
ENHANCED OXYGEN NON-STOICHIOMETRY  COMPENSATION FOR THIN FILMS FIELD OF
THE INVENTION 100011 The present invention generally relates to sputter
targets and, more particularly, relates to  the compensation of oxygen
non-stoichiometry in oxide-containing thin film magnetic media.
BACKGROUND OF THE INVENTION 100021 The process of DC magnetron sputtering
is widely used in a variety of fields to provide  thin film material
deposition of a precisely controlled thickness and within narrow atomic
fraction tolerances on a substrate, for example to coat semiconductors
and/or to form films on  surfaces of magnetic recording media. In one
common configuration, a racetrack-shaped  magnetic field is applied to
the sputter target by placing magnets on the backside surface of the
target. Electrons are trapped near the sputter target, improving argon
ion production and  increasing the sputtering rate. Ions within this
plasma collide with a surface of the sputter target  causing the sputter
target to emit atoms from the sputter target surface. The voltage
difference  between the cathodic sputter target and an anodic substrate
that is to be coated causes the emitted  atoms to form the desired film
on the surface of the substrate. 10003) In the reactive sputtering
process, the vacuum chamber partially filled with a chemically  reactive
gas atmosphere, and material which is sputtered off of the target
chemically reacts with  the reactive species in the gas mixture to form a
chemical compound which forms the film. 100041 During the production of
conventional magnetic recording media, layers of thin films are
sequentially sputtered onto a substrate by multiple sputter targets,
where each sputter target is  comprised of a different material,
resulting in the deposition of a thin film "stack." Figure I  illustrates
a typical thin film stack for conventional magnetic recording media. At
the base of the stack is non-magnetic substrate 101, which is typically
aluminum or glass. Seed layer 102, the  first deposited layer, forces the
shape and orientation of the grain structure of higher layers, and  is
commonly comprised of NiP or NiAl. Next, non-magnetic underlayer 104,
which often  includes one to three discrete layers, is deposited, where
the underlayer is typically a chromium- 



based alloy, such as CrMo, or CrTi. Interlayer 105, which includes one or
two separate layers, is  formed above underlayer 104, where interlayer 1
05 is cobalt-based and lightly magnetic.  Magnetic data-storing layer
106, which may include two or three separate layers, is deposited on  top
of interlayer 105, and carbon lubricant layer 108 is formed over magnetic
layer 106. 100051 The amount of data that can be stored per unit area on
a magnetic recording medium is  directly related to the metallurgical
characteristics and the composition of the data-storing layer  and,
correspondingly, to the sputter target material from which the
data-storing layer is sputtered.  The key to achieving low media noise
performance and high thermal stability is to provide  overlayer 106 with
a well-isolated fine grain structure coupled with large perpendicular
magnetic  anisotropy, or K,,. 100061 Recent initiatives have shown some
improvement in achieving isolated grain structures  and large Ku values
in certain oxygen containing magnetic media. Oxygen containing CoCrPt or
CoPt-based media not only provide a better grain-to-grain separation via
an oxygen rich grain  boundary phase, but they also suppress degradation
of K" without interfering with the epitaxial  growth of the media. Oxides
having little solid solubility in metals often get precipitated into
grain boundary regions. Microstructural, magnetic and electrical
separation of grains are key  parameters in realizing discrete magnetic
domains with little cross-talk and a high signal-to-noise  ratio ("SNR").
100071 Since the presence of an oxygen-rich grain boundary helps separate
the magnetic grain  boundaries and assists grain size refinement and
segregation, it is important to achieve an oxygen  content in the grain
boundary region, in the appropriate amount and proportion. If the oxygen
content is too low, grain segregation is inadequate, resulting in low
coercivity and poor  SNR performance. A modest oxygen incorporation in
the film promotes Cr-O formation in the  grain boundary, and resulting in
significant improvement in H, and recording performance. 2 10008) If the
oxygen content is too high, the excess oxygen deposits in the core of the
grains,  decreasing H, and saturation magnetization ("M,"), and adversely
affecting the media resolution.  



Additionally, any oxygen non-stoichiometry for oxides contained in grain
boundary regions also  results in electrical conduction between magnetic
grains, where stoichiometry is achieved when  the ratio of moles of the
oxide balances with the ratio of moles in the metal, according to their
stoichiometric oxide chemical formula. In more detail, with oxygen
non-stoichiometry, electron  or hole conduction compensates for
cation/anion vacancies, which is also a function of the  oxygen partial
pressure during media processing. Upon interacting with an applied
magnetic  field during magnetron sputtering, this electrical conduction
adversely affects the magnetic  performance of the media as well as the
sputter performance of the targets. 100091 Although a metal oxide may be
stoichiometric within a sputter target, due to inherent  characteristics
of the sputtering process, small oxygen losses may occur, resulting in
the metal  oxide depositing as a thin film in non-stoichiometric
proportions. It is therefore considered  desirable to provide optimal
oxygen content in the grain boundary region to achieve improved  magnetic
performance for granular magnetic media applications. In particular, it
is desirable to  provide for stoichiometric amounts of oxygen within the
oxide-containing grain boundaries of  magnetic recording media by
compensating for oxygen non-stoichiometry during the sputtering  process.
SUMMARY OF THE INVENTION [0010] The present invention generally relates
to sputter targets and, more particularly, relates to  the compensation
of oxygen non-stoichiometry in oxide-containing thin film magnetic media.
(0011) According to one arrangement, the present invention is a method of
manufacturing a  magnetic recording medium, including the step of
non-reactively sputtering at least a first data  storing thin film layer
over a substrate from a sputter target. The sputter target is comprised
of  cobalt (Co), platinum (Pt), a first metal oxide further comprised of
a first metal and oxygen (0),  and a second metal oxide. The first data
storing thin film layer is comprised of cobalt (Co),  platinum (Pt), and
a stoichiometric third metal oxide comprising the first metal and oxygen
(0).  During sputtering, any non-stoichiometry of the third metal oxide
in the first data storing thin  film layer is compensated for using
oxygen (0) from the second metal oxide in the sputter target. 



3 [0012] The methods of manufacturing metal oxide-containing recording
media having  stoichiometric amounts of oxygen are applicable to the
production of a wide variety of oxide  containing granular magnetic
media, such as perpendicular magnetic recording ("PMR") media  and
horizontal magnetic recording media. 100131 The first metal oxide is a
single component metal oxide. The first metal is selected from  boron
(B), silicon (Si), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium
(Hf), zirconium  (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten
(W), cobalt (Co), yttrium (Y), chromium  (Cr), cerium (Ce), europium
(Eu), gadolinium (Gd), vanadium (V), samarium (Sm),  praseodymium (Pr),
manganese (Mn), iridium (Ir), rhenium (Re), nickel (Ni), and zinc (Zn),
although the use of other metals is also contemplated. [0014)
Stoichiometric proportions are produced by compensating oxygen from
sputter targets  during reactive or non-reactive sputtering. Since the
oxygen-compensated metal oxide  component of the magnetic recording
medium is a single component metal oxide or a multi- component metal
oxide, the stoichiometric metal oxide in either the single component or a
multi- component metal oxide containing film will have the metal or
metals and oxygen in the exact  atomic ratios as indicated by their
molecular formula. Accordingly, any non-stoichiometric  single or
multi-component metal oxide can be characterized by either excess or
deficiency of  oxygen (0) with respect to the metal, as indicated by
their stoichiometric molecular formula. 100151 The second metal oxide is
further comprised of a second metal and oxygen (0). The  second metal is
selected from chromium (Cr), boron (B), cobalt (Co), and platinum (Pt),
although other metals are also desirable. The second metal oxide is
comprised of greater than 0  and up to 16 mole percent oxygen (0),
however more oxygen can be used if desired. The sputter  target is
further comprised of chromium (Cr) and/or boron (B), although these
metals may also  be omitted. [0016) According to a second arrangement,
the present invention is a method of manufacturing a  magnetic recording
medium, including the step of non-reactively sputtering at least a first
data  



storing thin film layer over a substrate from a sputter target. The
sputter target is comprised of  cobalt (Co), platinum (Pt), a first metal
oxide further comprised of a plurality of metals and  oxygen (0), and a
second metal oxide. The first data storing thin film layer is comprised
of 4 cobalt (Co), platinum (Pt), and a stoichiometric third metal oxide
including at least one of the  plurality of metals and oxygen (0). During
sputtering, any non-stoichiometry of the third metal  oxide in the first
data storing thin film layer is compensated for using oxygen (0) from the
second metal oxide in the sputter target. 100171 The first metal oxide is
a multi-component metal oxide. At least one of the plurality of  metals
is selected from boron (B), silicon (Si), aluminum (Al), tantalum (Ta),
niobium (Nb),  hafnium (Hf), zirconium (Zr), titanium (Ti), tin (Sri),
lanthanum (La), tungsten (W), cobalt (Co),  yttrium (Y), chromium (Cr),
cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V),  samarium
(Sm), praseodymium (Pr), manganese (Mn), iridium (lr), rhenium (Re),
nickel (Ni),  and zinc (Zn). 100181 According to a third arrangement, the
present invention is a method of manufacturing a  magnetic recording
medium, comprising the step of non-reactively sputtering at least a first
data  storing thin film layer over a substrate from a sputter target. The
sputter target is comprised of  cobalt (Co), platinum (Pt), a first
metal, a second metal, and a first metal oxide. The first data  storing
thin film layer is comprised of cobalt (Co), platinum (Pt), and a
stoichiometric second  metal oxide comprising the first metal, the second
metal and oxygen (0). During sputtering, any  non-stoichiometry of the
second metal oxide in the first data storing thin film layer is
compensated for using oxygen (0) from the first metal oxide in the
sputter target. 10019) The first metal and/or said second metal are
selected from boron (B), silicon (Si),  aluminum (Al), tantalum (Ta),
niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (Ti), tin  (Sn),
lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr),
cerium (Ce),  europium (Eu), gadolinium (Gd), vanadium (V), samarium
(Sm), praseodymium (Pr),  manganese (Mn), iridium (Jr), rhenium (Re),
nickel (Ni), and zinc (Zn). The first metal oxide is  



further comprised of a third metal and oxygen (0), where the third metal
is selected from  chromium (Cr), boron (B), cobalt (Co), and platinum
(Pt). 100201 According to a fourth arrangement, the present invention is
a method of manufacturing a  magnetic recording medium, including the
step of reactively sputtering at least a first data storing  thin film
layer over a substrate from a sputter target in an oxygen-rich gas
atmosphere. The sputter target is comprised of cobalt (Co), platinum
(Pt), and a single component, first metal -5 oxide comprising a first
metal and oxygen (0). The first data storing thin film layer is comprised
of cobalt (Co), platinum (Pt), and a stoichiometric second metal oxide
comprising the first metal  and oxygen (0). During sputtering, any
non-stoichiometry of the second metal oxide in the first  data storing
thin film layer is compensated for using oxygen (0) from the oxygen-rich
gas atmosphere. [0021) The oxygen-rich gas atmosphere is comprised of
greater than 0 and up to 50 volume  percent oxygen (0), although more
oxygen can be used in the reactive sputtering process if  desired. [0022]
According to a fifth arrangement, the present invention is a method of
manufacturing a  magnetic recording medium, comprising the step of
reactively sputtering at least a first data  storing thin film layer over
a substrate from a sputter target in an oxygen-rich gas atmosphere.  The
sputter target is comprised of cobalt (Co), platinum (Pt), and a
multi-component, first metal  oxide comprising at least first and second
metals and oxygen (0). The first data storing thin film  layer is
comprised of cobalt (Co), platinum (Pt), and a stoichiometric second
metal oxide  comprising at least the first metal and oxygen (0). During
sputtering, any non-stoichiometry of  the second metal oxide in the first
data storing thin film layer is compensated for using oxygen  (0) from
the oxygen-rich gas atmosphere [0023] In the following description of the
preferred embodiment, reference is made to the  accompanying drawings
that form a part thereof, and in which is shown by way of illustration a
specific embodiment in which the invention may be practiced. It is to be
understood that other  



embodiments may be utilized and changes may be made without departing
from the scope of the  present invention. BRIEF DESCRIPTION OF THE
DRAWINGS [0024] Referring now to the drawings in which like reference
numbers represent corresponding  parts throughout. [0025) Figure 1
depicts a typical thin film stack for conventional magnetic recording
media; 6 100261 Figure 2 depicts a method for manufacturing a magnetic
recording media according to  one example embodiment of the present
invention; and 10027] Figure 3 depicts a thin film stack produced by the
Figure 2 manufacturing process. DETAILED DESCRIPTION OF THE INVENTION
{0028] The present invention provides for increased data storage of a
magnetic recording  medium through the manufacture of thin film magnetic
recording media containing metal oxides,  where the metal oxides provide
a beneficial oxygen content in the oxide-containing grain  boundary
region. Proper oxygen levels are achieved by compensating oxygen non-
stoichiometry, or oxygen deficiencies, in the thin film media by
incorporating additional oxygen  in the sputter target, or reactive
sputtering the sputter target in an oxygen-containing environment  or
atmosphere. (0029] Figure 2 depicts a method for manufacturing a magnetic
recording media according to  one example embodiment of the present
invention. Briefly, the method includes the step of  sputtering at least
a first data storing thin film layer over a substrate from a sputter
target. [0030] In more detail, the process begins (step S200), and at
least a first data storing thin film  layer is sputtered over a substrate
from a sputter target (step S201), and the process ends (step  S202). The
methods of manufacturing metal oxide-containing recording media having
stoichiometric amounts of oxygen are applicable to the production of a
wide variety of oxide  containing granular magnetic media, such as
perpendicular magnetic recording ("PMR") media  and horizontal magnetic
recording media. 



100311 Typically, small oxygen losses may occur during the sputtering
process, where sputter  targets which contain a stoichiometric metal
oxide deposit non-stoichiometric metal oxide thin  films. As an example,
it may be desirable to provide a thin film layer composed of Co-12Cr-
14Pt-8SiO2, however a sputter target formulated of stoichiometric
Co-I2Cr-I4Pt-8SiO2may  yield a non-stoichiometric thin film, such as
Co-12Cr-l4Pt-8SiOi.g. The present invention  compensates for thin film
metal oxide non-stoichiometry, using oxygen (0) provided in a
supplemental metal oxide in the sputter target during non-reactive
sputtering, or using oxygen  (0) provided in the oxygen-rich gas
atmosphere during reactive sputtering. In the above 7 example, a
supplemental metal oxide, such as CoO, PtO, or CrO is added to
Co-l2Cr-l4Pt- 8S102, where the deposited metal oxide compensates for
non-stoichiometry using oxygen (0)  from the supplemental metal oxide.
[0032) The sputtering process (step S201) is performed using a variety of
approaches. For  example, in several approaches the first data storing
thin film layer (depicted as magnetic data  storing layer 306 in Figure
3) is non-reactively sputtered. According to one example  arrangement,
the first data storing thin film layer is non-reactively sputtered, where
the sputter  target is comprised of cobalt (Co), platinum (Pt), a first
metal oxide further comprised of a first  metal and oxygen (0), and a
second metal oxide. The first data storing thin film layer is  comprised
of cobalt (Co), platinum (Pt), and a stoichiometric third metal oxide
comprising the  first metal and oxygen (0). During sputtering, any
non-stoichiometry of the third metal oxide in  the first data storing
thin film layer is compensated for using oxygen (0) from the second metal
oxide in the sputter target. [0033) The present invention provides for
the compensation of oxygen non-stoichiometry in  oxygen-containing grain
boundary regions of thin film magnetic media, using sputter targets
containing additional oxygen which complements oxygen non-stoichiometry
in the media  reactive or non-reactive sputtering. Accordingly, magnetic
films which contain stoichiometric  oxygen in the boundary region can be
produced, benefiting the further optimization of granular  



media magnetic performance. 100341 In one example, where the metal oxide
is chromium oxide, a metal oxide comprised of  Cr203 is representative of
a stoichiometric oxide of Cr, whereas Cr202.9 and Cr203_1 are metal
oxides of Cr which are oxygen deficient and oxygen excess, respectively.
10035) Controlling the amount of oxygen incorporated in the grain
boundary region, via a single  or multi-component oxide or oxides,
benefits magnetic properties related to fl, and Ms, and  improves grain
refinement and separation. Specifically, oxygen is incorporated to
compensate  for oxygen non-stoichiometry in substantially optimized molar
contents within the grain  boundary regions of magnetic thin film media
that can contain single or multi-component oxides. 8 100361 The first
metal oxide is a single component metal oxide. The first metal is
selected from  boron (B), silicon (Si), aluminum (Al), tantalum (Ta),
niobium (Nb), hafnium (Hf), zirconium  (Zr), titanium (Ti), tin (Sri),
lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium  (Cr),
cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm),
praseodymium (Pr), manganese (Mn), iridium (Ir), rhenium (Re), nickel
(Ni), and zinc (Zn),  although the use of other metals is also
contemplated. [0037) The second metal oxide.is further comprised of a
second metal and oxygen (0). The  second metal is selected from chromium
(Cr), boron (B), cobalt (Co), and platinum (Pt),  although other metals
are also desirable. The second metal oxide is comprised of greater than 0
and up to 16 mole percent oxygen (0), however more oxygen can be used if
desired. The  sputter target is further comprised of chromium (Cr) and/or
boron (B), although these metals  may also be omitted. [0038)
Stoichiometric proportions of metal and oxygen components within a metal
oxide  containing grain boundary are characterized by defined chemical
proportions of oxygen with  respect to the metallic components in the
media, relative to the molecular formula of the oxide.  Example
stoichiometries for metal oxides include, Si02, Ti02, Nb2O5, W03, CoO,
ZrO2, Cr203,  Y203 and Ta205. Stoichiometries for a variety of other
oxides useful in the recording media and  



methods of the invention are well known to those skilled in the art.
100391 Alternatively, according to a second arrangement, the first data
storing thin film layer is  non-reactively sputtered, where the sputter
target is comprised of cobalt (Co), platinum (Pt), a  first metal oxide
further comprised of a plurality of metals and oxygen (0), and a second
metal  oxide. The first data storing thin film layer is comprised of
cobalt (Co), platinum (Pt), and a  stoichiometric third metal oxide
including at least one of the plurality of metals and oxygen (0).  During
sputtering, any non-stoichiometry of the third metal oxide in the first
data storing thin  film layer is compensated for using oxygen (0) from
the second metal oxide in The sputter target. 100401 The first metal
oxide is a multi-component metal oxide. At least one of the plurality of
metals is selected from boron (B), silicon (Si), aluminum (Al), tantalum
(Ta), niobium (Nb),  hafnium (Hf), zirconium (Zr), titanium (Ti), tin
(Sn), lanthanum (La), tungsten (W), cobalt (Co),  yttrium (Y), chromium
(Cr), cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), 9
samarium (Sm), praseodymium (Pr), manganese (Mn), iridium (Ir), rhenium
(Re), nickel (Ni),  and zinc (Zn). 100411 Stoichiometrc proportions are
produced by compensating oxygen from sputter targets  during reactive or
non-reactive sputtering. Since the oxygen-compensated metal oxide
component of the magnetic recording medium is a single component metal
oxide or a multi- component metal oxide, the stoichiometric metal oxide
in either the single component or a multi- component metal oxide
containing film will have the metal or metals and oxygen in the exact
atomic ratios as indicated by their molecular formula. Accordingly, any
non-stoichiometric  single or multi-component metal oxide can be
characterized by either excess or deficiency of  oxygen (0) with respect
to the metal, as indicated by their stoichiometric molecular formula.
10042] In a third alternative arrangement, the first data storing thin
film layer is non-reactively  sputtered, where the sputter target is
comprised of cobalt (Co), platinum (Pt), a first metal, a  second metal,
and a first metal oxide. The first data storing thin film layer is
comprised of cobalt  (Co), platinum (Pt), and a stoichiometric second
metal oxide comprising the first metal, the  



second metal and oxygen (0). During sputtering, any non-stoichiometry of
the second metal  oxide is compensated for using oxygen (0) from the
first metal oxide in the sputter target. 100431 The first metal and/or
said second metal are selected from boron (B), silicon (Si),  aluminum
(Al), tantalum (Ta), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium
(Ti), tin  (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y),
chromium (Cr), cerium (Ce),  europium (Eu), gadolinium (Gd), vanadium
(V), samarium (Sm), praseodymium (Pr),  manganese (Mn), iridium (lr),
rhenium (Re), nickel (Ni), and zinc (Zn). The first metal oxide is
further comprised of a third metal and oxygen (0), where the third metal
is selected from  chromium (Cr), boron (B), cobalt (Co), and platinum
(Pt). [00441 In additional arrangements, the first data storing thin film
layer is reactively sputtered in  an oxygen-rich gas atmosphere. If, upon
sputtering, a sputter target containing the same desired  composition
during reactive or non-reactive sputtering yields a thin film comprised
of a metal  oxide with a chemical formula of MO1.x, which is indicative
of oxygen deficiency in the media,  instead of stoichiometric MO, this
oxygen deficiency can be compensated by providing - lo additional oxygen
in the targets during reactive in oxygen containing environment or non-
reactive sputtering. [0045} According to one such arrangement, the first
data storing layer is reactively sputtered in  an oxygen-rich gas
atmosphere, where the sputter target is comprised of cobalt (Co),
platinum  (Pt), and a single component, first metal oxide comprising a
first metal and oxygen (0). The first  data storing thin film layer is
comprised of cobalt (Co), platinum (Pt), and a stoichiometric  second
metal oxide comprising the first metal and oxygen (0). During sputtering,
any non- stoichiometry of the second metal oxide in the first data
storing thin film layer is compensated  for using oxygen (0) from the
oxygen-rich gas atmosphere. [00461 The oxygen-rich gas atmosphere is
comprised of greater than 0 and up to 50 volume  percent oxygen (0),
although more oxygen can be used in the reactive sputtering process if
desired. 



100471 In another such arrangement, at least a first data storing thin
film layer is reactively  sputtered in an oxygen-rich gas atmosphere. The
sputter target is comprised of cobalt (Co),  platinum (Pt), and a
multi-component, first metal oxide comprising at least first and second
metals and oxygen (0). The first data storing thin film layer is
comprised of cobalt (Co),  platinum (Pt), and a stoichiometric second
metal oxide comprising at least the first metal and  oxygen (O)_ During
sputtering, any non-stoichiometry of the second metal oxide in the first
data  storing thin film layer is compensated for using oxygen (0) from
the oxygen-rich gas atmosphere 100481 Figure 3 depicts a thin film stack
produced by the Figure 2 manufacturing process.  Briefly, at the base of
the stack is non-magnetic substrate 101, and seed layer 102, the first
deposited layer, forces the shape and orientation of the grain structure
of higher layers. Non- magnetic underlayer 104 is provided, where the
underlayer is typically a chromium-based alloy,  such as CrMo, or CrTi.
Interlayer 105, which includes one or two separate layers, is formed
above underlayer 104, where interlayer 105 is cobalt-based and lightly
magnetic. At least first  data storing thin film layer 306, is deposited
on top of inierlayer 105, and carbon lubricant layer  108 is formed over
first data storing thin film layer 306. -11 10049) In more detail, data
storing thin film layer 306 is formed over the substrate 101, where  data
storing thin film layer 306 further includes cobalt (Co), platinum (Pt),
and a stoichiometric  metal oxide. The first metal oxide is a single
component metal oxide. The first metal is selected  from boron (B),
silicon (Si), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W),
cobalt (Co), yttrium (Y),  chromium (Cr), cerium (Ce), europium (Eu),
gadolinium (Gd), vanadium (V), samarium (Sm),  praseodymium (Pr),
manganese (Mn), iridium (Ir), rhenium (Re), nickel (Ni), and zinc (Zn),
although the use of other metals is also contemplated. (0050) The second
metal oxide is further comprised of a second metal and oxygen (0). The
second metal is selected from chromium (Cr), boron (B), cobalt (Co), and
platinum (Pt),  although other metals are also desirable. The second
metal oxide is comprised of greater than 0  



and up to 16 mole percent oxygen (0), however more oxygen can be used if
desired. The  sputter target is further comprised of chromium (Cr) and/or
boron (B), although these metals  may also be omitted. 10051] The
data-storing thin film layer is comprised of Co, greater than 0 and as
much as 24  atomic percent Cr, greater than 0 and as much as 20 atomic
percent Pt, greater than 0 and as  much as 20 atomic percent B, and
greater than 0 and as much as 10 mole percent of the metal  oxide. 100521
Where the metal oxide component of the magnetic recording medium is a
single  component metal oxide, the stoichiometry between the metal and
the oxygen (0) the thin film  single metal oxide formulations of the
invention is in stoichiometric proportions as indicated by  their
chemical formula. The oxide formulation of these metals is, for example,
B203, SiO2,  A1203, Ta2O5, Nb2O5, Hf02, ZrO2, Ti02, Sn02, La203, WO3,
CoO, Y203, Cr203, CeO2, Eu2O3,  Gd2O3, V205, Sm02, Pr203, Mn02,1r02,
ReO2,NiO, or ZnO, although other single component  metal oxides are
contemplated. 100531 Alternatively, the first metal oxide is a
multi-component metal oxide, where at least one  of the plurality of
metals is selected from boron (B), silicon (Si), aluminum (Al), tantalum
(Ta),  niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (Ti), tin
(Sri), lanthanum (La), tungsten  (W), cobalt (Co), yttrium (Y), chromium
(Cr), cerium (Ce), europium (Eu), gadolinium (Gd), -12 vanadium (V),
samarium (Sm), praseodymium (Pr), manganese (Mn), iridium (Ti), rhenium
(Re),  nickel (Ni), and zinc (Zn). [00541 Where the metal oxide component
of the magnetic recording medium is comprised of a  multi-component metal
oxide, the different metals and oxygen are in the stoichiometric ratios
of  their respective oxide chemical formulae. The number of metals in a
multi-component oxides is  at least two. Exemplary multi-component oxides
include Ti02-Si02, Ta205-Si02, A1203-Si02,  Hf02-Si02, Ta2O5-Ti02,
although other multi-component oxides are contemplated. [00551 The
methods of the invention compensate for oxygen non-stoichiometry in a
thin film of  



the invention by sputtering using a sputter target containing an oxide
corresponding to a base  metal or alloy of the thin film system. For
example, an oxide used in the sputtering procedure  can comprise a metal
oxide corresponding to any of the metals in the alloy component, CoPt or
CoCrPt and include CoO, PtO and/or CrO. As described above, oxygen
non-stoichiometry for  multi-component metal oxide formulations of the
invention also can be compensated using an  metal oxide corresponding to
one or more of the metal oxides to include in the multi-component  thin
film. 10056] In summary, the present invention ensures the compensation
of oxygen non- stoichiometry in oxygen-containing grain boundary regions
of thin film magnetic media during  sputtering, or by the use of sputter
targets. In media containing single component oxides, the  oxygen
required to form a data storing thin film layer comprised of a
stoichiometric metal oxide  is obtained by sputtering CoPt targets
containing the metal oxide in conjunction with Cr0, CoO,  PtO, and/or BO,
or by reactive sputtering of CoPt-targets containing oxygen in an Ar02
environment. 100571 In media containing multi-component oxides for
enhanced matrix properties, the oxygen  required to form a data storing
thin film layer comprised of stoichiornetric multi-component  oxides is
obtained by sputtering CoPt targets containing non-stoichiometric
multi-component  metal oxides in conjunction with CrO, CoO, PtO and/or
BO, or reactive sputtering CoPt multi- component oxide containing targets
which contain non-stoichiometric oxygen, in an Ar02  environment. Other
methods which achieve these goals include sputtering CoPt targets
containing individual or combinations of the metals in elemental form, in
conjunction with CrO, -13 CoO, NO and/or BO, sputtering CoPt targets
containing individual or combination of the  plurality of metals in
elemental form in conjunction with CrO, CoO, NO, and/or BO and the
oxides of those metals which are not present in elemental forms in the
target, or reactive  sputtering CoPt targets which contain the multiple
metals, in an ArO2 environment. [00581 Using the present invention,
magnetic films containing stoichiometric oxygen in the grain  



boundary regions will be processed, helping to realize the granular media
magnetic performance  required for PMR. 100591 The invention has been
described with particular illustrative embodiments. It is to be
understood that the invention is not limited to the above-described
embodiments and that various  changes and modifications may be made by
those of ordinary skill in the art without departing  from the spirit and
scope of the invention. -14 WHAT IS CLAIMED IS: 1. A method of
manufacturing a magnetic recording medium, comprising the step of
non-reactively sputtering at least a first data storing thin film layer
over a substrate from a sputter  target, wherein the sputter target is
comprised of cobalt (Co), platinum (Pt), a first metal oxide  further
comprised of a first metal and oxygen (0), and a second metal oxide,
wherein the first data storing thin film layer is comprised of cobalt
(Co), platinum (Pt),  and a stoichiometric third metal oxide comprising
the first metal and oxygen (0), and wherein, during sputtering, any
non-stoichiometry of the third metal oxide in the first  data storing
thin film layer is compensated for using oxygen (0) from the second metal
oxide in  the sputter target. 2. The method of manufacturing a magnetic
recording medium according to Claim  1, wherein the first metal oxide is
a sing"-:; component metal oxide. 3. The method of manufacturing a
magnetic recording medium according to Claim  1, wherein the first metal
is selected from the group consisting of boron (B), silicon (Si),
aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf), zirconium (Zr),
titanium (Ti), tin  (Sri), lanthanum (La), tungsten (W), cobalt (Co),
yttrium (Y), chromium (Cr), cerium (Ce),  europium (Eu), gadolinium (Gd),
vanadium (V), samarium (Sm), praseodymium (Pr),  manganese (Mn), iridium
(Ir), rhenium (Re), nickel (Ni), and zinc (Zn). 4. The method of
manufacturing a magnetic recording medium according to Claim  



wherein the second metal oxide is further comprised of a second metal and
oxygen (0),  and wherein the second metal is selected from the group
consisting of chromium (Cr), boron  (B), cobalt (Co), and platinum (Pt).
-15 5. The method of manufacturing a magnetic recording medium according
to Claim  1, wherein said second metal oxide is comprised of greater than
0 and up to 16 mole percent  oxygen (0). 6. The method of manufacturing a
magnetic recording medium according to Claim  1, wherein the sputter
target is further comprised of chromium (Cr). 7. The method of
manufacturing a magnetic recording medium according to Claim  1, wherein
the sputter target is further comprised of boron (B). 8. A method of
manufacturing a magnetic recording medium, comprising the step of
non-reactively sputtering at least a first data storing thin film layer
over a substrate from a sputter  target, wherein the sputter target is
comprised of cobalt (Co), platinum (Pt), a first metal oxide  further
comprised of a plurality of metals and oxygen (0), and a second metal
oxide, wherein the first data storing thin film layer is comprised of
cobalt (Co), platinum (Pt),  and a stoichiometric third metal oxide
comprising at least one of the plurality of metals and  oxygen (0), and
wherein, during sputtering, any non-stoichiometry of the third metal
oxide in the first  data storing thin film layer is compensated for using
oxygen (0) from the second metal oxide in  the sputter target. 9. The
method of manufacturing a magnetic recording medium according to Claim
8, wherein the first metal oxide is a multi-component metal oxide. 10,
The method of manufacturing a magnetic recording medium according to
Claim  8, wherein at least one of the plurality of metals is selected
from the group consisting of boron  



(B), silicon (Si), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium
(Hf), zirconium (Zr),  titanium (Ti), tin (Sri), lanthanum (La), tungsten
(W), cobalt (Co), yttrium (Y), chromium (Cr),  cerium (Ce), europium
(Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium  (Pr),
manganese (Mn), iridium (lr), rhenium (Re), nickel (Ni), and zinc (Zn).
-16 11. The method of manufacturing a magnetic recording medium according
to Claim  wherein the second metal oxide is further comprised ofa second
metal and oxygen (0),  and wherein the second metal is selected from the
group consisting of chromium (Cr), boron  (B), cobalt (Co), and platinum
(Pt). 12. The method of manufacturing a magnetic recording medium
according to Claim  8, wherein said second metal oxide is comprised of
greater than 0 and up to 16 mole percent  oxygen (0). 13. The method of
manufacturing a magnetic recording medium according to Claim  8, wherein
the sputter target is further comprised of chromium (Cr). 14. The method
of manufacturing a magnetic recording medium according to Claim  8,
wherein the sputter target is further, comprised of boron (B)_ 15. A
method of manufacturing a magnetic recording medium, comprising the step
of  non-reactively sputtering at least a first data storing thin film
layer over a substrate from a sputter  target, wherein the sputter target
is comprised of cobalt (Co), platinum (Pt), a first metal, a  second
metal, and a first metal oxide, wherein the first data storing thin film
layer is comprised of cobalt (Co), platinum (Pt),  and a stoichiometric
second metal oxide comprising the first metal, the second metal and
oxygen  (0), and wherein, during sputtering, any non-stoichiometry of the
second metal oxide in the first  data storing thin film layer is
compensated for using oxygen (0) from the first metal oxide in the  



sputter target. -17 16. The method of manufacturing a magnetic recording
medium according to Claim  15, wherein the first metal and/or said second
metal are selected from the group consisting of  boron (B), silicon (Si),
aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf), zirconium
(Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co),
yttrium (Y), chromium  (Cr), cerium (Ce), europium (Eu), gadolinium (Gd),
vanadium (V), samarium (Sm), praseodymium (Pr), manganese (Mn), iridium
(lr), rhenium (Re), nickel (Ni), and zinc (Zn). 17. The method of
manufacturing a magnetic recording medium according to Claim 15, wherein
the first metal oxide is further comprised of a third metal and oxygen
(0), and  wherein said third metal is selected from the group consisting
of chromium (Cr), boron  (B), cobalt (Co), and platinum (Pt). 18. The
method of manufacturing a magnetic recording medium according to Claim
15, wherein the sputter target is further comprised of chromium (Cr). 19.
The method of manufacturing a magnetic recording medium according to
Claim  15, wherein the sputter target is further comprised of boron (B).
20. A method of manufacturing a magnetic recording medium, comprising the
step of  reactively sputtering at least a first data storing thin film
layer over a substrate from a sputter  target in an oxygen-rich gas
atmosphere, wherein the sputter target is comprised of cobalt (Co),
platinum (Pt), and a single  component, first metal oxide comprising a
first metal and oxygen (0), wherein the first data storing thin film
layer is comprised of cobalt (Co), platinum (Pt),  and a stoichiometric
second metal oxide comprising the first metal and oxygen (0), and
wherein, during sputtering, any non-stoichiometry of the second metal
oxide in the first  data storing thin film layer is compensated for using
oxygen (0) from the oxygen-rich gas  atmosphere. 



-18 21 The method of manufacturing a magnetic recording medium according
to Claim  20, wherein the oxygen-rich gas atmosphere is comprised of
greater than 0 and up to 50 volume  percent oxygen (O). 22. The method of
manufacturing a magnetic recording medium according to Claim  20, wherein
the first metal is selected from the group consisting of boron (B),
silicon (Si),  aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium (Ti), tin  (Sn), lanthanum (La), tungsten (W),
cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),  europium (Eu),
gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium (Pr),
manganese (Mn), iridium (Ir), rhenium (Re), nickel (Ni), and zinc (Zn).
23. The method of manufacturing a magnetic recording medium according to
Claim  20, wherein the second metal oxide is further comprised of a
second metal and oxygen (0),  and wherein the second metal is selected
from the group consisting of chromium (Cr), boron  (B), cobalt (Co), and
platinum (Pt). 24. The method of manufacturing a magnetic recording
medium according to Claim  20, wherein the sputter target is further
comprised of chromium (Cr). 25. The method of manufacturing, a magnetic
recording medium according to Claim  20, wherein the sputter target is
further comprised of boron (B). 26. A method of manufacturing a magnetic
recording medium, comprising the step of  reactively sputtering at least
a first data storing thin film layer over a substrate from a sputter
target in an oxygen-rich gas atmosphere, wherein the sputter target is
comprised of cobalt (Co), platinum (Pt), and a multi- component, first
metal oxide comprising at least first and second metals and oxygen (0),
wherein the first data storing thin film layer is comprised of cobalt
(Co), platinum (Pt),  and a stoichiometric second metal oxide comprising
at least the first metal and oxygen (0), and 



-19 wherein, during sputtering, any non-stoichiometry of the second metal
oxide in the first  data storing thin film layer is compensated for using
oxygen (0) from the oxygen-rich gas  atmosphere. 27. The method of
manufacturing a magnetic recording medium according to Claim  26, wherein
the oxygen-rich gas atmosphere is comprised of greater than 0 and up to
50 volume  percent oxygen (0). 28. The method of manufacturing a magnetic
recording medium according to Claim  26, wherein first metal and/or the
second metal are selected from the group consisting of boron  (B),
silicon (Si), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf),
zirconium (Zr),  titanium (Ti), tin (Sn), lanthanum (La), tungsten (W),
cobalt (Co), yttrium (Y), chromium (Cr),  cerium (Ce), europium (Eu),
gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium  (Pr),
manganese (Mn), iridium (Ir), rhenium (Re), nickel (Ni), and zinc (Zn).
29. The method of manufacturing a magnetic recording medium according to
Claim 26, wherein the second metal oxide is further comprised of a third
metal and oxygen (0), and wherein the third metal is selected from the
group consisting of chromium (Cr), boron  (B), cobalt (Co), and platinum
(Pt). 30_ The method of manufacturing a magnetic recording medium
according to Claim  26, wherein the sputter target is further comprised
of chromium (Cr). 31. The method of manufacturing a magnetic recording
medium according to Claim  26, wherein the sputter target is further
comprised of boron (B). -20 


