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DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
RECORDI NG AND REPRCODUCI NG APPARATUS CROSS REFERENCE TO
WOREOATED34APPLI CATIONS Priority is clained on JEpEIERS@/312086

~Patent Application No. 2005- 172601 filed June 13,
2005. This application is an lapplication filed under
35 US.C 11l1(a) claimn ursuant to 35 U. S. C
119(e) of the filing daﬂ@g REFFIECNsi onal Application
60/ 693, 091 on June 23, 2005, pursuant to 35 U. S.C

111 Qo). TECHNI CAL FI ELD The present invention rel ates
to a magnetic recordi ng nedi um and a magnetic

I eMXGNEJI@RECCHDING WV PDIBPPAND MR GIBECHEREJYRIARIG AND
Wth the increase over the past few years in conputer

processi ng speeds, R%?Stﬁﬂh@ﬁ«?%@@Aﬁugﬁﬁ tre for higher
recordi ng speeds an ensities 1 n magnetic recording
and reproduci ng apparatus that record and retrieve
data signals, such as hard disk drives (HDD). Current
HDDs make use of a | ongitudinal magnetic recordlng
mot hod 1 n GROSA RETERFNGE IORESA TR APLIGAT BNB! o5
within the plane of the magnetic recording nmedi um
Howelerity tinclaimedion Japarse RataiighenlicaderoNdi 21 SeBR6D1 yfiledJune
HDDs, a perpendi cul ar magnetic recording nethod in
IMiOOBL THieaphlicatidn ie an applivagoe filedatmiden3d §.90C) §It1€4) claiming
normal to the mediumis advantageous because a sharp

pirBeietd ZAUI0. §1N80 of tRMYiling @mm—sdls%ame&gflﬁfcaum 60Y693,091 on
regard to the thermal fluctuation that has beconme a

e JRgnet ordi ng nedi a, because
hg%?%e%g% B?ﬁﬁﬁﬁg%%etlcergpnﬁghng technol ogy allows the
magnetic recording |ayer on the nediumto be nmade
t hi cker than woul d be possible with | ongitudina
magneti c recordi ng technolo%¥ deterioration of the
recor ded AL FIELD

- The present invention relates to a magnetic recording medium and a magnetic

recording and reproducing apparatus.

BACKGROUND ART

With the increase over the past few years in computer procéssing speeds, there
has been a desire for higher recording speeds and densities in magnetic recording and
reproducing apparatus that record and retrieve data signals, such as hard disk drives
(HDD). Current HDDs make use of a longitudinal magnetic recording method in which
the direction of magnetization lies within the plane of the magnetic recording medium.
However, to attain an>even higher recording density in HDDs, a perpendicular maénetic
recording method in which the direction of magnetization is oriented normal to the

medium is advantageous because a sharp magnetization transition is achieved.



signals can be mnimzed. Research on perpendi cul ar
magneti c recording | ayers has been focused primarily
womoe3o34al | oy- based (e.g., CoCrPt alloy) magnetT/aP2006/312086
| ayers whi ch have an irregulir hexagonal cl osed packed
(hep) crystal structure. To &ddress the probl em of
thermal fluctuyation, considerable research has also .
becrMAEHRCh VithtestT 49 @eﬁla%ﬂrﬁ[ﬁactp%ﬁ atrig Regange a concern in
ani sotropy (Ku). However, because the magnetic :
reegit swghepyrererding mediaibeeanse perppadicnlenmagneti@ecording technology
- coercivity (Hc), a larger recording nmagnetic field is
alloeguh¢ pdghaicseaiiding iaer ah thehmsdimg ta bk aiage tlatlkes tianopyuld be
Ku. Hence, in such perpendicul ar magnetic recording
podBBicavith PRgARdi ARt AR ER bR feBithoiSly, HOeAoMAbNES BE BBrded
to the upper limt 1n the recording ability of the

5 ﬁ%ﬁ#ﬁmn%%%%mhhﬁf%he coercivity Hc could be | owered

e Keeping e anisotropy Ku large, it would be

ossible to obtain er pendi cul ar netic recording. .
od REVEHSD OAGOEoB UG T B A Eerd1ge (HEFis been locused Phmarily
fluctuation. Tilted perpendicular magnetic recordin

oryfeef oy ased .1 GoBBY alipgnaenpiie tervadieh haverninsaiar
the direction of easy axis of the magnetization in the

heragymel ¢losadgmoketi (hgp) aysal stractuid. t Baladdreds theyspblem dfahdrhml
direction normal to the medi um have recently been

fhdesebhe@siderable reSeafchfiat eRb bEACddRUnSmateAdls havin@ A thrger
Non- Pat ent Docunent 1). That is, whereas in

10 In&%@ﬁ@gﬁ&&ﬁﬁﬂy pendi cul ar magnetic recording nedia
A the crystal "pl anes of the magnetic crystal grains are

or i %&&&eﬁ%e&g@% |ﬂ§621§a$eﬁ%§|¥ agi)éét%op Llrglﬁ gsg 1?1 éfr?r%‘;tg%loﬁ’gﬁ%?‘%go{e the

medi um " these a are"ct [ i
o FaSTLE) SRR Bl SRR LSS RS B v
to the normal to the medium Non-Patent Docunent 1
large gaisetsonshiiuc blsped, i suph perngadicelas mogeriis reeprding media, the
anigg:rx\ﬁye Igu is ofteﬁ set to a value close to the upper limit in the recording ability of the
15 head.
| Here, if the coercivity He could be lowered while keeping the anisotropy Ku large,
it would be possible to obtain a perpendicular magnétic recording medium having a good
resistance to thermal fluctuation. |
Tilted perpendiculaf magnetic recording media (referred to below as “tilted
20  media”) in which the direction of easy axis of the magnetization in the magnetic
recgrding layer is tilted with respect to the direction normal to the medium have recently .
been described (e.g., see Patent Documents 1 and 2, and Non-Patent Document 1).4 That
is, whereas in conventional perpendicular magnetic recording-media the crystal planes of

the magnetic crystal grains are oriented so that the easy axis directs normal to the

25 médium, these tilted media are characterized in that the cr);stal planes of the magnetic
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the direction of the applied magnetic field, which is

normal to the nmedium and the direction of easy axis
w®boobhssosmgnet i zati on. Theoretically, it has beenifoessd2086
“that the smallest coercivity Hc can be achi eved when

the angle of the direction of t he appl i ed nagnetic
fletd and the dlrec5lon of easy axis is 45.
crygial Spis pfe prentrdsod %tdh%?aSéiﬁXiSﬁ% EP%‘%&IthﬁSI%Fﬁbloéh%FOW@I to the
-i's about one-half that when the angle is 0. To orient
mediandi recti on of the easy axis of the magnetization in

the magnetic recording layer so that it is tilted with

r espHo6h-Patent Decinentel repartstthe comclivitiHd decieasedeluk takgle between
to enploy an under |ayer which enables the growth of

th%%éﬁdrﬁof%é’ §;Sp’ﬁed H B AN WBich lﬂscﬁbrﬁﬁl £ the Mehin® de the
However , I|tt e research has been one on such under

dlre%¥18£ of %a?sg/ AXI5Q us e ec%gél%eﬁ th?&ﬁ nﬁl%BFettlcgl s%eC ui; élg(ﬁ] F}!a}/ the

In prac ernor e, apra

I.|]ted nediumreq ul ar st cture
ﬂl&shfé’ﬁﬁ‘éi’l%ﬁ]& F%\P&@ffvgf* ﬁ\g’eaﬁée é@eelr gﬂoaw the bpphed
nonmagnet i c naterlal Yet, in the CoCrPt allo

magapieticld wnslbe Siraction ci9ty w051 The Fesreisis Hoanhinue at an
been done on nethods for achieving a granul ar

insdrsegtion agle nf $fi is abeti@nerhglf diat evhen yist adgleagis&°ns ar e
oriented so that the easy axis of the nagnetization (C

- axi STo bAeitithd &igectioh b IRERGEAXi$ 6f the @nd}ﬁétﬁ@kloh% th@@nagnetlc
medi um Hence, nunerous problens need to be resol ved

I |

feﬁiﬂﬂ.%“h%‘ifns e B g A o AR oRUE e s desirable
Nor RARESYY netic

o AL Ek pde 545 Pl epgbgﬁsniﬁ g TR SRR havine
I wer s, the 0 If the C a grows at a rando

sugh g grieRtagon, ultéaweYﬁrolrtﬂs reearﬁgg?ﬁe'?q%@% An e Wdeplayes for the

%?etlc transition region will arise in the same way

Celerhit plleysmagraticdaxers Pwsragtly il pragticalwgnet i ¢ recording. In
tilted nedia, because the magnetization vectors for
i ndi Murtheahorea g petcticallynaefus tiftat mediundretjfiizesentgranular structure” in
di rections, when producing patterned nedia wherein the

whieh @it Rghetialcaystal grains are separated by a nonmagnetic material. Yet, in the

CoCrPt alloy magnetic layers'mentioned above, Alittle research has been done on methods
for achieving a granular structure in which the magnetic crystal grains are oriented so
that the easy axis of the magnetization (C axis) is tilted with respect to the normal to the
medium.

Hence, numerous problems need to be resolved for thin film formation in order to
achieve tilted media using current alloy-based magnetic materials. Moréover, in such
tilted media, the magnetic crystal grains are oriented at an angle, which undesirabfy

lowers the output. If the C axis grows at a random angle, the problem of a de-

~ magnetization field in the magnetic transition region will arise in the same way as in

conventional longitudinal magnetic recording.



or recording track shapes are inparted to the magnetic

recording |layer, large variations arise between the
wora@aesioss characteristics in each pattern. |n BEI/IR0e{312086

this, an under |ayer that grows the nmagnetic grains to

be oriented uniformy at an #hgle in the

circunferential direction. Another approach that has

beenlnddtsdrmesiia) beeguse s wognedzatianveetorsefgr individyal magaetic grains

Non- Pat ent Document 2) involves a conposite nmedi um
facompdiffetnbdirectiong, véhealprodd apoprattomdd grediauvizereinttheictordéng data

magnetically isolated hard nagnetic grains which are

ore¥€draing racR Hilpes aied ikdpagbdrid tBE agh&Rl raé2ding Odyler TRGE Shiiftions

grains. Wmntmscommytermmumls|nastMevmae

argsfe 'B@ﬁ%%h e &hgﬂegic Qﬁéra@t‘ghstlﬁ%QF eg’cﬂﬁg}a'tt@ﬂ [ 5f tﬁﬁt APthder layer

rragnet C gralns overa ori en

cul ar .di rect|
s ofFEPE e pdient ateis o W R RHRES) g%%ﬂa'lﬁ oG sFapmterentia
) netic reversal and nmakes the magnetization of the
dl§3€gﬂ%nge-coupled hard magnetic layer tilt and then
ultimately resulting in a tilted nedium This
conpdséther appriaghnitelt has beenalssarived Merewhiewving ¢ilted niedias(zsgy, see
axis of the magnetization of the hard nmagnetic | ayer
Nuh-Phteat Dodument DyEmvobikk Agoinpositeneaiiem abypbsedadinrtid abdve-
orientation of the magnetic crystal grains. However,

d&&‘f&‘dﬁarﬁﬁéﬂsﬁﬁétu@e 'ﬁ?atgh@ﬁ’ca‘ﬂgl ido4t8d Rgd Maghbdc %@Q}@ S¥Hich are
| 'ayer having a granular stfucture nor a net

10 ex%ﬁg}l Vdoﬂglea v mfi ?Es%i §0% deﬁ@ Qs R@th% composite
hs Sy el § g

etic grarn on rain has'y
eStab"S%‘%F there re unsolved chal | en
mf‘(ﬁgmflam PTG FAREH TP, bR S PR %ﬁﬂﬁﬁ@ttoa of the
medi a, to obtain the above-descrjbed effect
maghelis gERs Psralt i orispied indhgmerneadicalpedirgcgion a\%he& al rssa(g'émg
t hi ckness. However, because nagnetization by the
magrgiivifigldals amwlgpdethe@ognaf'ngmtlb yonwsletgarageagrietic sewetsahand makes
case, magneto static couplingbetween the magnetic
the brigh&tization ofitht ekéhanpe-cogsled Rab imaghsticoaydriidt sidahéd bitivhately
of the recorded
15  resulting in a tilted medium.

This composite medium eliminates the need to form the easy axis of the
magnetization of the hard magnetic layer with a tilt, thus making it unnecessary to
control the orientation of the magnetic crystal grains. However, because neither a
method of forming a soft magnetic layer having a granular structure nor a method of

20  achieving a good crystal orientation of the hard magnetic grain on the soft magnetic grain
has yet to be established, there remain unsolved challenges in the fabricétion of such a
medium.

Also, in composite media, to obtain the above-described effect, it is necessary for

the soft magnetic layer to have a large thickness. However, because magnetization by

25  the individual magnetic grains becomes larger in such a case, magneto static coupling



pattern. In addition, the material margi n becones

narrower. Patent Docunent 1: Japanese Unexam ned
wd200en3508ppl i cati on Publicati on JPHei 8- 129736ECPai2001/312086

Docunent 2: Japanese Patent Publication JP- 3235003B

Non- Pat ent Document 1: | EEE Pransaction on Magneti cs,

Vol . 38, pp. . 3675- 3683. Non-Patent Docunent 2: |EEE
betivger Hiempagnetimentns gl atisct the recordabilygyor thg ptabibitgef hewrerded

OF | NVENTI ON As expl ai ned above, it is difficult to
pdterailn addiom tthe miateyiab mprgimbeadmes harrowegmet i ¢ areas to

achieve a tilted nmediumw th reduced coercivity of

per peaghtdddcameRBYN ela'gﬁnése CedirigedPeieat WPpledatibaBublication JP-

magnetic ani sotropy (Ku) and high coercivity (Hc).
HMRCE@VEEA because the saturation nagnetization (M)

shoul d be larger, the nmedi um design margi n ends up

bei ng_nartower. . Jh res i,Avent i.on hyed at
S n oPuRi g Fieanty doPES Rl PP BRaP T AL
t herefore an_object of th resent inventjon to
pr oviNa®-Patept Ppaiyusenf Je IEEFS% ReAnGn MagpritcscV oledd g 3y -
medi um which is easy to nmanufacture and which is
3¢%adi |y conducive to design of the medium Another
object of the invention is to provide a magnetic
r ec oNdhPgteanDocepem @udERE Tagapactadnus MagodicslS\esl. $1¢p. 537.
medi um Accordingly, the invention provides the
following. (1) A nmagnetic recording medi um whi ch
i ncludes a substrate, an under |ayer forned on the

10 substrate, a mgn%isﬁﬂmgimﬁ\agﬁpélqr med on the

~under layer, and a protective |layer formed on the

magnet i c recordi ng. | ayer. . The, magnetic recordi | ayer .
s cOMBORBREGHO S i lifleuide B ity fvasheponraaigled softbhagneti
secondary recording | ayer which are . .
ARy AP g s Hiprymedigup il redvped coeriuy of respsndichlpr magastic
has magnetic %fains and a nonmagnetic
recording media which has high magnetic anisotropy (Ku) and high coercivity (Hc).

Moreover, because tﬁe saturation magnetization (Ms) should be larger, the medium
15  design margin ends up being narrower.
The present invention waé arrived at in 6rder to resolve the above problems. It is
- therefore an object of the present invention to provide a tilted-type perpendicular
magnetic recording medium which is easy to manufacture and which is readily conducive
to design of the medium. Another object of the invention is to provide a magnetic
20  recording and reproducing apparétus which uses such a medium.
Accordingly, the invention provides the following.
(1) A magnetic recording medium which includes a substrate, an under layer forméd on
the substrate, a magnetic recording layer formed on the under layer, and a protective
layer formed on the magnetic recording layer. The magnetic recording layer is composed

25  ofa primary recording layer and a secondary recording la};er which are mutually
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mat eri al that surrounds the magnetic grains, and has a

per pendi cul ar magneti c ani sotropy. The secondary
wo emoensiong | ayer is made of a material havi ng BCT/JP2006/312086

negati ve crystal magnetic ani sotropy and has an easy

plane of the magneti zation i a plane of the nedium

The netic recording nediumof (1) above which

e’i“éla’é%?a‘f%’@t r iThe @rimary resprdinglayerdie magnetecgrprips apd pagamagnetic

is separated, within the plane of the nedium into
mategiakbthatsuanoeads the chagoetivegraies anddae a perpandictlhewegztieasisotropy.

are regularly arranged circunferentially on the

Theshcofdary Zocorting RS triade € 6 Biatdr Y haEAg & Hé%{tIVé L)ys@ill magnetic
(2) above which is characterized in that the crystal

HEEREY SRS %‘?%%EYG‘&E"&P*% R AL T
R AT D e f e

recording, |ayer has a thickness of at_|east 1 nm

aréetwa@%tme aryet:ersamtateﬁe\wtmﬁqﬂeﬁplamﬁfof&h%n@fh%yntpéna(g@ftw

above which is characterized in that the secondary
arcacanddiongagagrisrar¢aasanal thedeckens see 1eiletly agamgs cironmfaréndially on

one-hal f the thickness of the primary recording | ayer.
theedllie. magneti c recordi ng nedi um of any one of (1) to

(5) above which is characterized in that the secondary

3) G50 hiehighétid @U&Btrﬂgf}ﬁédi&’rﬁ%f@lgg)r%) 482 € whidhas cRira@bliV in that the
selected from anong Colr WMhSb, FeC and Fe3Pt.

48 Hl TSk A DR 08 b

lrqugdiﬂ% | ayer is Colr and has an iridium content of
8 tom c percent (8) The magnetic recordi ng

-~ medi um of  any qne of above which is
(43 Ha¢ a@t%?thréaoréx}lgwlwg ot eey ew oiHd) B pkpyieyVinel ischprggterized
| ayer, an crystalline under |ayer w thhexagona

inghatghe sraokdady resondinglapérdres tbuc ass phgjderat L hmt t i ce
pl anes oriented within a plane
(5) The magnetic recording medium of any one of (1) to (4) above which is characterized

in that the secondary recording layer has a thickness which is not more than one-half the

‘thickness of the primary recording layer.

- (6) The magnetic recording medium of any one of (1) to (5) above which is characterized

in that the secondary recording layer includes one or more types of alloy selected from
among Colr, CoFe, MnSb, FeC and Fe;Pt.

(7) The magnetic recording medium of any one of (1) to (6) above which is characterized
in that the secondary recording layer is Colr and has an iridium content ef 5 to 40 atomic
percent.

(8) The magnetic recording medium of any one of (1) to (7) above which is characterized

by having, below the secondary recording layer, an crystalline under layer with



parallel to the substrate. (9) A magnetic recording

and reproduci ng apparatus which includes the nmagnetic
wo emmensiosg nedi um of any one of (1) to (8) aborer/smoeh/:2086
" magnetic head which wites signals to and reads

signals fromthe magnetic recordi ng nedium (10) The

magneti ¢ recordi ng and reproduci ng apparatus,  of (9) .
hexggonal glose-ragked éﬂgffearel@@%iozéﬁrqgﬁn@l attice planssesicatedovithin g plane

is a single-pole type magnetic head. BRI EF DESCRI PTI ON
paor 1T HEtHORAWINGS FIG 1 is a perspective view of a

magneti ¢ recordi ng nedi um according to the invention.

(9 AGnagndtie récozdiag ané BprédiRalg AppeatsaeinEichides thayeigetic
structure of the magnetic recording nediumin FIG 1.
e OB B A R 2 e M yries
.Fl 4A i S schemati ¢ di agram depj.cting. the process

5 sign g gdPort TR R PP AcOE R ORUGHBETENY ecbr di ng

mediumin FIG 1, FIG 4B is a schematic diagram .

(182 hhe Magpetiafecyiipe a8d rerroduedieaAnpe it sl (Yeahere #ihighist he-
magneti c recording mediumin FIG 1. FIG 4Cis a

chardetarized in tabidie amgdetfs heaidnga sineleppode e maggnetic head.
magneti zation reversal in the magnetic recording
mediumin FIG 1. FIG 5 shows, as an enl argenent of
the circled region Ain FIG 1, a plan view of a

di screte tracRRIEFDESCHIPEION GhIWE DRAWAINGS ar genent
of the circled region Ain FIG 1, a plan view of a -

0 Do TR G P AR RO O W o
invention. |
FIG. 2 is a cross-sectional view showing the layered structure of the magnetic
recording medium in FIG. 1.
FIG.3isa scﬁematic diagram showing the granular structure of the magnetic
15 recording medium in FIG. 1.
FIG. 4A is a schematic diagram depicting the process of magnetization rei/ersal in
the magnetic recording medium in FIG. 1.
FIG. 4B is a schematic diagram depicting the process of magnetization reversal in
the magnetic recording medium in FIG. 1.
20 FIG. 4C is a schematic diagram depicting the process of magnetization reversal in
the magnetic recording medium in FIG. 1.
FIG. 5 shows, as an enlargement of the circled region A in FIG. 1, a plan v'iew of
a discrete track medium.

FIG. 6 shows, as an enlargement of the circled region A in FIG. 1, a plan view of

25  apatterned medium.
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FIG 8 is a cross-sectional view of a magnetic |ayer
etching type patterned nedium FIG 9 is a perspective

\Vanmmnmmsa magnet i c recordlng and reproduci ng BEParAdH2086

according to the invention. FJG 10 is a graph show ng
a hystere3|s | oop obt ai ned b a sinmulation of the
inveﬁﬁg g. 11l.is a gr? f the thickness of the
seco lslaé:é%%fpﬁgon@hv@w of A Sphrat ¢tehing Stpepsiteed medium.
coerC|V|ty and squareness. FIG 12 is a graph of the
ang| BIGat8 wwaiceosstshetionabriewiod afmagngtic layapgthieg typepsitened
coercivity in the invention. FIG 13 is a graph of the
miedidhrum content in the secondary recording |ayer in the
i nvention versus magnetic ani sotropy Ku. In the above

fi gQUFRS.9 ik B%ef‘s‘ﬁg@cwecwéy Hpé’hlaénétﬂﬂ‘eG@ﬁiﬁ% ABYGRbAifY paratus

(magnetic recording nediunm), 11 indi cates substratwe,
r |ayer, 13 i ndi cat es magneti c

m%é“ﬁﬁg¥OQBéﬁ§@Hngfl4 i ndi cat es protectlve | ayer, 15

i ndi g secon rec rdln | ayer I.ndi cat es

or rﬂa@%e}aaﬁmpﬂgﬂ\g e einipEB b rd e R ghan of the

18 indicates nonnagnetlc mat erial, 20 indicates
lnﬁgﬂﬁérn 2 1 indicates data track region, 22 indicates

servo signal region, 30 indicates hard disk drive

( magkigt 1 kisraegrapllofidpe dinckneepoiatie stavgdap pesoading JayeBinkhe

i ndi cates housing, 32 indicates magnetic head, 33 :
invaittionaletsus Roadivetyspe Bgiaddhess senbl y, 34 indicates

actuator, 35 indicates circuit board, 36 indicates

oL PO kAU AN RPEST R FI U

[ i ng and reproduci ng apparatus of the
“9?§V€§HptP%§§% ?on are descri bed below in detail while

ref elglrd qg 1% g g%ah% of the iridium content in the secondary recording layer in the
invention versus magnetic anisotfopy Ku.
In the above ﬁgures, the numeric symbol 1 indicates magnetic disk (magnetic
recording medium), 11 indicates substrate, 12 indicates under layer, 13 indicates

magnetic recording layer, 14 indicates protective layer, 15 indicates secondary recording

- layer, 16 indicates primary recording layer, 17 indicates magnetic grain, 18 indicates

nonmagnetic material, 20 indicates pattern, 21 indicates data track region, 22 indicates
Servo sigpal region, 30 indicates hard disk drive (magnetic recording and reproducing
apparatus), 31 indicatés housing, 32 indicates magnetic head, 33 indicates head
suspension assembly, 34 indicates actuator, 35 indicates circuit board, 36 indicates

suspension, 37 indicates arm.

BEST MODE FOR CARRYING OUT THE INVENTION



acconpanyi ng diagranms. In the diagrans used in

conjunction with the foll ow ng description, for the
waale/1880340nveni ence certain distinctive feat UPEBIRD®/312086

shown enlarged to aid in a better understandi ng of the

I nvention. Accordingly, t hesé& di agrans do not

necessarily reflect wth any accuracy the relative

di mehls BAgnKc resading dnsdivg ahd pagpstisdpeasdingiand repredysing

magneti ¢ recordi ng nmedi um according to the invention
apparafessafithd prsent eventigm areidesaribed beliowg nrethillumhitf refeimeng to the

invention is typically, as shown in FIG 1, a nmagnetic
adtosipadyifd diaBanisy (8 thesdidgrams WBgiiatbsjunedsy With thea®Howing

reproduci ng apparatus such as hard disk drives (HDD).

de?é@xgndm%}%é Gakdio? léoﬂveh%ké‘@&éu@&sﬁr%%& fea@tﬁ'esc'g‘a odvﬁ‘ enlarged to

substrate 11, an under | ayer: forme
strate. 1 netlc r n Ia er 13 fo
5 alg Ao ?ﬁgt 1 wnde ers ag O{g%q edmgnpr S?Jrg{ gg'é glagﬁns do e noq
forne t he magnetic recording 13 Th
n%ﬁﬁé{l@d@ﬂ%@l%@}%@é%ﬂ%ﬁlﬁﬁ At dimeliron o the gl

mat eri al such as gl ass, alum num all oy, ceranic,
cappdnents. or single-crystal silicon with an oxide

surface. The glass is exenplified by anorphous gl ass

and Eirgtsthalhagnetit ghading hedita bt eréingnp tiesinedntianty geseriised.

gl ass i nclude general - purpose soda-linme glass and

al UNTROBbbrietiad treécdddiag Snediihh bAME enve@KAsPlsa$pitilly, as shown in FIG. 1,
crystalllzed gl ass 1 ncl ude I|th|un}basedpcrysta lized

10 agJa X ﬁy i 30he ¢ 61&9& ﬁﬁmggneﬁggé%qcﬁ% numg dgtélgg%ﬁﬂams such

conpos prlnarl

<TI0 PR L a2,

Al ternatively, use can be nade of a substrate 11 that
substrafe |rbragy unget lagemist rnpEon thsstbsiiate B aduagaetipegosinglayer 13

and has on a surface thereof an NiP | ayer forned by
fopmed pmtheandsiplayerelZ, ed a Protectiubkyerteformedny thsemagnetingecording
hitherto known size, such as 3.5 inches, 2.5 inches,
lager83i nches, 1 inch, 0.85 inch or 0.8 i nch. The under
| ayer 12 has a number of purposes, including control
15 of trine sehiBteal Smhff be a nonmagnetic substrate made of a material such as glass,
aluminum alloy, ceramic, carbon, or single-crystal silicon with an oxide surface. The
- glass is exemplified by amorphous glass and crystallized glass. Suitable examples of
amorphous glass include general-purpose soda-lime glass and aluminosilicate glass.
Suitable examples of crystallized glass include lithium-based crystallized glass. Suitable
20  examples of ceramic include sintered materials composed primarily of aluminum oxide,
aluminum nitride or silicon nitride; and fiber-reinforced forms of such sintered materials.
Alternatively, use can be made of a substrate 11 that is a metal or nonmetallic substrate
as described above and has on a surface theréof an NiP layer formed by plating or

sputtering. The substrate 11 may be of any hitherto known size, such as 3.5 inches, 2.5

25 inches, 1.8 inches, 1 inch, 0.85 inch or 0.8 inch.



10

15

20

the magnetic recording layer 13, control of the
crystal grain size, and the inprovenent of adhesion.
wabmousses | ayer 12 nay be nade of a material PSEIP2005/312086
conventional magnetic recording nedia, such as a
metal, a dielectric, or a ni%Xfure thereof. To
eff|C|entIy achi eve the above objects, the under |ayer
12 nhie wdet birpoklelpset numbsr of amm@wmduéy@r@ntrmféb@@rrystals in
the surface of the under |layer 12 may be nodifi ed,
the medgnetic feyordong layarddi edritmh obthe gastad gpais size;.antl tthd 'mnplb‘mment of
possible to use a nagnetic material in the under |ayer

adbésioh N TE@EREer MIef €2 Ma§WetmaR@TQnhLerii dodd ia)hvdnBdhal dgnetic
hi gh-perneability soft magnetic material is provided

re@&td“%q‘?%&lg %Héﬁjg’ssﬁ fn%{ a]'&el@@tgi i xgﬁgﬁggﬂé&ecﬁe %ré}ﬁagntly

e under ‘ayer can of what

mes 1 e erre t0,ag |cular t
aHTE e S0t EhiEtPr rGi e B | RaPeRfd Rlﬁf%?y of layers.
erpendlcular two-1 ayer nmedium has soqne of th
(RPVes: Siessugfrceofithe HBAsTdayse 44 mayrberagHaed. fpﬂga% yeion irradiation
per pendi cul ar magnetic recordi ng | ayer. For exanple,
origasjegposufee function of allow ng the recordi ng magnetic
field froma singlepole type head to pass through in
"t he hdydlgopdssibledtionge hintignatiimalefisleinale wideeldyei 2.t laccases where
magneti ¢ head side. Mreover, the ability to apply

a §if ﬁh%e@i@%n@&[ag‘é‘f‘@m Iy hl%!gﬁéi'ﬁ{ehﬁihfy &GmhghetiB naterial is provided

magneti c recordi ng | ayer enabl es the recordi ng an

bWt gt?H Quﬂ%@c £y &d%ﬂéﬁbﬁetf&%g&?ﬁ‘iﬁg ET Nfie ﬁﬁ’cfe‘r layer 12 can be

magnetrc un erlay iI’ron
aIt

ed material.co a|n| ob .
R R T R R S R T T ﬂca%é%ﬁ% 3etmetipm.” The soft
such as FeCo and FeCoV, FeNl aIons such as FeN
magNtpyndsipy PN kiln thie perpesdiqa twarlpysy nedinm hag sqragef, the
FeAl Si, FeAlSiCr, FeAl SiTiRu and FeAlQ FeTa all oys
fugctisns 24 a EaibagticFleehd CommadgiresTin; thapet pételulal rhagpstis tachrdarsg layer.
FeZrN. Alternatively, the soft magnetic underlayer SUL
Forakampleradias e fanotidherfiabbwing\tha@cardifigonagieyis fizld frér@ a single-
structure with aniron content of at |east 60 atomc

pAREEGRMead BYals BeoupaAh Bic FRMERI HETabh ahd 8% Ok itQIf 8 the

magnetic head side. Moreover, the ability to apply sufficient perpendicular magnetic

- field to the magnetic recording layer 13 enables the recording and reproducing efficiency

to be enhanced.

The soft magnetic underlayer SUL may be made of iron or an iron-based material
containing nickel or cobalt, illustrative examples of which include FeCo alloys such as
FeCo and FeCoV; FeNi alloys such as FeNi, FeNiMo and FeNiSi; FeAl 6r FeSi alloys
such as FeAl, FeAlSi, FeAlSiCr, FeAlSiTiRu and FeAlO; FeTa alloys such as FeTé,
FeTaC and FeTaN; and F eZr alloys such as FeZrN. Alternatively, the soft magnetic

underlayer SUL may be made of a material having a microcrystalline structure with an
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mat eri al having a granular structure conposed of fine
crystal grains dispersed in a matrix. In addition, a

wa@oealiss0ad | oy containing cobalt and at | east OPET/JP2006/312086

el ement from anong zirconi um hafni um niobium
tantal um titaniumand yttridhm my be used in the soft
.magnetic underlayer SUL. The cobalt alloy has a cobalt
irpiy RerEpHt obpt s OB aEINIG PsEcents figh agdreAd @i gy KN ordrpZrN; or a
anor phous | ayer readily forns when such a cobalt all oy
miateriaplyviregh gmnalaf steuntioy compbsedrdffipe cvyseah geamehdigpersed in a matrix.
anor phous | ayer has been forned, because the anorphous
sof t InaEnei & coidlelliod] cohgidingeotalt a6 ¥slkadt of@glRaiehtfrom among
ani sotropy, crystal defects and grain boundaries, it

Zimilplil,tfﬁflﬁ&nf)ﬁﬂ)ﬁm U Ry OfilanTRYARE {1&0m Mﬁ?%@‘éﬁéd in¥e soft-

using this ahorphous soft magnetic materia

| ow-noi se, ned n b ieved. Preferred.ex l.es
s AG TR ST TR sR By PARAS FioaP LT il HERRAIS At teast 80
CoZr Nb and CoZr Ta al | oys. nder | ayer, may be ) X
atGd P HAN SROTAROUS daver FF&éﬂxé qresvheasiely e FO@E)LE‘”% igpplied as
to enhance the crystallinity of the soft magnetic
a (il by IspytteringUW hencsuchrpr emerphghekiyerhagibe¢n fonmed, issausathe
11. This under | ayer may be conposed of, for exanple,
arhotfphous st thagiietit vperiall isofsdeat crysiul amguenc plistiopyarysasn defects
all oy containing these, or an oxide or nitride. A

aOgrhinWduRdarfeb St BYHIBR i Sut@hindidy ﬁffﬁmﬂ'%i@ti@ﬁ. WRoreBPerUBE@ding this
nter

| ayer 12 may be in the formof an i medi ate | ayer

B el Pl od?ﬂﬁéégﬁéf&?%%ﬁ‘@éﬁ%@%?i°§%‘éé 3%’“395‘1}-; Preferred
i [ 13. . T [
TR A arer R e meBSie etk Tk RgE COum g ConTa

i nteracti ons between the soft nmagnetic underl ayer SUL

allgys: t he magneti c recording layer 13, and to contro
the crystallinity of the nmagnetic recording |ayer 13.
Thi sAnpnderdassic atay begyevidedibelpw theaspdt magnetic hemr{mr SUL so as to
rheni um platinum palladium tungsten, titanium

erthanideathel oty st indtyi ofithe sifl megietic andaldyeySEbahdimpioge adhesion with
these, or an oxide or nitride.To prevent spike noise,

thk Rebstafel 1 IMBIelnder WREEMhRYE Comtpbscl df BEedinpl&l @flariith Otaftalum,

tungsten, chromium, platinum, an alloy containing these, or an oxide or nitride.

A portion of the plurality of layers making up the under layer 12 may be in the
form of an intérmediate layer made of a nonmagnetic material that is provided between
the soft magnetic underlayer SUL and the magnetic recording layer 13. The purposes of
this intermediate layer are to block exchange coupling interactions between the soft
magnetic underlayer SUL and the magnetic recording layer 13, and to cdntrol the
crystallinity of the magnetic recording layer 13. This intermediate layer may be m'ade of
ruthenium, rhenium, platinlim, palladium, tungsten, titanium, tantalum, chromium,

silicon, an alloy containing these, or an oxide or nitride.



plurality of layers and given an antiferromagnetically
coupl ed structure by inserting, for exanple, 0.5 to
wd.2@ensnosf rut heni um between the respective | aBeEr/$2006/312086
" Alternatively, a pinning | ayer conposed of a hard
magnetic | ayer made of, for é%anple CoCrPt, SntCo or
FePt _and having in- plane ani sotrop an . )
antife predﬁﬁtgsmiﬁ nois¢athe sp magnelic mc%rlftm SHL e, diyigdgd into a
be used by exchange-coupling with a soft magnetic
plusjigy of layers hnd givas en antderombgmiticale capbdtbstigetucobpinserting, for
strength a magnetic |layer (e.g., cobalt) or a

ﬁ?ﬂ@@nftol 165 haydrutheni@m, bedhedn the ﬁ’@sp%bve heyeap phlit@fatively, a
re and after the rutheniumlayer. The magnetic

pih B rl e golhﬁé{s%ﬁ of3 hhdl Iﬁﬁ’éﬂéﬂé ePhafle 5€ g&JI n%g Ihéyer

rec ing layer 15 and a prinmary recor

C%‘? -1’{15%8?8&2?%% ”2@% ERE RS PR AR hndirg Pt sratgyial
sugh S RS e 15 q?ﬁ%?%%gg%?%? G STttt fager. In

secondary recordlng Iayer 15, it is preferable for the
thisrdapeaty constod thti axghangg soulrgatngngthea gugoeitdayer (@gorehaliyor a

| ayer 15 to be in nutual contact. Alternatively, even
ndnindghetiplayere(e ., péainnt) ngryl teyappliddbefoet dndexfisethe mathenium layer.

recording layer 15 are not in rmutual contact, by

havi Tige fBgnetic $Ecdndifg 1dyeF £3 RRLWERBedST azse@@ﬁdafy iee&amgaayer 15
internediate |ayer of up to 2 nm and conposed of

mﬂmmt&&r&@g ?&%’ fiayer F%%é’é’éh cREhr PRl gﬁﬁx& fagcer 15. The

prlnary recor e seton cording
er 15 .10, effect exch lin eract i

S et R 45 EEhn g S B FsC e 1SRG
: H |nterned|ate | ay ?& conposed of a magnetic nateri al
exchangegepupled adp gt éxmswgeple&fppmﬁ@rysr@%ﬁ'@g kpyer 16 and

between the primary recording |a 16 and the
the sevondary yeqoasdiog divay 3. alie rprdgrablvt:fpetm @rimarnesconigmpelayer 16 and

recording layer 13 is not limted to a structure in
thevbecohdargselnding laiyﬂr B 6. belin nltealpiontmat. yA haaativadly) gvdnay éfe

16 is situated over the secondary recording |ayer 15.
prit@dry recording layer 16 and the secondary recording layer 15 are not in- mutual
contact, by having the distance there between be 2 nm or less, an intermediate layer of up

* to 2 nm and composed of a nonmagnetic material can be provided between the primary

recording layer 16 and the secondary recording layer 15 to effect an exchange coupling
interaction.

The magnetic recording layer 13 may be provided with an intermediate layer
composed of a magnetic material in order to adjust the exchange-coupling strength
between the primary recording layer 16 and the secondary recording layer 15. Moreover,
the magnetic recording layer 13 is not limited to a structure in which, as shown in FIG. 2,

the primary recording layer 16 is situated over the secondary recording layer 15. For

example, the secondary recording layer 15 may instead be situated over the primary
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exanpl e, the secondary recording |ayer 15 may i nstead
be situated over the primaryrecording |ayer 16.

wa\bdoenssas4 vel y, the nmagnetic recording | ayer 1BCTEB2006/312086

have a structure conposed of a plurality of these
primary recording layers 16 &hd secondary recording
| ayers 15 in a stacked arrangenent. For exanple, when
recording layert 16 élissnasivelyi, fhewnagagtiareserding kayerdldanay baye a structure
| ayer 16, a secondary recording |layer 15, and a
cqmipased pf 4 eluealiy ofjtheseypimay reccediag layrgeld ard setnrglagrderrding
t he exchange coupling force acting on the secondary

lay &S 9% dh AGtabROEArahBerfaht. For Suiie dvhe@nBdkthureurdis dedgkvhich a
medi um design margin to be obtained. It is also

p@%ﬁ/‘g@&&dfﬂ% ;@%9% AseRbAdiey wcsrdlﬁg re@ércl%, andh i acfkytergc&aing

nonrmgnetl Cc lTayers are

to her for th l.ayer and the
oy @o i pyrenbse of SR ot PR SRt SRl rosFfug it secondary
technlque t hat involves the insertion, of a. rutheni um
repergite Igrerieaian e grubladiongblame adapgse mediumdesian myeinigice
antiferromagneti ¢ exchange coupling, the |inear
ohtaioed.ditngaldepeisibje waadopiea stnchea sewhichglyakiyefd owgoetic layers
absence of exchange coupling between the secondary

‘ardefontighetid lay&as akhstavked together foralie/prirt@gredonding Biyer antiGthe

can be determ ned froma hysteresis | oop. Wen the

>se|c@1y rédbfdiny ty@xx qi@)@@gﬁnﬁlebw ®fhg 4 fé‘éhxmiﬁé ﬁﬁﬁﬁb(ﬁvésotﬁé’ ﬁlsertlon

e respective |ayers sinply overlap, whereas
B L T

ventlon |s exch e, Cco wi th the secondary
A B RO RS st TGRS S900 tE6uT b FERtric) i nher ant
to the primary recordlng | ayer 16, Therefore, the
exi sTBnBiEsHre ox abrsnereoleachanen gowplinehstwsshfig seeendsyy seording
hysteresis | oop which indicates a snmaller coercivit
lajer 1tSheadl théprimesy retariding lier d 6tchnrhe detefmioed fromputyaterasmsloop.
of the nmagnetic anisotropy Ku of the primary recording

Whaj @i layére astiot dxdhiungd-osupbeda el I8/stekadisquepsiteathy kapedive . layers
Such a determ nation can al so be nade fromthe

sitipRy Gk Bp) whiress Whentthe lal§'¥1%ta% @)?dhﬁnéeo&)‘?lﬁle‘cfl'r‘ﬂh€§/1 uftlePgo mutual
subsequent |y described in detail
changes in hysteresis. A distinctive feature of the invention is that exchange coupling
with the secondary recording layer 15 lowers the coercivity (Hc) inherent to the primary
recording layer 16. Therefore, the existence of exchange coupling can be confirmed by a
hysteresis loop which indicates a smaller coercivity He than the coercivity He estimated
from computations of the magnetic anisotropy Ku of the primary recording layer
16measured by, for example, torque measurements. Such a determinatién can also be
made from the characteristics of the hysteresis loops which are subsequently described in
detail.

The primary recording layer 16 is composed of a hard magnetic material having

perpendicular magnetic anisotropy. That is, the primary recording layer 16 is a
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The primary recording |ayer 16 is conposed of a hard
magneti c material having perpendi cul ar nmagnetic
WwW@ios/m330spy. That is, the primary recordi ng | ageErJPR606/H2086
aper pendi cul ar magneti zed Iagir conposed of magnetic
crystal grains whose easy ax of magneti zation are
for the nost part oriented perpendicular to the
pereeiidignlarmagniiézeddayrs cPmpeseflof Maghelil siEstalamping Whese ¢risy axes of
primary recording |layer 16 are conposed of an cobalt
maphedizaticrLare fashamGstRartadriented pardeadigelaati the taalym c Hithde
obtained. In addition to cobalt and cobalt alloys
m@ Yt Ichy st gfdMsORThiiAY Qp thab plimatBecdrimgMB@R Q6 ge EdniSdsad of an
grains may include at |east one el enment selected from

c %ﬂoﬁ%ﬁ&pas %?QP@AIH) a W%%ﬁ%%%g}' aﬁp@%tﬁin@&oﬂy mdgmn to

tungsten, nioblum s ar ter rutheni um an

rheni um i ncludi.ng these ele ts he . .
o) Snd Py S Pt TR U, PTGl et eaysh erans
can be inProved and the magnetic properties _can be
mayinedide @t legptionn clemeat sslectest apm@mong bpegm satalnmgmolybdenum,
properties and thermal fluctuation properties nore
cappet, abddynfiom, ingstenenahivm, sagowit, teybicen rigberivin aadebenium. By
Use may instead be nmade of what is referred to as a
incChd{Rahése eftentd, tHeadrydtallihitead drienvdiion o f ci@hgnetio @rains can be
nobl e nmetal s such as platinum and pal | adi um are

infrb AR thdmAMER PrSpek R QLS be AljugEMatiivEe hiikediR€ordii 18

use of an ordered phase all oy conposed of iron or
4 [ ' i |.at| r l]-adl . .
ret@Btihg pRorEAIER B el tlclhoR RS 2 N4 By pigt-donsic
nmultilayer canstryction.. By stacking.twy.or .nore
refygig b o 2GR LSt Syt BRAGE TV 4F et toer s,
.a q%gher.recordigg density can be achieved. The
agughe grtifistablaghiceg 1 shich coBalhand npbltymetakiesyish @f platinum and
preferably 2 to 60 run, and nore preferably 3 to 30
palimliuhf art hgrangvddhk messrous laykes. piliemsatiyelye oger miay e higeyafran bdered
is less than-2 nm the read output may be too | ow and

pHakealiti SenpoeeeNiedt o@palb BCambifdtpasyith flatiflig odpileidium. Also,
hand, a primary recording |ayer 16 thickness of nore

tht PAMaBPrelSRd af &6l hay ikelfMave AMARt YL RBAstAEBH! By stacking
distorting the waveform By setting ¥he t hi ckness” of

tv&ohoq more magnetic layers of differing magnetic characteristics, a higher recording

density can be achieved.

The primary recording layer 16 has a thickness of preferably 2 to 60 nm, and
more preferably 3 to 30 nm. If the thickness of the primary recording layer 16 is less
than 2 nm, the read output may be too low and the noise component may become higher.
On the other hand, a primary recording layer 16 thickness of more than 60 nm may result
in too large a read output, distorting the waveform. By setting the thickness of the;
primary recording layer 16 within the above range, a magnetic recording medium |

suitable for achieving a higher recording density can be obtained. To prevent a

degradation in the resistance to thermal fluctuation, it is preferable for the coercivity of
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primary recording layer 16 wthin the above range, a
magneti ¢ recordi ng nedium suitable for achieving a
woe@hassosecor di ng density can be obtai ned. To PCBYEN06/32086
degradation in the resistance to thermal fluctuation,
it is preferable for the coettivity ofthe primary
recording layer 16 alone to be set to at |east 237,000
thaprmagy regowsing Mker Kraloratp besetde @t 1gst 23y 00 PemH3KQg). The
magneti ¢ ani sotropy Ku of preferably at |east 106
prémgyycecordiag $hyenwh 6 Sehe magiatal anisotropyFKGof prefeblypat leastriy)® erg/cc.
recording |layer 16 has a granul ar structure conposed

of NRYGRILscHERLASI in #1C. B tisdiriRadtaGding MR NS haca granular
material 18. In this granular structure, the magnetic

<o FABI AT P SR IO 3000 14
R RS R L B SERITA . soves

granul ar structure, ‘although for the purposes of the
sompafrthg pasticles 47 swydebi Be ferpmissiripriged Hyedoesmohpgse apyeblem for
granul ar structure, may be a continuous |ayer, or my
mhgnetic secotdingt Iy EIG. Batheisegindaygednoding (ayeg 15 alsb thhs 4 penular
upper half having a granular structure). The secondary
stfuetdd, dithgudhafpe thelfurpesrofibe fiventiorbivedet endaBt Rcording layer 15
havi ng negative crystal nagnetic anisotropy (Ku) and

mB@Ba3h SatlatdtAREr maPENEddntigthdRNatds, B AMENave I sGOLEEE that
parallel to the plane ‘of the nedium That 1s,

_paral ! > rredi | )
ity il P2y B P e TRERRI SRt 0CPTC™

| f the medium B t is of . .
gty 5T Geotie G g gCF Mosfi mecrialtprgeapeetive

this secondary recording layer 15 is not in a specific
crysialgnagnetielppisetrorykw H@? hasradcaphplape ofymgenatizatipn (6rplang)
be set to any direction within the plane of the
orrepttidyparallehtat the plame @h tHeangdiurhe Thhtanaliffreulthixstof tremagetization
axi s of magnetization lies is defined as "the easy
ofpphig Becoallaryagtirtling 4 yed N5(C addsGap&petdiculfas Yheoplhte ¢ffthe medium.
magneti zati on cannot be defined as a specific

Bl @Ghé O4byiaRis! c_hﬁ?f‘én@ﬁﬁiti%ﬁ af e nhRYiBtic erjﬁiap%lgf-ng b@icheldpQfls

magnetic materials with a positive crystal nagnetic

feg&ﬁirgju%?rirlg é%@i)tcin atspgciﬁé‘ﬁlypﬁéé 8ir<9cftion, the direction of

Semagn trzati

magnetization may be set to any direction within the plane of the medium. In the
invention, the plane in which the easy axis of magnetization lies is defined as “the easy
plane of magnetization.”, because the easy axis of magnetization cannot be defined as a
specific difection in the plane of the layer. This differs from magnetic materials with a
positive cryétal magnetic anisotropy (Ku) in which the easy axis of magﬁetization directs
one direction Within.the plane of the medium, such as CoCr alloys lies in the plane' of the
medium, and fcc crystals in’which the easy axis of magnetization lies in four directions.
Examples of mateﬁals which exhibit in-plane easy plane include Colr, CoFe, MnSb, FeC

and FesPt.
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one direction within the plane of the nedium such as

CoCr alloys lies in the plane of the nedium and fee
w@2opstizios4 i N whi ch the easy axis of magneti zat PONIH20@8312086

in four directions. Exanples of materials which

exhi bit in-plane easy plane itclude Colr, CoFe, MSb,

FeC and Fe3Pt. By exchange coupling the secondary |

r ecoPHPRgdangseaupliag fietsscerdanpierording leyes 45 avirtythe ayierary

16, the inventive magnetic recordi ng nedi um becones a
retoidinedayed butiee inh@ntiekmagiicmrestrdiof niddainp bedomasartdedafiedium.

this mediumas a tilted nedium it is preferable for

Té hRks HeQhkR by the @eabAhdtte B WES mléiuhpasfmeed&némm@hii§%referablé
ani sotropy Ku with an absolute value of at |east 10

fical . . .
Tof 1R S8 CpndbE a5 28 KN AIBRIE AL ARl lban absolute
Qndqﬁg? t hesmal fluctuations as a single unit. Hence,
valye gh i Ieast 0o £T8C%ni sot ropy Ku of the secondary
recording layer 15 also is not |arge, the resistance
of t hrecHiralyithe exchargs-couplsdgramary recaydipg fayet Heihecondary
fluctuation will decline. For exanple, the conposite
repardingrinyked 6 nnterdo ithrenNehtl Rawasions Doz singletunit. Iewse,abthe meagnetic
secondary recording layer a soft magnetic materia
arliv¥iopy Kan afalekbidaa redoidiphayéhiat alsi’ nbelar@Q dedesistagce of the
0. The resistance to thermal fluctuation nust

oveR8l BhMHeBic P& ot 5BEG B al Bh¥tultYor! WAL RICIA®T For example, the
recording layer, as a result of which the conbined

coglg;o%hg &%ﬁiuﬂf dds ézirih'mfnsz{tgrﬁ%&hg%P{y ?%seers agﬂ% ﬁteg(rﬁlgdgy recording

condary recording layer TInevit eCOones

This i,s undesirabl e in a perpendicul ar netic
layel ol AR Rl iR SR A MRSt A0ysqieRy (P Gahe regded as 0.
sof t. magnetic underlayer SUL and the recordi ng, head .
Theassistapes tBdhespg] fluctpgtion myush ghegefere bedumigyed gatisdy pyhy primary
for the secondary recording |ayer 15 and the primary
rec@dmgdayey, dsayresul 1@ valieh thetagaibineddhickayeo nfithe ppumary recording
direction plays no part in the resistance to thernal
lafidriagt et deoshdamhe codaspoaydrin@stablyl Heowaes liafget Mehis is undesirable in
secondary recording layer 15 has a | arge magnetic

a gégt)éﬂ‘idu@zm{ndﬁ%etié &%oﬂ%@%&&iﬁfﬁt i'th‘r"]bgqiéﬂ {hE ARk ArieE betvReh the soft

erm ned by the bal ance o
magnetic underlayer SUL and the recording head needs to be small. Here, the easy axes

of anisotropy for the secondary recording layer 15 and the primary recording layer 16 are

mutually orthogonal, but direction plays no part in the resistance to thermal fluctuation.
The reason is as follows: if the secondary recording layer 15 has a large magnetic
anisotropy Ku, the magnetization microstructure is determined by the balance of the
energy of both layers and the resulting structure itself has a resistance to' thermal
fluctuation with average magnetic anisotropies Ku of the two layers. In light of th'is, itis
desirable for the magnetic anisotropy Ku of the secondary recording layer 15 to be at

least 10° erg/cc, and preferably at least 1 Merg/cc.
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energy of both layers and the resulting structure
itself has a resistance to thermal fluctuation with
w@@sas3sagneti ¢ ani sotropi es Ku of the two | ByBIER00d/312086
light of this, it is desirable for the magnetic
ani sotropy Ku of the secondaly recording |ayer 15 to
be at least 105 erg/cc, and preferably at |east 1 .
Mer gExampleseisiceandefy rseerdingalayerrldcoataiialy Whigheatisfy such conditions
mat eri al s which satisfy such conditions include the
inalndy ¢herabiov ¢-areatorsd| Colamed CoFe, MMISFeClaa€ Fasl. Bé3liRise, (FIr has
these, Colr has advantages: it has the sane hexagona

advafBBeP AEKRGhd HRIR hekhfoifal UloBe BScked qlcggmuralabﬂ]\é Cs@et alloy

in current magnetic recording medi a r hard disk
ot G iR SRRl ] 8GR g i i

axj s-ariented Colr, the | so, will beco :
cfiagt ofHeElpEa i {arPLO LGP BrRgdgh biafesigted Colr, the
qgapetization for the Colr making up the secondary .
Coeds aksp gLl bggasne €mxjssoriangedn| g Alis gpset the epsyyrdane of pepgngiazation
easy axis of magnetization for the CoCrPt nmaking up
fot the Qolir makingrupahbe sticogddrpyenorditg layepty senaplent efrthe ayehend the
pl ane of the layer. The C axis of Colr forned on the
eaSP &XiFlof GRBnélzaGorbfr tid €HCHd npfkindeuicihe phifaryt @cérdihglhpare 6 is
of the layer. That is, here too, the easy plane of
Bk A 38 'merblmrofftmaga! r making up the secondary
recording layer 15 is the plane of the layer, and the
easy. j f ' ' . i .
tho” DY G o CRAGhRGPhA B, Ferrh B RSyl e Bieptar v
| ane of the layer.. To obtain C gxis oriented Calr
hEae g s e LRGSR 0P AT AIR HaErsatpr s the Colr
desirable to place bel ow the secondary recording |ayer
malgng up ﬁ%&emnqgryeremrémg lpygreld ig theduane ofyleg layer) ar&g the gRsychxis of
in a plane parallel to a hexagonal closest packing
mbgteticaonpoathe GuCrBt mekinggpribd primbrtyi reeprding teyer Thastpersendicular
by using a crystalline under |ayer oriented in a plane
to plad plahebf the ladehexagonal cl osest packing lattice plane
or a tetragonal lattice plane, there can be obtained a

thi npd bbidinl @ W0 bAbhitdeofr AXtifg 8p tHeQklorddrydet &Bingdayer 18, it is -

per pendi cul ar direction

desirable to place below the secondary recording layer 15 a crystalline under layer (under

~ layer 12) oriented in a plane parallel to a hexagonal closest packing lattice plane or a

tetragonal lattice plane. That is, by using a crystalline under layer oriented in a plane -
parallel to a hexagonal closest packing lattice plane or a tetragonal lattice plane, there can
be obtained a thin film in which the C axis of Colr is oriented in a perpendicular direction
to the plane of the medium. |

In the case of a CoCr alloy primary recording layer 16 or a Colr secondary
recording layer 15, e.g., ruthenium, platinum, palladium, NiCr, NiFeCr or magnesium

having a hexagonal close packed (hcp) structure or a face-centered cubic (fcc) structure
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cagbgaised as/be underlayesil

to the plane of the nedium In the case of a CoCr
alloy primary recording layer 16 or a Colr secondary
WO smenskosyy | ayer 15, e.g., ruthenium plati nunPCT/JP2006/312086
pal l adium N Cr, N FeCr or na nesi um havi ng a
hexagonal cl ose packed (hep)l&tructure or a
face-centered cubic %fee structurecan be used as t he
s etfect @ (aaxis Pp@epdipprericatation in the
orientation in the secondary recording |ayer 15. As
senatdady edoonding lajemilgnet i ¢ recordi ng nedi a according to
the invention, regardl ess of whether a | ayer of CoCrPt

I s fQfABE@dabovk, irtye %neﬁﬁ rdeBlding ellRyREor@in fg@@ kHe ihSention,
fornmed on a Iayer of CoCrPt, or layers of Colr and

re% Mfé@sc‘op&lhftg T o ro? dotPsat Mdfoﬂrﬂgge %%OC%?ICQ las&pgf Colris

e easy p nagnetlzatlon for t I'r’se V|ng

offed ST s TSERRL EPER 5>?ekﬁe°qfeé°3§ &ﬂ?e%f%?ﬁ%@ffﬁ HSipPadly

for_the CrPt that forns, the imary recording |ayer
fomee%%eﬂafgo Aedethp EryeHRnec] m@agn?fezattlﬁa fon the Solrservipg as the

| ayer. Moreover, in the magnetic recordi ng nmedi um
see@loryiasgrding labier liSrean e iude therplansoefithafilmand the easy axis of

magnetization (Ms) of the Colr can be adjusted by the
magnetzationcfontherCoCrBphat formatheprinvdie fecohding laiyeli L6@an be made

content has been set to 5 to 40 atom c percent, the

pe%ﬁ%[&t@me%ﬂﬂmléqu &f the secondary recording
I'ayer 15 can be nmade negatlve and its absol ute val ue

can ﬂgre%% ﬁrpth@trTLgﬁ Jreg&ﬁh rr&é]cgfsi%l a%?&%?%ci@ ﬁ%qrnyentlon the

recor |ng ayer ferab

sas B g eisPIM of g BT St Rlsel e ol TN

0.5 nm the effects, of the magnetic recordi ng nedi um
as anerifically.nikandths didinm cantentihas heen st ind tatdipis percent, the
becones difficult to ensure uniformty over the entire

magnefigarisotropyniéu o the yenonddry gecor hing dayco hil aarybe meds whgatve and its
| ayer 15 has -a thickness which is preferably not
absolute value can be set to at least 10° erg/cc.

The secondary recording layer 15 has a thickness of preferably at least 0.5 nm,
and more preferably at least 1- nm. At a secondary recording layer 15 thickness of less
than 0.5 nm, the effects of the magnetic recording medium as a tilted medium diminish,
in addition to which it becomes difficult to ensure uniformity over the entire surface of -
the medium.

Also, the secondary recording layer 15 has a thickness which is preferably not
more than one-half the thickness of the primary recording layer 16. |

At a secondary recording layer 15 thickness greater than one-half the thickness of

the primary recording layer 16, the main component of magnetization becomes in-plane,

lowering the signal strength.
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nore than one-half the thickness of the primary
recording |layer 16. At a secondary recording |ayer 15
wa biosM3sess greater than one-half the thicknessPof/Jr2h@/312086
" primary recording |ayer 16, the main conponent of
magnet i zati on becones in-plah®, |owering the signal
strength. The protective |ayer 14 protects the magnetic,
r ecoFhfi protecayeleyd rpipicels theospgnetismerosdiag dayes3 dramegpsrosion
to the surface of the magnetic recordi ng nmedi um when
aridipeeventpniziiage Ihethd sodae dfithomegnetiacecondinh meddeunredien the
Illustrative exanples of the protective |ayer 14

mhgetit dead@Momesicdftact HitaaRe AediefN AU AT e 3xABPIEs of the
material such as Si- O Zr-Oor Si-N The protective

PR e Al LT ABRRE o L B b RN Bl iy iflThoch as i
eti.c ordi .l ayer can .in thi e de:
O Skak: il wtplREseE i et At Rrestal weRFtge T o nm. The
recording densities. Myreover, in_ the inventive o
digtappedicrweondbopgerrgicisad and thy magheticieeriding layer 3(capn this way
shown) may be provided on the protective |ayer 14.
bel thhdessmadl, magingxiapgssibde ofactarmbdaahighehreconding deasitised
in the lubricating |ayer include materials known to
-t he Mbfeoveryihthasnyeatitd magmpio ryeirdiag snedidmier lubhdagidlg layer (not
~alcohols and fluorinated carboxylic acids. The
shERaNBhl be PRAICH AthEBebtetivelaye €4.1 INGRAH R ExMnbIRs bR Ribricants
above type of construction can achieve a tilted nmedi um
. . - r
APl R chhi 1 Bt B RO BTHE AL S s
di a gan, be reduced., The principl nder| yi ng. .t he
et ar T fyeT ST e atcb s BfoBied FiERomfieariss
present invention is described here while referring to
FI GsThegpagnetic wigroeding medisinseftberitvertion yith fee abawe Bipe o
whi ch the secondary recording |ayer 15 and the primary
constowstidi egn hehyere albltadegeditin eherain theecosravasy: He of highahagnetic
direction. In FIGs. 4A-4C, the white arrows indicate
anlid@roply (el hasrialf oftthepepdmlidulir ntap@eed teCofdirgd Medih ban be reduced.
| engths of the white arrows indicate the magnitude of

the ’ﬁi&t]ﬁ{r{&?}he IREREACthE b&drévitd (e 1B eBh@6#e ROBAWR in the
present invention is described. here while refeniﬁg to FIGs. 4A-4C, which shows
schematically the manner in which the secondary recording layer 15 and the primary
recording layer 16 magnetize in the cross-sectional direction. In FIGs. 4A-4C, the white
arrows indicate the direction of the exterior magnetic field, the lengths of the white
arrows indicate the magnitude of the external magnetic field, and the black arrows
indicate the direction of magnetization in each layer.

First, as shown in FIG. 4A, when thefe is no external magnetic field,

magnetization of the secondary recording layer 15 and the primary recording layer 16
faces in substantial‘ly a single direction (upwards» in FIG. 4A). That is, when the

magnetic anisotropic energy of the primary recording layer 16 is larger than that of the
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i ndicate the direction of magnetization in each |ayer.
First, as shown in FIG 4A when there is no externa

wore@nasioss fi el d, magneti zati on of the secondarBCT/JP2006/312086
recording layer 15 and the primary recording layer 16
faces in substantially a sinfle direction (upwards in
FIG 4A). That is, when the netic ani sotropic

segprulagy regprdintgdayer [¥a magnasizatiell @itgthqf sgrepdarg recprding dpver 15 also is
than that of thesecondary recording |ayer 15,

oriemgpdeh itheaierpendaduldriérestémn d aeality, dworedem glek@gae ralsd sasels S:owhich
is oriented in the perpendicular direction. In

a vAakd InagnIRNBVRFuctrd 8figs af Bie MEROICHIRS sdcBnd @J@:oﬁlmg layer 15.
tw sted nmagnetizing structure arises at the interior

of tﬁ%ﬁsa%gagaawpf@ zﬁi%ﬂ%ﬂ o AV indRse M@gxla éfm&eﬁ ) Hpplied,

FI G smal ["’i nverse nmagneti c as bee

et|z i on of. e reco n
mpdiests Lk veof iy RraRling e ISR thREeBine Plage pf the
Due to exchange coupling interactions with this
layesc ENGdp §xGhanes enupding Rferactions witthist Sieﬁcatdia@hres?rdméayer 15,
primary recording |layer 16 also starts to tilt. Next,
magnesizaion df theprignaryGecostlimg layiee 16 alse stes hmblietic fiel d
is larger, just prior to reversal of the main
r ecoxeliteg shawalin F6G. 4@onehitkainvene afaghdit fidd didagey, just prior to
recording layer 15 is oriented substantially within

reld1al Blf aength rtRRding YHer 26 qné%@f‘?ithﬁ F U@'be@(ﬁncfaﬂereﬁﬁ‘d&g layer

recording layer 16 bécones about 45. In this viay, as

151s opler?teé ?u ?a%? %ﬂﬂr Ok F laﬂgg thteri%em@ﬁl in grr ;ojfatﬂe main

[S] reverse a sna r eX ern nagne

than if o ri ordln e J . .
ref R0 1T e fuBRERPE 4 55 BTG e U {5 Hipe techniue
invention is al so characterlzed in that the magnetic
the gagnefization edpehe resersed with a smpHer, exigraglimagngtc feldifbangf only a
the nmedium into nagnetic areas and nonnagneti c areas,
priharg heavedjngtayer &6 eas: mmsknhonmagnet i ¢ areas have
regions regularly arranged circunferentially on the
medi THe mStetic rYRth hedR@06Ctonlgk: iMeektionak alse @hracterized in that
patterned nmedi a. For exanmple, the magnetic recording

tht @hBhetit3efBRYinBay?e R8N @eratedl &nHﬁQH@})laﬁe 3F 8R&M¢h, into

nonmagnet | ¢ areas

magnetic areas and nonmagnétlc areas, which magnetic areas and nonmagnetic areas
have regions regularly arranged circumferentially on the medium.

Such magnetic recording media are called patterned media. For example, the
magnetic recording layer 13 may be separated into magnetic areas and nonmagnetic areas
by a textured pattern 20 like that shown in circled region A of FIG. 1. The surface of the
magnetic recording medium 1 has, as shown enlarged in FIG. 5, a servo Signal region 22
for burst signals and for addresses and preambles (i.e., tracking and data access coﬁtrol),
and a data track region 21 to which data is written. These regions 21 and 22 have been
divided by the aforémentioned pattern 20 into magnetic areas and nonmagnetic areas.

Such a pattern 20 may be achieved by forming the above-described magnetic recording



by a textured pattern 20 |like that shown in circled
region A of FIG 1. The surface of the magnetic
wo ewensiosy nedi um 1 has, as shown enl arged i n PCTAP2606/H2086
servo signal region 22 for burst signals and for
addresses and preanbles (i.e e2l tracki ng and data
access control), .and a data track [1 on 2 to which
lagiert 3 then Wﬂi‘iﬁltl%lt intp dacedesigd Piage. Dyt @n@lnmwﬁgﬂﬁétl% &by using an
di vi ded by the aforenenti oned pattern 20 into magnetic
omliregs thamfilom dernuggm proicessde degmsit 8uagnatip eacouting Reemigyonize
achi eved by form ng the above-descri bed nagnetic
subeeae dil fight AxebechIetideest ihentle desigdishapentThetdae tetekirégion 21 may
shape, by thin-filmnodification, or by using an
bOEHiiR A tf'et&kglag sHoWf 19@‘?@”9 o'i’ﬁl%e&:strécﬁs ABRSIE dRided uhto single-

magneti c record |ng | ayer on“a substrate 11 that

5 bl?gr%?s ?r{eng %r Pum Q hde, Qﬁg@g&?}}gﬁ%%e The data track

e cont| AUO s as shovvn in FIG

5, or, may be tracks whi ch r .
uni t Shomagapticireqgrding Hi‘etdé“ W#I&'lgé? C‘;il?ﬂlg—ﬂl ‘%C“@e track

The magneti ¢ recording rredl um shown in FIG 5is also
%de thesmpgnesicreeedingrawidinm shonyn ia FlGe 6 segaiampscheing
recor d| ng medi um shown in FIG 6 sonetines being
ref@feelrto asla pottanedmpdiiheinrtbenaredy sense nf theeemar Inavdisests erack
of the term In a discrete track medium the |inear

me&ia R, eieNtheieRsbriding Fensief BIdeien@thed 28 ih fhd Airetiprabiide, by the
pract| ce, by the magnetic transition width forned on

10 mta 108 h %P%ﬂtﬂ%]ﬁﬁﬁ% n thP n{eaﬁlnﬁ)BytﬂL }p:?@dOn the §HE h d 1n the

terne medi um shown 1 n FI G I near recor

it erm
oS LR & ey HERE e RR lagﬁ%tlawfd g
achjeved ,in the patter ed nedi um shown in FIG
SHORE 1BPAREE] rtte HORCT e gﬂﬁbgﬁcp RE GNSHY FRp Sfi{‘ﬁéﬂly be achieved in
patterned nmedia obtained by patterning the substrate
the paiterned medivapthosininddd. é-nt o servo signal regions 22
and data track regions 2 1 as shown in FIG 7, and
magnidtieenddayedtia atcthiengbdtyapectglang eipegdttenacd mediatohiamed by
‘ by patterning the nagnetic recording layer 13 into a
15 pataisdidisubiee: | Ninto 8 Shdpe dii@hiintd REVEISnaE Zegidtd 2daha data

track regions as shown in FIG 8. In a nagnetic |ayer
trfctkqgélggs 21 as shown in FIG. 7, and magnetic layer etching type patterned media
obtained by patterning the magnetic recording layer 13 into a shaped divided into servo
signal regions 22 and data track regions as shown in FIG. 8. Ina magnetic layer etching
type patterned medium shown in FIG. 8, so long as signals are obtained from the
20  magnetic recording layer 13, etching may extend to the under layer 12 or substrate 11
there below. Alternatively, the magnetic material may remain at the bottom of the
patterns (e.g., only the main recording layer 16 is shaped).
This invention may be applied to any of the patterned media shown in FIGS. 5 to

8, enabling a coercivity Hc reducing effect to be obtained in the patterned region.

25  Accordingly, patterned regions may be present throughout the medium or only in
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type patterned nedium shown in FIG 8, so long as
signals are obtained fromthe magnetic recording | ayer
wd oeesobd Ng may extend to the under |ayer 12 BET/JP2006/312086
" substrate 11 there below Alternatively, the magnetic
naterial may remain at the bottom of the patterns
(e only the mpain recording layer 16 is sha
porkp b ivm ndyOHRtERSH F%grtsc}n%w e sanh eor}&@g?@h iythe
media shown in FIGS. 5 to 8, enabling a coercivity Hc
curcgmf@]entgal alireetiqn Qronebebm@p@nn adermmitteritly ip ghet adrcpmdeerential direction.
regi on. Accordingly, patterned regions nay be present
t hr oNghothit nidpaetiE@tonding andirbproduing dppangusdccddding to the present
medi um Al so, patterned regions may be present

inGQonnsQiski¥ed. N the circunferential direction or may
be present intermttently in the circunferentia

di r Sl 1%OentN%)§ﬁa§ng C remrh(éédﬁ rg&%%c?#%gp : gaglésnlts exemplified by

repro ducing a usacc

IS ed. % [ gnetijc
the E@gr%%%%lvmefipﬁogw&nﬁ '%iﬁpg Fhiselif 8, Whish sy by
the hard disk drive (HDD) 30 shown in FIG 9. This HDD
pegrendighiag magoetic weprdingdaeinelngto ragiad it sernugityigs of data, is
technology to read and wite various types of data, is
coapupabel] within ahdusing H, ﬂm@bngdaﬂzribemmagthiv:eﬁskelswhichéﬂ
magneti c disk 1 which is nounted on a spindl e notor

méiaéd 618 ¥pihdRAkbtbS(noO§RIvAL lakd B owedbly driveag s alapfethiaaad 32
32 which wites signals to and reads signals fromthe

wiltRE Ot CsifHatkto bind ?eeﬁ@ 5 n§l§ RENHe %‘agﬁét‘f@m Y, Sfal I'&uspensmn

whi ch the magnet | c I's nounted, an actuat or

as%eln}lbglh i3? rOIB\éV%r dl% g—% n\?\%%c Héc'a%eﬁsls Hou tsé%e rc¥xfa'1)’or 34%{%1%01’? drives the

carrires ou con
vari ous .co t e magnet i d321is a
hea g APRAT POASHBEN 1o aht ERCL Uerd 35 RO SIS &0 Suirohgtipe

are nounted on a common slider nmechanism As noted
vagilgeyeQmponestsr ci vity Hc | owering effect is obtained in

the magnetic recordi ng nmedi um of the invention.

Bec dlizemagniesic @b4de2 isiacohdngptionthead inhehiol & emit@bé¢adrmndfa read

the recording magnetic field is perpendicul ar
head are mounted on a common slider mechanism. As noted above, a coercivity He
lowering effect is obtained in the magnetic recording medium of the invention. Because
this effect is large when the orientation of the recording magnetic field is perpendicular
to the medium, it is preferable to use a single-pole type magnetic head as the write head.
A shielded pole construction may be employed in which the single-pole type magnetic
head is provided with a shield. Alternatively, perpendicular magnetic recording may be
carried out using s ring-type magnetic head such as is typically employed on longitudinal
media. The read head may be, for example, a shielded magnetoresistive (MR) read head
that uses a GMR layer or a TMR layer.

The head suspension assembly 33 supports the magnetic head 32 across from the

rec‘ording side of the magnetic disk 1, and has a suspensiofl 36 on the distal end of which
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to the nedium it is preferable to use a single-pole
type nmagnetic head as the wite head. A shielded pole

w@omstiswet i on may be enpl oyed in which the sinetEIRR0IE312086

type magnetic head is provided with a shield.

Al ternatively, perpendicularzﬁagnetic recordi ng may be
_carried out using s ring-type magnetic head such as is
istmoynied thy abosrdeyeibed slifengeehamismapng @i 3 Ty ICﬁéaaportS the

head may be, for exanple, a shielded nmagnetoresistive
proiRpalreed of theadspehsion 36.eThaawRot 3¢ vses arvoice VR matge(V CM) to

The head suspension assenbly 33 supports the magnetic

pyetach (Be ngh@feshehd 9P Wid e heaDsudpdigion Beentily Bhet NpigBe tddial
di sk 1, and has a suspension 36 on the distal end of

a3 . a o .
B S AL B 4 R0 R A B Ghries out
suspensj on, 36.  The act uat or, ,3 SES VOI G [ ar
R E) S aeneoE REH Rl R Ao HRETeBu e ol TR
suspensi on_assenbly 33 at a given radial position on
H?ﬁ@“ﬁﬁﬁﬁi?%c disk 1. The circuit board 35 has a head
IC chip, and carries out drive control of the head via
the actuator 34 and data read ar wite control via the
magneti ¢ head 32. EXAMPLES The effects of the
EXAMPLE®N are illustrated nore fully in the follow ng
exanples. Exanple 1 In Exanple 1, first an LLG

Si MUTRY E@EEtYEIThE RVERRS 48 ilRIBldIntRe IRt ineke follBwing examples.
above-descri bed coercivity Hc | owering effect of the

i nvention can occur within a practical range. The
results of the sinmulation are shown in FIG 10. In
Ethi ﬁinulation, the magnetic ani sotropy Ku of 6
f@?@f c and for the saturation magnetization of 500
enmu/ cc_were chosen for the nmagnetic properties of the

pri mayExample | dirsipn L@ simylpdawas earisd tpatstemineavheshgrihe
properties of the CoGrPt used in the nagnetic o
ahoyealesiiribgd lcosreivitp Hegewpongeitent af theagyration careestriwiigin a
nmedi a. The magnetic
practical range. The results of the simulation are shown in FIG. 10.

In this simulation, the magnetic anisotropy Ku of 6 Merg/cc and for the saturation
magnetization of 500 emu/cc were chosen for the magnetic properties of the primary
recording layer. These are values close to the properties of the CoCrPt used in the
magnetic recording layer of perpendicular magnetic recording media. The magnetic
anisotropy Ku of -4 Merg/cc and for the saturation magnetization Ms of 1,000 emu/cc
were chosen for the magnetic properties of the secondary recording layer. These are
values close to the properties of Colr. The exchange coupling constant, both within the
magnetic grains and between the primary recording layer and the secondary recording
layer, was set at 0.5 perg/cm. The mesh size of the simulation was set at 1 cubic

nanometer, and calculations were carried out for a cylinder with a diameter of 8 nm and a

hei;ght of 18 nm as the model.
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ani sotropy Ku of -4 Merg/cc and for the saturation
magneti zation Ms of 1,000 enu/cc were chosen for the

wOorzna3os4 properti es of the secondary recordi neCt/aBess/312086

These are values close to the properties of Colr. The
exchange coupling constant, Bbth within the magnetic
grains and between the primary recording |ayer and the
secor@ar iereeds ghovyg K16k 10.1ihg dasbed Hpesyeprepgnt g/hypieresis doop for
mesh size of the sinulation was set at 1 cubic

the aaserie drich thadylkirder bhvdng o heigheofel Scam s ennmsed $aely af the
cylinder wwth a dianeter of 8 nmand a height of 18 nm

prétBarly recordigg llayek.0Thé Beerdieisy He $s £000NR0 kOe FITke sdIl liddd @epresent
dashed lines represent a hysteresis |oop for the case

thé 'Hyé’t@ﬂegig f&Re i %sje'iﬁ‘ %ﬁchﬁﬁé’kx@&aﬁr @@drgfﬁgilﬁ’}ter |11§s Qmiék_?_lﬁses of 12 nm

conposed sol e of the primary recording |[ayer

[ Ci Vi Hc i s about, 20 e. The solid |ines ..
ariQf Slcbhdety pcokuf M S hctins SLE 0B ke ey He (e
ri recoydi ng | has a thickness of 12 nm and
Vaﬁ)w%é% BHEHER mF%%éWZ%%HI"QVQr&t Nhs 0&l%lﬁ$sct§ﬁb§§f #¥laggen e
here, the coercivity Hc (the value of the externa
vahgerfadyliag Hr + 81(the rempreant miagngtizat®yn Ms) isegwlletthan thglshtugation
| arge. The value of Mat H = 0 (the remanent
maggtiedtionaVs 0 Thistiy miostlslikedly due foltheir-plens edropaiehOst the
magneti zation Ms. This is nostly likely due to the

mhdireBL AN KRR Mehe@iatibh 8t tRB A& draFithORchRIaAY fRording layer is
magnetization at the interior of the secondary

norrtra %gﬁre z?% g?lgd lvmﬁer{l?ént%ﬁ%fonfo'f kle) r?léé.crg ?%ﬁ(‘éﬂl# ga)}rgrr. .Th?ﬁgrtion of the

atiron o e primar

orgio the curve form H=0 to.,where magnetij.zation .. .
R kgBd SbiriFers Mok AT et R T ARt o -
magneti zat|{ on conponent rises gradually as the inverse
Plapggnagnesizr i romponenigisesgraduallyyas dhe mygrse Bipgnetization Held
portion of the curve, magnetization rotates
beremey krgsiry Maeeier.an thinportion phthevcar yge magndiizatiprerotatésareversibly,
external magnetic field returns to zero. The abrupt

andhangs tathecwduco MV whele theexiettia veigaétid feld hatge to wdienThe

the external magnetic field is returned to zero, the
abikRsd es&n\%@& t&¥IcRRG PIEES irrdVersibl i @leREQ Mthen tNCexBENehddhetic field is
field i ch induces a reversal of magnetization is Hc.

rethitled t6 fZEI%(,: {he%géﬁeﬁza?ﬁnlbg%&s-l\&m ef}fgpe%]r%f fh€ magnetic field which

- induces a reversal of magnetization is He. This effect occurs so long as the magnetic

anisotropy Ku-of the secondary recording layer is negative and the easy plane of
magnetization is the plane of the layer.

Next, simulations were carried out under the above conditions at varying primary
recording layer and the secondary recording layer thicknesses. The resu.lts of these
simulations are shown in FIG. 11.

Calculations in these simulationé were carried out while keeping the combined
thickness of the i)rimary recording layer and the secondary recording layer fixed at 18 nm.

Calculations were also carried out for cases in which the saturation magnetization Ms of
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ani sotropy Ku of the secondary recording |layer is
negati ve and the easy plane of magnetization is the

w@bmne3os4 t he | ayer. Next, simulations were carCT/soadi2086

under the above conditions at_varying primary
recording | ayer and the seco%%ary recordi ng | ayer
t hi cknesses. The results of these_simulations are
the pespRdarny reqarding fayersag 60Gemuiss: [hEthdd ethsiahenissa repsgsents the
were carried out while keeping the conbi ned thickness
theknesseof phrd staondareroodinggayeaysrd thadrdihse sepeesaatathe coercivity He
recording |layer fixed at 18 nm Cal cul ations were al so

andahé bRAreess $ QVIrd&Ses i n which the saturation
magneti zation Ms ofthe secondary recordi ng | ayer was

600011? %@%{%ﬁ Rofil the re%&lgs sth|8€vn619$?g§ ?ﬁtt{aﬁWeﬁ%@QHﬁcI{rﬁ% of 1 nm,

t hi the secondary recordi ng |ayer, an

ordi nate represents, t cer ci-vi.t apd. th -
g iHoPBirS s CRAFREDE 54 R SRE Shntaniin? Bilvinkdbe cosraiviy He.
shown in FIG 11 that even at a thickpess of 1 nm, the
MeEoure pGRuUsR IS SAVHENSHY dEcTRzses phine P‘PE‘&SS gf the secondary
substantially halving the coercivity Hc. Moreover,
reprrdimgdayer hecreasoh aspendars rdedingdexer agthishwmaller dkekasss isf
the secondary recording | ayer increases, a secondary
prefecabiaifrom thaytendpuiitiof thextad $ignial tittenditye 9t a werpsrableseabhdary
fromthe standpoint of the read signal intensity. At a

re¥tig IR thiSBR8 dild shahCRIHE falltAdaial HIREGSIRSSsisthM® becomes
change in the total thermal fluctuation resistance

BRCATER:HE IBERONGE il RESTRARRN G0l b O3 PRSEH
e ] e A

order encounters less interference. This result i's the

the safbmagpeie yndedayepin hsetrAerencontersiless inferfaersicdi ng
| ayer has been forned on the secondary recording | ayer
or tHus msulbindthe yame gegagdlagy dfayhethen sl prieary freqondidg bayer has
the primary recording layer. It is also possible to

bekn $@tiedtonehs sswondiay yecoeling Biyegor thy e¢cobéirwesiording mévhas been
recording |layers. In such a case, the exchange

=

P

fofR&HPbi 1h@ primary recording layer. It is also possible to insert the secondary

recording layer between primary recording layers. In such a case, the exchange coupling

~ interactions that act upon the secondary recording layer become twice as large, enabling

the squarenessS to be brought closer to 1.

Next, simulations were carried out to investigate the angle dependence of the
inventive magnetic recording medium. The results of these simulations are shown in FIG. '
12.

In these simulations, calculations were carried out at the following values fér thé
primary recording layer: magnetic anisotropy Ku, 6 Merg/cc; saturation magnetization

Ms, 500 emu/cc; thickness, 12 nm. Values for the secondary recording layer were set as
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i nteractions that act upon the secondary recording
| ayer becone twice as |arge, enabling the squareness S

wo eooba3dBought closer to 1. Next, sinulations Ber/&2006/312086
“carried out to investigate the angle dependence of the

i nventive magnetic recording 2fredi um The results of

these sinulations are shown in FIG, 12. In these
fodfomisi aagpetic anisatiopy &Y, oh Meg/pe saFatiogdnasnetization s, 1,000

followi ng values for the primary recording | ayer:
emugoehicknessj Gomr opy Ku, 6 Merg/cc; saturation

magneti zation Ms, 500 enu/cc; thickness, 12 nm Val ues

for W}fén$1@e§31§}ﬂﬁ@rfy)/red5(ﬁd@ﬂ’gdam id BYiegle Y@Eﬁaﬁﬁ&aﬂﬁﬁ@ieh@%ﬁm reversal
magneti ¢ ani sotropy Ku, -4 Merg/cc; saturation.

fdm%?ﬁé ZRLAIRA sMys Eadgo@le %ﬂ%lé QEp entcipﬁ&m%coeﬁclﬁg?nléy\gkﬁag ¢

the primary recor |ng single |ayer
netj zati on reversal folloms t.he .

AR SV SRS BipBha sl DHECHLr Hayist inthe magnetic

downwar dl.)y convex curve having . a m ninum val ue at 45.
repex\@\geme dipm oftle mygRtian, thecoeishaty e weubitnm Gfferenkangle

i nvention, the coercivity Hc exhibits a different
d@@gd@celeﬁbﬁdsrb@eed arhthe résylts BasanindiiGe hd Hels @l vatueghain

in FIG 12, Hc is a value that is substantially the
subatartidlyode @axhe frohe0Voahavicinitgfof 45°. Theeret@appeapparrthat the

to be that the nagnetized structure always has a

mBgrdtiz@Nstchlte AlWBR1aSh oridd vAtH LhEH-£t6 ahSle trél@tn"é&@ ARt h&gnetic
freld. The effects of this invention can al so

faghi eved with a patterned nedi um wherein the rmgnetl c
recording |ayer is separated, within the plane of the

medi i.n o net area d honima ar ea

i b b RE B TR 6 B R A e B a6 edium

regions reqgularly arranged circunferentially on th
WherRInhs mﬁ%etwgawm%dgw%és soneisH) yithigy th%w@ae ehthe medlum into

basi s of such considerations as the type of HDD system
magnetie arean anfxdm@run@neaﬂ dreat evipelodlagieitio araas gnd nonmagnetic areas

have regions regularly arranged circumferentially on the medium. The medium may be
suitably selected on the basis of such considerations as the type of HDD system to be

manufactured and the production costs.

Example 2

In Example 2, magnetic disks for the 2.5 inch hard disk drive described below
were fabricated based on the results of Example 1. First, a nonmagnetic glass substrate
(TS-10SX, made by Ohara Inc.) was introduced into the vacuum chambér of a sputtering
system (model C-3010, made by Canon ANELV A Corporation), following which 'the
following layers were successively formed on the substrate under a vacuum of 1x10® Pa:
a soft magnetic under layer made of CoZrNb to a thickness of 100 nm, a seed layer of

tantalum to a thickness of 5 nm, an under layer of platinum to a thickness of 10 nm, an



Exanple 2 In Exanple 2, magnetic disks for the 2.5
i nch hard di sk drive described bel ow were fabricated
whamed3osd t he results of Exanple 1. First, a PCT/JP2006/312086
nonmagneti c gl ass substrate (TS-10SX, nmade by Onhara
Inc.) was introduced into th& vacuum chanber of a
I%guttering system (npdel C- 3010, made by Canon ANELVA
uresF Fyenel rgthphiupnio) ot ckgessiof é B nima priglarbiscatlinglpgerof CoCrPt
wer e successively forned on the substrate under a
anda®i(g ho @fhidkneds0ofB; P&8 nm, $bhim, hagme? nm, ondaem, lazgemdarnde
of CoZrNb to a thickness of 100 nm a seed | ayer of
ret&udiriy [yertod Cag i) kBiknek ob (18M t,)3+0 pde hm, 3@, 9fm, or 15 nm
platinumto a thickness of 10 nm anunder | ayer of
: a |
BB g A O L R eV G S
n 15 n 9 n r 3.0 a _secondary rgcardin ayer
s o0l GsmvblsdeR Tog Rertiohho §pf REGRER 6T BRI hE
nm .9 nm_ or 15 nmand a protective |ayer of carhon to
follopingowinel Beréonppy euﬁé @IPPES s appldad i ‘SPBlﬁg\Xﬂ’] p dHckness of 1.3
t hese successive | ayers had been formed was renoved
nrfag misthisantde thewuefiaprbbihe ptasedtivailaygr.wBeese film formation was
per fl uoropol yet her (PFPE) was applied by dipping to a
cdrfieCdutesstimioudly 3n avaasinasthtepan ingenfaciablaly resushaf aswerfark oxide
the protective |ayer. Because filmformation was
laGéH didl 86k fBHh beM¥eh ﬂ%&%%y'r&o@diﬁ?%ﬂhﬁ Ak 8econblary recording layer,
Interfacial |ayer such as a surface oxide |ayer did
o .
10 el N MRER KO0 LR Rch SRR AL PR AR B
xch ed-coupl ed_st at e was.oht al ned. at the interface
b B 0T isps V38 B T ttcR g P priig e i dine
formati on of the primary recording |ayer had The
laygrrhed egompogitien af &@@@@r(o)sppthbv'dsl(?w)lioc e nppbers in parentheses ()
conpositional ratios of the constituents in atomc
hepe inclévate thdlexrhpoditienal edvios ofithe donsaureetd in at@mior@raegt.
medi umwas sliced in such a way to exam ne the

por tNeAsthe fabridtted SEQNERE ¥cb@FRI HENIEM! vwasalicaNh WEh BBy to
recording | ayer by a transm ssion el ectron m croscope

15 _ exatti the pBRiHE G WG dAQUB iR e idVeP attPYridh 3V didg layer by a
transmission electron microscope (TEM). The rﬁedium was found in this way to have a
* granular structure composed of, as shown in FIG. 3, magnetic grains and a nonmagnetic
~ material surrounding the particles. The sample had a thickness of about 10 nm.
Sequential EDX measurements were taken, whereupon it was confirmed that. signals
20  from the ruthenium under layer were low.
The nonmagnetic material portion of the medium is composed primarily of SiOy;
EDX analysis of this portion confirmed the presence of cobalt and chromium ﬁeakg.
Given that constituent elements of the primary recording layer and the secondary
recording layer were detected in this EDX analysis, the secondary recording layer and the

25  primary recording layer appear to overlap at the magnetic grain portions. A cross-section
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granul ar structure conposed of, as shown in FIG 3,
magneti c grains and a nonmagnetic material surrounding
wa bwepzaosd cl es. The sanple had a thickness of BEbDIR2006812086

nm Sequential EDX nmeasurenments were taken, whereupon
it was confirmed that S|gnaI§3fron1the ruthenlun1under
er were | ow.. The ngpn etic materi portjon of
of thiésaly s thereforssamine b fransmypsiag) %ectroem%cgﬁaws@w
of this portion confirnmed the presence of cobalt and
frarh mdnshuirves &md teitylemsanipde hadhenoiss-sastionad Isenesmedikefthatishown in
primary recording | ayer and the secondary recording
FIGagelyg irethdst@gidad recortiinigSayeDalthoagtyso partitdler elements for
secondary recording |ayer and the primary recording

sebﬁ}{ﬁﬁg the Eﬁﬁfclets%aoé/ B&dnaRd&d, if BRs APSARhY F aQr&ulbr structure has
portions. cross-sectionof the sanple was therefore

ﬁ%@&%g i ! ok CRPRILARIAM 8 SHLH Me;por?qwgecgrdmg layer

0SS- S ctlonal structure lik that SB FIG;Wﬁh
SETAYRTSHUCUEAARGHF {° PRedise Parde u“%ﬂ ©
partlcular el enents for separating the partlcles have
sepriaryageerding leyedowtectpp denosiioniof CRlipngthg rdated elepc ot and
has forned due to the diffusion of elements such as
sekctivedapositiomof beidesr suchay Cog@ dhad ineyitatdy éorm Euolg sach film
granul ar structure appears to be caused in part by,

fohdtioadrf OfBRix iftei] cbh? oSRIGsHigaR wfseonr di ng | ayer,
sel ective deposition of Colr on the related all oy

- CoCrpheritd p?r?ﬁa?ﬂée\é?dl Ry ﬁddoﬂh&ﬁ(né’sé 't,?'&sl 85N, a%vl@ﬂ “there

that I nevi tably forn1ﬂ%r|ng suc or mat 1’'on ‘on

was Aty 'eéonr@ ec%dm&qngeqst%g 8L cly P,hl X as% 5% Iw%fheféﬁe Pﬁ]mary

cor ness

re%glpg,layefy ({_E Vevgss Arl sec ‘%ﬁ’; I{HE éro %F.\I‘n?r% resm 51m1?ar to

recording | ayer had a thICkneSS =17 nm 15 nm 9 nm or

- thy in G al hyas eiteispdfosieash efrthess spmatesi fn wlditiom whega ghe coercivity

obt ai ned for -each of these sanples. In addition, when
Hd wes estieratédvit taypokitiondrs ceebtsampteashat the mngxietii:amionichams hbruptly,
sanpl e where the magneti zati on changes abruptly,

reS’pﬁS@@r‘ébMﬁ of8Ik 0§ 305 kGe,2.KROE and 23 O Were dbkhidede [RBAL case,

.5 kCe were obtalned I'n each case,
a coercivity Hc decreasing effect was confirmed, but the reduction in Hc is not the same

-~ as the results of the above simulation. The possible reason is that the perpendicular

magnetic aniéo_tropy of the primary recording layer is not oriented entirely perpendicular
to the plane of the layer; instead, it has a variance of about 5° in terms of the angle and/or
a variance of about 10% in terms of the strength.

Based on estimates obtained by torque measurement, the magnetic anisotropy Ku
of Colr was found to be about -4 Merg/cc. The sample with a primary recording léyer
thickness t; of 3 nm had a small remanent magnetization Mr. This media is not useful for

a magnetic recording medium.
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a coercivity Hc decreasing effect was confirnmed, but
the reduction in Ho is not the same as the results of

WO bweakrosL simul ati on. The possi bl e reason i s PCEIP2D6#312086

per pendi cul ar magnetic ani sotropy of the primary
recording layer is not orien®d entirely perpendicul ar
to the plane of the layer; instead, it has a vari ance
of abi§¥k using A MagpeHs recording methm inMdcdbCalr §ayssAsdle srcondary
about 10%in terns of the strength. Based on estinates
reobitdangleyerby magnajigaecrediag medesproduchng appgmastsilike that shown in FIG.
ani sotropy Ku of Colr was found to be about -4
9 Mag LitC . In Thie nBign@icaevdrliit gand tépreduitingepPhriniga tay @ead
thickness t i of 3 nn1ha§ a smal |l remanent

cdIRYDRTY AiHibRA OMI%gﬂﬁggﬁagﬁg@ viad R adtiSiutlte FMd, fhe disk

magneti c recordi Xxt, using a nagnetic

recordi ng, medi um j i ch lr ser t he secopdar
oS FEG el 4 S0hBE Bnd Belecd o iMER A PR B AL resun

appar at like that shown in FIG 9 was bujlt. In this
wwEE& goule br swaicd PR nEP SBlehavingg cspraribt U of less thag 3 kOe.

head commonly enpl oyed on | ongitudinal nedia was used
Bepausaheriing eeulé seiche fule catirisit opbemthie other sappled diviertiors in the

at 4,500 rpm and a signal of 50 MHz was recorded. As
waveaferw ivere adedrly abgereedibwlab esdiidoscod out only to sanpl es

having a coercivity Hc of less than 3 kCe. Because

Wi tNBg, & fHabfetiQbcd?8ink dhdl yep@@ddcir%obpguﬁau@nhét hiSesOd fifle-pole type
sanples, distortions In the waveformwere clearly

hABSE Eﬁ&%ri@%e%@ﬁ?ﬁgel lf&s\%ﬂ&eo ehﬁi’fﬁls uﬁdeﬁgmme%ogditions as above.

recordi ng and reproduci ng apparatus that uses

single-ppl e type he the wijte head was used f.or
CapPRSHBR S RE0RA Lo P e Suli b Ga PSSl er

Conplete witing was observed for the sanples having a
th}%?‘f’?ﬁrtyo@ eyl gn raY 8-t Hiecapwishaving %Pﬂ@ﬂﬁﬁ?orﬂslgﬁwer

or 9 ran. The sanple having a primary recording |ayer
thickhessrieels] 8uof wasrahwizitenrverll andi showad istdrtiensdn ghroweseform were

distortions in the waveform were observed on an
olseed baan opdllodxppl e 3

Example 3

A magnetic recording medium similar to that in Example 2 was produced, except

- that the samples were prepared in which the thickness t; of the primary recording layer

was set at 9 nm, and the material making up the secondary recording layer was CoFe,
MnSb, FeC or Fe;Pt. All of these sdmples had a coercivity Hc of 3 to 4 kOe, indicating

that a coercivity He reducing effect was obtained.

Example 4
A magnetic recording medium similar to that in Example 2 was produced, except
that the following layers were successively formed on the substrate: a 7 nm thick under

layer of titanium, a 3 nm thick under layer of ruthenium, a 5 nm thick secondary
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A magnetic recording nediumsimlar to that in Exanple
2 was produced, except that the sanples were prepared
wo oehssobs t he t hi ckness t of the prinmary recorBiTigP2006/312086
| ayer was set at 9 nm and the material making up the
secondary recording | ayer wa30 CoFe, MSb, FeC or
Fe3Pt. Al of these sanples had a coercivity Hc of 3
reegydipgdaxer of f@lcandisiga 1apd e Juek piatecjivedayeefirariog. The Colr-
effect was obtained. Exanple 4 A magnetic recording
Sife diyermas firmzd by similtaneous threarsohiree 2puitesingfooiueg €9;Si0; target, a
except that the follow ng | ayers were successively

cobalt e get@Rd ahéridiudshigat.e: @ 7 nm thick under [ayer of
titantum a 3 nmthick under layer of ruthenium a 5

nm thi OGN WeROARERE rdtRYSY Si@} w0 bét 1806 InPthe magnetic
and a 4 nmmthick protective layer of carbon. The Colr-
er, was_ formed by.sinmultaneo ree-sourc

| ! th :
anigipp KU BT BoTB bt et MG Bl O pRRSE, pose
reflsioe S10V 00 i< O BAF Ichd Sty dpeh s arose

ani sotropy Ku at varying iridium atom c conpositional
duede thesprazsyrenat dkautirael of flwe fmationargommas viedwan therspmItasing gas),
13. It is apparent fromFI G 13 that, although
the hfapactenmistrape K asmepatiteheitipheastidiamadontdnerangeref Hto 40
filmformation (argon was used as the sputtering gas),
atérhR etic anisotropy Ku was negative within an
iridiumcontent range of 5 to 40 atom c percent. Next,

ol P AL e S RN pIPRRU T LT (ol 0y 5 cmployed as
tog P02 DR RO P B el B e o

recor di medj u s obtajned by sucgessively . .form ng
shoya ip Bldgg?ma@twﬁ]y Vﬁg mggneficylesuding fReqipmy gas 0§¥arnq4rhy

thick under layer of titanium a 3 nmthick under
supeppeivelyfoming i folpwmgdayens emp glass subsiratar ¢ 7ree thieki yrgler layer

| ayer of Colr and SiQ2, a 13 nmthick primary
of tieanduirdj 08 nhethérk unkleQagerfotf rathehi®in(OR 5 ram thiék secondary recording

layer of Colr and SiO,, a 13 nm thick primary recording layer of CoCrPt and SiO,, and a

4 nm thick protective layer of carbon. Because this magnetic recording medium does not

- use a soft magnetic underlayer (SUL), recording with a ring head is possible.

Magnetic recording media in which the iridium atomic composition ratio was set
at, variously, 0, 5, 10, 20, 30, 40 and 50 atomic percent were produced, and write

operations were carried out under the same conditions as above. On the magnetic

- recording media having iridium contents of 0 and 50 atomic percent, because writing

could not be fully carried out, distortions in the waveform were observed on an
oscilloscope. In the magnetic recording medium having an iridium content of 0 atomic
percent, this was most likely due to an increase in the average saturation magnetization

because the secondary recording layer was composed entirely of cobalt, resulting in the



4 nmthick protective |ayer of carbon. Because this
magneti ¢ recordi ng nedi um does not use a soft nmagnetic
waoenssayer (SUL), recording with a ring head PGI/JP2006/312086

possi bl e. Magnetic recording nedia in which the

iridiumatom c conposition ratio was set at,

variously, 0, 5, 10, 20, 30, 40 and 50 atom c percent
fopaiéonpigin arbiranamagnaic demaipedug:te Mragnglestaticipioractigng uin the

under the sanme conditions as above. On the magnetic
magetic décogding dieditnahavigg a irgiiwmcontenterftsd abdmio parednts the

atom c percent, because witing could not be fully

seC@idarefbcotding By Silattaisaas saftirtiod mepnetizdtion Wes endohs arayaetic
on an oscilloscope. In the nagnetic recordi ng nmedi um

aﬂf&%\’ljoﬁg I@pwhi]!)d%iti’u@ TRST&0s A a QeAlitNY SoREbLIRNM alud 8k the primary
was st |1

ely due to an i1 ncrease 1n the average

sat.uration neti.zat i on caus he sec r .

5 re Qe @ PR Ml p B PR MR S BRI coureiviy He
resulting in theformatiqn of an arbitrary.nmagnetic . .
loyeag AL é"fts&cﬂlﬁ&“ﬁg‘fl liodthecothefirmsenetip Bvetding,Megje, chabling
magneti c recordi ng medi um having an iridium content of
orgmant writeconseativan to be ¢ariekes suen yithagediead | ayer had a
smal | saturation magnetization Ms and the magnetic

ani sotropy Ku was positive. This results in a

coercivity close to the value for the primry
Ed#e0é i ng | ayer and nmaking it inpossible to record

with a ring head. A coercivity Hc | owering effect was

10 achi ﬁé’iﬁg ijOHI ﬁlokesgifv\el\}ls'!}snﬁhg oh tﬁ@%@trrétg aﬁ%?fﬂé%&l@?ﬁ & of
Ite o ou

enabl i ng ordi nary erations to be carrie

.even wi.th a.ri.ng.head, anple 5 i f .

g S YOS Tesr U RE B 2 BT ahd S, A pmyinick
under layer of titanium .a 10 nmthick, pri y ) ‘

SeFQIGPHTERBrang laverot > BFCNIK PiHRArYireserding RRRIGAGR! and Si0; and
secondary recording layer, a 5 nmthick primry )

a 4 smchigkmyoteetynerlaysr o M, agnaenetiopecaritingimadinm siumilatkto that in
protective |ayer of carbon, a nmagnetic recording

Exuaaplel hveds prodarced. oThdhaterdivityEda opthas Ragmsic pecodding chediline was
coercivity Hc of this magnetic recordi ng nedi um was

15" esBfatcdab 86 3tOkDE iAdiPatih@ teat ah RUECBEttendodrbiaity 810 ré¥Rhg effect can

better coercivity Hc reducing effect can
be achieved than in Example 2. The squareness was also found to be improved.

Next, a magnetic recording and reproducing apparatus like that shown in FIG. 9
was built using this magnetic recording medium, and write operations were carried out
under the same conditions as in Example 2. A single-pole type magneﬁc head was used

20  as the write head. As a result, compared with the case in Example 2 where the primary
recording layer had a thickness t; of 15 nm, the signal intensity increased by 10% and the

signal-to-noise ratio (SNR) increased about 2 dB. This is most likely on account of a

higher coercivity Hc reducing effect and an increase in squareness.

25 ' INDUSTRIAL APPLICABILITY



be achieved than in Exanple 2. The squareness was al so
found to be inproved. Next, a magnetic recording and
WO 26088084 ng apparatus |ike that shown i n Fl G POI/3we806/312086
built using this magnetic recording nmedium and wite
operations were carried out 3thder the same conditions
as in Exanple 2. A single-pole t neti c head m%s
113 GABBOEA DQYS e BRESsEL Inygitign ‘55?5 a Widspe aemprdiclde
case in Exanple 2 where the prinary recording | ayer
mhgnttia redordihg ewdium whish, bbexniangereoupliga alprinmre rsordjng layer
i ncreased by 10% and the signal-to-noise ratio (SNR)
havirgy £gandapfifucturd with.a sEborklatysret®mding lake!having aaegativetcrystal
of a higher coercivity Hc reducing effect and an -

mbgHkiB 38otrpyS AL R REREnu thONMI AR Alds ASELE k&%ﬁﬁif kd th¥¢d¥am design.

not ed above,” the present invention provides a

Tl\%éqm‘z%nqlo AIe) ﬁﬁ{;lﬁgyghggﬁq%c rgrc%%}?ié aﬁd fé g)?@c[u% gapﬁggtulﬁ Ithch uses

ange-co reco
Vi n ranul ar s ructure mnth a secondar recordln
“FE %ﬁgwgﬁﬁoémﬁ@BQ%PWe crystal magnetic aanotropy °
is easy to manufacture and lends itself readily to
- medi um desi gn. The invention al so provides a nagnetic
recordi ng and reproduci ng apparatus which uses such a
magneti ¢ recordi ng nedi um CLAIMS 1. A magnetic
~recordi ng medi um conprising: a substrate; an under
| ayer forned on the substrate; a nmagnetic recording
| ayer fornmed on the under layer; and a protective
| ayer fornmed on the magnetic recording |ayer, wherein
the magnetic recording | ayer conprises a prinmary
recording | ayer, which has magnetic grains and a
nonmagneti c material that surrounds the nmagnetic
grains, and has a perpendi cul ar magnetic ani sotropy;
and a secondary recording layer, which is nmade of a
materi al having a negative crystal
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magnetic ani sotropy, and its easy plane of the
magneti zation is a plane of the nmedium and the

w@eoonasip34 ecordi ng | ayer and the secondary recpCTinego6/312086

| ayer are nutually exchangecoupled. 2. A magnetic
recordi ng nmedi um accor di ng te3claim1, wherein the
magnetic recording |layer is separated into nagnetic
areas and nonmagnetic ar eaéLNMﬁi n the plane of the
medi um and the mag.neti c areas and the nonmagnetic
wayednaprisyngar r anged
circunferentially on the nedium 3. A magnetic
r agabdiiafy nedi um according to claim 1, wherein the
crystal magnetic ani sotropy of the secondary recording

I@Mgﬁdg}ng,ye@@omqn%gsm_{r%; of at least 105 erg/cc. 4.
A magnetic recordi ng nmedium according to claiml,

wherein.the sec : i.n r. a thickness
ot TREP it HEoSREPREE bR B Mg 48° 2 Ui
according .to claim1, the secondary recording |ayer
hé@“&e‘itﬁ’u%é%% %m?zﬁ%_h? DagRRlc HEeQding Ay ene- hal f t he

thi ckness of the primary recording layer. 6. A

ehgrrin the megnsiidirengrdingljayes eermsisds ng to claim 1, _
wherei n the secondary recording | ayer conprises one or
mapeimayp esoafinglalyery whidhdet edghetongrams agd €abnmagieke material that
MSb, FeC and Fe3Pt. 7. A magnetic recording nmedium
agEesde thel Baglefic Frains, WhEh& dgpelrﬁ@ld&ﬁlm mekRmytid 8685tipPJand
layer is Colr and has an iridiumcontent of 5to 4

at, Qe E&Ming8ayef, WG Rlh&le! FGhAERY HIBRL Y e gati tal
acgorogldn ,rto cﬁngiarlr}{l’,‘vﬁavﬁng, ebeI ow t‘ﬁe secgng‘]aelg?/we crysta
recordi ng.layer, an . crystalli under..l ayer with .
nEpane Bl wiectry bt s BRI bl gf oo medium,
lattice planes oriented within a plane parallel to the

S trate. 9. A magnetic recording and reproduci ng

appar at us conpri si ng: )
the primary recording layer and the secondary recording layer are mutually exchange-

coupled.

. A magnetic recording medium according to claim 1, wherein the magnetic recording

layer is separated into magnetic areas and nonmagnetic areas within the plane of the
medium, and the magnetic areas and the nonmagnetic areas have regions regularly

arranged circumferentially on the medium.

. A magnetic recording medium according to claim 1, wherein the crystal magnetic

anisotropy of the secondary recording layer has an absolute value of at least 10°

_erg/ce.

4. A magnetic recording medium according to claim 1, wherein the secondary recording

layer has a thickness of at least 1 nm.



a magnetic recording nedium according to claim1l1, and

a magnetic head which wites signals to and reads
wee@nas®3f rom t he magneti c recordi ng medi um 1BCT/#P2006/312086

magnetic recordi ng and reprog¥cing appar at us accordi ng

to claim9, wherein the magnetic head is a single-pole

type magneti c _head. ) . .
5. Xenagne ic recording medium according to claim 1, the secondary recording layer has

a thickness which is not more than one-half the thickness of the primary recording
layer.
6. A magnetic recording medium according to claim 1, wherein the secondary recording
5 layer éomprises one or more types of alloy selected from among Colr, CoFe, MnSb,
FeC and Fe;Pt.
7. A magnetic recording medium according to claim 1, wherein the secondary recording
layer is Colr and has an iridium content of 5 to 40 atomic percent.
8. A magnetic recording medium according to claim 1, having, below the secondary
10 recording layer, an crystalline under layer with hexagonal close-packed lattice planes
or tetragonal lattice planes oriented within a plane pélrallel to the subétrate.
9. A magnetic recording and reproducing apparatus comprising:
a magnetic recording medium according to claim 1, and
a magnetic head vlvhich writes signals to and reads signals from the magnetic
15 recordiﬁg medium.
10. A magnetic recording and reproducing apparétus according to claim 9, wherein the

magnetic head is a single-pole type magnetic head.



