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DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM

PRODUCTI ON PROCESS THEREOF, AND MAGNETI C RECORDI NG AND
WRERROBIIEL NG APPARATUS CROSS REFERENCE TO RELAREDJIP2006/311890

APPLI CATIONS Priority is clainmed on Japanese Patent

Application No. 2005-172201,1filed June 13, 2005. This

application is an application filed under 35 U S. C

111 (a) claimng pursuant to 35 U S.C. 119(e) of the

filing date of Provisional Application 60/693,090 on

June 23, 2005, pursuant DESCBEPTUGNC. 111 (b).

TECHNI CALFI ELD The present invention relates to a

per peRERRENDICEDAB! M\ GEDICIREGORDINGMEDIUSE PROUCTION

hard disk drive or a simlar apparatus, to a nethod

for produciprey¢ies PEERETSH, ANIRMABIRYTE RECORDINBIAND

medi um and to a magnetic recordi ng and reproduci ng

apparatus. More parti [ j relates to
such a recording nedi%%bﬁm%ﬁ\ggég?%%‘%cor di ng and
reproduci ng characteristics. BACKGROUNDART At present,
recording density of a hard disk drive (HDD) a type of
magneti ¢ recordi ng and reproduci ng apparatus is
increasing at a rate of 60% or nore per year, and this
tendency is expected to continue. In this connection,
devel opne@iRO$S REFERENCE TORBLATED ARRIACATIOAS
magneti ¢ recordi ng medi um suitable for high recording

denspPtiyritySis URAAEd VA YafdnbscEPdterTaipichior] R60P6HNY72784! £1H June
commercial products for use in a hard disk drive are

g . U, . i : . .
13,\/\’2?(2% aiéﬂég fbﬁg%lrtllgylcﬁ'ggaﬁ %ﬁﬁ'&gﬁéﬂ GdLaRIL! 9 UBE. %111(4) claiming
pursuant to 35 U.S.C. §119(e) of the filing date of Provisional Application 60/693,090 on

June 23, 2005, pursuant to 35 U.S.C. §111(b).

TECHNICAL FIELD
The present invention relates to a perpendicular magnetic recording medium for
use in a hard disk drive or a similar apparatus, to a method for producing the
perpendicular magnetic recording medium, and to a magnetic recording and reproducing
apparatus. More particularly, the invention relates to such a recording medium having
excellent recording and reproducing characteristics.

BACKGROUND ART

At present, recording density of a hard disk drive (HDD)——a type of magnetic

recording and reproducing apparatus is increasing at a rate of 60% or more per year,
and this tendency is expected to continue. In this connection, development of a

magnetic recording head and a magnetic recording medium suitable for high recording

density is under way.
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axes in a magnetic layer are oriented in parallel wth
a substrate. As used herein, the term

WO e@sp34v8net i zati on axi s" refers to an axi s aPCR@P2006/311890
whi ch magneti zation easily occurs. In the case of a
Co- based alloy, the c-axis of the hep structure of Co
serves as the easy-mggnetization axis, In such a | .
| ongUHENHARRSHAHG AR ENE dReshyn sgmymsarighprodwes Yo  ussdn afard disk
a magnetic layer per bit decreases excessively in a

drive gte ghmesillyylongitshinil mepgoetie sscontinl mediay i whichredsy-magnetization
reproduci ng characteristics may be inpaired due to

axéshir sredaghétitClayiért are orichtedad dhatdleh withna substrgle: d@RSiskd herein, the
recordi ng state, noise of the recordi ng nedi um may

terh"CaSARR AN 1o AiFERBIDES Ar hiig afo‘ng |V\9iﬁélpﬁﬁ§%ti@gﬁ(§rp@asily occurs.

boundary “bet ween recording bits. In contrast,

- I endi a tic.recordi medi 4ym__in ,

tn gfe §80 §E 2 R BEM Gt el BRI e PR R gl oo e

is oriented in a direction virtually normal to a
CaYMmageZalion &it.esj stant to the influence of a

demagneti zing field formed at the boundary between )

r ecoflisweh pilengitudingl Haghetiferesprding sediugi, rige yohime of a magnetic

Thus, clearly separated magneti c domains are forned,
layeh@eebiy deaiesses eaceskizelyeidur bigh-densitybiecording) setec amd beeording and

i ncreased even in the case of high-density recording.
repww&ﬁgaéma&a@,ﬁ@@ﬁﬁ?mél ifipaEd BREREthefindl FRREMHBS. nﬁldi%dd'iﬁon, in

is not affected by thermal fluctuation. By virtue o

a 1?12@-21?1&‘}%&?%@?{5 %‘g%gigisg Sl %&l&iﬁ D&t Iinﬁ irécr{?ase due to a

econe nore popular 1 n rec

e Pl kitien oh g wdbrfory BEQI G oRROe bk an

proposed (see, for exanple, Patent Documents 1 and 2)..

| n r &keontragh arse-callpd perpendicylas magastie rgeordingrigedivm, in which the

hi gher recording density of a magnetic recording
eagyenlagnmtizatie ofis i 3 imgheticlaye-is ppented diwla divkctidn viawally normal to

excellent wite-in performance with respect to a
a shBstRed)dé edsiseint bRgRh{lGerca Ve, dehgnbesfy fieMesinPhtatle boundary

In '
between recording bits in a high-density recording state. Thus, clearly separated
magnetic domains are formed, whereby noise can be reduced, and bit volume can be
increased even in the case of high-density recording. Therefore, the perpendicular
magnetic recording medium is not affected by thermal fluctuation. By virtue of these
characteristics, perpendicular magnetic recording media have become more popular in
recent years, and structures of a recording medium suitable for perpendicular magnetic
recording have been proposed (see, for example, Patent Documents 1 and 2).

In recent years, in order to satisfy a demand for higher recording density of a

magnetic recording medium, use of a single-pole-type head, which has excellent write-in

performance with respect to a perpendicular magnetic layer, has been investigated. In

order to adapt to a single-pole-type head, a magnetic recbrding medium has been
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order to adapt to a single-pole-type head, a magnetic
recordi ng nedi um has beenproposed (see, for exanple,

w@aicens498cunent 3). In the recordi ng medi um BCT/#Br606/311890
formed of a soft-nagnetic material (a so-called soft
magneti c underlayer (SUL)) is3provi ded between a

er di cul ar magnetic |layer serving as a recordin
pr‘&‘i’?%f, S€&n gorae ?’rel%?“él,t el 3+ absther reéerdmgn@ﬂﬁ@n, a layer
flux to and fromthe single-pole-type head and the
formggn ef iac sefeangdpting matetialintai so-ealledn seftl. ma2meto tunBedayeeSUL)) is
1: Japanese Patent Application Laid-Qpen (koka) No.
pre0dst bEweidd aPadrpertdidibar unegretid: lay@papaag sbal ftbrding layer, and a
Application Laid-Open (kokai) No. 2003-67910 Patent
subddaty ) Sereby t1 |} ' h&e GRgD
(kokai ) 2003- 16%26"?%&%%‘?@%&%29&*‘8?*&6’&% | %@ﬁ?&e@vt&"? head and

th%mlﬂtg fgeg%{,?&}}ln%g{négﬂ}ngg%gﬁ 4" ecording medi um provi ded

e#iayer(SUL) as disclosed in

at ent Docyment 3 I bits, poor recarding and

poleBh PRtnerlg: Ertanste CorPLAPRUIPR 4rfEDbes (Rke Nos3003-187414
resistance, and recording resolution. Thus, demand has

Paigpt Destmpent 2aJapageseDatent Appliastion LaiskOpen (Hokeih Nos2003-67910
excellent in terns of these characteristics. One

Pateot Dequrhgnt Snfrpayesd Pafept Application iLai-©psi (Hkdin2003-168207
content of the Co alloy formng a magnetic |ayer to 16

to 26 at.% so as DISELESERE GF INVENTEION ani sotropy
constant) of the Co alloy. However, when a Co all oy

havi pgwaviatRe thlenfRRbA mh%&%?ﬁf%&g&%{ﬁgﬁg@%ﬁéd Gith a soft

ayer, I ntéeraction between

I
ajn in magneti c, L ayer jncreases excessively,
eI bR PTE) ¥ AFlokca it BRGRSES: BERBRS pocr Hecording
hi gh- ensity recording. Thus, demand has arisen for a
ang uﬁgﬁ%“ﬁ@&ﬂ’@@cﬁﬁﬁ% tgsmah sigealdess keisiance; lsad recording resolution.
per pendi cul ar direction and whi ch suppresses noi se,
Thap demend hamatipen fora megmatidiragprding medium which is excellent in terms of

these characteristics.

One currently employed approach is increasing the Pt content of the Co alloy
forming a magnetic layer to 16 to 26 at.% so as to elevate Ku (magnetic anisotropy
constant) of the Co alloy. However, when a Co alloy having a large Pt content is used
to form a magnetic layer, interaction between magnetic particles contained in the
magnetic layer increases excessively, thereby increasing noise, which is not suited for
high-density recording.

Thus, demand has arisen for a magnetic material which increases Ku in the
perpendicular direction and which suppresses noise, and for a magnetic recording
medium exhibiting such characteristics.

The present invention has been accomplished under such circumstances. An

object of the present invention is to provide a perpendicular mégnetic recording medium
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medi um exhi bi ti ng such characteristics. The present
i nvention has been acconplished under such
w@reoensmsances. An object of the present i nvenPCDIP2065/311890
to provide a perpendicul ar magnetic recordi ng
medi umnhi ch mai nt ai ns excel | ént thernmal fluctuation
r.esi st.ance, which aftains_excellent recording and.
whi HB%}B@‘?% exerllent (taernal ; fuctpgiion: resigtancey Weigh aattains @xcellent
reduction), and which realizes recordi ng and
reqopding and repep darcing charactstisticse(partiouldd y siedia nodsmtetiection), and which
object of the invention is to provide a nethod for
regpizesitecoriing el repeodudinggatritgh ifornSition! deasioy. heAndthérestject of the
of the invention is to provide a nmagnetic recording

inv@fitlor &P PR dida FRRBE A ENSprodBi&in TS B¥ordiRy gﬁlﬁfd%rﬁ N3 another

carried out extensive studies ih order to solve the

oo B AR 0)BEA I O DR AR BRI s

Invention as fo
solving the aforenentioned problens is directed to a

per pendi cul ar magneti c recordi ng nedi umincl udi ng at

| east a non-nmgnetic substrate, and on the substrate,

an all g RFesARt B3enters| havgyarriqdoput ixtepsivestudigs fnadrder to solve the
orientation in a layer provided directly thereon, a

afopemendionied ptobtenmn gnéhave dcagraplished Wi iakention as follows.

easy-nagneti zati on axes are oriented in a direction

(DviA tfirsd liyvendomedort SoleingUbRt bffrémedtfle® PloBlRE! iy &irected to a
| ayer, characterized in that the perpendi cul ar

perPBRNGIACmhENEEE ré‘&?&iﬁ% Biedfin Erﬁé@lr%ﬁq‘%m nant conponent

and is formed of at Teast t yers; a fi rst

er cul ar..magnetj c | ayer. forpmed predom nantly from

e o B TS bS] SR ARl e
.0xi de or. a,senjconduyctor oxide, a_second perpendicul ar
alighine erystal origpiationdp adayes peryidadidisectly thereom a CoOr al | oy,

and
a perpendicular magnetic layer in which easy-magnetization axes are oriented in

a direction virtually normal toa substrate, and

a protective layer,

characterized in that the perpendicular magnetic layer contains Co as a
predominant component and is formed of at least three layers;

a first. perpendicular magnetic layer formed predominantly from a material
containing at least Cr, Pt, and a metal oxide or a semiconductor oxide,

a second perpendicular magnetic layer formed predominantly from a CoCr alloy,
and

a third perpendicular magnetic layer formed predominantly from a
CoCrPtB-based alloy, the three layers being stacked on the substrate in this order.
(2) A second invention for solving the aforementioned problems is directed to a

perpendicular magnetic recording medium as described in 1), wherein the first
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a third perpendi cul ar magnetic |ayer formned
predom nantly froma CoCrPtB-based alloy, the three
wO a00en34952i ng st acked on the substrate in thi SPOT/@E006/311890
(2) A second invention for solving the aforenentioned
problems is directed to a pgrpendi cul ar magnetic
recordi ng nedium as described in 1), wherein the
perpendfiule mppndiic Wyar isnagrenlar layey.eand each afrthe sécnd| peymendicular
and each of the second perpendicul ar magnetic | ayer

magheflc {3€r 44 the tRRT Repetidect AmAmeneldyer lsayodn-dramfar layer.
on-granular layer. (3) Athird invention for solving

3) t eyl W)ﬂ Qe LRAL! tflgsaf FertltiBREE brbBles is dlrected to a
gl u

per pendi cular magnetic recor |ng nme as describ

in. 1 \maentheamr n h
P }?a.reeazngrl gen?da%rashfieécri%& Q?n?lg%i ‘*%%é%%’ CoCr
%to 37 at.% (4) A fourth jnven or solv
alloforaing fbarssvondnegeisl BPRCHAECC cE pon G gortent of et % to 37
per pendi cul ar magnetic recordi ng nmedi um as descri bed
at%n .1) to 3), wherein the first perpendicul ar magnetic
| ayer is formed froma material having a C content of

(4) 5Aafou%ht veSticH 0p aoHiy Rhe cittearhtiied]Problenté i dfdcted to a
.% (5) Afifth invention for solving the

perﬁ%néﬁ?}cg{l'iﬁc 2 %%gr Oﬁéﬁcgﬁ ngnﬁxe!iﬁrdj b{ @eigthed Ana)RBI P '%He;géih dhe first

diumas described in 1) 't

R PR AR L
to 28 at.%and a Pt f 10 at. % o'
28 ﬂto%la%@%mﬁ@%g@ti%rmf%l&og’?ﬂ 9 the g%o(eirgntzlooﬁéd/ (©)

problenms is directed to a perpendicul ar Pnetl
(5)r Ac difhi imyention. ufor aslieg cthiehefprementioned Bpbleplieiidicetsd to 2
first perpendicular nagnetic layer is forned froma
perpaidailal magniiai Rtadirgl mediant aodesceibedintl) sel4)c twberein tim third
anmong B, Ta, and Cu in a total anobunt of 8 at. % or

peﬂg?rftﬁculéﬂﬂla AheBBYRRE [k fol%ed frofTa hdfer@Phwifga Ti@ontent of 18at.% to

enenti1oned problens is directed to a
28 at.% and a Pt content of 10 at.% to 20 at.%.

(6) A sixth invention for solving the aforementioned problems is directed to a
perpendicular magnetic recording medium as described in 1) to 5), wherein the first
perpendicular magnetic layer is formed from a material containing at least one element
selected from among B, Ta, and Cu in a total amount of 8 at.% or less.

(7) A seventh invention for solving the aforementioned problems is directed to a
perpendicular magnetic recording medium as described in 1) to 6), wherein the
second perpendicular magnetic layer contains at least one element selected from
among Ta, Pt, B, and Cu and a total amount of Cr and these elements is 20 at.% to 37
at.%.

(8) An eighth invention for solving the aforementioned problems is directed to a

perpendicular magnetic recording medium as described in 1) to 7), wherein the third
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per pendi cul ar magnetic recordi ng nedi um as descri bed
in 1l) to 6), wherein the second perpendicul ar nmagnetic
wo 200en3496nt ai Ns at | east one el ement sel ect ed PCDIR2006/311890
anong Ta, Pt, B, and Cu and a total anmount of Cr and
these elenents is 20 at. % to0637 at.% (8) An eighth
- invention for solving the aforenentioned problens is
perpepdisvlap magneficplaygetoniaing airleash gne element sedeatech fomeatnong B, Nd,
as described in 1) to 1), wherein the
Tat dnidrCp eng erediotall hmoumted (st P ahdithese elemeats iss4(pat.% eakdss.
one el enent selected fromanong B, Nd, Ta, and Cu, and
O) e digthainveami tfoP fsolHidtthe adferchR@E6n®] PdYIESs 11§ diected to a
at.%or less. (9) Aninth invention for solving the
. . r C ‘ p | .
peffEAEMAr h Ete HORUAE el (BCUERHbA! M PEY RE W, M bas
ich has a soft-magnetic.under |ayer, forned fro :
solf B ERetl muftel *lakerer famed s Sl ch ST ndietal Befiveen the
substrate and the alignment control |ayer. (10) A
nop-gppeReticbsirate and e alignpenicontrel layerk enent i oned
problens is directed to a perpendicul ar magnetic
(14)e do taithn gnvendiion nfaars saleing r thiseaforem@itionedhiprbblems | is directed to a
bet ween t he non-magnetic substrate and the
pepehdiculag Aeighetidirderdih@ediung ab destribr@rigtd)c whithelias, between the
magneti ¢ ani sotropy oriented in substantially a

noh—‘h‘l@n&t'i&disﬂﬁétra?é réfl kRN softdlden®fic ShRIeE NGy %V?lg%i-lt%gglg&irc layer

solving the aforenentioned problens is direc
endi cul ar . ' ' i .as..descri bed
e QG P or AR B sl PR R BRE06E o o
terial containin .CoSm al.l oy or a CoCrPtX (X,
(111 leveihe MYpRAR L STl e dhe PR SHiARgd AIoblpes iy directed to
No, Cu, Re, Ni, M, Ge, Si, O Nand B) and has a _
peipgedieploe megraticofregmdingOanedivg. Sisk Alesgribed rior d 0gndvherein  the
magneti zation direction aligned with the radial
hadimegrtetiodaysr is hernsdfsdm et matetizPordaihingl £ CoShnnysyt 6104 CoCrPtX
for solving the aforenentioned problens is directed to
(X8one or more species selected from among Pt, Ta, Zr, Nb, Cu, Re, Ni, Mn, Ge, Si, O,
N and B) and has a coercive force of 500 [Oe] (39.5 kA/m) or more and a magnetization
direction aligned with the radial direction of the substrate.
(12) A twelfth invention for solving the aforementioned problems is directed to a
perpendicular ‘magnetic recording medium as described in 1) to 11), wherein the first
perpendicular magnetic layer is formed in a film formation step employing a sputtering
gas pressure of 5 to 20 Pa.
(13) A thirteenth invention for solving the aforementioned problems is directed to a
perpendicular magnetic recording medium as described in 1) to 12), wherein the second
perpendicular magnetic layer and the third perpendicular magnetic layer are formed in a

film formation step employing a sputtering gas pressure of 0.1 to 1.5 Pa.

(14) A fourteenth invention for solving the aforementioned ioroblems is directed to a
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per pendi cul ar magnetic recordi ng nedi um as descri bed
in 1) to 11), wherein the first perpendicul ar nmagnetic
wo agpen349s2 formed in a filmformation step enpl ByT/mpoas/311890
sputtering gas pressure of 5to 20 Pa. (13) A
thirteenth invention for solning the aforenentioned
problens is directed to a perpendicul ar nagnetic
magretior cicomglinge dhd mrepsodueingr appacatin iddludiog 12 )perpendicalan magnetic
t he second perpendi cul ar magnetic layer and the third
rechrdingemeddieot, ahd @ﬂﬁgﬁétﬁ heay efor adodrding Mefdrrhation fol and reproducing
formati on step enploying a sputtering gas pressure of

mf(?ﬁétigxg fronPthe iexa%égikuﬁr %@gf;}%ﬁ%é&%@\éﬁmﬁxﬂﬂcﬁﬂdéﬁeﬁ i that the

orenen pro is directed to amagnetic

recordi ng _and.reproduci ng .apparatus_incl.udj . .
perhSFRal SHRA I OLLE PRADRE, o mbuPy g Fufbnetic recording

magneti c head for recording information to and
medigpy asdgeifedgniapy 6r¢at 1dA 18)-om t he per pendi cul ar

magnetic recording nmedium characterized in that the
(15p ek gifreenthuinaenticmy fiest sadving cibe diforgmentipnad problems is directed to a

per pendi cul ar magnetic recording nediumas recited in
methidy feNsrodiicidg a berpéadiculblimpomtit irédoeding meidinne ivclwating atrleast

solving the aforenentioned problens is directed to a

et hodoh Shadhietd léﬁﬂ)ﬁgite‘? ah@ r(ﬁﬁﬂfé: Sivs@éite, RO ABEhBent control layeran

recordi ng mediumincluding at | east a non-nagnetic

.Substra n Syb te. -al b b ol g
it (ol SR AP Seng g, i Rid nEAERer BANAAR directy
orientation in a |layer provided directly thereon,
B€Ppendi cul ar magnetic layer in which an
easy-nmagnetization easy is oriented in a direction |
vi r t uapipgndionlanmagestis layasdn vereh amprpyampgnstigaiiongasy is oriented
| ayer, wherein the perpendi cul ar nmagnetic | ayer
in £ dindcsion virGmllgsoamplrte deabsteant, andnponent and is fornmed
of at least three layers; specifically, a first

per pi@ @;%tedlsﬁ@rlayag Rkictn KRy perpérliciegl PhERIF 18piRt doytaiisoCo as a
a materi a

1

predominant component and is formed of at least three layers; specifically,

a first perpendicular magnetic layer formed predominantly from a material
containing at least Cr, Pt, and a metal oxide or a semiconductor oxide,

a second perpendicular magnetic layer formed predominantly from a CoCr alloy,
and

a third perpendicular magnetic layer formed predominantly from a
CoCrPtB-based alloy, the three layers being stacked on the substrate in this order,
characterized in that the first perpendicular magnetic layer is formed in a film formation
step employing a sputtering gas pressure of 5 to 20 Pa.
(16) A sixteenth invention for solving the aforementioned problems is directed to a
method for producing a perpendicular magnetic recording medium as described in 15),

wherein the second perpendicular magnetic layer and the third perpendicular magnetic
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containing at least C, Pt, and a netal oxide or a

sem conduct or oxi de, a second perpendi cul ar nagnetic
wo a00en34962 med predom nantly froma CoCr all oy, P@naP2006/311890

third perpendi cul ar magnetic | ayer forned

predom nantly froma CoCr Pt based all oy, the three

| ayers being stacked on the substrate in this order,
lay@xheae domeadi inexd film foimadtiontstepf émslbying rapgrutteing ges pregsuee ot 0.1 to

layer is formed in a filmformation step enploying a
1.59auttering gas pressure of 5 to 20 Pa. (16) A

si xteenth invention for solving the aforenentioned

pr Oblbrggi%}:l%l 3 IfaeRd L hricud cgﬁsglglg% 504 gpd}ﬁflelf-%gg&ufb %eergendicular

per pendi magneti c recor medi-um as descr |

in 15 wher ei.n. t he second perpendicul ar magnet i
o, Ty EHAIRING GG PR il B g B £ SpgErdpler-structure
formed in a filmformation step enploying a sputteri nLgl ,
perpensligilarsmagretisr layer) wag propysesh so @s 49 « durabilify gad stippress
structure consisting of a granular-structure
spikemoised{see)| for eegude,i $apangser Patenit ApplicagionnLaidiQpenofkoai) No.
nitride, and a non-granul ar-structure perpendicul ar
20068207 | ayer was proposed so as to enhance
durability and suppress spi ke noi se (see, for exanple,
J apa@gg gcgg%%?fsti@%%]ﬁﬂ@hf Qe Lt dnORRRntibR @1 thatN@- perpendicular

2003- _ One ¢ arﬁcterl stic feature of the

[ nt . ti [ t i cul '
R KR T T L0 o RS A TRt e
R B 3 VB S B b B PERE rproducin

reproduci ng characteristics of a conventional stacked )
chasaateristios efpe raoereiitionkla stagkegnetructure cpasperndigylaremaghatic| recording
the case of a bi-layer structure consisting of one
medivanul ar | ayer and one

In the case of a bi-layer structure consisting of one granular layer and one

non-granular layer, suppression of spike noise and enhancement of durability have been

reported. However, due to a magnetic coupling effect between two magnetic layers,

medium noise of recording and reproducing is not satisfactorily reduced.

According to the present invention, an additional non-granular layer is inserted
between thesetwo layers, to thereby provide a structure having at least three layers
including a granular layer, a non-granular layer (1), and a non-granular layer (2), which
are stacked on the substrate in this order. The inventors have found that, through
employment of this structure, magnetic coupling which would otherwise occur between
the granular layer and the non-granular layer (2) is weakened by the non-granular layer
(1), whereby behavior of mass of magnetic crystal grains can be prevented, leading to
reduction of media noise and enhancement of SNR.

BRIEF DESCRIPTION OF THE DRAWINGS
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non- granul ar | ayer, suppression of spike noise and
enhancenent of durability have been reported. However,
waele®etid9s2 magneti ¢ coupling effect between twoPCEIIE0d/311890
| ayers, medi um noi se of recording and reproducing is
not satisfactorily reduced. fccording to the present
i nvention, an additional non-granular |ayer is
Fig bris ec-rhestseeton shawiag-a fig embpdimenttof thagemppdicular magnetic
provide a structure having at |east three | ayers
redondihg diedpnaagioading & the pyesent iavemviongr anul ar | ayer (1),
and a non-granular |ayer (2), which are stacked on the

BIR3t isaheglaPht fiowiRs OB -MHhQuiveY &t deseribaige chadB@ristics of the
that, through enploynent of this structure, magnetic

pe Hﬁ‘i'ciﬂggxq\ﬁg};ég& g&ghﬁﬁ%m&% QééhT st the

ranu € non-dgranul ar ayer IS

pakened t he non nu er. ( er ;
BRIV G e huoH sl M wffrar dbieriie @Zf?ﬁa%%nstws of the

prevented, |eading to reduction of nedia noise and
pegsRdifBlaRERgneic repriing oSt meseahingentinne

DRAWNGSFIG 1 is a cross-section showing a first

Eihéds aervss-eéctivheshpwingem sicond ambodigment iof theepappatidinglar magnetic

medi um according to the present invention. FIG2 is a

red@ir@ipp nfdith a@co&nng/u) thepr&ehitivelg®ar i bi ng
characteristics of the perpendicul ar magnetic

FRG.9" g'ar@ru'gﬁﬁjé Bfnaﬁfe H%Hé?y ekt RcRRdih® Iand R gﬁoguéiﬁg 3pparatus

graph show ng anot her curve tor describ

char.acteri sti f_the per di cy net
enfe SRR perreh i pefe R IR T Dl ROk Prefeat ipventiop
gg S-section shomnng a secon enbodi nent of_ the
% Be‘ﬁoar cehematicayicut PE aPe%’EﬁnH? 3y Wagndin weersing Agd irgproducing
the present invention. FIG5 is a structure of an
apparetws| employimgnthei perperdiewam gnagnetie aprcsdingi mgdiapp af athg spresent
enpl oyi ng the perpendi cul ar magnetic recordi ng nmedi um
invntibh €l ecendhoivingeminagneticead)o | S a schematic vi ew of
an exenpl ary magnetic recordi ng and reproducing

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the perpendicular magnetic recording medium according to the
present invention will next be described with reference to the drawings.

Fig. 1 shows a first embodiment of the perpendicular magnetic recording
medium of the present invention. The magnetic recording. medium includes a
non-magnetic substrate 1, and on the substrate, a soft-magnetic under layer 2, an
alignment control layeran alignment control layer 3, and intermediate layer 4, a first
perpendicular magnetic layer 5, a second perpendicular magnetic layer 6, a third
perpendicular magnetic layer 7, a protective layer 8, and a lubricating layer 9, which are
stacked in this order.

The non-magnetic substrate 1 may be formed of a metallic substrate of a



10

15

20

25

appar atus enpl oyi ng the perpendi cul ar nmagnetic
recordi ng nedium of the present invention (plan view
WG bawailsuysa nmagneti ¢ head). BEST MODE FOR CARRYPOIEII0IG/311890
THE | NVENTI ON Enbodi nents of the perpendi cul ar
magnetic recordi ng medi um acikordi ng to the present
. invention will next be described with reference to the i
meigltigimajerial fugh a8 alpwiggna gt alumiam llpyreent fosmed (o a non-metallic
per pendi cul ar magnetic recordi ng medi um of the present
substragndf amonfhetaltizgnatetial sveh asdilagg, &dmionsilivohy sitisom carbide, or
non- magnetic substrate 1, and on the substrate, a
cathoht - magneti c under | ayer 2 an alignment control
| ayeran alignment control layer 3, and internediate

| aye @éﬂ%‘lg%sf&f{ Oglgsspﬁﬁt@ﬁgﬂi whicR'c X P&ébl%géc?ﬁ? ?Ig:s sulfdtrate include

secon rpendrcular magnetic [ay

er pendi cul ar magnetic .| ayer_ 7, rat ective |ayer. 8, . :
IR i i TGO 9108, eI Te o B ABPRALS 1gs include
order. The non-magnetic substrate 1 may be forned of _a
geperally psed sodadimeaglassoplugripacate glasspandealpapnasijicateglass.  Examples
al um num or alum numalloy, or fornmed of a
of ntha - gtetsa béramics ubnstudat lithofm-aomteminge ighds$ i ceramiter | Bkamspleh of the
as glass, ceramc, silicon, silicon carbide, or
cefaiiOP thclldeapatelyohised| @gsmithtpeédodhifamtyi 6bntgiathgdfluminum oxide,
enpl oyed as the substrate include glass ceramnmcs and
ahﬁﬂﬁ’iﬁﬂlg\ﬂ&ﬁie%iﬂéﬁ nif RIS %.la(@ glf(ﬁl%rﬁﬁ% RAGHR 8 vABSfiber material.
I ncl ude geherally uséd soda-l1me glass, alum nocate
gl as and alum.nosilicate gl ass, EX es of .t he .
o1 s e SR I RN RS SR g Pl orementioned
ceram cs. Exapples of the cerami cs include generally
mefallig @ dioimetal 1o, SReHRtFm AR (Mhichysebstraterag B PAYSLA gannaé,ﬂlrough
alum numnitride, silicon nitride, etc., and such
plaimganrispettarimgnf orced with fiber material. The
non- magneti c substrate 1 may be fornmed of any of the
af or @nehé ipetfpeeldicular magnetic recording medium of the present invention, a

soft-magnetic under layerunder layer 2 is preferably provided under the crystal
orientation alignment layer 3. The soft-magnetic under layerunder layer 2 increases a
perpendicular component of a magnetic flux provided by the magnetic head with respect
to the substrate and more strongly fixes magnetization, in a direction normal to the
non-magnetic ‘substrate 1, of information recording layers; i.e., the first perpendicular
magnetic layer 5, the second perpendicular magnetic layer 6, and the third magnetic
recording layer (3) 7. These effects are more remarkable particularly when a
single-pole-type head for perpendicular recording is employed as a magnetic head for
recording and reproducing information.

The aforementioned soft-magnetic under layer 2 is formed from a soft-magnetic
material, which may contain Fe, Ni, or Co. Examples of the material include

FeCo-based alloys (FeCo, FeCoV), FeNi-based alloys (FeNi, FeNiMo, FeNiCr, FeNiSi),
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metallic or non-netallic substrates on which substrate
an NP |ayer is fornmed through plating or sputtering.
wo pooshaoper pendi cul ar nmagneti ¢ recordi ng nmedi uUPCDIP206¥311890
present invention, a soft-magnetic under |ayerunder
| ayer 2 is preferably providad under the crystal
~orientation alignnent |ayer 3. The soft-magnetic under
FeAkpasedralloys | (Bydh, BeAlRrEdSiCra Foal§iaii, cEaAID)c Begobased alloys
of a magnetic flux provided by the magnetic head with
(Fe@rs PeCiTif PeCith) sSBOREbatE alovh (FeTe, BdTaQn FleYall), ¥edig-based alloys
magneti zation, in a direction nornmal to the

Fémgomlaagedsaws r@ERND, Feé-uagéd)mwsl PENLIRCS chsya FeSi-based
yer's; 1.e., thé first perpendi cul ar magnetl c | ayer

o, PG YDA s Lo P e
are re re WH abI artlcularla)‘(I 3? F .
oi ngPaepgtiEely gfic A Jress matssisl gpwigining Fe in an

enpl o ed as a nagnetlc head for recordi ng and
@%@Q atlg or mae mad iaomicrqurestallioe sirpeticopleleAlO, FeMgO, FeTaN,
soft magneti ¢ under layer 2 is forned froma
FeZN teterpgnembterinbliatingd grantlae ktruotiyre ¢o whiadhnmieegcrdtalling grains are
Co. Examples of the material include FeCo-based all oys

Eﬁ,@@lntﬁe%\pﬁx FeN -based all oys (FeN, FeN M,
eNi Cr, FeN Si), FeAl -based al |l oys (FeAI FeAl Si 5

EEQ FhEs @@%&W IERAYh BE0H 2836 AL SR bRAR o alloy
co t'gglz? g 1&5@% %L@g gﬁb%‘% $ F{/g[)%\réde%f grfrtq_t g%@ it Wicted from

FeSi - based al l o FeP- based al | oys, FeNb-based
an@mg@;rsNbFEaﬂfCrbh(éestCaﬁxwﬁ les Qﬁﬂfqﬁ%rE@db‘é%é oy inglpde CoZr, CoZrNb,

Alternatively, the soft-magnetic material may be a
Caral®sGalrCr; and &lodiMg-ased allays. anount of 60 at % or nore

and a mcrocrystalline structure of FeAl 6 FeMy(b

FeTalVhe kefmhgneti€ unde@ayer Xeiréfetably havi Bgkréive féroe Harof 200 [Oe]

structure in which mcrocrystalline grains are

or tHsS BREREHefehbly50 [BE]'drfess). When the coercive force He is higher than the

upper limit, soft-magnetic characteristics become poor, and the reproduction signal wave

changes from a rectangular wave to a biased wave, which is not preferred.

The soft-magnetic under layer 2 preferably has a saturated magnetic flux density
Bs of 0.6 T or more (preferably 1 T or more). When the Bs is less than the lower limit,
the reproduction signal wave changes from a rectangular wave to a biased wave, which is
not preferred.

The soft-magnetic under layer 2 preferably has a thickness of 20 to 400 nm.
When the thickness falls within the range, the reproduction signal wave is not biased.

The product (Bs't (T-nm)) of saturated magnetic flux density Bs (T) of the
soft-magnetic under layer 2 and thickness of the soft-magnetic under layer 2 (t (nm)) is

preferably 20 (T-nm) or more (more preferably 40 (T'nm) or hlore). When the Bs-t is
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The soft-magnetic under |layer 2 may al so be fornmed of

an anor phous Co all oy containing Co in an anount of 80
W@reis0849aDr e and at | east one el ement sel ect edPET/aIrm006/311890

anong Zr, Nb, Ta, C, Mo, etc. Exanples of preferred

Co all oys include CoZr, CoZnBb, CoZrTa, CoZrCr, and

CoZr Mo- based al |l oys. The soft-magneti c under |ayer 2
lespthahdhalviver hange athe oepreduction signel Waveais baped,[apd]|O Wi chiaeasteristics

(more preferably 50 [Ce] or less). Wen the coercive
areflippaRed;Gvtich Binghprefdrizdn the upper limt, soft-nmagnetic

characteristics becone poor, and the reproduction

Si gnghe WA REEFoll | h i in si
D1 2o nh (SEClC RORRI 1481 % FERLARS IR fnd ey st of the

. under_ | [ .2 R . ' .
i BB 4 oL (PR BF GO IR ikl Toyer s,
en the Bsia,lﬁgsthanthe ower limt, the .
ang ths,sgeAndmegendicy Fnaﬁﬁqé’léﬁ%ﬂéges froma rectangul ar
wave to a biased wave, which is not preferred. The
sof t Neepardeular limitation isyisrposedpoftes asitsriahder forming thgealignment
of 20 to 400 nm When the thickness falls within the
cotittoldeyert he Hewertumbictinlsshayirgd amdiep stisictund, dni feeestructlio? or an
product (Bs-t (T-nn)) of saturated magnetic fl ux

amSfIhRlub Ytrdstukel hreOprefdiRds O Uf- B ti-Based dloyh,aNebasdd adlldys, and
t hi ckness of the soft-magnetic under |ayer 2 (t (nm)

' - ferably 40
CorSusBd S peruligly BIrla 10 €, (Tose Phan t he | over
Char T (¢ erpRaiegE mAdhetie SERoral fmodturl, Bt e «Bfogifitnr, the

_.The alignnment control |ayer 3 regulates alignnent and
aligimaent contrel layer Srpseferpbby hasds thicknessyd 0. 4tof0gym gagre preferably 1 to
directly thereon, the first perpendi cul ar nmagnetic
20lmyer Whemtiet dliganeat ooutrqldrysritihesihahickogss etfi &5 [tay@rnm (more
6. No particular limtation is inposed on the nmateri al
prédfeyablyor 8 2onth i) nhbirfBAts aligned considerably highly in the perpendicular

direction in the perpendicular magnetic layer 5, and the distance between the magnetic
head and the soft-magnetic under layer 2 can be shortened during recording, whereby
recording and reproducing characteristics can be enhanced without reducing resolution of
the reproduction signal. When the thickness is less than the lower limit, magnetization
is less aligned with the perpendicular direction in the perpendicular magnetic layer 5,
whereby recording and reproducing characteristics and thermal fluctuation resistance are
impaired. In contrast, when the thickness is in excess of the upper limit, the magnetic
grain size of the perpendicular magnetic layer 5 increases, possibly impairing noise
characteristics, which is not preferred. In addition, the distance between the magnetic
head and the soft-magnetic under layer 2 increases during recording, resulting in a drop
in resolution of reproduction signal or reproduction output, which is not preferred.

The surface profile of the alignment control layer 3 éonsiderably influences the
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control layer 3. However, materials having an hep
structure, an fee structure, or an anorphous structure
wae@opsoferred. O these, Ru-based alloys, N -baEE#2006/311890
al l oys, and Co-based alloys are particularly
pr ef erred I n the perpendi cul3ar magnetic recording
di um e enbodi the alignment control [ayer
Ursacs, BYo %f»bp theaéveavepﬁ%elaﬁ dBagnstic olaserté awl e prasedive layer 6.
preferably to 20 nm. Wen the alignnment contro
Thergfase, B drder to rediesksvetise ofughnésstal’ the nmgnétimreeording medium and
preferably 1 to 20 nm, nmgnetization is aligned

lovesrnibé flginglileighb oftheymaghetib Bededupiigdecditialg adi &%ﬁbdlwilng fhe mean
t he perpendi cul ar nagnetlc | ayer 5, and the distance

SRR SOUR NG O S0 BN 005 2 m o
lesS. ec’?ﬂrg{l tl%n%)nE P{)P léclia % ?g@&? A | @rg#c%%'ﬂcelmess of the magnetic’

enhance ucih

eproducti on si naI VWhen_ t he thlckness is less th
recpfling &%‘ﬂumﬁ% nedbiedy Aadh e fying height Q.ﬂfisia AREngli¢ fioad during

t he per endi cul ar direction in the per pendi cul ar
recﬁﬁgneam&qpay@pm capfbe sefigiandy dowenad, wihercherecouing daypsity can be

characteristics and thermal fluctuation resistance are
enhamped.red. | n contrast, when the thickness is in excess

of the upper limt, the magnetic grain size of the

per peRgligay | faF fﬂﬁﬁﬁgtthﬁ dRyBen® Cblﬂf(ﬂeﬁﬁﬁsl% B8P ToRlath oxygen or
|npa|r|ng noi se characteristics i s not

A Tl S 00 L MBS MO . o roces
gasrﬂo%ease T A RO o Hebabel B b s o 50% by
out put, which is not preferred. The surface profile of

Volﬂlﬁ@ (@norg efgrabliofhqus 0.1 k0 20%zby: Belamee 04 Ioky2emel ygpe eentaining

thesurface profiles of the perpendi cul ar nmagnetic
abduy®01 3o a2tye thye vpluotee Ghoreeprefeyahly GaboTh Or02f tar 0% by volume) of
order to reduce surface roughness of the magnetic
nitfoge@r di ng medi um and | ower the flying height of the
magneti c head during recording and reproducing, the

oy op R U, ARABLRPSSISTIB Sy p 4 Pl 8 Btpordih Shagneic nyer

5, an intermediate layer 4 may be provided. Through provision of the intermediate
layer 4, perpendicular alignment in the first perpendicular magnetic layer 5 and the
second perpendicular magnetic layer 6 can be enhanced. Thus, coercive force of the
first perpendicular magnetic layer 5, the second perpendicular magnetic layer 6, and the
third perpendicular magnetic layer 7 can be increased, whereby recording and
reproducing characteristics and thermal fluctuation resistance can be enhanced.

The intermediate layer 4 is preferably formed from a material having an hcp
structure. Specifically, the intermediate layer 4 is preferably formed from Ru, an Ru
alloy, a CoCr alloy, a CoCrX1 alloy, or a CoX1 alloy (X1: one or more elements selected

from among Pt, Ta, Zz, Ru, Nb, Cu, Re, Ni, Mn, Ge, Si, O, N, and B).
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| ess. Through the control of the Ra to 2 nmor |ess,
surface roughness of the magnetic recordi ng nedi um can
wheoosashesed, and the flying height of the nagnetT/aPlaewil1890
during recordi ng and reproduci ng can be sufficiently
| ower ed, whereby recording dgnsity can be enhanced.
The gas for formng the alignnent control |ayer 3 nay
cont i ordex yg gurevent ninpaiogent. of-cecoedingpind, reproduitieg cchgrcteristics
the layer is formed through sputtering, the process
caudésd by thd ozl E0mhnelic @ir&iha il yhel PEIPetpéndicalal @eghetic layer 5
contai ning about 0.05 to 50% by vol une (nore

anPESHRVER %dAQN OPB%S%&%ggé’/ébmﬁo}ioéau b9 in@EKYRNiOthe distance

argon contarning a 1 to 20% by vol une (rore

ref erabl bout . 0. t0.,10% by volu f ..ni.
berfif, e meaneid ieiyhih e cBRzRendle Jair TR 3 PP flate ayer 4
per pendi cul.ar magnetic layer 5, an inte di ate | ayer
prefergly baga Bn@me%%ﬁ 20mpog @ﬂ%s ﬁf’%‘i‘?i%?féﬁbi}‘f I{ha ot less).
intermedi ate | ayer 4, perpendicular alignment in the
firsh pher fiestdpapémticulargmegigic ayer 5 thecasyraagedization axis is
per pendi cul ar magnetic |ayer 6 can be enhanced. Thus,
ori€fted &i ¥ dirk@tiomeviethallynforinadl 36 apabsiensi CTHeanagmgo ddyee contains Co
| ayer 5, the second perpendi cul ar magnetic |ayer 6,

as Qﬁf@d‘)ﬁ)ﬁmﬁh&&ﬁp&feﬁﬂ @R i CHREd FRENEhlaferfaPY Hiaiding 201§ Cr and Pt.
I hcreased, whereby recording and reproduci ng

P SRPRREARCEES BRI G 0.7 0, 8o
oGBSy LSS Lab I TR 51 LVCE,

formed fromRu, an Ru alloy, a CoCr_alloy, a CoCrX

al | oWhesrthe figh Rerpandieylar magnetisrayesrs lﬁ%raeg’éP@ﬁ%ﬂ%SS than 5 at.%,

sel ected fromanong Pt, Ta, Zr, Ru, Nb, Cu, Re, N,
theMaraifGehoufsdary QajNrafutmiB)l. betweerd eraghetiprgeainntbecompes thiwmer due to

of recording and reproduci ng characteristics caused by

sedrB@atioRdT TR MM AEn B FMtBfacGodbéiveen bihidsi@crehdes! thereby facilitating
pef pendi cul ar magnetic |ayer 5

to increase the magnetic grain size. Thus, noise increases during recording and

reproducing, thereby failing to obtain a signal/noise ratio (S/N) suitable for high-density

recording.

When the first perpendicular magnetic layer 5 has a Cr content in excess of 28
at.%, segregation of Cr in the grain boundary layer is incomplete, and a large amount of
Cr remains in magnetic grains. Thus, coercive force in the perpendicular direction and
the ratio (Mr/Ms) of residual magnetization (Mr) to saturation magnetization (Ms) tend to
decrease. In addition, crystal alignment of magnetic grains is impaired, and the ratio
(Hc-v)/(He-i) of perpendicular coercive force (Hc-v) and longitudinal coercive force
(Hc-1) may decrease.

When the first perpendicular magnetic layer 5 has a Pt content less than 10 at.%,

magnetic anisotropy constant (Ku) required for the perpendicular magnetic layer cannot
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and to prevent reduction of recording resolution
caused by increasing in the distance between the
wore@nas4962 head and the soft-magnetic under | ayRCT/PR200d1H1890
internedi ate | ayer 4 preferably has a thickness of 20
nmor |less (nore preferablyisd0 nmor less). In the
first perpendi cular magnetic |ayer 5, the
be ebiainedpegneltingaini thermali mstabiliy | efnineghdtizatioryi wheeredsowhen the Pt
virtually normal to a substrate. The nagnetic | ayer

confedPisdh R&cdse of 30 at. % SstesdHianlof CP i eHaNignetlo thyies isfimpewet], and a
froma material containing at least C and Pt.

Jaydr' diithe AR S\‘I’uigl?f bsc%ﬁrﬁgc? hf}o}ie Ilhi%}l'%ﬁt& gag%gt;%%si%i’y(%lﬁng inolowering

|tor ef2er at I %/ f 2 confent iIs
coctRyeiPrige (it B Pheger bRl olls B e SR bl

less than 5 at.% the grain boundary | r.formed . ,
bet weterelemente B dagig @g pﬂé@@ﬁéﬁgfﬁaﬁ%ﬂéfafy@dé ‘B% magnetic layer to
segregation of Cr, and nagnetic interaction between
thegbgiradude magetie dntetaetiom ptviezoi grainataind gnagnetie @rain size; wdereby
magnetic grain size. Thus, noise increases during
noi$§EfAtéticiOcaalst dtepicddusinprecdridbigedid fepiodiiciggt oThdst @lements are
signal/noise ratio (S/N) suitable for high-density

bR G  tl ephidshnpigeng s 5y S et o
0 ip the grain houndar Veb, IS, : .
s Bhobfis s SO FHRRASY o YE% ok AR S gnei
coercive forge in th erpendi cul ar directi.o th .
grajugy rl@re(owrlpwgl)mgaperp%fﬁa ar g‘??éf}ﬁ% 9IS £ Hle(ria‘ny?{vﬁr%s) Of residual
saturation magnetization (Ms) tend to decrease. In
maguidizeiion(Moty satatatioh impghetiration (Mal veughds getprgeried.
inpaired, and the ratio (Hc-v)/(Hc-i) of perpendicul ar
coer The/ sedoad qerfendicu)ar anspretiadayendi maly teofrmied efrdro rac magnetic
(He-i) may decrease. Wen the first perpendicul ar
mafRANGh ExanBIE ColRRlBy KCr 66RERND0 bERS0 137,94, Soraferdbly 25 at.%

to 35 at.%). Such an alloy may further contain a very small amount of a third element

such as Pt, B, Ta, Nb, Zr, Mo, or Mn. The second perpendicular magnetic layer

preferably exhibits ferromagnetism in the as-formed state. The aforementioned upper
limit of the Cr content is determined in consideration of maintaining the ferromagnetism
of the Co-Cr. alloy film. When the Cr content is less than 20 at.%, saturation
magnetization of the second perpendicular magnetic layer increases, thereby failing to
attain a sufficient effect of relaxing magnetic bonding between the first perpendicular
magnetic layer and the third perpendicular magnetic layer, resulting in poor improvement
in recording and reproducing characteristics. Differing from the first perpendicular
magnetic layer, the second perpendicular magnetic layer preferably contains no oxide,
nitride, or a similar substance.

The third perpendicular magnetic layer 7 may be formed from a magnetic
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magneti ¢ ani sotropy constant (Ku) required for the
per pendi cul ar magneti c | ayer cannotbe obt ai ned,

WO e®al1s496) in thernmal instability of magneti zaPCDaR2006/311890
whereas when the Pt content is in excess of 20 at.%
segregation of Cr in the nmaghetic |ayer is inpeded,
and.a_ layer of the fee structure is forned in the

ok Ermpls o GossPEafoy Lot Pomia et bderatng % Pt content: 10
coercive force. Therefore, the Pt content preferably

at.¥qfd 20 wi.Vi nin héditibove the fitgt peffradiehbmemene®S lafar Satite second
Cu pronote segregation of C in the magnetic layer to

petperdietlpr maghetie 1oy 6ehndthenhied pebeadicllet weaitig 1Bl 9, Whkh form
magnetic grain size, whereby noise reduction can be

theglf)é@ieﬁtﬁéhlﬁiuﬁﬂag&tfcelﬁ%rdE&kﬁti&{’ﬂ ;{eg%g%uﬁk ?lgatgng-ﬁ@%ers (4) and (5)

efrents are preferably added to t

' ic | -5 in atotal apount of .8
melyPb RS b SRR € rpf¥ficiios o RicoRFRByept & stacked
at. % .t e elenents remain i magnetic gr.ains, . .
s %%H’;?Pq%g%??%gofpg%% €l ayhet dhe pywendieelar mpgnetie layer is
ratio (M /M) of residual magnetization (M) to
forgned plzionn ar megemagretic bivers)vay leasttthese layers of ther 6fsé pegdndicular
The second perpendi cul ar magnetic |ayer 6 may be
majgoetiertcording yemdh 6} the seedrel paapendicularanagiiptie layer 60ard the third
alloy (C content: 20 at.%to 37 at.% preferably 25
peipendieiiar Bagidtictayer pHFEaBly exhitpeiEdhdicdld Rlone@hRidhrRy.
very small amount of a third el'enent such as Pt, B

Ta, hp adcﬁfion D thd 51;0'}@11%%56%5§ ﬁ:ﬁ%ﬁ@?%@ ndk %%Q%%gir%ullaﬁ magnetic

magnetic layer prefera ferronma

t he as-for state. . Th forementi gned upper ljnmit of
layb o (et o 2t e lobing assigr GureiRs fogePLbasdd atloys,
nmai ntai ni ng the ferromagneti smof the Co-Cr allo
Cofrbasedyiliqys: feCariBolased plloys GalaPtBNdbaseg altoysy CoCrPtCu-based
saturation magneti zation of the second perpendi cul ar
allowsg A stacked layarofiaro-bawd s]loy teg.eByCt ai CoBYyarda Rtltbased aloy (e.g.,
sufficient effect of relaxi ng magnetic bondi ng bet ween

PdBlenfanidiphdue el sudhads TEFeU! il Cou@HCabdsddiBatbhils.d
per pendi cul ar magnetic |ayer, resulting in poor

i pr W&uitﬂla&&%ﬁ@t@? ri%‘&ﬁg%)ﬁ?&,ﬁ%%ﬁe?lgﬁdiate layer formed from a

characteristics: t
no@-?r[a%ﬁ&% %Jaltear{al may be inserted between magnetic layers. Examples of the

non-magnetic material include non-magnetic metallic materials having an hcp structure;
and non-magnetic metallic materials, metal oxide materials, and metal nitride materials
each having a bee structure, an fce structure, or an amorphous structure.

The first perpendicular magnetic layer 5 preferably has a thickness of 3 to 60 nm
(more preferably 5 to 40 nm). When the first perpendicular magnetic layer 5 has a
thickness less than the lower limit, sufficient magnetic flux cannot be obtained, thereby
reducing reproduction output, whereas when the thickness of the perpendicular magnetic
layer 5 is in excess of the upper limit, magnetic grains in the first perpendicular magnetic

layer 5 are coarsened, thereby impairing recording and reproducing characteristics, which
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magnetic | ayer, the second perpendi cul ar magnetic

| ayer preferably contains no oxide, nitride, or a
wa@Reha9ssubst ance. The third perpendi cul ar neREEIR2006/311890

| ayer 7 may be fornmed froma magneticmaterial, for

exanple, a Co-Cr-Pt alloy (7 content: 18 at.%to 28

% Pt content: 10 at.%to 20 at.%. In addition to

lsmﬁd?r? fered- per pendi cul ar magnetic layer 5, the second

per pendi cul ar magnetic layer 6, and the third

per p&sddesatibed hergimebove, Itlwypcrpéndimidmc makoetin tdyer employed in the

per pendi cul ar magnetic | ayer, additional perpendicul ar

pra¥agini@vertionay Gonddof e dirktoperp@ndiaifarl MagRuc tidydr hﬁﬁli?@/a granular
form a perpendi cul ar nmagnetic recording Iayer of

str§ ek et SdchHE B)@gﬁnﬂleﬁllaf‘ ﬁia%ﬁftﬁéj ga:}relo for#ﬂ% f%ﬁﬁ‘?&l aYNJ? Magnetic

e perpendlc nagnetl ay our or

ethc | east thre
thlgl%{rh%r g%(gﬁb t?;}g 3%%5 magnetic ]ég;r ogae{ 8@&@]{1&31 oy magnetic
secaond perpendlcular magnet.ic | ayer 6, and_t
thlfl iy WP @ fagifedr ohifigraibpieate 4y dhis mréwer 4| Veém%mt the term
per pendi cul ar magnetic ani sotropy. In addition to the
"grafalee senetine! eof theitfizsti parpsndidwart ihagnitipdayerrdfersikan structure, for
magnetic | ayer may be fornmed fromany of the foll ow ng
exaraples forengdnbL ral Bipical GOy ReghaCedrattitayed allowy tHiasfleh in which
al | oys, CoCrPtB-based all oys, CoCrPtBNd-based all oys,

Si%@! alfihy - i ed
mi oyf/’f & eg?a?ﬁ%g%l)ﬂ Ig?fﬁ%o a%oﬁg%ﬁg gﬁ'ggﬁg gg g%fdg%r@ﬁre?égﬁ Typlcally

o Bl SR it %hmfég%ﬂas%j Bt -
T LA e

ers. Exarrpl es of the non- rraganetl c material include
Wcﬂ)i loyregyrdaliggainet dnstead efeaddinestable axida guehrasiip:, another technique
structure; and non-magnetic netallic materials, netal
is also dexowat eSipactiﬁcalbm avhentaafilmiit fomeedrfibar a dase ahqh in an oxygen
having a bcc structure, an fee structure, or an

atn?sEph&e AndeSpredétiifed diRlifidnsSh nie@d] BRI I RIfoARENeth $his case,
layer 5 preferably has a thickness of 3 to 60 nm

the formed film has a structure in which oxide is dispersed; i.e., a granular structure. In

the present invention, granular structures formed through any technique may be
employed.

Next, the effects of the aforementioned stacked magnetic layer including at least
three layers: the granular layer, the non-granular layer, and the non-granular layer, the
layers being stacked in this order.

The first perpendicular magnetic layer, which is a granular layer, serves as a

main recording layer for perpendicular magnetic recording in a magnetic recording

-medium. Since the film has a granular structure, exchange interaction between

magnetlc crystal grains is mitigated, thereby suppressing media noise. On the other

hand, 1ndependent behavior of the crystal grains elevates coercive force He to a
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(more preferably 5 to 40 nm. Wen the first
per pendi cul ar magnetic |layer 5 has a thickness |ess
WO ban/184982 | ower |imit, sufficient magnetic fl urRCTaIrMGY311890
be obtai ned, thereby reducing reproduction output,
wher eas when the thickness gf the perpendicul ar
magnetic layer 5 is in excess of the upper limt,

suffioagiigthich Bvel g téml toHewks medeation peapritiufield Himgnlatrierpendicular

| ayer 5 are coarsened, thereby inpairing recording and

magdi€RE ARLBEdINE 1A REHieEd BiUeClevatdd 161 certaidi lepélabesk e dvoideffects
descri bed herei nabove, the perpendi cul ar magnetic

l,a oyed in the present invention is forned of
0fa#Wé8#ﬁ§%§£'perpendicular magnetic | ayer having a

granyl ar, .structut.e,, the second perpendi.cul ar [ .
Py athef B aeBenaotlppi Beaets | By haHet it RCH SR faver, is
and the third perpendicu] ar magtneti c.layer forned of a -
genespfly datmed from arapptedial haviviere Felatively hichrsafiration grgaciizgiion Bs
the substrate in this order. As used herein, the term
with gespeol &0 thé rirstt perpendiulsthenagnetst lgyer. peHatbugh atacking the third
magnetic | ayer refers to a structure, for exanple,
perpdiRhrOmagnéticd i 16pdr @lrb@ly (02 Ghe fiFot GerRRindioake dmaphatie) layer,
hin filmin which mcrocrystalline particles or
; i " iR i CSiARcR can be increased.
iR YRRPERAAMEORE ) 1 ol IR, BHRIBy T0h com be I
L1 oy phase. Depgndi on the fil.mf \: :
In 5 BAGiaRaTE 61 50 B g B e R dBhdifgeeur.  Thus, in the
particles do not disperse hut may surround. base, al.l
pregany dnventign.af AEW $eFQR QEYPSJF‘B%E’? Hégg?“a%faé(%&?i yee Clpf?égen the
SiO, another technique is also known. Specifically,
firstiiperpeaditulhrmmiagnétisr lver andothezthisd perngnilisylar magnetis jayath whereby
at nosphere under predeterm ned conditions, a netal
the QxietRtibh betvdenf the FRSE andnthirti permeadzuldr eagnoticrdayefs (1nand (3) is
has a structure in which oxide is dispersed; i.e., a
corffofBY.] A&l Hﬁ%%{s% of fhd RReRAe $HRNtibAVEABL | itgd@rofl Ailagnetic
structures forned through any techni que may

e
o SRR s, 5ab B Pl PSRkt hedanly s
saturation magnetic flux density Bs relatively smaller than that of the third perpendicular
magnetic layer.  Through appropriate control of the thickness of the second
perpendicular magnetic layer, magnetic characteristics and recording and reproducing
characteristics'can be controlled to a certain degree.

According to the present invention, the three layers of the first perpendicular
magnetic layer 5, the second perpendicular magnetic layer 6, and the third perpendicular
magnetic layer 7 exhibit, in the stacked state, a ratio (Mr/Ms) of residual magnetization
(Ms) to saturation magnetization (Mr) of 0.85 or higher (preferably 0.95 or higher).
When the magnetic recording medium has a Mr/Ms less than 0.85, reverse magnetic

domain nucleation field decreases, resulting in poor thermal fluctuation resistance, which

is not preferred.
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three layers: the granular |ayer, the non-granul ar

| ayer, and the non-granular |ayer, the |ayers being
wGer@eka®sin this order. The first perpendi cul aPCT/JP2006/311890

magnetic | ayer, which is a granular |ayer, serves as a

mai n recording |ayer for pe{gendi cul ar magnetic

recording in a magnetic recordi ng nedium Since the

fil mdvaslidg @ @up@sers tinvsitionetheethrsednyes iofitthe drsti pempendicular

bet ween magnetic crystal grains is mtigated, thereby
magHeBR 1528 5 NGhe BN, eBpedicufd nidpBetdd A9Er hlamd.the third perpendicular

ndepéndent behavior of the crystal grains el evates
coer Gi qQrc.e. i glen A I 1
maSRp s 7, 3efifis T 1R, SRl GHET I offylop, HBR hoh R vIst)
per pendi cul ar _ magneti c..recor di LS required.to b
represl By Tt wLPL apthvepy aptoay (G abbsa oG Hipdtic Rgnt 19
adj acelnjt tracks. Th% t hi rdg‘perﬁ)endi cul ar, magnetic 15 :
of 0.3yet) wiwto 0.8 xal®iorenys Gefeably aPdrx 10s° gabdp A7y 107 emu).
formed froma material having a relatively high

WheAtHERT REs MBANESLI 2 30MORNRBS nMghbtid eRBRE lsideOexcbssively dbcreases,
per pendi cul ar magnetic |ayer. Through stacking the

thir er pendi.cul net i [ oh
couihegfrBR] BEREED) S (RSRER el Qo103 Adll AR chbwhich i not
bet ween magnetic crystal_graipns is_enhanced, reby .is
prefqured s apaaghstie seppeding medivins ¥se V1 dEF?‘B‘?ﬁ*Si%?%liicx ARG emo
increase in nedia noise readily occur. Thus, in the )
noips es@stivélpieaeases dusingenacadingnahdpeppehidingu Méerebs o sighal/noise
| ayer is inserted between the first perpendicul ar
ratiBRERAY) Geduvik@r forNkighldendify ketopiing enadheiubarobmigedt vhich is not
| ayer,” whereby the interaction between the first and
]ﬂégﬁ&p per pendi cul ar magnetic layers (1) and (3) is
controlled. Fromthe gist of the present invention

t hat i tude of netic interaction j nt I
the TE% otﬁ{?ep i?yﬁéﬁﬂ e dhear it JireRT 1cf’j§1§ errnagrrleg[%e rlé%}[’y ‘ﬁ%’a gecond
a saturation magnetic flux density Bs .relativel

perprrdicwar megnetia gayeéf andh they fhindyperepplcidae H}agpe%gﬁ%{ ipgeferably

| ayer. Through appropriate control of the thickness of
exhib®, indlostacked state, a perpendicular coercive force (He-v) of 2,500 [Oe] or more.

 When the magnetic recording medium has a coercive force less than 2,500 [Oe], the

medium is not suited for high-density recording and has poor thermal fluctuation
resistance.

The three layers consisting of the first perpendicular magnetic layer, the second
perpendicular magnetic layer, and the third perpendicular magnetic layer preferably
exhibit, in the stacked state, a perpendicular magnetic anisotropy represented by a ratio
((He-v)/(He-i)) of perpendicular coercive force (He-v) to longitudinal coercive force
(He-i) of 5 or more. When He-v/HeAi is less than 5, the magnetic layers have poor
crystal alignment, which means that the easy-magnetization axis of Co (i.e., C-axis) is
not aligned w1th the direction normal to the substrate. As a result, coe.rcive force (He-v),

Mr/Ms ratio, and reverse magnetic domain nucleation field (-Hn) tend to be reduced. In
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per pendi cul ar magnetic | ayer, magnetic characteristics

and recordi ng and reproduci ng characteristics can be
w@owbnai9sed to a certain degree. Accordi ng to PEEJIP2006/311890

present invention, the three layers of the first

per pendi cul ar magnetic | ayer2(6, the second

er pendi cul ar, magnetic, | ayer 6, and the third
ad%&ﬁeﬂm magustizaggin gfiecis| thoiaally iagtablsi thershy eaveingt thetoaal signal
state, a ratio (M/M) of residual magnetization (M)
lossgnd inareased noismdging tegerdingrandiveprodicifg, 8ehich ishiog prferred.
(preferably 0.95 or higher). Wen the magnetic
r ecobdcingfnthdifirst papeadiMilaMindgpstic iR 3). &R, sdcBNE pefendicular
magneti c domain nucleation field decreases, resulting

d Odyet BerapRlthé | e i 2L i ' toshiby
RO 70 B A o9 s o

s il G S EHAERED S g TRUEEA By 0
A T T A RS -

represented by the product of activation volune (v)
nuglggfionafield {tfwhlesnthantQ basponsrtherfiad fluofuations resistct Swhith is not

to 0.8 x 10 15 enmu (preferably 0.4 x | O15 enmu to 0.7
prefert@dl. 15 enu).' Wien visb is less than 0.3 x 10 15 enu,

magneti c cluster size excessively decreases, causing

t her Bl sliovwat aRi Figl Y2, tevedsBi BagRsR: d&lﬁgﬁlnﬁhcl%étwlﬁe!ldgs(gﬂn) is

readily occurs, which is not preferred as a nmagneti

det%érﬁﬁ%&“ &M a{ﬁe%ﬂmcut\()@.egbﬁ\ﬁmiﬁ lé)? dnBaX §§ Sp ﬁél}dgé)%r %;qnﬁllg: means.

emu, nol se excessively I ncreases during
reproduci n ey eby si.gnal / noi atio ((S/'N
SofIBeAIFRRRER iy AIERER ot draemel cifh bicoses 0 & e extermal
obtahgﬁgh ich is not Preferred._The three | ayers of
magpeiict iigld is yrdperdatithellcael ofagagnetizationssturationeisgeprosmited by point
. erpendi cul ar magnetic |ayer, and the third
a,pa ppihdi which magngfiwetion id Qe thevief arabdisyrepickdnéd by péint "b," and
the stacked state, a perpendicul ar coercive force
the(itiersegtion polnta¥dhd EXénsdén HOHE tangential line at point "b" and the saturation
magnetization line is represented by point "c," the reverse magnetic domain nucleation
field (-Hn) can be expressed by the distance [Oe] between of point "c" and the Y axis.
The reverse magnetic domain nucleation field (-Hn) assumes a positive value when point
"¢" is present in a region where external magnetic field is a negative value (see Fig. 2),
whereas reverse magnetic domain nucleation field (-Hn) assumes a negative value when
point "c" is present in a region where external magnetic field is a positive value (see Fig.
3).
In the present specification, "aligned in the direction virtually normal to the
substrate" refers to a state where coercive force measured by means of, for example, a

VSM in the direction normal to the substrate is greater than that measured in the

longitudinal direction with respect to the substrate.
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When the magnetic recordi ng nmedi um has a coercive
force less than 2,500 [Qe], the nediumis not suited
w0 ooo6h34yh2 density recordi ng and has poor ther ne€T/JP2006/311890
fluctuation resistance. The three | ayers consisting of
the first perpendicul ar magrpdtic | ayer, the second
per pendi cul ar magnetic |layer, and the third
per p&hdipcetbativentayere$ inseveatsecorpysicne ofi Biey fiesk ipetriendicilar magnetic
the stacked state, a perpendicul ar nagnetic ani sotropy
layeepJ the sadond peypeadicalar maghiic Myér 6jamt)the tird perpendicular magnetic
per pendi cul ar coercive force (Hc-v) to | ongitudinal
layePe, Cindeddigeeof e klrfftle 8f Me MRIORIndIBRIHR- MPJH vhnthd@ with a
' ess than 5,7 the magnetic | ayers have poor crystal

| ] nt, i ch S t easy- t] '
b AL, YL FloBS HPh S BRI (4Rt rmow
direction normal to the bstrate. As a result, ,
maégg‘f%(;qpéauplggggr%p -@&“I\??h% rati o, and reverse
magneti ¢ domai n nucl eation field (-Hn) tend to be
r eduddel. proteetifcti layen 8 pregerablynkasi 2 dhickpessteft & tos10 nm from the
thermally instable, thereby causing thermal signal
vidvgméntanfl redwotieasefl thei distatdew ibegveenc thiedihead aamd the medium and
reproduci ng, which is not preferred. Each of the first

hidedhRngi&ul@g magnetic |ayer 5, the second
per pendi cul ar” magnetic | ayer 6, and the third

perp [ 0 . [ :
P evordg ity TRAER b1y B BholooBIRHEr iptin e ok, Buorinated
, 000 ].(nmore preferably 0 to 1,500 [Ce]). The
Caﬁ’ﬂéﬁé‘i%q‘%ﬁ&ordi ng medi um exhibiting a reverse
magneti c domain nucleation field (-Hn) less than 0 has
poor Tihp@empendipylge magnetisresqrdingrmagtium aftheprepant fgyiention includes
preferred. As shown in Fig. 2, reverse nmagnetic domain
at east eatdnemagrietit csubsti4ty, arsl oettles silrstrdtep anaalightieot comrol layeran
obt ai ned by neans of a VSM or simlar neans.
alidpaeht! tqdol Maysthfon Aigalightrystal \Whicafation tiar £ dhyefBgoated directly
ield becones 0 as the external nmagnetic field is

thé;rgcgfrf g‘g’gﬂ%@%ﬁﬁﬁ %%}éﬁ%ticolfayéﬁﬂ Ratit &y HhagrRtisidh!aBs &€ oriented in

a direction virtually normal to a substrate, and a protective layer, and is characterized in

that the perpendicular magnetic layer contains Co as a predominant component, is
formed from a material containing at least Cr and Pt, and exhibits a ratio (Mr/Ms) of
perpendicular (with respect to the substrate) residual magnetization (Mr) to saturation
magnetization (Ms) of 0.85 or higher and an activation magnetic moment represented by
the product of activation volume and saturation magnetic moment of 0.3 x 107 emu to
0.8 x 10" emu. Therefore, resolution of recording and reproducing characteristics and
thermal stability of magnetization of the magnetic recording medium can be enhanced
without increasing noise during recording and reproducing.

Next will be described one exemplary method for producing the perpendicular

magnetic recording medium having the aforementioned layer configuration.
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"a," a point at which nmagnetizationis 0 on the M
curve is represented by point "b," and the
WO nioen3m61 i on poi nt of the extension of the targEmMA06d/311890
line at point "b" and the saturation nmagnetization
line is represented by poing2"c,"” the reverse magnetic
domai n nucleation field (-Hn) can be expressed by the
di stlanthe prédkictibe bittenparbepbicular thegnedicdecdrding mgdivm havéng the
reverse magnetic domai n nucleation field (-Hn) assunes
afofeni@Biohéd/ Ry ¥ad d#i g aEion PO EoTt-magneticSuriiee S/t 2| an aligidgén ontrol
where external magnetic field is a negative value (see
) [ . .
lay%:flag Fgé%@ﬂ%k%ggglalﬁgﬁ\ée o nteReEtE ?a[y@P B4 Brd? petRadicRBr fnggnetlc

s & negative val'ue When point "c
resent in a region where .external el Lel.dqi .
oy ) b RSB PR I g DB s ek e
specification, "aligned in the direction virtyall .
leygiornate teuemElly  BETPAL @ & BeEngic, stsdple \nlFeugh sputtering,
coercive force neasured by nmeans of, for exanple, a
vacvid vapot Hepoditioactonemlating; otel  Subsdquertlibgtpreteetivesayer 8 is formed
greater than that neasured in the | ongitudinal

pre€irilel§ throtghplhimi €MIBahe ion-Hdam methsd ratsputidringpr ot ecti ve
| ayer 8 prevents corrosion of the first perpendicul ar

magnehd %oh@%f%nﬁéc shib8ra?€ Q0 By PBS BSRHIC U & nidRARE stibstrate of a
| ayer 6, an e third perpendi cul ar magnetic | ayer 7,

d da of, th rfac r [ [ 0 :
o SO s B Rl B TR  nc
e formed from conventionall nown S materials.. .
SutpBAecih AGREaftlin e Sugh o5 et ranily Sge Jleqnugahide, or

8 preferably has a thickness of 1 to 10 nmfromthe
carppmwpoi nt of reduction of the distance between the
head and the nedi um and hi gh-density recordi ng. The
| ubr Eganple® of 1436 ehateddls winelr tan be epoilyydhas the substrate include
fluroinated al cohol, fluorinated 10 carboxylic acid,
gla8d Geramics and amorphous glass. Examples of the amorphous glass include
generally used soda-lime glass, aluminocate glass, and aluminosilicate glass. Examples
of the glass ceramics include lithium-containing glass ceramics. Examples of the
ceramics include generally used ceramics predominantly containing aluminum oxide,
aluminum nitride, silicon nitride, etc., and such ceramics reinforced with fiber material.
The non-magnetic substrate 1 may be formed of any of the aforementioned
metallic or non-metallic substrates on which substrate an NiP layer is formed through
plating or sputtering.
The non-magnetic substrate preferably has a mean surface roughness Ra of 2 nm
(20 A) or less, more preferably 1 nm or less, from the viewpoint of performing
high-density recording with a low flying height.

The non-magnetic substrate preferably has a surface [micro-waviness (Wa) of

0.3 nm or less (preferably 0.25 [nm] or less), from the | viewpoint of performing
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is perfyrnel Gratertie followingeaditions. s bt

The perpendi cul ar magnetic recordi ng nmedi um of the
present invention includes at | east a non-nmagnetic

wG@pstis@se, and on the substrate, an ali gnnentPCDm20ad/311890
| ayeran alignment control layer for aligning crystal

orientation in a |layer proysded directly thereon, a

per pendi cul ar magnetic |ayer in which .
higheRayityregoating atiihomloex fyingr keighti eritderst an¢ 0b aghamfer section of

direction virtually normal to a substrate, and a

the dHAQUEGEL &1 4 S8 surfaRthfithe AbRhRghed sbstrita pidfatablylims a surface
per pendi-cul ar magnetic | ayer contains Co as a

roug@%%sgglﬁiﬁfgpio ﬁﬁlr@qgs%r(gor% ffégtﬁﬂ'?(bf Bﬂlrﬁrqei.?,tf%ﬂl @he viewpoint of

ng a east and exhibits a ratio
(M of. perpendi.cul ar~(W th :
ﬂyl%ﬁgl{‘\{ﬁéi 8§ arrgggg’&ﬁﬁlheﬂéag n]él%q ?é?”."b‘ﬁa%}g‘%% (Wé) tscg&? EI) F a(%eitecglrl11 ined by
magneti zation (Ms) of 0,85 or high and an i-vati o :
meannghdol exammert Sqﬁ’fz@ﬁﬁ sughney %‘iﬁelza"ﬁré’rﬁ wshat m—vl%m? as an
activation volunme and saturation nmagnetic nonent of

averdgSsuffate rdiphaess viaueOvithin afcadtresrent deptieo3bpa,
resol ution of recordi ng and reproduci ng

charggt Shisidnefic aifuhiaqs WakheatiaRiédrliahce fvithgeas, iandtplaead in a
of the magnetic recordi ng medi um can be enhanced

1.t hopt Lncr.easin ' dur i r @i th - t
a8 SRR ePFAE, AR SAGARE e ponmagne
met hod for produci ng_the perpendi cul ar 25 net.
substesie gl ibgated et maapRviné Tt ?F@ngiﬁﬁr %ﬁ?ﬁ% &ﬂebdqagi/g‘bbgc‘ On the
configuration.ln the production of the perpendicul ar
nonfAgRRtE substater Hithe sefediagnetiavidey layke 2 athe ekigrmentsnatol layer 3,

| ayer configuration, a soft-nmagnetic under |ayer 2, an

the &rkGRIEBRLe AgydrT @l thayffstnpabeglicrat maumetiol layayey, e second
an I nternediate iayer 4, a ftirst perpendicular

pr BRI S 55 8 PRCHE B pRpA St e omed
thrq?{gﬁ(ﬁé &)%ggﬂn?agngwgt? gﬁgz&(g}% 03’ g@%ﬁerﬁ%%%?ée{tsf 8{?1 tcﬁ%sstahét faatbrials as
vy e Loy o Do PRSP e By
met hod, or sputtering. The non- mﬁ&%&&g@%&%%ﬁ formation
is evacuated to a vacuum of 10 to 107 Pa. The substrate is placed in the chamber, and
sputtering for film formation is carried out through discharge with introduction of a
sputtering gassuch as Ar. The input power is adjusted to 0.2 to 2.0 kW. Through
controlling discharge time and input power, a film having a thickness of interest can be
produced.
Through controlling discharge time and input power, the soft-magnetic under
Jayer 2 is preferably formed to have a thickness of 30 to 400 nm.
The soft-magnetic under layer 2 is preferably formed by use of a sputtering

target formed made of a soft-magnetic material, since the soft-magnetic under layer can

be readily formed. Examples of the soft-magnetic material include FeCo-based alloys
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netallic material such as alum num or alum num all oy,
or formed of a non-netallic substrate of a
woomsireal | i c naterial such as glass, cerani c, PGI/20@i311890
silicon carbide, or carbon. Exanples of gl ass
materials which can be enplgyed as the substrate
i ncl ude gl ass ceram cs and anor phous gl ass. Exanpl es
(e.g9FeCband stV Seli-based ialloysibez. gBeNé; &eNjMosEeNiCr, and FeNiSi),
soda-|ime glass, alumnocate glass, and
FeAi‘-*b%!{QdthR‘Jka (& g.t, Fedl FRNISEIRAMES, REAISITERY] ARBFERIOYTFeGr-based
I nclude Frthrum contai ning gl ass ceram cs. Exanples of

alloiﬁh z%g%rP%?ﬁffgélrﬁl £ FAPPeHA Hta pasd 51?6&%”%?% FeTa, FeTaC, and

cohtai ning af um num oxi d m num

nitride, silicon nitride etc., .and ch ceram
FeTRb) b b Y (bir Pibieh; £z AR ERRE), FeC-based
substrate 1 may be forned of any of the aforenentioned .
alloymt BeNibesasr aHoys. nBeSitbped sllews rafebased aliaven lshiphesed alloys,
an NP layer is formed through plating or sputtering.
FelEttsétb ol opg feB-bassd bdloyst andpFe fatlogib lcpntaing 6ffeativo or more Fe
surface roughness Ra of 2 nm (20 A) or |less, nore

(FeRIG! BANIBOY FATAND £1d FEZaN). fﬁmd;sleﬁ o prifreddnsofbagnetic materials
performng high-density recording wth a |low flying

incld8e %]&Zr, Fl}%’ﬂ&n (LA CG% b%lé)l? %%M@Bﬁe@lbﬁﬂbyﬁa%v}ﬁ’ch has an

surface’ [m cro>wavi néss nm or €ss

(preferably 0.25 rl romt ' b nt
amgﬁ{a«rfr wgﬁr IS Tt B Y hhonE bl PR et east one

eight. At |east one_of a chanfer section of the end
elemyentisaleeted fwnmampras 25 i Ja<CHMb KE- non- magnet i ¢

substrate preferably has a surface roughness (Ra) of

10 rifheomfdrementiansd etapgets ercabllyy dagetsupragitcede dkrpugh ppgHing or

the viewpoint of flying stability of a magnetic head.
sintERQ dloGhAg¥@vi ness (Wa) can be determ ned by neans of,

for exanple, a surface roughness neter (P- 12, product

of KLN.TRAGA In S5th8 RoRYSHASR: &&8{%:? iargri’n@r 9 046 ARG Hent @bmteol layer 3

W thin a neasurenent depth of

is formed through controlling discharge time and input power so as to have a thickness of

0.5 to 40 nm (preferably 1 to 20 nm). Examples of the sputtering target material for

forming the alignment control layer include Pd and Pd alloys, Pt and Pt alloys, Ru-based
alloys, Ni-based alloys, and Co-based alloys.

After-formation of the alignment control layer 3, the intermediate layer 4 having
a thickness of 20 nm or less is formed by use of a sputtering target of the same material
under the same sputtering conditions. Examples of the target material include Ru and
Ru-based alloys, Ni-based alloys, and Co-based alloys.

After formation of the intermediate layer 4, the first perpendicular magnetic
layer 5 having a thickness of 3 to 40 nm is formed through sputtering by use of a
sputtering target made of the same material as the magnetic layer material under the same

sputtering conditions. Examples of the sputtering ‘target material include
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The non-magnetic substrate is washed in accordance

Wi th needs, and placed in a chanber of a filmformng
wa@ppanaoss. | n accordance with needs, the non-PEDENIE311890

substrate is heated by nmeans of, for exanple, a heater

to 100 to 400C. On the non-pmgnetic substrate 1, the

soft-magneti c under |ayer 2, the alignnent control
CoCeBte8iO3basetie inmitenialediaad e ICE)yJePt-@mOtaﬂuasefd r spaterial made of

per pendi cul ar magnetic |ayer 5, the second

oxiBEPRBORLAEPepdedTEBTER 6lldRYEHCHt aANFst firht & ICHCrPt-based alloys,
_ per pendi cul ar magnetic layer 7 are fornmed through DC

@?ﬁmﬁﬁ %@&t‘%ﬂ&'}b SP@&(‘:@%BNQ b%EedSp'AH&;%f | NG M ERELRED  alloys,

same materl s as formng the conponent | ayers.

S

condi ti ons. The chanber e g % for f for mat i on
CogrkiBrased alleys, 906k (orbrBrCarbased  glloyes #t fer mater | Sith

substrate is placed in the chamber, and sputterl ng for
Pd-foasat alboymét.gorPdBs oz aPd-Sidh)pamothous ghateitials el G,aSV\E b¥eCo; and

i ntroduction of a sputtering gas such as Ar. The input
Colervens-Haseddlhtesiblied to 0.2 to 2.0 kW Through

controlling discharge tinme and i nput power, a film

havi (ﬁlﬁ(ﬂllts o2 PR at 1L 1eRdit sBRciRl FdnE Blong B, Ta, and Cu

Thro control l'i ng di scharge tine and i nput power,

s ?8;&%@{ IR Bl f{%latyﬁuﬁo' o The. sof - RS;L"S?. c
sput fo rprile roenel ke ot SpbiRafielcr oredominan

mat eri al, since the soft magneti c, under er can_be .
compentint yind g rfermedssteomp leematstial gantgiping ﬁtaéﬁ@é apgt Bl P%d which
i ncl ude FeCo-based all oys(e.g., FeCo and FeCoV),
extib -dastd (MrIMy)s of epegpendfealdr, (vﬁdNirMpectF&Nitﬁ?ﬁ sahsirate) residual
FeNi Si), FeAl-based alloys (e.g., FeAl, FeA Si,

RED.8 D5 Bighal Ay ti
(gﬁ @t'iz%h@i éM&Hngﬁ%@h nﬁgﬁegeia IQMS)FeTa based al ?Iglzs activation

m%getgc mcESe\l}g djeEFeE@i%ed a@g tllfe&ﬁ}% o?'\@’ul%é(%g v%k]gnqé’ Snd saturation

FeC-b

magnetic moment 0f 0.3 x 10" emu to 0.8 x 10™ 15 emu is formed under, for example, the

following sputtering conditions.

A material which contains Co as a predominant component and is formed from a
material which:containing at least Cr and Pt is used as a target. The chamber employed
for film formation is evacuated to a vacuum of 10 to 107 Pa. The substrate is placed
in the chamber, and sputtering for film formation is carried out through discharge with
introduction of Ar serving as a sputtering gas. The input power is adjusted to 0.2 to 2.0
kW. Through controlling discharge time and input power, a film having a thickness of
interest can be produced.

The first perpendicular magnetic layer 5 is preferably formed at a sputtering gas

pressure of 5 to 20 Pa (more preferably 5 to 15 Pa).
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al | oys, FeNbased alloys, FeSi-based alloys, FeP-based
al |l oys, FeNb-based all oys, FeHf-based all oys,

wo-eBehawer al | oys, and Fe al |l oys contai ni ng 60PGI/JPA@T311890
nore Fe (FeAl O, FeMgO, FeTaN, and FezZrN). Exanpl es of
preferred soft-magnetic matgrials include CoZr,
CoZr Nbo, CoZrTa, CoZrCr, and CoZr Mb-based all oys, which
has Afier afidahaieal fstheudirstr perpatiiculfo noagnetatlapér $0 the . sgeond
or nore and contains at |east one el enent selected

perpzeﬁ&i%lmgné{c’ 12Dk 6 ]&avingra, Hkne® 6 1078R &f RE€ IERned eittough

ar?etsda IeI al oy targets produced through nelting or

i ntered alsd oy tar r of ' ;

spu lew%gﬁ Byl g Ao RS kbl b maenetic layer
ayer 3 is fornmed thr.ough ntrol Lin 1S r | I

mat@v%(ms?ttﬁ%o%}e SpHi3Eng Ctndgion ", FiBpEt i el Saldefig farget
nm (preferably 1 to 20 nm). Exanples of the sputterin :

matérial g étcluret é}dé‘rbaﬁ@( gllowsi nglhendCaldt gHABhthavs ntgr & contéht of
| ayer include Pd and Pd alloys, Pt and Pt all oys,

appfiprirRe20 a&tl%ay 37 atWe, pefadblyl25cy.$ tosifthtCe- based al | oys.
After formation of the alignment control |ayer 3, the
i nt efjredl $depdrpitRficular@ygidtic dajdpicciag Sertiedr cafitaimminaddition to
less 1s forned by use of a sputtering target of the

Co %a(cgﬁﬁ l%.%e%; %rﬁlfllll] Eﬁtgﬁﬁt 3 e‘f&ﬁ&t@? WiE&Ed HGchﬁi%ﬂéd TLP$ B, and Cu.

es ‘0 e target materi I nclude Ru an

Ru- based all oys, N -b d alloys, .an - I
Thep b AnpBRGr IR st AR PR Fiai i E PR o o RY g e
per pendi cul ar. magnetic |ayer 5 having a thi.ckpness of,3 ..
Do dbtenmiorsiafion nekl (hrsSei FPPCROFIIAD BIEIGHE Gyos, 6, the third
sputtering target made of the sane material as the
perpagieldrandgngte lawt 6 hafingindeickndse of d freme 9atlessris Agrmed through
condi tions. Exanples of the sputtering target nateri al

sputtBGhe B9 GaChPh sHitievipgtegeimbads ofdheannie material as the magnetic layer
CoCr%t -Cr 203- based material made of

mafiafGndd" {Héf E)atﬁng iaszgg&gr%d cSiftibis. al B @¥nplé0 OF Rhe alpuiing target

such ‘as Co oys,

material include CoCrPtB-based alloys. The Cr content is appropriately 18 at.% to 28

at.%, and the Pt content is appropriately 10 at.% to 20 at.%.

The third perpendicular magnetic layer may further contain at least one element
selected from among B, Nd, Ta, and Cu. The total amount of Cr and these additional
elements is appropriately 40 at.% or less.

In the formation of the second perpendicular magnetic layer 6 and the third
perpendicular magnetic layer, sputtering gas pressure is preferably 0.1 Pato 1.5 Pa.

After formation of the magnetic layers, a protective film is formed through a
known method such as sputtering, plasma CVD, or a combination thereof. The
protective film may be formed from carbon as a predominant component.

In accordance with needs, a lubricating layer is formed on the protective layer

by applying a fluorine-containing lubricant made of perﬂuorobolyether through dipping,
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CoCr Pt Nd- based al | oys, CoCr Pt BNd- based al | oys,
CoCr Pt TaNd- based al | oys, CoCr Pt CuNd- based al | oys,
W@ BEUNd- based al | oys, CoCr Pt-based al | oysPCT/JP2006/311890
CoCr Pt B- based al | oys, and CoCr Pt Cu- based al | oys;
stacked | ayer material with2a Pd-based alloy (e.g.,
PdB or Pd-Si O); anorphous materials such as TbFeCo;
sp1mcmhtlﬁgmrmm1lblameﬂlodat erials. In addition to Cr and
Pt, at |east one elenent selected fromanong B5 Ta,
and I@uhk Speppeaiipuibi| magmitie dretadingentediuge provaced iag¢ardifigeto the
per pendi cul ar magnetic l[ayer which contains Co as a-

e dRENRAL (RO FRRREMEuBN ndgheliOTERS @i R8T a Pred t
1recont{;}ﬁl}gnl ng at ?;glg)gt Cr and %telang?ﬁhl ch exhibits Zdre oinan

coni;%‘%xé{?u ém e uag ﬁ{a&?ﬂfjk ithdfnel ¥ l%:%rt IGSRACH 4 dxdbfbits a ratio

rmnelzatlon to saturation

i zati and an_activatio
G et pepreEHE gt s #Sa s, Syt Bl ppebddsRiLr B
activation volune and saturation magneti ¢ npnent of
sat@atbork nignatization (Ms) @fe).85 ro highesrand an pelivatign fragietic moment
for exanple, the follow ng sputtering conditions.
repfodBited bikhewltbdiet edadtiiation Goluar aadpatackivh maagnetomporanof 0.3 x
?nd is forned froma mat eri al whi ch contai ni ng at
5€ n 151 t e
10 ][rp oyt(egI(rJIO ? or ﬁ or na e?%fr??el slgge(sgtté%naig ggegd}aﬁgv%ﬁ:du Lrjerlr)]mducmg
of 10 4 to Pa. The ubstrate i aced in t
chaghAFHsES aath g!legraalt SRRl ona i RRSes tebing medium
out through discharge with introduction of Ar serving
candse enhepeedtveithong ingzeasingmeise dpting prepeting andpgprrdueagt o
0.2 to 2.0 kW Through controlling discharge tine and
i NpuAcEadiRg,to shd ikt af ithegprasdnt inlenters fafproditcarges perpapdicular
be produced. The first perpendicul ar magnetic | ayer 5

mabRetR RESGHIAR MedifinBHuRt ofthe REYréMEntRGled3puttering targets, a magnetic
recording medium characterized in that the first perpendicular magnetic layer 5 contains

Co as a predominant component and is formed from a material containing at least Cr and

Pt and exhibits a ratio (Mr/Ms) of perpendicular (with respect to the substrate) residual

magnetization (Mr) to saturation magnetization (Ms) of 0.85 or higher and an activation
magnetic moment represented by the product of activation volume and saturation
magnetic moment of 0.3 x 10" emu to 0.8 x 10" emu can be readily produced.

Fig. 5 shows an exemplary magnetic recording and reproducing apparatus
employing the aforementioned perpendicular magnetic recording medium.

The magnetic recording and reproducing apparatus 11 shown in Fig. 5 includes a
perpendicular magnetic recording medium 20 having a layer configuration shown in Fig.
1, a spindle motor 21 for rotating the perpendicular magnetic recording medium 20, a
magnetic head_22 for recording information in and reproducing infgrmation from the

perpendicular magnetic recording medium 20 (see Fig. 6), a head actuator 23 for moving



10

15

20

25

pressure of 5 to 20 Pa (nore preferably 5 to 15
Pa). After formation of the first perpendicul ar
wore@nas4962 | ayer 5, the second perpendi cul ar naRCEIR2006/311890
| ayer 6 having a thickness of 10 run or less is forned
t hrough sputtering by use ofg a sputtering target made
of the sane material as the nagnetic |ayer nateri al
the thagestictiead 22 relatipatot the mmagneton@coidorgsmedivari), @sd efreqonding and
%g;:tegiigh}arget materi al include CoCr-based all oys.
repr i i Y8eshimy Esytéai TNt Thé reéordingr irep@idycidg signal
pat . 0/:%0 %7 aI?. % prgef}gr ably 25 at. %t omgoag. 0/? T%e 0 sien
procgeg%?ggx;ﬁgflﬁgﬁgggé}?{/ﬂéd Ranehi H%th chfﬁ[t forBMe bi#sidRas processed to

lon to Co an , a very small anount

BB RS TR AGHRERE A0 R0 Ity flon 08 oined
elements is appropriately 20 at. % .9 .

LR G b LN BT o —
6, the third perpendicul ar nmagnetic |ayer 7 having a

heatl 22 lengpdsyedf inl thenperpendiedar nwghesiontetording upgdium otg the present
sputtering by use of a sputtering target nade of the

inveRITR KB} 86 headSsuitible fog hitherdéijte recoatiagi talvingnal &MR hadement
same sputtering conditions. Exanples of the sputtering

= i .l _ Cr
o AR AR 8 sy oy,

Pt ntent is.a Ll ate 4% 9
thi {“Ehep%?beémeaﬁueﬁ?%ﬁi@ﬁ%egﬁe%?%&ﬁlgy%ﬁ feb @it apdlal 71 employs
at | east_  one el enent sel ect.ed from anon .
the ZREPeCCUIPh BB A ORI R e 20 PP B A B Byependicular
el ements is appropriately 40 at.%or less. In the )
magmaticeleyesrcoofainsheo e e reilopEngid sempenent anddn &rmed) fxgra 2 gaterial
and the third perpendi cul ar nagnetic | ayer, sputtering
corJ@fingl«8 3t €r husd Pr afdeexdhiibifs Dratio RMrfMs)lofpePpendAfuias (with respect
formati on of the nmagnetic |ayers, a protective filmis

to the'sIBrald) Er)@s‘f%%l SAsHAVRLOR (B toSsatiatish @pgHetieaticio@Ms) of 0.85 or

pl asma CVD, a conbi nation thereof. The
higher and an activation magnetic moment represented by the product of activation

volume and saturation magnetic moment of 0.3 x 10" emu to 0.8 x 107° emu.

Therefore, resolution of recording and reproducing characteristics and thermal stability of
magnetization of the magnetic recording medium can be enhanced without increasing
noise during récording and reproducing. Thus, the magnetic recording and reproducing
apparatus is suitable for high recording density.

As described hereinabove, the embodiment of the perpendicular magnetic
recording medium includes at least a non-magnetic substrate, and on the substrate, an
alignment control layeran alignment control layer for aligning crystal orientation in a
layer provided directly thereon, a perpendicular magnetic layer in which
easy-magnetization axes are oriented in a direction virtually normal to a substrate, and a

protective layer, wherein the perpendicular magnetic layer contains Co as a predominant
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protective filmmy be forned from carbon as a
predom nant conponent. |In accordance with needs, a

wo iwsiiz@asi ng | ayer is fornmed on the protectivePCEHYE00d5311890
appl ying a fluorine-containing |ubricant made of
per fl uoropol yet her through 2 ppi ng, spi n-coating, or a
simlar nethod. In the perpendi cul ar magnetic

compeneitdindds ferdiedrofint detst thiccalagers oif adfirsoparhendicudatemagnetic layer
I nvention, the perpendicul ar magnetic |ayer contains

forns FRdSmifaglP Fond B imA6TH QOsRNiISy hdeast Crf PREna anmétar oxlle or a
containing at least C and Pt and exhibits a ratio

semg%é%éli g%id?,gagsf%gﬁlgc} ﬁ%g%di&%tﬂ?aéﬁﬁg li\"/ra%'%r fnde ?yredominantly from

. 4 ‘ 8n§t5|za|_on to saturation
n | zat, on, . . i i
o CRAEbLZA LT PR ey Sl B PR o o
oo b e B s SR R A G .

resol ution of recordi ng and reproduci ng
charBuroegh smipbyneent of Hbe megnsticabédording shediamn ardgpetia epnpling
of the magnetic recording medium can be enhanced

betWbdr @Y firdt pefRAadicibr fRicheticduydragd tiecthirdipetpeadidular magnetic layer
reproduci ng. According to the nethod of the present

is %@M&H%é gd;: o .sgw;ﬁil?gncﬁctﬂﬁr RERALEU 1&fer, TRBNET éxcellent thermal

recor medi e of the af orementi oned

ftering targets [ ' e hi

ugfiionctearfiotd if Ridnafelnanfis SldfERbi. tn Tohiieed, while bigh

| ayer 5 contains Co as_.a predom nant conponent and is
ferpgiagaelir PIERSTY tardrtaedcont ai ning at | east Cr and Pt

and exhibits a ratio (M/M) of perpendicular (w.th

r es pBarefore, aipstpendiculea mapgneticsieerrdingraghem; which sxhipiis gnhanced

to saturation nmagnetization (Ms) of 0.85 or higher and
recafdirgC tdnda tréprodug edtiacacraisie andpvésentad gcordeand reproduce

product of activation volunme and saturation nmagnetic

infORRIERBh a‘é’fﬁgﬁ-d%néiall&n_]o'é Redact® 0.8 x 10 15 enu can be
readi Idy produced. Fig. 5 shows an exenpl ary magnetic
rec | : e [ . L Qs .
af or et Bo B Bh SRNE Bt SRR 3 i RERAUID LA metal oxide

medi um
ora seIIn%(I:onductor oxide are widely employed. Addition of Pt to a CoCr-based alloy,

which has been employed in magnetic recording media, increases anisotropic magnetic
field energy. In addition, the added oxide phase surrounds magnetic crystal grains,
whereby intergranular exchange interaction is mitigated, leading to media noise reduction.
When the first perpendicular magnetic layer is formed from such a material, basic
performance required for a recording layer can be ensured. When the third
perpendicular magnetic layeris formed from a CoCrPtB-based alloy thin film, which is
known to exhibit considerably low noise among non-granular films, an undesired noise
increase can be prevented. The second perpendicular magnetic layer, which buffers
exchange interaction between the first perpendicular magnetic layer and the third

perpendicular magnetic layer, is required to have a continuous and epitaxial crystal
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The magnetic recordi ng and reproduci ng apparatus 11
shown in Fig. 5 includes a perpendicul ar nagnetic
wo ewonsiosry nmedi um 20 havi ng a | ayer confi gur at PORJIEA@/311890

in Fig. 1, a spindle notor 2 1 for rotating the
per pendi cul ar magneti c recaggpdi ng nmedi um 20, a magnetic
head 22 for recording information in and reproducin )

strudtiideOihn@mimagnetia tayet. helheesfpren dimong aCo-raspdetlloy thie &ilns hgving a
medi um 20 (see Fig. 6), a head actuator 23 for

Co-BRYd kAR NAPGRRE packraasrbturt e haCbUebisedt dibymagn efilne having a
recordi ng nmedium 20, and a recordi ng and reproducing

consﬁ(iegé\)gg hg\-lo%sctgliliﬂﬂ}r Y/ éﬂ'l@gggcfl so a9 Yot t& GRpdlt e ARk (_:rysécal structure

ucing’signal pro sing system 24 is provi ded
such that data input fromthe outside is processed to
Oft}terﬂfﬁ@‘i’llg’tcu}i’r%ﬁ}?tbdp@?'ﬁrnal to the magnetic head 22 and
that a reggoducti on signal obt ai Eed fromthe magnetic dine
headfig 2t skowy 8cwsenst embodiment of the PeEpepdicylae gl gecording
The magnetic head 22 enployed in the perpendicular .
medilgnadcorling torthe myeseatiinventibn.t heAphardenagnetie dayarol) figywhich
be a head suitable for higher-density recordi ng having
maghe@RBnRbRSHNs bAsRE] eirngillgnia ab@npiudings diveaivnemaEWR) provided
serving as a reproduction el enent. The aforenenti oned

betxg%%]n[gé g@-ﬁ%@g@?p%%ﬁ% |1 LARHRAWELAGRIBR Anddrusyet 2.

ar magneti c recordi ng nmedi um
20, .characterized. in that th j [
| ay e’[ﬁ‘egﬁq{ﬁﬁ?@e l%eraﬂgrlseé’ Be%elﬁgﬁf?%g{ﬁggﬁglﬁt ang | saﬁloy ora
fornmed froma materjal contaj ning at S and .
CoGRX dXhiohe PE QTS QRGCEFS(SR)FFfﬁéﬁ%? ag’é?iﬂ% éJﬁ»defac 3@1’( (i ﬁé Ni, M,

respect to the substrate) residual nmagnetization (M)
Ge,tSh, @aNpamdtBon magneti zati on (Ms) of 0.85 or higher and
an activation magnetic nonent represented by the
pr odrigt he@fi-n@phbti@ldyen 10 prefembhnihssatearcive dorcedtmef 3@ [Oe] or
nonment of 0.3 x 10 15 enu to 0.8 x 10 15 enu.
moy@opré ?fe?eraﬂl?q%d(bt[(}% oPmofgcordi ng and reproduci ng
charac

eristfcs and thermal stability of nagnetization

\(/)vif i L’El%‘t ﬂq?ﬂ-gr%gggtig BS2f dh ggeégﬁglk% Caatﬂicgﬁesg qu@% or less (more

St hg~noi sé durrng recording an

pre%eé%{lgg@gh%gbr il-elgéss \{lﬁeen ;J%g e%gssr & ﬁlredf.laprg-n%{]g%etic layer 10 is in

excess of 150 nm, the alignment control layer 3 has an increased mean surface roughness
Ra, which is not preferred.

The hard-magnetic layer 10 preferably has a magnetization direction being
aligned with the radial direction of the substrate through exchange coupling with the
soft-magnetic under layer 2. As a result, magnetization in the soft magnetic layer 2 is
aligned with the radial direction through exchange coupling, and the magnetic field for
writing in is perpendicular to the direction of magnetization, whereby the exchange
coupling state during recording and reproducing is more stabilized. As a result, noise
generation can be prevented, which is preferred.

Through provision of the hard-magnetic layer 10, formation of giant magnetic
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apparatus is suitable for high recording density. As
descri bed herei nabove, the enbodi nent of the
w@esopesdszul ar magneti c recordi ng nmedi um i ncl UPEEJE406/311890
| east a non-magnetic substrate, and on the substrate,
an alignnment control |ayera& alignnent control |ayer
for aligning crystal orientation in a | ayer provided
domdinsedt e tsbfsempnetia ypdepdma culan hagifciively agtevented.  Thus,
whi ch easy-nmagneti zation axes are oriented in a
gen&hfiGEbf PkehdisdBy) domaarvals i frevemufstherbe sufficintly reducing the
protective |ayer, wherein the perpendi cul ar magnetic

eroj i‘%‘??é%fi%’é” ‘telgi?‘rdf‘*é%da‘?%@‘é?if%??} St e frrer e
. i G. f ' PY i
D R @i tocisman o iigeiegl oy By BegRhAERAL 185 2, EFtaloy

oxi de or a sem conductor oxi de, secon er pendi cul a .
matpma)rasta B2 Styetvre meateRal maveRRPION |tgf;tweaﬂhgneﬁaaga‘ftrcoi}‘?’sﬁate
and a third perpendi cul ar magnetic | ayer forned
1 ararthe haidraagdeyic layemi@ CoCr Pt B- based al | oy, the three
| ayers being stacked on the substrate in this order.
Thr ogghhegpmRYIR Magabtid Reoridgneednnt koinglihegforeientioned layer
magneti c ‘coupling between the first perpendicul ar

nﬁgﬂﬁ h § daf(gﬁjci Ght BHISVRE RER U FirstiahRe hhkl-magnetic

o yera&:l(sis \b\g’\ggeene LE?IHt he secong Ifger pendi cul 2\? magneti c
| ayer.. while excel | ent t.h Lo bsd AiHe® laver 2

tygr g e G el S0 L ML SO pERBLRS GG foyer

. high ferromagnetic¢ property is nmaintained. Therefor

is famedt HeFRAMG R aHe b e S RerT SRGRENRY ShE SBtEfe of the
exhi bits enhanced recording and_repraoduci ng

sofiemagaaticamidst layer 2imioxiized i apcordanse avithaeedapr 9 thgunder layer,
information at high density can be produced. In_ )

the RicRRRA] Cottedl 1o Betancintermedidientilnmddiand theapenpeadieular magnetic
containing a netal oxide or a sem conductor oxide are

laydf ?@#]eyfo?xﬁ% Ae6kh, Aditaniple SputRingO Bukseflienllgse graaedtioy layer 6
whi ch has been enpl oyed in magnetic recording nedi a,

is floprr%de t%?(?usgha(?\i’ﬁf){hrquﬁ—ﬁem%?ﬁ&f sputtering, or a similar method. Finally,

a lubricating layer 7 is formed through dipping, spin-coating, or a similar method.

The hard-magnetic layer may be formed through a method for fabricating a
conventional longitudinal anisotropic medium. For example, a stacked structure of a
glass substrate/NiAl alloy layer/CtMo alloy layer/CoCr alloy layer/CoCrPtB alloy layer
may be produced. To the magnetic recording medium which has been equipped with a
protective layer, a magnetic field is applied in the radial direction of the recording
medium, to thereby impart radial magnetization to the hard-magnetic layer. The
intensity of the magnetic field to be applied is such that the hard-magnetic layer
sufficiently attains magnetic saturation. For example, the intensity is preferably
790,000 A/m (10,000 [Oe]) or more.

[Examples]



field energy. In addition, the added oxi de phase
surrounds negnetic crystal grains, whereby

WO pioengeoanul ar exchange interaction is mtigateer/Jpr2006/311890
| eading to nedia noise reduction. Wen the first
per pendi cul ar magnetic layge is fornmed fromsuch a
material, basic performance required for a recordin
| ay@he effectbef theguesent inwaeiont widl ndxk bel dpssribedh By W@y E%amplesa
magnetic layeris forned froma CoCrPtB-based al | oy

whidH§hdufd dotbe Wbistivedl 8s Kmermy the irehiitn thesomsi der abl y | ow

noi se anong non-granular films, an undesired noise

Exddi§iE §5se can be prevented. The second perpendi cul ar
( ﬁ%@ne?lc | ayer, which buffers exchange interaction

b ‘ i - 1
t o Shet DS aRERL SR AR pEROUGIA AN 29Ttk vas
S sl G T SR ST L e e

films having a Co-based hexagonal cl ose-packed

app&tus (CB0H0, proudrofbANEBVA). cihe ehamifer vrasieaeeustpdgto 1 x 10° Pa.
consi derably high crystallinity is enployed so as not

By 1€ biRalfeect B6mRat 6ff OCHAZAYRb (Sok 8Ot 4%, Bf: 4 he%, Nb: 7 at.%), a
pﬁépgndlcular magnetic |ayer. Fig. 4 shows a second
enmpoal.nment i i i

sof FRRRHT dsf dpoeh % BFIREES, 360 Hm)RAE Mohfied BROE! ks subsivat
har d- magnetic | a

er 10 in whi netic ani [
thrayeh sputisging;af ﬁé‘élPsl)(tﬁtei tFﬂnaefPBE%Pfﬂ%dxﬁg‘Iﬁ‘aWrect i iﬁt ﬁrggybles
provi ded between the non-magnetic substrate 1 and, the
10 sof tSubagenily; anratignmenatycontrol layere3 (thickoensghar ¢vas 4gaped on the
10 is preferably formed froma CoSmalloy or a CoCrPt X
softiiagfie 1RlerMay& BNeeiofa tagbefotmel 6f Bin a@pise thus-formed Pd layer
r, No, Cu, Re, NN, Mr, G, Si, ON, and B). The

z b
el Ry apial b uhages o e

B8 S oL B MEDEE bk st (GEESRID Ny e o e

formed of CoCrPt-SiO, (SiO; (8 mol) dispersed in a CoCrPt alloy (Co: 74 at.%, Cr: 10

‘1 5 ~at.%, Pt: 16 at.%)), a second perpendicular magnetic layer 6 (thickness: 5 nm) by use of a
target formed of CoCr (Co: 73 at.%, Cr: 27 at.%), and a third perpendicular magnetic
layer 7(thickness: 4 nm) by use of a sputtering target formed of CoCrPtB (Cr: 21 at.%,
Pt: 16 at.%, B: 1 at.%). In the above spuitering steps, Ar was used as a sputtering gas
for film formation. The first perpendicular magnetic layer was formed at a gas pressure
20  of 10 Pa, and the other layers were formed at a gas pressure of 0.6 Pa. Subsequently, a
protective layer 6 (thickness: 5 nm) was formed thereon through CVD, and a lubricating
layer 7 made of perfluoropolyether was formed thereon through the dipping method, to
thereby produce a perpendicular magnetic recording medium.

(Example 2)

25 The procedure of Example 1 was repeated, except that a third perpendicular
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preferably 70 nmor |ess). When the thickness of the
hard- magnetic layer 10 is in excess of 150 nm the
w@bkiognsmst control |ayer 3 has an increased neR€I/JP2006/311890
surface roughness Ra, which is not preferred. The
har d- magnetic | ayer 10 pref¥ ably has a magneti zati on
direction being aligned wwth the radial direction of
magnietic dagtes t(thackaesshrSoumh veas dhemerk by o18p | of iy SRitiering Harget formed of
soft-magneti c under layer 2. As a result,
CoCYRgm eCi:Zat atdn, P 16heYs &:t1 apghefiercfolmytion &f the farbti ppmpohdicular
with the radial direction through exchange coupli ng,
s BRERPiHeCseb iR iMart nBgndtid lafers; 1o anetest biduce a
ma%%‘{gﬁ% t%ges%ai r ectfﬂgﬁseg? ngegrgéel}{dilzat [ onfgf1 vvhergeby t he ¥b
exchange,.coupl.i state during recording and
ma %Fgﬁﬁgpﬂﬁgggh%%re stabilized. As a result, noise
generation can be prevented, which is preferred.
(Exppp @ﬁaﬁadﬁision of the hard-magnetic |ayer 10,
formati on of giant magneti cdomains in the .
sof tTheeyoeeduce ohBramplaPewaprepagicd exeentdhatithe fhjckness of the first
prevented. Thus, generation of- spi ke noi se by donain
perp@ldiculirsnggrevie Niyed and tiet e the sdcbnd iperpehdicnled nwignefict lager were
error rate during recording and reproducing. In order
chahgecf, %&ﬂie?éb? préduce agnsRecodidg@ediabd ERBgpRE Bant dyer
10, 'a C alloy material or a B2 structure naterial nay

uggg en the non-magnetic substrate 1 and
%ﬁg%%Q% -naéﬁ%grﬁ | ayer 10. The perpendi cul ar magnetic
recordin di up havi the aforenenti I .
conf B%Plgf’? © Pghﬁ?%ﬁféglegai FﬁPS%ﬁ e[xH%pt?f oﬁﬂlé)wsaeﬁgﬁd perpendicular
procedure. Firstly, the hard-magnetic |ayer 10 is di £
magestive tiyeh Wase farewdndg iberhy Supdiceat sMagnELfrecHigng medium o
soft-magnetic under layer 2 is formed thereon through,

CofnparatixaBpampleslput t eri ng. Subsequently, the surface of
the soft-magnetic under |layer 2 is oxidized in

(C@ﬁﬁﬁaﬁﬁﬁﬂhﬁﬁ&g)needs. On the under | ayer, the
alignment control layer 3, an internediate film4, and

the PRE BRIIGY REXTRPRES Was repeated, except that no second perpendicular

(©

(o)

magnetic layer was formed, to thereby produce a magnetic recording medium of

Comparative Example 2.
(Comparative Examples 3 and 4)

Magnetic recording media of Comparative Examples 3 and 4 were produced
without forming second perpendicular magnetic layer. Other conditions were the same
as employed in Examples 3 and 4.

The magnetic recording media produced in Examples 1 to 4 and Comparative
Examples 1 to 4 were evaluated in terms of magnetic characteristics by means of a
vibrating sample magnetometer.

Recording and reproducing characteristics were investigated by means of a

read-write analyzer RWA 1632 (product of GUZIK) and a spin stand S1701MP.
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| ayer 5 are formed through, for exanple sputtering.

Subsequently, a protective layer 6 is forned through
W@EHD6/184982 | on- beam nmet hod, sputtering, or a siPgCT/ar2006/311890

met hod. Finally, a lubricating |layer 7 is forned

t hrough di ppi ng, spin-coatizyg, or a simlar nethod.

The hard-magnetic |ayer may be forned through a nethod
Reafl-airité adhaiactetistiy wercoemabmtéd hplméams gift agpmalex thin-film magnetic

ani sotropi ¢ nedium For exanple, a stacked structure

recoPdind h@h@ﬁﬁviﬁ? hstibat Rabhdbresiblatde (GYER)/ déddntaletdyg as a readout
[ayer/ CoCr alloy layer/CoCrPtB alloy |ayer may be

od ' ' i lc6H nsity of

R B
ﬁ@?&d is applied in the radial direction of the

500 rding medium to thereby inpart radial
magneti zation to the_ hard-magnetjc_I|l ayer.  The .
i nt dablet | shewy the saudifians enplayed moE%aénlﬁﬁ% titadt pad Sopyparative
that the hard-magnetic |ayer sufficiently attains

Examgderct foct amkreswdtsi on. For exanple, the intensity is
preferably 790,000 A/ m (10,000 [Ce]) or nore.

TablEkanpl es] The effects of the present invention wll

next be described by way of Exanples, which should not

%Eanlb”u)}edA ai i m[séggg he |? f(fsfar'gﬁ ﬁ:ret\%’m Comp
anpl € 19S )3t [ ate 4( P t n’?—b )

out er di aér;e'tle': )§§5 incﬁes) was | wekhled t he Xp?ice%"‘t

[T (1 1mrformng chanber | of a magnet ron sputterjng

S {C— 3010, product of ANELVA).| The chanber was

peRRREAG A |

é Hat eld 1O L1y k0" S0Ra | BY i6¢ @nma |t a0@et |f ronmd| 40 nm
s@é%g’ﬂrmmo
C&Ept-

D: 89 at.% Zr: 4 at.% Nb: 7 at|.%, a
sipgneti cjunder |l ayer |2 (thiickness: 100 nm was

FAIMAIce the(giass|[substfate through [sputtering at| a
pe Rsitfidtle tenmperatune of 100C on |ower| Subsequently,
%fr?etil:gnn?ﬂ# conhroll baye! Pnkd N GkAES|S ndhenr]) no8S | none
q }gpd on t ‘
CoCr
Third
perpendicular
magnetic 4nm | 5nm | 6nm | 7nm | none 5 nm 6 nm 7 nm
layer
CoCrPtB
Hc [Oe] 3912 | 3937 | 4211 | 4497 | 5112 4539 4436 4332
-Hn [Oe] | 2001 | 2066 | 2057 | 2220 | 1678 2130 2144 2111
LF [mV] |3.102] 3.012 | 3.141 | 3.228 | 2.344 | 2.717 | 2354 2.802
SNR[dB] .| 27.2 | 272 | 28.0 | 272 26.0 26.7 26.4 26.0
OWI[dB] | 47.6 | 48.7 | 47.0 | 452 29.0 27.0 20.8 28.0

e

As is clear from Table 1, the recording and reproducing characteristics,
particularly SNR and OW, depend considerably on the presence of the second
perpendicular magnetic layer. As used herein, "SNR" refers the output/media noise
ratio obtained during recording and reproducing performed under predetermined
conditions. The higher the SNR value, the higher the performance of the recording

medium. SNR is generally represented by the unit of dB. "OW" refers to the ratio
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15

soft-magneti c under | ayer by use of a target fornmed of
Pd. On the thus-fornmed Pd | ayer were sequentially
w0 oooaeshosn i nternedi ate | ayer 4 (thickness: 20P@myP0y6/311890
use of a target formed of Ru, a first perpendi cul ar
magnetic |ayer 5 (thickness3510 nm by use of a target
formed of CoCrPt-Si2 (SI2 (8 nol) dispersed in a
(dByafr s2gnad| dutiyut («foinitid fagquencyCeomponent to4thatt of ewerarite fiequency
a second perpendi cul ar magnetic layer 6 (thickness: 5
conggﬁleﬁ?b/ wherin theareprvidgetion sigiat ds obtalte@rafteCrecorBng inféfmation at a
27 at. 9%, and a third perpendi cul ar magnetic | ayer
' ' iR af AW FQEAITRuBR&GE! The higher the
et gﬁ%ﬁﬁgﬁé&%ﬁﬁfﬂ? ?Igr&:i Hggrfﬁglt@(%% Pt: 16 atqfu% 9 Tpote
t. 9% . fl the vV, ri : us
OV e 4 s 8 R PR, RS rERR i Bt O] 88 e of
per pendi cul ar, magneti c | ayer forned at. a.gas .
perhondiiRananeip M el SBfaRe IR P b PO fEquggey and
a gas pressure of 0.6 Pa. Subsequently, a protective
the|crpowrite sigral isklowss fregueney, seysref isepnsing ernditinns e sighjged. The
CvD5 and a lubricating | ayer 7 nmade of
aboye hidasmempnt iy petfemmeadamdbnthratotdhamditionshr ough t he
di ppi ng nethod, to thereby produce a perpendi cul ar
(Eﬁg@l@;jt@g)ecordi ng medium (Exanple 2) The procedure
of "Exanpl &€ 1 was repeated, except that a third
per pen | ti.C : ' i
P %g%ﬂ;l%g rga?(p%’ a B%r?é(r?cflct{l&hhﬁ H&rS laly?r% 2”%1% @@chl C?aétnpée was

forrred JS(?O gsp e(rjlng.tar etofo _
i e b Ao af Egp PSP 96 0 FERR n

second perpendi cul ar nmagnetic |ayer 6, to t Sreg .\
CoprRycalloy & ord§rasdh.cCr: eldofteion Bt: nidafterin CPEQM s ﬁ‘&ﬁﬁondltlons
4) The procedure of Exanple 2 was repeated, except )
wetehthie sahre dshémoplnpst imExathples ilrtot4. p eFpethus-puriducedrigsanding media
| ayer and that of the second perpendicul ar magnetic
welPRlualRlNig aGhagedmilaptd ther @lopsdidutaniphgniefoi4  The results are
recordi ng nedia of Exanples 3 and 4.

shown in Table 2.

Table 2
Ex. 5 Ex. 6 Ex.7 Ex. 8
First perpendicular
magnetic layer 10 nm 10 nm 10 nm 10 nm
CoCrPtCu-SiO,
Second perpeindicular
magnetic layer 5 nm 5nm 6 nm 7 nm
CoCr
Third perpendicular
magnetic layer 4 nm 5nm 6 nm 7 nm
CoCrPtB
Hc [Oe] 4032 4002 4189 4466
-Hn [Oe] 1997 2032 2044 2186
LF [mV] 3.002 2.999 3.044 3.134
SNR [dB] 27.5 27.1 28.2 27.5
OW [dB] 48.0 48.9 48.0 46.8

As is ¢lear from Table 2, even when Cu was added the first perpendicular
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(Conpar ative Exanple 1) The procedure of Exanple 1 was
except that no second perpendi cul ar

r epeat ed,
wo agpen34ass f or ned,

recordi ng nmedi um of Conparative Exanple 1.
(Conpar ati ve Exanpl e 2) Theggprocedure of Exanple 2 was
except that no second perpendi cul ar

r epeat ed,

magh@iela
recor

a nbt Yol

3 and 4. The

(Cosl:

130)W3%H
evaluated in terns of
fornmelan§ CoW £Co1 BP t-YngWs aXPpileohagide

magneti c
to thereby produce a nmagnetPCT/JP2006/311890

magneti c
1Seffeetgref] indedidohef ehy speandupependiedaretiagnetic layer are
i ng medi um of Conparative Exanple 2.

i ve Exanples 3 and 4) Magnetic recording

simifERREE

Conparative Exanples 3 and 4 were produced

08n Soqcﬁﬂﬂ)l

ons were

magneti c_cha

IRECETREHEs

ay gagnes ifard-Mhghetic layer
enpl oyed i n Exanpl es

A s £SO e B OB e e
251 5 S Rt 10, o

and reproduci ng characteristics were investigated by
CoCreB6Cef 64aatr%a0x Dt Bt %, Biral 6yatdh, BRANNaLE32 Ofres gorditipms were the
@QJzI K) and a spin stand S1701MP. Read-wite

samB ARG dShi FemMRisel &val UBL 8@ dbpversansleqfthahadnphgnetic layer
thin-fil'mmagnetic recordi ng head having a gi ant

wasg&gg‘ﬁ‘?% gf éﬁy @;‘Eﬁn%m @ S Nt d THQHPHY (FPnR) bR ADsbstrate in

at .a |linear

thisOidfls t he co

nt,

and results

recordi ng was perforned
recordi ng density of 500 kFC
ndi ti ons enployed in Exanples 1 to 4 and
Conparative Exanples 1 to, 4

Table 1

These samples were evaluated in a manner Similar to that of Examples 1 to 4.

The results are shown in Table 3.

Table 3
Ex. 9 Ex. 10 . Ex. 11 Ex. 12
.| CoCrPtB(30 nm)/ | CoCrPtB(30 nm)/ | CoCrPtB(30 nm)/ | CoCrPtB(30 nm)/
Hard-magnetic | “~aro00 ym)y | CrMo(20nm) | CrMo(20nm)/ | CrMo(20 nm)/
layer CoW(20 nm) CoW(20 nm) CoW(20 nm) CoW(20 nm)
First
| perpendicular
magnetic layer 10 nm 10 nm 10 nm 10 nm
CoCrPtCu-SiO
2
Second
perpendicular 5 nm 5 am 6 nm 7 nm
magnetic layer -
CoCr
Third
perpendicular 4 nm 5 nm 6 nm 7 am
magnetic layer
CoCrPtB
Hc [Oe€] 4133 4111 4221 4478
-Hn [Oe] 2045 2099 2122 2155
LF [mV] 3.100 3.043 3.054 3.045
SNR [dB] 27.4 27.0 28.4 27.2
OW [dB] 47.9 48.0 46.9 47.1

As is clear from Table 3, formation of a hard-magnetic' layer under the
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Table 1 As is clear from Table 1

repr oduci ng characteristics,

the recordi ng and

particularly SNR and OW

waelewenshosonsi derably on the presence of the sePCHaP2006/311890

per pendi cul ar

magnetic | ayer.

As used herein,

" SNR"

refers the output/nedia noise ratio obtained during
recordi ng and reproduci ng perfornmed under
softamegtetie layien ddesomn donsidanably Tffect theytfégcts dfdhsnRsgnd linpention.
t he hi gher the performance of the recordi ng medi um
(Exei ds93geneyal ly represented by the unit of dB. "OW
refers to the ratio(dB) of signal

fre
conponé@?,

wherein t
¢ : . .
perfipufiudraSalattf fets MRS PERPO R

frequency. The hi

theysly fRsPHuFceAtBles 19
per pendi cul ar

out put of

cSREPBPERImbR 3 Bk peffoN&T, Wkbd R thdt QHS €1 @¥ntent of the
e reproduction signa

Qd?&l S

.70
a

initial

i s obtai ned

n the

rtai f n
U?Q?tg@é%fgﬁ%, £ 40 at.%, to

P b, S Al S Bt g s

magnetic recording nedia, whe

h
evalusitad ial a giagner siingahiogthet off Exampla dyanshdomparave Ewpmple 1. The

si gnal

Tab1©48.

is lower frequency,
resélfscaré eladvinz #0Tablde. above neasur enent

t he above conditi ons.
a per pendi cul ar

(Exanmples 5 to 8)
magnetic | ayer

was 10 produced by use of a target fornmed of

severe recording conditions
is perforned under
In Exanples 5
1 of each sanple

CotrPtCu=Sr &2 (S8 1ol dispersed T m @ CoCr Pt Comp
al l oy (Col Ef 18t.|%ECri4 10 afx.% Rt :ExidSat. Bx.da: @ Ex 1'
- at. 94 ) Ot her coRdi-ti-ens—werethesare—asenptoyed—+Ha—

Ex%F?EI es [L to 4. |The thustproduced recordiing nmedi a
PeRROicRlty| at@gmi | aloramnel Siommhar| ti® dhat eftphmyed 10mm
megRelifP¥eE 1 to 4. [The results are shown in|Table 2.|i 5
Coelt®i% As (s clgar from Table 2 leven wheA—Cu—was

aSebent t he| f Crdf per Eéﬁ@i cul aq;‘h%7gnet [ Qr ﬁz\yer , Cgf‘?ect S
papenidivsler t | oratds tlhe &deond patPendi cd-& magdetic | Lone
mégaytarlagare ‘

CoCr 5 nm 5 nm 5 nm 5 nm 5nm

Hc [Oe] 4397 4427 4545 4554 4600 5112

-Hn [Oe] 1998 2054 2176 2298 2302 1678

LF [mV] 3.322 3.111 3.102 3.011 3.132 2.344
SNR [dB] 25.3 26.2 27.2 26.0 25.5 26.0

OW [dB] 41.2 43.3 47.6 40.3 40.4 29.0

As is clear from Table 4, recording and reproducing characteristics are enhanced
when the secor;d perpendicular magnetic layer has a Cr content of 20 at.% to 37 at.%.
(Examples 17 to 20)

The procedure of Example 2 was repeated, except that the sputtering gas
pressure during formation of the first perpendicular magnetic layer was changed, to
thereby produce samples of Examples 17 to 20. These samples were evaluated in a
manner similar to that of Example 1. ‘ Sputtering gas pressure employed during

formation of the first perpendicular magnetic layer in the Examples and evaluation



simlarly attained. In the production of sanples of

Exanples 9 to 12, a hard-magnetic |ayer (CoCrPtB/ CrM)
woemsfiswaed under a soft-magnetic |ayer by useP@f/JR2006/311890

sputtering target forned of Cow(Co: 50 at.% W 50

at. %, CM (Co: 80 at.% Mg 20 at%, and CoCrPtB (Co:

64 at% C 2 1 at.% Pt: 16 at.% B: 1 at.%. Oher
resubt® @l shoonsn Weble 5t he same as enployed in Exanples 1 to

4. hi the above sanpl es, the hard-nagnetic |ayer was
Tabfeoy med of CoW (20 nmy, CrM (20 nm), and CoCrPtB (30
nm on the substrate in this order. These sanples were
eval-uatgd T aymanner simtar [to thatl of Exampl@mg t[o
4. The reBxl¥% |aEg. thopn BxnlTabFs. B) | T 803 | Asgi s

f Ak HEP=
clear—from-Table fotrmratiton—of—a—thard- IIHgnt-‘LlL, ayer

ukdSr t Hesof t - rn; neticll do t| q@nghder
pepepdicyary hzg =cgs%l# { hgdglﬁlese?}tﬁ nlﬂgveﬁltl on. (aE@a%irnpl e

pagnelc 164) Th
e PSSR TR AL

d Inynr 2 Was—e 15—a+

[72)

t 12 |urr“|gcu L LU clt . n/i) 37
agle.c‘%d and 40 at|. % to thereby produce sanmpl eg of

pempeaditl®d 13 to |16, respectively.. These sanpl és wer e
wogieliat ad 1 PMa |menABY i m M | o Piat os’@ ﬁ an

ratji ve Exgnple 1. |The results arie shovvn in Table
Acoﬁhl AACIC r\l Aar lfraom Tahla 4 lk acae

HedOsfiudi i 28har af#4 i 4t »ﬁsﬁeﬁﬁ;ﬂﬂmﬁ 19, 2ar2
Jociorl per B8ddi|cuP8d4 nagrd7oc | adk’ has237&y |codfZdi
DF [AV]at] %002 37 2043% |(BxHRpl ps3.13 tjo 2490 2.344
SNR [dB] | 24.6 26.1 27.2 27.2 24.6 26.0
OW [dB] 46.3 46.3 47.6 47.0 44.0 29.0

[oX

As is clear from Table 5, the sputtering gas pressure during formation of the first
5 perpendicular magnetic layer is appropriately 5 Pa to 20 Pa.
(Examples 21 to 24)

The procedure of Example 2 was repeated, except that the sputtering gas
pressure during formation of the second perpendicular magnetic layer was changed, to
thereby produce samples of Examples 21 to 24. These samples were evaluated in a

10  manner similar to that of Example 1. Sputtering gas pressure employed during
formation of the second perpendicular magnetic layer in the Examples and evaluation

results are shown in Table 6.

15



The procedure of Exanple 2 was repeated, except that
the sputtering gas pressure during formation of the
w0 Reost134962 pendi cul ar nmagnetic | ayer was changeRCT/iR2006/311890
t hereby produce sanpl es of Exanples 17 to 20. These
sanpl es were evaluated in aggmnner simlar to that of
Exanple 1. Sputtering gas pressure enpl oyed during
Tabfedd mati on of the first perpendi cul ar magnetic |layer in
t he Exanpl es and eval uationresults are shown in Table
5. Tabl§¢ 5 AS [s cleaf Trom Table the sputtier Cogp.
gas pressEx-2ldlirEhd2f pr et Lon oF Xt% f| r g Ex. 1
p i“r“cndi ctar—fragneti ¢ tayer TS appropri atery Pa 10
pe ﬁ Exanpl és 2 1 o 24) The procedure of Exanple 2
ReRchePaal et eXfieRh | N3 bl SRYLHE LnOIERS I e30ukRe
lgagrng flormati on of 't he second perpendi cul ar nmpgnetic
CI }_gt%. Wd S chanqed to t her eby| produce {sanpl es pf
to—24- rese—sanpteswerg evatuatgd 1T m a
2] r apl £ IpultREi ng gas
pe %§%ﬁ" énpl oy e§% ng?ljo&;(rration of |the secohd ,ne
di|cyl nma ¢ | rjn,t a s ahd
eigghationlrébt &3%; ¢ Qﬁ%&% fyg?e abte 6 As is
frioam TAahl bhao criit 5 = ! -
01 TN TN WS IR AT R
Hn [ o208 olly 2056 - tba 44161 b BRI ElanmPdl ok
RBImVhe |pR2R78dur 8-087 fxanHlZe b vhdty edeaded]l ek
SNR{dBlhe 25.801)t 26.8 off t Bi&2f i [ st 26ér pandiZdd ar | 26.0
ongud]i ¢ [4g6r |was8.6hqnggret o] 4 47.0% gnd 4B at | % 2900
tThereby produce sanples of Exanples 25 and 26.
Magnetic characteristics and read-wite

char REYSLS! KGR Pfeal e (RATRIRRND eal (AR E S Ring 2o fidh of the

€ conpar ed. abf’e e‘results. TabI e

second perpendicular magnetic layer is appropriately 0.1 Pa to 1.5 Pa.
(Examples 25 and 26)

The procedure of Example 2 was repeated, except that the Cr content of the first
. perpendicular magnetic layer was changed to 4 at.% and 30 at.%, to thereby produce
samples of Examples 25 and 26. Magnetic characteristics and read-write characteristics

of the samples of Examples 2, 25, and 26 were compared. Table 7 shows the results.
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As is clear from T Table 7, static magnetic

characteristics and read-wite characteristics are
w0 paitsos2 when the first perpendi cul ar magnet i BCT/#B2606/311890

has a O content of 4 at.%to 29 at.% (Exanples 27

and 28) The procedure of Exd0ple 2 was repeated,

except that the Cr content of the third perpendicul ar
Tableignet i c | ayer was changed to 17 at.%and 30 at.% to

t hereby produce sanpl es of Exanples 27 and 28.

Magnetic charactieri $§x.2s and read®swite Ex.26

GhAL f&heRdi&llCS [0 _1hamsanpl esi@hmExalml e @n 27 and

28, Wet&ica ared. Table 8 shows the re¢sults. Tabl e 8 As
s é éﬁftélbom Tab'(ﬁ’xﬁ)at%ad Wol i G onal aghbiaghd Cp,

Utll CITIr s, Al trlllpallcu VIICII lIIC lll rd
%@P %Bﬂ]pgff“:} alrmagnet' c layer has a Cr|content of |17
atm%?%l &Y at.|% | TRI|AL APBR| cABI LI T2 | The
orese Grnventian provi des!a perpendig¢ular magnefic

Tairdmerpeydienldk um of the présent invenfion includ{ng at
| emmpneticlayermagnet i &S subst rlat e,Smmd on t hé mubst | at e,

an aCbgrimBnt control |ayer |{for 10 aligning crystal
ori elp;cq@ec_pn in d [ ayp7proVi dechqdyrectll y 8bereon]| a
PETPEREFGY ar. MagneTjggel ayar 1 ot ch 1332
CASYT I tzat om %xﬁ are—ot |2e64(86u T az@igge_cﬂ' on

At

11 7 nnl r
VI TT o irai oSt =a illu ﬂ. l.I VA
_l_a_y_ﬁéﬂé]'_ar‘f erli 7ar~| ft hdt fm aern nr~I| JI' 2k
LIy =~ = § T L ) AT O,

U

p =Y

rraan@tWrEdB]aver clont at$€ o las as’q{g'prlnr' na nnrpr nent

and is formed of at |east three Iayers of a first

per pendi cul ar magnetic |ayer formed predom nantly from

a nmaner isalcleapnfranniTalge a¥, sadst mhbndfic, cRiractemstica amt akad-write
oxi de or a sem conductor oxide, a second perpendi cul ar

chdPREB8tIcS atPairk@WIRE R BEP Bipedibilaf mapheticTafer hak b @ content
and a third perpendicul ar magnetic | ayer

of 4 at.% to 29 at.%.

(Examples 27 and 28)

The procedure of Example 2 was repeated, except that the Cr content of the third

~ perpendicular magnetic layer was changed to 17 at.% and 30 at.%, to thereby produce

samples of Examples 27 and 28. Magnetic characteristics and read-write characteristics

of the samples of Examples 2, 27, and 28 were compared. Table 8 shows the results.



formed predom nantly froma CoCrPtB-based all oy, the
three | ayers being stacked on thesubstrate in this
woewen3493hr ough enpl oynent of the magnetic recPCTIRG06/311890

medi um rmagneti c coupling between the first

per pendi cul ar magnetic |ayefl and the third

per pendi cul ar magnetic | ayer is weakened by the second
Table®® pendi cul ar magnetic | ayer, while excellent thernal

fluctuation resistance is maintained. Thus, nedia

noil se can be r@ducggi,zvvhi e IExgh7feryomizngsi c |

FH.E.LG ntained. Therefore, a perpendi cul ar
Efa Fcordl ng; I un whi g, fxhi pi t 508fphanced

r ﬁ anddr eproduci ng| characteri sti cs and ich
Qn anry aduea nf A et H 1

] \,vu eproauce pforrati-ontat—hd gll densi ty
Se%%ﬂﬁlﬂfép ed CLAI M5 1. | Aperpendi cul ar nagnetl c

raagnetie fyekedi ym cérﬂS‘?i si hg: 8 BHbn- magne? subst r at e;
an_aCpghnment control layer on the substrate_ fof
Third geipagdiculyst al  osimmt at | on bmna | ajer poBYi ded
dnbg@ticYayteher egn; a perpendi cul ar magnetic layef in
whi cdCeas Y - magnetdizatdton ax €3 1drae%or | ek @f at.% a
arr th n virtyall gggxprmal tog4pppubsirat e10and p
TN R WagE €1 11| L e oRgf pendi cuba] magheti ¢
gritatns—Co g e duu,li 135t Jllpugltfg amng

i

s e ra gttt or ned
4 tly firom<e 4t el 44q_t_ern|n:2§©ylao_’t Cr,

F’t ORiE net all oxi4fe’ or a serfi’ebndudt or 425@ de ] a
second per pendi cul ar magnetic | ayer forned
predonminantly froma CoCr alloy, and a third

per pe gl dedraFforagblets, ecddaysite dharavedistics dorwnp aitidr yprdpedins, are
a CoCr Pt B- based

impaired when the third perpendicular magnetic layer has a Cr content of 17 at.% to 29

'rcf
T 1 [~JL

5 at%.
INDUSTRIAL APPLICABILITY
The present invention provides a perpendicular magnetic recording medium of
' the present invention including at least |

a non-magnetic substrate, and on the substrate, an alignment control layer for

10  aligning crystal orientation in a layer provided directly thereon, a perpendicular magnetic
layer in Whjch' easy-magnetization axes are oriented in a direction virtually normal to a
substrate, and a protective layer, characterized in that the perpendicular magnetic layer
contains Co as a predominant component and is formed of at least three layers of a first
perpendicular magnetic layer formed predominantly from a material containing at least

15 Cr, Pt, and a metal oxide or a semiconductor oxide, a second perpendicular magnetic
layer formed predominantly from a CoCr alloy, and a third perpendicular magnetic layer

formed predominantly from a CoCrPtB-based alloy, the three layers being stacked on the
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all oy, the three layers being stacked on the substrate
inthis order. 2. A perpendicular magnetic recording
wore@oasaoszcording to Claim1l, wherein the firsPCT/JP2006/311890
per pendi cul ar magnetic |ayer is a granular |ayer, and
each of the second perpendiggul ar magnetic | ayer and
the third perpendi cul ar magnetic layer is a
substreR-igrdnotder. | ayer. 3. A perpendicul ar magnetic
recordi ng nmedi um according to Claim1l, wherein the ,
CoCrhRubRYerhRbythérdt dfhhes@s cpet@digi melliam, nmagretic coupling
| ayer has a Cr” content of 20 at.%to 37 at.% 4. A
el pend : | i A OthaRict &fédarBagmtic layer
bets R B s e Tl B R e odtic oy
. layer jis forned froma terial havi .
is weakered, by 98 geou] anratRei dReahioPdep g ALY Horma
at.%5. A perpendjcular magnetic. recordi ng rregi ug1 e hich
flucaietion desigance IS mpwamnagyn dihusnmetia 3945e Gt Bp Jedvedy hjle hig
magnetic |layer is forned froma material having a Cr
ferremagretit pedpeity imnadtained28 at. % and a Pt content of 10
at.%to 20 at.% 6 . A perpendicul ar magnetic
r ec qididhste "B érpoARE LN H g @it GedOrdingnniediush evhidhrexhitéts enhanced
first perpendicul ar magnetic layer is formed froma
L er| LN RAEREn SREEeE! @dd f fepidduce
reod o e R ot o 5 at o or T
. less. 7.. erpendi cul ar gnetic recordi ng nmedi um
mfoé‘(’?@té‘?rh?%éfge gf?ﬁﬁe’pl% gér%lfn the second per pendi cul ar
magnetic | ayer contains at | east one el enent sel ected
fromanong Ta, Pt, B, and Cu and a total anount of Cr
and these elenents is 20 at.%to 37 at.% 8. A
per pendi cul ar magnetic recordi ng nmedi um according to
Claiml, wherein the third perpendi cul ar magnetic

| ayer contains at | east one el enent selected from
anong B,
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Nd, Ta, and Cu, and the total anount of Cr, Pt, and
these elenents is 40 at. % or less. 9. A perpendicul ar

wWore@nas4962 r ecor di ng nedi um accordi ng to C ai m BCT/JP2006/311890

further conprising a soft-magnetic under |ayer, forned
froma soft-magnetic materi4gd , between the

non- magneti c substrate and the alignnent control

| ayer. 10. A perpendicul &LABMBeti c recordi ng medi um
according to Caim9, further conprising a

. hapep BiﬁﬂétﬂﬁﬂIﬁa%r@&iﬁec&tiiﬁ@nfé&ﬁmebérﬁpﬁsihgotropy ori ent ed

in substantially a |longitudinal direction, between the

ggn_ %ﬁé&bgﬁggtrate and the soft-magnetic under
ayer A per pend| cuI ar magnetl c recordi ng nedi um

accardin toCI m10 [

b aperoeg: Lot g O Sl s RpBRRE Gt in o
speci es_selected fromanong Pt, Ta, Zr, Nb, Cu, Re
MYCTM@"ldG@dlrS?t?Y@ereﬂnand B? and has a coercive force
of 500 [Ce] (39.5 kAAm or nore and a magneti zation
di pegmenidiznlaa magnetic Wyeh in mdi¢hagasyrmegnetizationnaxss apqeriented in a
substrate. 12. A perpendicul ar magnetic recording
aReition ArGalydhdithal © (ubktiatd; andher ei n the first
per pendi cul ar magnetic layer is formed in a film

a%&@&ﬁmaﬁlrep enpl oying a sputtering gas pressure of
5%to 20 Pa. 13. A perpendicul ar magnetic recording

L um.acecor 0 [

SRR BRR b Sp R e SRR O s ek Mant component
perpendl cular magnetic layer are forned in a film

2Bf RIIPHFFSst ep enpl oying a sputtering gas pressure of

0.1 to 1.5 Pa. 14. A mmgnetic_recordin
mépsmmmnd@u@gmpmlamﬁgmgql Rtpd amﬁ@pgﬁ %@iﬂt'ﬁ mgferial containing
magneti c recordi ng nedium and a nmagnetic head for
raeastdimBt, iand ammdlionidetor assachicomdnetduetide i nf or mat i on
fromthe perpendi cul ar magnetic recordi ng nmedi um

WS pdPhdRRI B eRBNEIL Renaned bedomiendy fignnedoCmilsy, and
a perpen I cul ar magnetic

a third perpendicular magnetic layer formed predominantly from a CoCrPtB-based

alloy, the three layers being stacked on the substrate in this order.

A perpendicular magnetic recording medium according to Claim 1, wherein the first
perpendicular magnetic layer is a granular layer, and each of the second
perpendicular magnetic layer and the third perpendicular magnetic layer is a
non-granular layer.

A perpendicular magnetic recording medium according to Claim 1, wherein the
CoCr alloy forming the second perpendicular magnetic layer has a Cr content of 20
at.% to 37 at.%.

A perpendicular magnetic recording medium according to Claim 1, wherein the first
perpendicular magnetic layer is formed from a material having a Cr content of 5 at.%

to 28 at.% and a Pt content of 10 at.% to 20 at.%.
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recordi ng medi umaccording to aim1l. 15. Anethod for
produci ng a perpendi cul ar magnetic recordi ng nmedi um

W@ vpn34995ng: a non-magneti c substrate; an al i ghCEM2006/311890

8.

10.

11.

control layer on the substrate, for aligning crystal
orientation in a |layer provigled directly thereon; a

per pendi cul ar magnetic |ayer in which an

el pyrperdiadhs maghetic reasying sediune ate@uding ta Chimel tvihsrein the third
virtually normal to a substrate; and a protective

ayehdicie ibhetiRy8eis HRRAET ol a TAGEEAlI avingy£ICr content of 18
contains Co as a predom nant conponent and conprises a

b143b AR PEAM £ Al RANES byl BP0 b1 o

om nan roma material containing at |east Cr,

. Et é&@%&%&&uﬁ%@%ﬁ%&% i aﬁ%&i@fng%cg:g%g%é) {(T)egfélnqq, wherein the first

predom nantly froma CoC alloy, and a third ., . ,
peipsadianlat megengtg dexer ds | fgyaed ﬁ%ﬂ%@d“&@&‘g (RORING A lgast one
a CoCrPtB-based alloy, the three | ayers being stacked
elenidnesaledied framemaongt Bk, andi€n iwh totaliamounhef $g pte%tor less.
perpendi cul ar magnetic layer is formed in a film

f AT pERpdrARuSreRagiaBc OxtaIding Mpdivie hbagdpgstopCimul,ewhérein the
5 to 20 Pa. 16. A nethod for producing a perpendicul ar

\%ﬁ%rﬁgit %&{)i&ﬁ&fl&lj RYcHBRA 1YeRE6RAiHS B9 164t GhdidRment selected from

e second perpehdi cul ar magnetic |ayer and

t he thi i cyl [ '
iy B AR L AR G SRR 200 07
%[[.oe/isure of 0.1 to 1.5 Pa.

A perpendicular magnetic recording mediurﬁ according to Claim 1, wherein the third
perpendicular magnetic layer contains at least one element selected from among B,
Nd, Ta, and Cu, and the total amount of Cr, Pt, and these elements is 40 at.% or less.

A perpendicular magnetic recording medium according to Claim 1, further
comprising a soft-magnetic under layer, formed from a soft-magnetic material,
between the non-magnetic substrate and the alignment control layer.

A perpendicular magnetic recording medium according to Claim 9, further
comprising a hard-magnetic layer which magnetic anisotropy oriented in
substantially a longitudinal direction, between the non-magnetic substrate and the
soft-magnetic under layer.

A perpendicular magnetic recording medium according to Claim 10, wherein the
hard-magnetic layer comptrises a CoSm alloy or a CoCrPtX (X: one or more species
selected from among Pt, Ta, Zt, Nb, Cu, Re, Ni, Mn, Ge, Si, O, N and B) and has a
coercive force of 500 [Oe] (39.5 kA/m) or more and a magnetization direction

aligned with the radial direction of the substrate.
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12. A perpendicular magnetic recording medium according to Claim 1, wherein the first
perpendicular magnetic layer is formed in a film formation step employing a
sputtering gas pressure of 5 to 20 Pa.

13. A perpendicular magnetic recording medium according to Claim 1, wherein the
second perpendicular magnetic layer and the third perpendicular magnetic layer are
formed in a film formation step employing a sputtering gas pressure of 0.1 to 1.5 Pa.

14. A magnetic recording and reproducing apparatus comprising a perpendicular
magnetic recording medium, and a magnetic head for recording information to and
reproducing information from the perpendicular magnetic recording medium,
wherein the perpendicular magnetic recording medium is a perpendicular magnetic
recording medium according to Claim 1.

15. A method for producing a perpendicular magnetic recording medium comprising:

a non-magnetic substrate;
an alignment control layer on the substrate, for aligning crystal orientation in a
layer provided directly thereon;
a perpendicular magnetic layer in which an easy-magnetization easy is oriented in a
direction virtually normal to a substrate; and
a protective layer,

wherein the perpendicular magnetic layer contains Co as a predominant component
and comprises
a first perpendicular magnetic layer formed predominantly from a material containing
at least Cr, Pt, and a metal oxide or a semiconductor oxide,
a second perpendicular magnetic layer formed predominantly from a CoCr alloy, and
a third perpendicular magnetic layer formed predominantly from a CoCrPtB-based

alloy, the three layers being stacked on the substrate in this 6rder,
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wherein,
the first perpendicular magnetic layer is formed in a film formation step employing a
sputtering gas pressure of 5 to 20 Pa.

16. A method for producing a perpendicular magnetic recording medium according to
Claim 15, wherein the second perpendicular magnetic layer and the third
perpendicular magnetic layer are forrﬁed in a film formation step employing a

sputtering gas pressure of 0.1 to 1.5 Pa.



