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*159159* 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 rel ates
to a perpendi cul ar magnetic recording nmedium _ and a
magneti ¢ recordi ng and reproduci ng apparatus using the

per pendi cul ar magnetic recording nedium B

ART [0002] In recent DEFS@IKFEPTIMNE range of ﬂmmmmmwmmmww
applications for magnetic recordi ng appar at uses*sush

as magnetic disk drives, flexible disk drives and
magneti c tape drives has been mar kedl y i ncreased and
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Al so, the recording density of the magnetic recording
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increased. In particular, a steeper increase in area
recording density followed the introduction of an MR
head and a PRWML technique in a hard disk drive (HDD).
TESIREEALNGELR roduction of a GVR head and a TuMR head
in recent years, the recording density has been
|ncggg§1ng at a pace of about 100% per year. [0003]
Jnetic recordi ng systemof HDD, a so-called
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BACKGROUND ART

[0002]

In recent years, the range of applications for magnetic recording apparatuses
such as magnetic disk drives, flexible disk drives and magnetic tape drives has been
markedly increased and the importance of such apparatuses 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 increasing at a pace of about 100% per year.

[0003] |

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

a conventional longitudinal magnetic recording sysytem. In the perpendicular
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has an easy axis of nagnetization in the direction
perpendi cul ar to a substrate. The easy axis of
magneti zation is an axis in a direction of which
magnetization easily points. In the case of a
conventional ly used Co-based all oy, the easy axis of
magneti.zation is an axis (c-axis) parallel to the
~normal |line of a (002) crystal plane of a hexagona
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I nfluence of a demagnetizing field between recording
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magneti c recordi ng nmedi um has a seed | ayer,
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are orned or the purpose urther inproving
is gﬁ&ﬁ%of t he magnetic recording | ayer.
eC| |ca ey have a function of aligning
cry in the magnetic recording |ayer and al so of
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cont ng the shape of magnetic grains. [0005] In
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the intermediate layer are formed for the purpose of further improving the
characteristics of the magnetic recording layer. Specifically, they have a function of
aligning crystals in the magnetic 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 realize 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



of magnetic crystal grains. The nethod includes, for
exanple, a nethod of adding SiQ2 to the recording

| aver to form a perpendi cul ar magnetic recordi ng | ayer
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.
However, when the noise is reduced by such a nethod,
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Because c?fn e a{:noglé %ou}rﬁglgbb en harg magnet1c film as the main recording
layer and a soft magnetic film as the auxiliary layer, it becomes possible to invert at a
lower applied magnetic field than that of a conventional perpendicular magnetic
recording medium if the auxiliary layer portion initiates magnetization inversion upon
application of the magnetic field from the head first. It is also possible to control
exchange coupling between the main recording layer 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, it is difficult to control exchange coupling between the main



- 3 recording layer and the auxiliary |ayer and, as a
result of deviation fromthe range of optinmm .
exchange coupling, the gradation of a hysteresis |oop
Rs decreases to less than 1 by integrating the nmain
recording layer with the auxiliary |ayer whose
material has a |ow K" value, unfavorably resulting in
an insufficient inmprovenent of heat fluctuation
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resie@flcd ecordi ng and reproduci ng characteristics, and
al so enables high recording density by controlling
exchange coupling between a main recording |ayer and
an auxiliary layer, and a magnetic recordi ng appar at us
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Japanese Patent Application No. 2005-172601

DISCLOSURE OF THE INVENTION
Problems to be Soived by the Invention

[0008]

Under these circumstances, the present invention has been made and an object
thereof is to provide a perpendicular magnetic recording medium which has both
satisfactory thermal stability, and recording and reproducing characteristics, and also
enables high recording density by controlling exchange coupling between a main
recqrding layer and an auxiliary 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.



and at | east a soft magnetic layer (SUL), an alignnent
control layer, a magnetic recording |ayer and a _
protective |ayer forned on the nonmagneti c substrate;
wherein the magnetic recording layer is constituted
of three or nore layers and includes a first nmagnetic
recording | ayer, a second magnetic recording |ayer and
a third magnetic recording layer fromthe substrate
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between the first magnetic recording layer and the second magnetic recording layer.

3) The perpendicular magnetic recording medium according to (2), wherein the
exchange coupling control layer is made of Ru, Re or an alloy material thereof and has a
hexagonal closest-packed structure.

4 The perpendicular magnetic recording medium according to any one of (1) to
(3), wherein the exchange coupling reduction layer is made of a CoCr alloy and
contains 30 atomic % or more of Cr.

5) The perpendicular magnetic recording medium according to any one of (1) to
(3), wherein the exchange coupling reduction layer is made of an alloy material which
contains at least one element selected from the group of elements having a face-centered

cubic structure as a main component, and elements selected from the group of elements



havi ng a body-centered cubic structure, and al so has
both a (111) plane-aligned crystalline structure and
an irregular layer lattice (stacking fault) forned by
m xing a face-centered cubic structure with a
body-centered cubic structure. (6) The perpendicul ar
magneti ¢ recordi ng nedi um according to any one of (1)
to (3), wherein the exchange coupling reduction |ayer
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&))] The perpendicular magnetic recofding rﬁedium according to any one of (1) to
(8), wherein the third magnetic recording layer is constituted of two layers, a
nonmagnetic thin film is interposed between the two layers constituting the third
magnetic recording layer, and an antiferromagnetic coupling is produced between the
two layers constituting the third magnetic recording layer.

(10) A magnetic recording and reproducing apparatus including a magnetic
recording medium, and a magnetic head for recording information on the magnetic

recording medium and reproducing information from the magnetic recording medium,



6 _ wherein the magnetic recording nmediumis the
magneti c recordi ng medi um according to any one of (1)
to (9). Effects of the Invention [0010] According to
the present invention, it is possible to provide a
per pendi cul ar magneti c recordi ng nmedi um whi ch has
excel lent thermal stability, and al so has excell ent
hi gh recording density characteristics. BRI EF

wheRSESGH Mg c Cecofdibg PRAWMNGSShe nighdtic fekerdink thédidm according to
di agram showi ng a cross-sectional structure of a

anyBRE BE(itedyar magnetic recordi ng nedi um according to
the present invention. Fig. 2 is a diagram showi ng a
structure of a perpendicul ar magnetic recording and

~ reproduci ng apparatus according to the present

Effdctvéiihd Bivenfisiscri ption of Reference Numerals [0012]
1: Nonmagnetic substrate 2: Soft nmgnetic |ayer (SUL)
3: Jeefh)l ayer 4: Intermediate |ayer 5-1: First
nagnetlc recording |ayer 5-2: Exchange coupling

contA£QbrdiAY & the PredentI8¢AEn ni@%n]%shl%ler t6 ‘f)%\gdié‘agpérﬁé’rﬁﬁcular
5-4: Exchange coupling reduction |ayer

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 perpendicular
magnetic recording medium according to the present invention. |

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

Description of Reference Numerals

[0012]
I: Nonmagnetic 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
5-4: Exchange coupling reduction layer



5-5: Third magnetic recording layer 6: Protective

| ayer 100: Magnetic recording nmedium 101: Medium
drive unit 102: Magnetic head 103: Head drive unit
104: Recording and reproduction signal processing
system BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
[0013] Fig. 1 is a cross-sectional view show ng an
exanpl e of a perpendi cular magnetic recordi ng nedi um

5-5accorﬁk@gla?1@tfct}gc&aig§¢5%rl nvention. [0014] The
per pendi cular magnetic recordi ng nedi um 100 of the

6: PrespitectipRREI on has a structure, for exanple,
wherein on a ' nonmagnetic substrate 1, at |east a soft

10qmgnpfagﬁ¢ﬁclr@y&amg%mg, a seegl | ayer 3_ and an
internedi ate layer 4 constituting an alignnent

cont : r controlling the alignnment of a film
101 %/1% junfdiive Wil . .
i mredi at e aebove, a perpendi cul ar rmagnetic |ayer 5,

102nd Ry, gkgﬁggve | ayer 6 are stacked in this order.
The perpendi cul ar magnetic recording layer 5 is

roronsii iyl it @ first recording layer 5-1 as a nain
recordi ng layer, an exchange coupling control |aver

1042- 2, B@co%ﬁ‘ﬁg Al p&)g&ﬁltc{é;d‘(% glgﬁzgé)%&gsmé %’s‘?erm 5-3 as an

auxilrary Fayer, an coup reduction |ayer
5-4 and a third magnetic recording |layer 5-5. [0015]
As the nonmagnetic substrate used in the nagnetic
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Fig. 1 is a cross-sectional view showing an example of a perpendicular
magnetic recording medium according to the present invention.

[0014]

The perpendicular 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, a second magnetic recording
layer 5-3 as an auxiliary layer, an exchange coupling reduction layer 5-4 and a third
magnetic recording layer 5-5.

[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 mmin conmponent, for exanple, an Al-My alloy, or a
substrate nmade of ordinary soda gl ass,

alum nosilicate glass, anorphous glass, silicon,
titanium ceramic, sapphire, quartz, or any of
various resins, can be used. Anpong these substrates,
an Al alloy . substrate or a glass substrate made of
crystallized gl ass or anorphous glass etc. is often

h&if, R EarRpl
o ot tneh Sthtr AP AR PN e f ey soe

oA SRS Rkttt
Q36 fof@ﬁgas&ggeﬁﬁs Qhn g@nyé‘da Aaﬁaﬁggm@ser%g&?&[ésc aQA%&loy -

rying of a substrat®e are

subBfektE QF ggﬂlss @b%ﬁalje Dddd®f @ﬁ@ HAVed 'gﬂa‘é?g hbﬂs %]ﬁgsnéﬁc G often

ensuril esli on 0 eac ayer S|ra

usep.e r f&ﬁl@éﬁéeeo%% &s%{gt?s A, | n%F 81r ysgés?ﬁ%%‘gnﬁf b0

eani ean I nverse

oS PIIO  YR,  SEAAL UE

ft nagnetlc | ayer (SUL) is provided in many
uml@ﬁ%%ﬁdlcular magneti c recording nedia. The soft
rmgnﬁ)gllg | ayer (SUL) has the function of introducing a
reco n]g magnetic field froma head to efficiently
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anou 4 floating of the head and further increasing
t he cordln Sit the single soft
rragnif? soff mg Sre et ol oo e e i magneti
t I
recor utrt]gemlec(i:la a¥he soft magnetic layer (SUL) has the function of introducing a

recording magnetic field from a head to efficiently apply a perpendicular component of
the recording magnetic field to the magnetic recording layer at the time of recording a
signal on the medium. As the material of the soft magnetic layer (SUL), a material
having soft magnetic charaqteristics, such as a FeCo-based alloy, a CoZrNb-based alloy
or a 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 amount of floating of the head and further increasing the recording density. Not

only the single soft magnetic layer but also a combination of two soft magnetic layers



9 between which an extrenely thin nonmagnetic thin
filmof Ruis interposed for an antiferronmagnetic
coupling is preferable. The total thickness of the
soft magnetic layer (SUL) is fromabout 20 to 120 nm
However, it is appropriately determ ned according to
t he bal ance between the recordi ng and reproduci ng
characteristics, and the overwite characteristics.

betiEd WhicH &@Eﬁﬁerﬁ&?%ﬁlmhﬁ\ﬁgﬁeﬂc&hﬁ%ﬁ{ oK RAnRfpoRed for an

plurality of layers and includes so-called seed and

antl'féﬁcﬁﬁ ﬁ@é(ﬁlﬁl %? & Srefer .t MEhSHLS kBl R s$ e sdPB1agRAR layer

| ayer has the unction of controlling the grain Size

(SU@D% foMSIalit 2 0ATERE. OffotBéer! iR ses ;ﬁg&l&er Ie%( hagﬁﬁlﬁéaﬂaiccor ing

he magnetic recordi ng I ayer. The e see

- to ﬁ?yﬁﬁnde%em&&%gﬁygg%%% aJM' r a.g @hér&ét%ﬁ)iitlcs and the overwrite

ane-al i gne ered |c cryst I ne
kmﬁkf Lwe, or a N alloy such as Ni-Nb, Ni-Ta, N -V
© <:lll\lli%-vv When the soft magnetic layer (SUL) has -an

o B R R RGOk PEARed ﬁ%?@?‘*g?% hddiaes
so- ?l;éagen%gﬁtﬂteﬁ? dﬁt@ r?%f &Hggé;éﬁfbsf(}ggqg{ gH? ﬁée@f e has the
ol TR £ 285540 A B B, Wi o
the % r&lktﬁ:r regé)réir eia?e%g nﬂaé fhaletiaP Bpl!hgg éda%g{r is g e?er?ﬁﬁf %r%; ﬁl

ayer 1s pre era

havi ruc ure

navdR'd (8 1 SRR AR PR i, RGN oy sueh
s SUEIAR o 9SL1, oF FonLrel! 'hggn;?sr. i e

S S g AR S
eGSR e el b é@@pﬁé@# e
dec?%ge@é% | esggnaeﬁg gxtngrph%us ﬁlyerhbet\%géna (e:golktJ renta\{\gﬁetlc layer
(SUL) and the seed layer, thus making it possible to improve the alignment of the
magnetic recording layer.

[0018]

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
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reproduci ng characteristics, and the overwite
characteristics. Wien the magnetic - 10 recording

| ayer having a granular structure is used- as the
magneti c recording |layer, segregation to the crystal
grai n boundaries of the nonmagnetic oxide or nitride
is pronoted by increasing the surface unevenness of
the internediate | ayer. Therefore, the gas pressure

recdttiingh@yet hiEin@h gridularfs@hofurtdis @ked fetht MaghdtRteadrBinkay R,
is preferably 3 (Pa) or nore, and nore preferably 10

segieBat) orto tﬁ@é stal @%%oun-drﬁ?esﬂﬁftﬂ@ﬂﬁhﬁéﬂn@ﬁc FRAO8E hifride is

recordlng ayer in the pr esent invention is a nain

prof8ati iRgehsiyeihe ABdadcSurfe 08 iekd bt @6 uﬁémf)edtdté ﬁ&eﬁaqm@téf&re
recordi ng | ayer having the highest K' value anong the

the gsyﬁ—ess SR GRARDE Ethfbﬁ’rPn% B?ﬂﬁqﬂt%grfaé(ﬁat@? 2y r}ﬂgferably 3 (Pa)

an exchange cou g contr aye
or th&}E! BRAThOE pRAERBIIR giaye} idg between the first
magnetic recordi'ng er and a second magnetic
recqbgngg | ayer, a second magnetic recording |ayer
which I's an auxiliary |ayer and has second hi ghest K"

LT AR R Pl B R B o hlon 1 main
rec&gfél%rlg}%eﬁ 9nd saéé)%gtltﬂﬂ:g ot atfﬁkt&'g n%%gg %edro‘&ﬂﬁg &&Eld}ll%{’%ﬂé tRY %Eghest

gnetic recor

Ky *’%%a:ﬁl?xg Eh% MQ lagkgoc%g Iﬁftﬁe' thadne %Stdu?gulra?? o&gé{@lange

e la I's ac
couhﬁﬁgg&gﬁl% ?d}l L t%grujé eezfr%{a f&;?%la%é C%Pf)( t’l}éolgett\(vg%ngtﬂele %\s}t nagpetic
ekl e RSl el el R e

A L L
recciop i orgacyine fecangr B BliFe Be e Rl safine e Gorin
T E N R O S S ——
the‘fonest ﬁ' v rugl n boundari es made

- [0020]

The first magnetic recording layer is the layer in which a signal is actually
recorded and K, is preferably 4 x 10° (erg/cc) or higher. 1t is preferable that at least
one layer of the first magnetic recording layer in the present invention has a granular
structure constituted of ferromagnetic crystal grains and crystal grain boundaries made
of a nonmagnetic .oxide or nitride. Furthermore, it is more preferable that at least one
layer of the first magnetic recording layer in the present invention has a granular-
structure constituted of ferromagnetic crystal grains and crystal grain boundaries made

of a nonmagnetic oxide.

[0021]
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of a nonmagnetic oxide. [0021] - 11 It is preferable
to use, as the ferromagnetic material in the magnetic
recording layer, material prepared by using Co and Pt
as essential conponents and addi ng an oxide or
nitride for formation of a granular structure.

- Exanpl es thereof include CoCrPt-Si oxide, CoCrPt-Ti
oxi de, CoCrPt-Woxide, CoCrPt-Cr oxide, CoCrPt-Co

OXi dRis rireferdBle thais@XdsdRe flrREdghedlUmaretibdein thoR4P et recording
oxi de, CoCrPtRu-Si oxide, COoCrPt-Si nitride, B,

o AT A0 0 NS B B s o

oxiGPG Sl oPick i o PBUE SRt O B8l CHTL B

nitride. I's al so possible to add two or nore

Co%flPt-% io?ﬁg, ?GCfﬁt-tTﬁ beRs. cbe1 Al Oélcfe, b?cﬁft%retf €0 éCo

I rst magneilc recordi ng |ayer used I n

oxif¥, RSRIP1-Td lﬂgéér R gk—?&@%&i#?&%%%ﬁ%p&i "SHC}PE{J@P fde,

om4 x 1 erg/ c¢c) so as

CoCPUSL Vil & APV S A &S Lok 'd-gheo@ﬁ-rcarq'ﬁtlrgl;eta&lgcht-Co

size of nHgnetic crystal grains formng the

nitrlgnﬁgﬁ?ghftthq;rﬁgﬂe;jgg@éﬂtﬁlgﬁmjﬁe @oﬁﬁﬁ{-gphyﬁ%oaélﬁ?&(;rf’ﬁsﬁ

aver age grain

nir_ri]g%é PraL &8 ?L)Xsilge % 4 Pbr IHBLre%I‘?dqsdoé %f(ﬁdeg B%n‘%&es! ess.

aver ag crystal grain’'size an € average grain
boung@Q%]mﬁdth can be cal cul ated using planar TEM
observation i mages. [0024] The total anmount of the

xSRI S SRR e
i IR b Rl B A 0 0008 2080 G s
to achieve the above effect.

[0023]

The average grain size of magnetic crystal grains forming the first magnetic
recording layer is preferably 3 (nm) or more and 12 (nm) or less. The average grain
boundary width is preferably 0.3 (nm) or more and 2.0 (nm) or less. The average
crystal grain size and the average grain boundary width can be calculated using planar
TEM observation images.

[0024]

The total amount of the oxide existing in the first magnetic recording layer is
preferably from 3 to 15 (mol%). When the total amount of the oxide is within the
above range, a satisfactory granular structure can be formed. |

[0025]

The first magnetic recording layer may have a multilayered structure

constituted of two or more layers made of these materials. In that case, at least one
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[0025] The first magnetic recording |ayer may have a
mul tilayered structure constituted of two or nore
| ayers nade of these materials. In that case, at |east
one - 12 layer has the above granular structure.

- [0026] As the material of the exchange coupling
control layer, a nonmagnetic material can be used.
The material is appropriately determ ned, but is

lay@'1RE AoV Rhnufe s@fict@. @l l oy material thereof having
a -hexagonal “cl osest - packed structure. [0027] In the

cons%hggfion of the present invention, the second
magneti ¢ recording |ayer plays the role of the

oL g b BE ABLE B el maceria
canfﬂerlfs%d.”&gﬁkeﬁ]%ﬁrimg %ﬁgﬂopgatle y&%erﬁ‘fi‘ﬁjed' utzis re%grgblpl.Ru Re oran
(erglcc) ‘or Tower. rromagneti ¢ exthange coupting

allo?r%mgﬂ tflé}got{ﬂa@ﬁ}rge%%%gé]%a‘f F%)rsgs?-%ggieﬁgtrlu%er. and the

econd magnetic yer “causes nagneti zati on
inveﬁg%zﬂ at a lower external magnetic field than
t hat t he second magnetic recording | ayer does

QIR A T e e A

o e IF B RIS SRR RSP
t fi.r,st td di I ) I

o Sy of PR B 5 Rl me@ e PR S B TN
(e g5 P FEBOT R LIS COREPRE SR RGeS Rypdpete

$ eti zatiion i nversion node called i ncoherent . . .
recORdLR InyeAnd KBF SR AERRLI TOCFER HURE CoRymBERAIZARARGiRYersion
at § QYT PuemE PTG Tl b fIgy WHS e e e anrSrerdiae layer

mai nt ai ne Furt hernore, since th verwite )
dogs gt epte r |Whenaxchangeichpplinghetweens ?%&ﬁ.aaql BRFOBA Magnetic

repr oduci ng charafteristics are al so, o .
s moderately strong, the second magnetic recording layer having a low

recording layers i
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
characteristics are improved, the recording and reproducing characteristics are also
improved. When exchange coupling between the first and second magnetic recording
| layers deviates from a proper range, the magnetic moment of the first magnetic

recording layer and that of the second magnetic recording layer simultaneously inverts

(magnetization inversion mode called coherent rotation) and thus the K, value of two
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I mproved. When exchange coupling between the first and
second magnetic recording |layers deviates froma
proper range, the magnetic nonent of the first
magnetic recording |layer and that of the second
magnetic recording layer sinultaneously inverts
(magneti zation i nversion node call ed coherent

rotation) and thus the K' value of two 13 |ayers is

layeth f@u&’lg@‘é@@?&%@&j a@dqglettltf@mtahﬁﬁﬁﬁgy Sdt&Rirhiel Y .
deteriorates [0028] K" of thé second nmagnetic

rec zag | ayer used in the present invention is
preferably adjusted to be within the range from1l.2 x

1 06\/12 e%ﬂiqé ge%cohf? %%Ttmc&ﬁ lﬁfe?r u§9d i B&s@rﬁ Iﬂﬁx@’lﬁoﬂ Ee

abo Her et e coupl1ng

B0 S B BIE 1 v

hi.ckne ontrol | ayer. Hovvever within the
aS&)Cthe¢£ ﬁ eﬁgth of exchange coupllng wher e
| ncgﬂbgﬁ nt rot ation arises, the strength of the
int actlion of the exchange coupling control |ayer

o ?ﬁ?flﬁ o eﬁzﬁg&?@ bt et RanlBRirGHA £ g
ree g s Y Sisaciomighed ot G e tﬁhcﬁm%sro'f@e‘cé%ﬁfﬁsm ®Hgmever,
Witﬁlﬁﬁf]%g%f PEeShodin of 2%%%? RGO aRCaR R rorationrises
the SRFGEE AERE PR EEHP TR0 e ég%ﬁng%g@@ﬁgﬁﬁéolﬁ%% el Yands with
the S HEKRSHE or BETPHE IS PiSRRdHS SPT TR g ifcaEhange Sotpling
corfigh st SracR s i SR RRoS ?ﬁésb”rterﬁaﬁﬂ of prPafza foupligp and it i

f the exchaTg oupling control | ayer of the ?resent

diffy “r\l\lﬁéﬁtcp’é‘ﬁo is UFaBIt Rt HveniG, GEtimiZHEn of fe nisraction

ere the interaction between
between the first and seconrcl rnagnettlc recordleng layers is not controlled by only the

film thickness of the exchange coupling control layer, but the distribution of the strength
of the interaction due to the film thickness distribution is suppressed by introducing a
third magnetic recording layer.

[0030]

The film thickness of the exchange coupling control layer of the present
invention is preferably within a range from 1 to 1.5 (nm) where the interaction between
the two layers constituting the magnetic recording layer is ferromagnetic and also the
strength of the interaction slightly varies with the change of the film thickness. Thus,
it becomes possible to suppress the distribution of the strength of the interaction due to
the film thickness distribution. However, the strength itself of exchange coupling

decreases and incoherent rotation is unlikely to occur. Therefore, in the present
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the two layers constituting the magnetic recording

| ayer is ferromagnetic and also the strength of the
interaction slightly varies with the change of the
filmthickness. Thus, it becones possible to suppress
the distribution of the strength of the interaction
due . to the filmthickness distribution. However, the
strength itself of exchange coupling decreases and

VoA € R miGHoRE hQihrdiflg L iR £ RRE R4 valuLIEREHE O the

he prese nt1on, rd ma

TN 08 0L, L N3 I e
thex%ﬁ&wlskﬁ] f'f]?eﬂﬁc {){1@1@ I%r eﬁlgl r?éo?cglﬁlg ﬁiewe% %g{rgt?%bffeg 108

(eré)%ﬁ Iioavs)éry ;}"here}ore thé ﬁm%/ e%c ecovglég {aﬁgelP (&5 ortﬁé I]ewe:st Ky

d nagheti ¢ recor di ng AR

hree ers_he S to |nvers f|r
mnﬁﬁﬁ%&?ﬁﬁ%@%ﬁf A TR e l&ﬁf& e
con and thir neti.c rec | ayers
excféaeﬂcgre SRRl R e SRon gad %ﬁ?ﬁfﬂ&%wﬁ 6l B ReSes by
second ecor.di n annot
the REBEF SOHPLIR TR RS Lo ey hording RueE ik
netic recordi n t|c ponent
cauf SRR Al FEBERE PRUGRaPRYY PADer RO ErDe chpgqlng layer
role of su SSI .dnve of the se
andrfﬁaﬁ@ev@wrfeefa%ﬁ gidnd Bipdmacnic gssﬁfsﬁ ROt Blays a
second nagneti ¢ ecord er ases exchange
rol%%fﬁﬁppwg%mxg@mqf € yeopag H%ﬁaet SO gier | Ehe SuppiLssive
recordin ers .to ca se i ncoherent rotation., [0031]
actipp 19 Qlepss%da%%gqesc Feeqrring yehmAseses syghanag cwmg @ﬁtw«m the
| ayers nstituting the nmagnetic recording. |ayer as
ﬁrsea%’ép%ﬁc Fegpetichecordiag laysey © canse ingpherentEiatian: ¢
recordin | ayer is directly forned on the second
magn B recording | ayer by inserting the exchange
coupliing reduction layer. As the material of the
exchlé#@emé@l?pqo redyice exehanes sprnlmgdetvien ity layierssonstituting the
i nvention, nonmagnetic material can be used. The

magRsticaBFREting 1%§f ay saanpared withithag edse wharethethirg megpetic recording

containing 30 (atomc % or nore of
layer is directly formed on the second magnetic recording layer by inserting the

exchange coupling reduction layer. As the material of the exchange coupling
reductidn layer of the present invention, a nonmagnetic material can be used. The
nonmagnetic material is preferably a CoCr alldy containing 30 (atomic %) or more of
Cr, or an alloy of an element having a face-centered cubic structure and an element
having a body-centered cubic structure or a hexagonal closest-packed structure, which
has both a (111) crystal plane alignment of a face-centered cubic structure and an
irregular layer lattice (stacking fault). -The film thickness of the exchaﬁge coupiing
reduction layer is preferably within a range from 1.5 to 3 (nm). When the film

thickness of the exchange coupling reduction layer is within the above range, similar to
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Cr, or an alloy of an elenent having a face-centered
cubi c structure and an el enent having a body-centered
cubi c structure or a hexagonal cl osest-packed
structure, which has both a (111) crystal plane
alignment of a face-centered cubic structure and an
irregular layer lattice (stacking fault). The film

t hi ckness of the exchange coupling reduction |ayer is

the ra&afaﬁg@%@%&Eh@ﬁﬁ&r@&h@gg %&p@,&fpsﬁgﬁﬂ& 0Bes WilteHhe thEnge

film~thickne: e exc ge ‘coupl i'ng” reduction
of tjh@ﬁﬁﬂ thi%kﬂ@sg,ré;na tﬁdg%.nqml\{tﬁlc% BPEE fild tHckAlss td?stﬁbl.fti%n chfBe
exchange coupling contro ayer, exchange coupling
su Lés tly varies with the change of the film
ﬁ? I ckness, and thus an influence of the filmthickness
di st@'ogbl]ti on can be suppressed. [0032] The third
magnetic recording layer of the present invention has
o R o sher Pl PR 5T the R Rl s fusion
. | ted l.e. tha Wo._upper
in FERGHRE ety R S BRRS i P gBARAIPP b R ol R dRBpose
baondgd., Th f. e where no netic field.,i
e A e Pl o S SR RTPRR e B S
an Bl o BT TR Sl helt a8 FEtaPelt B e applied
teri.sti be | e en the third .
froBigh Bt er Lt BRARG T ey P D or RS ast L BRDTUH ey
chafGLaGHe5 e Bhec-oBiiet PRATPBRsRecha RS Ehcan o GRPTOSFE hen
e BRI TS A P B 1 bl rncon o
e B A SHERCHRL LSl Dot S € 00, Lo ot iy
enf BTSSR P T R AP B vt g
dj ust ed tﬁ be within a range fromO0,1 X 106 (erg/cc)
anq gsproducing gharaptgistics ispotsampls agd i noj glean@ theBReeenésf f ect .

[0033]

The K, of the third magnetic recording layer used in the present invention is 1
x 10° (erg/cc) or lower and is preferably adjusted to be within a range from 0.1 x 10°
(erg/cc)to 1 x 10° (erg/cc) so as to achieve the above effect.

[0034] -

The protective layer is a layer for protecting the medium from damage caused
by contact with a head. A carbon film or a SiO; film eté. is used as the protective layer,
and the carbon film is ordinarily used. For fbrming of the film, a sputtering or plasma

- CVD method etc. is used, and the plasma CVD method has been ordinarily used in
recent years. A magnetron plasma CVD can also be used. The film thickness is from

about 1 (nm) to 10 (nm), preferably from about 2 (nm) to 6 (nm), and more preferably
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[0034] The protective layer is a layer for protecting
the medi um from damage caused by contact with a head.
A carbon filmor a SIQ2 filmetc. is used as the
protective |ayer, and the carbon filmis ordinarily
used. For formng of the film a sputtering or plasm
CVD nethod etc. is used, and the plasnma CVD net hod has
been ordinarily used in recent years. A nmagnetron
I n al so be used. The filmthickness is

frm?lrom aﬁy% (nm to 10 (nm, preferably from about 2
(nrr)[ 956 (nm), and nore preferably - 16 from2 (nm
to 402) [0035] Fig. 2 shows an exanple of a

o of ?%gﬂﬂazsfaaga%ﬁ@% S e
rep{:oed%g g ﬁgﬂgﬁg lugll a‘h’ uci'ng pp‘g{?%uurgl ng%eecitoﬁ&&g Eledﬁ’m
o S R R s OR i Ak
m%sgﬁlle%n%étﬁ%%@grdﬁ%%% B VR R ARG ol SR p bR T B bk
mely PR P SRR RtV co B C%P@}eﬂgeﬁ@aﬁgﬁéﬁ%dwm 100,
S ALY i RS SRR iP5 o
B P e ey .
Lo B SRR Bh it Pre MR BlsRGF Ry P Bpppie mrgum 100,

netic head 102, and

ecor nal, to the
an ?E?&%%&%I%é%?@&%{qn&% Brﬁg?ss’fnlgéﬁtFWel%gnetl ¢ head
102 [0%36]send data to the outside. 7]

The recording and reproduction signal processing system 104 can process data
supplied from the outside to obtain a recording signal, supply the recording signal to the
magnetic head 102, and process a reproduction signal from the magnetic head 102 to
send data to the outside.

[0037]

As the magnetic head 102 used in the magnetic recording and reproducing
apparatus of the present invention, any of magnetic heads suitable for higher-density
magnetic recording, those having a GMR element using a giant magneto-resistive

(GMR) effect and a TuMR element using a tunneling effect can be used.

EXAMPLES
[0038]

The present invention will be explained below by way of Examples.
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[0037] As the magnetic head 102 used in the magnetic
recordi ng and reproduci ng apparatus of the present

i nvention, any of nmagnetic heads suitable for

hi gher-density nmagnetic recording, -those having a GWR
el ement using a giant magneto-resistive (GVR) effect
and a TuMR el enent using a tunneling effect can be
used. EXAMPLES [0038] The present invention will be

ERIE AR N T Bemes, 5 LT (Srammle ©
f K

o o Ao g ARG e °%@%Wszg§fs;mca
R RS M R B L 515 B
th ¢ PRABRA S BV R b %qonlo%fw £ ol
degfr%“azfth? e ggy%?n%%‘l A GRE SN Rty n%ﬂ%} fﬂ%""

AR 6l ;ygf i ST

N -1
ﬂnﬂ%%?sr@‘ Wiom, s @ﬁ?@mﬁe&gg 2 t e%%sofg R0 a4 pIOGREOFe-
f 15
STq-ﬁz%hh"h%SﬁéQﬁ‘wé& %w%%%«h”pzﬁfas?sﬁﬂ mqgéﬁa%@zswe formed.
oAk i B et S s st
essure while a Ru underl ayer was formed

Ru lmahaeja)@a%%%@thnesscﬁf 13(pR) as ppypiegmediate M@Wﬁa@ﬁémeé In

recordln | ayer, a 92(66Co- 16Cr-22Pt) Si2) film

thecasg of m usige ap Ar gay psgltanaanchie {abrr: gngp Nigl ﬁlm

as_a flrst recording layer and a Ru film
were formed at a gas pressure of 0.8 (Pa), while a Ru underlayer was formed at a gas

pressure of 8(Pa).

[0039]

As the magnetic recording layer, a 92(66Co-16Cr-22Pt)-8(SiO;) film (Ku = 5.6
x 10° erg/cc) having a film thickness of 12 nm as a first recording layer and a Ru film
having a film thickness of 1.2 (nm) as an exchange coupling control layer were_forrned.
Subsequently, as a second magnetic recording layer, a 92(85Co-10Cr-5Pt)-8(SiO,) film
(Ku=1.7 x 10° erg/cc) having a film thickness of 6 nm was formed. In the case of
sputtering, using an Ar gas, first and second magnetic recording layers were formed at a
gas pressure 5 (Pa), while an exchange coupling control layer was formed at a gas
pressure of 0.8 (Pa). Furthermore, as an exchange coupling reduction layer, Co40Cer,
Pd30Mo and Pd30Ti films, each having a thickness 2.5 (nm), were formed at an Ar gas
| pressure of 0.8 (Pa) (Examples 1-1 to 1-3).  On the exchange coupling reduction layer,

as a third magnetic recording layer, a 92(75C025Cr)-8(SiO;) film (Ku = 0.7 x 10°
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having a filmthickness of 1.2 (nn) as an exchange
coupling control layer were forned. Subsequently, as
a second magnetic recording |layer, a
92(85Co-10OCr-5pPt)-8(Six2) film (Ku = 1.7 x 106
erg/cc) having a filmthickness of 6 nmwas forned. In
the case of sputtering, using an Ar gas, first and
second magnetic recording |layers were forned at a gas

ergfleF RRHEE s Bl hbinelbL ¢ a%?wg&?’@?%?te&o oS
CoF S Rl im0 R AT BB el TAUGL Ol Bss ot
LI R e "ﬁgns%%tco&nh%resua%%geg%{a%
i HBcE LBEEE 108 w8 %@Eﬁ%@%ﬁ? ARehETE AR exBrapee cquefing
corfrg} fig? @%V%gﬁiméagmﬁeﬁggfsﬁ? ot Pt PBCE BRE art y Pafih (G ine
red i R R ool GTRARC o Ba Rl Exhplet f'lzto e B ferbon
ore P LR S P08 ST 0 Ay Y e DA S

Al ternatiyvel an _excha lin control |ayer
obRIRA REPEPUHTHTT RIRPERSESENE P8SUn was forned and an

exch § coupling reduction |ayer was not formed
ngg% live Exanples 1-1 to 1-5). Finally, a carbon
prot ctive filmhaving a fil mthickpess of-
f or mel tirespl g peRT 4T gmagstis FeroR: r&mséwa} @d}l%ﬁwant was
net reco di ng nmedium [0040] . To the resultjn
amﬂgﬁp N [1C8F %prdpgeswaﬁrﬁgteﬁmﬁswﬁre svaluased bapsing a

plied, and the recordlng and reproducin

Re%&\fra% f’s@?%%r. 1632 jad a SpinstandSdd Mm&calre%é&mm UsA.
Anal yzer 1632 and a Spinstand S 1701 MP manuf act ur ed

Regard @gzthwece}émg anddERROANFBE EhrTagterBics genpndo-noise ratio: SNR
reprodu0|ng characteristics, a signal-to-noise ratio:
(WhsRS depplep an eutguiasednearresending deasitnof 3 70kEE Lrand oY deneies 2
density of 576kFCI, and N denotes a roQot nean square
roqt {meg) square Ems) valup piehnear secording densityi of HYOKFICIE mma)w
and an OW
value (reproduction output ratio decay rate of a signal of 576kFCI before and after over-
writing of a signal of a linear recording density of 77kFCI after recording a signal of a
linear recording density of 576kFCI) were evaluated.

[0041]

Subsequently, magnetostatic characteristics were evaluated by a Kerr
measuring apparatus (manufactured by Neoark Corporation). In order to examine
crystal alignment of CoCrPt magnetic crystals of the magnetic recording layer, a
rocking curve of a magnetic layer was measured by an X-ray diffractometer

(manufactured by Philips Electronics). As a result, it could be confirmed that the

resultant film shows very small crystal alignment variation such as 3.5°.  Finally,



val ue (reproduction output ratio decay rate of a
signal of 576kFClI before and after over- witing of a
signal of a linear recording density of 77kFCl after
recording a signal of a Ilinear recording density of
576kFCl) were evaluated. [0041] Subsequently,

magnet ostati ¢ characteristics were evaluated by a Kerr
nmeasuri ng apparatus (manufactured by Neoark

pla.rE? FI@M BbiRtion!dt 2GR 4R rrectogcriigé gaf'srr.bf" thé Hﬁ%&éﬁc ﬁungg{gg%er was

CoCr Pt nagnetlc cryst tic rec I'ng

peri*o?'%‘llgéliJ ?récg € c rlg 5{% %? P{ gﬁ?tgancg?sgﬁrlk QV('B.E %E%\éé@?ﬁ As c? rke):sult, it
waspcﬂ) hﬂgdgl F Iﬁ%lh ?g‘c)og%lg }a?f <{lear g%an%?éflsg—ugﬁre an rlverage

confirne OWS very s

'crysg@%’ﬁs]rar m@ﬁf@@*&ﬁtan%{%'a@é @g&ﬂucﬁblﬁﬁ%ng \gd SRk b -

observation a“nmaln re I'ng 1ayer  of
t he @%Qﬂetlc recording |ayer was perfornmed and the
crys al~'grain size of nagnetic crystal s was observed.

%ggptect t tEx fes%g tlt\’h %txa}ngfaes I'%I rr]neaglﬁ'gﬁlgﬁtr}gsults

Iayer as a C ranu ure, Yan’ aver ag

ot Kl sSuPhE i %%ﬁv%ﬁ% B BHERER Lt Tolhine
magb ST R T EH ey I TTRGF o RN T over se

nagngh %hdonaln nucleus formng magnetic field-(-Hn)
are 9N3 in Table 1. 1 Ce is about 79 A/ m [0043] In

Co t Ex t -4, wWh h
couph (PRIt hy° Tohihen fetanen GHBLIE SLpRIRYed by
et| i on i.nversion .node d

only, g{g nghﬁ‘{ﬁ%é%{‘?ﬂgg‘g’lngﬁ%? ayelfh éw&mtlzwnd%\e%r@a% god sﬁaes not
e
maJItn?f;qrxq%e %glgﬁﬁx[nggn A € rlfelﬁg{ngplaq? 1v|q X@Q@th%gégggﬂfén%tllﬁa lrr¥acnet1c
recording layer is fo_rrﬁed similarly to in the Examples, there is no exchange coupling
reduction layef and the second magnetic recording layer and the third magnetic
recording layer cause ferromagnetically strong exchange coupling, and thus the second

and third magnetic recording layers simultaneously cause magnetization inversion.
[0044]
 Table 1
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reduction | ayer and the second magnetic recording

| ayer and the third magnetic recording |ayer cause
ferromagnetically strong exchange coupling, and thus
the second and third nmagnetic recording |ayers

si mul t aneously cause magneti zation inversion. [0044]
Table 1 - 2C Exchange Exchange Third Sanpl es coupling
coupling magnetic SNR ON He -Hn control reduction

recor di ng ( 0BkeH ER8IndcUE) Thi@ver: Ru [ ayery faye

Bcanpl e 11 Coer 1 i 2 352004023| 9982 gvamhe -
1. Sampe) PABOMIuEOr MRQudBnd| 340kl PIdpR04¢iB) EXS@@' ® (0e)
1-3 Pd30Ti 164y 84. 4 AP - P103yer Copparatji ve 0, etﬂﬁ

IBxampftlr-¥ 3#25 - 1174 clagefpl © 1-1 Compay atsyE [04dh3(Tog2
TExampft2-P 320 342 pasRdlP! EFotingd ”34 849 | 4153, | -2042
L%qealtjve 0.8 (nry BBOTi an.9 2723 1602 | K AP 2103

Q [l o W o W a)
J. £ LU .)L UL LARITPT T

C& T dalt yvE L. zZ (fifiy IL. 0
}Ef %%Epfra1KMHm&02 (nm Nohe Forned & 2 4820 22231| 274
ECS“&uﬁwe FHNBUSTRI AL APPL| CABI LI TY—16645]

Example 1-2 0.4 (nm) 13.5 | 42.0 | 3205 | -1242

Comparative None None

Example 1-3 0.8 (nm) 12.0 | 449 | 2723 | -782

Comparative

Example 1-4 1.2 (nm) 11.8 | 452 | 2632 | -621

Comparative | 45 1y | None | Formed | 102 | 480 | 2231 | 21

Example 1-5 . _
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.
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The perpendi cul ar magnetic recordi ng nmedi um and the
magneti c recordi ng and reproduci ng apparatus using

t he magnetic recordi ng nmedi um of the present invention
can be used in the field of an information technique,
and has high industrial applicability. - 21 CLAIM
1. A perpendicul ar magnetic recordi ng nmedi um
conprising a nonnagnetic substrate, and at |east a
soft magnetic layer (SULrLAamMslignnment control |ayer,
a magnetic recording |layer and a protective | ayer
formed on the nonnmagnetic substrate; wherein the
magnetic recording layer is constituted of three or

1. nor ez hapehidicdRtmhietid §8drding mcdiunTesmplitifg b 86Rh
| ayer, a second magnetic recording |ayer and a thi rd

subm@ Qhil Gt 8G A AENFadrdlelayts @Uﬁ)hsn §llr'§}§ﬁén%@nt§dl Wer, aand
al so i ncludes an exchangé coupl’ing reduction | ayer for

magdrRflH 6d BEHIRX ?@Pﬁﬁi a ol Gyef foRALD oh ﬁié%{o%nﬁgﬁé’fﬁesﬂbgtpﬁe,

second magnetic recording Iayer and the

”Hgﬂﬁ&#&n&ﬁ§ﬂﬁ?mﬁﬁr8&%§5 r regarding
magnet ocrystal T'i ne anlso%roplc energy K' of each

f t t
U P T
tl
o S o g N e R e

layer¥8d & éﬁé& ﬁlngfé]et P&drdin %c}?y-rllé? ?Eoﬂ?ﬁﬁ%%ﬂﬂéu%‘ﬁé % magnet i c

reco m acco i ncl udes

o SR 0 Aol @?&%ﬁgn —
°°“?’ﬁ§%5%39 s 3?%2* i SesP B8 A ROREbaTnaIE R R4 M g
Inmgﬁfgggigﬁnég?gigkpwz mhereln t he exchange coupl!ng

fmade of Ru, Re or an alloy materi al
t her eof .and

regardmg nagnetocrystalline anisotropic energy K, of each magnetic recording
layer, |

the first magnetic recording layer has 4 x 10° erg/cc or higher,

the second magnetic recording layef has 2 x 10° erg/cc or lower

and the third magnetic recording layer has 1 x 10° erg/cc or lower.

2. The perpendicular magnetic recording medium according to claim 1, which
includes an exchange coupling control layer for exchange coupling of both layers

between the first magnetic recording layer and the second magnetic recording layer.
3. The 'perpendicu_la.r magnetic recording medium according to claim 2, wherein

the exchange coupling control layer is made of Ru, Re or an alloy material thereof and

has a hexagonal closest-packed structure.
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has a hexagonal cl osest-packed structure. 22 4. The
per pendi cul ar magnetic recordi ng medi um according to
claim1, wherein the exchange coupling reduction

| ayer is made of a CoCr alloy and contains 30 atomc %
or nore of Cr. 5. The perpendi cul ar magnetic recording
medi um according to claim1, wherein the exchange
coupling reduction layer is made of an alloy nateri al
whi ch contains at |east one elenent selected fromthe
group of elenments having a face-centered cubic

4. Str Uhlp&GpasditulifhieQiPRRENhe nﬁﬁﬂlﬁéﬁﬂgﬁﬁ%téﬁﬁlﬁi &fherein

fromthe "group of elenents having a ent ered

the‘é&&pﬂleﬁ] §tc5ﬁi9fdérr§duc@ieg lﬁle?% Hak SUGE e(l% Ja)xd contains 30

pl ane-al i gned crystall'ine structure and an irregular
atohﬁiél%oﬂlﬁ&telﬁqifor med by m xing a face-centered cubic
structure a body-centered cubic structure. 6.
The perpendi cul ar nmagnetic recordi ng medi um accordi ng
to claim1, wherein the exchange coupling reduction

5. | ayeﬁ"héﬁ rE@t?ogcﬂir hl:?é’cgmaﬁgﬁie?{]umm &din ;H‘él?ih{‘is at

| east © nment oup engnt s

Eg\r{rlpgvgg%ﬁ il %égh%pgg E(ﬁ&)l&lg? E}J i %%a%% :? an gil%y 8}ater1al
{ L
and Sk ady ﬂea&e&é%%ﬁ%qt §%‘§&§ ?raﬁle TR o Ffenifats having
a fk rcléﬁ{e%dec%u%ﬂ:d tutré é ngi”l COS“%‘%“F’&%?I&# t%ll I\%]g?t% %élg&gd ib‘x%m the

ace-cen

groue )@g%ﬂ aelnt a(\)llsne Sat li),]o 5ac%lr<1 e e tu(r%):ijcgstérulu %ﬁ}ﬁ? 7. The

r en 'um according to
223;%“?%%1 &E%Lb%sfﬁiyf@p' r;y ST Stz Fen egulr

laygralattﬂ:g]f(t)gne% by mixing a face-centered cubic structure with a body-centered

cubic structure.

6. The f)erpendicular magnetic recording medium according to claim 1,

wherein the exchange coupling reduction layer is made of an alloy material

which contains at least one element selected from the group of elements having
a face-centered cubic structure as a main component, and elements selected from the
group of elements having a hexagonal closest-packed structure,

and also has both a (111) plane-aligned crystalline structure and an irregular
layer lattice formed by mixing a face-centered cubic structure with a hexagonal closest-

packed structure.

7. The perpendicular magnetic recording medium according to claim 1, wherein

the film thickness of the exchange coupling reduction layer is within a range from 1.5
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8.. The perpendi cul ar magnetic recordi ng nmedi um
according to claiml, wherein the first magnetic
recordi ng | ayer has a granular structure constituted
of magnetic Co alloy crystal grains and crystal grain
boundari es nade of a nonmagnetic oxide or nitride. 9.
The perpendi cul ar magnetic recordi ng nmedi um accordi ng
to claim1, wherein the third nagnetic recording | ayer
nmit§ 3G@mstituted of two |ayers, a nonmagnetic thin film
is interposed between the two |ayers constituting the
third magnetic recording |ayer, and an
antiferromagnetic coupling is produced between the two
8. | ayerge %&'E&ﬁ‘idlﬂéitﬂﬁ@leﬁ@ ?echHiﬁéjm’éaﬁﬁﬁﬁdCSrdhgg:ﬂ diiR01, wherein
| ayer. 10. A magnetic recording and reproducing
| d o
e R i Ene0 o
I . 0 0 0 .
o e B A R HANC, Y Rk O QO bPitrice.
magneti c recording nediumis the nmagnetic recording
medi um according to claiml. - - 24

0. The perpendicular magnetic recording medium according to claim 1,

wherein the third magnetic recording layer is constituted of two layers,

a nonmagnetic thin film is interposed between the two layers constituting the
third magnetic recording layer, |

and an antiferromagnetic coupling is produced between the two layers

constituting the third magnetic recording layer.

10. A magnetic recording and reproducing apparatus comprising a magnetic
recording medium, and a magnetic head for recording information on the magnetic
recording medium and reproducing information from the magnetic recording medium,
wherein the magnetic recording medium is the magnetic recording medium according to

claim 1.
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