Method for producing multilayer film perpendicular magnetic recording

medium Field of the Invention The present invention relates to a method

for producing a perpendicular magnetic recording medium used for a

magnetic recording apparatus. In particular, the present invention relates

to a perpendicular magnetic recording medium that has a high recording

density, a superior read-write characteristic, that is written to easily, and

that has a high thermal stability. Prior Art Recently, a magnetic recording
Metlprhrigus preadngiatager cipeeity bl o ependiaiternasdgnatigespeerding
me@Biamemory device used for a personal computer or a workstation. In

order to realize this, a magnetic recording medium has been required to

have a further higher recording density. One of the magnetic recording
Fieldeathiobs Impeasent use is the in-plane magnetic recording method (or a

longitudinal magnetic recording method) by which an easy magnetization
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chatiEkBRgEiYY- haerGlity el 15 dlsodegured 1o beinerepsed, Thith &hermal
staBHigPt has been made to reduce the film thickness of a magnetic film to

control the grain diameter of magnetic crystals. However, the in-plane

magnetic recording method has a demerit in that a demagnetizing field is
Prig}%&%sed in accordance with the shortening of a bit length to cause the

reduction of the residual flux density, thus reducing the reproduction
ReQAY The i-plane magnelc recording method lse has.a problemdus
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In e3esviempreneharenording MmpmidiZatidhcasds i en spprtietitniqsording
methodiddditotsg paxpbhdicalnce the product of the residual magnetization
(Br) of a magnetic film of a magnetic recording medium and a magnetic
layer thickness (t). Coercivity (He) is also required to be increased. Thus, an
attempt has been made to reduce the film thickness of a magnetic film to
control the grain diameter of magnetic crystals. However, the in-plane
magnetic recording method has a demerit in that a demagnetizing field is
increased in accordance with the shortening of a bit length to cause the
reduction of the residual flux density, thus reducing the reproduction
output. The in-plane magnetic recording method also has a problem due to
thermal stability, brought about by the smaller magnetic crystal grains or
thinner film. Therefore, it is presumed that it is technically difficult to use
this method to provide a magnetic recording medium having a further
higher density.

On the other hand, a perpendicular magnetic recording method has been
examined as a means for solving the above-described problems and for
improving the areal recording density. In the perpendicular magnetic
recording method, a magnetic recording medium is provided such that the
easy magnetization axis of a magnetic film is provided to be perpendicular
to a substrate face and neighboring magnetizations in a magnetization
transition region are not opposed to each other. Thus, even when a bit



to a substrate face and neighboring magnetizations in a magnetization

transition region are not opposed to each other. Thus, even when a bit 1

length is reduced, the magnetization is stable and the reduction in

magnetic flux as in the in-plane magnetic recording is small. Therefore,

this medium is appropriate as a high density magnetic recording medium.

As described above, the perpendicular magnetic recording medium is
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a protection layer. As a perpendicular magnetic layer, many erpendlcular
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incdRRGASHSCOHSIR QEBNSCoPtCrO, CoPtCr-SiOy) (see Japanese Patent Laid-
Open Publication No. 2003-178413 for example). When a perpendicular
magnetic layer includes oxide, a non-magnetic substance (oxide) is
segregated at the magnetic crystal grain boundary to provide a superior
perpendicular magnetic recording medium that has a small magnetic
crystal grain diameter and that has a small magnetic exchange interaction
among magnetic crystal grains.
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Co/Pt or Co/Pd in particular has been actively researched as a future high
recording density medium because it has a high perpendicular magnetic
anisotropy constant (Ku) and thus has a high thermal stability, a high
coercivity, a squareness ratio 1.0 is easily obtainable (see Japanese Patent
Application No. 2003-206091 for example). On the other hand, a magnetic
recording head for writing information to a magnetic recording medium has
limitation on the magnetic field that may be generated due to the writing
process and thus has difficulty in the writing when the magnetic recording
medium has a high anisotropic magnetic field (Hk). For a conventional



Co/Pt or Co/Pd in particular has been actively researched as a future high
recording density medium because it has a high perpendicular magnetic
anisotropy constant (Ku) and thus has a high thermal stability, a high
coercivity, a squareness ratio 1.0 is easily obtainable (see Japanese
Patent Application No. 2003-206091 for example). On the other hand, a
magnetic recording head for writing information to a magnetic recording
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thiRewWiing Rraceradnehibysias JEtRURe indRe Wabngwher Bfse of writing
by MagR&din eaerdingy medium has a high anisotropic magnetic field (Hk).
For a conventional 2 magnetic recording medium, the increase in Ku
causes the increase in Hk, thus making it difficult to provide both thermal
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by the Invention The present invention has been made in view of the
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medium, characterized in comprising: an underlayer formation step for
formlng on a non-magnetic substrate a non-magnetic underlayer having a
G’f?é}@a n%‘P é)%é % l(*,]r%/’é’tal structure; and a magnetic layer formation
step for providing a alternately laminated multilayer of a Co layer as a first
mﬁgﬁetm reluesndbereagenve 2P dtageibed aberondimarrstatajeyention
prajitdetly abavetivedurideriayed wohegein tietpoedisydais fomgod igthrgcording
medepositichasteteqzaidtoior wepttand. 7Znm/sedonth yene fondeatager step for
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hesegondlnehghetia thyersiy prefesablytaddecindha ShaxletiMdager formation
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madgrythighgieinam tinalBahsyeguat ta Ardolwgeihas H0m@dnd magnetic layer
directly above the underlayer, wherein the underlayer is formed with a
deposition rate equal to or lower than 0.7nm/second.

The underlayer formation step is preferably a sputter method.

At least one of the first and second magnetic layers is preferably added with
Si oxide. More preferably, SiO2 is used. Si oxide is preferably added in an
amount equal to or higher than 1mol% and equal to or lower than 10mol%.

The underlayer preferably consists of Ru.

Utilizing the structure as described above, the improvement of the thermal
stability of a recorded magnetization and easy writing by a recording head
can be both provided. The reason will be described hereinafter.

In order to improve the thermal stability of the magnetization recorded in a
perpendicular magnetic recording medium, a perpendicular magnetic
anisotropy constant (Ku) is desirably higher. Specifically, when assuming
that the volume of a magnetic grain is V, the magnetization recorded in the



The underlayer preferably consists of Ru. Utilizing the structure as
described above, the improvement of the thermal stability of a recorded
magnetization and easy writing by a recording head can be both
provided. The reason will be described hereinafter. In order to improve the
thermal stability of the magnetization recorded in a perpendicular
magnetic recording medium, a perpendicular magnetic anisotropy
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improve the thermal stability of a recorded magnetization, Ku must be
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deposition rate of an underlayer provided immediately beneath the
magnetic layer, thereby realizing a magnetic recording medium having a

high Kug/Ku; ratio.

It is preferable to further provide between the underlayer formation step
and the magnetic layer formation step a step for subjecting the surface of
the underlayer to Ar gas being mixed with oxygen of a mass/flow rate ratio
of 1% to 10% and having a gas pressure of 0.1 to 10Pa for 1 to 10 seconds.
By providing this step, the surface of the underlayer of a hexagonal close-
packed crystal structure (hcp) can absorb oxygen and the slope of a
magnetization curve in the vicinity of Hc can be made to be gentle so that
the magnetic interaction among grains of the perpendicular magnetic layer
can be reduced, thus achieving the objective of the present invention more
effectively.

It is also preferable that, in order to provide the crystals of the underlayer
having C axis orientation perpendicular to the substrate face, the non-
magnetic substrate and the underlayer further have therebetween an



and the magnetic layer formation step a step for subjecting the surface of

the underlayer to Ar gas being mixed with oxygen of a mass/flow rate ratio

of 1% to 1.0% and having a gas pressure of 0.1 to I0Pa for 1 to 10

seconds. By providing this step, the surface of the underlayer of a

hexagonal close- packed crystal structure (hcp) can absorb oxygen and

the slope of a magnetization curve in the vicinity of He can be made to be
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magnetic layer can be reduced, thus achieving the objective of the
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control layer further have therebetween a soft magnetic backing layer.

Brjef Description of the Drawings Fig. 1 is a schematic view for explaining
B”&# %ﬁﬁﬁﬁﬁ’é@f’tﬁf@lﬁf&@@’m%ﬁe perpendicular magnetic recording

_ medium according to the present_ invention. Fig. 2 shows the M-H curve of
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embodiment of the present invention will be described with reference to
Fighe2drehangs. tibig). Midda sultenatic thew perpsprhicitgrans@nepianyrecording
megrantureid ogdementiitular magnetic recording medium using the

production method of the present invention. In Fig. 1, the non-magnetic
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Best Mode for Carrying out the Invention

Hereinafter, an embodiment of the present invention will be described with
reference to the drawings.

Fig. 1 is a schematic view for explaining an exemplary structure of a
perpendicular magnetic recording medium using the production method of
the present invention. In Fig. 1, the non-magnetic substrate 1 has thereon a
lamination structure of a soft magnetic backing layer 2, orientation control
layer 3, underlayer 4, magnetic layer 5, and protection layer 6 that are
provided in this order. The protection layer 6 has thereon a lubricant layer
7. The orientation control layer 3 1s provided by the first orientation control
layer 31 and the second orientation control layer 32. The magnetic layer 5
has a structure in which the first magnetic layer 51 and the second
magnetic layer 52 are alternately layered to provide a multilayer
lamination.

The part from the soft magnetic backing layer 2 to the protection layer 6 is
provided by a film formation method such as a sputter method (e.g., DC
magnetron sputtering, RF magnetron sputtering), vapor deposition, CVD, or



layer 3, underlayer 4, magnetic layer 5, and protection layer 6 that are

provided in this order. The protection layer 6 has thereon a lubricant layer

7. The orientation control layer 3 is provided by the first orientation control

layer 31 and the second orientation control layer 32. The magnetic layer 5

has a structure in which the first magnetic layer 51 and the second

magnetic layer 52 are alternately layered to provide a multilayer
pldBMNaIAL. e AV aay e salyegRAs RREKIBY @eirdh® HBn formation
meRHIESIRDIRYE 9P INEORE BY: SufiFB faIraatighy TRENOE:pldehi 88 Bayers, but
arSPYERRTANAA KR Bte PG r MRARRFAR W RUIC IBPp RIA MAGAGHAD a continuous
il ARSI nVARRL LaRosioR, SYDPR A fRiAling.(Hig respective layers

may be provided by different film formation methods depending on the
Th@ﬂ%&%’h&%’é&ﬂr&qé% iQ‘?J RECHIEJBNRIE u e AR LIRIELARM SHRGRMa 1 s
prJGi’Hég’f %V&B?' Bd@ %%EPO DHNYeHS %'mIREPE'l Qg” d&’fé@glt%?am
q58me rma |o met aﬁo g{ |s a laye Prti)

Under the m§gner%|c ?ayerqsl%ngg fovided in order avora‘é?y control

leﬂ cr stal chlentayonéfs ﬁral afneter ar%g et ?r] b?%ndgg%y having a

he)?%%oer} picdu %Yr?g”a% ey oI O e the
o %ﬁ% 8 Ao 8‘)‘?& Ao Ll ok g %jace
eb@ ‘érb‘é atWélgu Ifaétewﬁﬁlélf rABf st aI Hratitt
@ﬂlgtr Sk |ﬁ81 oF; HsTeqf- o pArtien! 1&18 Thesid) heridy 18 R

e‘i?é’rﬁ%tﬂ%r aréfe%al}na%éﬁamgmo HEORRR fskede nﬁ%ll‘r}é? gﬂ?@gnetw

gwdsay de&kﬁwhoﬁfrﬁégn&r@tgFaﬁg@@ﬁméay@rerﬁé whash firstll be

ﬁétkat@y Rotl (hrier aree iestiome dlistenbang thesarprevepkiensation

of drstifnly he erpdnaedpmsntioh the Coomdereilferidrlssatns tehe first
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methods for the underlayer 4 include: a sputter method (e.g., DC
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than 0.7nm/second, a preferable underlayer can be formed to increase
Bykrowidihe pharonepedayen Fa¥éhentkuzisdeclepsed, K thaiaagneticower
thdayerrean/ e dndiniaiiedta b gl viiipdediaing EfoddreyidecbotRe Kus of
thdh8HBabtic layer 5. When Kus is increased, Ku of the magnetic layer can
be maintained to be high while reducing Hk to provide both thermal
stability of the magnetic recording medium and an easy writing by a
recording head. Although a lower deposition rate of the underlayer can
provide the effect by the increase of Kuz more effectively, the deposition rate
is preferably equal to or higher than 0.3 nm/second from the viewpoint of
productivity.

The film thickness of the underlayer 4 is not particularly limited. However,
from the viewpoints of improvement in the read-write resolution and
productivity, a minimal film thickness required for controlling the crystal
structure of the first magnetic layer 51 is preferable, this film thickness
preferably being equal to or higher than 3 nm and equal to or lower than 20
nm. This range will enable sufficient crystal growth in the underlayer 4.

When the surface of the underlayer 4 is subjected to an oxygen adsorption
processing to subsequently form the magnetic layer 5, the magnetic
characteristic of the magnetic layer 5 can be further increased. Specifically,



stability of the magnetic recording medium and an easy writing by a

recording head. Although a lower deposition rate of the underlayer can

provide the effect by the increase of Kuz more effectively, the deposition

rate is preferably equal to or higher than 0.3 nm/second from the

viewpoint of productivity. The film thickness of the underlayer 4 is not

particularly limited. However, from the viewpoints of improvement in the
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magnetic grains is reduced. The non-magnetic substrate 1 can be made of
Tharsplfitatioygreniid dachitng INRpRtisga glassr rehabreetgissildy formed in
ordeystatlinengllabs ondigaéike WhicHrene aiseddorinbeadiwsadeti magnetic
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usdAREIRRSHESa RULDIFNYE @Rt Rinagnetic conversion characteristic. The
optimal film thickness of the soft magnetic backing layer 2 depends on the
structure and characteristics of the magnetic recording head. However,
when the soft magnetic backing layer 2 is subjected to a continuous film
formation with other layers, the film thickness of the soft magnetic backing
layer 2 i1s preferably equal to or higher than 10 nm and equal to or lower
than 500 nm, in consideration of productivity. The film thickness of the soft
magnetic backing layer 2 also can be increased to a few pnm when a plating
method or the like is used prior to the film formation of other layers to
previously form the soft magnetic backing layer 2 on a non-magnetic
substrate.

The orientation control layer 3 is a layer that is preferably formed in order
to control the crystal orientation, crystal grain diameter or the like of the
underlayer 4 and is more preferably formed by a plurality of layers. This
orientation control layer may also be omitted.

The orientation control layer 3 can be provided by a non-magnetic material



omitted. The soft magnetic backing layer can be provided by a crystalline
NiFe alloy, SENDUST (FeSiAl) alloy, CoFe alloy or the like, FeTaC,
CoTaZr, CoFeNi, CoNiP or the like having a microcrystalline
characteristic, for example. However, an amorphous Co alloy (e.qg.,
CoNbZr, CoTaZr) can be used to provide an improved electromagnetic
conversion characteristic. The optimal film thickness of the soft magnetic
or backifty layenatilepandsron thw lstiuahice it ehagactdisbieslofipelayer 2 is
formadnetid ¢ecbisling herdidhovenesl Wwhen thecsoll sudgnetghackintlayes] is
mo?ds géfeatpltoasdntinmous flnfu fertiatiogswithitherdaygts, Hagtfilagnetic
badhigknesseef the soft magnetic backing layer 2 is preferably equal to or
higher than 10 nm and equal to or lower than 500 nm, in consideration of
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allaynesigrr soided uridrtihbadodisistenky fie #Qsfanlatticdsard dofdfeidn fand the
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at RO ¢carvbapovidestin the ddist%ioabel the remainder Ni, which is a range
showing a soft magnetic characteristic by which the best read-write
characteristic is provided. NiFeCr having the above composition is non-
magnetic but NiFeNbB and NiFeSi are soft magnetic and an effect for
improving the recording status by increasing the thickness of the soft
magnetic film can be simultaneously provided, which is further preferable.

When the second orientation control layer 32 has a film thickness equal to
or lower than 5 nm, the crystal orientation of the underlayer 4 cannot be
controlled and a film thickness exceeding 30 nm causes an excessively high
He, which prevents a currently-available head from providing saturation
recording, causing an inconvenience in the recording.

Furthermore, when an alloy having Ni as a main element is used for the
second orientation control layer 32, the first orientation control layer 31 is
preferably further provided. In this case, a layer consisting of Ta is
particularly preferable as the first orientation control layer 31 so that the
first orientation control layer 31 can cooperate with the second orientation
control layer 32 having Ni as a main element, which preferably controls the



perpendicular to the substrate face and the crystal orientation of the

perpendicular magnetic layer above the underlayer can be provided in the

axis c to be perpendicular to the substrate face. The composition of

NiFeCr alloy is provided such that Fe is 10 to 20at%, Cr is 20 to 30at%,

and the remainder is Ni in a range which enables the best read-write

characteristic. The composition of NiFeNbB alloy comprises Fe at 10 to
cry20al%iriNbrare ¢d thealtd & Riy2 foltnatdm aof theuernamnd¥hbih vHichddayer
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the NiFe layer has a deteriorated crystal orientation thus the crystal
Therteastivwbitiibanteldyarcs bammnabencbhmonedoifhen the/fcihussd for
thdswreatet tHay & rim s thieadistansebawveed dheomapartit tayembagnd thelayer
sudoftamagnetichacKilngy, layter Zpimcreasedrawhiotnaidy deteriomtes, thend the
intradaewniter ghatactenstitrbhie hthenafsavetieasonbethedd tayereaddhea high
Kufir§theripntatier ednirddiages 13dxpdeferablyt hasradfiln shickme§% dfalée and Pt
layenror Whjléather Nird (rdalyste r NireddbBtiayeinr NibeSnaeilagdheéamination
filiBeceng dliettatidmeantrel Iiyer $Be medium and to improve the read-write
characteristic. Specifically, the addition of Si oxide allows the grain
boundary of the ferromagnetic crystal grains constituting the respective
layers of Co layer, Pt layer, and Pd layer to have the segregation of non-
magnetic Si oxide, thus causing the respective ferromagnetic crystal grains
to be minute and isolated, and reducing the interaction among the crystal
grains. By doing this, He can be increased as compared to a magnetic layer
such as Co/Pt that is not added with Si oxide to provide a higher recording
density. In the following section, when the addition of Si oxide to Co layer,
Pt layer, and Pd layer is specifically described, the addition will be described
as Co-SiOg2 layer, Co-SiOx layer, Pt-SiOx layer, and Pd-SiOx layer, for
example.

The composition of Si oxide added to the magnetic layer 5 has SiOy (0<x=2)
but preferably is Si0g. The addition amount of Si oxide preferably is within
the range of 2 to 10mol% in the case of a Co-SiOx layer, 1 to 8mol% in the
case of a Pt-SiOx layer, and 2 to 8mol% in the case of a Pd-SiOx layer. This is



preferably has a film thickness of 5 to 30 nm. This orientation control layer

31 is not always required to have a multilayer structure consisting of a

plurality of layers, and may be an orientation control layer having a single

layer if desired. The magnetic layer 5 is basically provided as a multilayer

lamination film which is obtained by providing the Co layer as the first

magnetic layer 51 and the Pt layer or Pd layer as the second magnetic
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composition of Si oxide added to the magnetic layer 5 has SiOx (0<x=2)
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Embodiment 1

In this embodiment, an example of an effect of the deposition rate of the
underlayer to the ratio of Kus/Ku; will be described.

A perpendicular magnetic recording medium of this embodiment has a
structure shown in Fig. 1 and is provided by laminating the glass substrate
1, the CoZrNb soft magnetic backing layer 2, the Ta first orientation control
layer 31, the NiFeNbB second orientation control layer 32, the Ru
underlayer 4, the magnetic layer 5 consisting of Co-SiO and Pt, the carbon
protection layer 6, and the perfluoropolyether lubricant layer 7 in this order.

The glass substrate has a diameter of 2.5 inches and thickness of 0.635 mm.
The substrate was cleaned well to be subsequently attached to a film
formation apparatus and the following film formation of the respective
layers was performed. In this film formation method, the film layers from
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The respective layers for constituting the magnetic layer 5 can have
various thicknesses, according to the magnetic characteristics desired.
However, for example, the Co layer or the Co-SiOk layer has a film
thickness of 0.2 to 0.8 nm, the Pt layer or Pt-SiO. layer has a film
thickness of 0.05 to 1.2 nm, and the Pd layer or Pd-SiO. layer has a film
thickness of 0.5 to 1.5 nm. Preferably, the Co layer or the Co-SiO, layer
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film thickness of 0.5 to 1 nm. The magnetic Iayer 5 is preferably formed by
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to a mixed gas consisting of Ar and oxygen, at a mass/flow rate ratio of 2%
and gas pressure of 1 Pa for 10 seconds. As a result, the Ru surface absorbs
an appropriate amount of oxygen. This oxygen adsorption allows the slope of
the magnetization curve in the vicinity of Hec to be gentle. This shows that
the magnetic exchange interaction among grains is reduced, thus the
recording characteristic can be improved. Absorption of oxygen by the Ru
surface has an effect as described above.

On the Ru underlayer 4, the magnetic layer 5 is formed by the Co-Si02/Pt
multilayer lamination film. Two types of targets are used in which one
target has a composition of 94mol% Co - 6mol% SiO2 and the other is pure
Pt. Both of the targets are simultaneously subjected to an electric discharge
while being rotated by sputtering to laminate the Co-SiO2z layer and the Pt
layer alternately. Sputtering was performed in Ar gas to form the Co layer
having the film thickness of 0.5 nm and the Pt layer having the film
thickness of 0.28 nm. The film formation was performed for 14 cycles (28
layers) to provide a magnetic layer of about 11 nm thickness. The film
formation is performed at room temperature, and at a gas pressure of 5 Pa.
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First, CoZrNb was formed as the soft magnetic backing layer 2. The used
target was Co57Zr5Nbs (the subindexes hereinafter show atomic %). Ar
gas was used to perform sputtering with the gas pressure of 1 Pa to form
the film having the film thickness of 200 nm. The film formation
temperature was room temperature. CoZrNb has a sufficient soft
magnetic characteristic even in the amorphous status when the film
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Fig. 3 shows the result of evaluating the effect by the Ru deposition rate to
the Kug/Kui ratio when the perpendicular magnetic recording media
prepared by Embodiments 1 and 2 are used.

The procedure as shown below was used to measure Ku, Ku;, and Kua.
Under the conditions in which the magnetization of the magnetic layer is
almost saturated, a torque magnetometer was used to measure the
magnetic torque curves under the applied magnetic field H in a range from
10 kOe to 25 kOe, and the magnetic torque curves to the respective
magnetic fields H were subjected to Fourier analysis. Then, by using the
relation in which the crystal magnetic anisotropic energy E of the magnetic
film is approximated by E=Kuisin20 + Kugsind (0 is an angle given by the
spontaneous magnetization and the easy magnetization axis of the magnetic
film), Ku and Kuz to the respective magnetic fields H were calculated. The

12



having the film thickness of 0.5 nm and the Pt layer having the film
thickness of 0.28 nm. The film formation was performed for 14 cycles (28
layers) to provide a magnetic layer of about 11 nm thickness. The film
formation is performed at room temperature, and at a gas pressure of 5
Pa. 11 Next, the C-N film is formed as the protection layer 6. The target
used is C. Ar gas mixed with nitrogen gas having a mass/flow rate ratio of
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reduvedsivnosflamtadiatih dbmainisfgemeraad ofrttiiswdgriaper was assumed
as pefipesblicitee. Mdgnetica donlitlyenséatitrtime the the/Binshiltiayeds assumed
as lamifidtionfoam ptovidetboth dbbmndie, HRhandiSclanesiowod.. tFg. leposited
undbowgdh esres ult oidevhlbmtito tid rafféotrhy tioe Rinde positianrateltartheralue
waKuabKuhrediawhele theiperpaenadicular magnetic recording media prepared

by Embodiments 1 and 2 are used. The procedure as shown below was
As usediie meastreKFikul3 a0Hdlwsintles e cepditiefminabich, thee higher
theNEENAgRtionted the megnriiciayer ishalmesbaaluratedi@,tofaded to Co. A
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required for the film formation of the underlayer is increased excessively to
cause a problem from the viewpoint of productivity. Thus, in the case of the
film thickness of the underlayer of the present invention, the underlayer is
preferably deposited with a deposition rate equal to or higher than 0.3
nm/second.

Table 1 shows Ku, Kui, Kus, Kuz/Kui;, Hk, Hk (calculation) of the
perpendicular magnetic recording medium of Embodiment 1. The term “Hk
(calculation)” is obtained by calculating the value of Hk when Ku: is
assumed as 0. It indicates the effect of Kus.

Table 1
Ru deposition rate Ku Kuw Kuz KuzKui | Hk | Hk (calculation)
(*108erg/ce) | (*108erg/ce) | (*10%erg/cc) (%) (kOe) kOe)
1 nm/second 5.0 4.5 0.5 11.1 21.9 24.4
0.5 nm/second 5.5 4.8 0.7 14.5 21.1 23.9
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relation in which the crystal magnetic anisotropic energy E of the magnetic
film is approximated by E=Kuisin20 + Ku2sin'10 (0 is an angle given by
the spontaneous magnetization and the easy magnetization axis of the
magnetic film), Ku and Kul to the respective magnetic fields H were
calculated. The 12 calculated Ku and Kul for the respective magnetic
fields H in this manner were plotted by the inverse number of the
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0.5nm/second in particular causes the Ku2/Kui ratio to exceed 10%
regardless of the amount of Si02 added to Co. If the deposition rate is too
Wistowthiee diepesraquiredtforahe fitmufordwetiore ofithd indedégeoisd, SNR was
indrexreaddoy exbessiveiRor baus ecanpratddnidroie theseielpoittpafsition rate of
1.0predustivipdT s 0 Wekaseooé tiveiddn thibknkssqofdheoundailayer ohan 40
dBthéh presentoheirtien cthesungertayestide preferghiydepdsiies Wike avaluation
of @hpositivndiate RyualdoOMugheeiiermbd pavbechad. Hable deghows Kol the
petfeinfiddl UdKeh stk Hkc(alowatingdfithetiperpsvdicidasfagpgiticwhen a
higBaeRding reeskim ofdembedinaptttdhedeMowikidealculRRtIniS density is
asRitainedhy walcuatinatbe yelys ablkmilen K¢ iSnear recording density is
overwritten with a high linear recording density so that the ratio between
the firstly written signal of the low linear recording density and the residual
signal having the low linear recording density after the overwrite is
calculated. With regards to the recording densities used, the low linear
recording density is 53.5 kFCI (12 T) and the high linear recording density
is 642 kFCI (1 T). The OW characteristic in the case where the low linear
recording density is written to the high linear recording density (which is
referred to as OW2) was obtained as in the case of OW1 in which the ratio
between the firstly written signal of the high linear recording density and
the residual signal having the high linear recording density after the
overwrite 1s calculated. With regards to the recording densities used, the
high linear recording density is 321 kFCI (2 T) and the low linear recording

density is 42.8 kFCI (15 T).
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assumed as 0. It indicates the effect of Ku2. Table 1 Ru deposition rate Ku
Kul Ku2 Ku>/Kui Hk Hk (calculation) (*IO6erg/cc) (*10'3erg/cc)
(k106erg/cc) (%) (kOe) (kOe) I nm/second 5.04.50.511.121.924.4 0.5
nm/second 5.5 4.8 0.7 14.5 21.1 23.9 13 When the deposition rate of the
underlayer is 0.5 nm/second, Ku is significantly increased as compared to
a deposition rate of 1 0 nm /second. However, Kul is increased and thus
A(lfl}%ﬁt Alraty, %—Jﬁ (g%alculatlon) calculated on the
assum on that Ku |s g be which makes the saturation
recoydin head dlfflcult but actuaII can be sub tant Iy r duc
A Hecaps %gfg% reast rlt H]'% W gﬁg\% t e E%tt}vaﬁ a)(1e %d/Pt)
structure

r..tgt f*’tgba“d*‘“e %@"“m g%’%t kg e
5 48R

e A L
mag @f&?"é&é%éﬂ%ﬂl&é puATHBA REhohikd eFia By and which
€Ki increased by about 1 dB when compared to the

case of a deposmon rate of 1.0 nm /second. The OW characteristics are

both equal to or higher than 40 dB, thus are of a level causing no

problems in practical use. The evaluation of the OW characteristic was

performed such that, with regards to the perpendicular magnetic

recording medium, the OW characteristic when a high linear recording

density is written to a low linear recording density is assumed as OWI and

a signal written with a low linear recording density is overwritten with a

high linear recording density so that the ratio between the firstly written

signal of the low linear recording density and the residual signal having

the low linear recording density after the overwrite is calculated. With

regards to the recording densities used, the low linear recording density is

53.5 kFCI (12 T) and the high linear recording density is 642 kFCI (1 V.

The OW characteristic in the case where the low linear recording density

is written to the high linear recording density (which is referred to as

OW?2) was obtained as in the case of OW1 in which the ratio
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between the firstly written signal of the high linear recording density and
the residual signal having the high linear recording density after the
overwrite is calculated. With regards to the recording densities used, the
high linear recording density is 321 kFCI (2 T) and the low linear recording
density is 42.8 kKFCI (15 V. 14 Advantageous Effect of the Invention

Cld According to the present invention, a multilayer lamination film (e.g.,
gn?Pt) is used to provide a high Ku, the underlayer has an hcp crystal

1. S”UCt &H &hFOF' %%'d? aBe' %%%' é%l?ﬁ '% than Q) d%e"r%QHlum

ha¥aé{%rlz q‘%g uan can e comp Ie to prOV|
perpe” RS %‘88r F‘?%”r%l Eoﬁ*& 40 bstrate a
noSl "ﬁié‘@ it arpa% i theaﬁ‘éf’ qggf e *”t”
pro 88&’ ?i%ﬂe' %9?8{ 'P 5%:% G %F%%UF a 1nated
i “Sg&@wg S i b St

secdh ek ngtlcerder exagongfl Close- paclfeyc?r asa
crys U4 ﬁ‘nieﬁ lgngﬁﬁsﬁy‘?&f Q%S)Cl? %efglf%r argwd cpe%osmon Tte

glr@]:g r.0 ayer as a first magnetic layer an
eoluafPt layer or (? layer as a se%ond magnetlc layer directly above the
unde Aayer WhCFrF h{e d%rlaxer con Egu 1; f\’l%n aaggdl forrrenced Cflta medium
Osmonaﬁe %QU§ B9 gF R B0 B0 uses o
@perpén icular magne crecor ing medium according to
chara erized in that the underlayer formation step uses a sputter
meth%d Seécr)’aeifh froord)rod cmgprélr(g ?%? lﬁlcular ma glcet Cr(t;:'r(: rd|n edium
aé:cor ng araf.r(igr %nézg OE{ ;g{]ataectsegg éﬂéﬂg t;éllrﬁe ﬁr lsa §:|e first
ma\%/nt%tlgl e|de %ia%r ucl gré perpenggpular magnetic
recor mgﬂ a(‘pgg 'E‘ ocla|m3 %hgdﬁ%terrn glé t&% etrrllg dlum
o rﬁ 10 R m‘f@ﬁf U3ing 2 18t gff LR
hetha In

r af agnetic recor
SpuaE:cror ng o an of C g&g% a%iarac erffz%d in that the Si OXIde is S|02

. 6 A methodii8h PEOAYSING R R RS Rl pREMAGN SHE SRR SRRAY The dium

according to any of claim 3 or 4, characterized in that the Si oxide is SiO,.

6. A method for producing a perpendicular magnetic recording medium
according to any of claims 3 to 5, characterized in that the Si oxide is added in an
amount equal to or higher than 1mol% and equal to or lower than 10mol1%.

7. A method for producing a perpendicular magnetic recording medium
according to any of claims 1 to 6, characterized in that the method further
comprises a step, between the underlayer formation step and the magnetic layer
formation step, for subjecting the surface of the underlayer to Ar gas mixed with
oxygen of the mass/flow rate ratio of 1% to 10% under the gas pressure of 0.1 to 10
Pa for 1 to 10 seconds.

8. A method for producing a perpendicular magnetic recording medium
according to any of claims 1 to 7, characterized in that the non-magnetic substrate
and the underlayer further include therebetween an orientation control layer.

9. A method for producing a perpendicular magnetic recording medium
according to claim 8, characterized in that the orientation control layer is provided
by laminating the first orientation control layer and the second orientation control
layer, the first orientation control layer is a Ta layer, the second orientation control
layer is any of a NiFeNbB layer, a NiFeCr layer, and a NiFeSi layer.
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according to any of claims 3 to 5, characterized in that the Si oxide is
added in an amount equal to or higher than Imol% and equal to or lower
than IOmol%. 7. A method for producing a perpendicular magnetic
recording medium according to any of claims 1 to 6, characterized in that
the method further comprises a step, between the underlayer formation
step and the magnetic layer formation step, for subjecting the surface of

10.the “%%@Mﬁﬁ % JR5dnkGE VX'“Be PRPRE NG %?fé'%é&%ﬁﬁ%“ﬂq@ﬁmm
accanﬁl 18%Hnge inﬁlpﬁesci'r'c{& e lPiHUnRR 42 449 }Qaﬁﬁgﬁ %ﬁb@trate
and M HEDA &&1%‘%9%9{%1""@ LpeRf fa ﬁ@ﬁﬂi&etﬂﬁeﬁ%‘ﬁ%@@&lﬁe‘lw magnetic

bacBHeoIN g to any of claims I to 7, characterlzed In that the non-magneti
substrate and the underlayer further include therebetween an orientation
control layer. 9. A method for producing a perpendicular magnetic
recording medium according to claim 8, characterized in that the
orientation control layer is provided by laminating the first orientation
control layer and the second orientation control layer, the first orientation
control layer is a Ta layer, the second orientation control layer is any of a
NiFeNbB layer, a NiFeCr layer, and a NiFeSi layer. 16 10. A method for
producing a perpendicular magnetic recording medium according to either
claim 8 or 9, characterized in that the non-magnetic substrate and the
orientation control layer further include therebetween a soft magnetic
backing layer. 17
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