison. a disk
having a ?00~~ V iAl seed layer on which a 600 Cr layer was formed was
prepared and tested. As shown in Fia. 1~, the curve of Hcr versus hlrt for
the disks having the Cr-Cu seed layer is similar in shape to the curves for
the NiAl seed layer and for the Cr underlayer, even at small Vlrt. This
demonstrates that a Cr-Cu alloy having a Cu concentration slightly higher
than maximum solid solubility (e. g., ~ 1 at. %) can also be used as a seed
layer. The good epitaxy between Co alloy and Cr using various seed layers
as proposed herein can be inferred by comparing the data of Fig. 9 to that
of Fig. 13. However, the desired fine grain-size structure and good
isolation between the magnetic grains obtained using the various seed
layers described herein can only be verified by measuring the magnetic
performance of disks with various seed layers, and comparing the result of
magnetic measurements to those of disks using a Cr underlayer and disks
using a NiP underlayer. The results of these magnetic measurements are
shown in Table II and Table III below.   DISK DATAAro liludaUtskIligh
Frecl. (mV )Mid Ired. (mV )Luw Fred. (mV )Resolution (`y,)1'W5(1 (tt>>( )1N
t`113)Wit 3u foul)~I~NI I ) 



(`~S t10.13I2O.bU970.8800I4.912-1 `IS~`J t~l)3 tilllh
3620.20400.76451.0409I9.5933.-1338 72~ -1 II1) 3630.19610.7829I .0407l
8.8433.'"36 f~42 'J8I 1 'J840.20390.7677I.036019.b823 (1637 Sti~S 17I l)
-1hDISK COMPOSITIONSl3i~kCuAlluySlruclure1 I~t 1(7e)~ti t
(ui~i~ut/.:~u=tICuCr "Pt I 3 + SiOi(6%)NiP(2H'o)/CRPSb/CarMm[80A/21
(1~/IOfli1 ~23t1911 82CoCr,iPt,i +
SiO~(8%)Cr/CRPSB/Carbon[480AI250A!!()nA)2?771 1)3CuCr_nPt,r + SiOs(8/,)
-NiAI/Cr/CRPS8ICaihun[ 150A/2(11)Ah511!~/IOW[238-1l) `)4CoCr,zPt,~ +
SiOr(8o/<`)NiP(29o)/Cr/CRPB/Carlum[150A/2()(1,~/250~/10().y3365~t) `JTEST
PARAMETERSI~I~ = 51.86 mhz = 1 s8. I 18 krciradius = 0.87 inchesPreamphfter
= Ssl 32k?ll I t)12~I~c~tci. ( 7u~il, It WA Ib32/17(tlMf = 25.93 nthz =
79.06 kfci72U0 rpm = 65S 96 ilP,cra. filter = 11111 All IG 5 1'1c l3uuei
wui tl~f lead. Sv.~gmcOW = 5l .86 mhz = 1 S8.118 kfciJitter = 25.93 mho =
7).06 kfi:iJittcr filter = SSl 331v h(11) 1 ) 30 I~IIm, O c113Iw = 35 utA
(I w p~.~l, I = 12 uiA  TAI3Lr II rn 0 -., N O O   1 T U l; I lt;J1 - 47  



Tsble fI shows magnetic recording performance results of four different
disks prepared usin~~ various underlavers as proposed by the prior art and
by the present in~~ention. The sample preparation and the structures and
alloys are described as follows Disk No, 1: This disk was prepared by first
depositing an approximately 80~ thick underlayer of NiP ~-? mol.~?'o :a1.0;
on an NiP plated Al substrate. Next) an approximately ? 10~ thick CoCr "Pt
,~ + 6 mol.~'o SiO, ma`netic recording layer was deposited onto the N iP
layer. An overcoat of carbon approximately 100a thick was then deposited
over the magnetic recordin; layer. Deposition for this disk was in an
in-line puttering system in accordance with the procedures described in
U.S. patent application serial no. 08/?86.653. The average Hcr was 2309 Oe.
Disk No. 2: This disk was prepared by first depositinj an approximately
480A thick Cr underlayer directly onto an NiP plated A1 substrate. This was
followed by depositing an approximately 250 thick CoCr,~,Pt.,, + 8 mol.%
SiO, magnetic recording layer. This was followed by deposition of an
approximately 100A thick carbon overcoat. These disks are similar to those
used by Lee et al. in EP0704839 Al, and were made in the aforementioned
Anelva sputtering system. The average Hcr was 2277 Oe. Disk No. 3: This
disk was prepared by first depositin; an approximately 150a thick NiAI seed
layer directly onto an NiP plated Al substrate. Next, an approximately 200A
thick Cr intermediate layer was deposited onto the NiAI seed layer. This
was followed by depbsiting an   ~ 7 0 C 12002 - 48  approximately ~50~
thick CoCr ~=Pt ~= ~ 3 mol.co SiO: magnetic recording layer. This was
followed by deposition of an approximately 100a thick carbon o~~ercoat.
This disk represents one embodiment of the present ~nvencion. Q11
deposition took place in the aforementioned ~nelva 5putterin~ system. The
average Hcr was ~'~8~ Oe. Disk No. ~; This disk was prepared by first
depositing an approximately 150a, NiP + 2 mol.9o Al=03 underlayer directly
onto an NiP plated Al substrate. Next, an approximately 200.%i thick Cr ~
intermediate layer was deposited onto the NiP layer. This was followed by
depositing an approximately 250r1 thick CoCr,=Pt,,= + 8 mol.~'o SiO,
magnetic recording layer. This was followed by deposition of an
approximately 100r1 thick carbon overcoat. All deposition took place in the
aforementioned Anelva sputtering system. The average Hcr was 2365 Oe.
Measurements were made using a Guzik model RWA 1632/1701 Spinstand,
manufactured by Guzik, Santa Clara, California. A magnetoresistive (MR)
magnetic recording head model Cuda IV XL manufactured by Seagate of Scotts
Valley, California was used. The disk rpm was 7200) and measurements were
made at a radius of 0.87 inches. Head bias was l2mA 0-to-peak, and head
current was 35mA. The high frequency head signal was 51.86 mhz (158.118
kfci)) mid frequency was 25.93 mhz (79.06 kfci}. The overwrite frequency
was 51.86 mhz (158.118 kfci), and the Write Jitter frequency was 25.93 mhz
(79.06 kfci). Comparing the values of OW, Write Jitter (WJ), and TNLD of
disk no. 1 to the values for disks nos. 2, 3, and 4 from Table II shows
that when a Co 



alloy magnetic recording layer is deposited on top of a Cr layer, higher OW
11 ~ 0~'rT~ 2~0?~ - 49  and lower T~iLD values are obtained. These results
indicate that the Co alloy is epitaxiallv grown on the Cr surace. snd also
sugjests that the Co alloy a;.is its C-axis oriented predominantly in the
plane of the disk. Eiuwever, comparing disks nos. .. 3. and = in Table LI
shows chat the '4VJ values ut disks nos. '_' and -~ are almost twice that
of disk no, 3. which is the disk formed by the teachin~7s of the present
invention. The high WJ of disk L`1o. '_' in which the Cr layer is deposited
directly on amorphous NiP substrate surface, and disk No. .~ in which the
Cr layer is deposited on a sputtered amorphous NiP + ? ~'c.~.1:0 , layer,
is due to the formation of large Cr ,rains, and as a consequence of the
epitaxial growth of the Co on the Cr. the Co grains grow larger than those
of disk no. 3.. The use of a seed layer below the Cr intermediate layer as
taught by this invention (e.~., disk no. 3) produces fine Cr grain, and
hence tine Co alloy grains) which lowers WJ. (Further evidence of lame Co
alloy Grain growth in disks nos. 2 and 4 will be shown latter.) These
results verify that a disk created using the teachin?s of the present
invention is superior to that of prior art in obtainin; excellent OW and
TNLD) and simultaneously low WJ and hence low intrinsic media noise. In
another embodiment of the present invention, disks usin? various
thicknesses of a Ti seed layer and Cr intermediate layer were prepared. The
magnetic properties of these disks were compared to the properties of a
disk prepared using a NiA1 seed layer in Table III.   DISK DA'l'AAlu
~liludeDisklitgl~ Fret'. (mV ~)Mid tray. (n~V )Low Fret'. (mV ~)Rasolutioo
(`Y.)1'W~i1 (n~1()IV 



l.1131Wlt Ju (ulnJ'1 NI IJS0.2050.6530.82S?9.103S.-1335.53; ?tlI-I
-'''6i).2090_6890.87478.8835.8i37.7v1i.-li1 i
In70.2320.7060.0.85I83.0l)33.9338 263 S-1I 3 7IDISK COMPOSITIONSDiskCoAltuy
-Str-ucW rell~~ (t ~)nllt IIIS~'.ISISII~ ISI~ ISCoCr,it't,i +
SiO,(8N'o)'1'i/Cr/CRI'S/Carlnm [ IIN)A/60lJAl? ItJA/ItuJ.4[3lutSIt
b56CoCr,sPt,i + SiU=(8`%,)Ti/Cr/CRPSICailnlu [3011A/-IUl)
A/2al)~Illltly2181t1 967CoCr,iPt,_ + SiOZ(8/u)NiAi/Cr/CRPS/C.ullon [
IS(IA/~llH)A/?(JOA/IIJIJ.A [338 311 h I'PEST t'ARAMC'!'[3RS111= =30.58 ulhc
= 161 kfciradius _ (l.862 inchest'rcumhlil~cl = BSI ?(JllJl:'1'c~ici.
C~un4, I:11':1 Ih32/17u1MF _ l5.20 nlhc = 81 klci42(1l) rpm = 379 ipsP.ua.
1~Im = I UtJ nll l! 5 I'`~1~ l3uttcl ",-`a (llI l~.l.l. '1'mlull,l nl ll?OW
= 15.29 mhcJiucr= 15.20 mhzJitter t~ilt~r = SS1 32f tStNll, 13 A~fllc, -!
lit3Iw = 311 uu\ I) to 11~.~1. 1 =lOmA  TAI3I~E III 0 V C C G:   17 0 C T
2002 - 51  



Disk ~1. ~ ~ This disk was prepared by first depositing an approximately
100 thick Ti seed saver on an ~liP plated :~l substrate. ~eYt, an
spproaimatelv h00. thick Cr intermediate saver was deposited onto the Ti
Seed layer. This was followed by depositin; an approximately `'_00 ~. thick
CoCr ~=Pt ~: + 8 mol.~o SiO, ma;netic recording layer. This was follo~L~ed
by deposition of an approximately 100 thick carbon overcoat. All deposition
took place in the aforementioned Anelva sputtering system. The average Hcr
was ? 19.8 Oe, and the iVlrt was 0.8~ memu/cm=. Disk No. 6. This disk was
prepared by first depositing an approximately 300g thick Ti seed saver on
an ~liP plated A1 substrate. Ne:ct, an approximately 400 thick Cr
intermediate saver was deposited onto the Ti seed layer. This was followed
by depositing an approximately 200 thick CoCr.,=Pt.,= + 8 mol.% SiO,
magnetic recording layer. This was followed by deposition of an
approximately 100 thick carbon overcoat. All deposition took place in the
aforementioned Anelva sputterin? system. The average Hcr was 218I Oe) and
the Mrt was 0.96 memu/cm'-. Disk No. 7: This disk was prepared by first
depositin' an approximately 150A thick NiAI seed layer on an NiP plated A1
substrate. Next, an approximately 400A thick Cr intermediate layer was
deposited onto the NiAI seed layer. This was followed by depositing an
approximately 200A thick CoCr.,,Pt_,, + 8 mol.% SiO, majnetic recording
layer. This was followed by deposition of an approximately 100 thick carbon
overcoat. A11 deposition took place in the aforementioned Anelva sputtering
system. The average Hcr was 2383 Oe, and the Mrt was 0.81 memu/cm'-.   17 0
C T 2002 - 52  Measurements were made using a Guzik R~V.-~ 163`_'/ 1 i O l
spinstand, manufactured by Guzik, Santa Clara) California. :~
magnetoresistive (SIR) magnetic recording head manufactured by Toshiba.
Japan, model MR'_' was used. The disk rpm was -1'_'00, and measurements
were made at a radius of 0.~6'_' inches. Head bias was 10 m~a 0-to-peak,
and head current was 30 m~. The hiwh frequency head signal was 30.58 mhz (
181 kfci), mid Frequency was 1~.?9 mhz ( r9.06 kfci), and the low frequency
was i.10 mhz (?7 ktci). The Write fitter and OW frequency was 1~.?9 mhz
(79.06 KFCI). The recording performance parameters for the disks shown in
Table III illustrate that using a Ti seed layer provides TNLD. OW. and
Write fitter nearly identical to that of a Ni?~1 seed layer for about the
same Vlrt (i.e.) 



about the same low frequency amplitude) and slightly lower He (about 200 Oe
less). This indicates that a Ti seed layer can serve equally effectively as
a NiAI seed layer. Figs. 14a, 14b, 15a, 15b, 16a) and 16b show TEyI cross
sections, under identical magnification, of disks 2, 3, and 4 of Table II,
respectively. Fig. 14a, (bright field image) and Fig. 14b (dark field
image) of disk no. 2 and Fig. 16a, (bright field image) and Fig. 16b (dark
field image) of disk no. 4 show that the Cr grains formed in these disks
are exceedingly large, and consequently the epitaxially grown Co alloy
grains are as large as the Cr underlayer grains. Whereas in Fig. 15a,
(bright field imaje) and 15b (dark field image) of disk no. 3 one can see
that comparatively much smaller ;rains are produced for both the Cr
intermediate layer and the epitaxially grown Co alloy layer. The plan view
of Fig. 6, representative of disk no. 3,   17 0 C T 2002 - 53  Shovy~s a
gain diameter of less than 100 ~ i,and well isolated `rains), and contirm~
the tine grain structure shoLVn in Fibs. l~a snd lib. The micro~Trapizs of
Figs. l=a through 16b contirm our hypothesis that a nucleation layer
comprisin~7 an e:ctremelv tine grained seed layer can town the basis for
producin` an extremely tine grained epitaaially ~arown Co alloy film. With
reterence to Fig. 1 ~b, the dark field image shows that there is Qood grain
to rain epitaxy between the grains of the Cr intermediate layer ?-1 and the
grains of the Copt magnetic alloy layer 16 (e.g., the uniform lighter color
of the columns indicates a closz match of crystallo`raphic planes between
the layers). The cross section of Fig. -~. representative of disk no. 3,
shows the Jood epita:cv under higher magnification TE~I. Furthermore) the
ability of a fine gained seed layer to provide the large Grain angle
boundaries for gain isolation is evidenced by the change in contrast
intensity of dark field image between grains) for example as shown in Fig.
15b. These large grain angle boundaries allow se?re~ant to diffuse to the
Drain boundaries to isolate the Grains and hence produce extremely low
intrinsic media noise as well as hi?h OW and low TNLD. 



It should be noted that the presence of SiO~ in the admixed form of the
magnetic alloy as per the Japanese Patent Application 5-19794. (Shimizu et
al.) is not a sufficient condition to ensure the lowest write fitter noise.
In fact, the published work by Shimizu et al. entitled "CoPtCr Composite
Ma?netic Thin Films" shows TEM microjraphs of unmixed Copt, l gCr, l2 and
composite Copt, l gCr, l? + SiO~ films. This reference   17 0 C T 2002 - 54
states that "the ,rain boundaries are not ;,fear in either tilm. indicatin;
a very fine structure. Ener~v-dispersive 'c-ray analysis ~ED~C) revealed
that Si atoms sre uniformly distributed all over the composite tilms
without showin; any noticeable se~;re~ations at gain boundary." We believe
that the reduction in media noise in Shimizu et al.'s CoCrt + SiO~
admixture arises primarily from the reduction in gain size, i.e.. a
reduction in gain noise. However, a reduction in grain size alone does not
result in a reduction of noise caused by exchange coupling, which is the
more dominant contributor to media noise. This shows that per the approach
tauJht by Shimizu et al. (i.e., without a structured nucleation layer) one
cannot achieve complete isolation between (i.e., complete e:cchan~e
decoupline ot~ the ma`netic grains. As stated earlier, the intergranular
exchange induced noise has to be completely eliminated to obtain the lowest
possible noise. As we have found, this can only happen if a proper
structured nucleation layer (such as the seed layer plus intermediate layer
discussed above, or the NiP + A1,0 3 nucleation layer discussed in our
pending application serial no. 08/386,653) is used to facilitate the
segregation of the insulating segregant. The extremely low intrinsic media
noise as provided by the teachings of the present invention is highlighted
by comparing the normalized integrated media noise power (MNP) of disks no.
l, no. 2, and no. 3. The integrated noise powers were normalized to the
value of Mrt (or low frequency amplitude) for each disk to provide a
meaningful comparison of the data. Fig. 14 shows the ~INP data of disks no.
1, 2, and 3 as a function of linear recording density (kfci). As shown, the
iVINP of disk no. 3 (that   17 0 C T 2002 - 55  sccordin~; to the present
invention) is about one-half that of disk no. 1 which uses a Cr underlayer
onlv). Furthermore, Fig. l ; illustrates that the 1~I~P obtained accordinJ
to the present Invention is well below that of the prior art. For example,
Lee et al. in FiQ. 15 of their EPO application EP 0?0~8~9 ~l show a
relatively small difference in YINP. less than 10'o improvement at 107
kfci, between their media having a Nil underlayer and media having only a
Cr underlayer, and in FiQ. 16 of their patent application show about a 209o
improvement at 107 kfci. This should be compared with a the difference in
1~(NP of over about 5-~'?o at 10 7 kfci seen in FiQ. 1 7 hereof between
media with a structured nucleation layer (seed layerlCr intermediate layer)
as tau`ht by the present invention and media having only a Cr underlayer.
This difference is equal to over a 1109o improvement in noise performance
of the structured nucleation layer (seed layerlCr intermediate layer
structure) of the present invention over structures not employing such a
structure. Fig. 13 shows the non-linear distortion (%) of the media of
Table II as function of linear recording density. As shown) the TNLD of
disk no. 3 according to the present invention is virtually as low as that
of disk no. 2 which uses only a Cr underlayer (e.g., having larje Co
grains) for each kfci. Whereas disk no. 1 shows a higher NLD than that of
the present invention in the range of frequencies measured, particularly
above 100 kfci. Therefore, it is clear from Fig. 15 that media usin' a
structured nucleation layer according to the present invention provides
superior TNLD as compared) for example, to amorphous sputtered NiP of the
prior art. 



17 0 C T 2UU2 - 56  Ln summsrv, the above exile: imental evidence shows
that media produced usin~,~ the present invention provides Superior media
noise) OW) and TVLD as compared with the prior art. Also, this work
demonstrates that our invention is quite different from the prior arc such
as Lei et. al. and Shimizu et al. based on the results of our media noise
power measurements and the data for Ti and Cr-Cu seed layers. A tna~netic
recording medium in accordance with the present invention is typically used
in a disk drive 100 shown in Fie. I9, in which disk 10 is mounted on a
rotor shaft 10'' which. in turn. is rotated by a motor 104. (~ pair of
read-write heads 106a, 106b are mounted on the end of associated arms 108a)
108b. Heads 106a. 106b can be ferrite heads) thin film heads,
magneto-resistive heads, or ocher types of read-write heads. Heads 106a.
106b "fly'' in proximity to disk 10, where they can write data to and read
data from the magnetic film on sides 110a. 110b of disk 10) respectively.
Arms 108a) 108b can be moved inward or outward (directions 112 and 114,
respectively) to permit heads 106a) 106b to access data tracks at different
locations of the disk. Motion of arms 108a) 108b are controlled by a servo
motor (not shown). Examples of disk drives are disclosed in U.S. Patents
4,949,202 (Kim); 5,025,335 (Stefansky); 5,027,24l (Hatch); and 5,025,336
(Morehouse)) each of which is incorporated herein by reference. Magnetic
recording media in accordance with this invention can be incorporated in
other types of disk drives as well. While the invention has been described
above with respect to the specific embodiments) those skilled in the art
will appreciate that modifications may be made without departing from the
spirit .and scope of   ~ ~ o c I zooz - 57  the in~~ention. For example,
the present invention has been described in terms of a media havin~` a
5in~le magnetic recording layer. However, in certain applications of the
present invention multiple majnetic recording layers may be employed, etc.
Therefore, the above specific descriptioc~,s are presented as examples of
embodiments of the present invention, and are not to be read as limiting
the scope of the present invention.  



170CT~001 -58 What is claimed is: 1. A magnetic recording medium,
comprising: a non-magnetic substrate having a primary plane; a structured
nucleation layer) comprising) a seed layer of fine crystal grain, having
random lat~ice plane orientations, formed directly on said non-magnetic
substrate; an intermediate layer of crystal grains) formed on said seed
layer grains) of sufficient thickness to allow an uppermost surface thereof
to present primarily preferred lattice planes; a recording layer, generally
epitaaially formed on said primarily preferred lattice planes, said
recording layer haying an epitaxial relationship determined primarily by
said intermediate layer of said suvctured nucleation layer; comprising a
Co-based hcp alloy and at least one segregant material, such that said
Co-based alloy predorninaatly forms single crystallite magnetic grains of
uniform size, said predominantly single crystallite magnetic grains having
grain boundaries, said segregant material being disposed primarily at said
grain boundaries) said single crystallite magnetic grains having their
C-axes oriented predominantly parallel to the primary plane of said
substrate. 2. The medium of clean l, wherein said recording layer grains
have a lattice mismatch to said interasediate layer grains of no more than
10b. 



3. The medium of claim 1) when~n said intermediate layer is at least 80A
thick. 4. Z'he meclium of claim 1, wherein said seed layer grains are of
mean diameter of 50~ or less, and said intermediate layer grains are of
mean diameoex of 100 or less. 5. The medium of claim 1, wherein said
intermediate layer comprises Cr.   17 0 C T 2002 -59 6. The medium of claim
5, wherein said intermediate layer comprises an alloy including Cr. 7. The
medium of claim l, whet~in said seed layer cornpiises metallic elements
producing grains smaller than 50A in diameter providing nucleation sites at
which said intermediate layer grains form. 8. The medium of claim 1,
whetEin said seed layer comprises Ti. 9. The medium of claim 1, whereaui
said seed layer comprises predominantly B2 phase material. 10. The medium
of claim 9, wherein said B2 phase material is structured NiAI.. 11. The
medium of claim 1, wherein said seed layer comprises an alloy of Cr and at
least one other element said at least one other elemeat bring present in an
amount up to but not exceeding 10 at;96 over the maximum solid solubility
limit of said at least one other element in Cr. 



12. The magnetic recording medium of claim 1, wherein said predominantly
single crystallite magnetic grains are of a mean diameter of approximately
100A or less. 13. The magnetic recording medium of claim 12, wherein said
predominantly single crystallite magnetic grains are spaced apart by
between 5A and 50.i 14. The magnetic recording medium of claim 12, wherein
said predorninantly single crystallite magnetic grains are spaced apart by
a mean distance of 10A.   17 0 C 1 2002 -60 15. The magnetic recording
medium of claim 13, whea~ein a layer of segregant material having a
thiclmess of at least lQ~ is disposed. betwocn pairs of adjacent
predominantly single crystallite magnetic grains. 16. The magnetic
recording medium of claim 1) wherein the medium includes only a single
magnetic recording layer. 17. The magnetic rearrding medium of claim 1,
wherein the segregaat material is selected from the group comprising oxides
and nitrides of Al) As, Co, Cr,1?y, Gd, Ls, Lu, Ni, Os, Pm, Ra, Re) Sc, Se,
Si, Sm, Sn, Ta) Tb, Th, Ti, Tm, U, Y, W, Y) and Zr having a bond strength
of greater than 90 Kcallmol. 



18. In a magnetic recording medium wherein a mag~tic recording layer
comprising substantially a Co alloy is formed above a planar non-magpetic
subsnare, a structure having improved non-linear transition shift) wrioe
fitter, and over write performance, compasing: a seed layer of fine crystal
grains, having random lattice plane orientation, formed directly on said
non-magnetic snbstrare; an intermediate layer comprising at least in part
Cr grains, formed on said seed layer grains, of sufficient thicl~ss to
allow an uppermost surface thereof to present primarily preferred lattice
planes; and at least one segxegaat material deposited together with said Co
alloy; wherehy said magnetic recording layer forms generally epitaxially on
said primarily preferred lattice planes) said recording layer having an
epitaxial relationship detennirard primarily by said intermediate layer of
said structured nucleation layer, said Co-based alloy predominantly forms
single crystallite magnetic grains of uniform size) said predominantly
single crystallite magnetic grains having grain boundaries, said segregant
material being   17 0 C T 2002 -61 ciis~primaiily at said grain boundaries,
said SarigLe crystallite magnetic grains having 



their C-axes oriented predominantly parallel to the primaryr plane of said
substrate. 19. A structured nucleation layer, formed above a planar
non-magnetic substrate, and having fotmcd thereon a sabstantially Co-alloy
magnetic recording layer containing at least one segregant material) for
providing said magnetic mcording layer with improved nonlinear transition
shift, write fitter, and over write performance, composing: a seed layer of
fine crystal grains, having random laaice plane orientations, formed
directly on said non-magnetic substiat~e: acrd an interatediate layer
comprising at least in part Cr grains, formed on said seed layer grains, of
sufficient thiclmess to allow an uppermost surface thereof to pmsent
primarily pmferred lattice planes; whereby said magnetic recording layer
forms generally epitaxially on said primarily preferred lattice planes,
said recording layer having an epitaxial mlationship determined primarily
by said intermediate layer of said scrucaued nucleation layer, said
Co-based alloy predominantly forms single crystallite magnetic grains of
uniform size, said predominantly single crystallite magnetic grains having
grain boundaries, said segregant material being disposed primarily at said
grain boundaries) said single crystallite magnetic grair~ having their
C-axes oriented predominantly parallel to the primary plane of said
substrate. 20. A disk drive containing a magnetic recording medium
according to claim 1. 21. In a method of fotnaiulg a magnetic tdcording
medium wherein a magnetic recording layer comprising substantially a Co
alloy is formed above a planar non-magnetic substrate) a method of
improving non-linear transition shift) write fitter) and over write
performance) comprising:   17 UC1 2002 -62 vacuum depositing a seed layer
of fme crystal grains, having random lattice plane 



orientations) directly on said non-magnetic substrate; vacuum depositing an
intermediate layer of crysml grains on said seed layer grains, of
sufficient thicYness to allow an uppermost surFaoe thereof to present
prirnar;,ly preferred lattice planes; and vacuum depositing together with
said Co alloy at least one sego=gant material; whetirby said magnetic
recording layer forms generally epitaxially on said primarily prefen~ed
lauice planes, said recording layer having as epitaxial. relationship
determined primarily by said inte~rmcdiate layer of said strucwred
nucleation layer, said Co-based alloy predominantly forms single
crystallite magnetic grains of uniform size, said predominantly single
crystallite magnetic grains having grain boundaries, said segregant
material migrating primarily to said grain boundaries, and said Co-based
alloy having a C-axis fon;ning predominantly parallel to the primary plane
of said substrate. 22. The magnetic recording medium of claim 1 wherein
said seg~egant material is selected from the gmup coacisting of oxides and
nitrides having a bond strength of greater than 90 KcaUmol., and wherein
said predominantly single crystallite magnetic grains have their C-axes
randomly oriented in the primary plane of said subsaate. 23. ?>se tnagnctic
recording medium of claim 18 wherein said segregant material is selected
fmm the groug consisting of oxides and nitrides having a bond strength of
greater than 90 KcaUmol., and wherein said pn~ominantly single crystallite
magnetic grains have their C-axes randomly oriented in the primary plane of
said substrate. 24. The structured nucleation layer of claim 19 wherein
said segregant material is selected from the group consisting of oxides and
nitrides having a bond strength of greater   - 63 17 0 C 1 2002 than 94
Kcallmol., and wherein said predomiunantly single crystallite magredc
grains have 



their C-axes randomly oriented in the primary plane of said substraoe. 25.
The strummed nuclesbon layer of claim 21 wherein said segregant material is
selected from the gmup consisting of oxides and nitrides having a bond
strength of greater than 90 Kcallmol. .A
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