14 March 2007 Co-BASED PERPENDI CULAR MAGNETI C RECORDI NG MEDI A BACKGROUND
. OF THE INVENTION 1. Field of the Invention 5 The present inventiMarsie2tes
. .o a Co-based perpendi cul ar magnetic recording mnedium capable of recording
- information with a high-density, and nore particularly, to a Co-based-
per pendi cul ar magneti c recordi.ng nmedi um capabl e .of ensuring good

crystallinity d cordi ng
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convent i ghallow thickpessidf aa¢cordipgeayer. recordi ng nethod, unit bits which will
.be recorded in a medium are nagnetized in a direction- perpendicular to a
sub%rate. The recording density can be further inproved by usi ng

per pendi gul angggﬂﬂ&;h(beﬂ%:Ré[éltétgAﬁedl a having the 25 follow ng
characteristics: % % coercive force and a hig endi cul ar '
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perpendicular magnetic recording method, is currently being actively developed since
the perpendicular magnetic recording method is expected o increase the recording
20  density further well beyond 200 Gb/in®. | ‘

In the perpendicular magnétic recording method, unlike a.conventional
longitudinal magnetic recording method, unit bits which will be recorded in a medium
are magnetized in a direction pérpendicularto.a' substrate. The recording density can
be further improved by using perpendiculaf magnetic reécording media-having the

25 following characteristics: | o
- (1) a high coercive force and a high perpendlcular magnettc amsotroplc energy
constant (Ku >1 X 108 ergfcc) through ensuring good crystallinity of a record.mg layer;
. (2) small crystal grains; and - .
- (3) a weak exchange coupling between magnetic particles.
30 - Generally, perpendicmar'magnetié recording media are divjded into single
| magne'tiq layered magnetic recording media and double magnetic layered magnetic
recording media as illustrated in FIGS. 1A and. 1B. Single magnetic layered magnetic
recording media include a recording layer, which stores magnetic ihfbrmation, and a-
pérpendicular_orientation underlayer formed on a substrate before the recording layer



perpendlcular orlentatlon underlayer formed on a substrate before the
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may grow from the initial stage of growth, therefore, we can obtain good magnetic
properties of media even with the very thin film of recording layer. _
Generally, it is known that as the thickness of a thin film is increased when
depositing the thin film via vacuum deposition, the size of crystal grains increases.
Since the size of crystal grains should be reduced fo achieve a high recording density,
the development of a method of fabricating a recording layer with good crystallinity and
magnetic characteristics even at a shallow thickness is an essentlal part in the

development of recording media.

Examples of a material used in a perpendicular orientation underlayer of a

conventional Co-based perpendicular magnetic recordmg medium include Ti, Pt, Ru,
and the like. The lattice mismatch between each of these materiels and CoCrPtB

which is a kind of Co-based recording layer is shown in Table 1 below. As indicated,

lattice mismatch is greater for Ti, intermediate.for Pt, and smaller forlRu.
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‘ Although Co and NiFe have smaller lattice mismatch with CoCrPtB than Ru,
they are not suitable 1o be used as an underlayer because they are ferromagnetic

materials. Ferromagnetic underlayer may have an unexpected influence on recording

due to the magnetic interaction with recording layer and may increase the media noise
during the read/write process. |

Ti, which has been widely used to form a perpendloular onentatlon underlayer
is known to form a thick initial growth layer due to a refatively large difference in a
crystal lattice constant between Ti and a Co-based alloy thin film for a perpendicular
magnettc recording layer, thereby degrading the orientation characteristics of the
perpendicular magnetic recording layer.

Pt has a relatively small difference in the lattice constant from the Co-based -
perpendicular magnetic recording layer and.thus ensures a good perpendicular
orientation characteristic. However, it Incféases the size of crystal grains of a
Co-bhased alloy perpendicular magnetic‘rec':o_rding layer (in partictllar, a Co-based alloy
containing 10 or higher at.% of Pt} and significantly increases exchange coupling
between magnetic particles, thereby reducing the signal to noise ratio (SNR). The
degree to w;hich the use of the Pt underlayer increases the size of crystal graihs of the
recording layer and the exchange coupling between magnetic particles is closely

~ related to the thickness of the Pt underlayer. When a thick Pt underlayer is used, as

described above, the crystallographic perpendicular orientation of the recording layer
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| ayer. A@@Bﬂ@ﬁrﬁ@fu'ﬁ’e&ﬁemgﬁ@ﬁ misaigteisdRBUIratent i on, there is provided a
per pendi cul ar magnetic recording nedi umincluding a Co-based nagnetic,
recording |ayer, a substrate supoortrng the magneti c recording |ayer, and

a perpendi cul ar orientati Qi SFeTHE INY&ENTHENwen t he magnetic ..
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having good crystallinity and magnetic characteristics even at a shallow thrckness by
using a perpendicular orientation underlayer having a low lattice mismatch for a .
20 recording layer. '
According to an aspect of the present invention, there is provrded a
perpendicular magnetic recordmg medium including a Co-based magnetic recording
layer, a subsirate supporting the magnetic recording layer, and a perpendicular
orientation underlayer placed between the rﬁagnetic‘ recording layer and the subStrate,
25 in which the 'perpehdicuiar orientation underayer is composed of a Ru-Co alloy with
1-65 at.% of Co. _ -
| The perpendicular megn'etic recording medium may further include a soft
magnetrc underlayer between the perpendlcular onentation underlayer and the
substrate,
30 ~In the perpendicular magnetic recording medium hev‘rng soft underlayer below
| perpendicular orientation undedayer as shown in Fig. 1B, it is des‘irable 1o minimize
the thickness of perpendicular orientation layer, preferably below 30nm, without
noticeable sacrifice of magnetic and crystallographic orientation preperties of
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invention will become nore apparent by describing in detail exenpl ary
enbodi nents thereof with -10 reference to the attached draw ngs in which:
FIGS. 1A and 1B are se@RIETDEICRIPEGN OF THEDRAWINGS: | ayered structure
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medi a and do € nag ne a ere er pend et1c recording nedia,
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graph of Lff ron rns of Co-based perpendicular
ﬁ%t [ CFS@E%}Cdrtﬁéh%éﬁg‘d“aS% 'E ndi cul ar orientation underlayers of
var | oug rr:at eFIGEsTABhGEIB #é stebt’ma] rdra@ﬁemsdmtramthel Iéyeredatmmre of
per pendi cul-ar .jmagnpeti.c steresis  curve endi ¢ul ar :
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of vari Old%uﬁetrﬁégﬁét&,ra?éredBb%nd%ﬁr@nda@%terrec@dﬁ@nﬁedrbl sheativielig magneti c
paraneters of -based perpendi cul ar magneti c recording media grown on

‘per pendi cul ar F@r%rﬁ%ﬁ’h@ﬁ? d'ﬁﬁ@’éﬂ Pfa?&”scﬁﬁ"%éﬁ’%% materials. 25 DETAILED
DES%RI PTION OF 1@ Hkid M@Hﬁlc@k -ray diffraction patterns of Co-based perpendlcular

- magnetic reécording media grown on perpendicular orrentatron underiayers of various:

materials;
FIGS.-4A through 4E are graphs illustrating perpendicular magnetic hysteresis
- curves of Co-based perpendicular magnetic recording media grown on perpendicular
20 orientation undérlayere of various materials; and _
| FIGS. 5A and 5B are graphe illustrating magnetic pa‘ram'eters of Co-based
perpendicular magnetic recording media"grown on perpendicular orientation |
underlayers of various materials. | ’

25 | DETAILED-DESCRIPTION OF THE INVENTION
Hereinafter, the present invention will be described in more detail with

reference to the attached drawings. _

- The layered structure of a perpendicular magnetic recording medium of the
present invention is similar to that of a conventional perpendicular magnetic reoording
30 rnedium. However, it is noted that instead of Ti, Pt, and Ru conventionally and mainly
" used as a material for a perpendicu[er orientationunderlayer, a Ru-Co alloy where Co

is added to Ru is used. , ,

Thus, inthe perpendlcular magne"tlc recordlng medium of the present invention,

as iflustrated in FIGS. 1A and 1B, a perpendicular magnetic recording layer 103 (114).
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. refetrence to the attached drawi ngs. The .l ayered structure of a 14 March2007
. perpendi cul ar nmagnetic recording nmediumof the present invention is
-simlar to that of -a conventional perpendicular magnetic recording 30 -
medi um However, it is noted that instead of Ti,..Pt; and Ru conventionally
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magH]etl y perpendi cul ar. magnetic recordi-ng l'ayer in
the per pendi CN@dﬁ-baﬁ@(ﬂQHﬁy ;@erpeﬁmbmaﬂma@ndwmcofdm@e rﬁsmatpemiem“dumﬂ i's
conposed of an al'lo reep ese ted pe fol |l ow ng}P@ g]

ol b (x PRarps Rescing QA of e prRsel ImeRiorbgo CEBnSIBY 1 om t ne
group CO?@ﬁr&&érﬂ@d%?th@foll%wnib?fonﬂulaa(ﬂ? Si02. xis 5-25at. % yis 10-25 at
% z is 0-1 Oand2|5015m)l%for X=Si02 20 A
per pendi cul ar C@nuoe:m'fa@prvaunder("éyer of Ru-Co i s placed bel ow the recording

) aygy. It is Wﬁg}@ that both Ru and Co have a hexagonal close packed (HCP)
| attice

X is any one selected from the group con3|st|ng of Nb, B, Ta, O, and SiO..
- Xis 5-25 at. %;
y is 10-25 at.%; |
z is 0-10 at.% for X = Nb, B, Ta, O and z is 0-15 mol% for X="8i0;
20 ' ' : |
A perpendicular crientation underlayer of Ru-Co is placed below the recording
' layer. ltis known tﬁat both Ru and Co have a hexagonal close packed (HCP} lattice
structure. Also, as seen from the graph of FIG. 2 illustrating a phase diagram of a
Ru-Co alloy system, Ru and Co form an isomorphous sclid solution throughout overall
25 composition and thus it is possible to add Co uniformly to Ru. Such addition of Co
may change the lattice constant of Ru to be close to the lattice constant of Co. Thatis,
since the addition of Co may reduce the lattice constant of Ru a Ru-Co alloy havmg a
substantially identical lattice constant to the lattice constant of a recording layer may
be fabricated by brope_rly controlling the content of Co according to the composition
30 and lattice constant of CoCrPtX selected as a recording Iayér. Therefore, it is possible
" to fabricate Ru-Co alloy underlayer which has a substantially idenﬁcal lattice constant
to the lattice constant of the recording layer, and thus a recording layer with good
crystallinity can grow from the initial stage of gfowth. -



structure. Al so, ‘as Seen fromthe gr aph of FIG 2 |Ilustrat|ng a phase

. diagramof a Ru-Co alloy system Ru and Co form an i somor phous 18 Q)tdrEh 2007

.sol ution throughout overall 25 conposition, and thus it is possible to add
. Couniformy to Ru. Such addition of Co my change.the |attice constant of
Ru to be close to the lattice constant of Co. That is, .since the addition

of Co may red% anfBur 8F EbGfideq s a eﬁuﬁ ¢ G- eﬂltllxé%n{b%m is
ﬁ att'.;‘fdl ons ﬁ I\ n{}p% a

substantial Iy i entlca ce ¢ t1'ce ctonsta
r ecor di ngedsahan 1ratye, tbe eﬁebtmfaedm:in@ﬂaqolatﬁmenm;nmrﬂ ofdRu isngsighificardnamdt  of-

Co accordi n 0 the osition a ce constant, of CrPt X sel ected-
b o oo b eltint SHRS T blsbler e BS at %thd Fuie PEhpdte of BUrGO 8555 oy
under | ay ebhowdtadin kafiparafind gharblyahbis fslathagedtic! parbperq&atq@mtt@mperattmet he
“lattice staBt of th%recordlnﬁhla er, r]dthus E ordln | ayer with -
good or JANRINARNFYET i feriprABNatiB e RECarHing: layerangBe sRdgHaiarvan dteckir ch
2007 Th%n@'ﬁé\*@hn@he@ecﬂ@d’ﬁfﬂubﬁc&hWre@@rdﬂ;‘rg%cﬁ*ep%du\éﬂ'@ rbﬁ&néé’%ﬂéh of Co-

is less than 1 % the effect of reducingthe lattice msnatc of Ruis
i nsi gni f i9eaakl ymcewmmp@sarﬁimﬁ idAOE. | s greater than 65 at.% the

curie tenperapyr, Iy Ve shows
f erromagnet i chgrd;eggﬁ?&b&r’ oo%ﬁ%ene%?la?'u r@ﬂe\}é&?@sﬁ@%er Fﬁggrﬁl{?’%
ferromag mleﬂedayarlwdrthe Mrﬁtj‘( t@;aehngalayet tan baadthimd% busonwoléingite and

have. an une n the recordi ng and reproduci ng properties,
&1 1&?%&9% %S t (WCrease of nmedi a noise. As describe above, a

d| ffer ence i nin helrigtﬂ Magaemmlayemﬂtpd@pemnan ﬂneglﬁbtﬂ:(iecoltlﬂt@mledm and t he

CoCr Pt X recordin c in 4%Db roI t of
G ¢ nenageyst Somipsed B Be.ds B T Beraran =g The et wld suter s a0k e s
recor di npelfeiteRu-ad allvydeideadpsr 16 prEpRsied ted subitrald., InRﬁheﬂ'Word@f thir an
al loy thereof may further- be included, below the Ru-Co all Oﬁ_ltlunderl erto

pl anar i z&NERERIRSIS AR @SMPAtYRKIPIQIAFINe aneven suifage AP Mia B IAYYWRICE npot h
layeq pr Q\)ﬂ’ 218 @abs?éau@mgydéwér@e Raf Doldhatly 8rdwh By beVering WhiaRe 48fentd df the

subsequent |y deposited can be stably grown by ‘covering surface defects of
the substbsiraie. | na doubl e magnetic | ayered perpendi cul ar magnetic

recording nedingofnidhdan mmé&g%@ﬁa#cabé magReLiE Hdohdihg hfed,u\m'élgér#.be' ow

the perpendi cul.ar orlent tiron - underlayer o
per f or m mypgnetie updetayerireay futhaebe mdL@ledrlmlmg timoperpendicalas pﬁgmtatlml e head,

the soft MRgRS-Sr HIOBL!AY Sioy. AWHEN PePBEARY LpdiBbAdiBliaf magnetic recording

20 using a single pole head, the soft magnetic underlayer forms a magnetic path of &

perpendicular magnetic field generéted by the single pole head, thus enabling
_information to be recorded on the _perpendicular magnetic recording layer. Examples

of a material for the soft magnetic underlayer include Fe-based alloys such as NiFe,
NiFeNb, NiFeCr, FeTaC, FeC, FeTaN, and FeAlSi, and Co-based alloys such as

25 CoZNb, CoTazZr, and CoFe. o o

The perpendicular magnetic recording medium may further include a protection |
layer for protecting the recording layer and a Iubricaﬁng Iayér placéd on the protection
layer. | o | '
_Inthe perpendicuiar‘magnetic recording medium, particularly in a double

30 magnetic layered perpendicular magnetic recording medium including the soft -

' magnetic underlayer, the total thickness of the underiayers should be minimized,
preferably below 30nm. When the underiayer placed between the recording layer and
the soft magnetic underlayer in the double magnetic layered perpend icular magnetic-
recording medium is too thick, the distance between a pole type recording head and
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- was deposited to a_ thickness of .17 nmon the R u- under| ayer to obtain a
per pendi cBFUAINGIRAEUTe. - recording medium 15 Exanple 2 Ta was deposited as
‘an whderl ayer for planarizing a substrate, to a thickness of 5 nmon a
comrercially available glass substrate with a dianeter of 2.5 inches, and

Example 2 .
- Tawas deposited as an underlayer for planarizing a substrate, to a thickness of -

5 nm on a commercially available glass substrate with a diameter of 2.5 inches, and

then a Ru-Co underlayer with 25 at.% of Co was laminated thereon 1o a thickness of
20 15 nm. Thereafter, a magnetic layer of a Cos2CrisPtisB4 alloy was deposited to a

thickness of 17 nm on the Ru-Co underlayer to obtain a perpendicular magnetic

recording medium.

Comparative Example 1 .
25 A Tiunderlayer was deposited to a thickness of 70 nm cn-a commercially

available glass substrate with a diameter of 2.5 inches, and then a magnetic layer of a
- CogoCrigPt15B4 alloy was déposited to a thickness of 30 nm thereon to obtain a
perpéndicular magnetic récordirig medium. -

30 ~ Comparative Exampte 2

A perpendicular magnetic recording medium was fabricated in the same .
manner as in Comparative Example 1 except that a Pt underlayer was deposited to a

" thickness of 40 nm. .



then a Ru-Co underlayer with 25 at.% of Co was |aninated thereon to a »
t hi ckness of 20 15 nm Thereafter, a magnetic |layer of a Co62Cr |1@8PGEB2007
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- obtain a perpendi cul ar magnetic recording nedium Conparative Exanple 1 25
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chafpgact erdopbiamt oPfhetréBomdfigaapet. cul ar magnet i.c recording nedia prepared in
t he above Exanpl es and Conparati ve Exa netic _hysteresis curves

are illustrat&dsq.40 mvestlgatwfﬂe]magﬁtm@arﬁéﬁeequn% the ppIRggdicular magnetic
recording media prepared in the above Examples and Comparative Examples,

magnetic hysteresis curves are ilfustrated in FIGS. 4A through 4E. Referring to FIGS.
4A through 4E, when a Ti underiayer having a lattice constant that differs greétest from
20 the lattice constant of the recording layer was used (Comparative Example 1), a low
- squareness of about 0.7 and a low coetcive force of about 2.9 kOe were obtained.
However, as the lattice constant of the underlayer becomes closer to the !aﬁice :
constant of the recording layer, squareness and coercive force are increased. As a
result, when Ru-Co with 25 at.% of Co was used as an underlayer (Example 1), a high
25 squareness of 0.99 and a large coercive force of 4.4 kOe were obtained. , .
" In FIGS. 5A and 5B, magnetic characteristics parameters of the perpendicular
magnetic recording medium prépared in the above Exampies and ‘Comparative
Exarﬁples are comparatively illustrated. FIG. 5A is a graph illustkating the coércive
force and FIG. 5B is a graph illustrating the squareness. As seen from FIGS. 5A and |
30 5B, as the lattice constant of the underlayer is close to ths lattice constant of the
' recording layer, the saturation magnétizaticn Value as well as the boercive force and
squareness increases. This is because the thickness of an initial growth layer
decreased or the initial growth layer is eliminated as the lattice mismatch between the
underayer anc_i the recording layer is reduced, and thus the proport:on_ ofa
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~present invention has been particularly shown and described with reference
to exenpl ary enbodi nents thereof, it will be understood by those of .
ordinary skill in the art that various changes in formand details may be

made therein wthout departing fromthe spirit and scope of t he present
i nvention as defined bythe 15 follow ng clains. )
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10 14 March 2007 What is cl ai med is: 1. A perpendicul ar nagnetiig vigeRpehN9
medi um conpri sing a Co-based 'nagnetic recording |ayer, -a substrate
supporting the magnetic recording |ayer, and a perpendicular orientation
under | ayer placed between the magnetic recording |ayer and 5 the substrate,
wherein the perpendicular orientation underlayer is conposed of a Ru-Co

al oy wi tWhat Boclaiméd gt Co, and the Co-based magnetic recording layer is

conposed of an all oy represent ed by the following fornula 1;
Coloo- ( X+y+Z) c-Xepedeendicularimagpriicrecording medigmycasperisiiag ateBapedm t he

ot o 5 oeghyiretortig Idier @ sufstraSuphing the adndii Bordflc Yajel il 4%, o
2 The pegrgrpaddiculbaorierighiet underdser piavgdriadwveen te niagnmldremfcbmglayeaand
di fferenc e lattice constant of the rgo,ﬂbase netic recording | ayer

and t e ﬁﬁtst%béﬁ'a@m%leéﬁ’ﬂ ?WH@W%V%”‘F RhHEFE": I$ CORPPRBHhOf Ao 20
3. The p b sof t
ragnet i 6 anaee e, i TRRREL YRor Cp o bgﬁ&“gaé%”t AT eris® <ot
ori ent at |cmmpmsm‘rm%@«eallcanmm‘mmedlbsﬁhafcdlov@@ formihe 1per pendi cul ar nagnetic
recordi ng rredl mof clq % wherein a nonmagnetic underl ayer conposed of
Ta, Pt, Pd, T| Op-ixtyr gl oy thBreof is further formed between the
perpend| cul ar \Qﬁé@nt ation underl ayer and the substrate or between the .
per pendi cul ar orientation underlayer and the soft magnetic underlayer. 30
5. Th® per pendKétiamy onagetacted fretotheigrgupednsisting o’éNg BnéapO, andiSi®21 to 4,
wherein the tot alsEgla%kg)ess of the underl ayers. is 30 nmor less. 11 :

y is 10-25 at.%; _
z is 0-10 at.% for X=Nb, B, Ta, O and z is 0-15 mol% for X=SiO..

15
2. The perpendicular magnetic recording medium of claim 1, wherein a
difference in the lattice constant of the Co-based magnetic recording layer and the
lattice constant of the Ru-Co alloy underlayer is within £ 4%.

20
3. The perpendicular magnetic recording medium of Claim 1, wherein a soft magnetic
underlayer is further formed between the perpendicular orientation underlayer and the

substrate.

25
4. The perpendicular magnetic recording medium of claim 3, wherein a
nonmagnetic underlayer composed of Ta, Pt, Pd, Ti, Cr or an alloy thereof is further
formed between the'perpendicular orientation underlayer and the substrate or
between the perpendicular orientation underlayer and the soft magnetic underlayer.

30

5. The perpendicular magnetic recording medium of any one of claims 1 to 4,

wherein the total thickness of the underlayers is 30 nm or less.
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