DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
AND MAGNETI C RECORDI NG AND REPRODUCI NG APPARATUS

TECHNI CAL FI ELD [0001] The present invention relates

to a perpendicul ar magnetic recording nedygny and a
magnetic recordi ng and reproduci ng apparatus -using the-- .

- perpendi cul ar nmagnet i ;: gg::gr dit Rg ;rgﬁiggmof B@@EM@JTHMI”"’
| Qggligg?PgLs }grrﬁggget¥@E$€§@Fﬁﬁﬁﬁ appar at |

as magnetic disk drives, flexible disk dr+vesnahﬂﬁzi
magneti c tape drives has been nmarkedly increased and .

- | mpor of such apparatuses has also increased.
tAlhg 0. nrpt h%ﬁﬁégmﬁ%%wgﬁ@mﬁ&%é:@ﬁ@m? MEDFUM di ng
di a used in _such apparatuses is being argely
| nor eHIBAMAGN phG REGORDING 402 REPRODUEASE ARPAREBUS
recording density followed the introduction of an MR
head and a PRWML technique in a hard disk drive (HDD).
| nce the introduction of a GVR head and a TuMR head
f%?ﬁ%%%%%Fy@dPs, the recording density has been
i ncreasi ng at a pace of about 100% per year. [0003]
As a Hﬂ&ﬂgtic recording systemof HDD, a so-called
per pendi cul ar magnetic recording systemhas recently

ext endé@ Prasentdppintiontélates to @pérgeydiasiasmb @R rsdeiih S medium,
repl ace a conventional |ongitudinal nagnetic

ap¢ & sragheity rwyendan andneproéuqiey pesditay Lhg RPREIhGichiar magnetic

recording medium.

BACKGROUND ART
- [0002]

In recent years, the range of applications for magﬁetic recording apparatuses
such as magnetic disk drives, ﬂexible disk drives .and magnetic tape drives has been
markedly increased and the importance of such apparétuses has also increased. Also,
the recording density of the magnetic recording media used in such apparatuses is being
largely increased. In particular, a steeper increase in areal recording density followed
the introduction of an MR head and a PRML technique in a hard disk drive (HDD).
Since the introduction of a GMR head and a TuMR head in recent years, the recording
density has been incréasing at a pace of about 100% per year.

[0003]

As a magnetic recording system of HDD, a so-called perpéndicular magnetic
recording system has recently extended its applications rapidly as a technique to replace

a conventional longitudinal magnetic recording system. In the perpendicular magnetic

o
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recording system crystal grains of a recording |aver
for recording information has an easy axis of

magneti zation in a direction perpendicular to a _
substrate. The easy axis of nmagnetization is an axis
in the direction of which nmagnetization easily points.
In the case of a conventionally used Co-based all oy,

thedeaSyaxi fi et.i zat i n-is ap axis (c-axis)
aRRSyBH) ol N0 LRGN S BTyt i s

- f Co.
h egpermmmnnbl sl el et LS WS B D

Ret o ' its is small even when the
P on CEEL: DFn el st i Erenerighen Fely poinis.§ dn he
nagsel Qustatisal | aBIe. hOQO4] In ordinary cases, .
“a per pend Clﬂnaﬁy Fr%&?é{' geda %=dh%@a5mﬂlsmfmgem@ea®b an axis
i nternediate | ayer, a magnetic recording |
((}-%12}: p%lrﬁ@eqé%ﬂg\}]@% dinerd BB} grysali angraferhexagomal closest-
' trate. Al so, in many cases. a _
P F%@%ﬁ?’%‘%&;"ff (;‘it/) Z: 116§eef8’i?pﬁlil gdlushce ¢fer demuagheianafitlelbetween
ilmformn f the overcoat. Al so, a magnetic film
r%:cgf(ﬁg% is l:?o%aﬂ YERIBER theysersingadeasity inceastis nadi thy magnetization
. provi ded under the seed | ayer. The seed | ayer and the
ISPIH?%r}eﬁ%s tﬁ?@y F40l&r are fornmed for the purpose of .
furth l,aproving the characteristics of the magnetic
recor@&%BTFaver. Specifically, they have a function of
aligning crystals in the nagnetic recording |aver and
al so :qu EASFS: ﬁ@)emdghh‘pm@ﬁeummmg@%a{hnﬁsaseed layer,
0005 In order to increase the recording density of
2”5 HECTris s @y erup sragheitrecirdingrleporadd ag on@dbaiforrhdd inShis order
necessary to realize |ow noise while maintaining . .
1 f é‘PHﬁllagﬁl ICaBPIatey . Al imetahp desess 2lubricitiarhyer i41§0%ed On the
as to.reduce noise. One rrethodi_sa nmet hod of _
SLH%&F@S%T g’éﬂ we Rk peercorter ];Ads:m a)mlagﬁén/ue@]' o rﬁqei%ﬂg%tsgit_
[ inthe intra-filmwplane dire
o St@tatlf”élg{ llglg’/eq'gémiilmgroamdimdhlahé Bepdagnet The §dedhk and

rains of the recording |aver. Another nmethod is a
th%émﬁgaecg?te eryer erg Spmpd: foe thgmamirposs of &urther improving the

characteristics of the magnetic recording layer. Specifically, they have a function of
ali gﬁjng crystals in the rnagneﬁc recording layer and also of controlling the shape of

- magnetic grains.

[0005]

In order to increase the recording density of the perpendicular magnetic

- recording medium, it is necessary to fealize low noise while maintaining thermal
stability. Two methods are ordinarily used so as to reduce noise. One method is a
method of decreasing the magnetic interaction between magnetic crystal grains in the
intra-film plane direction by magnetically separating and isolating magnetic crystal

grains of the recording layer. Another method is a method of decreasing the grain size



2 of magnetic crystal grains. The nmethod includes, for
exanple, a nethod of adding SiO? to the recording

| aver to form a-perpendi cul ar magnetic recordi ng | aver
having a so-called granular structure in which
magneti c crystal grains are surrounded with the grain
boundary region containing a | arge anount of Si C2.

yq%ﬁ% . n the noise is  .reduced by such a nethod,
it sgﬁceél\gggé?rﬁ”’tso The msitiod lPﬁlé“ﬁe%éﬁ%mElﬁl amefegréeiding
j r -Ku)_of . netic crystal grains so as to
P Rt B oI g Pelasiialer madple repe dinagot having
' ro energy s increased. H, and H, 0 increase
Sggdﬁﬁ% ﬁagﬁldf gtf“%{rﬁén W@& rHGIheraaberegwese surrounded with the

insijfigientv resulting in a problem such as :

HEPSPHDIY eSPotonigiige gd%réﬁ AROBHATSDr | Bowesr, WIBMOBE noise is

a.methqd for solving the problem a so-called

rg%fﬁsgggl F%&%’a’iegloﬁa% 1gesessagyrie peeseasde the pempeanidicalar magnetic
auxiliaéz I?ver made of soft magnetic grains is
BEGUPREH B AT BlRensisfaystalgsaipe spasidieosira themaghebility. However,
recording |aver (main recording |ayer) having the
IS5VRe BRERTcARiseirpRit enfrey (Sfintreasrdrhh and Hilo indPadseaid writing at
Docunent 1. Patent Docunent 1). Because of exchange
RotsPiding Hred Reesmes inswicippigrestitiog fri 4 probéent bechmmidaterioration of
recordin | aver and a soft magnetic filmas the
rﬁﬂ?&W?%& PFPYBISICS.t becomes possible to invert at a
| ower applied magnetic field than that of a
conveﬁ@&gﬁal per pendi cul ar magnetic recordi ng nedi um
if the auxiliary laver portion initiates magneti zation
i nver $iscrmetpon forsphingde porbloh, 4 fvecailadaeinp6sifd Bkdla hiOBen
the head first. It is also possible to contro
PEIROREheviEeupn pnglivetayee malhef st magetioraiingis ¥ @Ele@dlor
the auxiliary |aver thereby designing a perpendicul ar
URgRjribe Perpensiatimagnetidracordiny ianer (@i fBdBRding layer) having the
characteristics by providing a nonmagnetic film -
a}m%@mﬁlwoom ]ﬁ@lirm(fom@mnm'len NdnaBee¢nt DoduinBet BWPatdnk BoYument 1).

ayer. _
Because of exchange coupling between a hard magnetic film as the main recording

' lay_er. and a soft.magnetic .ﬁlrn as thé auxiliary layer, it becomes possible to invert at a
lo_wer applied magnetic field than that of a conventional perpendicular magnetic
recording medium if the auxiliary layer portion initiates magnetiz.ation inversioﬁ upon
application of the magnetic field from the head first. It is also possible to control

| exchange coupling between the main recording layef and the auxiliary layer thereby

designing a perpendicular magnetic recording medium having optimum characteristics

by providing a nonmagnetic film between the main recording layer and the auxiliary

layer.
[0007]

However, when the main recording layer also has an exchange interaction in



However, when the main recording | aver al so has an
exchange interaction in 3 the in-plane direction of
the substrate, the exchange interaction between the
main recording |laver and the auxiliary |ayer _
decreases, and thus only the auxiliary |laver causes
magneti zation inversion first and the effect of

theRMUahRAitddgok %Yﬁ{c%hﬂgra@%engﬁanefe 1§t|egatcg«gr? ?%Qgen the main

Furthernore, the magneti ¢ nonent -1 NVEr one

_ r@d&%chhb P¥r arldat¥1§ ug?igmvc’er%eﬂ%s%? a2 v 1 auxﬂlan layer

recordi ng and reproducing characteris
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o iRt Ao SRR S GRGHTR AT émﬂ%ﬁeé Y ine magneric
' Pa ation No. 2005-172 .
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0008]_.Un ese i rcunst an t he
g ggée{%l) nvngnstl SHPTRE 58 ﬁec reBFde‘Bﬁngfgafa‘itWéﬁ‘@éf
rOV|de a perpendi cul ar nagnetlc recordi ng
deéghﬁﬁ$mh|ch has both satisfactory thermal stability,
and recordi ng and reproduci ng characteristics, and
also enabl es high recording density by decreasing
Igi)cou gﬂg in the in-plane direction of the

in recording |laver, and a magnetic
same. _Means for Sol vi ng

'recor aratus . usin
t he pﬁ@@?&a SagtiEEH M Pﬁ“@gﬂRE?fH BRRP&ve the above

Pg@h?ﬁoé elpresent i nvention provides the aspects -
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0008]

Under these circumstances, the present invention has been made and an object
thereof is to prov_ide a perpendicular magnetic recording medium which has both
satisfactory thermal stability, and recording and reproducing characteristics, and also
enables high recording density by decreasing exchange coupling in the in-plane

direction of the sebstrate of a main recording layer, and a magnetic recording apparatus

using the same.

Means for Solving the Problems'

[0009]

In order to achieve the above object, the present invention provides the aspects



.shown below. (1) A perpendicul ar magnetic recording
medi um i ncl udi ng a nonmagneti ¢ substrate, and at

| east a soft magnetic layer (SUL), an alignment
control laver, a magnetic recording |aver and a
‘protective layer formed on the nonmagnetic substrate;
wherein the magnetic recording |layer is constituted
REwhWe1Qf nore layers and includes a first nmagnetic
recording | aver and a second magnetic recording | aver

(iyom r;ﬂe‘ﬁﬁfmgx? %Eﬁetic%ggﬁafnﬁﬁﬁecﬁﬁxg?nc%(?% % E%%r—x%%%ﬁc substrate,

magnet o crystalling ani sotropic energy

RS0 ESAANIO S Dy L LS5l
R A0 A5t M A Dal S e e
S R DA T,
BB TGO PR T, e
RS e R Bl R ARSI L g
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neti¢ recording lLaver..(3) The perpegndi cul ar ]
R gt el R ar R ete e o ditaurdeng 1 B (@bt oigyver, wherein
wherein the first magnetic, recording |ayer contains 3
ST GRS TogBRing A BRCONSiHIca|0% ot PRacmagap rla Hspsrystal
. i,Sti .,V Ti, , Nib, Zr, Ta,
ehits Al HBip ToTR0Sg ik o an i 400 e ke miipoRamdaries 1S 30%

magnetic .all oy crystal grains, and also contains at
9 Efg’é‘f tb%ﬁ’?@ Onéli‘%‘?f’éﬁ arga Ineg Plapas FEM: Qhservaiengf thoRest swagnetic
of Al, B Bi, Ca, C, Fe. H, My, Mo. Nb, Ru, Si, Ta,
reqordipg J¥§™-7r i n grain boundaries. (4) A magnetic

ecor di,.ng and reproduci ng apparatus including a _
- @agne&%h&%e%E@FHliah@aﬁ%@icﬁ?ﬁo@ﬁé medivgg Aeqording ioad ) £ which
ixﬁ%?r ding informatjion on the magnetic _recording ) _

S gReRangn F%‘tﬁll@g R eyerdetwasn heinst meenetig meqording layer

rgcording medi um . :
and the second magnetic recording layer.

3) The perpendicular magnetic recording medium according to (1) or (2), wherein

the first magnetic recording layer contains 3 to 8 atomic % of at least one element
selected from the group consisting of Al, V, Ti, Mo, Nb, Zr, W, Ta, Hf, Re, Gd, Tb, Sm,

| Ce, Nd and Pr_ in CoCrPtRu magnetic alloy crystal grains, and also contains at least one

element selected from the group consisting of Al, B, Bi, Ca, Cr, Fe, Hf, Mg, Mo, Nb, Ru,

Si, Ta, Ti, W and Zr in grain boundaries.

4 A magnetic recording and.reproducing apparatus including a magnetic

recording medium, and a magnetic head for recording information dn the magnetic

recording medium and reproducing information from the magnetic recording medium,



5 wherein the magnetic recording mediumis the

per pendi cul ar magnetic recording nediumaccording to
any one of (1) to (3). Effects of the Invention
[0010] According to the present invention, it is
possi bl e to provide a perpendi cul ar magnetic recording
medi um whi ch has excellent thermal stability, and al so

1) Lent. high recording density characteristigs.
DR R r i TR AR S e aRg it et
L AQL showi.ng a cr -S ional structure of a
]%%rpe%%%gg gﬁogW% égﬁi)@zggrding medi um according to
the present invention. Fig. 2 is a diagram showi ng a
structure of a perpendicular magnetic recording and

o [ apparatus according to the present
Iﬁﬁggﬁgﬁ@%ﬂgﬁgggription of Reference Nunerals [0012]

1 Nogggﬁgetic substrate 2: Soft magnetic |aver (SUL)
3: Se yer 4. Internedi ate |laver 5-1:. First

magnetjc recordjng | aver 5-2: Exchange coupling .

cont r gFCCPENRE 0 dg-; %FS% LBRBLPrghie PPEsille kopraividg a pevrendicular

6: Ptotec&}ve | aver -

magnetic recording medium which has excellent thermal stability, and also has excellent

high recording density characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a diagram showing a cross-sectional structure of a perpendiculér
magnetic recording medium according to the presemv invention.

Fig. 2 is a diagram showing a structure of a perpendiéular magnetic recording
and reproducing apparatus according to the present invention. |

Description of Reference Numerals

[0012]
1. Nomﬁagnetic substrate
2: | Soft magnetic layer (SUL)
3. Seed layer
4. Intermediate layer
5-1: First magnetic recording layer
5-2; Exchange coupling control layer
5-3: Second magnetic recording layer
6: Protective layer



100: Magnetic recording nmedium 101: -Mediumdrive
unit 102: Magnetic head 103: Head drive unit 104:
Recordi ng and reproduction signal processing system
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [0013] Fig.
1 is a cross-sectional view show ng an exanple of a
per pendi cul ar nmagnetic recordi ng nedium according to

%g}g prﬁﬁg%icirg%lfﬁéig?}gegg%%om] The perpendi cul ar

netic-recor 100 of the present invention

ructure, .for exanple, wherein on a
nohnagl\#é{hi{l}é%b‘ﬁswtate 1, at least a soft nmagnetic

'@)yer (L) %écﬁ seed layer 3 and an internedi ate
ayer - Eonsere ting an alignment control |ayer for
g&nt rgllél [ n(@. the.alignment of a filmimediately above,
*ver parAti TP ARt agnetic layer 5, and a protective
L@yer arge stacked in this order. The perpendicul ar -
gnet EOrRRGNS 155rqdygiEen sienad prasassing sistan of a fir st
recording layer 5-1 as a main recording |ayer, an
exchange coupling control |layer 5-2 and a second -

gﬁ (518%-1 %cl:]g:r ding |ayer 5-3 as an auxiliary |ayer.
‘?% Q& Addh SUTTHEIMVENVEI@Ned in t he
magnet i c recording medi umof the present invention,
any ndf netic substrate such as an Al all oy
subst rFat e containing Al as a main conponent, for
exanpl g LA AAFasptseetiangl viewrshawinglest axatplaeftiep@pendicular
ordinary soda 'glass, alumnosilicate glass, anorphous
HRESYC reepIqiRgomedium apeprding loshapiesent Smpptivfie, quartz,
or any of various resins, can be used. Anobng these
subst 894, an Al alloy - 7

The perpendipular magnetic recording medium 100 of the present invention has
a structure, for example, wherein on a nonmagnetic substrate 1, at least a soft magnetic
layer (SUL) 2, a seed layer 3 and an intermediate layer 4 constituting an alignment
control layer for controlling the alignment of a film immediately above, a perpendicular
magnetic layer 5, and a protective layer 6 are stacked in this order. The perpendicular
magnetic recording layer 5 is constituted of a first recording layer 5-1 as a main
recording layer, an exchange coupling control layer 5-2 and a second magnetic

recording layer 5-3 as an auxiliary layer.

[0015]

As the nonmagnetic substrate used in the magnetic recording medium of the
present invention, any nonmagnetic substrate such as an Al alloy substrate containing Al
as a main component, for example, an Al-Mg alloy, or a substrate made of ordinary soda
glass, aluminosilicate glass, amorphous glass, silicon, titanium, ceramic, sapphire,

quartz, or any of various resins, can be used. - Among these substrates, an Al alloy



substrate or a glass substrate made of crystallized

gl ass or anorphous glass etc. is often wused. In the
case of a glass substrate, a mrror-polished substrate
and a lowRa substrate of Ra <1 (A) are preferable.
The substrate may have a texture if it is

insignificant. [0016] In ordinary cases of a process
Qbsirpoyf | FC.disk, cleaning and .drying ..
RO L ZE WP e RO LoD b 4R P R % oten

seft.,i [ 4 rns_of ensuring adhesion of
TP Pty s Ul bl s R o SR B & o Ra

' r.e s~faorm f the layer. O eaning includes
o R o A el sl gy onet s
iﬁéi?{iﬁﬁic&ﬁ W th water. The substrate size is not
- particularly specified. [0017] The soft nagnetic
| ayer b%) is provided in many perpendi cul ar magnetic
recoro[ ng-‘nmedi a. The soft magnetic |ayer (SUL) has the
functilon f _introduci nqgﬂea trecordi ng magnetic field

o ‘§831?/ SAEPIN GiPEHERYPLIPHIY ARG HBragneigidisk, cleaning and

fromah
onmponent. of the recarding magnetic field to the

GTRBRSE Oy TRl UF B PAYRIIS: ¢HED 11 the PR dehtipmgn ferms of
signal on .the.nmedium As the material of the soft

eﬁ‘%‘%ﬁ& ?‘@’6?189 gfe %Llﬂje,n IHis gadiEabieylo PeRkou P asinEanddgying before
haractf ristics, such.as a FeCo-based alloy, a

f%iﬁ‘?&l&?- J8¥Tal Clnpning includes Fieaninghyeriching Gyversespugiering) as

\ﬁa d. It.is grticularly preferable that the soft
]S??ectl?a&”rf%vg waterof TheSubiiatp Riga ds metmaticulasly speaifiers e

t aki n& 6& anmor phous structure is effective in

preve P d an increase in surface roughness (Ra) and

enablﬁﬁpa reduction in_the flying'height of the head

and f UMeser magdeda ey e SUle iy mowtded iy maay petpyndiNder magnetic

the . single soft magnetic |ayer but also a conbination

TBIOTEiRG nesd  EgrfettimagnstjelayeSililodas thetfuntticarof introducing a

extrenmely thin nonmagnetic thin filmof Ru is

PG R Seigact GReld drom p hegddp esheignibt 2anply @ perpemiycilar component of
referable. The total thickness of the soft magnetic

theireprdinagnpgnetis feldio th magne® reeord2@ layer aHhwewerqf redording a

IS appropriately determ ned accordi ng

signal on the medium. ~ As the material of the soft magnetic layer (SUL), a material

having soft magnetic characteristics, such as a FeCo-based alloy, a CoZrNb-based alloy
ora CoTaZr-based alloy can be used. It is particularly preferable that the soft
magnetic layer is of an amorphous structure, because taking an amorphous structure is
effective in preventing an increase in surface roughness (Ra) and enables a reduction in
the flying height of the head and further increasing the recording density. Not only the
single §oft magnetic layer but also a combination of two soft magnetic layers between
which an extremely thin nonmagnetic thin film of Ru is interposed for an
antiferromagnetic coupling is preferable. The total thickness of the soft magnetic laver

(SUL) is from about 20 to 120 nm. However, it is appropriately determined according



8 _ to the balance between the recording and
reproducing characteristics. and the overwite
characteristics. [0018] The alignnent control |ayer
is constituted of a plurality of layers and includes
so-cal l ed seed and internediate | ayers fromthe
substrate side. The seed layer has the function of
10GRObAIRhd HewtHEnLE [é%'oﬁhﬁ‘é 4t i%?ﬂocﬁ[%ﬁtcﬂaraat:ﬁgﬁne%fn 8 overwrite
the internedi ate | aver and netic recor
cHaP@dristithe material of the seed Iayer 'S preferably
Ta, NN having a (111) plane-aligned face-centered
cublc(ﬁyg?talllne structure, or a N alloy such as
Ni Nb Ni-Ta, Ni-V or Ni-W Wen the soft magnetic

: ﬁzsgaﬁégga cor d %Cﬁ{g{“’?o psocﬁgﬁtzttlu{ glotfgﬁgi@lw ﬁ??%’??ﬁ 3 includes
St 5 P B0 8 Ty b Suinf SRR R g b e s
RN g hn%gﬁ%%%a B2 Y T M e e
oSO b0 B L2 e et 1
rBUEL 1) B SR R 5 5 A D002 sy
mﬁ?'&goﬁrgi B QEAbnternedlate | ayer has the function

allgnnent of the magnetic

ecor aver the for controlling the .
;| i gn%}?ﬁ Rgso IH%‘L%TFFH@ @‘ﬂe)cleﬂscimﬁgﬁ P sERHUISeR e S8

t hav xa onal cl osest - packed
G <5 iinA OBt Beiare 1 dcﬁm 3R Scuin gn Fesseiore, Ka i
f bl y or nore and 20
SRR Epy e ?savétﬂ?ampﬁ@oaa{a%%cw@m@ﬁoﬁ ragmetic layer

' uci ng characteristics, and the
<Séﬁéraw5! "Bgs"fﬂg?vgétﬂé g?le% i haruhlern impray thejagignment of the

recordi&ggl er having a granular structure is used as

MAEREUCIGTRENE ‘9¥%Eor di ng | aver
[0019]

Similar to the magnetic recording layer, the material of the intermediate layer is
preferably a material having a heXagonal closest-packed structure, such as Ru, Re, or an
alloy thereof.  Since the intermediate layer has the function of controlling the
alignment of the magnetic recording layer, the material for controlling the alignment of
the magnetic recording layer can be used even if it does not have a hexagonal closest-
packed structure. The total thickness of the alignment control layer is preferably 5
(nm) or more and 20 (nm) or less according to the balance between the recording and
reproducing characteristics, and the overwrite characteristics. When the magnetic.
recording layer having a granular structure is used as the magnetic recording layer,.

segregation to the crystal grain boundaries of the nonmagnetic oxide or nitride is



segregation to the crystal grain boundaries of the
nonmagneti c oxide or nitride is 9 pronoted by

i ncreasing the surface roughness of the intermediate

| ayer. Tere ore. the gas pressure at the tine of film
formng of the internediate |ayer is preferably 3 (Pa)
or nore, and, nore preferably 10 (Pa) or nore.

ﬁr@ﬁgﬁh bv%eﬁﬁfa&ﬁ@ gl',]l@ééje §5udm9§§ec;f 1?8 111?6919rcgfa{1 B.V ehnla C10T€, the

t he pr eSent- invention is mal n recor

%;@ pFQAGE hi Mk ﬁﬂle f ﬂoﬁﬁﬁm%ﬁl%%hfeﬁn&ﬁ&%ﬁ%'re?% gﬂ;r@f'é%(blv 3 (Pa) or

aving a high'K va ue, an exchange cou

I#é%e&quBm g@ﬁ;ﬂgggﬁgpﬁggg coupl i ng betmeen t he

I rst magn &7 ¢ recor ayer and a second nagnetic

recorqmﬂg)laver and a second magneti c recordlng"

| ayer Ah is an auxiliary laver and has a | ow K
reco

bref el *’eppfn&@ﬁ‘a%mee?aﬁe?o 1ok G Bt i r o i o main

rPEGERE TRERR 5 oSG HT o Remert B el e eteat K,

BB 060 OB SR SRRl v o

SRR BR A e ol Shensieroco din 1t i iged
the econd naggetic r corgyng |.ayer does not

U Ko O de?a‘i‘;’i‘*“ A
s PR By & s Pe b g 1y et far highs? mEUK : f:rhe

t.i at netizatio |nverS|on |rst and t he
Pt B e Y o grara oy ot 46 (elesr lover
nagnetb@ﬁﬂlon i nversion by exchange coupling between

t he fi and second magnetic recording | ayers so as

to be drawmn to .the_second magnetic recording |aver

( magneb EAOPSHuTieR ef @’F BFE SRR dBVRHPR-daTPHashicerehange coupling
rotati In such a case, since the magnetic nonent

SFW?EHég? %Wséfna%%é@%rdwgé@fea pgythe |sggnmd mrengtiargcgrding layer

hermal stability of the entire nediumis
chﬁ%leg trnfljﬁsgﬁgtézagorrlr?nversgon ata 10¥wr external magnetic field than that when the

second magnetic recording layer does not exist. When exchange coupling between the
first and secbnd magnetic recording layers is moderately strong, the second magnetic
recording layer having a low K, value initiates magnetization inversion first, and the
first magnetic recording layer also causes magnetization inversion by exchange
coupling between the first and second magnetic recording layers so as to be drawn to
the second magnetic recording layer (magnetization inversion mode called incoherent
rotation). In such a case, since the magnetic moment of the first magnetic recording
layer gradually inverts, thermal stability of the entire medium is maintained.
Furthermore, since the overwrite chafacteristics are improved, the recording and

reproducing characteristics are also improved. When exchange coupling between the



Furthernmore, since the :overwite characteristics are
i nproved, the recording and reproducing
characteristics are al so i nproved. Wien exchange
coupling between the 10 first and second nagnetic
recording is stronger than a proper range, the
magnetic nonent of the first magnetic recording | aver
and that of the second magnetic recording |ayer
AN SR RS IA JRSOFENG e AREST 2kan DPropeniangs, dre meghetic
call ed coherent rotation) and thus the Ku val ue of
PRGePLRfdhetistmagngiicyeepiding fpvar andithehe thieeoond magnetic recording
stability deteriorates. To the contrary, when
layst RHRYEANEHERY INNES Gnagnetizesiak invsrdign trivde salbairndherent rotation)
nagnetic recordi ng | aver causes nmgneti zation
anhaissihe K VRIS o aiviel laykrs iefifpiit aetageddmditingthe v stability
reversing magnetic field of the first magnetic

#Fhg EOég@ porgesey, edwa sxchaRpe thelimgrie toot wekp@gnetd econd
nmonment inverted al one of the second nmagnetic recording
TNAERSHC IREQBsIRS |agemasiuses moagnplaracinn imvedsioe Gest dhdtheaffdct of reducing
reproduci ng. characteristics deteriorate. [0022] In
theyeevprsinrganagnietiv Gnld diihe /st obgtdie etdrdingBgREtirases.
recording laver is preferably adjusted to be within a
fruathgeméreotire magndt@ibmbmertt invet®a al@regifahy secandimignetiefreddi@ng
second nmagnetic recording layer is preferably
laylr bstadestandiee avintvnentand asvgedifig and EspBodtcHREhb@crisies
106 (erg/cc). [0023] Even if exchange coupling
dsterimease. t he first and second magnetic recording
| ayers is proper, when a large influence of exchange
coupl i[AG2A]In the in-plane direction of the substrate
of the first magnetic recording |aver is exerted,
exchargéehecreent ingentbel, We enthe iR st higletia REboS@RO Y er is preferably
magnetic recording |ayers relatively decreases” and i
adisekan én ithhgn singe &b < i10VRr Bk Q° (&gREY, 2ACRI, 8¥V8E seddhd
order to suppress an exchange interaction in the
magnptianeodiingiayérdn pedfertble afijus@t 16BERGIHIEa FRSOFEIES x 108 10 2
| aver, at |east one
x 10° (erg/cc).

[0023]

Even if exchange coupling between the first and second magnetic recording
layers is proper, when a large influence of exchange coupling in the in-plane direction
of the substrate of the first magnetic recording layer is exerted, exchange coupling
between the first and second magnetic recording layers relatively decreases and
incoherent magnetization inversion is not achieved. In order to suppress an exchange
interaction in the in-plane direction of the first magnetic recording layer, at least one
layer of the first magnetic' recording layer in the present invention has a granular
‘structure constituted of ferromagnetic CoCrPtRu magnetic alloy crystal grains and grain

‘boundaries made of nonmagnetic oxide. In planar TEM images of the first magnetic



| aver of the first magn'eti c recording laver in the
present invention has a granular structure
constituted of ferromagnetic CoCrPtRu nagnetic all oy
crystal grains and grain boundaries made of _
nonmagneti ¢ oxide. In planar TEMimages of the first
magnetic - 1 recording |laver, the area of grain
Reundari.es. s preferably 30% or nore. As the magnetic
e a8, R R R AR bt sy S 6F motig A the
. t ak-ni Co, &r.. Pt,. and Ru as o
OB LA TS ORL R DRy Phenic argiiod B fhoge comaining Co, Cr
' Q nent) and, . contai ning an oxide for
?%?ﬁ%ﬂ‘%lr% eosflq@*ﬁé?‘é‘ﬁ PR @tﬁ@ﬁ“&f Bagrfys¢llpy evsential gpmponent) and
'B%?%%ﬁ%bHX used H%t is possible to use, as the oxide,
t0 TEREFIEFR oXpdsfanfornation elerizrangle syycurgadgid theysin ae,
Fe. Hf I\%%b Xb Nb, Ru. Si, Ta, Ti, Wand Zr. It is
%rleg%abd%gg- | b 18 §ossible 1o 03s e oidet sideast onerlement selected from

ts. 002 The area_of grain boundaries of the
gl?ﬁn@ﬁ%t P’Eﬂfe]&ﬁr @F% o't Bypepi. g Tin® gdedrentt is also possible to

i venti.$n is nore preferably adjusted to be within a
oo

iy ox HS0RTPTAOWINCEISd nost preferably from 32%
to 350/O 025] Exchange coupling in the in-plane
di rectE 9%%kan” be suppressed by increasing the anount

of the_oxide of a target to be sputtered. However,

since 1HMci8%PrFaindougdsisapb edfiishmegwiy geording layerref tk present
el enent, when the oxide is sputtered, Co of a CoCrPtRu

BV PBPIRPoBR PisETehly edjusyd sxiyeithipenranat #0m®P% to 40%, and most
deconposition, resulting in a |I'D decrease of the
Pfﬁ%ﬁ&%’ OFpieto §¥gnal output). It is effective to

bond oxggen in place of Co by adding other elenments -

SO as @uppress oxidation of Co. In the first

magnetjc recordi ng |ayer of the present invention, the

t r ansi E¥GANgRg0aplIRg @r%mn-plgne giredtionakh pe atecksabbt hrteasing
CoCr Pt Ru magnetic alloy crystal grains contain 3 to 8

ths epeet ofthepxide of ataeget tmlee sputtamsdt | Glowertabingd BERRIde is
selected fromAl, V, Ti, M, Nbo, Zr,

decomposed into oxygen and a metal element when the oxide is sputtered, Co of a

CoCrPtRu alloy may' be oxidized by oxygen generated by decomposition, resulting in a
decrease of the magnetic moment (signal output). It is effective to bond oxygen in
place of Co by adding other elements so as to suppress oxidation of Co. In the first
magnetic recording layer of the present invention, the transition metal elerﬁent is
preferably added so that CoCrPtRu magnetic alloy crystal .grains contain 3 to 8

(atomic %) of at least one transition metal element selected from Al 'V, Ti, Mo, Nb, Zr,
W, Ta, Hf and Re. It is also possible to suppress oxidation of Co by adding a rare earth
element in place of the transition metal element so that CoCrPtRu magnetic alloy-crystal
grains contain 3 to 8 (atomic %) of at least one rare earth element .selected from Gd, Tb,

Sm, Ce, Ndand Pr.  In terms of being capable of effectively suppressing oxidation of
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W Ta, Hf and Re. It is also possible to suppress
oxidation of Co by adding a rare earth elenent in

pl ace of the transition netal elenent so that CoCrPtRu
magnetic alloy crystal grains contain 3 to 8 (atomc
% of at |east one. rare earth el enent selected from
&d, Tb, Sm Ce, Nd and Pr. In terns of being capable

- etfective opr.essi ng oxidation of - 12 Co, it
?ch ﬁﬁr 13“%&2&5%3@#@ df“d%‘zfd‘agfflﬁ%t S8 PCIER U egnetie @liey Rystal

etic.allo ryst rains contain 3 to 8 (atomc

%g{éfc"g@“} %g’s%/- (f’g‘?{ﬁlcﬁﬂ%ﬁﬂe%éwﬁl@aerﬂﬁdﬁwﬂ fronoTi, Nfp, Nb and

d Tb. [0026] The formulation of the first nmagnetic
recordi ng |ayer can be adjusted so that K' of the
first ﬂgﬁgﬁtic-recording | ayer is 4 x 106 (erg/cc) or
hi gher al so the area of grain boundaries of the
first mpgpetic recording laver is 30%or nore. It is
al so g@%gﬂi}”@l%o%@je d5§t reammetorqsordeng layartdan be atjudedah that K,
a gogrPtRu magnetic all oy étotgl of Co. Cr, Pt and Ru
ot L3t MagaricIsAyaEn RxeT andl < &rgfrendr Highebenddide thesea of
as. to syppress oxidation of Co) and an oxide
ZBITRIInbeisigr ghedint Bagnrtiareesding laykats 3% of mote 114 it atso
magnetic recording layer is 4 x 106 (erg/cc) or higher
'%%glbgq 9@diuethg cempeteng rationmdivlinfaCo€sPih hdweefid #18dy (total of
gagnetic recording laver is 30%or nore. [0027] The
9#3@%8531@11’%‘? s espergiab¢ompanestsiand an\elnadnt @y i ddded o6 A9 1dG%uppress
the first magnetic recording |aver is preferably 3 '
CRFHo dlCarendamexidg corseimtingrgraie doundeiies &/ @RARIE oAt
boundary width is preferably 1 (nm or nore and 2 (nm
HRgeEis secording layeriages £0%(stedtc) oghmher Sidzesoane ateh @ f grain
average grain boundary width as well as the area of
Rpuaiangsl thealiisemagnesin réerdiap taykaised 4 mgrep! anar TEM
observation i mages. [0028] The first nagnetic
recor di’Ag’]l aver may have a nul'tilayered structure

The average grain size of magnetic crystal grains forming the first magnetic
recording .1ayer is preferably 3 (nm) or more and 10 (nm) or less. The average grain
boundary width is preferably 1 (nm) or more and 2 (nm) or less. The average crystal
grain size and the average grain boundary width as well as the area of grain boundaries
can be calculated using planar TEM observation images.

[0028]

The first magnetic recording layer may have a multilayered structure
constituted of two or more layers made of these materials. [n that case, at least one
layer has the above granular structure.

[0029]

As the material of the exchange coupling control layer, a nonmagnetic materiél

can be used. The material is appropriately determined, but is usually an element

- 13 -



constituted of two or nore |ayers nade of these
materials. In that case, at |east one |ayer has the
above- granular structure. [0029] As the material of
t he exchange coupling control |ayer, a nonmagnetic
material can be used. The material is appropriately
determ ned, but is usually an elenent 7 13 having a

1 _cl.os = R ructure, .such,as Ru . or Re, _
O e SRR RS e toblh s RENE R Brgy. e i
I Q ol r is preferably within a range _
R B e S ey B0 (i S b e ol B where
rdi | ayer and,the second magnetic recqrding _
DEERE R LR Bt B B R g ey 58S ineeohd magnetic
é@v nt i on .ﬁge filmthickness f the exchange )
coodglflp#ae?ibs FRmapagHe corRIng: o R thedirgsent yeRion. thedijm thickness
.3 to. 2.5 nm.. [0030]. The praotective |aver is a |aver
%96 ¢ epﬁcg?&?ﬁ%}@lue%@nﬁ@giagﬁq If P legEhie 4dargg. of Ogyjto 2.5 nm.
contagéowgth a head. A carbon filmor a Si02 filmetc.
IS us ’asJ, the protective |aver, and the carbon film
is or 'nari_l%/.usied. For formng of the film a
sput t erICROBTIYS 1a¥eTds 2 Ve 198 Prasertiag she mediymeliom danhagaesused |
| asima C¥E& t$od haiﬁbeen ordinarily used in recent
T SGRECt YR AdaL r oh CPIPSB UMY Sinim 85 Bisa etithe Prasective layer,
fi.lmthickpess is from about 1 (nm to 10 (nm,
apf élPee‘faélB‘?r&/Hlm Brrdpauty wed nnjordermgng afhe find a sptering or plasma
@g}gfergbly from2 énn) to 4\(Inn). [0031 ] Fig. 2
vRether s diyped ard thepigspardy B amethodveagrheei ordimsridy diedgn
and reproduci ng apparatus using the above
TR ETES c uh BYRSREETeRIpENG SV} enridporhedisadn  THhEIm thickness is from
er pendi cul ar magnetic recordi ng and reproduci ng
agﬁ‘ﬁ)talr @nydo d A 6w insetrragly fomisheytddes)tté (maymet nwre preferably
recordi ng nmedi um 100 having the structure shown in

gy 2 (1m) 0 4 (Rl um dri ve unit 101 which drives and
r ot at (B[SO"tlli]e magneti c recordi ng nmedi um 100, a
o)

‘Fig. 2 shows an example of.a perpendicular magnetic recording and
reproducing apparatus using the above perpendicular magnetic recording medium.
The perpendicular magnetic recording and reproducing appa.ratus‘showr.l in F.ig. 2
- Includes the magnetic recording medium 100 having the structure shown in Fig. 1, a
medium drive unit 101 which drives and fotates the magnetic recording medium 100, a
magnetic head 102 which records information on the magnetic recording medium 100
or reproduces information from the magnetic recording medium 100, a head drive unit
103 which moves the magnetic head 102 rel.ative to the magnetic recording medium 100,
and a recording and reproduction signal processing system 104.
[0032]

The recording and reproduction signal processing system 104 can process data
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magneti ¢ head 102 which records information on the
magneti ¢ recordi ng nedi um 100 or reproduces
information fromthe magnetic recordi ng nedi um 100, a
~head drive unit 103 which noves the magnetic head 102
relative to the magnetic recordi ng nmedium 100, and a
recordi ng and reproduction signal processing system
&p4reJQOSZL The recgrdin% and reproduction signal
procesy PG E JETEM A AR AT RIS RESIERhtsHPPLY theqrecardng sigrdl to the
- fromthe %r ;id& to obtain a recording signal, suppiy
PREGS D534 ﬂsng 28f GrPgpssiEgeRRdUCpRghEtal Eopethd magaeticalredd 102 to
rocess repr.oducti on signal fromthe magnetic head
%Bgﬁﬁgtoigﬁagﬂg?a to the outside. [0033] As the
nagne%bg,ggad 102 used in the magnetic recordi ng and
repr oduc? apparatus of the present invention, any
- of magnetic heads suitable for higher-density
magnet4¢ thednasngiiqheadt 198 siedhiavihe pagn@ideeordimerind uairodcing
i ant neto-resistive (GVWR) effect and a TuMR
BB OT RS PRGSEAt YN, ARy eff magneticdwadsesuitsield for higher-density
EXAMPLES [ 0034 The present invention will be
TBAPICHF FePTHBL.chess\haiay adiMRxaapkresusing(Fpanphanéto-resistive
é?nggrative Exaggle 1) A vacuum chanber in which a
MBgeldems apd atlaMibelempninveingseunnelingsffectednast wsad,
advance to beconme 1.0 x 10-5 (Pa) or less. [0035] -
Subsequently, as a soft magnetic laver (SUL), a Co |
Qra5zr filmhaving a thickness of 20 (nm, a Ru film
BSOMILES t hi ckness of 0.6 (nm) and a Col OTa5Zr film
havi ng a thickness of 20 (nm were formed at a gas
pressupPe34f 0.6 (Pa) in an Ar

The present invention will be explained below by way of Examples.

(Example 1, Comparative Example 1)

A vacuum chamber in which a glass substrate for HD was set was evacuated in

advance to become 1.0 x 10 (Pa) or less.

Subsequently, as a soft magnetic layer (SUL), a Co10Ta5Zr film having a
thickness of 20 (nm), a Ru film having a thickness of 0.6 (nm) and a Co10Ta5Zr film
having a thickness of 20 (nm) were formed at a gas pressure of 0.6 (Pa) inlan Ar
atmosphere.  Subsequently, as a seed layer, a Ni10W film having a thickness of 8 (nm)
was formed at 0.6 (Pa). As an intermediate layer, a Ru film having a thickness of 10
(nm) was formed at a gas pressure 0f 0.6 (Pa) and a Ru film having a thickness of 10
. (nm) was formed at 10 (Pa), in an Ar atmosphere.

[0036]

As a first magnetic recording layer, a 88(Co5Cr20Pt8Ru8Ti)-12(Si0,) film,



at nosphere. Subsequently, as a seed layer, a Ni | OW
filmhaving a thickness of 8 (nm was forned at 0.6
(Pa). As an internediate layer, a Ru filmhaving a

thi ckness of 10 (nn) was fornmed at a gas pressure of
0.6 (Pa) and a Ru film having a thickness of 10 (nm
was fornmed at 10 (Pa), in an Ar atnosphere. [0036] As

eedsis et %?Sﬁ%?éﬂ%g%_%ﬁ%’ﬁ?ﬁo?ts&smd)—12<Sioz> film and &
-1.2(,Si fi 88
B S B B ST R S08 Bof ot e B thickness of 12 (um), were
R R A G SR Riostiaen-o At 67 Msabge Sapiiog omesisvar, a R
; . cC® comr VAT,
BRGNSy oo Tover
/ . | ,
<%ormelfl t, a I S pressure of 0.6 (Pa) .(Eip;nrr?sl es 1-1(tac))
“HPP eéﬂb]s@ﬁfggh |%}{bseoﬂ§:lalbs éﬁ@ ﬁ@pondgmﬁt@ckreemdtm% lager, a
s ot . ; g
BB B S by o o dieg s kot 0. 7o

atmosphere. Asa first magnetic recording |aver of
SPECIEX a S| 2eliyst mAZIBNC CHBEIiRg PYBRUBTompREaSHI R amples, a

84 P
i Lm 2(.Co5Cr 20Pt 8RUBMD) -8(Si @) film a
%?%@%‘Jg@%ﬂ%@:&(sWﬁh%(gm;SC'IZO?PrtSIhBMo)-S(SiOz) film, a
9%2 Co7Cr 20Pt E_BRYUST@%(Si @) filmand a

{3@6‘%@05@&“8#9)-8 Qi ftr), af92(@Go TCaDPBRUSTB RS (S0 ilmAund 2
filmthickness of 12 (nm), were forned at 5 (Pa) in
BHC CraPRO&ird PS 1 Oarftim (meml?@reaeh bhving e ft@upickigs of 12 (nm),

control |aver and a second nmagnetic recording |aver
WisF dommsd b d (Raddnpa Haeinvespisrapidethed ad exdhadedioupling control layer

Furthernore, as a protective laver, a Cfilmwas
40d rpsePndanemietic recarding fgertwens! farme depaeiaraive EHQRHIART] -1 10 1-5).
medi um [0037] To the resultant perpendicul ar
Fﬁaﬁ@ﬁ@pqré, PEqBPEre lapti aC (fibnawm foemad b 6Waik aberpdicular
Conparative Exanples 1-1 to 1-5), a lubricant was
TEggFEleEEcoming mhdiumecor di ng and  reproduci ng
characteristics were evaluated by using a Read Wite
Anal y289371632 and a
To the resultant perpendicular magnetic recording media (Examples 1-1 to 1-4
and Comparative Examples 1-1 to 1-5), a lubricant was applied, and the recording and
reproducing characteristics were evaluated by using a Read Write Analyzer 1632 and a
Spinstand S1701MP manufactured by Guzik, USA. Subsequently, magnetostatic
characteristics were evaluated by a Kerr measuring apparatus. Also, a granular
~ structure of the first magnetic recording layer was observed from planar TEM images.
[0038]
With respect to Examples and Comparative Examples, the measurement results

of high signal-to-noise ratio (SNR), overwrite (OW), ptoportion of oxide grain

boundaries of the first magnetic recording layer, coercive force (Hc) and nucleation



Spinstand S 170 | MP manufactured by CGuzik, USA.
Subsequently, magneto static characteristics were
eval uated by a Kerr neasuring apparatus. Al so, a
granular structure of the first magnetic recording
layer was observed from planar TEMinmages. [0038]
Wth respect .to Exanpl es and Conparative Exanples, the
sur-ement. resul.ts, of high signal-to-noise ratio
FE%F&)’?”O%?SFWWE‘ {3 ! proportion of oxide grain
boundabgﬁﬁ of the first magnetic recording | aver,
coerci > brce (Hc) and nucleation 16 Held (-Hn) are
shown in.Table 1 [0039].As.is apparent from Table 1.
in Exafple@PParmt fremalabis 1.an Gemples) Hy is dwui 2,008100) (17 is

hernmal stability is ensured, and al so SNR

@?ﬂ"&g@’%ﬁ aw{ Pyl stabuliyag enpsuredi arrkalsmSHRci@mge high value.
Lptﬁégqtion in the in-plane direction of the substrate

E¢4 Wadiaee Fhewhenas iniemgtion of the e pbik derettimT efxke substite
gecreases. The reason why Hn of Conparative Exanples

cojeasgs When ths amewsy oftthe axidh atcresseoknscesmisds: 1 The rdasén why Hn
regardl ess of a small amount of the oxide, is
egagménaeae Expmplex tdnded sdoptr then thet veExamplbe 1 flitbgt4
and second magnetic recording |aver relatively
Freardiess of 2 small ameyu of the oxide,dhanmpideeaithhi A@hirbet dd@pling between
in-plane direction of the first magnetic recording
the\fept angdsecond megneieresexiimpllapagaktively e cRagHs A a k@& lof
al one causes magneti zation inversion. 17 x ~'n~lrrn
prhaggencaupling ia the inpMn€CdXedBoX oBthe fsmégnktickedokdinglayer, and
r- -1 ~,, ¢c CDCDLCD.1Qc, I N T
thus the secon magnetic recording layer alone causes magnetization inversion.
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[0040]

Table | .
5 Méw u_|5| - First magnetic recording Ku(er .\ms Oxide grain | Second magnetic | SNR | ow | te | -t
B | |_ | L layer (mol%) . & @o::mm_.mom. recording _3@. (dB) (dB) (Oe) (Oc¢)
~ . b T X
Example 1-1 mx?&_ﬁ_w@mwz:m_c 5.3 % 10° 34% 6.6 | 40.0 | 4239 | -2006
Example 1-2 xﬁo&n_mmm%w,_mze- 5.1 % 108 33% 168 | 412 | 4156 | -1974
. = : — _ _ _ _ o
xample 1-3 w&o%mmmmw%waze 5.8 x 10° 32% 16.5 | 39.6 | 4287 | -2126
_ 2) L
~ ) _ ' \ -
Example 1-4 %?%m%m.ﬂ%_ag 5.8 x 10° 33% ColOCISPISB | 168 | 404 | 4188 | -1994
(Si0y) (Atomic %) _

Comparative | 92(Co5Cr20Pt8Ru8Ti)- 6 o/ _ _

Fxample 1.1 8(Si0y) 6.6 x 10 25% Ku=13x106 | 142 | 454 | 3782 | 1452 ]

Comparative | 92(Co5Cr20Pt8Ru8Mo)- (6 " (erg/ce) .

Example 1.2 8(Si0y) 6.5 %10 23% 145 | 462 | 3732 | -1529
“Comparative | 92(Co7Cr20Pt8Ru5Nd)- 16 o/ . i
Example 1-3 8(Si0) .m.a x 10 23% 143 | 45.1 umd 1534

Comparative | 92(Co7Cr20Pi8RuSTb)- 6 o/ : lec

Example 1-4 " ssioy) 6.7 x 10° 24% ;Wﬁ 44.9 WN_ ] |_.w -

Comparative 88(Co7Cr20Pt8Ru)- 6 o

; . . 152 | 452 | 3735 | -1732

Example 1-5 12(Si03) 6410 28% > !
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INDUSTRIAL APPLICABILITY
[0045]
The perpendicular magnetic recording medium and the magnetic recording and

reproducing apparatus using the magnetic recording medium of the present invention

can be used in the field of an information technique, and has high industrial applicability.



18 | NDUSTRI AL APPLI CABI LI TY [0045] The perpendi cul ar
magneti ¢ recordi ng nedi um and the magnetic recording
and reproduci ng apparatus using the magnetic _
recordi ng nmedi um of the present invention can be used
in the field of an information techni que, and has hi gh
industrial applicability. 19. CLAMS 1. A perpendi cul ar
magnetic recordi ng nmedi um co |S|ng a nonmagnetic
substrate, and at |east a sof ﬁ%gnetlc | aver (SUL),

an alignnment control layer, a nmagnetic recording

- layer and a protective Iaver formed on the nonnegnetic

ubstr in th tic recording |aver is
Const %@g’é"émf%l?m%‘a%? 5%&1@% 4OTREFING 8 SORMRERESIC
[ ordln Iaver econd magneti c
grﬂg’g‘g%u a%& S%’rso %?ﬁ“?ﬁ% ahV(iiﬁ £n alignmt eenteoldavga a
Iﬁggilcrggrg net ocrvstal l i ne anlsotroplc ener gy
aCh e & ?%W&%W%%FW%WWwMWMMG
nagnetlﬁerec rding laver has 4 x 106 er%/cc or hi gher
and t he 58@0 1§ ﬁ@ﬁ?%”ggg RXET Fycomatiaied 94 v ox mposlayers
erg/ cc_qaf. wherein the first magnetic recording
| ayer ?"gj ipgh é\elat fimagetiesesanding lavsyanst 4 secord magnetic recording
ﬁ£¥ t%{alns and % al n boundaries made of an oxide
ERBEG A StEpidarn®s i s 30% or nore based
on the entjre area in a.  planar TEM observation of the
first T8y A ”&aﬁné@éWé?aHglq BYHIOPR, enfigy Kperfiseridinapheic recording
I %netlc recordi ng medi um according to claim11. which
Tt udes an exchange coupling. control |aver between

t he figs% magnetic recordi ng | aver and t he second
nmagnet'Pe IFE @ReRstifgerading, layer has 4 x 10° erg/cc or higher

and the second magnetic recording layer has 2 x 10° erg/cc or lower,
wherein the first magnetic recording layer is constituted of CoCrPtRu magnetic
alloy crystal grains and grain boundaries made of an oxide

and the area of grain boundaries is 30% or more based on the entire area in a

planar TEM observation of the first magnetic recording layer.

2. The perpendicular magnetic recording medium according to claim 1, which
includes an exchange coupling control layer between the first magnetic recording layer

and the second magnetic recording layer.

3. The perpendicular magnetic recording medium according to claim 1,
wherein the first magnetic recording layer contains 3 to 8 atomic Y% of at least
one element selected from the group consisting of Al, V, Ti, Mo, Nb, Zr, W, Ta, Hf, Re,

Gd, Tb, Sm, Ce, Nd and Pr in CoCrPtRu magnetic alloy crystal grains,
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3. The perpendi cular magnetic recordi ng nmedi um
according to claiml. wherein the first nagnetic
_recording. laver contains 3 to 8 atomc % of at |east
one el enent selected fromthe group consisting of Al,
V Ti, M, Nb, Zr. W Ta. Hf. Re, Gd,- Th, Sm Ce. Nd
and Pr in CoCrPtRu rmgnetlc aIon crystal grains. 20
and" ala% aL&%nta ns one el.enent se| ected fraom

the group Consrey ﬁ&abtfonﬁlewme@‘ Sgfcieqdzomane greup CRRSIfitRg of Al

BB bt 2 Ma:i%% RS rlgp Foditting? Bpfsapdgacancs

corrprl SI ng a magnetic recording nmedium and a

magnet i c head for recordi ng information on the
gnet recordi ng nmedi um and reproduci ng i nformation
om t @aﬁﬁawef?wdmg@eii G UREE APRRIATUR O Ingtfemagnetic
Hetl c recording mediumjs the perpendicul ar

Fr‘éPg ’é’tgln&e idTgagnela hetd 198 espeinginfermatian on 1he @agnetic

recordmg medium and reproducing mformanon from the magnetic recording medium,

wherein the magnertic recording medium is the perpendicular magnetic recording

medium according to claim 1.
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