1 $ AUG 2006 Magnetic Recording Medium And A Method For Manufacturing The Same Technical
field of the invention 5 The present invention relates to a magnetic recording medium mounted on a
variety of magnetic recording devices such as an external memory device of a computer. The
invention also relates to a method for manufacturing such a medium. 10 Backgran dEh&BB/ention
Remarkable technology development of magnetic recording devices in recent years is pushing for
magnetic recording media with higher coercive force and lower noises. For addressing such

demands, ASa@rieticPRpesaiE NavivkRetiumpdend rearétheenPosiasmafthstueiue of a

magnetic layer and materials of a nonmagnetic underlayer. Recently, a magnetic layer has been
proposed hfHRaSkstiecture 20 in which ferromagnetic crystal grains are surrounded by nonmagnetic
and nonmetallic substance, such as an oxide. Such a magnetic layer is generally called "a granular
magnetic layer". The granular magnetic layer is considered that interaction between the ferromagnetic
crystal grains is decreased because the individual 11 8 AVG 2M6

Technical field of the invention
5 The present invention relates to a magnetic recording medium
mounted on a variety of magnetic recording devices such as an
external memory device of a computer.
The invention also relates to a method for manufacturing such a
medium.
10
Background of the invention
Remarkable technology development of magnetic recording
devices in recent years is pushing for magnetic recording media with
higher coercive force and lower noises. F.or addressing such demands,
15  various proposals have been made concerning compositions and
structure of a magnetic layer and materials of a nonmagnetic

underlayer.

Recently, a magnetic layer has been proposed having a structure
20 in which ferromagnetic crystal grains are surrounded by nonmagnetic
and nonmetallic substance, such as an oxide. Such a magnetic layer
is generally called “a granular magnetic layer’. The granular
magnetic layer is considered that interaction between the

ferromagnetic crystal grains is decreased because the individual



ferromagnetic crystal grain is physically separated by the nonmagnetic and nonmetallic grain boundary
phase. United States Patent No. 5,679,473 discloses that a magnetic 5 recording medium having a
granular magnetic layer exhibits high coercive force and low noises. The granularihggipgtioggyer in
this reference was formed by RF sputtering using a target of an alloy of CoPt system incorporating an
oxide such as Si02. The reference, United States Patent No. 5,679,473, also discloses the diameter of
the 10 crystal grains constituting the granular magnetic layer, the distance between the crystal grains,
and macrofeopmagpeditvnishal gaaumisnpbysticadygrsehaypdrddynbhaetic layer as
disclosed does not need substrate heating for controlling crystal structure. Consequently, the granular
magnetic layenhas guesitagosl afd b sekaidigicainivitgand aoysiphiasef forming on an inexpensive
nonmagnetic substrate made of plastic, for example. Problem to be solved by the invention In order to
obtain a magnetic recording medium with excellent 20 recording performances using the granular
magnetic layer, it is necessary to increase coercive force and anisotropic magnetic field, and also
necessary to sufprate thiStadtes Battieesn Ne. dy6a9g#iiBsdisdhesaagreat mymagrmthancing
magnetic isolation of each crystal grain. Thus, when a granular magnetic layer is deposited using a 2
1 B AUG 2066otatgegcoreaming dncoxite sugran8ilaramhz fertaonbgyeticcatiobits high

coercive force and low noises. The granular magnetic layer in this

reference was formed by RF sputtering using a target of an alloy of

CoPt system incorporating an oxide such as SiO2. The reference,

United States Patent No. 5,679,473, also discloses the diameter of the

10 crystal grains constituting the granular magnetic layer, the distance

between the crystal grains, and macroscopic composition of the

granular magnetic layer. The granular magnetic layer as disclosed

does not need substrate heating for controlling crystal structure.

Consequently, the granular magnetic layer has advantages of

15 superior productivity and possibility of forming on an inexpensive

nonmagnetic substrate made of plastic, for example.

Problem to be solved by the invention
In order to obtain a magnetic recording medium with excellent
20 recording performances using the granular magnetic layer, it is
necessary to increase coercive force and anisotropic magnetic field,
and also necessary to suppress interaction between the crystal grains
in the magnetic layer by enhancing magnetic isolation of each crystal

grain. Thus, when a granular magnetic layer is deposited using a



such as cobalt alloy, the oxide and the ferromagnetic alloy composing the target are desired to be
well separated to one another in the deposited magnetic film. Consequently, the target and its
material 5 must be appropriately selected so that the ferromagnetic crystal grains ribdd@6f 4186
ferromagnetic alloy and the grain boundary region made of the oxide are well separated after
deposition by sputtering. Various sputtering methods that are conducted in an argon gas io
atmosphere are known among generally employed deposition techniques. In most sputtering
methods, tHargpactentiedaiyehashoxidssuchaatho ttisamdhatfetzomagneddiyadoyes
decomposition of the oxide such as Si02. The silicon atoms liberated by decomposition Of Si02
readily difiathkatheabadinabiesticthiopxideicings topdie baessignetic aH oo ropasing
degradation of magnetic characteristics. Thus, the composition of the actually deposited magnetic

layer is ofterhéifteregetrémardesorgddiadpeoived] separalgdidefonspamatheif tnetdeme target is

used, but the sputtering is conducted under a different condition, then the 20 composition of the

deposited rdagresid ¢ en pegsitlicchidnye L osdepaanddyabidve, targeit andiattenaadenitadelected,
the target can not necessarily achieve its full ability when the target is deposited as a magnetic layer.
In order to adugideyaqupnopitia telys selectodesgtnalat hendeetiompgnie tsessystallto control
the composition of the magnetic layer resulted by deposition process. Nevertheless, such

grains made of the ferromagnetic alloy and the grain boundary region

made of the oxide are well separated after deposition by sputtering.

Various sputtering methods that are conducfed In an argon gas
10 atmosphere are known among generally employed deposition
techniques. In most sputtering methods, the impact of the argon ions
in plasma at the collision with the target readily causes
decomposition of the oxide such as SiOz. The silicon atoms liberated
by decomposition of SiO3s readily diffuse into the ferromagnetic alloy
15 such as cobalt base alloy and are liable to cause degradation of
magnetic characteristics. Thus, the composition of the actually
deposited magnetic layer is often different from the composition of the
target supplied for sputtering. If the same target is used, but the
sputtering is conducted under a different condition, then the

20 composition of the deposited magnetic layer possibly changes.

As described above, even if a suitable target is selected, the
target can not necessarily achieve its full ability when the target is

deposited as a magnetic layer. In order to adequately control the



a guideline has not elucidated yet. 5 Accordingly, an object of the invention is to provide a magnetic
recording medium with excellent magnetic and magnetic conversion characteristics by using a
granular magnetic layer having a specified composition. Another object is to provieJeBaA'UgtI} for
manufacturing such a medium. 10 Means to solve the problem The inventors of the present invention
have made extensive studies to solve the problems and found that excellent magnetic performance
can be obtained when a specified amount of platinum 15 exists in each of the ferromagnetic crystal
grain and tigrgiail adoonagnatigidapethd bhimearsanddabto IQQéltmﬂ]tﬁ]‘rﬁng@Ttﬁﬁallttl&ll@)ﬂfX

magnetic recording medium_constituted by employing such a granular magnetic layer accomplishes
excellent redaedm@ goebientaicet rpstiatghxslepiosiien M@Qﬁﬁﬁoi&e&fﬂﬁé}mi%rﬁl@l
recording medium. A magnetic recording medium according to the present invention comprises at
least a nonm@m@i@magmagen,ca @rhh@ﬂdﬁr&%@oé&fe layer, a protective film, and a liquid lubrication
layer sequentially 4 1 8 AUG 2006 laminated on a nonmagnetic substrate. The granular magnetic
layer consists of ferromagnetic crystal grains containing cobalt and grain boundary region
surrounding the ferromagnetic: crystal grains. The o _

5 Accordingly, an object of the invention is to provide a magnetic

recording medium with excellent magnetic and magnetic conversion
characteristics by using a granular magnetic layer having a specified
composition. Another object is to provide a method for manufacturing
such a medium.

10
Means to solve the problem

The inventors of the present invention have made extensive

studies to solve the problems and found that excellent magnetic
performance can be obtained when a specified amount of platinum

15 exists in each of the ferromagnetic crystal grain and the grain
boundary region of the granular magnetic layer containing a cobalt
alloy. A magnetic recording medium constituted by employing such a
granular magnetic layer accomplishes excellent recording
performances, that is, high coercive force and low noise of the

20 magnetic recording medium.

A magnetic recording medium according to the present invention
comprises at least a nonmagnetic underlayer, a granular magnetic

layer, a protective film, and a liquid lubrication layer sequentially



ferromagnetic crystal grain contains 15 at % to 17 at % of platinum. 5 Advantageously, the
nonmagnetic grain boundary region includes an oxide of silicon. The nonmagnetic grain boundary
region preferably further includes one or more oxides or nitrides of an element sefeted&r@di6Cr, Co,
Al, Ti, Ta, Zr, Ce, Y, and HE 10 Advantageously, the nonmagnetic grain boundary region contains | at
% to 10 at % of platinum. A ratio of the silicon content to the platinum content in the nonmagnetic
grain boundary region is preferably at least 6 in an 15 atomic ratio. Advantageously, the nonmagnetic
substrate idapizradedmnRpacnonmagnedtesupgtiate plebengrantler mragnefiedayga 20
magnetic recording medium manufactures the magnetic recording medium described above and
comprises 9@}3§@ﬁ3§e@|ﬁ£ﬁm§ﬂw&§mﬁ1ﬁﬁgﬁé}’ﬁi@i granaepRtis uhag sphradtrand &eaier, a
protective layer, and a liquid lubrication layer. The laminating steps are conducted without preheating
the nonmadreadanstraegivn s e wndangdihetigeeBn gae sl coyiahahgim B rﬂﬁgﬂetic
layer is conducted by means of an RF sputtering method using a target_composed of a mixture
includingSifieshera agnetie sevshadtgralvomabaigat Iénatchbin dnd ptabimeh nladenapressure

in the

5]

Advantageously, the nonmagnetic grain boundary region
includes an oxide of silicon. The nonmagnetic grain boundary region
preferably further includes one or more oxides or nitrides of an
element selected from Cr, Co, Al, Ti, Ta, Zr, Ce, Y, and Hf.

10

Advantageously, the nonmagnetic grain boundary region
contains 1 at % to 10 at % of platinum.

A ratio of the silicon content to the platinum content in the
nonmagnetic grain boundary region is preferably at least 6 in an

15 atomic ratio.

Advantageously, the nonmagnetic substrate is a plastic substrate.

A method according to the present invention for manufacturing a
20  magnetic recording medium manufactures the magnetic recording
medium described above and comprises steps of sequentially
laminating at least a nonmagnetic underlayer, a magnetic layer, a
protective layer, and a liquid lubrication layer. The laminating steps

are conducted without preheating the nonmagnetic substrate.



5 range of 5 mTorr to 30 mTorr. Brief description of drawings Figure | is a schematic cross-sectional
view of an example of 10 embodiment of a magnetic recording medium according to the present
invention. Figure 2 is a graph showing a relation between platinum concentration i &?e ferromagnetic
crystal grains of a granular 15 magnetic layer and coercive force He of a magnetic ?e cﬁwﬁnéﬂﬂqedium.
Figure 3 is a graph showing a relation between Si/Pt atomic ratio in the grain boundary region of a
granular magnetic layer and coercive force He of a magnetic recording medium. 20 Aspects of
embodiments of Adviavdrapeotsl jirthe e pohéaneseat ing then 8 agnagie daysaviging
medium. Figure | is a schematic cross-sectional view of an example of a magnetic recording medium
according toathd prtsshtbipvergians ©f 8nBE 2pad terisrgvmetmgliesingantaggeic recording
medium has a structure in which a nonmagnetic underlayer 2, a granular magnetic layer 3, and a
protective ftordposadqicatiniixionre doel u dingraydetand s tferr o paagadkicidnaieaiadn layer 5
is formed on 5 the protective film 4. The magnetic layer in a magnetic recording medium according to
the presentcioméatinnng adrheatt codynkitia iy glativansjstsigler a pressure in the

5 range of 5 mTorr to 30 mTorr.
Brief description of drawings

Figure 1 is a schematic cross-sectional view of an example of
10 embodiment of a magnetic recording medium according to the present

invention.

Figure 2 is a graph showing a relation between platinum
concentration in the ferromagnetic crystal grains of a granular

15 magnetic layer and coercive force He of a magnetic recording medium.

Figure 3 is a graph showing a relation between Si/Pt atomic ratio in
the grain boundary region of a granular magnetic layer and coercive
force He of a magnetic recording medium.
20
Aspects of embodiments of the invention
The first aspect of the present invention is a magnetic recording
medium. Figure 1 is a schematic cross-sectional view of an example

of a magnetic recording medium according to the present invention.



ferromagnetic crystal grains composed of a cobalt alloy and 10 nonmagnetic grain boundary region
surrounding the grains. The ferromagnetic crystal grains contain 15 at % to 17 at % of platinum. The
ferromagnetic crystal grains contain at least cobalt and platinum and are composed;of g glqyjgof CoPt
system, for example. 15 The CoPt alloy is not limited to a special alloy. The CoPt alloy may further
contain one or more elements selected from the group consisting of Cr, Ni, and Ta. The nhonmagnetic
grain boundary region surrounding the ferromagnetic crystal grains contains at least an oxide of
silicon, nan&ﬁ/mmﬁélngméﬁc@@imndéw zecgey amdmmbmaiﬁ one or more
oxides or nitrides of an _element selected from Cr, Co, Al, Ti, Ta, Zr, Ce, Y, and HE Namely, the oxide
may be selstBichivieayraublednsistonrasioe tar 20 devioy el 2031 grez) wkpnsnagnesit Hf02.
The nitride may be selected from a group consisting of SiN, TiN, and AIN. To stably maintain the 7 18
AUG 306 deinemBstautfe nheteatioreaft melepassrpentitaldy. forseadddasefare, the

ferromagnetic crystal grains need to contain 15 at % to 17 at % of platinum to acqo%sh a magnetic
recording Snmadinagneticgubsdcate fdicarmhat iavidtlofpradatine dageed is derfaednenetic

crystal grains also produces gii:(l;h anisotropic magnetic field. Platinum content in the crystal grains of
less than 15hat preseataverbidmeedhigh coercive force and high anisotropic magnetic field that can
address high recording density. In addition,
The magnetic layer in a magnetic recording medium according to
the present invention is a granular magnetic layer that consists of
ferromagnetic crystal grains composed of a cobalt alloy and

10 nonmagnetic grain boundary region surrounding the grains. The

ferromagnetic crystal grains contain 15 at % to 17 at % of platinum.

The fei‘romagnetic crystal grains contain at least cobalt and

platinum and are composed of an alloy of CoPt system, for example.

15 The CoPt alloy is not limited to a special alloy. The CoPt alloy may
further contain one or more elements selected from the group
consisting of Cr, Ni, and Ta. The nonmagnetic grain boundary region
surrounding the ferromagnetic crystal grains contains at least an
oxide of silicon, namely SiO2. The nonmagnetic grain boundary

20 region may further contain one or more oxides or nitrides of an
element selected from Cr, Co, Al, Ti, Ta, Zr, Ce, Y, and Hf. Namely,
the oxide may be selected from a group consisting of Si02, Cr203, CoO,
Al2O3, TiO2, Ta20s, ZrOz, and HfOs. The nitride may be selected from

a group consisting of SiN, TiN, and AIN. To stably maintain the



10 separation of crystal grains in the magnetic layer would be insufficient, resulting in increase of
noises. On the other hand, if platinum content in the crystal grains exceeds 17 at %, the platinum
cannot stably remain within the crystal grain and tends to segregate to the grain bofigdans Age
result, isolation of the crystal grain is 15 hindered causing deterioration of recording performances.
Moreover, increase of platinum contained in a target would cause higher cost. High coercive force
and low noise of a magnetic recording medium require magnetic isolation of the ferromagnetic crystal
20 grains ag@asdiasirwecigreidhe padeshakecpradgrable dinsthemudmidasiatinum quantity in
the ferromagnetic crystal grains. For this purpose, separation of the ferromagnetic crystal grains of
cobalt alloy from the grain boundary region has to be promoted by segregating oxides or nitrides to
the grain boundary region. 8 1 8 AUG 2006 Most of the platinum in a target is desired to be deposited
as a portion of thestetiateshheforeystheferromagrelig vigrelahgainspaegemntacontaiaver,
the actual nonmagnetic grain boundari'/are_gion of the magnetic layer also includes platinum. The 5

inventors oflaprésdnt eartidn pilptatinanutamecornalysd slanagnedaeanesordangh of the

crystal grain and grain boundary region improves magnetic performance. It may be assumed that a

suitable amaedBipavidm bighnepeneiy griareeunthgtregoaunbabpdals nematpntained

interface of outside and inside of the _ ) _ .
in the ferromagnetic crystal grains also produces high anisotropic
magnetic field. Platinum content in the crystal grains of less than 15
at % can not produce high coercive force and high anisotropic
magnetic field that can address high recording density. In addition,

10 separation of crystal grains in the magnetic layer would be

insufficient, resulting in increase of noises. On the other hand, if
platinum content in the crystal grains exceeds 17 at %, the platinum
cannot stably remain within the crystal grain and tends to segregate
to the grain boundary. As a result, isolation of the crystal grain is

15 hindered causing deterioration of recording performances. Moreover,

increase of platinum contained in a target would cause higher cost.

High coercive force and low noise of a magnetic recording
medium require magnetic isolation of the ferromagnetic crystal
20 grainé and reduction in magnetic interaction between crystal grains
controlling platinum quantity in the ferromagnetic crystal grains.
For this purpose, separation of the ferromagnetic crystal gi'ains of
cobalt alloy from the grain boundary region has to be promoted by

segregating oxides or nitrides to the grain boundary region.



10 crystal grain during the sputtering process and retain the oxide or the nitride stably within the grain
boundary. Accordingly, the existence of a suitable quantity of platinum in the grain boundary region is
desired for accomplishing superior structure of the granular magnetic layer. Measuiirégmg %h%ntity of
platinum existing in the 15 grain boundary region is difficult because the grain boundary i1s narrow and
the measured values scatter. Consequently, exact determination of the platinum quantity is a hard
task. However, taking a large number of measured data and target compositions into account, it can
be stated that thM@@ﬁq@@tﬂwﬁﬁ@m@mmgantmgm dadasstadabp r%@idﬁ@%ﬁi@ﬁhl@l? m the
range of | to 10 at %, more preferably about 5 at%, with respect to the composition_of the grain
boundary régstionief dhenfierse pragnetisietrgtiakigrgindopashieyingdrighess than 1 at %,
oxidation of silicon is insufficient and the oxide is bard to stably remain in the grain boundary region, 1
8 AUG 2008138Retinperasmasresn How evated hetacsiaabmenmagartigegraimnces,
increase of noises induced by inter-grain interaction_that is accompanied by poor separation between
the magnethogradaryie esriag bhensaagneitilpyer alsothnchade simbatananmy Sdrelatinum
existing in the grain boundary region exceeds 10 at %, the platinum content in the magnetic grains
and thé platinventontenf ithacpyese nsumnrentigr e at@mﬁmbtke@amammmgly, the

platinum is distributed uniformly in the whole magnetic layer. Thus, amount of platinum that exists
stably in th@latinum contained in each of the crystal grain and grain boundary

region improves magnetic performance. It may be assumed that a
suitable amount of platinum existing in the grain boundary region
functions as a catalyst at the interface of outside and inside of the

10 crystal grain during the sputtering process and retain the oxide or
the nitride stably within the grain boundary. Accordingly, the
existence of a suitable quantity of platinum in the grain boundary
region is desired for accomplishing superior structure of the granular
magnetic layer. Measuring the quantity of platinum existing in the

15 grain boundary region is difficult because the grain boundary is
narrow and the measured values scatter. Consequently, exact
determination of the platinum quantity is a hard task. However,
taking a large number of measured data and target compositions into
account, it can be stated that the quantity of platinum existing in the

20 grain boundary region is preferably in the range of 1 to 10 at %, more
preferably about 5 at%, with respect to the composition of the grain
boundary region. If the quantity of platinum existing in the grain

_~boundary region is less than 1 at %, oxidation of silicon is insufficient

and the oxide is hard to stably remain in the grain boundary region,



10 ferromagnetic crystal grains decreases, which causes deterioration of recording performances. In
order to accomplish superior recording performances, the atomic ratio Si/Pt is preferably at least 6,
wherein the atomic ratio 15 Si/Pt is equal to the ratio of the atomic percent of siliconpgoshe ﬁ)gnic
percent of platinum in the grain boundary region. If the atomic ratio Si/Pt is less than 6, segregation of
the nonmagnetic substance is insufficient. Since the amount of platinum existing in the magnetic
grains is relatively reduced, deterioration of recording performance 20 may occur. As described
previously, Begredsdiang wrstablesalicems rddvrieawsesids e aranastonneh magaaditgnetic
crystal grains of a cobalt alloy contains 15 at % to 17 at % of B;lti_num in the crystal to 1 8 AUG 2006
grains in thBe¥iermansegreinrirasR ineinghindames by tnsencgrpaniaterackinns
achieved in which the grain boundary region is segregated and separated well from the cobalt alloy in
the magnetioadyst, aneern pasesl10ya PRI peAGALIoBohelimeen e pagnsiiaralagion and
the atomic ratio Si/Pt in the grain boundary region is at least 6. Thus, a maa[r:etic recording medium
with excelléhathigneeici pgroftihessn # shamditpy. <hplthiapihgrhandnafidr @yanitityhich
the magnetic crystal grains and the grain boundary region contain respective specified amount of 10
platinutn. of platinum existing in the grain boundary region exceeds 10 at %,

the platinum content in the magnetic grains and the platinum

content in the grain boundary region become substantially the same.

Namely, the platinum is distributed uniformly in the whole magnetic

layer. Thus, amount of platinum that exists stably in the

10 ferromagnetic crystal grains decreases, which causes deterioration of

recording performances.

In order to accomplish superior recording performances, the
atomic ratio Si/Pt is preferably at least 6, wherein the atomic ratio
15 Si/Pt is equal to the ratio of the atomic percent of silicon to the atomic
percent of platinum in the grain boundary region. If the atomic ratio
Si/Pt is less than 6, segregation of the nonmagnetic substance is
insufficient. Since the amount of platinum existing in the magnetic
grains is relatively reduced, deterioration of recording performance

20 may occur.
As described previously, high coercive force of a magnetic
recording medium is attained when the ferromagnetic crystal grains

of a cobalt alloy contains 15 at % to 17 at % of platinum in the crystal

10



A magnetic recording medium of the invention comprises such a granular magnetic layer as described
above. The other components than the granular magnetic layer are by no means limited to any 15
special forms. Major components of a magnetic recording medium will be briefly degcridpad dpggow with
reference to Figure 1. A nonmagnetic substrate | can be composed of a NiP-plated aluminum alloy,
strengthened glass, or crystallized glass, which is 20 used in a usual magnetic recording medium.
Since forming a granular magnetic layer does not need substrate heating, an inexpensive substrate
made by ingEaERSIINRS BRI A gagsisiave nsonet 1B BEnthe yaeras wel A1 1 8
ALIG 2006 Any suitable material can be used for the nonmagnetic underlayer 2 so far as the material
allows contFOIRRIIAE Skasukasrstiaistatrris Robiasdiy eruch dkegsaiyhavagasnd grain
boundary segregation. The suitable material includes, for example, 5 chromium and a
ebromium-BLE@RIKy spgresatad and separated walntemethbeisghadtiaton Hudhen, the
metals of Ru, Os, and Re and the alloys based on these metals can also be used. Such metals and

alloys havelrsagnribtel aFeat, ow hrrydaadi o haghtrtidpcpf mikatiruastsoremt atnathdnetic

underlayer is io selected from the necessary and sufficient thicknesses considering the effect to
controfthe thacanaisr beugaaiar vegansria RgdhorbvatAydAd S34E alnotigh BB@IMited to a
specia Valuﬁéundary region is at least 6. Thus, a magnetic recording medium
with excellent magnetic performances is obtained by employing a
granular magnetic layer in which the magnetic crystal grains and the
grain boundary region contain respective specified amount of

10 platinum.

A magnetic recording medium of the invention comprises such a
granular magnetic layer as described above. The other components
‘than the granular magnetic layer are by no means limited to any
15 special forms. Major components of a magnetic recording medium

will be briefly described below with reference to Figure 1.

A nonmagnetic substrate 1 can be composed of a NiP-plated
aluminum alloy, strengthened glass, or crystallized glass, which is
20 used in a usual magnetic recording medium. Since forming a
granular magnetic layer does not need substrate heating, an
inexpensive substrate made by injection molding polycarbonate,

polyolefin, or another resin can be used as well.

11



The protective film 4 can be composed of a thin film of 15 substantially carbon that is deposited by
means of a sputtering method or a CVD method, for example. The liquid lubrication layer 5 can be
composed of perfluoropolyether lubricant, for example. Although a magnetic recordigg Apgdaggg of the
invention has been 20 described with reference to Figure 1, a magnetic recording medium of the
invention shall not be limited to the above-described structure, but a seed layer, an intermediate layer
and other layer may be appropriately added. For the purpose of controlling crystal alignment or other
structure of the dRYipdwbladarrierial thaarhamsead fog Nusonmagyeéie layer, a seed
layer may be provided between the nonmagnetic substrate and the nonmagnetic underlayer; and a

nonmagnetitnaeraxead st argdéheonade pahadlows eontralhinig fhae mbyatcimreef

granular m%?mnetic layer. Addition 5 of such layers also preserves the effects of the invention, or
moreover, Binguasasiseiens perehndiogscnyetedcahgnipesttofgnainettonang memiay for
manufacturing a magnetic recording medium that is described above. The method of 10 the invention

comprises Srepadiasansegregadonatiddet sadedbhomatestrluntlvdes, {orematomger, a
protective film, and a liquid lubrication layer on a nonmagnetic substrate, wherein the laminating
steps dre cehavarsdwitiond aselprorpisisabaged alboyhdbadia vehssedein a
conventional magnetic recording medium. In addition, the metals of
Ru, Os, and Re and the alloys based on these metals can also be used.
Such metals and alloys have remarkable effect on the granular
magnetic layer. The thickness of the nonmagnetic underlayer is
10 selected from the necessary and sufficient thicknesses considering the

effect to control the structure of the granular magnetic layer,

productivity, and cost, although not limited to a special value.

The protective film 4 can be composed of a thin film of
15 substantially carbon that is deposited by means of a sputtering
method or a CVD method, for example. The liquid lubrication layer 5

can be composed of perfluoropolyether lubricant, for example.

Although a magnetic recording medium of the invention has been
20  described with reference to Figure 1, a magnetic recording medium of
the invention shall not be limited to the above-described structure,
but a seed layer, an intermediate layer and other layer may be
appropriately added. For the purpose of controlling crystal alignment

or other structure of the nonmagnetic underlayer or the granular

12



15 The step of laminating the magnetic layer is conducted by means of a sputtering method using a
target composed of a mixture including a ferromagnetic material containing at least cobalt and
platinum, and an oxide of silicon. The composition of the target and 20 the deposiign ggndjfigns are
suitably selected so that the deposited granular magnetic layer has the specified composition and
structure. For controlling the structure of the granular magnetic layer, the deposition of the layer is
preferably conducted by means of an RF 13 1 8 AUG 2006 sputtering method under a pressure in
the range ofifaigietito]ay enT arsdbithd pyessunmyf be pepositiod betespbartlirlower than 5 mTorr,
formation of the granular structure is hindered because of deterioration of crystal alignment due to an
initial growth dayersegm ¢t iessitfisntdtepanatothef thercnysighgraiosinalestbgycete ionakian of a variety

of characteristics. On the other hand, if the pressure is higher than 30 mTorr, lattice defects increases

and crystal abgnmeg &t disturbechredizite daypeipraiiap biergueotindedebetwarenstlaad besides,

brings upon lowering of reliability such as cobalt corrosion. 10 For depositing the granular magnetic
layer, a targed nhadgotwtic aliofephigieing ad dlidegnaindiharSioa ghae elalzye rcabel pieferably
used. A suitable proportion of the oxide contained in the target is appropriately selected depending on

the composifasueitifiayaigetdsd theedepositiofinoedfibuts. éftelgei nsethiiods ppsitingridever,

brings about superior performances.

The second aspect of the invention is a method for manufacturing
a magnetic recording medium that is described above. The method of
10 the invention comprises steps of sequentially laminating at least a
nonmagnetic underlayer, a magnetic layer, a protective film, and a
liquid lubrication layer on a nonmagnetic substrate, wherein the
laminating steps are conducted without a step of preheating the
nonmagnetic substrate.
15
The step of laminating the magnetic layer is conducted by means
of a sputtering method using a target composed of a mixture
including a ferromagnetic material containing at least cobalt and
platinum, and an oxide of silicon. The composition of the target and
20 the deposition conditions are suitably selected so that the deposited

granular magnetic layer has the specified composition and structure.

For controlling the structure of the granular magnetic layer, the

deposition of the layer is preferably conducted by means of an RF

13



15 magnetic layer, however, is not restricted so far as the target achieves the specified composition in
the granular magnetic layer. A method for manufacturing a magnetic recording medium according to
the invention accomplishes a magnetic recording 20 medium with high Hc and lopgmgstiagggyse even if
a step of substrate heating is omitted, which step has been essential in most of conventional
methods. Thus, the method of the invention can reduce manufacturing costs by virtue of simplification
of the manufacturing process. Since the substrate heating is unnecessary in the M 1 6 AUG 2006
manufacturiprtitnnog inttet Invdntiond ein anpresssive plastiee scpigate b da Gooleadonate,
polyolefin, or other resins can be used as well as a conventional aluminum substrate and a glass
substrate. Fndropies 14 theymaticsssarredafot ine dlierp @sid ia maduieesphere eth bowtberefonadsording
to the present invention will be described in further detail with reference to some examples of
embodimentsThe ¥ doenes ttenesé hbke g shalldamistir thet presestlinvetdiced dreca weeiet of
modifications is possible within the scope and spirit of the invention. Example 1 15 A disk shape
substrate witbtefiowhtoemeferryatalogligentiren tndiden g palycanibiml ez resmbaknyeaddorda
nonmagnetic substrate.
5 insufficient separation of the crystal grains, causing deterioration of a

variety of characteristics. On the other hand, if the pressure is

higher than 30 mTorr, lattice defects increases and crystal alignment

1s disturbed, causing deterioration of recording performances, and

besides, brings upon lowering of reliability such as cobalt corrosion.

10 For depositing the granular magnetic layer, a target of a CoCrPt

alloy containing an oxide including SiOg, for example, can be

preferably used. A suitable proportion of the oxide contained in the

target is appropriately selected depending on the composition of the

target and the deposition conditions. A target used for depositing the

15 magnetic layer, however, is not restricted so far as the target achieves

the specified composition in the granular magnetic layer.

A method for manufacturing a magnetic recording medium
according to the invention accomplishes a magnetic recording
20  medium with high Hc and low media noise even if a step of substrate
heating is omitted, which step has been essential in most of
conventional methods. Thus, the method of the invention can reduce
manufacturing costs by virtue of simplification of the manufacturing

_ process. Since the substrate heating is unnecessary in the

14



After cleaning, the substrate was introduced into a sputtering apparatus, and a ruthenium underlayer
30 nm thick was formed under an argon gas atmosphere of 30 mTorr. Subsequently, a 20 granular
magnetic layer 15 nm thick was formed by means of an RF sputtering method ust§ st 2apsof
Co88-xCrl2PtX containing 10 mol % Of Si02 under an argon gas atmosphere of 15 mTorr. The
granular magnetic layers were deposited under the same conditions except that various targets were
used containing platinum in proportion x 15 1 8 AUG 2006 from 10 to 25. After depositing a carbon
protective |pamafaat iz meidrosk ofcthainzenbiprtie nysexpenstvedlaside was taken
out from the vacuum chamber. After that, liquid lubricant was applied to the thickness of 1.5 nm to
produce a isalséta tecoraidg Shialyeathosris melsnlehsy, ot begosepmnysanobeonducted.
The thus obtained magnetic recording media, having the structure of Figure | differ from each other in
the compositisttonthw efhasia n@@ﬁ@uﬁlayylaa&ummmmmﬁfe anthatglgssused 10 for
the deposition. Quantity of platinum contained in the ferromagnetic crystal grains in the granular
magnetic Ia@fébétb&bﬁ- magnetic recording medium was measured by composition analysis by
means of energy dispersion X-ray spectroscopy (EDS). Coercive force He of each magnetic recording
medium was measured by a 15 vibrating sample magnetometer (VSM). Figure 2 is a graph showing
the relation between platinum concentration in the ferromagnetic

Examples

A magnetic recording medium and a manufacturing method
therefor according to the present invention will be described in
further detail with reference to some examples of embodiments.
10  However, the examples shall not limit the present invention, and a
variety of modifications is possible within the scope and spirit of the

invention.

Example 1

15 A disk shape substrate with 3.5 inch diameter made by injection
molding polycarbonate resin was used for a nonmagnetic substrate.
After cleaning, the substrate was introduced into a sputtering
apparatus, and a ruthenium underlayer 30 nm thick was formed
under an argon gas atmosphere of 30 mTorr. Subsequently, a

20 . granular magnetic layer 15 nm thick was formed by means of an RF
sputtering niethod using a target of Coss-xCri2Ptx containing 10 mol %
of SiOz under an argon gas atmosphere of 15 mTorr. The granular
magnetic layers were deposited under the same conditions except

that various targets were used containing platinum in proportion x

15



crystal grains and coercive force Hc of the magnetic recording medium. The graph clearly shows that
the Hc of the medium initially increases with increase of the platinum concentration in the 20
ferromagnetic crystal grains and then decreases in the region of platinum concentr tiﬂﬁbo&qﬁ at %

e pla

and more. The high coercive force Hc values of about 3,500 [Oe] were attained when t inum

concentration in the ferromagnetic crystal grains was in the range from 15 at % to 17 at %. 16 1 8

AUG 2006 Examilee 2 Atzpluralit of magnetic recording medium was produced in the same manner
as in ExampremekQeln #ha: aAfben depagHang & carhanypsedesiivanpy earddl oncthéckiopti2

containing 10 mol % of 5 Si02 under, deposition conditions different from each other to control the
platinum cottepasdiefikheegaagalbar snagnetic laysrsdhectrrialbe thayrimlastagary region
in the granular magnetic layer of each of the obtained magnetic recording media was analyzed by
means of Elp&emgor S¥omgthsn eaewitg Clambeset 1 ¢lsabt howid datbricaatgraas
boundary region and the coercive force He of a magnetic recording medium. The graph of Figure 3
shows a teRppdtgtbtméhe thioknrss Bivicdennhén Pecsimedmagneiic Baeordans, and high

coercive force of about 3,500 [Oe] is achieved when the Si/Pt atomic ratio is larger than 6. 15
5 medium. Substrate heating prior to the deposition was not conducted.

The thus obtained magnetic recording media, having the
structure of Figure 1 differ from each other in the composition of the
granular magnetic layer according to the difference of the target used

10 for the deposition. Quantity of platinum contained in the
ferromagnetic crystal grains in the granular magnetic layer of each
magnetic recording medium was measured by composition analysis
by means of energy dispersion X-ray spectroscopy (EDS). Coercive
force Hc of each magnetic recording medium was measured by a

15 vibrating sample magnetometer (VSM). Figure 2 is a graph showing
the relation between platinum concentration in the ferromagnetic
crystal grains and coercive force He of the magnetic recording
medium. The graph clearly shows that the Hc of the medium initially
increases with increase of the platinum concentration in the

20 ferromagnetic crystal grains and then decreases in the region of
platinum concentration of 18 at % and more. The high coercive force
Hc values of about 3,500 [Oe] were attained when the platinum
concentration in the ferromagnetic crystal grains was in the range

from 15 at % to 17 at %.

16



However, the coercive force He can be occasionally high even if the Si/Pt atomic ratio is low.
Accordingly, the effect of the Si/Pt atomic ratio has been further studied in terms of a signal to noise
ratio (SNR) at reading and writing in the magnetic recording medium. 20 Two sam&les of magnetic

recording media were prepared and difference in SNR between the two sample%

AYMe&Mured at

300 KkFCI: sample 2-1 having Si/Pt atomic ratio of 1.8 and coercive force He of 2,980 Oe deposited
under gas pressure of 40 mTorr, and sample 2-2 having Si/Pt atomic ratio of 6.4 and coercive force

He of 3,50&‘@@

nyple AuG 2006 deposited under gas pressure of 5 mTorr. Measurement of the SNR

was made with a spinningr stand tester. Writing and reading for the magnetic recording medium was

done using a GMR

wWnglanaging tadrenmitd arg e di wap wagtpsedreqehin theding track

5 width of 0.7 [tm, and a shield gap length of 0.12 ftm. The head flying height was about 20 nm. The
results of tASNRMRBASEASHREXGVORIA Taokceptdhat a0gnagides cargne Brrironrr

recording force Hc atomic [dB1 medium [Oe] ratio (*1) sample 2-1 2,980 1.8 16.9 sample 2-2 3,503
6.4 20.4 was deposited using a target of Co7¢Cri2Pt12 containing 10 mol % of

5

10

15

20

S102 under deposition conditions different from each other to control
the platinum content being in the range of 15 at % to 17 at %.
Composition of the grain boundary region in the granular magnetic
layer of each of the obtained magnetic recording media was analyzed
by means of EDS. Figure 3 is a graph showing a relation between
Si1/Pt atomic ratio in the grain boundary region and the coercive force
Hc of a magnetic recording medium. The graph of Figure 3 shows a
tendency of the Hc values in a low level when the Si/Pt atomic ratio is
lower than 3, and high coercive force of about 3,500 [Oe] is achieved

when the Si/Pt atomic ratio is larger than 6.

However, the coercive force Hec can be occasionally high even if

the Si/Pt atomic ratio is low. Accordingly, the effect of the Si/Pt
atomic ratio has been further studied in terms of a signal to noise
ratio (SNR) at reading and writing in the magnetic recording medium.
Two samples of magnetic recording media were prepared and
difference in SNR between the two samples was measured at 300
kFCI: sample 2-1 having Si/Pt atomic ratio of 1.8 and coercive force
Hc of 2,980 Oe deposited under gas pressure of 40 mTorr, and sample
2-2 having S1/Pt atomic ratio of 6.4 and coercive force He of 3,503 Oe

17



(*1) in the nonmagnetic grain boundary region Table | indicates that the SNR is better for larger value
of the Si/Pt atomic ratio. Accordingly, larger values are favorable for the 15 Si/Pt atomic ratio in the
grain boundary region. In particular, the Si/Pt atomic ratio of 6 or more allows attaingnglmg?ﬂﬁé)ercive
force and low noise. 'Example 3 Two recording media were produced in the same manner as in 20
Example | except that each granular magnetic layer was formed by means of an RF sputtering
method using a target Of CO82Cr6Pt12 18 1 8 AUG 2006 containing 6 mol% Of Si02and 2 mol % of
Cr203 undélenpside grrdarmgssnpressusenThh 1y Her talrasarg e niref theueNRmple

3-2. 5 Quantity of platinum in the ferromagnetic crystal grains in the granular magnetic layer of each
of the obtaWVERPrHAGAGIFIdy YRR FREE WS etﬁﬁg@byw(‘?hﬁgl& ED@.rﬁ?égMb&i@Te@%Iues of

platinum content were 13 at % for the sample 3-1 and 16 at % for the,_sample 3-2. An Si/Pt atomic
ratio in the BrEIETRUISIERE REGbAD MO CHtMsBAs slaae dstngife MR besARgasis for the
grain boundary region by means of EDS /Signal to noise ratio (SNR) was also meagsured for each
sample at WritHanRe d rasdiny wkiRist of 200, i gr e sstih of sty askRpslspRtmadkand

tester. Writing and reading for the magnetic recording medium was done i
5 width of 0.7 pm, and a shield gap Iength of 0.12 pm. The head flying

height was about 20 nm. The results of the SNR measurement are

given in Table 1.

Table 1

10
magnetic coercive S1/Pt SNR
recording | force Hc atomic [dB]
medium [Oe] ratio (*1)
sample 2-1 2,980 1.8 16.9
sample 2-2 3,503 6.4 20.4

(*1) in the nonmagnetic grain boundary region

Table 1 indicates that the SNR is better for larger value of the
S1/Pt atomic ratio. Accordingly, larger values are favorable for the
15  Si/Pt atomic ratio in the grain boundary region. In particular, the
S1/Pt atomic ratio of 6 or more allows attaining high coercive force
and low noise.
Example 3
Two recording media were produced in the same manner as in
20 Example 1 except that each granular magnetic layer was formed by

_means of an RF sputtering method using a target of Cos2CresPti2

18



15 using the same GMR head as in Example 2. The head flying height was again about 20 mn.
Results of measurement of the Si/Pt atomic ratio in the grain boundary region and the SNR are given
in Table 2. 20 19 8 AUG 2006 Table 2 magnetic Pt content coercive Si/Pt SNR 1rgcg[ﬁjnﬁp§ grains
force Hc atomic [dB1 medium [at%] (*1) [Oe] ratio (*2) sample 3-1 13 2,805 4.0 10.5 sample 3-2 16
3,432 6.1 11.9 (*1) in the ferromagnetic crystal grains 5 (*2) in the nonmagnetic grain boundary region
Table 2 clearly shows that the SNR is hetter for larger Si/Pt atomic ratio. In particular, high coercive
force and I6RTHcRE RS Bemx@hitealmia 2rensl i meh o el CiEbsr wnder s n&LgRa,yE8ss Effect
of the invention As described so far, a magnetic recording medium with excellent recording
performanéé@%oéfﬂbiﬂ&@ 9§ éQd%%ﬁ@rafgh%ﬁblﬁrﬁﬂé@Hiﬂ@Téy@?h]a@iﬁ@'gc&ﬁﬁ@'sﬁm of a specified
platinum content according 15 to the present invention. Such a magnetic recording medium does not
need a sub%ﬂfmé)kéé?ﬁr?g step in the manufacturing process of the medium. Consequently,
simplification of the manufacturing process

5 Quantity of platinum in the ferromagnetic crystal grains in the
granular magnetic layer of each of the obtained magnetic recording
media was measured by means of EDS. The measured values of
platinum content were 13 at % for the sample 3-1 and 16 at % for the
sample 3-2. An Si/Pt atomic ratio in the grain boundary region of

10 each sample was determined from composition analysis for the grain
boundary region by means of EDS/Signal to noise ratio (SNR) was
also measured for each sample at writing and reading density of 300
kFCI. The SNR was measured using a spinning stand tester.
Writing and reading for the magnetic recording medium was done

15 using the same GMR head as in Example 2. The head flying height
was again about 20 nm. Results of measurement of the Si/Pt atomic

ratio in the grain boundary region and the SNR are given in Table 2.

20

19



is accomplished and the use of a plastic substrate, which is inexpensive, is possible. 20 20 8 AUG
2006 Claims 1. A magnetic recording medium comprising: 5 a nonmagnetic substrate; and a plurality
of layers sequentially laminated on said substrate including: 10 a nonmagnetic underlayer, a granular
magnetic layer consisting of ferromagnetic crystal grains containing at least cobditéadd!{latsum, and
nonmagnetic grain boundary region surrounding said ferromagnetic crystal grains, 15 a protective
film, and a liquid lubrication layer, 20 wherein the content of said platinum in said ferromagnetic crystal
grains is in']i‘hﬁ)lan%e of 15 at % to 17 at % and said nonmagnetic grain boundary region contains | at
% to 10 at % of platinum. 2. A magnetic recording medium according to claim 1, wherein said 25
nonmagnetic grain boundary region contains an oxide of silicon. 3. A magnetic recording medium

according
oxides or

10

15

20

(@]

T S e or

recording | 1n grains orce Hc | atomic [dB]
medium | [at%] (*1) [Oe] ratio (*2)

sample 3-1 13 2,805 4.0 10.5

sample 3-2 16 3,432 6.1 11.9

(*1) in the ferromagnetic crystal grains

(*2) in the nonmagnetic grain boundary region

Table 2 clearly shows that the SNR is better for larger Si/Pt
atomic ratio. In particular, high coercive force and low noise can be

attained when the Si/Pt atomic ratio is 6 or more.

Advantageous Effect of the invention

As described so far, a magnetic recording medium with excellent
recording performances is obtained by employing a granular magnetic
layer having a composition of a specified platinum content according
to the present invention. Such a magnetic recording medium does not
need a substrate heating step in the manufacturing process of the
medium. Consequently, simplification of the manufacturing process
is accomplished and the use of a plastic substrate, which is

inexpensive, is possible.

20



30 Ti, Ta, Zr, Cc, Y, and HE 4. A magnetic recording medium comprising: a honmagnetic substrate;
and 35 a plurality of layers sequentially laminated on said substrate including: a nonmagnetic
underlayer, 40 21 18 AUG 2006 a granular magnetic layer consisting of ferromagnetic crystal grains
containing at least cobalt and platinum, and nonmagnetic grain boundary region g r&4fd8%id
ferromagnetic crystal grains that contain an oxide of silicon, 5 a protective film, and a liquid lubrication
layer, 10 wherein the content of said platinum in said ferromagnetic crystal grains is the range of 15 at
% to 17 at %, and a ratio of content of silicon to content of platinum in said nonmagnetic grain
boundary r@?dﬁq% at least 6 in atomic ratio. 15 5. A magnetic recording medium according to claim 1,
wherein said nonmagnetic substrate is a plastic substrate. 6. A magnetic recording medium
comprisingl .20 aAomagpatcreepsding medium comprising:

5 a nonmagnetic substrate; and

a plurality of layers sequentially laminated on said
substrate including:

10 a nonmagnetic underlayer,

a granular magnetic layer consisting of ferromagnetic
crystal grains containing at least cobalt and platinum, and nonmagnetic
grain boundary region surrounding said ferromagnetic crystal grains,
15
a protective film, and

a liquid lubrication layer,
20  wherein the content of said platinum in said ferromagnetic crystal grains
is in the range of 15 at % to 17 at % and said nonmagnetic grain

boundary region contains 1 at % to 10 at % of platinum.

2. A magnetic recording medium according to claim 1, wherein said
25 nonmagnetic grain boundary region contains an oxide of silicon.

3. A magnetic recording medium according to claim 2, wherein said

nonmagnetic grain boundary region further contains one or more oxides

or nitrides of an element selected from a group consisting of Cr, Co, Al,
30 Ti, Ta, Zr, Ce, Y, and Hf.

4. A magnetic recording medium comprising:

a nonmagnetic substrate; and

35
a plurality of layers sequentially laminated on said
substrate including:
a nonmagnetic underlayer,
40

21



a plurality of layers sequentially laminated on said substrate including: a nonmagnetic underlayer, 25
a granular magnetic layer consisting of ferromagnetic crystal grains containing at least cobalt and

platinum, and nonmagnetic grain boundary region surrounding said ferromagne{i& CM?S%
protective film, and a liquid lubrication layer, wherein said nonmagnetic grain boundary

r

ains, 30 a
n contain

an oxide of 35 silicon and a ratio of content of silicon to content of platinum in said nonmagnetic grain
boundary region is at least 6 in atomic ratio. 40 22

10

15

20

25

30

35

40

a granular magnetic layer consisting of ferromagnetic crystal
grains containing at least cobalt and platinum, and nonmagnetic grain
boundary region surround said ferromagnetic crystal grains that contain
an oxide of silicon,

a protective film, and

a liquid lubrication layer,
wherein the content of said platinum in said ferromagnetic crystal grains
is the range of 15 at % to 17 at % and a ratio of content of silicon to
content of platinum in said nonmagnetic grain boundary region is at

least 6 in atomic ratio.

5. A magnetic recording medium according to claim 1, wherein said
nonmagnetic substrate is a plastic substrate.

6. A magnetic recording medium comprising:
a nonmagnetic substrate; and
a plurality of layers sequentially laminated on said substrate
including:
a nonmagnetic underlayer,
a granular magnetic layer consisting of ferromagnetic
crystal grains containing at least cobalt and platinum, and nonmagnetic
grain boundary region surrounding said ferromagnetic crystal grains,
a protective film, and
a liquid lubrication layer,
wherein said nonmagnetic grain boundary region contain an oxide of

silicon and a ratio of content of silicon to content of platinum in said
nonmagnetic grain boundary region is at least 6 in atomic ratio.
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