PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND METHOD OF MANUFACTURI NG THEREOF
Technical field of the Invention The present invention relates to a novel
per pendi cul ar magnetic recording nmedium to be | oaded on a variety of
magneti c recordi ng apparatuses and a novel nethod of manufacturing the

per pendi cul ar magnetic recordi ng medi um according to the present
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practice to mainly appl yba vari ety of alloys conprising , CoCrTa, or
the |i kenwmtiohe material for constituting a magnetic recording |layer to be
used for a perpendicul ar nedium Wen any of these alloys is used, inasnuch
as C (chromum, being a non-magnetic material, segregates itself within
the grain. boundary, individual grains are magnetically dissociated from

each ot Rajor tﬁ%’é’?eby generating specific physical characteristics in terns
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perpendicular magnetic recording technology has recently attracted a great deal of

attention from concerned parties.

Basically, any of the perpendicular magnetic recording media comprises the
following® a magnetic recording layer made from a hard magnetic material, an
underlayer for orienting the magnetic recording layer in an objective direction, a
protective film for protecting the upper surface of the magnetic recording layer, and a
back-lining layer made from a soft magnetic material, which functions to concentrate the
magnetic flux generated by a magnetic head used for executing a recording process onto

the magnetic recording layer.

It has been a conventional practice to mainly apply a variety of alloys comprising
CoCrPt, CoCrTa, or the like as the material for constituting a magnetic recording layer
to be used for a perpendicular medium. When any of these alloys is used, inasmuch as Cr
(chromium), being a non-magnetic material, segregates 1itself within the grain
boundary, individual grains are magnetically dissociated from each other, thereby
generating specific physical characteristics in terms of the high coercive force (Hc)

essentially required for the magnetic recording medium. Segregation of chromium



filmused for the longitudinal nmediumby heating it or adding bias to a
substrate. Nevertheless, as in the case of treating the | ongitudinal

medi um even after applying a heating process or adding bias to the
substrate, the actual anount of the segregated chrom um conponent renains
negligible in the case of processing the perpendicular nedium This in turn
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O kawa, KalHEife in B um, T. Shimatsu, H Miraoka, and Y.
Nakanura%@mﬁﬁr exén%ﬁ%,pr en a granular filmconprising an alloy of

CoCrPt-Si2 is forned, a segregation process is advanced by causing the

Si 02 conponent to surround the periphery of grains made fromthe all oy of
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have 2 reduced the occurrence of noise conponents in itself. This granul ar
medi um i5 Ttanka). In addition, a further proposal has been made of a granular medium
applied with a magnetic recording layer made from an alloy of CoCrPt-Si0:z (refer to
“Microstructure and Magnetic Properties of CoPtCr-SiOz Perpendicular Recording
Media,” IEEE Trans. Magn, Vol. 38, pp. 1976-1978, 2002 by T. Oikawa, M. Nakamura,

H. Uwazumi, T. Shimatsu, H. Muraoka, and Y. Nakamura).

For example, when a granular film comprising an alloy of CoCrPt-SiOz is formed, a
segregation process is advanced by causing the SiO2 component to surround the
periphery of grains made from the alloy of CoCrPt, thereby causing individual grains of
the CoCrPt alloy to be dissociated magnetically. Thus, in the case of forming the
granular film, instead of applying phase separation (separation of magnetic phases) of
the above-mentioned alloy material, an insoluble amorphous material such as oxide or

nitride is added to a specific alloy material.

According to the report from the above-mentioned document, it was confirmed that,
unlike in the case of a conventional recording medium comprising a magnetic recording

layer made from a CoCr alloy component, the above granular medium proved to have



denonstrates the prom se to generate significant future demand. On the
other hand, in the case of formng the granular filmby heating its
substrate, a problem caused by oxidation or nitrification of the Co
conponent or by the effect of intermingling the phase of alloy conponents
wi th the phase of non-magnetic alloy conponents may occur. To prevent
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non- magneti c all oy conponents, noise conponents cannot be fully elimnated
fromthe granular nmedium Further, another problemis that the uniaxial

ani sotropy constant (Ku) value of the granular filmis |owered by the
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hours), it is possible to secure a granular nmedium capable_of executing a
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have thus far reported that it is possible to inprove the orientation

characteristics of a magnetic recording |ayer, decrease the 3 initially
Do 2L 0g folve the abave problems, 1t has thus been practiced oo provids thermal ~ -
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treatment to a granular film at high temperatures ranging from 400°C to 600°C after
completing formation of the film up to the stage of forming a magnetic recording layer
(or a protective film) without applying any thermal treatment. For example, Laid-Open
Japanese Patent Publication No. 2000-306228 proposes that by providing thermal
treatment at a minimum of 400°C for a duration ranging from 5 minutes to 60 minutes
(according to Laid-Open Japanese Patent Publication No. 2000-311329, at 250°C to
500°C for a duration of 0.1 to 10 hours), it is possible to secure a granular medium
capable of executing a magnetic recording operation with high density through sufficient
dissociation between the non-magnetic matrix material and magnetic grains contained
in the granular medium. However, inasmuch as either of the above techniques requires

thermal treatment at very high temperatures for long periods, neither of these precedent

techniques is feasible for mass production of the granular medium.

The inventors of the present invention have thus far reported that it is possible to

improve the orientation characteristics of a magnetic recording layer, decrease the



ground | ayer conprising a material nmade from soft magnetic pernmall oy and
applying Ru (ruthenium or Ru-based alloy for constituting a non-nmagnetic
internedi ate | ayer, thereby enabling the acquisition of a novel nedium
i ncorporating outstanding magnetic characteristics and read-wite
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uniaxial anisotropic constant (Ku) value beyond that specified in Laid-Open Japanese

Patent Publication No. 2002-358617, Laid-Open Japanese Patent Publication No.

2003-123234 and Laid-Open Japanese Patent Publication No. 2002-367160.

Accordingly, the object of the present invention is to provide a novel perpendicular
magnetic recording medium that is capable of further improving the physical
performance characteristics required to further decrease the noise component and
further improve thermal stability in the granular perpendicular magnetic recording
medium comprising magnetic grain dispersion in the matrix of non-magnetic oxide or

non-magnetic nitride.

Means for solving problems

To achieve the above object, after repeated experimental studies, the inventors of
the present invention eventually determined that it was possible to simultaneously
realize further reduction in the noise component from the granular magnetic recording
medium and to realize further improvement in the thermal stability thereof via the

execution of a short-term thermal treatment under relatively low temperature



imredi ately after filmformation of a nagnetic recording |ayer or a
protective film It should be noted that the provision of a vacuum of

hi gher than 0.1 Pa is essential to prevent oxidation of the granul ar
magnetic recording nediumin the course of thermal treatnment. Further,
experinmental results obtained by the inventors have clearly denonstrated
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executed at a tenperature below 250C in the final stage of the above
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t r eat meduravsn offthie thamsrnhanaed: by60 sgendd.ng a seed | ayer conprising any
specific material selected fromanong Ta (tantalum, Zr (zirconium,
Ni 3Al, and Ta-based alloy added with a 5 m ninumof | at% and a maxi num of

60 at % of any material selected fromanong Cr
In’the case of the processing of an aluminum substrate plated with the most

commonly-used alloy compound comprising Ni (nickel) and P (phosphorus) components,
it is known that the Ni-P compound is subject to crystallization at a minimum of 250°C
when exposed to thermal treatment for an extended period, and yet the Ni-P compound
is also crystallized at a temperature close to 300°C even when exposed to a short-term
thermal treatment of several seconds; consequently, surface roughness of the Ni-P
compound increases, thereby failing to provide the substrate of the magnetic recording
medium with a smooth surface appropriate for practical use. On the other hand, the
above conventional Ni-P plating compound can provide an inexpensive aluminum
substrate after thermal treatment at a maximum of 250°C for no longer than 60 seconds,

thereby contributing to cost reductions.

It was further determined that the practical effect of improving the physical
characteristics of the above magnetic recording medium through thermal treatment was
further enhanced by inserting a seed layer comprising any specific material selected

from among Ta (tantalum), Zr (zirconium), NisAl, and Ta-based alloy added with a



(chromum, M (nolybdenun), and W (tungsten), between a soft nagnetic
back-lining |ayer and an underl ayer nade from permalloy. Insertion of the
seed layer is essential to prevent the physical characteristics of the
above magnetic recording nmediumfrom being conprom sed by slight nutua

di ffusion between the soft magnetic back-lining |layer and the
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per pendi cul ar doubl e-1ayer recording nediumaccording to the present

i nvent i @mesent invention executes a short-term thermal treatment process under vacuum
condition higher than 0.1 Pa and under relatively low temperature at a maximum of

250°C for a period of less than 60 seconds.

In addition to the thermal treatment process, it is preferred that the orientation
characteristics and crystallization characteristics of the magnetic recording layer be
improved, and that the actual effect resulting from improvement of the physical
characteristics through thermal treatment be further enhanced by initially forming a
seeding layer comprising any material selected from among Ta (tantalum), Zr
(zirconium), NisAl, and Ta-based alloy added with a minimum of 1 at% and a maximum
of 60 at% of any material selected from among Cr (chromium), Mo (molybdenum), and W
{tungsten), wherein the seed layer is disposed on the soft magnetic back-lining layer and
the permalloy-based underlayer is disposed immediately above the soft magnetic

back-lining layer.



FIG 2 is an analytical graphic chart show ng the physical characteristics
internms of coercive force He of the recording nedia related to Exanples 1
and 2 of the present invention and Conparative Exanple 1. FIG 3 is an
anal ytical graphic chart show ng the physical characteristics in ternms of
normal i zed noise level of the recording nedia related to Exanples 1 and 2
of the e I; ko arative Exanple 1. FIG 4 is an
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gr aphi ¢ nodbuh sstrdinggtotthe ppdegat oevkentibar act eri stics in terns of the decay
characteristics of the output reproduction signal related to Exanples 1 and
2 of the present invention and Conparative Exanple 1. Preferred forns for
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novel pesReR@hGeRiaTBERals Exhge fli Ng medi um conprises the followi ng: a
non- magnetic substrate 1, a soft nagnetic back-lining |ayer 2, a seed |ayer

3, a soft magnetic pernalloy-series underlayer 4, an internediate |ayer 5
conprisinngu (ruthenium or Ru-based alloy, a nagnetic recording |ayer 6,
a prot edllizv@ if 4 anglytigelgraphicichastashbwire thatnhygickloopara@eristias internseefi al | y

| am nat ed on, the non-nmagnetic supstrate 1. 7_The non-nmagneti c_substrate 1
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mvention an om X . .
all oy, a piece o Feimt ore SFQ sheet, a piece of crystalline glass, or

the like that is used for a nagnetic recording nedium It is allowable to
constitute the soft magnetic back-lining |layer 2 by specifically applying
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S/N ratio of the recording media related to Examples 1 and 2 of the present invention

and Comparative Example 1.

FIG. 5 is an analytical graphic chart showing the physical characteristics in terms of the
decay characteristics of the output reproduction signal related to Examples 1 and 2 of

the present invention and Comparative Example 1.

Preferred forms for carrying out the Invention

First, a preferred form for implementing the present invention is described below.
FIG. 1is a schematic diagram of a perpendicular magnetic recording medium according
to one of the practical forms for implementing the present invention. As shown in FIG. 1,
the novel perpendicular magnetic recording medium comprises the following: a
non-magnetic substrate 1, a soft magnetic back-lining layer 2, a seed layer 3, a soft
magnetic permalloy-series underlayer 4, an intermediate layer 5 comprising Ru
(ruthenium) or Ru-based alloy, a magnetic recording layer 6, a protective film 7, and a

liguid lubricating layer 8 that are serially laminated on the non-magnetic substrate 1.



product called Sendust), or CoZrNb and CoTaZr conprising an anorphous Co
alloy, for exanple. The optimal value of the filmthickness of the soft
magneti c back-lining layer 2 is variable by the constitution and physi cal
characteristics of the magnetic head of a correspondi ng magnetic recording
apparatus (not shown) used to performa naegnetic recording operation.
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non- magnetic, in order to enable the nmagnetic field generated by a magnetic
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To constitute the seed layer 3, it is defined that a specific material selected from
among Ta (tantalum), Zr (zirconium), NisAl, and Ta-based alloy to which is added a
minimum of 1 at% and a maximum of 60 at% of any material selected from among Cr
(chromium), Mo (molybdenum), or W (tungsten) is solely applied. Inasmuch as the seed
layer 3 is non-magnetic, in order to enable the magnetic field generated by a magnetic
head to be effectively concentrated onto the soft magnetic back-lining layer 2, it is
suggested that the thinner the film thickness, the greater the practical effect.
Nevertheless, in order to prevent the soft magnetic back-lining layer 2 and the soft
magnetic permalloy-based underlayer 4 from mutually diffusing during a thermal
treatment, a certain film thickness is required. For this reason, it is preferred that the
seed layer 3 be provided with a film thickness ranging from 1 nm to 15 nm. Further,
although the performances of the magnetic recording medium can be improved by
providing thermal treatment even when the seed layer 3 is dispensed with, provision of

the seed layer 3 enhances the practical effect.



bet ween performance of a nedium and productivity, it is desired that the
underl ayer 4 be provided with a filmthickness ranging from3 nmto 50 nm
The internediate layer 5 is formed by solely applying Ru (ruthenium or
Ru-based alloy, to the Ru conponent of which is added nore than one type
of material selected froma group conprising C (carbon), Cu (copper), W

t t , cbnsti !
7925 B i ST M gl

conponeperaslldfierRd nasddlsal | oy is di sposed on the underl ayer 4, elther of
these el enents provides satisfactory orientation characteristics, and yet
t he gr aiNiFepk Nibe®ir Naldad$h, NilfeBhNiFeMNh B, Néifeo, aind MNeFele fierexamipde. daisi sf act ory
in terns of its flunctl on characteristics and decreases the thickness of

t he i ni gesired thpg the,film Fﬂ@ckw@ ebthecundezlayen fgadagrom epft magmaferépermﬂpébeu ze

ot e BB BPuiR AR gkt haraier S TeagaPttepbrimagts oiIhg i oS
as PoSS ot Ry Sfjek 633k ol B LRI RS pﬁhgﬂ{egffﬁg%fa&%mm”ne“ c

characteristics or ormances o netic recording |ayer

6. Spec rbfatve@hlpérforinhneesofcbe&baﬁ% bh@prddiRtivAty at msﬁte& thaydl wdbAaprayvi ded
with a filmthickness ranging from 1 nmto 20 nm The magnetic recording

| ayer 6 begpreudedith acbins thitkiead réyciap filoyi Banf @r¥lonmeagnetic al | oy
conprising at least a Co (cobalt) conponent and Cr (chrom um conponent,
wherein the disposition of its c-axis consisting of a hexagonal close

ked di di | f
P rea 1 o Retfradaind Tl bES s raiTo P nedviwdhs raemirelps b rhag IL Bkt | ¢
di d t
oo 1 ARoad hlhe o dh A B s TRl B B TR Y ol Bl %&39%9%249{95& a PO
CoCr Pt - @R a gty ﬂnﬁiﬁ&?() (E;ﬁ"anNjﬁl (CSEQQE‘PW &‘uﬁé‘&enp M4 Gﬁol&bﬁunﬁoﬁﬁver

the practically applicable scope of the granular materials 1s not solely

li mi t ed (dhootbaak Ir Gridedn )k Poelatifing) pRo (rdehiung, Rhl(fhodiurg), CanEinthling aky

appl yi n%a thin filmminly conprising carbon, for exanple. In addition,
i s alMs@anadiswabVaen shaBplcpmapovent witthe Hu-lasadreHoy ki disposed on the

underlayer 4, either of these elements provides satisfactory orientation characteristics,

and yet the grain size decreases. Further, either of these elements is satisfactory in
terms of its junction characteristics and decreases the thickness of the initial layer of the
magnetic recording layer 6. In order to realize high-density recording capability, it is
essential that the film thickness of the Ru component or the Ru-based intermediate layer
5 be made as thin as possible within a critical limit that does not degrade the magnetic
characteristics or read-write performances of the magnetic recording layer 6. Specifically,
it is desired that the intermediate layer 5 be provided with a film thickness ranging from

1 nm to 20 nm.

The magnetic recording layer 6 is suitably constituted by applying ferro-magnetic
alloy comprising at least a Co (cobalt} component and Cr {(chromium) component,
wherein the disposition of its c-axis consisting of a hexagonal close packed structure in
the direction perpendicular to the film surface is required to enable the ¢-axis to function
as the perpendicular magnetic recording medium. Any granular materials may be used

to constitute the magnetic recording layer 6, including the following: CoPt-Si0sq,



films normally used as a protective filmto protect the nmagnetic recording
nmedia. It is possible for the liquid lubricating |layer 8 to use any

| ubricant: for exanple, perfluoro-polyether. Further, it is also possible
to apply a variety of lubricants comonly used as materials for
constituting a liquid lubricating |ayer for a magnetic recording mnedium

It 1S pPeRerblE G Pesin), REICHPHURO:! BYBE 21N URICEPE-Shf,! AEhP i Oflo@Bydrhe
non- magneti ¢ substrate 1 by applying a variety of filmformng

t echnol ok practicslisphpplicablplsc@sk dfahé Beanulmgnatdriald Bat dolely limitead to tHoser der to
formindividual |ayers, except for the liquid lubricating layer, it is
pract i calsbéabeveappl y the DC magnetron sputtering nmethod, the RF nagnetron
sputtering nmethod, or the vacuum evaporation nethod. Further, it is also
practicable to apply the di pping nmethod or the spin-coating nethod for

conposi ng e |iguid.]lubricating, |l.ayer. However,.the practicall

appl i cabl eﬁ&?ﬁﬂ%ﬂﬁﬁ? gb?ﬂ%cwltg@ld%fppﬂ?ﬂg ?éﬁmt%hrf H@E’élyc?i)]i“gaw ove. Next,
t he net f My nal .t i i . her mal
troat mentica, G SREHblcnth KVREER, ik SRLHREkablp o R e e b i

i mredi atfiéhy nafrhelly uéad 484 pRedivelfllt) 1HBGORE the BESHAMicRGcdradR mEdial

imedi ately after formation of the protective film7. The practical peak
tenperature is defined as a maxi num of 250C for no |onger than 60 seconds.

Preferably, in order to ensure cqnpatibilitg between the practical effect
of the therlfi paspidla fepHre hudddulrdeatinalaysr, 8 foruseqanydybrieantt fogexamaple,
appl i cabl e, t enpey aj.ure_shpul d be defined as a. m ni num 200C and a nmaxi num
o 508 yicio PR CHIR T EBre SRR R RO Al & BRORY o RS oniY )

Furt her i 3 r i i L Lum

accor di n g&% gé hltsdﬁ%fmp}% gg ecﬁggﬁ%ﬁl&% t%ﬁﬂgﬁgﬁ%{a&ﬁqgi#o% gﬁfa%;n%%lg ?ﬁ‘ghg
under st gliihiat the scope of the present invention is not solely limted

to the Exanpl es given below. The essential conponents of the present

invention are subject to various changes or nodifications within a scope

that does not deviate fromthe essentials of the present invention.
It is possible to form individual layers subject to lamination on the non-magnetic

substrate 1 by applying a variety of film-forming technologies normally applied to the
magnetic recording media. In order to form individual layers, except for the liquid
lubricating layer, it is practicable to apply the DC magnetron sputtering method, the RF
magnetron sputtering method, or the vacuum evaporation method. Further, it is also
practicable to apply the dipping method or the spin-coating method for composing the
liquid lubricating layer. However, the practically applicable technologies are not solely

limited to those cited above.

Next, the method of executing thermal treatment is described below. The thermal
treatment is executed in the vacuum phase at a minimum of 0.1 Pa immediately after
formation of the magnetic recording layer 6 or immediately after formation of the
protective film 7. The practical peak temperature is defined as a maximum of 250°C for
no longer than 60 seconds. Preferably, in order to ensure compatibility between the
practical effect of the thermal treatment and productivity, it is desired that the
applicable temperature should be defined as a minimum of 200°C and a maximum of

250°C, and the applicable duration from one second to 15 seconds.
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Exanple 1 This Exanple relates to a perpendi cul ar magnetic recordi ng nmedi um
conprising the follow ng' a non-magnetic substrate, a soft magnetic
back-lining |layer conprising an alloy of CoZrNb, a soft magnetic

under| ayer conprising an alloy of NiFeSi, an internediate |ayer conprising
Ru (ruthenium, a magnetic recording layer, a protective film and a

l'iquid | ubringeltdr M tdiBV @ ths Ha&el%@péﬁmﬂéﬂ Yak MRl R i B8 AR BANET | C

substrate; wherein a thernmal treatnent process is executed I nmediately

af ter fitherprdsentimiemiorniretdieerbgdowt i ¢ recording | ayer. To constitute the
non- magneti c substrate, this Exanple uses a piece of chemcally reinforced
gl ass substrate provided with a snoothened upper surface (for exanpl e, N10

gl ass substrah a product of Hoya d ass Manufacturin ., Ltd., Tokyo,
Japan). AftlEf oyild hg sipdl ?rg%tfg?ﬂdéésshq seopR P thepresent Héfeﬁaﬁnma@weaoi%y E%@fir ate

di th
aooi | ca o S BEALR el 8 S thrieP Rl R lip o 5 oo
Z d %
an af"{‘oysﬁ‘af?&c%%gﬁ?s i SO B S SaEiadL Bohpt ¥k, BORRELST N0

per mal | @¥sdndialedf the fpdsefit iFeBBo@t %0 N, 12 at% Fe, and 6 at% Si is applied
to forman underlayer conprising an alloy of NNFeSi with a fil mthickness
of 11 nm Next, by applying an Ru target in an atnosphere containing Ar
(ar gon) E'gas at a pressure of 4.0 Pa, an Ru internediate |ayer is forned
with a EXMRlfickness of 10 nm In succession, the appl ication of an 88

m)l%target co ris t % Co, % 4at°/ ..and 12, pol oSiOz
f or ms Enpleibintey e B dishar S ns i secariiog madiv BjerprisgESen: «
afilm tfé]h&}iggsaﬁ%&{ m]ag mﬁa{tetep gﬁé%&bgcﬁ(aﬁgﬂgiﬁeg%%gm %’Eer pdi sposed

in a heater nd t h emagnetlc recordi ng nedi mal |y

pr ocessedloy BEEHZEANY At S dtRSBIRAIaREr dddnprisinXad @y BENIBLSi airSi ng the
inner tenperature to 243C within 14 seconds. Finally, the application of a

carbon tategmpdiate hiyenconptisog Rue(réiHemwoolprsgiegic catdbding luydrha prdtedtive

t hi ckness of 10 nm and the protective filmis then extracted froma vacuum
film, and a liquid lubricating layer that are serially laminated on the non-magnetic
substrate; wherein a thermal treatment process is executed immediately after film

formation of the magnetic recording layer.

To constitute the non-magnetic substrate, this Example uses a piece of chemically
reinforced glass substrate provided with a smoothened upper surface (for example, N-10
glass substrate, a product of Hoya Glass Manufacturing Co., Ltd., Tokyo, Japan). After a
washing process is performed, the non-magnetic substrate is disposed in a sputtering
device (not shown). Then, through the application of a target composed of an alloy
comprising 87 at% Co, 5 at% Zr, and 8 at% Nb, an amorphous soft magnetic back-lining
layer comprising an alloy of CoZrNb is formed with a film thickness of 200 nm. Next, a
permalloy target comprising 82 at% Ni, 12 at% Fe, and 6 at% Si is applied to form an

underlayer comprising an alloy of NiFeSi with a film thickness of 11 nm.
Next, by applying an Ru target in an atmosphere containing Ar (argon) gas at a

pressure of 4.0 Pa, an Ru intermediate layer is formed with a film thickness of 10 nm. In

succession, the application of an 88 mol% target comprising 79 at% Co, 7 at% Cr, 14 at%
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device (not shown). Except for the process of formng the above Ru
internediate |ayer and providing thermal treatnment with a heater, all the
films for the above-nentioned |ayers are processed by the DC magnetron
sputtering nmethod in an atnosphere containing 0.67 Pa of Ar gas pressure.
Next, by a dipping nethod, a liquid lubricating |ayer conprising

per f | uore; Rl y2IABE SiQ, oPhERAn ¥ tdlicaebdriMgt Dt SRS R sidy MEY ot hese
ways, a perpendicular magnetic recording nediumis prepared. Further, to

check t gaCrBi-Bi(@veiic e film thivkneswoofadteni Nextc sheohagivaicpecqpdingy mediaem izagnet i c
recordi ng nmedi um when the heating tenperature is varied, a nunber of

addi t i ofaipoprst isenbieaten dranpheynand the magratifi neepreing) medismpisdpen sapranadly

i ndi vi dual | xposed to peak tenperatures of 16QC, | 188C, 215C 270C, and
298C by Pﬁ%cﬁgf’reﬁg‘[)ﬂl&%fﬁ"éc‘h F@F?S%Pgh‘iﬁfé’ ]zgﬁ%@é%’?%ﬁ’aﬁlsﬂ%t 13E€Sses for

form ngt&ng&%gltuleafx%ﬁ3&@?;ﬁtﬁub§il£|? g th a film thickness of 3 nmby the DC
magnet ron sSput 0 oft )

errng me owng the filmformation of a soft
magneti ¢ back-1ining |ayer conprising an alloy of CoZrNb, another
per pendi cul ar magnetic recording |ayer is produced based on serial
processes iRigally,¢hé apslication©€ a icaitoarmandet dorints SpanddtiRe Hlm@mipatsad sebdxanpl e
1 Except for the processes for formng a protective filmconprising carbon
Wi t hout witlxa &ilmithigkaedsed t10 mgn pnslcide protendv Alreisthehteatratied fFarh mvionurat i on

of a magnetic re ord)i n I%yer, a perpendi cul ar nmagnetic recqrdi ng nmedi um
i s proddeege E\}Pté BW-#%C%% pryfheprogass obfospdng therpboke Rurigtarmediate fgyeement ed

i Ex | 1, . h d he . - j .. Ki f f he, |
coer o) VAT Ra g RGeS NATL L Par Ry hOCI P Ao i G RGN ALw y
produced,Rss RsHibRE BPRVEDT %%FFG!;M Gfhttelhe h&Rba in 96 8% kg the

coercive force of this perpendi r magneti recordi ng nmedi um gener at ed
f rom t heortagmag BT 6fArlg hegsudd INE&ATPRA Aippife meX baichid ubiRstignat ed in

an anal ytical graphic chart showmn in FIG 2. As shown in FIG 2, by

execut i hayerkkempuisingreaflnentpolyeithevis figmddevith larfilfrottietrieen o2 nm. By these
ways, a perpendicular magnetic recording medium is prepared. Further, to check the
difference in the characteristics of the perpendicular magnetic recording medium when
the heating temperature is varied, a number of additional perpendicular magnetic

recording media is prepared and individually exposed to peak temperatures of 160°C,

188°C, 215°C, 270°C, and 298°C by heating with a heater.

Example 2

Except for the processes for forming a seed layer comprising Ta with a film
thickness of 3 nm by the DC magnetron sputtering method following the film formation
of a soft magnetic back-lining layer comprising an alloy of CoZrNb, another
perpendicular magnetic recording layer is produced based on serial processes identical to

those implemented in Example 1.

Comparative Example 1
Except for the processes for forming a protective film comprising carbon without
executing a heating process immediately after the film formation of a magnetic recording

layer, a perpendicular magnetic recording medium is produced by applying serial
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the magnetic recording layer, as in Exanple 1, in conparison with
Conparative Exanple 1, in which the thermal treatnent following film
formati on of the nagnetic recording layer is omtted, it was determ ned
that the actual rating of the coercive force He was enhanced by a maxi num
of approximately 20% However, as soon as the actual tenperature of the

t her mal prbRasdzBMntial t@moéwlnﬁplhmeh&rdm%tm%ﬁé ithe magnetic |ayer exceeds
243C, the coercive force He may decline. Thus, when the tenperature used in

thermal treatnent is too high, magnetic charact eristics decline. Next,

serial analytical processes were executed using a read/ wite tester and
varyi ng recd¥¥di basedendhe M%@ehﬁﬁmﬂgerhgffﬁ@lﬂ@@@rﬁiéﬂ@m"eé@tﬁér}h@dhﬁ!n t he

magneti c ecordi ng medj um ure the nal -t o- noi.s SIN ratio of
tpet ﬁut ﬁﬁfpﬁré-bfﬂ’gao‘ penstic rsf—ogﬁﬂag meg mc%‘?"rrﬁ&éfﬁ wed g8 l%’f%&??@&@}t‘ea’ét eristics

0 e r resu nt..ratings were
eval uat g@é#g&&?&g&?%ﬁ%&%@%ﬁ%‘ﬁ% the c{’]ém%e Ii'%lrée B’gﬁus ?erﬁﬁ?%a RN nrgé(s’ent s the

ratings rgforfiidg MALIR! dehEAhtEPEIS %m@@@&§mbﬁstlhﬁldt§§ﬁ@@o %agmt d C
recording nedia at the recording density of 300-kFCl detected via the

pr ocess @&xaaxde Utiededghatxdipdesndlyticd g2apind chanpBswh iy @1Example 1. FIG 4
graphically represents the SINratio ratings of the tested magnetic

recording medium at the recor di ng densi ty of 300-kFCl generated via the
processes éqe%ut ed a’ nples 1 and 2 _and Conparative Exanple 1. 13 As is
cl ear from?‘H BoWa larl-*HGFP Y grecpting ﬁléerﬁ*ﬁéﬁeqait@evte@&l@wmgthﬁ@mrﬁm@mfed as

in Exam% nt that nponent .i.s,mnimzed after

{ her ol Bhe pignbic tboRithe BRE: (AT HdSdl0t 3R SRIRARS alouBager A Ler -
actual mabi}sa, 1nqp15§9mﬁéﬂtﬁe9mfah&eaﬁﬂyﬂmmgfﬁm%ﬁhaﬁoﬁ SPﬁ{e%E%qe@?éd' um

cited in Conmparative Exanple e anount noi se conponent tected in

t he abovecorigigdhyes i§ 6Rte, HgwaS dé téiiniERICIha 8 8RSadial 23 Ung Wh @ rdiftefoval ue of
the SINratio rises by 1.9 dB. Wien the tenperature applied to the thernal

t r eat medic wsas ¢emmniged hy airtaximsint ol aEbroviatatelyR0biotheveven mpeoenas temetudel vy
increased in the I?netl c recording nediu reducing the SIN ratio. At the
noment AeMRpiatare ¢fdhe thexmad trepment follewingfilm famation ehtheemegreti)Inyerat i o

exceeds 243°C, the coercive force Hc may decline. Thus, when the temperature used in

thermal treatment is too high, magnetic characteristics decline.

Next, serial analytical processes were executed using a read/write tester and
varying recording density to measure the noise component generated in the magnetic
recording medium, to measure the signal-to-noise (S/N) ratio of the output reproduction
signal, and to measure the decay characteristics of the output reproduction signal;
finally, the resultant ratings were evaluated in comparison with each other. FIG. 3
graphically represents the ratings of the normalized noise components in the tested
magnetic recording media at the recording density of 300-kFCI detected via the
processes executed in Examples 1 and 2 and Comparative ixample 1. FIG. 4 graphically
represents the S/N ratio ratings of the tested magnetic recording medium at the
recording density of 300-kFCI generated via the processes executed in Examples 1 and 2

and Comparative Example 1.
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to be maxi m zed conversely, the actual tenperature of the thermal treatnent
coincides wth the peak value of the coercive force He shown in FIG 2.
FIG 5 graphically represents the decay characteristics of the output
reproduction signal at the recording density of 25-kFCl of the nagnetic
recording nedia generated via the processes executed in Exanples 1 and 2

and Conpar g{d 1\é%le§¥% ?Id— 3 FLFIE. £7R¥Re mtaEﬁétléﬁ@oﬂﬁwe&ﬁrlﬁpfbfduEé@asom put

reproduction signal is lowered by the effects of thermal treatment. It was
conf i r mén Exxhaiple WHets dviienheldt thg nofsepempblién i simneieéd ¥itédermuhe act ual
decay rate of the output reproduction signal decreases to one-third of the
decay tesagmgehet 243684, Whereas trev SN radivals nmagmeztendchr ecms of aguakditing,
processed as in Conparative Exanple 1. negligi bl e decay rate in the

out put CRPPBIRICP tbﬁcwawa?nalma& 1ﬁr?"r?éihégtf%"sdl’t‘%e%tefl%CPW@@F}%FFVQSEWRI?ty of

the onant BB maReT5npped: ARt in Y e dierie 20 fRR A8AlERC,
recor i iR BEOUHIECh oSl Y SEG BB 5] 9B Wik gRMPONEN!

produced via thé processes execut e coercive force He,

the noitepsatpegdlied ttheIhbimhal irbatrddid i Elﬁ‘) gk, ay wha feurd that tidioise _
reproduction signal are each raised beyond that achieved by the magnetic

recor di egmpenknfroprareds swuedsed ibtberplagndtic fetorngimediunpeddadioy ehe $Me
application of a thermal treatnment imediately after the filmformation of

the ragrtip-Alidesnemens atayhich thp@%%%ommeﬁﬁwml@l@ﬁép aewrﬁhgﬁﬂﬂsfatw t he
recor di n rredl u nd significant reduc I se nE j ndt he
mgnet | &9 o7 BTG CHEGEIRY. thhaP Ry SPRRIRRTAG! Fof IFnG, BOE CHT Faincides
stabil'i RM My Fifaiuet&%he@[&’e%bﬁb?&cé)hc hI@nﬁﬁ%‘i'G' gyer related to the

Exanpl e 2 urt er i nproves racti ca ect's.” However, inasnuch as
various perfornmances may be degr aded when the heating tenperature exceeds
243C, it was also found that the application of excessive thernal
treat nent dHG. S@nygrisdlyyregegeaticthe lecpecfarnctarisis ddfthé betpnb ge@bdactioacor di ng
medi um Exanple 3 '

signal at the recording density of 25-kFCI of the magnetic recording media generated via

the processes executed in Examples 1 and 2 and Comparative Example 1. FIG. 5 shows

that the decay rate of the output reproduction signal is lowered by the effects of thermal

treatment. It was confirmed that, when the heating temperature is exactly 243°C, the

actual decay rate of the output reproduction signal decreases to one-third of the decay

rate generated by a conventional magnetic recording medium, processed as in

Comparative Example 1. A negligible decay rate in the output reproduction signal in

turn indicates that the thermal stability of the magnetic recording medium remains

high.

Further, as can be seen from the charts shown in FIG 2, FIG. 3, FIG. 4, and FIG. 5,
in the magnetic recording medium provided with a seed layer comprising a Ta
component produced via the processes executed in Example 2, the coercive force He, the
noise component, the S/N ratio, and the decay rate of output reproduction signal are
each raised beyond that achieved by the magnetic recording medium processed in

Example 1.
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The third Exanple of the present invention relates to a novel perpendicul ar
magneti c recordi ng nmedium conprising the follow ng: a non-nagnetic
substrate, a soft magnetic back-lining |layer essentially conprising an

al l oy of CoZrNb, a seed |layer conprising Ni Al, an underlayer essentially
conprising an alloy of NiFeNbB, an internediate |ayer conprising Ru

(rutheni umas qesBBBEICAH0Ye, the @BPRédtbnl FF¥Sher@aPir&dtfehk Vi mleli 41y df¢ér @hd 1 qui d
| ubricating layer that are serially [|amnated on the non-magnetic

subst r affiém fohesteémof the mnetic eadonding layerimpessathd magreticiiaeacterinmdiodt el y
after formation of the protective filmnade fromcarbon. A chemcally
rei nf or teeiregPeding medinmeand dignifingntly sedvceshthenoisecempboentdrdhpieagnatic N- 10

| bst t of d fact Ltd., Tok
Tapan) * FeorybideuBomertiouraui G BIBPEo Yo PREGTLR Oy BUTRaFS, S  or o
was .h' ng ﬁdﬂm%so? ’lnahgeedquEer n@i%@eeqi octh% Lﬁg{s I:I% 5 fur%h?rt f?nrepergvesr%h% p?'chﬁca i ng

devi ce. anor phous DACKA T Ai N nprivsi hg ZrNb is

then f Oﬁeﬁg&sm&@e\%rf fla S0t BH) §§9§§§u§éer§991a'ﬁ@é$ﬁﬁay ap Hleé’x'aﬁgd @vhteﬁrtH@heatmg
conprising 87 at% Co (cobalt), 5 at% Zr (zirconiun), and

(ni obi umpdNexiise excsIe 4By 4t wao ﬁwblfsmritgt}i\ﬂt%e mcbabﬂeﬂeﬂuesdiv@t}femm

t hi ckness of 3 nm by applying a target conprising an alloy of N 3A. Next,
an undertteaymenteameongérsgly ddgFaidBepasfofoaneed ofithdmaghdtionerdrdoigmedivof. 20 nm
by applying a target conprising a permnalloy-series alloy consisting of 79

at % Ni (nickel) 12 at% Fe (iron), and 3 at% No (niobium. 15 Next, an Ru

intermeg;x yer was formed with a filmthickness of 10 nmin an

at nosph 3“1(%?1 aining 4.0 Pa of argon (Ar) gas pressure by appl ying a

target co ; t yer
Lo et oA Rl e et R iyl

app! yi ngnagretic gedorCi@ERhd SN odPrivad MhedoRswingng 79 at % Co (cobalt), 7 at%
Cr (chromium, and 14 at% Pt (platinum) and 12 nol % Si 2. Next, a
pr ot ect iaveonf mhgnetongprbsatey acafthoagr(e)c bask lihtnglegendsstntaally ¢omprisickmess of

10 nm b ppl yi a target conprising carbon, Finally, the processed |ayer
filns 3(193' §$ Gﬁ%rdﬂi r@S&eqﬁgﬁa‘ter e EYiaing dYIAL micurdesleger essentially comprising an

alloy of NiFeNbB, an intermediate layer comprising Ru (ruthenium), a magnetic
recording layer, a protective film, and a liquid lubricating layer that are serially
laminated on the non-magnetic substrate, wherein thermal treatment is necessarily

executed immediately after formation of the protective film made from carbon.

A chemically reinforced glass substrate having a smooth surface (for example, an
N-10 glass substrate, a product of Hoya Glass Manufacturing Co., Ltd., Tokyo, Japan) is
used to constitute the above non-magnetic substrate. After a washing process, the
non-magnetic substrate is stored in a sputtering device. An amorphous soft magnetic
back-lining layer comprising CoZrNb is then formed with a film thickness of 200 nm by
applying a target comprising 87 at% Co (cobalt), 5 at% Zr (zirconium), and 8 at% Nb
(niobium). Next, a seed layer comprising NiAl was formed with a film thickness of 3 nm
by applying a target comprising an alloy of NizAl. Next, an underlayer comprising
NiFeNbB was formed with a film thickness of 20 nm by applying a target comprising a
permalloy-series alloy consisting of 79 at% Ni (nickel), 12 at% Fe (iron), and 3 at% Nb

(niobium).
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| ayer filnms were exposed to a vacuumat 1.3 x 10-4 Pa, in which the
tenperature was raised to 215C within 14 seconds. The processed | ayer
films were then extracted from the vacuum device. The processes of film
formation for these conponent |ayers, except for the Ru internediate |ayer
and the thermal process perforned using a heater, were executed solely by

the DC magnelLk Othugﬁ%%%bﬁhg gQPQaé‘ ROeqdti90] @ﬁsch&'i{%éssﬁ“&f%q{m iPaf’ Pa.

Next, a I|qU| ricating conprising perfluoro-pol yether was forned

with aatinbspHeRd 6diitemendL. Oa’arﬁflabg’ora([ﬁ'b BRd psiBREMpphei Ok Qal%ef‘ébfﬁ‘ﬂ)nsmg

per pendi cul ar magnetic recording medi umwas eventually fornmed. Conparative
Exanpl e R Exttepturio Neixh e pegoaRsrebadirgdayactoniyising Go Ot Stﬁ)d@aprfatxmtl ive
filmformed without thermal treatnment using a heater follow ng formation
of the pridh efdmhicknessofd0 nyebpenplying aﬁansa@rmnresm@&%mi%@ommsm Has

Banpl o 245 Geopbbath €4t CalypriNa) AL b B2 HRRARY IPGROrOe R medi o
producedely o, b RN ARAEEI AEABE] (Sl B OREESEy | B, PRBLELNG  6TGe e

(signal 440pPRESEN t&@gt&%ﬁ@@m@gﬁay ratio of the reproduced signal were
nmeasured using a read-wite tester. Table 1 shows the coercive force He of

the magnetic recording nedia produced as in Exanple 3 and Conparative
Exanpl e 2, the actual noi se conponent present in the nagnetic recording
medi a at t Henaly, thagratgssdd hayier filmk w3800 sioEEL in 2 heat®ig\thamtben, Thastordde act ual
decay r?te %fi the output  reproduction skfgnal nmeasured at the recording
densi t y [¥fer 38mg were expgspd to a YAGIED fhAeS * %gﬁé\thil@l thedsm@erRf U lRtIm

d d h d bst f
xceod NgoThl 2B Pin 1 ondks ThP Seo e s 3{H5% R ot PG B
confirmggy béblfu%gééwqcé: Thb E)@ocregﬁg o‘{wﬁﬂﬁl ﬂﬁarltfuﬂ{ PRRLES cbRABbndA18ayFRANEEHC

recordi ng medi um produced as In e 3 caused the noi se conponent to
decr eas €ort thermai interndiBaei1ag:r Shiy thatth@:.mdltprw@@s pé SO neANidingBhebftaf wike decay

rate of the output reproduction signal was reduced to a |evel
cor r esperetiuted sdelyg-thh D@megnstnen sputtering method under argon gas pressure of
0.67 Pa. Next, a liquid lubricating layer comprising perflucro-polyether was formed with

a film thickness of 2 nm by a dipping method, before a novel perpendicular magnetic

recording medium was eventually formed.

Comparative Example 2

Except for the process for extracting a carbon-made protective film formed without
thermal treatment using a heater following formation of the protective film, a
perpendicular magnetic recording medium was produced by applying serial processes

identical to those performed in Example 3.

For the samples of the perpendicular magnetic recording media produced via the
above-described serial processes, the coercive force He was measured using a Kerr looper,
and the noise component, S/N (signal-to-noise) ratio and the decay ratio of the
reproduced signal were measured using a read-write tester. Table 1 shows the coercive
force He of the magnetic recording media produced as in Example 3 and Comparative

Example 2, the actual noise component present in the magnetic recording media at the
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rating for the magnetic recordi ng nmedi um produced as in Conparative Exanple
2, thereby proving that the thermal stability has been inproved
significantly. As described above, notw thstanding that the nagnetic

recordi ng nmedi um produced as in Exanple 3 according to the present

I nvention was exposed to short-term |owtenperature thermal treatnent at a
Maxi MIM:e4didd 8bndify of HHOSGFCINER SN ratS and MY At BN ath BEHBAREE! C

recordi ng medi um produced as in Exanple 3 surpassed all conventi onal

magnet i cep@doctiimggnadhesuredit thaspastimeg denby 6B2DkFOhgnet i c
characteristics, read-wite performances, and thermal stability. TABLE 1
The results of conparative eval uations of the magnetic characteristics and

read-write rformances related to Exanple 3 and Conparatjve Exanple 2:
Exanpl e 306'%’9&@5?)@5 pagnetipreceiiing gredpugrqduse s gslisampledi kas noi se

300 kF 7. . SIN ' 300 kECI dB] 11. 10, 1.1 De
Fati o oretred SubdTRe B R e R e St PuA iy i bR v 2 gE 2 The
fourth exammheithelsali§ScohfrRe St REAH @&k@remip%rfoﬂgg% Isfa Bl Um

conprising a non-magnetic substrate, a soft magnetic -I'ining layer
conposeadn®fnedic ré&fdiNg oA Prbuced aSeRExaaiAd 3 cANRAIRE nbilse dorhpIMSERAPOSIi t €,
an under | ayer conposed of a N FeSi conposite, an internediate |ayer solely
conposedegfeagy thezeimpemeinicng S/Mowtidi Hgvisosler cordirpreditbat thealebay mte afithea
liquid lubricating layer, which are serjally ) ]

output reproduction signal was reduced to a level éorresponding to one-third of the

rating for the magnetic recording medium produced as in Comparative Example 2,

thereby proving that the thermal stability has been improved significantly.

As described above, notwithstanding that the magnetic recording medium produced
as in Example 3 according to the present invention was exposed to short-term
low-temperature thermal treatment at a maximum of 215°C for 14 seconds, it was
confirmed that the magnetic recording medium produced as in Example 3 surpassed all
conventional magnetic recording media in all aspects in terms of magnetic

characteristics, read-write performances, and thermal stability.

TABLE 1
The results of comparative evaluations of the magnetic characteristics and read-write

performances related to Example 3 and Comparative Example 2:

Example 3 Comparative Example 2
Coercive force He 496 165
[kA/m]

Medium noise (300 kFCI)

[ Vemo/m0 V] 57.4 68.8

S/IN Rat1Fd§]00 kFCI) 11.37 10.11
Decay ratio of the output

signal (25 kFCI) -1.36 -3.94

[%/decade]

17



| am nat ed on t he above-nenti oned non-nmagneti c substrate, wherein a thernal
treatnent is applied to the above-nentioned | am nated structure inmedi ately
after formation of the above-nentioned protective filmconsisting solely
of carbon C. The above-nenti oned non-magnetic substrate consists of a
chemcally reinforced glass substrate (nodel N- 10 gl ass substrate, a
product mbhtgYdA CORPORATI ON, Tokyo Japan, for exanple) with a snmooth
surface. After a washing process was perforned, the non-magnetic substrate
was pl aced Thrsodehaxapipld widtagtde pependnthrithgmetidsedogdiagtnd¢diet consi sting
of an 87 at% o - 5 at%r - 8 at%\b conposite, an anorphous soft-magnetic

| ini ng lcomerisigrasnet magnefic snbehAtNR spétmp@smett@ hegls lindngracrer eonp@Gedat a Next |

usi ng et consisting of a 60 a 40 at %V conp a TaW seed
| ayer \A&;"tz\‘a]ggﬁ%@pf’%msasﬁ laygpppmpRse Q 3 taéN @%FW?&%S?%PP%@'E%PT]S%‘PH%B oy
(all oy) in 2 at 2. at % at ¥§i 0Si t an

under | aygfglf@%‘n%i St pOSI dfanaln@ﬁéeglgte 3 SOSPT Pfey Cc’msp Fe o‘f?rfe% r?ma§&&%cm Furt her,

using anedingnefir, a%?otb&lv%rfﬂﬁp'aﬁﬁ% AN E Tuti R a8inY 19}%%11&11%% Rbiyygs for ned

to 10 nmin an atnosphere with argon gas pressure of 4.0 Pa. Further, using

a targeimooited o5 tingalvendmiohed @dnah W tic sﬂtﬁstﬂﬁt@f@‘vhere?r@a&h@ﬂa)l - 10 nol %
(Si2) conposite, a magnetic recording |ayer consisting of a CoCrPt - 5102

conposi treafment fsopplidd totl® ahvve Neentioned lnginatehstbariuteangeediatelpafierct i ve
fllmcon5|st|ng soI ely of carbon was fornmed to 10 nm In the | ast

pr oduct ifgnaifagd, the ﬁbowwtlmﬁlmrewéw ahn sapsdetingsalelz ofiparboR € pl aced

i nside a heating chanber and heated to 243C within 14 seconds in a vacuum
of 1.3 x 10-4 Pa, before being extracted fromthe vacuumunit. Except for

the for mtT&%&@e%tioﬂE&h&%ﬂi EFE kb t?epc% Sb¥siGRIIPL b ?ér?%g R r&RerEDE

t hermal treatnment process or t ormati on o ove conposite

filnms Wwldsgabstire (@lodel)- 1@ diss SubGiatd, Qbroditt bEHIOWA w@tﬂmmrmcm Tokyo
at nrosphere with argon gas pressure of 0.67 Pa. 18 Next, a |iquefi ed

| ubr i catfiapgn,| fay examplepwibd ahogh sitface. a’qftﬂrwhﬂnng\@mcés:srmmmrﬁarmadmhew aa
di ppi ng process to conplete the perpendicul ar magnetic recordi ng nmedi um
accor di AgnimpagnesicHubsiapte wanrlaesdonsidesmpatteringdlemeangndetien, using a target

consisting of an 87 at%Co - 5 at%Zr — 8 at%Nb composite, an amorphous soft-magnetic
lining layer consisting of a CoZrNb composite was formed to 200 nm. Next, using a
target consisting of a 60 at%Ta — 40 at%W composite, a TaW seed layer was formed to 3
nm. Then, using a target consisting of permalloy (alloy) comprising an 82 at%Ni — 12
at%Fe — 6 at%Si composite, an underlayer consisting of a NiFeSi composite was formed
to 11 nm. Further, using an Ru target, an intermediate layer solely comprising Ru was
formed to 10 nm in an atmosphere with argon gas pressure of 4.0 Pa. Further, using a
target comprising a 90 mol% (64 at%Co — 16 at%Cr — 20 at%Pt) — 10 mol% (SiOz)
composite, a magnetic recording layer consisting of a CoCrPt — SiOz composite was
formed to 9 nm. Next, using a carbon target, a protective film consisting solely of carbon
was formed to 10 nm. In the last production stage, the above-mentioned laminated
structure was placed inside a heating chamber and heated to 243°C within 14 seconds in
a vacuum of 1.3 x 104 Pa, before being extracted from the vacuum unit. Except for the
formation of the intermediate film solely comprising Ru and the thermal treatment, all
processes for the formation of the above composite films were carried out by a DC

magnetron sputtering method in an atmosphere with argon gas pressure of 0.67 Pa.
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The perpendi cul ar magneti c recordi ng nmedi um of Conparative Exanple 3 was
produced by the sanme steps as for precedi ng Exanple 4, except that no
thermal treatnment was enployed in the vacuumunit inmediately after
formati on of the carbon-based protective film For the sanples of the
per pendi cul ar magnetic recordi ng medi a produced via the above-described

serial N&EeSEESeficdNEh AR m&erfc%pp%s&@o%ﬂﬁ&%?g?@ﬂeyﬁﬁag@oﬁnela%rz aRoper,

and the noi se conponent, SI'N (signal-to-noise) io and the decay ratio of
t he repinddiginspoiceds toes@pleeashy g pensdibalad nisgadtivrdcbelih@fledium These
measur enent processes were perfornmed through the use of a Single Pole
Type/ GVRe¢rsdagde the giesknt ingewifian.ng speed of 5400 rpm Table 2 shows the
coercive force He, noise conponent and SIN ratio nmeasured at 370 kFCl, and
the decay ratio of the reproduced signal neasured at 30 kKFCl, for the

medi a of~ t he ve Exanpl e 4 and Conparative Exanple 3. Unlike in the case
of Conpgroglf}?a\ygﬁﬁgﬁ%?g@ according to the result obtained in Exanple 4,

€ is undersicqodolhatubbm YAl el i nE RS bY G BLGE B AARIPS YA T Oved

significantly ‘as a result of the thermal treatnent conduct iately

after foredice@by thé sdhe sepk Beforiasadifg BkegbleVe ekédpbthdthhd tefmabf the
read-wite performance, unlike in the case of Conparative Exanple 3, the

resul t s tfeadmenhwasgmplayedm tie Beanpl enit inhediedely diter farhmtivoidéheonponent  of
the recording nmedia and the decay ratio of the reproduced signal were

si gni fi €arhorjpaged peatedvedin-neariy one half in terns of the decrease in the
decay ratio of the reproduced signal), and also showed that the SINratio
was i nmproved by +0.8 dB. These results indicate that both the recording

density anded. Qﬁe E&lﬁf)@lof ﬁ{eaﬁgrbéﬁ&icﬂgr arélﬁﬁér’ircg g%%éﬂié{}% mgﬁ{yeé@%d%g @ﬂ@‘n ced

t hrough the thermal "treatnent execute ormation of the
car bon- baseddqcabet bdri prbdeBies1the kdBlkeXoRRTW Was MeaSl QAP REA oYfer,

eval uations of the magnetic characteristics and read-wite performance

bet ween aBdahpheisd camgor@onpStaisigna!-Exacipéeradio andahpldecdGanipaf elid ve Exanpl e 3
reproduced signal were measured using a read-write tester. These measurement
processes were performed through the use of a Single Pole Type/GMR head at a disk
revolving speed of 5400 rpm. Table 2 shows the coercive force He, noise component and

S/N ratio measured at 370 kFCI, and the decay ratio of the reproduced signal measured

at 30 kFCI, for the media of the above Example 4 and Comparative Example 3.

Unlike in the case of Comparative Example 3, according to the result obtained in
Example 4, it is understood that the value of the coercive force He has been improved
significantly as a result of the thermal treatment conducted immediately after formation
of the carbon-based protective film. In terms of the read-write performance, unlike in the
case of Comparative Example 3, the results from the execution of Example 4 showed that
the noise component of the recording media and the decay ratio of the reproduced signal
were significantly decreased (by nearly one half in terms of the decrease in the decay
ratio of the reproduced signal), and also showed that the S/N ratio was improved by +0.8
dB. These results indicate that both the recording density and the thermal stability of
the recording medium were enhanced through the thermal treatment executed

immediately after formation of the carbon-based protective film.
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Coercive force He NA/ n} 566486 Medi um noi se (370 kFCl) [ Vrns/ nmvpp] 28. 329.0
SIN Ratio (370 kFCl) [dB] 17.9117.09 Decay ratio of the output signal (30
KFCl)-1.15-2. 18 [ % decade] Advant ageous Effect of the Invention As

descri bed above in detail, in the novel perpendicular nmagnetic recording
medi um and the nethod of manufacturing this nmedium according to the
present piaApembi on, when constituting a granular nmediumrequiring the
provi sion of layer filnms not provided with pre-heating process, by

execut i Mpsalts hont tHeaomplahetivepdvaluaedhsentheahagndtil chbiacdrystlcownd treaperat ur e,
specifically a maxi num of 250C for no | onger than 60 seconds, under a
vacuum [perfhemantedet@edn Brample 4 el Somperativedixamyde Bor mat i on of a magnet i c
recording |ayer and before the formation of a protective film or after
the forlmation of the protectijve TIl @xgnd bgfore theciarmation. of | a I qui d
| ubri cattngtayers—it—has—becgre—poSst cive
force af theCrecsredrrrg Bedi um| furt her %I' r the hoise compgpent of the
recordilng nmedi unikAdmdl further |enhance SIN ratio, thereby fur her i npraovi ng
magneti|c mﬁglr{bgsectgagkgm) Fyrther, the above arrpngenent has nmade it
possi blle to i v {( ? therngl stabilid83of the npgnetic r2e6rdi ng | ayer,
further c..han\,. H— e reH-abHH-ty—oef the maghetierrecordi-ng—redi-tim—2(
CLAINB |1. ASRERnGe (30 RGN act|ur i ng a pependicul af magnet i ecor di ng
medi um|{conpri si ng[dR}eri al stegs of forﬁ1 r?g a soft pmgnetic lga -lining

ayer 4N &0 RRORRH: GuTsESL ot &
signal (30 kFCD -1.15 -2.18
[%/decade]

Advantageous Effect of the Invention

As described above in detail, in the novel perpendicular magnetic recording medium and
the method of manufacturing this medium according to the present invention, when
constituting a granular medium requiring the provision of layer films not provided with
pre-heating process, by executing a short-term thermal treatment at a relatively low
temperature, specifically a maximum of 250°C for no longer than 60 seconds, under a
vacuum higher than 0.1 Pa, at the stage after the formation of a magnetic recording
layer and before the formation of a protective film, or after the formation of the
protective film and before the formation of a liquid lubricating layer, it has become
possible to further increase the coercive force of the recording medium, further lower the
noise component of the recording medium, and further enhance S/N ratio, thereby
further improving magnetic recording density. Further, the above arrangement has
made it possible to improve the thermal stability of the magnetic recording layer, further

enhancing the reliability of the magnetic recording medium.
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formng an internediate | ayer conprising Ru (ruthenium or Ru-based all oy
on said soft magnetic back-lining |ayer; form ng a magnetic recording
| ayer incorporating a granular structure on said internediate |ayer,
wherein said granular structure is fornmed by the dispersion of magnetic
grains in a matrix of non-nmagnetic oxide or non-magnetic nitride; formng a
protectipfeafhidg m on said magnetic recording layer; and formng a liquid
| ubricating l'ayer on said protective film wherein further conprising a
step of executing a thermal treatnent in an atnosphere ranging in
tenperature from 200C to 250C for no | onger than 60 seconds under a vacuum
hi gher tlham thethddofahamufsttagmelefarpendibdaf oraghagc sdcoshngl mpdote edmprsihgl m
and after the form ng of said magnetic recording |ayer or at a stage
bef ore erEak¥epi oy of said liquid lubricating |layer and after the formng
of said praotective film 2. A nmethod, of manufacturing a, perpendicul ar
magnet i c. r dCHPIRE fySAbRRERS RIS KATHRE 1T O AP ThegiERSPROSERY ¢ her ol
treatnent i Xecut . : t g ' 5.,
seconds. 3. DB Gttt S tb AR G RTG: RETRAN ARG bt
medi um @gﬁgﬁ@&ﬂgﬁcbta@k@nﬁigg[h}e@r 2, wherein further conprising serial steps
of. formng a seed |ayer by applying a material selected fromany type
among Ta (foaningl amihgnetic Kezordigiagien incdipaAdtingd drabaldes eakbtatd @ysaid sai d
soft magnetic back-lining layer; and formng said internediate |ayer after
execut i natesmediage et aylareingapd epoml aycdvectulis dormedrst the dlisrferstamaf act uri ng
a perpendi cul ar magnetic recordi ng nmedi um according to any of Clains 1 -
3, wher SIFRHFERENS (B APPSR noBragnedicoxtde o nopgpagnegic triider | ayer
conpri sing mat erial nade from soft netic..permal.l oy on said soft
magnet i ¢ AR TER HG Ta) 6P BT L Bog e Ra o SBF 1R o i ng sai d
y 25 Z:Fgg‘es'_ff@nhﬁ&eili&fiﬁ%bxti@h%in%xlﬁféildrP&i@Bro%@étﬂ/eFﬁlﬁﬁesS for formng said
wherein further comprising a step of executing a thermal treatment in an atmosphere

ranging in temperature from 200°C to 250°C for no longer than 60 seconds under a
vacuum higher than 0.1 Pa at a stage before the forming of said protective film and after
the forming of said magnetic recording layer or at a stage before the forming of said

liquid lubricating layer and after the forming of said protective film.

2. A method of manufacturing a perpendicular magnetic recording medium according
to Claim 1, wherein said thermal treatment is executed for a duration ranging from one

second to 15 seconds.

3. A method of manufacturing a perpendicular magnetic recording medium according
to Claim 1 or 2, wherein further comprising serial steps of:

forming a seed layer by applying a material selected from any type among Ta
(tantalum), Zr (zirconium), NizAl, and Ta based alloy on said soft magnetic back-lining
layer; and

forming said intermediate layer after executing said seed-layer forming process.
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5. A nethod of manufacturing a perpendicul ar magnetic recordi ng medi um

accordi ng

alloy is added to any naterial selected fromanong G (chromum, M
(rmol ybdenum), and W (tungsten), by 1 at%to 60 at% 6. A perpendicul ar
magneti c recordi ng nmedi um manuf actured by applying a nmethod of

of

. : iC ' ' ' ccor di to an
n’anufc]a;}tdlul’ Ix{j%_e%@dd oj%r%r?uefgc hgllrjllg%rper}%gr{]delgllﬂgr {n%%gét% Tedor 1%—;,l medun accorcﬂgg y

183

to any of Claims 1 - 3, wherein further comprising serial steps of:

forming an underlayer comprising a material made from soft magnetic permalloy on
said soft magnetic back-lining layer or on said seed layer; and

forming said intermediate layer after the execution of said process for forming said

underlayer;

5. A method of manufacturing a perpendicular magnetic recording medium according
to Claim 3, wherein a Ta (tantalum) component of said Ta based alloy is added to any
material selected from among Cr (chromium), Mo (molybdenum), and W (tungsten), by 1

at% to 60 at%.

6. A perpendicular magnetic recording medium manufactured by applying a method of

manufacturing said perpendicular magnetic recording medium according to any of

Claims 1 - 5.
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to daim3, wherein a Ta (tantalum conponent of said Ta based



