DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG DI SK AND METHOD OF
MANUFACTURI NG THE SAME Technical Field [0001] This invention relates to a
per pendi cul ar magnetic recordi ng medium adapted to be nmounted in a

per pendi cul ar magnetic recording type HDD (hard disk drive) or the like.
Background Art [0002] Various information recording techni ques have been
devel oped followi ng the increase in volunme of information processing in
recent years. Particularly, the areal recording density of HDDs (hard disk
drives) using the magnetic recording technique has been increasing at an
annual rate of about 100% Recently, the information recording capacity
exceedi ng 100GB has been required PESCRIBTIONN magnetic di sk adapted for
use in a HOD or the like. In order to satisfy such a requirenent, it is
necessary to realize an information recording density exceeding

200Gpi ts/inch2. In order to achieve the high recording density in a

magneti c di sk for usBERRFRENMODLAR MAGNELIS, RECORDMNSE BSSIKAND t 0 reduce t he
size of magnetic crystal grajns f ing_a nmagnetic r rding | ayer serving
to record information mU‘%ﬁ'LODQ%%L?WTUgH“@J&Lﬁ:gm t hi ckness of the
| ayer. However, in the case of conventionally comercialized nmagnetic di sks
of the in-plane nmagnetic recording type (also called the | ongitudinal

magnetic re i e or the horizontal magnetic recording type), as a
result of thgﬁﬁﬂg%ggk%gn in size of magnetic crystal grains, there has

arisen a so-call ec!o(g@ﬂr mal 2 fluctuation phenonenon where the thernal
stability of recorded 'signals is degraded due to superparamagneti sm so that

the recorded signaths mivenlidtStelates to a perpendicular magnetic recording medium
adapted to be mounted in a perpendicular magnetic recording type HDD (hard

disk drive) or the like.

Background Art

[0002]

Various information recording techniques have been developed
following the increase in volume of information processing in recent years.
Particularly, the areal recording density of HDDs (hard disk drives) using the
magnetic recording technique has been increasing at an annual rate of about
100%. Recently, the information recording capacity exceeding 100GB 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 200Gbits/inch®.  In order to achieve the high
recording density in a magnetic disk for use in a 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 conventionally commercialized magnetic disks
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

reduction in size of magnetic crystal grains, there has arisen a so-called thermal



whi ch has thus beconme an inpeding factor for the increase in recording
density of the magnetic disks. [0003] 1In order to solve this inpeding
factor, magnetic disks of the perpendicular nagnetic recording type have
been proposed in recent years. In the case of the perpendicular magnetic
recording type, as different fromthe case of the in-plane nagnetic
recordi ng type, the easy magnetization axis of a magnetic recording |ayer
is adjusted so as to be oriented in a di4ection per pendi cul ar to the
surface of a substrate. As conpared with the in-plane nagnetic recording
type, the perpendicular magnetic recording type can suppress the thernal

fl uctuati on fploaraioe phenamenbhwahers treuheabalestdtolity ioh ceceadedgignalees r ecor di ng
density. For exanple, Japanese Unexam ned Patent Application Publication
(JP-A) No. Ximpadeides (q:wmnpar@mam@mm By thatdbe seensded sigpalsiajadostabout a
per pendi cul ar netic recordin haV|n an underl ayer, a, Co-based
per pendi cul a‘?’h'ﬁﬁg‘ﬁéﬁhlﬁs *P%@cﬂ?%%gﬂp%@j O'Zat Br'0¢reaSE (Nerecaiing @onsty are
fornmed on a %%Fstr%wﬁt ag%he or der naned Further, United States Patent No.
6468670 Spec? Y] 'f &nt Docunent 2) dlscloses a perpendi cul ar

magneti c recordlng @ﬁﬂlUﬁ]haV|ng a configuration in which an

exchange- coupl ed icial lattice filmcontinuous |ayer (exchange-coupled

layer) is adhered Iiﬁ@rdiergdS@BHb%ls"rﬂP@d@l?%téﬁ%@gneﬁ@&%ﬂ% oPgfeunent 1. Japanese
Unexam ned Patent Application ication (JP-A) No. 2002-92865 Patent

Docunent 2: pérpeedicShainagnéid eebrdiey ty@é&&@é’@eépmmpﬁoseatm o¢cenbysarlsosir e of
the I nvention Probl emto be Solved by the Invention 3 [0004] Also in the
case of the thercpeadf the perpesdjodar mageein wicowlingetypanas diffieeent from the

case of the in-plane magnetic 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 compared with the in-plane

magnetic recording type, the perpendicular magnetic recording type can

suppress the thermal fluctuation phenomenon and thus is suitable for increasing

the recording density. For example, Japanese Unexamined Patent Application

Publication (JP-A) No. 2002-92865 (Patent Document 1) discloses a technique

about a perpendicular 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 configuration in which an

exchange-coupled artificial lattice film continuous layer (exchange-coupled

layer) is adhered to a granular recording layer.

Patent Document 1:  Japanese Unexamined Patent Application

Publication {JP-A) No. 2002-92865
Patent Document 2:  United States Patent No. 6468670 Specification

Disclosure of the Invention

Problem to be Solved by the Invention



in the case of the in-plane magnetic recording nedium the recording density
of the magnetic disk is inproved nmainly by reducing noise in a

magneti zation transition region of a magnetic recording |ayer. For the

noi se reduction, it is necessary to inprove the crystal orientation of the
magnetic recording layer and to reduce the crystal grain size and the
magni t ude 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 in the magnetic recording |ayer and, further, to provide
a segregated state where individual nmagnetic crystal grains are
magnetical ly sepaf@e®]. [0005] In the neantine, the Co-based perpendicul ar
magneti c recording layer disclosed in Patent Docunent 1, particularly a
CoPt - based per pendilgninghe caagnéthiecparpendiciiagmbgyelic, repatding meghuint,dkeci ve
force (Hc) and can cause a reversed donmain nucl eation magnetic field (Hn)
to be a smalll harase pldie in-piane magnptigiacordingraedpm, th%@CP%&ﬁl%ﬂﬁfﬂfé@ Hgai nst

t her mal flucbuation can

can  he.i d. d hi.gh S/ N. i hi d,
M I M SR T T T R T )
on s | : et i ing.. .Cr .can b
comtained SRR SH IR MF RO A e T,
bl ock th iRt i i i th b
b ock e oxshagi bR 10D HRIARAN oPRITRAY kS At L her oty

an oxi de sucl ragudd 9@ drestainfraiofiie Hes i maghinfrRAM Chh@ietibagaeictienr ecor di ng

| ayer, it is possible to forman excellent segregated structure w thout
i npedi ng t heTkgiiig, ax bader go owrdasef th€odtardifp aensity ofdpe nsedivmgits desitabie oxi de
such as Si2 at the grain boundaries to reduce the crystal grain size and
further to riecdgvalizehancriasheeitae crstal gmin sizeeiie@agnels reegring layar anthai ns,
the Tow nol Sf(artihgr, ?ocgrio(\ar}éi%dé segregated state where individual magnetic crystal grains
are magnetically separated.
[0005]
In the meantime, the Co-based perpendicular magnetic recording layer
disclosed in Patent Document 1, particularly a CoPt-based perpendicular
magnetic recording layer, has a high coercive force (Hc) and can cause a
reversed domain nucleation magnetic field (Hn) to be a small value less than
zero and, therefore, the resistance against thermal fluctuation can be improved
and a high S/N ratio can be achieved, which is thus preferable. Further, by
causing an element such as Cr to be contained in such a perpendicular
magnetic recording layer, Cr can be segregated at grain boundary portions of
the magnetic crystal grains to block the exchange interaction between the
magnetic crystal grains, thereby contributing to increasing the recording density.
[0006)
Further, by adding an oxide such as SiO- to the CoPt-based
perpendicular magnetic recording layer, it is possible to form an excellent
segregated structure without impeding the epitaxial growth of CoPt. That s, by
segregating the oxide such as SiO; at the grain boundaries to reduce the crystal

grain size and further to reduce the magnetic interaction between the magnetic



[0007] In this manner, by increasing the content of SiQ2, the | ow noise
characteristics can be inproved. On the other hand, an excessive increase in
t he amount of Si Q2 causes degradation of perpendi cul ar magneti c ani sotropy,
so that there arises a problemof thermal fluctuation. As one nmeans for
avoiding this thermal fluctuation problem it is considered to increase the
coercive force. In order to inprove the coercive force, a configuration has
conventional |y been enpl oyed, for exanpl® to increase an ani sotropy constant
(Ku) of a magnetic |layer by optimzing the conposition of the nagnetic |ayer
or to inprove the crystal orientation of a magnetic |ayer by optim zing
mat eri al s ofgraing, beilewtnaiseos agbieved! | ayer and an underl ayer or optinizing

t he f|In1structur?s of them [0008] It is an object of this invention to
provi de a perpendi Ar magnetic recording disk t hat can achieve a high

Feal i zing both segh LGamMas Vevéﬁ'o?éﬁ%sfﬁﬂﬁﬂﬂﬁcéer' d e
ani SO1 1 0BY . oMot R RULLATArIoRo R CIETOE il idh, RGBS bR gress.

Means for Sol ving n order to solve or enent i oned
probl em accee@niink 8f 8idydusas de@ﬁﬂ%ﬁén @f pérbbﬁdlbﬂlﬁﬁﬂ{dgﬂ@tm hhl@bﬁoms provi ded
a perpendi cul ar nmagnetic recording disk use I n perpendi cul ar magnetic

recordi ng, csynpat thengadsed £psiblen of theal ﬁmu‘xatlom f iAssdnemegaes tae recordi ng

| ayer, and a second nmagnetic recording |ayer on a substrate in this order,
wher ei n t he dvoiding g therinal Hieatioatitinrgyobleyeit ianansidéredde drmeaseallret i ¢
recording |l ayer are each a ferrqmagnetic |layer of a 5 granul ar structure
havi ng a norfReGeIEe f%c%ub@tcﬁﬁ@fétof'@lpfﬁ%ha cgeiive feEeh@opiiguration has

conventionally been employed, for example to increase an anisotropy constant
(Ku) of a magnetic layer by optimizing the composition of the magnetic layer or
to improve the crystal orientation of a magnetic layer by optimizing materials of
an orientation control layer and an underlayer or optimizing the film structures of
them.

[0008]

It is an object of this invention to provide a perpendicular magnetic
recording disk that can achieve a high coercive force (Hc) and low-noise
characteristics (high S/N ratio) by realizing both segregation of SiO, and high
perpendicutar magnetic anisotropy, without adding a large change to its

manufacturing process.

Means for Solving the Problem

[0009]

In order to solve the aforementioned problem, according to a typical
aspect of this invention, there is provided a perpendicular magnetic recording
disk for use in perpendicular magnetic recording, comprising at least an
underlayer, a first magnetic recording layer, and a second magnetic recording
layer on a substrate in this order, wherein the first magnetic recording layer and

the second magnetic recording layer are each a ferromagnetic layer of a



portion between crystal grains containing at |east cobalt (Co), and, given
that a content of the nonnagnetic substance in the first magnetic recording
| ayer is A nol%and a content of the nonmagnetic substance in the second
magnetic recording layer is B nol% A>B. [0010] The content of the
nonmagneti ¢ substance in the first magnetic recording |layer is preferably
8nmol % to 20nol % and nore preferably 1 Oml %to 14nol% This is because if
it is 8nol% or |less, a sufficient conpos@ tional separation (segregation)
structure cannot be forned and thus a high SINratio cannot be obtai ned.
Further, this is because if it is 20mol % or nore, it is difficult for Co to
form an hcp granulat strectuechavirg a siohmagnetit sybstawedooningra grgniedurclanani sot r opy
cannot be obtained and thus high Hn cannot be obtained. The content of the
nonmagnet i ¢ AN Beweencrysial granswontaing el Lapeeabhelli(kg).| angegivies th@draef er abl y
8mol % to 20nol % and nore preferably 8nol %tao 12nol %,. The magneti.c ,recording
'ayers are FRNURABIGE ROIRAGNSY SLDEIRACE & InediraT AGRE icAeSRid g NRA S

oDUL1 111 TRLBRA S RN S BRI O SebES e AR T oL

preferably ; preferably 0.5nmto 2nm This is because
if it is| e?g@@é@l&&é@%% ﬁ‘?g/r?bn%%}gti onal separation of the second magnetic

recording layer capmay] be facilitated and, if it is greater than 2nm the
R/'Wcharacteristics (read/wite characteristics) are degraded. The
t hi ckness of the Séeauhtaragfidid conmagmtidisogstaagein ihe fpstahegradiicy 3nm or nore
and nore preferably 7nmto 15nm This is because if it is less than 7nm a
suf fici ent cesesinglayeris@refaratdy 8Hel% &b L2ainald aaddnorefpreteraldy dPe@i%eiot han
15nm high Hn cannot_he obtained. In order to obtain high Hnp, the total
t hi ckness of 14M@%:i rKtis [seRprause iilds omaltrpregie @ sfifient compositional

separation (segregation) structure cannot be formed and thus a high S/N ratio

cannot be obtained. Further, this is because if it is 20mol% or more, it is

difficult for Co to form an hcp structure, so that sufficient perpendicular magnetic

anisotropy cannot be obtained and thus high Hn cannot be obtained. The

content of the nonmagnetic substance in the second magnetic recording layer is

preferably 8mol% to 20mol% and more preferably 8mol% to 12mol%. The

magnetic recording layers are preferably formed by a sputtering method. ADC

magnetron sputtering method is particularly preferable because uniform film

formation is enabled.

[0011]
The thickness of the first magnetic recording layer is preferably 10nm or

less and more preferably 0.5nm to 2nm. This is because if it is less than

0.5nm, compositional separation of the second magnetic recording layer cannot

be facilitated and, if it is greater than 2nm, the R/W characteristics (read/write

characteristics) are degraded. The thickness of the second magnetic

recording layer is preferably 3nm or more and more preferably 7nm to 15nm.

This is because if it is less than 7nm, a sufficient coercive force cannot be

obtained ang, if it is greater than 15nm, high Hn cannot be obtained. In order

to obtain high Hn, the total thickness of the first magnetic recording layer and



the second magnetic recording |ayer is preferably 15nmor less. [0012] The
nonmagneti ¢ substance may be any substance as long as it is a substance
that can formgrain boundary portions around magnetic grains so as to
suppress or bl ock the exchange interaction between the magnetic grains and
that is a nonmagneti ¢ substance not solid-soluble to cobalt (Co). For
exanple, chromum (Cr), oxygen (0), an&ioxides such as silicon oxide

(Si Ox), chromum oxide (Cr02), titaniunfoxide (TiQ2), zirconium oxide
(Zr@2), and tantalum oxide (Ta205) can be cited as exanples. [0013] An
orientation control |ayer having an anorphous or fcc structure is

pref erabl y phesedert m@gmetizcnretcneﬂ?&@l@efer istpretenably ABnmridessyer. The
orientation control |ayer is a |layer having a function of controlling the
orientation of cr&@ﬁ%ﬂ] grains of the underlayer. The orientation control

| ayer can be for

f erial h , | I : i -b d
all oy such as N gﬂgor@@%ﬂi%pg%hgEhﬁﬁéagéﬁ@ﬁ%&awé%%ﬁ?ﬁﬂggg}@?N:ﬂés gayler ase

contai ning T, s : r -g@%ﬂgﬁt' ayer is
preferably p@gglfa@-ég t%@fb\ﬁgﬁ%rﬁé&hgagéfs}%a}rgﬁértang Eﬁﬁ@ﬁﬁ%@b%ﬁly i én&?%ﬂ S
invention, ti3euppidssTBNRKi the bfMRIndeSndPActioRehEdt el Madhdlicigdinaaniong as
it is formed of a magnetic body that exhibits the soft magnetic properties

and, for exatpliea nmenagretibgubedeace hobsolifiesdiddeth cawdlt (CgnEdi examgler i al
such as FeTaC-based al |l oy, FeTaN based alloy, FeN -based alloy, FeCoB-based
al l oy, or FedooinagedCal dxygend Ofcanshexidesaifah amsiligst oxidertBiek),ahrernisim as
CoTaZr - based all oy or CoNbZr-based alloy, an FeCop-based alloy soft magnetic
material, orot#(GQes titamiommxiderfi@nefirConiyen gxide (Admetndtanialem qxidsr er abl y

?%2) a:mijt ior@gﬁé}céﬁ{?wt%g%lewﬁ%’:d ve force (Hc) of 0.01 to 80 oersteds

[0013]

An orientation control layer having an amorphous or fcc structure is
preferably provided between the substrate and the underlayer. The orientation
control layer is a layer having a function of controlling the orientation of crystal
grains of the underlayer. The orientation control layer can be formed of a
material such as, for example, Ta, Nb, a Ni-based alloy such as NiP, a Co-based
alloy such as CoCr, a nonmagnetic layer containing Ta or Ti, Pd, or Pt.

[0014]

An amorphous soft magnetic layer is preferably provided between the
substrate and the underlayer. In this invention, the soft magnetic layer is not
particularly limited as long as it is formed of a magnetic body that exhibits the
soft magnetic properties and, for example, use can be made of an Fe-based
soft magnetic material such as FeTaC-based alloy, FeTaN-based alloy,
FeNi-based alloy, FeCoB-based alloy, or FeCo-based alloy, a Co-based soft
magnetic material such as CoTaZr-based alloy or CoNbZr-based alloy, an
FeCo-based alloy soft magnetic material, or the like.

[0015]

Further, the soft magnetic layer preferably has as its magnetic property

a coercive force (Hc) of 0.01 to 80 oersteds (Oe) and more preferably 0.01 to 50



7 oersteds. Further, it preferably has as its nmagnetic property a
saturation magnetic flux density (Bs) of 500enu/cc to 1920enu/cc. The

t hi ckness of the soft nagnetic layer is preferably 1 Ohmto 1000nm and nore
preferably 20nmto 150nm Wen it is less than 1 Onm there is a case where
it becomes difficult to forma suitable magnetic circuit between nmagnetic
head - perpendicular magnetic recordi ng7l ayer - soft magnetic layer, while,
when it exceeds 1000nm there is a case’ where the surface roughness
increases. Further, when it exceeds 1 000nm there is a case where the
sputtering filmformation becones difficult. [0016] The substrate is
preferably aperatedsphbughey peeferbvbnhamapids maghetd uropartnaaﬂatmrgtibts necessary
for controlling magnetic domai ns of the soft nagnetic the substrate

||s pr e; er ablh rvaan%tlcdw dansiy Bs)iaf Sogew&@ltpéﬁﬁoewuk@at Thfs'Iéglicgrﬂ%ﬁ’q‘»c%f theng theb
EFZZ?anEr f oo ée‘éaa%é@tlﬁywzé‘@? Brbet ol T dndnm Badiy %fn%&sea%@ygﬁa%éﬁ an he
o noot 1+ ot AwdeRitts 1As3R8R 1O THEE e oy MhEe L kGBI Ruh ST
anor phous,  tR&,syBS4 QBI% rrégrwtﬁfc%&?g&m{é%g rﬁlﬁ'%{é;??;é%idglgﬁé?ﬁﬁndlﬁgﬁ a

chem cal ly strengt hened I's use Ich is thus

preferable. hegdstlc reEb@nrﬁngrap@scesdfpmgbﬂ@t&ﬂasaér whie, Wheh is ekl 1Woohhe
substrate is preferably 6nmor |less in Rmx and '0.6nmor less in Ra. By

provi di ng subbreais sscasetwhererthaserface gaghbedsieereapes.pefuttteu) whemignet i ¢
recording |ayer - soft magnetic |layer can be set constant so that it is
possi bl e to €xpertia 1800rmblhere iseyeras wherertbaisputeringidm faamatkan keqomas -

per pendi cul acrI cuﬁnetl c recording layer - soft magnetic |ayer.
iffi

[0016]

The substrate is preferably an amorphous glass. When magnetic field
annealing is necessary for controlling magnetic domains of the soft magnetic
layer, the substrate is preferably a glass because it is excellent in heat
resistance. As the glass for the substrate, an amorphous glass or a
crystallized glass can be used and, for example, there can be cited an
aluminosilicate glass, an aluminaborosilicate glass, a soda lime glass, or the
like. Among them, the aluminosilicate glass is preferabie. When the soft
magnetic layer is amorphous, the substrate is preferably the amorphous glass.
When a chemically strengthened glass is used, the rigidity is high, which is thus
preferable.

[0017]

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.

[0018]



[0018] 8 According to a typical aspect of this invention, there is provided
a nethod of manufacturing a perpendi cul ar magnetic recording disk for use in
per pendi cul ar magnetic recordi ng, the disk conprising at |east an

underl ayer, a first magnetic recording |ayer, and a second nagnetic
recording layer on a substrate in this order, conprising formng, as the
first magnetic recording layer, a ferromagnetic |layer of a granul ar
structure in which a nonmagnetic substarfte is segregated between nagnetic
grains containing at |east cobalt (Co), and formng, as the second magnetic
recording layer, a ferromagnetic layer of a granular structure in which a
nonmagnet i ¢ subst @weerdisg Reg typir agpdit biveinvemipre thereds piovidetiant ai ni ng at

| east cobalt (Co), wherein, given that a content of the nonmagnetic

subst ance i methedfdf nsanufieciuing a pegenditiufey rhagreticirgcokdimgl diskaiod usaircont ent  of

t he nonmagnetic substance in the second magnetic recording layer is B nol%
A>B. A sput tREPerdigahBagnglis ieceing.the dishCompyisiangras heash @Ntuncderayern@t hod,

can be suit blly use%for formn thg magneti ¢ recor di n&; “f‘ ers. Effect of
the I'nvent i JiSt PABASIC eapicBidiaNg 2BS ariesonsa masneln reqarding BB 8 e t o

hi b . > he Ceul
magnet | ¢ ani SBERaRTS il SupBATRARSG, 2ie RS e S bR RERE o &

| ow- noi se charardneadnetit fyer fsaif g@éarﬁw sttichfe in %Hﬂ%’ﬁ?rﬂgggﬁ&i@sdﬁfa&%wh?nge

to the manufacturing process. "Brief Description ¢ awi ngs [ 0020
Fig. 1 is a idisagregatddtset@sphanagneatic igheing opdtaidiiicpatiloastabbalt pespandi cul ar

magneti c recordi ng nmedium according to a first enbodinent. Fig. 2 is an
exenpl ary difagnag &otheesguioad magnetiheecardingilayerod fereaymagredic layecof di ng | ayers.
granular structure in which a nonmagnetic substance is segregated between
magnetic grains containing at least cobalt (Co), wherein, given that a content of
the nonmagnetic substance in the first magnetic recording layer is A mol% and
a content of the nonmagnetic substance in the second magnetic recording layer
is B mol%, A>B. A sputtering method, particularly a DC magnetron sputtering
method, can be suitably used for forming the magnetic recording layers.
Effect of the Invention
[0019]
According to this invention, it is possible to achieve both segregation of
a nonmagnetic substance and high perpendicular magnetic anisotropy to

thereby obtain a high coercive force (Hc) and low-noise characteristics (high

S/N ratio), without adding a large change to the manufacturing process.

Brief Description of the Drawings

[0020]

Fig. 1 is a diagram for explaining the configuration of a perpendicular
magnetic recording medium according to a first embodiment.

Fig. 2 is an exemplary diagram for explaining the vicinity of magnetic
recording layers.

Fig. 3 is a diagram showing the relationship between coercive force and



Fig. 3 is a diagramshow ng the relationship between coercive force and 9
noi se when the thicknesses of the first and second nagnetic recording |ayers
are changed. Fig. 4 is a diagramfor explaining the configuration of a

per pendi cul ar magnetic recordi ng nmedi um according to a second enbodi nent.
Fig. 5 is a diagramshow ng the relationship between coercive force and

noi se when the thicknesses of first and second magnetic recording | ayers
according to the second enbodi nment are anged. Description of Synbols
[0021] 1 disk substrate 2 adhesive layer 3 soft magnetic | ayer 4
orientation control |ayer 5a, 5b underlayers 6 first magnetic recording

|l ayer 6a nowied whegtha thidkinesses efdhe dixst dad Besebmagnetyn edocding tayedi ng | ayer
7a magnetic grain 7b silicon oxide 8 coupling control |ayer 9 exchange

ener gy contr@?cm§9§$ 10 medi um protective |layer 11 lubricating |ayer 10

medi um protective IJSI 4isa &%gll'aun? o'r%%falrﬁng % configuration of a perpendicular

magnetic recording medium according to a second embodiment.
Fig. 5 is a diagram showing the relationship between coercive force and
noise when the thicknesses of first and second magnetic recording layers

according to the second embodiment are changed.

Description of Symbols

[0021]
1 disk substrate
2 adhesive layer
3 soft magnetic layer
4 orientation control layer
5a, bb underiayers
6 first magnetic recording layer
6a magnetic grain

6b silicon oxide

7 second magnetic recording layer
7a magnetic grain

7b silicon oxide

8 coupling control layer

9 exchange energy control layer
10 medium protective layer

11 lubricating layer

10 medium protective layer

11 lubricating layer

23 soft magnetic layer



23 soft magnetic layer 10 23a first soft magnetic |ayer 23b spacer |ayer
23c second soft magnetic |layer 24 orientation control |ayer 26 onset |ayer
27 first magnetic recording |ayer 28 second nmagnetic recording |ayer Best
Mode for Carrying Qut the Invention [0022] [First Enbodinment] A first
enbodi nrent of a perpendi cul ar magnetic recordi ng nedium according to this
invention wll be described with refereﬁse to the drawings. Fig. 1is a

di agram for explaining the configurationYof the perpendi cular magnetic
recordi ng nmedium according to the first enbodinment, Fig. 2 is an exenplary
di agram for explaining the vicinity of magnetic recording |ayers, and Fig.
3 is a di agr28a shdwétrsgfttrhagnedicdayesnshi p bet ween coercive force and noi se
when the thicknesses of the first and second magnetic recording | ayers are
changed. NurdHi calsp@egrla¥eigi ven in the foll owi ng enbodi ment are only
exanples fo t he ugﬁﬁrstanding of this invention and are not

r 4aci litati n&
i ntended t 249 ni SCEATL SPIHIAIFURBYRT ess ot herwi se stated. [0023] The
di cul o j di h in Fig. 1 i di sk
per pendi cul ag, mg&?‘%‘s‘fﬂ‘,‘éﬁ@bg?ﬂglf‘g@ i um shown in Fig conprises a dis

substrate 1,7an a soft magnetic layer 3, an orientation
control | ayejg 4, %@,Sgﬂggé,l ayer 5a, an underlayer 5b, a first magnetic
recording |layer 6, a setond magnetic recording |layer 7, a coupling control

|l ayer 8, amexchaipgenggifdig¥ecaringaaydrayer 9 (continuous |ayer), a nedium
protective
28 second magnetic recording layer

Best Mode for Carrying Out the Invention

[0022]

[First Embodiment]

A first embodiment of a perpendicular magnetic recording medium
according to this invention will be described with reference to the drawings.

Fig. 1 is a diagram for explaining the configuration of the perpendicular
magnetic recording medium according to the first embodiment, Fig. 2 is an
exemplary diagram for explaining the vicinity of magnetic recording layers, and
Fig. 3 is a diagram showing the refationship between coercive force and noise
when the thicknesses of the first and second magnetic recording layers are
changed. Numerical values given in the following embodiment are only
examples for facilitating the understanding of this invention and are not intended
to limit this invention unless otherwise stated.

[0023)

The perpendicular magnetic recording medium shown in Fig. 1
comprises a disk substrate 1, an adhesive layer 2, a soft magnetic fayer 3, an
orientation control layer 4, an underlayer 5a, an underlayer 5b, a first magnetic
recording layer 6, a second magnetic recording layer 7, a coupling control layer
8, an exchange energy control layer 9 (continuous layer), a medium protective

layer 10, and a lubricating layer 11.



| ayer 10, and a lubricating layer 11. 11 [0024] At first, an anorphous

alum nosilicate glass was nolded into a disk shape by direct press, thereby
produci ng a glass disk. This glass disk was ground, polished, and

chem cally strengthened in sequence, thereby obtaining the snooth
nonmagneti c di sk substrate 1 in the formof a chemcally strengthened gl ass
di sk. The di sk dianeter was 65mm The surface roughness of the nmain surface
of the disk substrate 1 was neasured by1én AFM (atom c force m croscope)
and it was a snooth surface shape with Rrax of 4.8nmand Ra of 0.42nm Rnmax
and Ra follow Japanese Industrial Standard (JIS). (0025] Using an
evacuated filmfoi®d24) apparatus, the layers fromthe adhesive layer 2 to

t he exchange energy control |layer 9 were formed in sequence on the obtained

di sk substrate 1 A fitgi, 20 amopipsaieminpsiice glagsghas meideshiota @diskg net hod
dth th di : tecti I 1Q f or.med CVD. et hod.
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e adhesive Tayer was fornmed using a Ti-alloy target so as to be a

Ti -al | oy | aygrorgnchedsstisk O Theisk bRradbeRty BshAYEI iR sifigeadhesi on

between the disk substrate 1 and the soft magnetic |ayer 3 can be inproved
and, therefroughneds ofsheparsn blidadeoofthe diskisubbiratepl wgs ofedsheedsiof &n Aghet i c

| ayer 3. As a nmaterial of the adhesive |ayer 2, use can be nade of, for
exanpl e, a (atomic force microscope) and it was a smooth surface shape with Rmax of

4.8nm and Ra of 0.42nm. Rmax and Ra follow Japanese Industrial Standard

(JIS).

[0025]

Using an evacuated film forming apparatus, the layers from the
adhesive layer 2 to the exchange energy control fayer 9 were formed in
sequence on the obtained disk substrate 1 in an Ar atmosphere by a DC
magnetron sputtering method and then the medium protective layer 10 was
formed by a CVD method. Thereafter, the lubricating layer 11 was formed by a
dip coating method. In terms of capability of uniform film formation, it is also
preferable to use an in-line type film forming method. Hereinbelow, the
structures and manufacturing methods of the respective layers will be
described.

[0026]

The adhesive layer 2 was formed using a Ti-altoy target so as to be a
Ti-alloy layer of 10nm. By forming the adhesive layer 2, the adhesion between
the disk substrate 1 and the soft magnetic layer 3 can be improved and,
therefore, it is possible to prevent stripping of the soft magnetic layer 3. Asa
material of the adhesive layer 2, use can be made of, for example, a
Ti-containing material. In terms of practical use, the thickness of the adhesive

layer is preferably set to 1nm to 50nm.



Ti-containing material. In ternms of practical use, the thickness of the
adhesive layer is preferably set to 1 nmto 50nm 12 [0027] The soft
magnetic |ayer 3 was forned using a CoTaZr target so as to be an anorphous
CoTazr | ayer of 50nm [0028] The orientation control |layer 4 has a function
of protecting the soft nmagnetic layer 3 and a function of facilitating

m ni aturization of crystal grains of the underlayer 5a. As the orientation
control layer 4, an anorphous | ayer of 14 was formed to a thickness of 3nm
using a Ta target. [0029] The underl ayers 5a and 5b forma two-Iayer
structure nmade of Ru. By formng Ru on the upper |ayer side at an Ar gas
pressure higher tf@RAhat used when forming Ru on the |ower |ayer side, the
crystal orientatign can be inproved. [0030 ing a hard nmagnetic target

], Usi
made of CoCrPt and h§isofluBagRsticdayqrs wey fumegdisingafiod adk tasgei SRAsgRdS ¢
substance, the first ic rec ing layer 6 wth an hcp crystal
structure ofa@ﬁwpﬁ@“gwgrfafﬁéoﬁ(?@? magnetic recording |ayer can be
suitably set in a[me of 0.5nmto 2nm The conposition of the target for
formng the first gnetic recording layer 6 is 88(nol% CoCrPt and

12(mol 9% Si 02. [OQ'%(% dr&b%é?%‘ﬁc%ﬂtroplﬁ' é‘r?dé ﬁ%éf‘érf%d‘ﬁ%arb%'k&eétﬁ{g%b gapde of CoCrPt

and silicon oxide (S as an exa a nonmagneti c substance, the
second nagnehagneticda@srd agd haymdtion oMAdilitaing @ migityZdtan of iofystdlgrainebf 9nm was

formed. The second nmmagnetic recording |layer 7 can be suitably set in a
range of 7nnheand8rayerBae As the orientation control layer 4, an amorphous layer of Ta
was formed to a thickness of 3nm using a Ta target.

[0029]

The underlayers 5a and 5b form a two-layer structure made of Ru. By
forming Ru on the upper layer side at an Ar gas pressure higher than that used
when forming Ru on the lower layer side, the crystal orientation can be
improved.

[0030]

Using a hard magnetic target made of CoCrPt and silicon oxide (SiO;)
as an example of a nonmagnetic substance, the first magnetic recording layer 6
with an hcp crystal structure of 2nm was formed. The first magnetic recording
layer can be suitably set in a range of 0.5nm to 2nm. The composition of the
target for forming the first magnetic recording layer 6 is 88(mol%) CoCrPt and
12(mol%) SiO..

[0031]

Likewise, using a hard magnetic target made of CoCrPt and silicon
oxide (SiO;) as an example of a nonmagnetic substance, the second magnetic
recording layer 7 with an hcp crystal structure of 9nm was formed. The second
magnetic recording layer 7 can be suitably set in a range of 7nm to 15nm. The
composition of the target for forming the second magnetic recording layer 7 is
90(mol%) CoCrPt and 10{mol%) SiO,.

[0032]



conposition of the target for formng the second magnetic recording |ayer 7
Is 90(ml % CoCrPt and 10(nol % Si02. [0032] 13 That is, given that the
content of Si in the first nagnetic recording layer 6 is A nol % and the
content of Si in the second magnetic recording layer 7 is B nol% A>B (the
first magnetic recording layer 6 contains nore Si). [0033] The coupling
control layer 8 was forned by a Pd (palladium |ayer. The coupling control

| ayer 8 can be forned by a Pt |ayer ins@gad of the Pd layer. The thickness
of the coupling control layer 8 is preferably 2nmor | ess and nore
preferably 0.5 to 1.5nm [0034] The exchange energy control layer 9 is in
the form of alter Thaeisygivanéhatdhe tontest off Sido thealitgt Pagnetit weerding faydrin a | ow
Ar gas. The thickness of the exchange energy control Ia%/ﬂer 9 is preferably

1 to 8nm and §dk Mo @ngitheconient ef Sigathe serprd|magnaliceer GNSJIAReCEiRBe | ayer
10 was forned fi formation.of carbon by the.CVD nethod while

mai nt ai ni ng go%ﬁmqﬁ@@mﬂn@ﬂpIBQC&rglEgilgygrr\gé‘spgfama@qr%tsg. protective |ayer
for protecting thgod)\%r pendi cul ar nmagnetic recording layer froman inpact of
a magneti c head. mcé, in general, carbon forned into a filmby the CVD

met hod is irfprOveqfhierbofu%)gﬁ@pbé‘rﬁtpdl@éy%r%S/vé‘é)ﬂi‘iﬂﬁé&ﬁy‘ﬂ P& (SdMakiLRY lafdte Sputtering

nmethod, it is possible rotect ‘the perpendi cul ar rmagnetic Tecording
| ayer nore effieceduptiag xoageallagdr 8 ten bemmaeiedioyaPt genmgeidi of teRd.laydr0036]

The lubricating layer 11 was forned of PFPE (perfluoropolyether) by the dip
coati ng net hbwk thitkeeshotheaosiptig condrd! (dyer 84ds preferablye?nm or lessandunore nm
preferably 0.5 to 1.5nm.

[0034]

The exchange energy control layer 9 is in the form of alternately layered
films of CoB and Pd and was formed in a low Ar gas. The thickness of the
exchange energy control layer 9 is preferably 1 to 8nm and more preferably 3 to
gnm.

[0035]

The medium protective layer 10 was formed by film formation of carbon
by the CVD method while maintaining a vacuum. The medium protective layer
10 is a protective layer for protecting the perpendicular magnetic recording layer
from an impact of a magnetic head. Since, in general, carbon formed into a
film by the CVD method is improved in film hardness as compared with that by
the sputtering method, it is possible to protect the perpendicular magnetic
recording layer more effectively against the impact from the magnetic head.

[0036)

The lubricating layer 11 was formed of PFPE (perfluoropolyether) by the
dip coating method. The thickness of the lubricating layer 11 is about 1nm.

[0037]

Through the manufacturing process described above, the perpendicular
magnetic recording medium was obtained. The first magnetic recording layer

6 and the second magnetic recording layer 7 in the obtained perpendicular



[ 0037] Through the manufacturing process described above, the perpendicul ar
magneti c recordi ng nmedi um was obtained. The first magnetic recording | ayer

6 and the second magnetic recording layer 7 in the obtai ned perpendi cul ar 14
magneti c recording di sk were analyzed in detail by the use of a transm ssion
el ectron mcroscope (TEM and they each had a granul ar structure.
Specifically, it was confirmed that graiin boundary portions nmade of silicon
oxide were formed between crystal grai ﬂg of the hcp crystal structure
containing Co. [0038] Herein, as shown in Fig. 2, magnetic grains 6a
(Co-based alloy) of the first magnetic recording |layer 6 and nagnetic

grai ns 7a (Qoagegtiedeadiding disk wereeanalgzashio dﬁ@H@H?@ usecefrafiragsmisasien 7 are
crystal l ographically connected to Ru of the underlayer 5b. This is because
the nmagneti cClgptEAMPIcsescRg (TEMiRdmddhey each hagkp @Eanudy AMSIWB- of the first and
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recording |ayer 20 the second magnetic recording |ayer 7 was set to 11
nm and the magnetostatic properties of the obtained perpendi cul ar nmagnetic

recording disks Myr@inTRESHEWA iMF. 2VmayAétrgrafisah (ﬂdlﬁbé{@édalﬁi‘%? etthe Fig. 3
shows changes in coercive force (Hc) and noise (S/Nratio [dB]) when the

rati o bet wefast mhgnetit rekorirgelayef 6 ahe rMagnetic guegme?a (Codasediatay)lcdhyee 6 and
the second magnetic recording |layer 7 is changed. Wen the first nagnetic
recordi ng |%8pendenagnebarecardiegdaascareegrsialiograpiieliioagneelpddo Ruid 11 nm
and thus Tt 12 ool R DAL R0bdert o B NI TEARS Liicdeeor 91 g
oxides 6b and 7b of the first and second magnetic recording layers 6 and 7
continuously grow, respectively.
[0039]
For comparison, perpendicular magnetic recording media were
manufactured by changing the thickness of the first magnetic recording layer 6
from 0 to 11nm while the sum of the thicknesses of the first magnetic recording
layer 6 and the second magnetic recording layer 7 was set to 11nm, and the
magnetostatic properties of the obtained perpendicular magnetic recording
disks were measured and evaluated using the Kerr effect.  Fig. 3 shows
changes in coercive force (He) and noise (S/N ratio [dB]) when the ratio
between the thicknesses of the first magnetic recording layer 6 and the second
magnetic recording layer 7 is changed. When the first magnetic recording
layer 6 is Onm, the second magnetic recording layer 7 is 11nm and thus it is
shown that substantially only the second magnetic recording layer 7 is formed.
Likewise, when the first magnetic recording layer 6 is 11nm, the second
magnetic recording layer 7 is Onm and thus it is shown that substantially only
the first magnetic recording layer 6 is formed.
[0040]

As shown in Fig. 3, it is seen that when the ratio between the



Li kew se, when the first magnetic recording layer 6 is 11 nm the second
magnetic recording layer 7 is Onhmand thus it is shown that substantially
only the first nmagnetic recording layer 6 is forned. [0040] As shown in
Fig. 3, it is seen that when the ratio between the 15 thicknesses of the
first magnetic recording layer 6 and the second magnetic recording |ayer 7
is changed, the coercive force He and the S/IN ratio change. The coercive
force is high when the thickness of thelbirst magnetic recording layer 6 is
about Ohmto 3nm and the maxi num coercive force is exhibited particularly
when the thickness is 2nm In this event, there are observed an i nprovenent

of about 18QGR[ckRésses of BIPRSE thaghblic td@@rmﬁ@ay@fegnbxrué Becdrid Magnémgnet i c
recording layer 6 (plot at the right end inthe figure) and an i nprovenent

of about 150kCediraslagenp ar eanged theleemhsefoate ldobyrdﬁhr@Sﬂ‘éwirmlchamgnetrc
recording |la er 7 (plot at the left end in the frgﬁre) [0041] Further, the
R/ W char act eflisseoaseive feraaiswighavismathadhieknessiad ¢)e bist megsetic rasardnger e

exam ned and there was gbserved an ipprovenent in S/Nratio . follow ng the
changes in 36@@ SOyt ggm t‘?r?@"S/ﬁertggi”@Xi"Eu'ﬁi%r%%r?%@ exihitedness of the

(< oxni bt e P T BRRT kBt SR crln TR 3o MR e obReveT e the °
thi ckness ofrrﬁr@e{qaérﬁtof%srrﬁ @fﬁ [??] Y e c3s BILAY RTRY, T €

i mpr ovenent ratio s o Ress” i heréases. > In this

event, howeygg netrch@caﬁrmggay@m pt;rbtta&tﬁe hgr«rréﬁaqh%éfﬁ Gy @Ad@aRd thus does not
exhibit suffiCient anti-thermal fluctualion proper ies, and therefore, is

not suitabl emrsovemeérmdf abouf TBDIOE] ad Comparedaditt the cabe'oe onlyhﬁe kbtokhess of
the first nmagnetic recording |ayer
magnetic recording layer 7 (plot at the left end in the figure).

[0041]

Further, the R/W characteristics (read/write characteristics) of these
media were examined and there was observed an improvement in S/N ratio
following the changes in coercive force. The S/N ratio is high when the
thickness of the first magnetic recording layer 6 is about Onm to 4nm, and the
maximum value is exhibited particularly when the thickness is 2nm. Note that
when the thickness of the first magnetic recording layer 6 is 7nm or more, more
improvement in S/N ratio is cbserved as the thickness increases. In this event,
however, the medium exhibits a low coercive force and thus does not exhibit
sufficient anti-thermal fluctuation properties, and therefore, is not suitable as a
medium.

[0042]

In view of the above, the thickness of the first magnetic recording layer
6 is preferably in a range of thicker than Onm and thinner than 3nm and is
desired to be particularly 2nm. In this event, a high coercive force and low
noise (high S/N ratio) can be obtained and thus it is possible to obtain suitable
properties as a perpendicular magnetic recording medium.

[0043]

In due consideration, in the perpendicular magnetic recording medium



6 is preferably in a range of thicker than Oonm and thinner than 3nmand is
desired to be particularly 2nm In this event, a high coercive force and | ow
noi se (high S/INratio) can be obtained and thus it is possible to obtain
suitable properties as a perpendi cul ar magnetic recordi ng nmedi um [0043]

I n due consideration, in the perpendicul ar magnetic recordi ng medi um 16
according to the first enbodi nent, since the first magnetic recording | ayer
6 contains nore nonnagnetic subst ance, 16he crystal grains of the hcp
crystal structure containing Co are snmaller in the first magnetic recording
| ayer 6. Therefore, as conpared with the second magnetic recording | ayer 7,
the first nagoadingto thedirst ergbddiyent, Girsleahd frstxidgvietic resuedingdayee 6and a | ower
coercive force. However, it is considered that, by providing the two-I|ayer
structure occmRINSMuge NReMBEGNeYC sptandec thecwrpstal grginsafdhe bepaystahe second
magnetic recording |ayer 7 niniaturjzgd magneti c Cr%ﬁé@bl rains are first

formed in th%ruqqr?@n%ﬂ%gocarﬁé&ﬁ”&fﬁbt e 4yt magngtig re "them magneti c
t al [ I St t in_th d .G di
Cayer 7. " Gonatiefes oriteted wilibE SR et e R R Er e e e
are magnet | CabhyeicSRRAIMERYENE sholld Bl 1 Rerdidl 8h¢8 1hiler dergige Ond
magneti c recordi ng layer g‘; y el ng ﬁe upper ?ayer SO ?hat the coercive force

i's inproved. ol Q044 owelBftit is TonSe RNhhO BY idheiGHS thd ﬂaé-m}yefasta@au@t ic
recording layers formthe two-layer structure and the first magnetic

recordi ng | aysipriding the flrswvaagheticaecsidig lages and the s ndonagiet | ¢
substance, it is possible to sinultaneously achieve a high coercive force

(Hc) and | owenoidi®y lakar Acnmidtetiiecsmapneiie ydtalkgrains)aradirst donmpet iadhe t h t he
case where the respective |ayers are forned i ndependently. [0045] It is
consi dered tfitat mageeticagsardinglayens agddepsedQn hemamagmetia Crstal @rins

grow (granular structure} in the second magnetic recording layer 7.
Consequently, it is considered that the magnetic crystal grains are magnetically
separated and thus tend to grow also in the second magnetic recording layer 7
being the upper layer so that the coercive force is improved.

[0044]

That is, by configuring such that the magnetic recording layers form the
two-layer structure and the first magnetic recording layer on the lower layer side
contains more nonmagnetic substance, it is possible to simultaneously achieve
a high coercive force {Hc) and low-noise characteristics (high S/N ratio) as
compared with the case where the respective layers are formed independently.

[0045]

It is considered that the reason why the good results are obtained when
the first magnetic recording layer 6 is thinner than the second magnetic
recording layer 7 is that the first magnetic recording layer 6 is advantageous for
magnetic compositional separation because of its crystal grains being small, but
is disadvantageous for recording because of its coercive force being low. That
is, it is considered that the first magnetic recording layer 6 is only required to be
thick enough to satisfy the purpose of compositional separation and, if it is too

thick, the R/W characteristics (read/write characteristics) are degraded.



the first magnetic recording layer 6 is thinner than the second magnetic
recording layer 7 is that the first nagnetic recording layer 6 is

advant ageous for magnetic conpositional separation because of its crystal
grains being small, but is disadvantageous for recordi ng because of its
coercive force being low That s, it is considered that the first magnetic
recording layer 6 is only required to be thick enough to satisfy the

pur pose of conpositional separation andl7if it is too thick, the RRW
characteristics (read/wite characteristics) are degraded. 17 [0046] On the
ot her hand, although not illustrated, if the total thickness of the

magneti c recordingomagers exceeds 15nm Hn decreases. This is because since
crystal grains becone coarse, a nagnetization rotation node becones

non-si nul t aneous 1Qrt tiei ather Faret, @ftbowgh et illustrateck ddbe Jotaithiwksescofitbe der t he

t hi ckness of the second magnetic recording | ayer depending on the thickness
of the firsnagegfissererdinglgyensayceeged SrndHpWecteasas. t hinig kne@cause the fir st

magnetic recordin ayer and the second magnetic recording |layer is

o
pref er a y S8R G glains eions CoFe DoARCHeE ralalien ed hedomsse, bed as
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to cobalt (GapfirstohagedioRbeordingha@riane th&idtal tAxkeEss 60he fmdm%gﬁe@@s such as

silicon oxide (SiOx), chromum oxide (Cr02), titanium oxide i Q2),
zi r coni um oxiederdirfy I@¢r, armchthet scbad nmagmeticl eecofding (B)er csapreberablytidd masr
exanpl es. [0048] [ Second Enbodi nent ]

less.

[0047]

The nonmagnetic substance is described as silicon oxide (SiO») in the
foregoing embodiment, but may be any substance as long as it is a substance
that can form grain boundary pertions around magnetic grains so as to
suppress or block the exchange interaction between the magnetic grains and
that is a nonmagnetic substance not solid-soluble to cobalt (Co). For example,
chromium (Cr), oxygen {O), and oxides such as silicon oxide (SiOx), chromium
oxide (CrQy), titanium oxide (TiOy), zirconium oxide (ZrQO3), and tantalum oxide
(TaxOs5) can be cited as examples.

[0048]

[Second Embodiment]

A second embodiment of a perpendicular magnetic recording medium
according to this invention will be described with reference to the drawings.
Fig. 4 is a diagram for explaining the configuration of the perpendicular
magnetic recording medium according to the second embodiment and Fig. 5 is
a diagram showing the relationship between coercive force and noise when the
thicknesses of first and second magnetic recording layers according to the

second embodiment are changed. The same symboals are assigned to those

portions of which description overlaps that of the foregoing first embodiment,



A second enbodi nent of a perpendicul ar magnetic recordi ng medi um according
to this invention will be described with reference to the drawings. Fig. 4
is a diagram for explaining the configuration of the perpendicular magnetic
recordi ng medi um according to the second enbodi ment and Fig. 5 is a diagram
showi ng the rel ationship between coercive force and noi se when the

t hi cknesses of first and second nagnetic recording |layers according to the
second enbodi nent are changed. The sanel18ynbols are assigned to those
portions of which description overlaps that of the foregoing first

enbodi ment, 18 thereby omtting explanation thereof. [0049] The

per pendi cul ahergdgnehittingrE@Rndtiog the@dofum shown in Fig. 4 conprises a disk
substrate 1, a soft magnetic layer 23, an orientation control |ayer 24, an
under |l ayer 5, an ¢o34%) | ayer 26, a first nagnetic recording |ayer 27, a
second magnetic recording |ayer 28, a nedium protective |ayer 10, and a

| ubricating | ayer The pgrpesditulammagaetic resaging nediuay ehowsin kigf 8r ned by
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second soft 1
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wi t h hi gh accuracy, at I's possible to uce noi'se generated from
the soft magosfiddtingaxgsr 143. Specifically, the conposition of the first soft
magnetic | ayer 23a and the second soft nagnetic |ayer 23c can be CoTaZr
(cobal t-tant al um Z0050ni un) or CoFeTaZr (cobalt-iron-tantal umzirconium.
The conposition of the spacer layer 23b is Ru (rutheniun). [0051]
The soft magnetic layer 23 is formed by interposing a nonmagnetic
spacer layer 23b between a first soft magnetic layer 23a and a second soft
magnetic layer 23¢ so as to have AFC (antiferro-magnetic exchange coupling).
With this configuration, magnetization directions of the first soft magnetic layer
23a and the second soft magnetic layer 23c can be aligned antiparallel to each
other with high accuracy, so that it is possible to reduce noise generated from
the soft magnetic layer 23.  Specifically, the composition of the first soft
magnetic layer 23a and the second soft magnetic layer 23¢ can be CoTaZr
{cobalt-tantalum-zirconium) or CoFeTaZr (cobalt-iron-tantalum-zirconium). The
composition of the spacer layer 23b is Ru (ruthenium).
[0051]
The orientation control layer 24 has a function of protecting the soft
magnetic layer 23 and a function of facilitating alignment of the orientation of
crystal grains of the underlayer 5. The orientation control layer 24 can be a
layer of Pt (platinum), NiW (nickel-tungsten), or NiCr (nickel-chromium) having
an fee structure.
[0052]
The underlayer 5 has a two-layer structure made of Ru. By forming a
second underlayer 5b on the upper layer side at an Ar gas pressure higher than

that used when forming a first underlayer 5a on the lower layer side, the crystal



The orientation control |ayer 24 has a function of protecting the soft
magnetic | ayer 23 and a function of facilitating alignnent of the
orientation of «crystal grains of the underlayer 5. The orientation control

| ayer 24 can be a layer of Pt (platinum, N W(nickel-tungsten), or N Cr
(nickel -chromum having an fcc structure. [0052] The underlayer 5 has a
two-l ayer structure nade of Ru. By form ng a second underlayer 5b on the
upper |layer side at an Ar gas pressure Hﬁgher than that used when formng a
first underlayer 5a on the | ower |ayer side, the crystal 19 orientation and
the separation of magnetic grains of the magnetic recording |ayers can be

si mul t aneousdnentatomoaretithe[dePadition thenagmest graysof 16 magreticoacamdinet | C

granul ar layer. By formng the nonmagnetic granular |ayer on an hcp crystal
structure oflayére cgadensimuigeecusheimpreyedand growi ng a granul ar | ayer of the
first magnetic rejordi ng | ayer 27 thereon, the onset |ayer 26 has a
function of separ Wfr’?d the magnetic granular layer from an initial stage

(buil dup). The conpositi of ,Lhe_anset |ayer 26 i no netic, CoCr-Si Q2.
[0054] " Using a hal G5t EvBL26 & 5 80N agndibraBiiRus T K DUIA WPni ng O

4 titan : . : First
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The first magmghd grdvﬂﬁ CHrBSulbPMSEr bﬁh@ﬁiﬁﬁ‘t%a’ﬁﬂeﬁc?z%or&iﬂg?a)fe?]‘@g%@rfeoﬁ[‘mtO

20nm and nore préferably 7nmto” 15nm The conposition 0f the target for
form ng thethbignsbt lmenes has adantidhnig sbparating tha mag2étogHhul@e ieder rdmPt 15 and

8(mol %9 Ti 2. Therefore, the anobunt of the nonmagnetic substance (oxide)
cont ai ned i nan mdial iagst(buitypet | The ecropdsitign blyieronaat lagends is
x0. 92+8=18. lgénnn?ég/noétic CoCr-SiO,.

[0054]

Using a hard magnetic target made of CoCrP1-8(TiO,) containing Cr and
titanium oxide (TiO,) as examples of a nonmagnetic substance, the first
magnetic recording layer 27 with an hep crystal structure of 9nm was formed.
The first magnetic recording layer is preferably set in a range of 5nm to 20nm
and more preferably 7nm to 15nm. The composition of the target for forming
the first magnetic recording layer 27 is 92(mal%) Co74Cry1Ptis and 8(mol%) TiOs.
Therefore, the amount of the nonmagnetic substance (oxide) contained in the
first magnetic recording layer 27 is 11x0.92+8=18.12(mol%}).

[0055]

Using a hard magnetic target made of CoCrPt containing Cr as an
example of a nonmagnetic substance, the second magnetic recording layer 28
with an hcp crystal structure of 10nm was formed. The second magnetic
recording layer 28 can be suitably set in a range of 3nm to 15nm. The
composition of the target for forming the second magnetic recording layer 28 is
CoCri4Pti5.  Therefore, the amount of the nonmagnetic substance (oxide)
contained in the second magnetic recording layer 28 is 14(mol%).

[0056]

That is, given that the content of the nonmagnetic substance in the first



[ 0055] Using a hard magnetic target made of CoCrPt containing G as an
exanpl e of a nonnmagnetic substance, the second magnetic recording |ayer 28
with an hcp crystal structure of 10nm was formed. The second nagnetic
recording |layer 28 can be suitably set in a range of 3nmto 15nm The
conposition of the target for formng the second magnetic recording | ayer 28
is CoCrl14Pt15. Therefore, the anmount of the nonmagnetic substance (oxide)
contained in the second magnetic recordiffg | ayer 28 is 14(nol % . [0056]

That is, given that the content of the nonmagnetic substance in the first 20
magnetic recording layer 27 is A nol% and the content of the nonnmagnetic
subst ance i MhbeetRaeotdinplapet 2Tisr/emoidiang thagentedBofi the Bomiagnet>B (t he
first magnetic recording | ayer 28 being the | ower |ayer contains nore
nonmagnet i ¢ substesicarinc t)e s§@OB Thagristik eecardingdayer28qges iBnmof% s A+B fhbdiditment , t he
medi um protective layer 10 and the lubricating |ayer 11 were formed on the
second magnenagnetisderernoiy layen<d beigg theower layepeorigisdPPeorenmraNediAdi cul ar
magneti c record'*n dia were nmanufactured by changi ng the thickness of the
second nagne?qbéar'%@g‘rsdi ng layer 28 fromO to 10nm while the sum of the

t hi cknesses of th O(ﬁé?r st magnetic recording |ayer 27 and the second

magneti c recordi nz ax}er 28 was set to 10nm and the magnetostatic

Properti es of L ne Lok fitAEbragsRE i Gl Rl FBAN T feofl AFRIHbdide typkqgver e

measured and eval uated using err effect. hows chdnges in

coeLcvc T ram et S0 o il stngpppsticorng voen e
layer 28.

[0058]

For comparison, perpendicular magnetic recording media were
manufactured by changing the thickness of the second magnetic recording layer
28 from 0 to 10nm while the sum of the thicknesses of the first magnetic
recording layer 27 and the second magnetic recording layer 28 was set to 10nm,
and the magnetostatic properties of the obtained perpendicular magnetic
recording disks were measured and evaluated using the Kerr effect. Fig. 5
shows changes in coercive force (Hc) and noise (S/N ratio [dB]) when the ratio
between the thicknesses of the first magnetic recording layer 27 and the second
magnetic recording layer 28 is changed.

[0059]

As shown in Fig. 5, it is seen that when the ratic between the
thicknesses of the first magnetic recording layer 27 and the second magnetic
recording layer 28 is changed, the coercive force He and the S/N ratio change.
The coercive force He becomes maximum when the thickness of the second
magnetic recording layer 28 is about 5nm. In this event, there are observed an
improvement of about 1600[Oe] as compared with the case of only the second
magnetic recording layer 28 (plot at the right end in the figure) and an
improvement of about 200[Oe] as compared with the case of only the first

magnetic recording layer 27 (plot at the left end in the figure).



magnetic recording layer 28 is changed. [0059] As shown in Fig. 5, it is
seen that when the ratio between the thicknesses of the first magnetic
recordi ng |layer 27 and the second magnetic recording |layer 28 is changed,
the coercive force He and the S/N ratio change. The coercive force He
becomes maxi mum when the thickness of the second magnetic recording |ayer
28 is about 5nm In this event, there are observed an i nprovenent of about
1600[ Ce] as conpared with the case of oﬁﬁy the second nmgnetic recording

| ayer 28 (plot at the right end in the figure) and an inprovenent of about
200[ Ce] as conpared with the case of only the first nagnetic recording

| ayer 27 (plot at [008D]l eft end in the figure). 21 [0060] Further, the RRW
characteristics (read/wite characteristics) of these nedia were exam ned
and there was obsduibar, e RMerlﬁéz’méﬁ’dStiCﬁ (sanwrie icbaractaristos)rj these changes in
coercive force. The S/'N n%%l ncreases as t t hi ckness .o he second

magnet i c rec@?@ﬁﬂberﬁﬁém' @%m&%é@sﬂbéﬁﬁv rﬁ”t'B‘pr%WLﬁ”tS'?\ﬁﬁ 59 t hen

t hi ckness excee mum val u s exhi bited

e o Tafolidyh ?*meedewqa?aagee%v st gﬁﬁfsfﬁ?fahaincrw g S he. above.
the thicknesg, cﬂﬁe#: orﬁ?ﬂ]’éﬁﬁéﬁc Fe%?ﬁflrﬂj %ﬁm an creeﬁs Frd® ﬁhﬁ}rt@bl yina

range of thlc and tHI nner eS|re to be

particularly, m%nhnahalt%rﬁa@dréas@ éﬂegfih&mbg@e&@ééo% AN HeAaxiRRinge (hi gh
S/IN ratio) can be obtained and thus It is possible to obtain suitable

properties aglge pBaxpibiedparitularRomedn hertbicrnsksig atedi Bim. [ 0062] I n view of
the above, the thickness of the second magnetic recording |ayer 28 is
preferably in a rdg@@gi]jof 4dnmto 6nmand is desired to be particularly

In view of the above, the thickness of the first magnetic recording layer
6 is preferably in a range of thicker than Onm and thinner than 3nm and is
desired to be particularly 2nm. In this event, a high coercive force and low
noise {high $/N ratio) can be obtained and thus it is possible to obtain suitable
properties as a perpendicular magnetic recording medium.

[0062]

In view of the above, the thickness of the second magnetic recording
layer 28 is preferably in a range of 4nm to 6nm and is desired to be particularly
5nm. In this event, a high coercive force and low noise (high S/N ratio) can be
obtained and thus it is possible 1o obtain suitable properties as a perpendicular
magnetic recording medium.

[0063]

That is, also in the second embodiment, it has been confirmed that, by
configuring such that the magnetic recording layers form the two-layer structure
and the first magnetic recording layer on the lower layer side contains more
nonmagnetic substance, it is possible to simultaneously achieve a high coercive
force (Hc) and low-noise characteristics (high S/N ratio) as compared with the
case where the respective layers are formed independently.

[0064]

While the preferred embodiments of this invention have been described



5nm In this event, a high coercive force and | ow noise (high S/Nratio) can
be obtained and thus it is possible to obtain suitable properties as a

per pendi cul ar magnetic recording medium [0063] That is, also in the
second enbodi nent, it has been confirmed that, by configuring such that the
magnetic recording |ayers formthe two-layer structure and the first
magnetic recording |layer on the | ower |ayer side contains nore nonnmagnetic
substance, it is possible to si mul t aneo# | y achieve a high coercive force
(Hc) and | ow noi se characteristics (high SN ratio) as conpared with the
case where the respective |layers are fornmed i ndependently. [0064] Wile the
preferred enbtdiefenense tf themcsohmeyingmmmiage, ibisaeedessito Isad iz thigi t h
reference to the acco dr awi ngs, is needless to say that this

i nvention i dnygsttionjisne uﬂ ercbi?@feio |tt 5 %preqzs@@trtema pﬁ@pn@kweﬁs@wesw led in

the art can t f various changes d.nodifjcations in tk at egor
descri bed i ﬁangh@#liwgva\ﬁw% ?#’-‘}r@eﬁrﬂﬁ' r@?@ﬁ tioﬂélﬂn th?o%age%ﬁrgigeﬁ P ygbe%/ong

e el RS B A DS TR 0, 0o

adapted to er pendi cul ar magnetic recording type HDD (hard
di sk drive) bé%o lbmrﬁgl(g@gﬁodpas a manufacturing nethod thereof. 23 CLAI M 1.

A per pendi cuI ar magneti c recording disk for use in perpendicular magnetic
recording, conprising at |east an underlayer, a first magnetic recording
| ayer, and andestoaldApptigatgitiyc recordi ng | ayer on a substrate in this

[0065]
This invention can be used as a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magnetic recording type

HDD (hard disk drive) or the like and as a manufacturing method thereof.



order, wherein: the first magnetic recording | ayer and the second magnetic
recording |layer are each a ferronagnetic layer of a granular structure
having a nonmagnetic substance formng a grain boundary portion between
crystal grains containing at |east cobalt (Co), and given that a content of
the nonmagnetic substance in the first magnetic recording layer is A mol %
and a content of the nonmagnetic substance in the second magnetic recording
layer is B nol% A>B. 2. A perpendicul ag3magnetic recording di sk according
to claim1, wherein the content of the nonnmagnetic substance in the first
magnetic recording |ayer or the second magnetic recording layer is 8nol%to
20mol % 3. A perpendicul ar magnetic r &€&iMBng di sk according to claim1
wherein a total thickness of the first nmagnetic recording |layer and the
second magnetic recording layer is 15nmor less. 4. A perpendicul ar

magneti c recordi nq di sk accordi ng_l ¢claiml1l, wherein an orieptation
control |ayer havilng AaPPrQ?rB¢'BW§U aigﬂe?"?:@@@@&g'ﬁl‘éoﬁ use ig RSURIEICURSt ween t he

substrate andth un erc{m% ndi cul a é&lc recording disk
accor di nght omég'é iy FpCOr F@Wr'éwgfﬁri?%ﬁaﬂémg%?y%%ﬂ MEY5er is provided
recording di SROSERen 70 o ERoHEMHIRYE fooding R RE L St Bl FRRRT 7 ous

glass. 7. A peepeMér&iH! ar magnetic recording disk according to claiml, 24
wherei n the nonmagnetic substance contains chromi um oxygen, or an oxide. 8.

A met hod of manuf aké st ntagefie reuonding ldyer and dnesesondanagektitgedbsling for use
i n perpendi cul ar magnetic recording, the disk conprising at |east an

under | ayer, layéiarsteachgrfetromageetic tiyayofl ageanulzasttuatusebavidg magnet i ¢
recordi ng
nonmagnetic substance forming a grain boundary portion between crystal
grains containing at least cobalt (Co}, and

given that a content of the nonmagnetic substance in the first magnetic
recording layer is A mol% and a content of the nonmagnetic substance in the
second magnetic recording layer is B mol%, A>B.

2. A perpendicular magnetic recording disk according to claim 1,
wherein the content of the nonmagnetic substance in the first magnetic
recording layer or the second magnetic recording layer is 8mol% to 20mol%.

3. Aperpendicular magnetic recording disk according to claim 1,
wherein a total thickness of the first magnetic recording layer and the second
magnetic recording layer is 15nm or less.

4. A perpendicular magnetic recording disk according to claim 1,
wherein an orientation control layer having an amorphous or fcc structure is
provided between the substrate and the underlayer.

5. A perpendicular magnetic recording disk according to claim 1,
wherein an amorphous soft magnetic layer is provided between the substrate
and the underlayer.

6. A perpendicular magnetic recording disk according to claim 1,

wherein the substrate is an amorphous glass.

7. A perpendicular magnetic recording disk according to claim 1,



| ayer on a substrate in this order, conprising: formng, as the first
magnetic recording |layer, a ferromagnetic |ayer of a granular structure in
whi ch a nonmagneti c substance is segregated between nmagnetic grains
containing at |east cobalt (Co), and form ng, as the second nagnetic
recording layer, a ferromagnetic |layer of a granular structure in which a
nonnmagneti ¢ substance is segregated between nagnetic grains containing at

| east cobalt (Co), wherein, given that &4content of the nonnmagnetic
substance in the first magnetic recording |layer is A nol % and a content of
t he nonmagnetic substance in the second magnetic recording layer is B nol %
A>B. wherein the nonmagnetic substance contains chromium, oxygen, or an oxide.

8. A method of manufacturing a perpendicular magnetic recording disk
for use in perpendicular magnetic recording, the disk comprising at least an
underlayer, a first magnetic recording layer, and a second magnetic recording
layer on a substrate in this order, comprising:

forming, as the first magnetic recording layer, a ferromagnetic layer of a
granular structure in which a nonmagnetic substance is segregated between
magnetic grains containing at {east cobalt (Co), and

forming, as the second magnetic recording layer, a ferromagnetic layer
of a granular structure in which a nonmagnetic substance is segregated
between magnetic grains containing at least cobalt (Co),

wherein, given that a content of the nonmagnetic substance in the first
magnetic recording layer is A mol% and a content of the nonmagnetic

substance in the second magnetic recording layer is B mol%, A>B.



