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Background Art

Magnetic storage devices (HDDs) which is capable of reading and writing
information have been commonly used in computers. Recently, advantages of such hard
disk drives, including large storage capacity, a relatively low prices, fast data access, and
high reliability of data retention, have broadened their application to various areas, such
as household VCRs, audio appliances, or vehicle-mounted navigation systems. As the
application of hard disk drives diversified, a demand for increased density became
stronger, and recently, efforts to develop higher-density hard disk drives have been
intensified. ‘

At present, magnetic recording media generally mounted in a commercially

available magnetic read/write apparatus are in-plane magnetic recording media. In this
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Even in a perpendicular magnetic recording medium, noise reduction is required
while maintaining thermostability in order to achieve higher recording density. A
common method of noise reduction is reducing the size of magnetic crystal particles. For
example, in the CoCr-based magnetic layer which is widely used at present, the size of
magnetic particles are reduced by adding Ta or B, or by making non-magnetic Cr
segregated at grain boundaries by heating the particles to a suitable temperature.

However, since the size of the magnetic particles has yet to be satisfactorily achieved by
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Disclosure of Invention

The present invention was conceived in view of the above-described background,
and an object thereof is to provide a perpendicular magnetic recording medium which has
magnetic crystal particles with smaller diameters and exhibits an excellent SNR
performance and enables high-density recording without having the deteriorated
crystallinity and orientation of the magnetic crystal particles, and magnetic recorder
employing such a magnetic recording medium.

The first aspect of the present invention is directed to a perpendicular magnetic
recording medium including: a substrate;

at least one underlayer formed above the substrate; and
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In the perpendicular magnetic recording described above, at least one of the at
least one underlayer may be made of non-magnetic crystal particles containing at least
one element selected from the group consisting of Ru, Ti, Rh, Pt, Pd, and Ir as a main
component, and grain boundaries surrounding the non-magnetic crystal particles, and

the grain boundaries may contain an oxide of at least one element selected from
the group consisting of Si, Cr, and Ti.

In the perpendicular magnetic recording medium described above, the grain
boundaries in the at least one underlayer may include an oxide of silicon and at least one

element selected from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba.
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In the method for producmg a perpendicular magnetic recordmg medium

described above, a ratio of total amount of substance of Si, Li, Na, K, Rb, Cs, Ca, Sr, and
Ba in the perpendicular magnetic recording layer may be no less than 1 mol% and no
more than 20 mol%

In the method for producing a perpendicular magnetic recording medium
described above, a ratio of total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba
contained at the grain boundaries in the perpendicular magnetic recording layer may be
no less than 1 mol% and no more than 30 mol%.

In the method for producing a perpendicular magnetic recording medium
described above, the magnetic crystal particles may contain Co as the main component,

and further contains Pt and Cr.
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a magnhg {he métﬁgéj fo‘@”ph}dﬁcing a perpendicular magnetic recording medium
described above, a ratio of total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba
contained at least one of at the grain boundaries in the at least one underlayer may be no
less than 1 mol% and no more than 30 mol%.

A third aspect of the present invention is directed to a magnetic read/write
apparatus including the perpendicular magnetic recording medium described above and a
read/write head.

In the magnetic read/write apparatus described above, the read/write head may
be a single magnetic pole recording head.

The first aspect of the present invention provides a perpendicular magnetic
recording medium including: a substrate; an underlayer formed above substrate; a

perpendicular magnetic recording layer formed above the underlayer, an easy
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boundaries surrounding the magnetic crystal particles. The grain boundaries include
silicon oxide and may include at least one element selected from the group consisting of
Li, Na, K, Rb, Cs, Ca, Sr, and Ba.

In the present invention, as an additive (material to be added) for breaking down
the magnetic crystal particles into minute particles, a composite oxide in which at least
two predetermined component elements are contained so that the melting point or the
glass transition temperature of the composite oxide becomes lower than that of SiOy is

used.

Such a composite oxide can lower bulk modulus or viscosity thereof at



boundari es surroundi ng the magnetic crystal particles.
The grain boundaries include silicon oxide and may
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magnetic layer is between 1 mol% and 20 mol%. This is because the effect of .
remarkably improving the SNR of the read/write performances tends not to be observed if
the amount is less than 1 mol%, whereas the reading output of the read/write
performances tends to decrease if the amount exceeds 20 mol%.

The ratio of the total amount of substance of Li, Na, K, Rb, Cs, Ca, St, and Ba in
the composite oxide is preferably between 1 mol% and 30 mol%. If the amount is less
than 1 mol%, the effect of remarkably improving the SNR of the read/write performances
tends not to be observed. If the amount exceeds 30 mol%, not all of the element can

form a solid solution with SiO,, and the residual element tends to bind to the magnetic

particles, adversely affecting the magnetic properties of the perpendicular magnetic
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The read/write performances of the perpendicular magnetic recording medium
can be further improved by adding an oxide to the above-described underlayer so that
granular structures are formed. Preferable oxides to be added are an oxide of Si, Cr, or Ti.
The read/write performances can be further improved if a composite oxide, i.e., an oxide

in which at least one element selected from the group consisting of Li, Na, K, Rb, Cs, Ca,

Sr, and Ba is added to an oxide of silicon.
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horizontally and to return to the magnetic head. The soft magnetic layer may be
responsible for applying a sharp and sufficient vertical magnetic field to the recording
layer of the magnetic field so that the reading/writing efficiency is improved.

As materials of the soft magnetic layer, CoZrNb, FeSiAl, FeTaC, CoTaC, NiFe,
Fe, FeCoB, FeCoN, or FeTaN may be used.

Furthermore, a bias-imparting layer, such as an in-plane hard magnetic film and
an antiferromagnetic film, for example, may be provided between the soft magnetic layer

and the substrate. Since the soft magnetic layer easily forms magnetic domains and

spiked noise is generated from these magnetic domains, generation of a magnetic domain
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Brief Description of Drawings

FIG. 1 is a cross-sectional view of a first embodiment of a perpendicular
magnetic recording medium according to the present invention;

FIG. 2 is a cross-sectional view of a second embodiment of the perpendicular
magnetic recording medium according to the present invention;

FIG. 3 is a partially exploded view of one example of a magnetic recording
apparatus according to the present invention;

FIG. 4 is a graph which shows the relationship between the amount of additive
and SNRm values of Example 1;
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megxeitiarsvecting mbdinefaetaiig td this embodiment, and in this figure, reference
numeral 10 denotes a perpendicular magnetic recording medium.

The perpendicular magnetic recording medium 10 of this embodiment includes a
multilayered structure in which underlayers and a perpendicular magnetic recording layer
in which easy magnetization axis of the perpendicular magnetic recording layer is
oriented perpendicular to the substrate are stacked above the substrate. More
specifically, as shown in FIG. 1, a soft magnetic layer 12, a second underlayer 13, a first
underlayer 14, a perpendicular magnetic recording layer (perpendicular magnetic layer)
15, and a protective layer 16 are stacked on substrate 11, in this order.

In this embodiment, the perpendicular magnetic recording layer 15 includes
magnetic crystal particles and grain boundaries surrounding the magnetic crystal particles,
and these grain boundaries include an oxide of silicon and at least one element selected
from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba.

The grain boundaries contain a composite oxide containing an element described

above since the magnetic crystal particles are broken into minute particles, and the oxide
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magnetic properties

Preferable materials of magnetic crystal particles in the perpendicular magnetic
layer 15 are alloys containing Co as a main component, and Pt and Cr. More preferably,
CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtNd, or CoCrPtCu, and the like are used. These
alloys have a high crystal anisotropy energy and a high resistance to thermal fluctuation.
In addition, addition of additive elements, such as Ta, Cu, or B, may improve the
magnetic properties of the alloy systems.

The perpendicular magnetic recording layer 15 may have a multilayered

structure including two or more layers, if necessary. If the perpendicular magnetic
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Ni Ta/ Ru, Ni Ta/Rh, N Ta/Pt, N Ta/Pd, N Ta/Ti, N No/Ru,
rebdatiabRimphévidy Bt SNR of the read/write performances tends not to be observed.
If the amount exceeds 20 mol%, the orientation of the perpendicular magnetic recording
layer 15 deteriorates, and the SNR of the read/write performances tends to decrease.

Preferably, the ratio of a total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr

and Ba in the composite oxide in the underlayers 13 and/or 14 is no less than 1 mol% and
no more than 30 mol%. If the amount is less than 1 mol%, the effect of remarkably
improving the SNR of the read/write performances tends not to be observed. If the
amount exceeds 30 mol%, not all of the element can form a solid solution with SiO,, and

the residual element tends to bind to the magnetic particles, adversely affecting the

orientation of the perpendicular magnetic recording layer 15.



Ni No/ Pd, NiNb/Ir, NiNbo/Ti, or the like, which are
stacked fromthe substrate to the top. Furthernore,
wao b@suoswies | ayer 14 may not besprovi ded direct | PCT/JP2004/015007
contacting the perpendicul ar nmagnetic recording | ayer
15. The read/wite performances of the perpendicul ar
magnetic recording nmedium can be further inproved by
addi Ae aoft oepuktictlayer h2 hagrilkigh mpenedicpRrragabilsy, and isprovided
that = granul ar _structures are forped. Referﬁnb £ oxides
bepwrep éhegderdaysy &3 Tglﬁ Seistaie @i whigh Torgys ap-callge, gperpendicular

read/ wite perfo e . r (! WE. .
BB EE ik uff i VRIS B A e PR YRR A i
S 1S (S RARicERN3hild RgerQhedid ft
abﬁ{z@%?&@%@%&a{cqugﬂ@g% Ba i's algded to ang%xi %Ieunai‘th@so
mégnkti€RYer 1Dhalonn mﬂghetib‘ fidldwefr@nl dintdgueticad clading etd) €or example a
under |l ayers 13 and/or 14 is preferabl between 1 nol %
singhepal@magheiic hiedd, tdpasa thyawgh hogizpatgldy retuprsiodhe magnetic head.

effect of, remarkably inpraqving the SNR of the X )
TheesqH maenetic 13w fldmayiedesroatibls S pppipesshgran sicient pertical

bR B4 R0 PP PP g b 20<P1s e
m %ﬁeﬁé HOBR0 BBt ﬂé@gpdﬁﬁg?wﬁm&r Glicith it Bagkoved.t e
r s to e

or mances ten ctease. "'Preferably, the ratio
of a Asghabriaseime seft mapisic dayee1CAzrNbNeeSiAl, FRRC, CoTaC,
Ca, Sr and Ba in the conposite oxide in the
Nilfadiés, Fegel, FeCaNandFelaNImay ke wsed| ess than 1 nol % and
no more than 30 . nmol % | f the arLDunt s Ieis than 1
ol %t UEthermors. ediasgmpaE g lavsh SYch as,9p.iRplang b dnagneliofilm and

t he.read/ w.ite perfornmnc ends. ;N .
oyt b B SRR EP G R bSO gpe b e R Bl tver
12680 thO&uBsitats 01.1 JingOtHdlsbR Eha%hétn: 187947 AN folnhemh@Rti6l Uahains

el enent tends to bind to the nmaghetic particl es]
anddpiked abdiye Bigbrsrhted GrotiBese adgaeticadanteing ferfelrion of a magnetic

per pendi cul ar magnetic recording | ayer 15. WO )
dopgis ik aoois: prevenET/yrpobyinnsyehc fipld te ore dipstae of @radial

T N
L e

have 6 QlaBlkda%trh SRS so tBatiafiisBtk &Py 1§l @dtribatea @ a kgl 86it hnd the formation
magnetic |layer 12. In this perpendi cul ar double |ayer

ofmeapinetiq ddniedn sdhbibiteda gAe materiblapé the tasahipaimgiaygn éiaCaPt,
fields froma rm%neti c recordi ng head, for exarrgj e a
CoCrPtB, CoCrPiTa, CoCrPtTaNd, CoSm, CoPt, CoPtO, CoPtCrO, CoPt-Si0,,

CoCirPt-Si0,, or CoCrPtO-SiO; may be used.

ol ol

As the non-magnetic substrate 11, a glass substrate, an Al-based alloy substrate,
or a Si single crystalline substrate having an oxide film on the surface thereof, ceramics or
plastic may be used. Furthermore, a similar effect may be achieved if the
above-mentioned non-magnetic substrate is plated with, for example, NiP alloy.

The protective layer 16 is provided on the perpendicular magnetic recording
layer 15, and as materials of the protective layer 16, carbon, diamond-like carbon paper

(DLC), SiNy, SiOy, or CNy, for example, may be used.
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A second embodiment of a perpendicular magnetic recording medium according
to the present invention will be explained with reference to the drawings.

FIG. 2 is a cross-sectional view illustrating an example of the perpendicular
magnetic recording medium 20 of this embodiment.

This embodiment is similar to the above-described first embodiment, except that
the underlayer is made of three layers, as shown in FIG. 2.  Like reference numerals

indicate corresponding elements, and the description of similar elements will be omitted.

In this embodiment, the underlayers 13, 13A and 14 are made from three layers
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1h@h@§ﬁmggek$@pal view illustrating an exanple of the
per pendi cul ar magnetic recordi ng nmedium 20 of this
enbodWitkintthe hidusing éirwel disposed b snagnetid siorageomediam 62 employing

above-descri bed first_ enbodi ment, except that_  th
th@ﬁ%re?rrda%ar magngigrecefingppedim 40 desgrib %%,aw@mpmﬁﬂqm@;og& as

Lke ref erence nu ndicate corr
iR © SRSt il e s PR SreBGireAPRERE et hopa o
whigh Wifitdslof Feads &a%@ﬁ s %hma he stHﬂl%D 82, hdead
13A and 14 are romthree yers 034095
acludtd? @3 WHRZH 4 2 h&§eAsion having the magnetic head 64 at one end and movably
supports the magnetic head 64 with respect to the magnetic storage medium 62, a rotary
shaft 66 which rotatably supports the head actuator 65, a voice coil motor 67 which
rotates and positions the actuator 65 via the rotary shaft 66, and a head amplifier circuit
68.
As shown in this example, the perpendicular magnetic recording medium 10
according to various embodiments of the present invention may be used in the magnetic
storage medium 62 of the perpendicular magnetic recording apparatus 60.

As described above, according to the perpendicular magnetic read/write

apparatus of this embodiment, a magnetic read/write apparatus which enables high
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recordi ng pparatus according to the presen

<Exungé 1®n. As shown in FIG 3, a perpendicular magnetic
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toandessateaif @ x1 rRPaBUORLE 6 CobIiaNDe, sofcthagnetelayer mpipetthickness
head 64 which wites or reads magnetic signals on the
ofiddgmet wes dapositages mesdit mragastic layen asidg adiogairdyb: 6Brashianththen a
has suspensj on having the magneti c head 64 at aqne
ing g HskRess 8 PaMas deppsttrgiretecencthandariever ypipga Ta

oBEERREL o Gabl e TP 5101 “85eRA S s Rel Gl o
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the actuator 65 via theé rotary shaft 66, and a head

3Baplifier circuit 68. As shown in this exanple, the
per pendi cul ar magnetic recordi ng nedium 10 accordin

t o vaVexbusmaghstereeerding layerhneing pajeliiess of /S s fmxyleg using

used in th gnet |, st pr lum 62 of the . .
o FETSIEIET £ RGiet Ot 1 EUBrEr T a oo s eupsierial of magnetc
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griet1c read/wite
layer under an argon atmosphere of 0.67 Pa. After forming the layers, perfluoro
polyether (PFPE) lubricant was applied to a thickness of 1.3 nm (13 A) by a dip method
on the surface of the protective layer to obtain each magnetic storage medium. The input
power to each of the targets was 1000 W. In the magnetic recording layer, the mole ratio
of (CoCrPt alloy):(oxide of SiO, + LiyO) was set to (1-x):x, and the mole ratio of
Si0,:Li50 in the oxide was set to (1-y):y, and “x” and “y” were varied in ranges of from 0
to 0.3, and from 0 to 0.4, respectively.
Furthermore, various kinds of magnetic storage media were made using Na,O,

K50, Rb,0, Cs,0, CaO, SrO, or BaO instead of Li,O.

The read/write performances of each magnetic storage media were evaluated
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Si0,+CsyO 19.3 80
Si0y+Ca0 19.9 77
Si0y+SrO 19.7 78
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As shown in Table 1, from the comparison of The SNRm values and dPW50,
favorable SNRm was obtained when Li,O, NayO, K;0, Rb,0O, Cs,0, CaO, SrO, or BaO
was added in addition to SiO, compared to only when SiO, was added.

In FIG. 4, a graph illustrating the relationship between the amount of additive “x”
and SNRm values when SiO; + Li,O (y = 0.05) was used is shown. This graph indicates
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and crystal grain boundaries were clearly observed under TEM, indicating the granular
structure in which magnetic crystal particles are surrounded by grain boundaries.
Furthermore, elemental analysis of grain boundaries using energy dispersive X-ray
analysis (EDX) confirmed the presence of Si and Li at the crystal grain boundaries.

Next, magnetic storage media with SiO, + Li,O having the structures listed in
the following Table 2 were made and were evaluated in a manner similar to the above
example, except that the second underlayer was substituted with Ta, Ni - 40 at% Ta or Ni
- 30 at% Nb, and the first underlayer was substituted with Ru, Rh, Pt, Pd, Ir or Tj,
respectively. |

SNRm values with the amount of additives of x = 0.08 and y = 0.05 are listed in
Table 2 below.
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Table 2 indicates that each of the underlayers is preferable since they provided

excellent SNRm values. A similar trend was observed when each of Na,O, K,0, Rb,0,
Cs,0, Ca0, SrO, or BaO was added instead of Li;O.

Next, magnetic storage media having the structures listed in the following Table

3 were made and evaluated in a manner similar to the above examples, except that a third

underlayer was provided between the second underlayer and the soft magnetic layer, as

the perpendicular magnetic recording medium 20 in FIG. 2.

SNRm values with the amount of additives of x = 0.08 and y = 0.05 are listed in



Tabl e 2 Second Under | ayer First Under| ayer SNRm ( dB)
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Ni TaTi 19.4 N NbRu20. 3 Ni NoRAZ0.0 N NbPt 20. 0 Ni NbPd19. 6
Ni Nbl r19.3 N NbTi 19.4 Table 2 indicates that each of
the underl ayers is preferable since they provided
Tabte®btlowt SNRm val ues. A simlar trend was observed
when each of Na2OQ K20, Rb20O Cs20, CaO SrO or BaO
was added instead of U20 Next, magnetic storage nedia
T%@V;J%ng the structures listed in the followng Table 3
made and evaluated in a manner simlar to the
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NiTa Pt - Ru 20.6
NiTa Pd Ru 20.6
NiTa Ir Ru 19.8
NiTa Ti Ru 19.6
NiTa Pt Rh 20.2
NiTa Pd Rh 20.1
NiTa Ir Rh 19.5
NiTa Ti Rh 19.4
NiNb Pt Ru 20.5
NiNb . Pd Ru 20.6
NiNb Ir Ru 19.7
NiNb Ti Ru 19.7
NiNb Pt Rh 19.9
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wao@snsayer Fi rst Under | ayer ShiRm (dB) TaPt Ru20. BCT/JP2004/015007
TaPdRu20. 4 Tal rRu20.0 TaTi Rul9.7 TaPt Rh20.4 TaPdRh20.5
Tal rRh20. 1 TaTi Rh19.7 N TaPt Ru20. 6 N TaPdRu20. 6
Ni Tal rRul19. 8 Ni TaTi Rul9.6 N TaPt Rh20.2 Ni TaPdRh20. 1
Ni TalTaBleBoin8ichicT tihi ¢avh of the Nndiyloyety 20prefeNbbsadUREy firovided
exlélielll\cle?llt rSI%I{g)\'/aiuel\sﬁ. I\JA?;I-llml?lua% t%'en7d vblilsl\(l)%gérslgc% \?vhgn Il\\IIieul\(l)b, Flgglj 2Rob2(§, Cs,0,
Ca0, SrO, or BaO was added instead of Li;O.
<Example 2>

For Example 2, a non-magnetic glass substrate in the shape of a 2.5-inch hard
disk was provided.

After evacuating a chamber for sputtering equipment from atmospheric pressure
to a pressure of 2x107 Pa or lower, a CogsZr¢Nbyg soft magnetic layer having a thickness
of 200 nm was deposited as a soft magnetic layer using a CogsZrgNbyy target, and then a
Ta layer having a thickness of 8 nm was deposited as a second underlayer using a Ta
target under an argon atmosphere of 0.67 Pa. Then, a Ru layer was deposited to a
thickness of 15 nm as a first underlayer using a Ru target under an argon atmosphere of
3 Pa.

Next, a magnetic recording layer having a thickness of 15 nm was formed using
a composite target (Co - 10 at% Cr - 14 at% Pt, SiO,, and Li,0O) as a material of magnetic
crystal particle material. Carbon was deposited to a thickness of 7 nm as a protective
layer under an argon atmosphere of 0.67 Pa. After forming the layers, perfluoro
polyether (PFPE) lubricant was applied to a thickness of 1.3 nm (13 A) by a dip method
on the surface of the protective layer to obtain each magnetic storage medium. The input
power to each of the targets was 1000 W. In the first underlayer, the mole ratio of
Ru:SiO; was set to (1-a):a, and “a” was varied in a range of from 0 to 0.3. The
composition of a magnetic recording layer was varied in the same manner as Example 1.

Furthermore, various perpendicular magnetic recording media were made by
using Nay0, K,0, Rb,0, Cs,0, Ca0, SrO, or BaO instead of Li;O in the magnetic
recording layer, and using Cr,O3, TiO2, or TiO instead of SiO, in the first underlayer.

The read/write performances of the resultant media were evaluated by the same

method as Example 1. Values of SNRm and dPW50 are listed in the following Table 4
with x = 0.08, y =0.05, and a = 0.05.
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Cs20, CaO, SrO or BaOinstead of Li20 in the magnetic

similar to the above examples, except that the second underlayer was substituted with Ta,

Ni - 40 at% Ta or Ni- 30 at% Nb, and Ru of the first underlayer was substituted with Rh,
Pt, Pd, Ir or Ti. The SNRm values when the amount of additive a = 0.05 are listed in
Table 5.
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This table indicates that each of the underlayers is preferable since they provide

excellent SNRm values.

A similar trend was observed when Cr,03, TiO2, or TiO was used as an additive

to the first underlayer.

Next, magnetic storage media having the structures listed in the following Table

6 were made and were evaluated in a manner similar to the above example, except that a

third underlayer was provided between the second underlayer and the soft magnetic layer

The SNRm values when the amount of additive a = 0.05 are listed in Table 6.



TaRh- Si O220. 6 TaPt - Si 0220.5 TaPd- Si 0220. 6
Talr-Si 220. 4 TaTi - Si 0220. 3 N TaRu- Si 0220. 8
WORDaEH0S 0220. 6 Ni TaPt - Si 023@. 6 Ni TaPd- Si 0220P@T/JP2004/015007
Ni Tal r-Si O220.4 Ni TaTi - Si 0220. 2 N NbRu- Si 0220. 8
Ni NbRh- Si 0220. 8 Ni NbPt - Si 0220. 4 N NoPd- Si 0220. 4
Ni Nbl r-Si O220.1 Ni NbTi -Si 0220.2 This tabl e indicates
Tdbleeh each of the underl ayers is preferable since they

provide—excgHent—SNRnrvatpes. A sinitartrend—was——
BbséUWdaMen Seod Undurpyer or FisUndeslayssed| as $HRm (dB)
additjve to[the first underl ayek 34\!5 nmegmetic
stora:@e nedi 8 havi né)tthe st fuct ubE psted| in th&09
followng Tahle 6 re madé and eval pat ed
nmanner® sinildr to thé above|exa W'?@éxcept t hat b§7
t hi rdrunder | gyer was,. provi ded behwe t he second
undp?{aaypr and t he iinft magnet | r‘R ngg Th &IRsz'4
val uegy when tlhe anoypt of ajdlthﬁ_Sio Op are bhsted
—HA—Table—6—\WD 2005/ 03409526 PCH 1D’>?‘MJ 015007 Table
6 ThiTad Under|l ayer Sé@ond Undler | aRR+IrOs st 20.7
Undertayer-SNRm—{(dB)
Ta Pd Rh-SiO, 20.7
Ta Ir Rbh-SiO, 20.4
Ta Ti Rh-SiO, 20.3
NiTa Pt Ru-SiO, 21.1
NiTa Pd Ru-SiO, 21.0
NiTa Ir Ru-SiO, 20.5
NiTa Ti Ru-Si0O, 20.6
NiTa Pt Rh-SiO, 20.4
NiTa Pd Rh-SiO, 20.8
NiTa Ir Rh-SiO, 20.7
NiTa Ti Rh-SiO, 204
NiNb Pt Ru-SiO, 21.1
NiNb Pd Ru-SiO, 21.0
NiNb Ir Ru-SiO, 20.6
NiNb Ti Ru-SiO, 20.7
NiNb Pt Rh-SiO, 20.9
NiNb Pd Rh-SiO, 20.7
NiNb Ir Rh-Si0O, 20.3
NiNb Ti Rh-SiO, 20.4

This table indicates that each of the underlayers is preferable since they provide

excellent SNRm values.
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Ni TaPdRu- Si 0221.0 Ni TalrRu-Si 0220.5 N TaTi Ru-Si 0220. 6
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Ni TaTi Rh- Si 0220.4 Ni NbPt Ru-Si 0221. 1 Ni NbPdRu- Si 0221.0
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Ni NboPdRh- Si 0220. 7 Ni Nbl r Rh-Si 0220. 3 Ni NbTi Rh-Si 0220. 4
tothg Brst ensledayendi cat es that each of the underlayers is

e e ey BNt yBice) et o ebcs
w‘lggg?}%? \?}gsrc}‘iﬁgd A“AB‘%Q wgé gigﬁlarl}-ioggerve%rw&h%avz\@?K%@,eIgbz@? c%‘{b, CaO,
SrO or BaO was used in the magnetic recording layer instead of LiO.
<Example 3>

For Example 3, a non-magnetic glass substrate in the shape of a 2.5-inch hard
disk was provided.

After evacuating a chamber for sputtering equipment from atmospheric pressure
to a pressure of 2x1 0° Paor lower, a CogaZrgNbjg soft magnetic layer having a thickness
of 200 nm was deposited as a soft magnetic layer using a CogsZr¢Nb g target, and then a
Ta layer having a thickness of 8 nm was deposited as a second underlayer using a Ta
target under an argon atmosphere of 0.67 Pa. Then, a Ru-Si0O,-Li,O layer was deposited
to a thickness of 15 nm as a first underlayer using a composite target including Ru, SiO»,
and Li,O under an argon atmosphere of 3 Pa.

Next, a magnetic recording layer having a thickness of 15 nm was formed using
a composite target which contains Co - 10 at% Cr - 14 at% Pt, SiO,, and Li,O as
magnetic crystal particle materials. Carbon was deposited to a thickness of 7 nm as a
protective layer under an argon atmosphere of 0.67 Pa. After forming the layers,
perfluoro polyether (PFPE) lubricant was applied to a thickness of 1.3 nm (13 A) by a dip
method on the surface of the protective layer to obtain each magnetic storage medium.
The input power to each of the targets was 1000 W. In the magnetic recording layer, the
mole ratio of Ru:(oxide SiO, + Li,O) was set to (1-a):a, and the mole ratio of Si05:Li,O
in the oxide was set to (1-b):b, and “a” and “b” were varied in ranges of from 0 to 0.3, and
from 0 to 0.4, respectively. The composition of a magnetic recording layer changed same
as Example 1.

Furthermore, various perpendicular magnetic recording media were obtained by
adding Na,O, K,0, Rb;0, Cs;0, Ca0, SrO, or BaO instead of Li;O in the magnetic
recording layer, and using Na,O, K0, Rb,0, Cs,0, CaO, SrO, or BaO instead of Li;O in
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The relationship between the amount of additive “a” and SNRm values are

shown in FIG. 7 when SiO, + Li;O (b = 0.05) were added to the first underlayer. This

(192

graph indicates that the amount of additive “a” of from 0.01 to 0.2 is preferable since
SNRm was improved. A similar trend was observed when Na,O, K,0, Rb,0, Cs,0, CaO,
SrO, or BaO was added instead of Li,O.

The relationship between the mole ratio “b” in the oxide and SNRm values are
shown in FIG. 8 when SiO, + Li;O (a = 0.05) was added to the first underlayer. This
graph indicates that the mole ratio “b” in the oxide of from 0.01 to 0.3 is preferable since
SNRm was improved. A similar trend was observed when Na,O, K,0, Rb,0, Cs,0, CaO,

SrO, or BaO was added instead of Li,O.
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and b = 0.05. Table 7 AdditiveSNRm (dB) dPWO0 (nm
Si 0229ex1, AfagBieG@ sthia@Othbd hdiavitig GiRetdm2 Pdk. 1468 in the following Table
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SNRm val ues are shown in FIG 7 when Si 02 + Li2

b 6 .005)arebsted adhblt & 0 t he first underlayer. This graph
iindicates that the anount of additive "a" of from0.01
.2 is preferabl e si nce SNRm was irrproved A

Cabpestd R0 fas. oot Pﬁi%f%agflaséubf P20, Sfn (a8)
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Graph i nl cates that the Bl iR o b | ht he Bkide
of fromt 01 to 0.3 is prelsenabl,® sincel SNRm wapg
Hprovet—A—SHH-a—t+rend—was—ebserved—ivhen—Na20, K20,
Rb20, CsRO, CaOQ Pd-Si0,-Li,O 21.0
Ta Ir-S10,-Li,0 20.8
Ta Ti-Si0,-Li,O 20.7
NiTa Ru-810,-Li,0 21.8
NiTa Rh-Si0,-Li,O 21.6
NiTa Pt-Si0,-Li,O 21.0
NiTa Pd-Si0,-Li,O 21.1
NiTa Ir-Si0,-Li,0 20.9
NiTa Ti-Si0,-Li,O 20.9
NiNb Ru-S8i0,-Li,O 21.9
NiNb Rh-Si0,-Li,O 21.7
NiNb Pt-S10,-Li,0 21.3
NiNb Pd-Si0,-Li,O 21.0
NiNb Ir-Si0,-Li1,0 21.0
NiNb Ti-Si0,-Li,0 20.7

Table 8 indicates that each of the underlayers is preferable since they provide

excellent SNRm values.



SrO or BaO was added instead of Li20 WD 2005/ 034095
29 PCT/ JP2004/ 015007 Next, magnetic storage nedi a
whansgtophe structures |istedpin the fol | ow ngPTEI2804/@5007
were made and eval uated when Si 02 + Li 20 was added to
the first underlayer in a manner simlar to the above
exanpl es, except that the second underl ayer was
Asiniiki trbnd @ds obsetvied Whien Nia, O, KD, RbY0),1@s,00 CAMD, Sr(BQr BaObowas
No, and Ru in the first underlayer was substituted
added strad oPLi,Opd an pdditiye tpithe fgeurdkibayer.al ues when t he
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Tl doaerniare he afecl o Tmpronnd S BpumHPE it o et

o AR SN R R 150,50, R, 00,0,
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Ni TaR¥exBi fidsnkti® @arhg6 mistlikaRth SOQLELD AeRig the structures listed in the
Ni TaPd- Si 02-Li 2Q21. 1 Ni Tal r- Si Q- Li 2020. 9
folpwirgi Table@2were pegeo and syalisRd- iSagmnperppilargo the above example,

i NbRh- Si.02-Lj 2021.7 Ni N -Si 02-Li 2021. 3
Xt 2 Db BET 755 RISNBIF beiveien Pleepidgmderlayer and the sof
m%g .ia'yg'f. ORre iR Qatlies when the amount of additive a= 0.05 and b= 0.05 are
listed in Table 9.
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recording tjayer instead of U2Q ) gnetijc sto e
medi B wi t h |Si 02+Li30 havi hg t@%ﬁ%‘cg@r os 1li stedad
the ..follow ng Tahl,e 9 were e d. exal uatied in
mannE si i ar t§¥9he aboye gjg%ﬁﬁg?Lh xcept thatzg8
t hi rg, under| ayer s prov| ded {pe en:_Hhe second
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val ugs when the amgunt of | addigi-88)A1,500. 05 |and bpFg
0.05-are—|jisted—i-nTablel 9 WO 2005/634095 |31
PCT/THP2004/|015007 Ptabl e 9| Thi rRh-Bi@eri,@yer Second 21.6
tndertayerHrrst—Undertayer SNRm(dB)—

TaPtRu- Si 02- Li 2022d0 TaPdRu- SiKIi2Si02620. 8 21.7

TalTRU-SI0Z2F 20216 TaTi RU-Sr02- LT 2021, 6

TaPtBh- Si 02 Li 20216 TaPdRh- SitlpSi@2kR9. 7 21.6

Tal rRh- S 02- Li 2021..6 TaTi Rn- S1.02- .5

Ni TaPt Ru- Si|02- Li 2G22. 1 Ni TaPd -'§1‘L(lc‘?§%€)2022. 1 25

Ni Tg|f,Ru- Si 02-Li 2@@1. 9 Ni TaTi %_§1(922L{5b2021. 8 771
NiTa Pd Ru-Si0,-Li,O 22.1
NiTa Ir Ru-Si0,-Li,O 21.9
NiTa Ti Ru-Si0O,-Li,O 21.8
NiTa Pt Rh-Si0,-Li,O 21.7
NiTa Pd Rh-Si0,-LiO 21.9
NiTa Ir Rh-Si0,-LiyO 21.9
NiTa Ti Rh-Si0,-Li,0O 21.9
NiNb Pt Ru-Si0,-Li;0 22.2
NiNb Pd Ru-Si0,-Li,O 22.0
NiNb Ir Ru-Si0,-Li, 0 21.8
NiNb Ti Ru-Si0,-Li;0 21.9
NiNb Pt Rh-Si0,-Li,O 21.8
NiNb Pd Rh-Si0,-Li,O 21.8
NiNb Ir Rh-Si0,-Li,O 21.6
NiNb Ti Rh-Si0,-Li,0 21.5

This table indicates that each of the underlayers is preferable since they provide

excellent SNRm values.
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an application of the present invention, a
per pendi cul ar magnetic recording

INDUSTRIAL APPLICABILITY

HDOOoON O

As an application of the present invention, a perpendiéular magnetic recording
medium of the present invention can be applicable to a magnetic recorder which has a
narrow magnetic track width of 0.25 pm and a track width of 0.15 um, and exhibiting an

excellent output of read signal and a high track recording density.



medi um of the present invention can be applicable to a

magneti c recorder which has a narrow magnetic track
wor@sisods 0. 25 gm and a tracksw dth of 0.15 gnPCEHIRR004/015007

exhi biting an excellent output of read signal and a

hi gh track recording density. WO 2005/ 034095 33

PCT/ JP2004/ 015007 CLAIMS 1. A perpendi cul ar magnetic

recordi ng medi um conprising: a substrate; at |east

one underl ayer forned ab6LAIMSe substrate; and a

per pendi cul ar magnetic recording | ayer fornmed above

the at |east. gne underl ayer, ap easy nmgneti zation
Laxi s %Peﬁpﬁ%‘ilﬁ'g?rﬁg%ti%{ea‘i?%f%ﬁ%ﬂ?@ cPé’@HFIHE:ng | ayer
beingz1 b% ﬁéed per pendi cul ar to the substrate, the

per pendi cul'a magnetic recording |ayer including

mgne&ﬂl@qs@éﬂéﬁﬁl@éﬂd@@f fonfb&sb AR thedfuBitthtdaHmdar i es .
surroundi ng the magnetic crystal particles, wherein

t he ga pérperdivuing atdgasicaedirding layer fotind@ alfveshd dtdeust cird
at | east one elenent selected fromthe group

urdsrleyest dnrpgsomagnetization ais dlithe i@spendiznlasmageetit r8@rding thyer
t.he ratio of t otal _amount of subst ngg of Si, Li,

beigg ogientegperpepdicplar toghe supsfratgeth perpe ApREREHGIgrerding layer

R B e B SO

clySaPpAidigs, medi um according to claim 1, wherein a
fati'o of fotal amount of substance of Li, Na, K, Rb,

Cs, Gaheréih thagdinBauaduicacoesinah okide of gitidornaddey RE&rone Slement
in the perpendicul ar magnetic recording layer is no
sqleotesl from thelgronn oansiatimg ofdini¥e.&<,tRia 6's 30a, nl A%l By, arfhe

o, AL LSRG T30 W SO0 O
PR e CATROTs S L5055 B

20B@Iogm according to claiml1l, wherein at | east one of
the at | east one underl ayer contains at |east one
el ement selected fromthe group consisting of Ru, Ti,
Rh, Pt, Pd, and Ir as a nmmin conponent. )
2 The perpendicular magnetic recording medium according to claim 1, wherein a
ratio of total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba contained at the
grain boundaries in the perpendicular magnetic recording layer is no less than 1 mol%

and no more than 30 mol%.

3. The perpendicular magnetic recording medium according to claim 1, wherein the
magnetic crystal particles contain Co as the main component and further contains Pt and

Cr.

4. The perpendicular magnetic recording medium according to claim 1, wherein at
least one of the at least one underlayer contains at least one element selected from the

group consisting of Ru, Ti, Rh, Pt, Pd, and Ir as a main component.



WD 2005/ 034095 34 PCT/JP2004/ 015007 5. The
per pendi cul ar magneti c recordi ng nmedi um according to
w@b@ssdoswherein, at | east o of the at | easpPCDIR2004/015007
under| ayer is made of non-magnetic crystal particles
contai ning at | east one el enent selected fromthe
group_consisting of Ru, Ti, Rh, Pt, Pd, and Ir as a
Smain EmRserradiculanmagpatisireconding tedivesacsording todiany 1t wWiserein, at
non- magnetjc crysta articles, and the grain
o RERARE ol s ieriofit s o Pieaeip o frusi Rt
; i St . S ng, Ti .
GERLSIck 9 e LU SO 20100 i af iy A
argidie @¢ alinath dogpdhait/Bnd, ora Bb@IdArib MRirrothBhE HRHUSAIRIINES. brYstal
at least one of the at |east one underlayer contarn a
pastigleleand silicon and at |east one el ement sel ected
fromthe group consisting of Li, Na, K Rb, Cs, Ca,
Sr, tBngrapgboundaries sonfainaseide ol af leass gnetlementselectdil figm the
di um accordi to. . claim®6, wherein a ratio of total
grggn%ﬁ%mﬁ?g%{r‘gs@gﬁ'&&bf Si, Li, Na, K Rb, Cs, Ca, Sr,
and Ba in the at |least one underlayer is no |less than
1 nmol % and no nore than 20 nol % 8. The perpendi cul ar
6. magnefhiepefpRAMEE b agiRAt WHRESLHLELNE atc&geﬁlg't&bﬁi 5, wherein the
wherein a ratio of total anount of substdnce of L,
grida borpdarles in@s Jea@ane SF theantbafiane andedlap@boatairt Aoxid &Fisllicon
oundaries in the at | east one underlayer is no | ess
Rilvast opg Flomanicselesterfion tha group3onsisiingsof 8.1, Me, i Ribo€s, i, St,
anl rB%duci ng a perpendicul ar magnetic recordi ng nmedi um
comprising the steps of. formng at |east one
under| ayer over a substrate, and form ng a
per pendi cul ar magnetic recording | ayer fornmed above

7.t he dhe pesidiQNg maghees fe@&ﬁ[n%tl?fecﬁ&ﬁ REEANhE b AaitPb Shtiedin a

whi ch contai ns an oxi de of si con and at | east one

raty] efitetal aneng of sbstinemithd igNaUf Ripas) G4,iSAgndBalih thed\¥a least
and Ba, the perpendicul ar nmagnetic

K, Cs, , S,
ong B’E%%GVWQS P‘g&ésrﬂ%ﬁ%é%%?@dﬂﬁmﬁ fhan@Pyeal¥d. particl es
and grain WD 2005/ 034095 35

8. The perpendicular magnetic recording medium according to claim 6, wherein a
ratio of total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba contained at the
grain boundaries in the at least one underlayer is no less than 1 mol% and no more than

30 mol%.

9. A method for producing a perpendicular magnetic recording medium comprising
the steps of:

forming at least one underlayer over a substrate, and

forming a perpendicular magnetic recording layer formed above the at least one
underlayer by evaporating a material which contains an oxide of silicon and at least one
element selected from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba, the

perpendicular magnetic recording layer including magnetic crystal particles and grain
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13. The method for producing a perpendicular magnetic recording medium
according to claim 9, wherein the magnetic crystal particles contain Co as the main

component and further contains Pt and Cr.

14. The method for producing a perpendicular magnetic recording medium
according to claim 9, wherein at least one of the at least one underlayer contains at least
one element selected from the group consisting of Ru, Ti, Rh, Pt, Pd, and Ir as a main

component.

15. The method for producing a perpendicular magnetic recording medium
according to claim 9, wherein

at least one of the at least one underlayer is made of non-magnetic crystal
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magneti ¢ recordi ng medi um according to claim 15,

wherein a ratio of the oxide of at |east one el enent

sel ected from the group consisting of Si, Cr, and Ti
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17. The method for producing a perpendicular magnetic recording medium
according to claim 15, wherein the grain boundaries in at least one of the at least one

underlayer contain an oxide of silicon and at least one element selected from the group

consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba.

18. The method for producing a perpendicular magnetic recording medium
according to claim 17, wherein a ratio of total amount of substance of L1, Na, K, Rb, Cs,
Ca, Sr, and Ba contained at the grain boundaries in the at least one underlayer is no less

than 1 mol% and no more than 30 mol%.

19. A magnetic read/write apparatus comprising the perpendicular magnetic

recording medium according to claim 1 and a read/write head.

20. The magnetic read/write apparatus according to claim 19, wherein the read/write

head is a single magnetic pole recording head.



