1 DESCRIPTION PERPENDICULAR MAGNETIC RECORDING DISK
AND MANUFACTURING METHOD THEREOF Technical Field This
invention relates to a perpendicular magnetic recording disk adapted to
be mounted in a perpendicular magnetic recording type HDD (hard disk
drive) or the like. Background Art Various information recording
techniques have been developed following the increase in volume of
information processing in recenDERERIPatNIarly, the areal density of a
HDD (hard disk drive) using the magnetic recording technique has been
increasing at an annual rate of about 100%. Recently, the information
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MECh-OBUIRAROIFIt IS necessary to realize an information recording
density exceeding 1000bits/inch2. In order to achieve the high recording
density in the magnetic disk for use in the HDD or the like, it is necessary
1:0 redu%ei:tg?gsize of magnetic crystal grains forming a magnetic
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adeptdihtptpeetalsotediiadtherkeriicdinamaggeiticaeettitg dryp&ioilHaard
AR Ukt B AR gramns, tere has arisen  thermal flctuation.

Bl mwhere thermall stability of recording signals is degraded due

to superparamagnetism to thereby cause loss of the recording signals,

which h¥atious rfcomatian impeding fection fpnekdmerdresnideretrdath
f%%g\sr\%gzthe increase in volume of information processing in recent years.
Particularly, the areal density of a HDD (hard disk drive) using the magnetic
recording technigue has been increasing at an annual rate of about 100%.
Recently, the information recording capacity exceeding 60GB has been required
per 2.5-inch magnetic disk adapted for use in a HDD or the like. In order to
satisfy such a requirement, it is necessary to realize an information recording
density exceeding 100Gbits/inch®.  In order to achieve the high recording
density in the magnetic disk for use in the HDD or the like, it is necessary to
reduce the size of magnetic crystal grains forming a magnetic recording layer
serving to record information signals, and further, to reduce the thickness of the
layer. However, in the case of the conventionally commercialized magnetic
disk of the in-plane magnetic recording type (also called the longitudinal
magnetic recording type or the horizontal magnetic recording type), as a result
of the size reduction of the magnetic crystal grains, there has arisen a thermal
fluctuation phenomenon where thermal stability of recording signals is degraded

due to superparamagnetism fo thereby cause loss of the recording signals,

which has thus become an impeding factor for the increase in recording density



of the magnetic disk. In order to solve this impeding factor, the magnetic
disk of the perpendicular magnetic recording type has been proposed in
recent years. In the case of the perpendicular magnetic recording type, as
different from the case of the in-plane gnagnetic recording type, the easy
magnetization axis of a magnetic recording layer is adjusted so as to be
oriented in a direction perpendicular to the surface of a substrate. As

sfTamPaiag it tnedn-plane magnetic recording type, the perpendicular
magnetic recording type can suppress the thermal fluctuation
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granular recording layer. Patent Document 1: Unexamined Paten
fRabhetiborModRODRA9286E Ratentdindameap2etioitedcBdatg s Ratesn
No. 6468670 Specification Disclosure of the Invention Problem to be

Bveeesy ird IRTERGN THE R SRPBERSE 1% iy fetit @sleifor increasing
{PISKSiG BEn S IREra AR S ERARHEA R JRNSIARIREIPE! 2002-

a magne ecording Iay € noise reduction, It Is necessary to

IPRETVEPHIe eTYStalenientdl ansefdbes magtiaiiguecasdingdayependeliae
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magnetic recording medium having an underlayer, a Co-based perpendicular
magnetic recording layer, and a protective layer that are formed on a substrate
in the order named. Further, United States Patent No. 6468670 Specification
(Patent Document 2) discloses a perpendicular magnetic recording medium
having a structure where an exchange-coupled artificial {attice film continuous
layer {exchange-coupled layer) is adhered to a granular recording layer.
Patent Document 1.

Unexamined Patent Publication No. 2002-92865

Patent Document 2:

United States Patent No. 6468670 Specification

Disclosure of the Invention
FProblem {o be Solved by the Invention
The recording density of a magnetic disk is improved mainly by
reducing noise in a magnetization transition region of a magnetic recording iayer.
For the noise reduction, it is necessary fo improve the crystal orientation of the

magnetic recording layer or reduce the crystal grain size and the magnitude of



magnetic interaction. That is, in order to increase the recording density of

the medium, it is desirable to equalize and reduce the crystal grain size of
the magnetic recording layer and, further, to provide a segregated state
where individual magnetic crystal graigs are magnetically segregated

and, for that, it is necessary to properly control a fine structure of the
magnetic recording layer. In the meantime, the Co-based perpendicular
rzagRekcnenestiog layrtadisciosaddn Ratentc@ssuherscorpatcdadinaof the
CoPt-based perpendicular magnetic recording layer, has a high coercive
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grain size can be reduced. The crystal grain size and the magnitude of
she enagpreeNintgiacionbarecifectel] byitte ihitksessetérsioe. layargher, by
segregated at the grain boundaries or the crystal grain size of the
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compared with a conventional medium added

crystal grains, thereby contributing to increasing the recording density.

Further, by adding an oxide such as SiO; or O to the CoPt-based
perpendicular magnetic recording layer, it is possible to form an excellent
segregated structure without impeding epitaxial growth of CoPt. That s, the
oxide such as SiO, or O is segregated at the grain boundaries to reduce the
magnetic interaction between the crystal grains of the magnetic recording layer.
Further, by the addition of the oxide such as SiO; or O, the crystal grain size
can be reduced. The crystal grain size and the magnitude of the magnetic
interaction are affected by the thickness of SiO; layers segregated at the grain
boundaries or the crystal grain size of the underlayer. By increasing the
amount of SiO; added to the magnetic recording layer, the size reduction and
the magnetic segregation proceed so that the S/N ratio in high density recording

is improved. This causes a maximum anisotropy energy Ku to be

approximately twice higher as compared with a conventional medium added



4 with no SiO2. It has been found that the problem of the S/N ratio or the
thermal stability does not arise up to 200 to 4000bit/inch2 in the case of
such a magnetic recording disk. However, it has been found that when
aiming at a medium adaptable to 400@bit/inch2 or more, it is difficult to
produce the medium excellent in thermal stability or recording properties
only by adding the oxide such as SiO2 or 0. That is, it has been found
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use a method of increasing the amount of Pt in the magnetic recording
A thiridn énefiy ifcriask ctde crizatopy. thiowovamnitds Rifowincreaskere It is
arises a new problem that sufficient recording cannotﬁe@achieved
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have found that as the amount of SiO; increases, the SNR (SN Ratio :
hereinafter also referred to as SN) becomes betier due fo size reduction (see
Fig. 6). In Fig. 8, the axis of ordinates showing the SNR graduates difierences
from a reference value properly defined. According to the relationship between
Si0, and SN, it is understood that when SiO; is added in an amount of 6at% or
more, the SN is rapidly improved. Therefore, a medium is desirable that
maintains the thermal stability and, further, is added with SiC; in an amount of
6at% or more where the SN becomes excelient.

in response to such a request, it may be considered to use a method of
increasing the amount of Pt in the magnetic recording layer to thereby increase
the anisotropy. However, it is known that there arises a new problem that
sufficient recording cannot be achieved following the increase in anisotropy.
Particularly, in a recording density range of 100Gbit/inch? or more, the recording

capability of a magnetic head itself is extremely lowered foliowing track

narrowing and, therefore, it is necessary to improve the recording capability on



narrowing and, therefore, it is necessary to improve the recording
capability on 5 the magnetic recording layer side, which arises as a new
problem. This invention solves such conventional and new problems and
has an object to provide a perpendicuar magnetic recording disk that can
contribute to increasing the recording density by improving the S/N ratio
in high density recording without causing an increase in DC noise,
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and a method of manufacturing such a disk. Means for Solving the
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fadladin(Pd) or platinum (Pt). (Structure 2) A perpendicular magnetic
recording disk according to Structure 1, characterized in that the

ferromagnetic layer has crystal gains mainly made of cobalt (Co) and
rain boundary portions mainly made of the oxide, the silicon (Si), or the
kit §i§é%}zl('zp ishf’gﬁr&p[ 3) A perpendicular magnetic recording disk
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silicon (SI) in the Terromagnetic layer is 6at% or more. (Structure 4) A
stegpamgicular magnetic recording disk according to Structure 1 or 2,
CharaCt?gtzrﬁgti.?réh%t thﬁ? ggpp}grq}ji%futig? gggonrgatﬂgigeigc}pdemg disk for use in
perpendicular magnetic recording, the perpendicular magnetic recording disk
characterized by comprising a substrate, a ferromagnetic layer formed on the
substrate, having a granular structure, and containing an oxide, silicon (Si), or
an oxide of silicon (Si), and a stacked layer formed on the ferromagnetic layer
and having a first layer containing cobalt (Co) or a Co alloy and a second layer
containing palladium (Pd) or platinum (Pt).

(Structure 2) A perpendicular magnetic recording disk according to
Structure 1, characterized in that the ferromagnetic lfayer has crystal gains
mainly made of cobalt (Co) and grain boundary portions mainly made of the
oxide, the silicon (Si), or the oxide of silicon (Si).

~ (Structure 3) A perpendicular magnetic recording disk according to
Structure 1 or 2, characterized in that the content of the silicon (Si) in the
ferromagnetic layer is 6at% or more.

(Structure 4) A perpendicular magnetic recording disk according fo
Structure 1 or 2, characterized in that the content of the silicon (Si) in the

ferromagnetic layer is 8at% to 15at%.



ferromagnetic layer is 8at% to 1 5at%. 6 (Structure 5) A perpendicular
magnetic recording disk according to any of Structures 1 to 4,
characterized in that a spacer layer is provided between the
ferromagnetic layer and the stacked laygr. (Structure 6) A method of
manufacturing a perpendicular magnetic recording disk for use in
perpendicular magnetic recording and having at least a magnetic
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recordin Iayer includes at least the ferromagnetic layer formed on the

fanlstratg diaviagethef granatar strectiwrkrandniantaigisicam dSderalicoride of
(SI) or an oxide of silicon (Si), and the stacked layer _formed on the
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CoPtCr-based magnetic material has a high coercive force He and can
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As recited in Structure 1, in the perpendicular magnetic recording disk
of this invention, the magnetic recording layer inciudes at least the
ferromagnetic tayer formed on the substrate, having the granular structure, and
containing an oxide, silicon (8i), or an oxide of silicon (Si}, and the stacked layer
formed on the ferromagnetic layer and having the first layer containing Co or a
Co alloy and the second layer containing Pd or Pt

As a Co-based magnetic material forming the ferromagnetic layer,
particularly a CoPt-based or CoPtCr-based magnetic material is preferabie.

The CoPt-based or CoP{Cr-based magnetic material has a high coercive force
Hc and can cause a magnetization reversal producing magnetic field Hn to be a
small value less than zero and, therefore, resistance against thermai fluctuation
can be improved and a high S/N ratic can be achieved, which is thus preferable.
By causing an element such as silicon (Si) or an oxide thereof to be contained

in the CoPt-based or CoPtCr-hased magnetic material, Si or the like or the



By causing an element such as silicon (Si) or an oxide thereof to be
contained in the CoPt-based or CoPtCr-based magnetic material, Si or
the like or the 7 oxide thereof can be segregated at grain boundary
portions of the magnetic crystal grainsito reduce the exchange interaction
between the magnetic crystal grains, thereby reducing the medium noise
and improving the S/N ratio in high density recording. Si may be added to
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amount of Si ar the Si oxide is increased, the degradation of thermal

'ﬁf&ﬁﬂﬁ?%ﬁ??b%”ﬂr@&@@wtﬁ%%‘%‘fﬁﬁ% ti€1ayer containing the oxide,
silicon (). i S1iGoME Bxide andhine siackaddavs dupted padha

ferromag ayer a aving the first layer containing Co or the Co
miimhatid thetesahnddayestaiontainisigd>deor B, rixdueby .cohivivating tbere
increasing the recording density without causing the degradation of

SRR RFARIEAANBOHESTHSH AERIRS BT RiverRiohark oxide is large,

e e R e
SHsRsT¢R) RfidRathbroameadiisgimtant of the Si oxide is suppressed to
5at% or less conventionally. Accordingly, there is inevitably a limit to the
increase in recording density.  In contrast, in this invention, even if the adding
amount of Si or the Si oxide is increased, the degradation of thermal stability
can be prevented by the ferromagnetic layer containing the oxide, silicon (Si), or
the silicon (Si) oxide and the stacked layer formed on the ferromagnetic layer
and having the first fayer containing Co or the Co alloy and the second layer
containing Pd or Pt, thereby contributing to increasing the recording density
without causing the degradation of thermal stability.

As recited in Structure 2, in this invention, the ferromagnetic layer has
the crystal gains mainly made of Co and the grain boundary portions mainly
made of the oxide, silicon (Si), or the silicon (Si) oxide. It becomes possible to
magnetically shield between the size-reduced crystal grains.

As recited in Structure 3 or 4, the content of silicon (Si) in the

ferromagnetic layer is 6at% or more, and more preferably 8at% to 15at%.



magnetically shield between the size-reduced crystal grains. As recited in
Structure 3 or 4, the content of silicon (Si) in the ferromagnetic layer is
6at% or more, and more preferably 8at% to 1 5at%. 8 When the content
of silicon (Si) in the ferromagnetic layegis 6at% or more, the SN is rapidly
improved. However, 8at% to 15at% is preferable for the following reason.
When the content is less than 8at%, the effect of reducing the medium
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stacked layer s preterably made of alternate-layered films of cobalt (Co)
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(Co) or an alloy thereof and platinum (Pt). Since the alternate-layered
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The stacked layer is adjacent to the ferromagnetic layer or through the
spacer layer therebetween. The stacked layer is magnetically coupled to the
ferromagnetic layer and functions to align the easy magnetization axes of the
respective layers substantially in the same direction.  In the stacked layer,
crystal grains are magnetically coupled to each other.  In terms of the
ferromagnetic layer made of the Co-based magnetic material, the stacked layer
is preferably made of alternate-layered films of cobalt (Co) or an alloy thereof
and palladium (Pd) or alternate-layered fiims of cobalt (Co) or an alloy thereof
and platinum (Pt). Since the alternate-layered films made of such materials
have large magnetic Ku, the domain wali width in the stacked layer can be
reduced. The thickness thereof is preferably 1 o 8nm. Desirably, 2 o Snm is
preferable. Even when use is made of CoCrPt containing a large amount of Pt,
CoPt, CoPd, FePt, CoPts, or CoPds as a material of the stacked layer instead of

the foregoing multilayer fitlm, the similar effect can be obtained.



preferable. Even when use is made of CoCrPt containing a large amount

of Pt, CoPt, CoPd, FePt, CoPt3, or CoPd3 as a material of the stacked
layer instead of the foregoing multilayer film, the similar effect can be
obtained. 9 Further, in order to achieve suitable perpendicular magnetic
recording properties based on exchange coupling, it is necessary to set a
proper thickness ratio between the ferromagnetic layer and the stacked
layer suralrithart iwhedahs thitkoessoitthéefreopenginatie layegisetic recording
increased, the thickness of the stacked layer is increased, or when the
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preferable. Further, as recited in Structure 5, the spacer layer is
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depenelicdayetaeamakeidayeor thiiBirsidelddyyee is used in the stacked
layer, the Pd layer is also used as the spacer layer. This is because it is
economically preferable to use the same composition in terms of the condition
of a manufacturing apparatus. The thickness of the spacer layer is preferably
2nm or less and desirably in the range of 0.5 to 1.5nm.

The ferromagnetic layer and the stacked layer are disposed adjacent to
each other or through the spacer layer interposed therebetween and, in view of
HDI (Head Disk Interface), it is preferable to dispose the stacked layer above
the ferromagnetic layer as seen from the substrate. The ferromagnetic layer is
not limited to the single layer, but may be composed of a plurality of layers. In
this case, Co-based magnetic layers containing Si or the Si oxide may be
combined with each other, or a Co-based magnetic layer containing Si or the Si
oxide and a Co-based magnetic layer containing no Si or Si oxide may be

combined with each other. Note that it is preferable to dispose the Co-based

magnetic layer containing Si or the Si oxide on the side adjacent to the stacked



combined with each other, or a Co-based magnetic layer containing Si or
the Si oxide and a Co-based magnetic layer containing no Si or Si oxide
may be combined with each other. Note that it is preferable to dispose the
Co-based magnetic layer containing $ipor the Si oxide on the side
adjacent to the stacked 10 layer. The perpendicular magnetic recording
layer of this invention is preferably formed by the sputtering method.
iRaticuiay pthe & Qindgnetsgnesiputtetngmacthest isf prédaraletivacause
uniform film formation is enabled. As recited in Structure 6, when formin
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gasrievoetaitse of Blovhors Meraecessary that the stacked layer be formed
at low gas pressure. The reason is that the stacked layer is required to be
magnetically uniform for fixing domain walls (magnetization transition points)
anywhere by pinning force from the magnetic grains of the ferromagnetic layer,
i.e. for allowing the domain walls to freely move unless there is the
ferromagnetic layer adjacent to the stacked layer, and it is preferabie to form the
stacked layer at low gas pressure for that purpose. in this case, the stacked
layer is preferably formed by sputtering at a gas temperature, for example, in
the range of 1 to 10mTorr.  On the other hand, the ferromagnetic layer is
preferably formed by sputtering at a gas temperature of 30mTorr or more.

The perpendicular magnetic recording disk of this invention has at least
the foregoing perpendicular magnetic recording layer on the substrate and
preferably has various functional layers in addition thereto.  In this invention, a

soft magnetic layer may be provided on the substrate for suitably adjusting a

magnetic circuit of the perpendicular magnetic recording layer.  In this



The perpendicular magnetic recording disk of this invention has at least
the foregoing perpendicular magnetic recording layer on the substrate and
preferably has various functional layers in addition thereto. In this
invention, a soft magnetic layer may kg provided on the substrate for
suitably adjusting a magnetic circuit of the perpendicular magnetic
recording layer. In this 11 invention, the soft magnetic layer is not

ipashigidiar i dintadasgesicaaybisinastoatieunagnpiictdode hageadibis made
soft magnetic properties and, for example, preferably has as a magnetic
9irapergne e beiligicexdiie Fe s0Eeaiisd RRITIRd RNEréfIr8RRNMPEL

to 50 qgersteds, Further. it preferably has as a. magnetic t

BT Al R a o e SOty (BLY R BODLTMIAD o Do20mmaleD REgieds
dRateiakql e caflytegned GlayerstBaee canRBit arenhprgd as a

material, a Co-based material, or the like. For example, use can be made

roBgnatis-braerbos ssdgiainn magnatisdtix alepema(Bbheedioyu/cc to
TaN-based alloy, FeNi-based alloy, FeCoB-based allpy, or FeCo-based
P s LR R e S BB BB B ok R G =
Kbty hasedialloy candREa-hasedallay sRItMAINEHs Baleral, P5lean be
like. In this invention, the thickness of the soft magnetic layer is preferably

B@xm 46 b Oerna sed siEfSinadaySHnm ateBe0ao\sdrat & idssstivhalloy,
30nm, there is a case where it becomes difficult to form a sujta
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there Is a case where the surface roughness increases. Further, when it
iexcesddi NN thetaikd disesofieraghetputieingfilon thenfidton
becomes difficult. In this invention, a nonmagnetic under,laéegr is

preferatiy PR IRIGT B RS RS o 'dfientilg IRRORAJSANY 9 thireferably
ST AP R0, DR AR S S,
meneRANelssIndrstaYiebdaenBsligrilplioyavel $eviesbie magnetic circuit
between magnetic head - perpendicular magnetic recording layer - soft
magneitic layer, while, when it exceeds 1000nm, there is a case where the
surface roughness increases. Further, when it exceeds 1000nm, there is a
case where the sputtering film formation becomes difficult. in this invention, a
nonmagnetic underiayer is preferably provided on the substrate for orienting the
crystals of the perpendicular magnetic recording layer in a direction
perpendicular to the substrate surface. A Ti-based alloy is preferable as a
material of the nonmagnetic underlayer. The Ti-based alloy weli serves fo
control crystal axes (c-axes) of the CoPt-based perpendicular magnetic
recording fayer having the hep crystal structure to be oriented in the
perpendicular direction. As the nonmagnetic underlayer made of the Ti-based
alloy, there can be cited, other than Ti, a TiCr-based alloy, a TiCo-based alloy, or
the like. The thickness of such a nonmagnetic underiayer is preferably 2nm to

30nm. When the thickness of the underiayer is less than 2nm, the control of



control crystal axes (c-axes) of the CoPt-based perpendicular magnetic
recording layer having the hcp crystal structure to be oriented in the
perpendicular direction. As the nonmagnetic underlayer made of the
Ti-based alloy, there can be cited, other than Ti, a TiCr-based alloy, a
TiCo-based alloy, or the like. The thickness of such a nonmagnetic
underlayer is preferably 2nm to 30nm. When the thickness of the
thedeyiayeaicless thapdmantheutantiabpbli2 rsoedystiplogsessobthefficient,
perpendicular magnetic recording layer is insufficient, while, when it

v etBBDimxeRe bz LTMheNRERRAE BIGMAGIEHE JOrFRgIABS forming the
Rerenaiy %arérh%a p%ggrréeg%e?r i h@%?@g‘f\ef%?é%r SR eLes e}ﬁhzn%?é%‘? which

Invention, when magnelic fie
igfneatng irdteeasrary for controlling magnetic domains of the soft
magnetic layer, the substrate is preferably made of a glass. Since the
glass slibéhiatiniseikosllerien hegnrisisiaistentrafivatiag eoppiaaties of

th b high. As the glass for th b , th b
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Further, an amorphous glass or a crystallized glass can be used. When
ristafton dipectiedtipgrianamaoaplveus| thsesslisétedteds phefesithgnadésthe
the amorphous glass. When a chemicalal stren%tglened lass is used, the
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In Rmax and 0.6nm™or less in Ra. By providing such a smooth Surface, a
Fambeibentpetpen iioplafanddacti¢ etading Eyersisois glageetialayer
can be set constant so that it is possible to form a suitable magnetic

evsimlirad alasseambtcusest - PEpBibR Rl magnetic rRsrdmgMarrieus,
fz%'ft:%% ISt a%ﬁragfi%&%%ﬁw M&Q%?Whg M§B%8£eé%§_to VOHEPE chemically
strengthened glass is used, the rigidity is high, which is thus preferable.  In this
invention, the surface roughness of the main surface of the substrate is
preferably 6nm or less in Rmax and 0.6nm or less in Ra. By providing such a
smooth surface, a gap between perpendicular magnetic recording layer - soft
magnetic layer can be set constant so that it is possible to form a suitable
magnetic circuit between magnetic head - perpendicular magnetic recording
layer - soft magnetic layer.

in this invention, it is also preferable to form an adhesion layer between
the substrate and the soft magnetic layer. By forming the adhesion fayer, the
adhesion between the substrate and the soft magnetic layer can be improved
and, therefore, ii is possible to prevent stripping of the soft magnetic layer. As
a material of the adhesion layer, use can be made of, for example, a Ti-
containing material. In terms of practical use, the thickness of the adhesion
layer is preferably set to 1nm to 50nm. In the perpendicular magnetic

recording disk of this invention, it is preferable to provide a protective layer on



the substrate and the soft magnetic layer. By forming the adhesion layer,
the adhesion between the substrate and the soft magnetic layer can be
improved and, therefore, it is possible to prevent stripping of the soft
magnetic layer. As a material of the aghesion layer, use can be made of,
for example, a Ti- containing material. In terms of practical use, the
thickness of the adhesion layer is preferably set to 1 nm to 50nm. In the

tperpenstiadiaumagnefictiecetdintndgskyefthiBnyeotiomd ibeoretaeatiesttayer, it
provide a protective layer on 13 the perpendicular magnetic recordrgéa
face

irapepsibjepiontirriiEpRIERRGORNE MeEBHSHtE rprdhetiAe
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ateria protective layer, for éxample, a
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protective layer is preferably about 3nm to 7nm. It is preferable to further

thiokitks s M ric atinteriiuer lonanés prostareidy RAher! Byfpréviding the

lubricating | ion b h ic h dth [
disk carl b SEIBIRRE 8 Tt e HEAB P OF e n B4 bR IBOCATBLYe
improved], A admaiaral abiadiyicatingdsyssidaraspieihBignetic head

(perfluoropolyether) is preferable. The thickness of the lubricating layer is
prefénablysabetic@Bkmao besanpptdsgrefevathiattifar thuealvityreihetimagnetic
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q ﬁxample,
ggggﬁﬂsﬁgﬁgﬁ@%@m@%&e ypiformdinadararatienddricating layer

e to use the in-line type film forming method.

Bustbésrdbly labogalriniayer isSpreferihly Jozieeal o tedimplsothyrtagraific layer,
coating method. Effect of the Invention According to this invention, it is

esumietayRoiiR AhesieR YRR RLERRESEHRIYEsReralEedRrmed by
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preferable because uniform film formation is enabled. It is also preferable to
use the in-line type film forming method. Further, the lubricating layer is

preferably formed, for example, by the dip coating method.

Effect of the Invention

According to this invention, it is possible o provide a perpendicular
magnetic recording disk that can contribute to increasing the recording density
by improving the S/N ratio in high density recording without causing an increase
in DC noise, degradation in thermal stability, and degradation in recording

capability, and a method of manufacturing such a disk.

Best Mode for Carrying Out the Invention
Fig. 1 shows one embodiment of a perpendicular magnetic recording
disk according to this invention. According to Fig. 1, the embodiment of the

perpendicular magnetic recording disk 10 of this invention has a structure in



in DC noise, degradation in thermal stability, and degradation in recording
capability, and a method of manufacturing such a disk. Best Mode for
Carrying Out the Invention Fig. 1 shows one embodiment of a
perpendicular magnetic recording disk@according to this invention.
According to Fig. 1, the embodiment of the perpendicular magnetic
recording disk 10 of this invention has a structure in 14 which an

vaiube sioraldtyesidn dsyeht thagseficiageesc dfirst Gnddialendarlaysedana
underlayer 4b, a ferromagnetic layer.5 cer layer 6, a staéked 4a er
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ihvention w escribed in detail by giving examples ‘and comparative
gxemplesidduahiplend)Adeamarpbous dkmminbsibeatthglassants meiitied

into a disk shapej by direct press, thereby producing a glass disk. This
dpasERrskvAS GiidUNaIVIDSISKBE RIRY %%mwga?@'ﬁﬁﬁ@ﬁmﬁ-order,

thereby gt/)i%qug%peg smooth nonmagnetic glass substrate 1 in the form of
{ y ren@

a chemica thened glass disk. The disk diameter was 65mm. The

surface gaughaasseitbe maiosslvdese ebthegiasoriisiratesl dsshape by
measured by an AFM (atomic force microscope) and it was a smooth

HirrRiceraiBaiRRRITRIUSEISPOERR dRll Rel HeialposdisiWRMasoHRd
fdplaw dapanese ndystial siandord (U3). Then By 486 8 Almootn

orming’apparatus, an adhesion layer 2 and a's
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in an Ar atmosphere according to the DC magnetron sputtering method.
dicthis Ehertishdiadirisiowasy@bmmas Thenedriaceheugbgss Tf taegeedso

SHARB AR H55" SHRAL hmicty TRFSULSr D T ADAAPLBNG B
D8R IPOIRIRLE (78] a4 HGBiREAIM kA R AR Xhith #ral Bk iRyes BAMINGhd Ra
t?eing 0.42nm. Rmax and Ra follow Japanese industrial Standard (JIS5).
Then, by the use of an evacuated film forming apparatus, an adhesion layer 2
and a soft magnetic layer 3 were formed in order on the obfained glass
substrate 1 in an Ar atmosphere according to the DC magnetron sputtering
method. In this event, the adﬁesion fayer 2 was formed by the use of a Ti
target so as to be a Ti layer having a thickness of 20nm. On the other hand,
the soft magnetic layer 3 was formed by the use of a CoTaZr target so as to be
an amorphous CoTaZr (Co:88at%, Ta:7.0at%, Zr:4.9at%) layer having a
thickness of 200nm.

The substrate for a perpendicular magnetic recording disk thus finished
with the film formation up to the soft magnetic layer 3 was removed from the fiim
forming apparatus. The surface roughness of the obtained perpendicular
magnetic recording disk substrate finished with the fitm formation up to the soft
magnetic layer 3 was measured by the AFM in the same manner and it was a

smooth surface shape with Rmax being 5.1nm and Ra being 0.48nm. Further,



thickness of 200nm. The substrate for a perpendicular magnetic recording
disk thus finished with the film formation up to the soft magnetic layer 3
was removed from the film forming apparatus. The surface roughness of
the obtained perpendicular magnetic regording disk substrate finished
with the film formation up to the soft magnetic layer 3 was measured by
the AFM in the same manner and it was a smooth surface shape with

tREa§aER b petRRORMEFNB48We leuitees kbdthe MyPMWibrating

properties of the substrate were measured by a VSM (Vibrating Sample

Sragpledbiegrejomeeiesuistadevdicite rresiMrfaTes Hobvemy e and the

uration magnetic ens emuy/cc, thus showin
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{;»r erueing layer &I friaed on tiesefberpengikulayersyhaving
the'smooth surface shape with Rmax being 5.5nm or less and/or Ra
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were formed in orderon the obtained substrate in an Ar atmosphere

siedioniing tacthg DEanfitgrietramgutteanagusnetficst. \Odeheseibdtratesecond
finished with the film formation up to the soft magnetic layer 3, at first, the
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side Ru at a gas pressure of the Ar gas higher than that used when

FoeifiAg- the lower- Iayer side Ru, the crystal orientation can be improved.

Then, bbth%wlésgu Bs re}ﬁarﬂms%%%e Cﬂllaﬁgeehm\apo%% %)rg Ug:;tt%qg.es is%?t’magne’t'tc

fayer 3, at first, the first underlayer 4a made of amorphous NiTa (Ni:45at%,
Ta:55at%) and having a thickness of 10nm and the second underlayer 4b made
of Ru and having a thickness of 30nm were formed. Herein, two layers each
made of Ru may be formed instead. That is, by forming the upper-ayer side
Ru at a gas pressure of the Ar gas higher than that used when forming the
lower-layer side Ru, the crystal orientation can be improvec.

Then, by the use of a hard magnetic target made of CoCrPt and SiO;,
the ferromagnetic layer 5 having a hcp crystal structure was formed o a
thickness of 15nm. The compasition of the target for forming the ferromagnetic
fayer 5 was Co:62at%, Cr:10at%, Pt:18at%, Si0.:12at%. The ferromagnetic
layer 5 was formed at a gas pressure of 30mTorr.  Then, the spacer layer 6
made of Pd and having a thickness of 0.9nm was formed. Further, the stacked
tayer 7 in the form of alternate-layered films of CoB and Pd was formed. CoB
was first formed into a film of 0.3nm and, thereon, Pd was formed into a film of

0.9nm. Accordingly, the total thickness of the stacked layer 8 was 1.2nm.



the ferromagnetic layer 5 having a hcp crystal structure was formed to a
thickness of 15nm. The composition of the target for forming the
ferromagnetic layer 5 was Co:62at%, Cr:10at%, Pt:16at%, Si02:12at%.
The ferromagnetic layer 5 was formed gt a gas pressure of 30mTorr.
Then, the spacer layer 6 made of Pd and having a thickness of 0.9nm
was formed. Further, the stacked layer 7 in the form of alternate-layered

T s eickeB aperdwRsdameact:Gofayprtiairounediem Biwepthan that

0.3nm and, thereon, Pd was formed into a film of 0.9nm. Accordingly, the

ueed wisknéssronghibetarken?gnate eye12nm. 16 The stacked layer 7
was for[Eed a
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carbon-based protectiv er 8 made of hydrogenated carbon was
figoimesk EHedisknes svebtfereahonhastuchretss i dHaymrBonasas Shm.
Since the film hardness is impraoyed in the form of hydrogenated
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erfluoropolyether) was formed by the dip coating method. The
thickaass lefthabdricatingriayectFroasa magrtiobghdhe Tiametittarmg
process as described above, the perpendicular magnetic recording disk
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same manner and it was a smooth surface max being

4.53nm B iRgham eneAdauBydeirg thesspaseritayesiboandiiee
stacked layer 7, the surface roughness Rmax and Ra are improved. The

rarpaiiough feagnstionnpep idipiodiel Bl tinierexaimg ihwatPPiaingdyciess
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measured by the AFM in the same manner and it was a smooth surface shape
with Rmax being 4.53nm and Ra being 0.40nm. By forming the spacer layer 6
and the stacked layer 7, the surface roughness Rmax and Ra are improved.
The surface roughness is further improved by increasing the number of cycles
of CoB and Pd of the stacked layer 7. This also provides a new effect that
glide characteristics and flying characteristics are improved so that the
thickness of the protective layer can be reduced.

The orientation of the perpendicular magnetic recording layer (the
ferromagnetic layer 5, the spacer layer 8, and the stacked layer 7 will be
collectively called the perpendicular magnetic recording layer and the same
shall apply hereinafier) in the obtained perpendicular magnetic recording disk
was analyzed by the X-ray diffraction method and the c-axis of the hep
{(hexagonal close-packed) crystal structure was oriented in a direction

perpendicular to the disk surface. Further, the ferromagnetic layer 5 in the

obtained perpendicular magnetic recording disk was analyzed in detail by the



thickness of the protective layer can be reduced. The orientation of the
perpendicular magnetic recording layer (the ferromagnetic layer 5, the
spacer layer 6, and the stacked layer 7 will be collectively called the
perpendicular magnetic recording layey-and the same shall apply
hereinafter) in the obtained perpendicular magnetic recording disk was
analyzed by the X-ray diffraction method and the c-axis of the hcp

uhexagonahsiasssipackiediery stid sisdeiue VRN pHabtR it aadirasiitar structure.

perpendicular to the disk surface. Further, the ferromagnetic layer 5 in the
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crystal structure containing Co. It was found from this analysis that the
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by the use of the TEM and it did not have a granular structure. This

weprasahizdtan thetstidokeod ayger o las afshiuetar € dedmptsubatamgatinular
continuous magnetically. That is, this represents that the magnetic grains
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e thermal stablility. (Example 2) A perpe ular magnetic recording disk
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stacked layer 7 in Example 1 was changed to alternate-layered films of
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(Exampie 2)

A perpendicular magnetic recording disk was obtained in the same
manner as in Example 1 except that the stacked layer 7 in Example 1 was
changed to alternate-layered films of two cycles of CoB and Pd (Example 2).
The total thickness of the stacked layer 7 in the perpendicular magnetic
recording disk of this example was 2.4nm. The orientation of a perpendicular
magnetic recording layer in the obtained perpendicular magnetic recording disk
was analyzed by the X-ray diffraction method and, like in Example 1, the c-axis
of a hep (hexagonal close-packed) crystal structure was oriented in a direction
perpendicular to the disk surface. Further, a ferromagnetic layer 5 in the
obtained perpendicular magnetic recording disk was analyzed in detail by the
use of the transmission electron microscope (TEM) and it had a granular
structure like in Example 1. Specifically, it was confirmed that grain boundary
portions made of Si oxide were formed between crystal grains of the hep crystal

structure containing Co.



recording disk of this example was 2.4nm. The orientation of a
perpendicular magnetic recording layer in the obtained perpendicular
magnetic recording disk was analyzed by the X-ray diffraction method
and, like in Example 1, the c-axis of g lgcp (hexagonal close-packed)
crystal structure was oriented in a direction perpendicular to the disk
surface. Further, a ferromagnetic layer 5 in the obtained perpendicular
magnetigxeeqs@dirg) disk was analyzed in detail by the use of the
transmission electron microscope (TEM) and it had a granular_ structure
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transmission electron microscope (TEM) and it had a granular structure
dikiminceiaenplandiicafaifisghytit veaoctinfirdisk e graily bedimdatail by the
portions made of Si oxide were formed between crystal %rains of the th
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portions made of Si oxide were formed between crystal grains of the hep crystal
structure containing Co.

(Comparative Example 1)

In Example 1, by the use of a hard magnetic target made of CoCrPt and
Si0, (Co:62at%, Cr.10at%, Pt:16at%, Si0;:12at%), a ferromagnetic layer 5 was
formed to a thickness of 15nm. Then, on this ferromagnetic layer &, a carbon-
based protective layer 8 and a lubricating layer @ were formed without forming a
spacer layer 6 and a stacked layer 7. Except this point, a perpendicular
magnetic recording disk was obtained in the same manner as in Example 1.
The surface roughness of the obtained perpendicular magnetic recording disk
was measured by the AFM and it was a surface shape with Rmax being 6.26nm
and Ra being 0.48nm. This is rougher as compared with the foregoing
perpendicular magnetic recording disk formed with the spacer layer 6 and the
stacked layer 7. Further, the orientation of the ferromagnetic layer 5 in the

obtained perpendicular magnetic recording disk was analyzed by the X-ray



SiO2 (Co:62at%, Cr:1 Oat%, Pt:16at%, SiO2:12at%), a ferromagnetic
layer 5 was formed to a thickness of 15nm. Then, on this ferromagnetic
layer 5, a carbon- based protective layer 8 and a lubricating layer 9 were
formed without forming a spacer layef § and a stacked layer 7. Except
this point, a perpendicular magnetic recording disk was obtained in the
same manner as in Example 1. The surface roughness of the obtained

dremeticuisthmagnetinsecendingfdishkepvdrmaswbd dyetina Adek) angsit!
was a surface shape with Rmax being 6.26nm and Ra being 0.48nm.
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Specitically, it was confirmed that grain boundary portions made of Si
oxide wierfararetivseivaencé®ydtal grains of the hcp crystal structure

containing Co, (Comparative Example 2) In Example 1, by the use ofa 0
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point, a perpendicular magnetic recording disk was obtained in the same
anner BgdeEthimpleidt, Ehecopemtittidarahagpeteratonéngrdighetis
recording layer in the obtained perpendicular magnetic recording disk
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recording disk was analyzed by the X-ray diffraction method and the c-axis of a
hcp (hexagonal ciose-packed) crystal structure was oriented in a direction
perpendicular to the disk surface.

" The static magnetic properties of the obtained perpendicular magnetic
recording disks of the examples and comparative examples were evaluated by
the use of the VSM and a polar Kerr loop tracer.  Fig. 3 shows MH curves
measured by the VSM, wherein the thickness of the stacked layer was changed
by increasing n in the multilayer film [CoB/Pdln. Therefore, n=1 (Example 1),
n=2 (Example 2), n=5 (Example 3}, and n=0 (Comparative Example 1). Onthe
other hand, Fig. 2 shows a magnetization reversal nucleus producing magnetic
field (Hn) and a saturation magnetic field (Hs) in an MH curve. That is, the
magnetization reversal nucleus producing magnetic field (Hn) is a numerical
value at a point on the axis of abscissas corresponding to a point of intersection

between a tangent of a line showing saturation magnetization and a tangent of

an oblique line. On the other hand, the saturation magnetic field (Hs) is a



The static magnetic properties of the obtained perpendicular magnetic
recording disks of the examples and comparative examples were

evaluated by the use of the VSM and a polar Kerr loop tracer. Fig. 3

shows MH curves measured by the V&M, wherein the thickness of the
stacked layer was changed by increasing n in the multilayer film

[CoB/Pd]n. Therefore, n=1 (Example 1), n=2 (Example 2), n=5 (Example
m)manid a2 Eoapamtinedrxapigid bf@bdbre satheo handohiing thawsiat of
magnetization reversal nucleus producing magnetic field (Hn) and a

ISR FAEHRNRAGIRRISEEIHRYM an MH curve. That is, the magnetlzatlon
reversal.nucl Weing magnetic | Hn r|c | v
point oarhﬁe a%?% g !gcﬁlssa%rscggrréspong’ t%gnf)c? %é]ll%l m%‘r’se %Fn%

mevRayaiagaent skadlinesheyisssatuaiomamaanaizrtomagdaic field (Hs)
tangent of an oblique line, On the other hand, the saturation magnetic

drte@ispisieelo hhmmr@aaaamém@iﬁwpawf)mm@faﬁi@aﬂab@mssays
P R AL RO VYA AL ey Tecrding
iBgNRLEHEI (M IRSTeRSBEWEHS  BP 3H4, @ﬂd’@é@@@iﬁd igidd®) have the

decreases due to the increase in thickness of the stacked layer. This
ImyEreststsithatahd therfaabstalgtistic amprdvethausg asienldtpecdusiy the

T
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c is considered ue to reduction in Hc. Table 1 below
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electromagnetic conversion properties of the perpendicular magnetic
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app ar when applying an ex erna magnetic field from a plus saturation
magneialiels) hat mpnsadietionapplying an external magnetic field from a plus

saturation magnetic field to a minus direction.

[Table 1]
He | Hn OM | SIN(DC) | S/N(MF)
Table 1 (Oe) Mr/Ms (Oe) (dB) (dB) (dB)
Example 1 3000 1.000 200 29.5 26.0 22.0
Example 2 4010 1.000 1740 34.6 28.1 22.2
Example 3 3780 1.000 1600 49.3 32.0 23.5
Comparative | 940 | 1000 | 500 | 280 | 25.0 15.0
Exampie 1
Comparative | 4405 | goggg | 100 27 4 242 21.5
Example 2 |

It is understood from Table 1 that, according to the perpendicular
magnetic recording disks of the examples of this invention, the magnetization
reversal nucleus producing magnetic field (Hn) measured by the polar Kerr loop
tracer increases by about 100 to 1600 oersteds (Oe) as compared with the

conventional type perpendicutar magnetic recording disk as shown in Patent



[Table 1] Table 1 He Mr/Ms Hn OM/ ' S/IN(DC) S/IN(MF) (Oe (Oe) (dB (dB
(dB Example 1 J 3900 1.000 200 29.5 26.0 22.0 Example 2 4010 1.000
1740 34.6 28.1 22.2 Example 3 3780 1.000 1600 49.3 32.0 23.5
Comparative 2900 1.000 Example 1 580 28.0 25.0 15.0 Comparative
nExampl 3882 0.989 100 27.4 24.2 21.5 It is understood from Table 1
that, according to the perpendicular magnetic recording disks of the

mxannmies DihisrEve ke T shepenaginetZasinipleerethal pruiglensiprasiugiagnetic
magnetic field (Hn) measured by the polar Kerr loop tracer increases by

rebodingdare1 666 Haedaes¢dsjrasitompiataa Brvmageshcéarnal e
erpendicular magnetic recording di s.shown in Patent 21 _Documen
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necertinarayeiiasohedayarasistiucisierafiifadeHomagnetedayer & the

spacer layer 6, and the stacked layer 7 but the magnetic recording layer
eleekonmymiiaincGiver o oxidepeitigheihaco@tingad theariss (itdive aref

the electromagnetic conversi roperties, the oyerwrite properties (QO/\W)
IR TRl By 105 o A B aripfot & B4 B o 2 and
1. i F\Eﬁ@?’@ g, SOIPRES i 5
%ﬁ%ﬁ%@ﬁ%a%ﬁ% a%gggggFurther? gllﬁlh(a[?C) is Iaré%é%/v}ﬂm%b?g)eigg l;yand '
ALBthed S4B DR xauapie ¥, it hrm/8ddR 118 Exdngol & anamifiac! 7 BdB0B.09dB
Example 3 as comgared with Comparative Examples 1 and 2. Further,

'8/RKRIEPIE mBRSVEPDS 6.568 iR é%msi@ £, %, SB P EkaPle 2 aRaatve
ST A SRR S e et «
0.7dB in Example 2, and 2.0dB in Example 3 as compared with Comparative
Example 2 and improved by 7.0dB in Example 1, 7.2dB in Example 2, and
8.5dB in Example 3 as compared with Comparative Exampie 1. Moreover, as
a result of measuring error rates under the conditions where a recording density
of 100Gbit/inch? can be achieved, an improvement by about one to two digits
was obtained. This value represents that this invention can achieve a
recording density about two to three times larger than that of the conveniional
type mediums like Comparative Exampies 1 and 2.

The electromagnetic conversion properties were measured in the
following manner.
The measurement was carried out by the use of a RMW analyzer (DECO) and a
magnetic head for a perpendicular magnetic recording system having a SPT
element on the recording side and a GMR element on the reproducing side. In
this event, the flying height of the magnetic head was 10nm.
Measurement methods of S/IN(DC), S/IN(MF), and overwrite property (O/W)
were as foliows.

Given that a maximum recording density (1F) was 960kfci, S/N(DC) and
SIN(MF) were measured as S/N ratios.  S/N(DC) was calculated by recording



8.5dB in Example 3 as compared with Comparative Example 1. Moreover,
as a result of measuring error rates under the conditions where a
recording density of 100Gbit/inch2 can be achieved, an improvement by
about one to two digits was obtained. Zis value represents that this
invention can achieve a recording density about two to three times larger
than that of the conventional type mediums like Comparative Examples 1

bdrAed bigyeig eiramageetsrafioveisipagietertawiing meaauredtindhe
following manner. The measurement was carried out by the use of a RAN

raRanies dsneity)(4Rkfe) MagABEE RESATHRE PEPEAUILIS FAgHREC
recording system havi SPT el th ' i d
O R R 1M Go. o THe o 18 Mg haigREar|™

- dhalmegnetghead) was knen ddeasy emertimethedsiet SIBHRIGh the

S/N(MF), and overwrite property (OM!) were as follows. Given that a

resxEnUiviatordgietiensite iF) wadi9sDRICE FSIRKDTINgnde SYRYNAFS0KicH) and
d as S/N ratios..S/IN(DC Iculated b ding 22

e R o R A R R Y

FREQEAINg Slaasity4kich agd gﬂ%ﬂ@%@&wﬁ%@ﬁgwﬁﬁm%ﬁﬁ& aRGverwrite

frequency range to a frequency range 1.2 times 1 F by the use of a

meetrynwas dresd SIN (MSy tiag eatentstiedipyakcortiagarpanitesighal

on the perpendicular magnetic recording medium. at 2F recording density. .

DRSNS EHRPTOIBE BRI G 40 D RORSTRSHFING FRE A Bh e AR 2
i f Kichy 408 wserPhHbsSRRIaB-analyzer.

%%?ﬁéﬁ%ﬁec%%éﬁg %%g%ﬁqﬁgs g@ﬁéeg g?/ recording gﬁ”(}:arrier signal
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recording density, then overwriting a_carrier at 1 F recording density

TOBENIN APBrRLIPTRERUIMY 8 cartier GRIpIRUBERDINGULHLR R HEBIginal
24F (40%f!’?@nr,et%%r%%gnq§f'§f%ﬁiﬂ9\ﬁas evaluated with respect to Example 3 (the

medium having the alternate-layered films of five cycles of CoB and Pd as the
stacked tayer 7) and Comparative Example 1 (the medium without the spacer
layer 6 and the stacked layer 7). The evaluation of the thermal stability was
carried out by recording a signal on the magnetic disk and then confirming a
reproduction output after the lapse of a predetermined time. Accordingly, the
thermal stability was evaluated by measuring the decay rate of the signal with
the lapse of time.

Fig. 4 is a diagram showing a relationship between an elapsed time and
a ratio to a reproduction output immediately after recording, wherein the results
of Example 3 according to this invention are plotted by o and the results of
Comparative Example 1 are plotied by .  As shown in Fig. 4, it is understood
that the reproduction output weakens as the time elapses in the case of the
magnetic disk of Comparative Example 1 being the medium without the spacer
layer 6 and the stacked layer 7. On the other hand, if is understood that the

reproduction output hardly weakens and thus the thermal stability is excellent in



remaining reproduction output of a 12F carrier after the 1 F overwriting.
Then, the thermal stability was evaluated with respect to Example 3 (the
medium having the alternate-layered films of five cycles of CoB and Pd as
the stacked layer 7) and ComparativegExample 1 (the medium without the
spacer layer 6 and the stacked layer 7). The evaluation of the thermal
stability was carried out by recording a signal on the magnetic disk and

tHeebkendfnhegraagepiodistiaf ButpubRiBrbenlaiise ©f higritdeistionned
time. Accordingly, the thermal stability was evaluated by measuring the

decay rafest tHacsigaaMBaBUIRs 4 Edsr tithexpiping iasataingiaraused the

.showing a relati hip between, an elapsed, time and..a ratio
R B A RSHRE TR oot aRlSe Belyeen p value
drEPiena Receidno dodhisianentinagspletied b toadtheressiiasd a

Comparative Example 1 are plotted by . As shown in Fig. 4, itis _
vaidersidbat taethpoeifrstatseiusatipnt Wearehzadisthblaifeseséesis cuve.

he case of the magnetic, disk of Comparative Example 1 being the .
A GG P DA Sy B e GACRLA Tayr 7S SR
&?é‘r@idé'ﬁa%é’%ﬁ%%%é}% ShesirerrodrelionQutuhbardlyveakapa-and: is
thus the thermal stability is’excellent in 23 the case of the magnetic disk
o Siialen pheeS aluetediittyto grasinveitionity Bed, Mbignetis wesordy inHerein,
order to examine as to what caused the, improvement in SN as described

HEWNNHROR (PRMSANE A AVESPETRING BITINR MR PHSRLHH 2
@%@ﬁ%@@%@&%%% DA miNaneeP aneR valyg ol ihatig alfy),

tion of saturation magnetization Ms in a hystetesis curve. Avalue
stendgedired bycHel s dras amindg)ciov ebsepsatediypeesionbef a plurality
coercive force of magnetic grains. By the use of the value of AHc/Hc, it is
Bk to evaluate virtual grain uniformity and magnetic uniformity.

e e S R T U
@tdredi}, curves of the magnetic disk according to Comparative Example 1
and the magnetic disk according to Example 3 of this invention. AHc/Hc was
observed with respect to Comparative Example 1 shown in Fig. 5, (a) and it was
0.26. On the other hand, AHc/Hc with respect to Example 3 shown in Fig. 5,
{b) was reduced to 0.15 and it has been found that the dispersion of coercive
force of the magnetic grains can be reduced by forming the spacer layer 6 and

the stacked layer 7. It is considered that this caused the SN to be excelient.

Brief Description of the Drawings

[Fig. 1] is an exemplary sectional view of a perpendicular magnetic recording
disk according o one embodiment of this invention.

[Fig. 2] is a diagram showing a magnetization reversal nucleus producing
magnetic field (Hn) and a saturation magnetic field (Hs) in an MH curve.
[Fig. 3] is a diagram of MH curves in examples and a comparative example.

[Fig. 4] is a diagram showing a relationship between an elapsed time and a ratio



average lines are adopted from among curves repeatedly described a
plurality of times. Fig. 5, (a) and Fig. 5, (b) respectively describe minor

loops and hysteresis curves of the magnetic disk according to

Comparative Example 1 and the magmetic disk according to Example 3 of
this invention. AHc/Hc was observed with respect to Comparative

Example 1 shown in Fig. 5, (a) and it was 0.26. On the other hand,
10 Hhpromitistiesnaebio Exampletdisatwn isdogisg. (b) was reduced to

0.15 and it has been found that the dispersion of coercive force of the
ﬁﬁgﬁbtﬁz%@ﬂ%ﬁ%fﬁ@mﬂzﬁaWﬂ@ﬁﬁﬁ@@ﬁé‘%%&slﬁm Fpagnetic
d layer 7. I JIs considered that this ed the I
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thls invention. [Fig. 2] is a diagram showing a magnetization reversal
%aeﬂﬂaﬂﬁaj@r@ﬂ@ﬂ@ﬁgﬁm&wﬁ-ﬁﬁnd a saturation magnetic field

(Hs) in an MH curve. [Fig. 3] is a diagram of MH curves in examples and

a comparative example. [Fig. 4] is a diagram showing a relationship
HebWes-R#lapaashiime and a ratio 24 to a reproduction output

immediately aftér recording. [Fig. 5] is diagrams describing minor loops

‘and hysgtassisidusirageof a magnetic disk of a comparative example and a
magnetic disk according to this invention. [Fig. 6] is a diagram showing a
zelatlonﬁbe&é?wé%\‘% coercive force He and a SNR when increasing the
ﬁmountég@lgg P&&c n of Symbols 1 glass substrate 2 adhesion

ayer 3 soft magnetlc layer 4a first underlayer

first underlayer

4b second undertayer

5 ferromagnetic layer

6 spacer layer

7 stacked layer

8 carbon-based protective layer
9 lubricating layer

10 perpendicular magnetic recording disk



4b second underlayer 5 ferromagnetic layer 6 spacer layer 7 stacked
layer 8 carbon-based protective layer 9 lubricating layer 10 perpendicular
magnetic recording disk 25 CLAIMS: 1. A perpendicular magnetic
recording disk for use in perpendicular magnetic recording, said
perpendicular magnetic recording disk characterized by comprising a
substrate, a soft magnetic layer of a material selected from a group
consisting of an Fe-based material ang® Co-based material on said
substrate, a ferromagnetic layer on said soft magnetic layer, having a
GeM&: structure, and comprising crystal grains mainly made of cobalt

Co) and grain_boundary portions mainly made Qf Si02, .and a layer, an
Faid rerto B g e BT ey e P p e
rﬁf@%ﬁ@ii@%&fa@&%?éa@ﬁéfp@ﬁ&@uEa@'ﬁﬁa@ﬂ@ﬁ% rakdPRd3stherepatestized
0

i02 in said ferromagnetic layer being 6at% or more. 2. A
Iperpendlicitg aeghitiateccosdihgraigkadiccerdinpia deanerial ehigaiaerized a
in that a spacer layer selected from a group consisting of a Pd layer and
PPy P TR oo A O ARy St SR o1
SHERLRNG, tﬂ%?rmﬂ?@?éﬁ?!Q?&%H%i&%@%ﬁ%@%‘{i&%%@granu!ar
CoPt, CoPd, FePt, CoPt3, and CoPd3. 3. A method of manufacturing'a
sterprmdicatar coatetiogerpsdin g disis fora inde inauier péndicalafGoagnetigrain
recording and having at least a soft magnetic layer of a material selected

kARGt ER LMl rehalde AR G0 OR BdhiREaMeaRale
80 RBALRY & REIRGLERY IRt YR, $:HShg of CoCrPt, CoPt,

CoPd, FePt, CoPi3, and CoPds, the content of Si0; in said ferromagnetic layer

being 6at% or more.

2. A perpendicular magnetic recording disk according to claim 1,
characterized in that a spacer layer selected from a group consisting of a Pd
layer and a Pt layer is provided between said ferromagnetic layer and said layer
comprising the material selected from the group consisting of CoCrPt, CobPt,

CoPd, FePt, CoPis, and CoPds.

3. A method of manufacturing a perpendicular magnetic recording disk for
use in perpendicular magnetic recording and having at ieast a soft magnetic
layer of a material selected from a group consisting of an Fe-based material and
a Co-based material on a substrate and a magnetic recording layer on said soft
magnetic layer, said method characterized by,

in a step of forming said magnetic recording layer comprising,
on said soft magnetic layer, a ferromagnetic layer of a granular structure
comprising Si0O, between crystal grains containing cobalt (Co), the content of

the SIO» in said ferromagnetic layer being 6at% or more, and a stacked layer,



magnetic layer, said method characterized by, in a step of forming said
magnetic recording layer comprising, on said soft magnetic layer, a
ferromagnetic layer of a granular structure comprising Si02 between

crystal grains containing cobalt (Co), thg content of the Si02 in said
ferromagnetic layer being 6at% or more, and a stacked layer, 26 on said
ferromagnetic layer, comprising a material selected from a group
wPESISfagroaghett, Iepdtt doatitishrePs GakiSabgsldotdtiBotarmygwaid
ferromagnetic layer on said soft magnetic layer by sputtering in an argon
cgasisitngosphereriidGpEh, foatlithgrsaié &@Béedaagiéa@Bﬁqo%@rﬁ@jrw said
material selected. from the grqup consisting of CoCrP. Pt, CoPd. FeP
R s ) o o D B B S e e
HFESSHIR I8 MRHthRhF SRsingr eaREReRed Vden tombngisaid material selected
ferromagnetic layer.

from the group consisting of CoCrPt, CoPt, CoPd, FePt, CoPts, and ColPdj by
sputtering in an argon gas atmosphere at a gas pressure lower than a gas

pressure used when forming said ferromagnetic layer.



