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data st and lead a rapid increase of the recording density,
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recordi pg depsity .can furthey .inproved by using perpendicul ar magnetic
rddor di iy nedPgc rhﬁfbt?‘ﬁﬁ?lapq%ﬂng characteristics: 1) a high
per pendi cul apapRaRKIdrves é)PWhFcheél@rr@Pre?s‘énfé}%trﬂabné'ﬁb dath stdrdde er g/ cc)
and a high coercive force; 2) 'small crystal grains; and 3) a | ow'exchange
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to increase the recording density further well beyond 200 Gb/in?.

20 In contrast with an existing longitudinal magnetic recording method, in the
perpendicular magnetic recording method, bits recorded on a recording medium are
magnetized in a direction perpendicular to a substrate. The recording density can
be further improved by using perpendicular magnetic recording media having the
following characteristics: 1) a high perpendicular magnetic anisotropic energy

25 constant Ku (>1x10° erg/cc) and a high coercive force; 2) small crystal grains; and 3)
a low exchange coupling between magnetic particles.

General magnetic media having a single magnetic layer each include a
recording layer and an underlayer. The recording layer stores magnetic information.
The underlayer is formed on a substrate before the recording layer is formed, and

30 improves the magnetic/crystal characteristics of the recording layer. General
magnetic media having a double magnetic layer each further include a soft magnetic
underlayer in addition to the recording layer and the underlayer so as to increase the
intensity and spatial change rate of a magnetic field formed by a pole type recording
head including an induction coil upon magnetic recording.



recordi ng nedi a, perpendicular orientation underlayers 12 and 223 %r(«,ﬁ O
pl aced bel ow per pendi cul ar magnetic recording | ayers 13 and 224,

" respectively, and a soft nmagnetic underlayer 22 is placed below a

per pendi cul ar nmagnetic recording layer 23. 5 FIG 1 shows a perpendicul ar
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2s magnetic recordi ng nmediumincluding a magnetic recording |ayer @hb(}(} {S;
substrate that supports the magnetic recording |ayer. At |east two
~underlayers including a nonnetallic underlayer are placed between the
magneti c recording |l ayer and the substrate. The nagnetic recordi ng |ayer

may be either a |ongitudinal magnetic recording 30 |ayer or a perpendicul ar
magnet i @yeeo@ds ofp CafrPtX-baséd alivy (partituartygm CoCrPiébasdd mjoy apotainisga
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embodi MBAiplRfg béteRhaRaghetid YR8 Ntheréby Fed IRATPIHE si%ﬁﬂ tbHdisk thider | ayers

are included,” and the frrst underl ayer adjacent to the substrate is forned
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Pt al | opartiglesd £Dn e otherhandi By, thimit undwrlayer ig/used the sizesgpfdbe erystalor di ng

Tonm 1P BEA Betpendléyie ijontil *iAhadeyanEnd B X oB o BaLl e e and
advant apetwatin tnagnptie particlése nbt inereadd maek onelowsver,ahpdeghée bfth@escr i bi ng
in detail exer Iara/r_errbodl nts thereof with reference to the attached

dri&wi ngREIRENAGUAY: Origntatien of therpripendiculas yeagnaticrecarding faygr dgRfeasesonal
g : : ! ! . . ;
oo UGB pRRANED aolthehiRuEs MaoIC oo SioduTRRsEri ki aFay

recor di loyv aeericive fosse.ng two magnetic layers; FIG 3 shows the |ayer
structure of another conventional perpendicular 25 magnetic recording

medi um having two nagnetic |ayers; FIG 4 shows the |ayer structure of a
per pendi cul ar magnetic rec@UNMIAREDRTHENWVENTIQIS! pendi cul ar magnetic
recording nmediumw th a singre magnetic layer according to an enbodi ment of
t 128 present Amadjectof the pregenttinventios is teiebtaily arhigherenpgaeticireordiogrFl G 5

shows t REnsifY6Y progdiiid'a méthod BEIMTEYING the relBHANY tarhElePsHEd 8 a

recording layer by controlling how an underlayer is deposited below the recording

layer.
To achieve the above object of the present invention, there is provided a
25 magnetic recording medium including a magnetic recording layer and a substrate that
supports the magnetic recording layer. At least two underlayers including a
nonmetallic underiayer are placed between the magnetic recording layer and the
substrate.
The magnetic recording layer may be either a longitudinal magnetic recording
30 layer or a perpendicular magnetic recording layer. Preferably, the magnetic
recording layer is a perpendicular magnetic recording layer. A soft magnetic layer
is formed between a stack of underlayers and the substrate.
According to an embodiment of the present invention, first, second, and third
underlayers are included, and the first underlayer adjacent to the substrate is formed

’?



mediumwi th two magnetic |ayers according to an enbodi nent of thﬁ q?ddgda*
invention, in which three underlayers are placed between a recordlng ayer

- and a soft magneti ¢ underl ayer; 4 Pioo ~S FIG 6 shows the |ayer

structure of a perpendicular magnetic recording nmediumw th two magnetic

| ayers according to another enbodi nent of the present invention, in which
two undef aMBdahselechedlfLM’the gradip dorssistig ofE, PhgrestRd, andsAeoeainsalloyr ves

f t I di di a hav
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per pendidgriedf ofREHIRENHA JehsEd iffdeh t@gﬂwba&ﬁ@isﬂmgq;fto@rtsm sﬁlic%ﬁeatsﬂldibhe“t ion
having a Pt/C/Ti tri-layered underlayer; FIG is a showi ng t he

per pendpP¥ideaa siisendiitridef aretalopde, a rﬁﬁbtpbnl}tﬂﬂﬁilad,‘ldl @me%akﬁtdﬂde; andl ropic

e N B

convent Ronal Ptatioyea®dallay, armaraﬁby cancﬁa@dialttg/ medi um having a
doubl e-l ayered Pt/ Ti underl ayer 9A and 9B are ﬂra phs show ng

di fferent cr{sealding tq anQ hﬁé@"’fﬁ?ﬂ'mﬂ@ chpaiasentinye o é'nﬂéﬂé}‘%fﬁng

di pd FIG
To.1 o nare Mefadeh, Al ole B oF BB [ B ke Rl il R o RBior e o
magnet i selestaat isomghegtoap cbnﬁstiilg ef caiboa| BECDrDESGH:@T bgideOd silidenl mitvigsT! ON
20 Hereinafter,. t di f d enbodi t
o110 he. BrBSE PRy Be anliide. 4ol dotinl SufSe. AL dRef UROFIAG s T he
at t achegh gHeawagastic tetdrdif flé\l'érqwﬂféwéﬂ”@%' 'rr'iéiéhél éﬁf@@céd 'fﬂﬁn tife RsupPr esent
i nventi on, nagnetlc recor gape i 'a_using a_perpendi cul ar maghetic

recor di ﬁgnmtmg)qf RE.1Rd, Ry, cBaB 0ye @ PdHelley.ca Rutalleypaed @€oiallo¥nt i on can al so

under St ood t P fR8RBHE IR Ao FRADE a7 efefial e B Beope of tne

pr esent unagmﬁyejrgﬁs nd/mgsretthanreaei.di ng media with a single magnetic | ayer
and magnetic recording nedia with two nmagnetic |ayers according to the

pri€sent invention are shown in FIGS. 4 through 6. As shown in FIG 4, in a
perpendi cul ar magneti CgRiEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present invention will

become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

20 FIG. 1 shows the layer structure of a conventional perpendicular magnetic
recording medium having a single magnetic layer;

FIG. 2 shows the layer structure of a conventional perpendicular magnetic
recording medium having two magnetic layers;

FIG. 3 shows the layer structure of another conventional perpendicular

25 magnetic recording medium having two magnetic layers;

FIG. 4 shows the layer structure of a perpendicular magnetic recording
medium having a perpendicular magnetic recording medium with a single magnetic
layer according to an embodiment of the present invention, in which three
underlayers are included;

30 FIG. 5 shows the layer structure of a perpendicular magnetic recording
medium with two magnetic layers according to an embodiment of the present
invention, in which three underlayers are placed between a recording layer and a
soft magnetic underlayer;



30 recording nediumwi th a single nmagnetic |ayer, a first underl Pf@@Z IS ﬁ
made of netal) a second underl ayer 33 nmade of non-netal, and a thi

*underl ayer 34 made of Pt or a Pt alloy are sequentially forned between a
per pendi cul ar magnetic recording |ayer 35 and a substrate 31. 5 ycon As
shown in FIG 5, in a perpendicular magnetic recording nediumw th a double
magnet i c | ayelG.4t shows the tayeaatrealhoeioﬁarnerpendiadapmeticwawding)n first,

d, and th nder | 43, 44 Ly f
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obt ai n dewbletayrred R/ Tdungdesay@fendi cul ar magnetic recordi ng nedi um as shown
in FIG 6. i.s formed on
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rol es i magbetieoecardipgtmedisi ofd16%. 8 he crystal grains of the third
under | ayers 34 and 35 to be forned of Pt or a Pt alloy on the second
under |l ayers 33 and 44. The third underl ayers 34 and 45 are fornmed on the
second underlayers 3PpENMLES DESTURIFTION OF TNEURVENTIdMNpOSi ting Pt, Pd,
Ru, a Pt alloy, a Pd alToy, a Ru alToy, or a Co alloy, Thereafter, the
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formed, per pma@h@tlb@éc&dﬁ‘@%@tjiawm?@@rﬁblégné@mrcﬂaﬁéréﬁtﬂ netith a hi gh
coercive force can be forned even if third Pt underlayers 34 and 45 are
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in FIG Sanﬂsa sulgstrateHows t he magnetic hysteresis curves of a

per pendi cul ar magnetic recordi ng nmedi um having a 3-layered Pt/C/ Ti

under | ayer according to the present invention and conventi onal

per pendi cul ar magnetic recordi ng nmedia having a single Pt underlayer, a
single Ti underlayer, and a doubl e-layered Pt/ Ti underlayer. As shown in
FIG 7, the conventional perpendi cul arsmagneti c recording nediumusing a 20
single Ti underlayer has a greatly |ow coercive force and a greatly |ow
squar eness. In the conventl onal _per pend| cuI ar magnetl c recor d| ng rredl um
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30 recordi ng nmedi um according to the present invention using a lD lg’.}
three-layered Pt/C/ Ti underlayer has greatly superior nagnetic 33 O
 characteristics, that is, a higher coercive force and a snaller slope of a
magneti c hysteresis | oop around coercive force than those of the

conventional perpendi cul ar magnetic recordi ng nmedi um using the
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conventional CoCrPtX/ Pt/ Ti tri-| ayered under| ayer structure and
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from t har® BpfeEndlctfar thabhctoreiding MyBra I8 depBSted) drfidie (AKEL 45 L not
usi ng t process donifoemingithe firgbund@dayied esay notcle petforned snascid abitain thee

er pendi_gul ar netic recordin di um,usi ng .t he second .C ynderl ayer shows
ini | or P EHetare, PF 8 werpepdictids maghahic recatinaReaiv a3 stolnur G g
per pendi cul apsrEHNAT INCFIGSQf 8hd'8, TROSaEBNMAlndETidyer BBSs fafstfofthe it | ayer .
FIG 10 shows variations in the spectral SNR of "'t he perpendi cul ar nagnetic

s®0r ecobaferaYArai32 a1d 43 by deposiingraiin nanmetaliig matetial, sieh as, earkpgh
e e NBA il AL D R ERASE L SlEHn S8 solER ) ¢
magnet i £1®e6,0hdisegonddinderlagpér 44 isyiprined arethensbfCmagedetic apderlayers 42 by
depositing a thin non-metallic material, such as, carbon, silicon, silicon/oxide/nitride,
or metal oxide/nitride/sulfide. The second underlayers 33 and 44 play core roles in
25 reducing the size of the crystal grains of the third underlayers 34 and 35 to be
formed of Pt or a Pt alloy on the second underlayers 33 and 44. The third
underlayers 34 and 45 are formed on the second underlayers 33 and 44,
respectively, by thinly depositing Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, or a
Co alloy. Thereafter, the perpendicular magnetic recording layers 35 and 46 are
30 formed on the third underlayers 34 and 45, respectively. As described above, the
non-metallic second underlayers 33 and 44 reduce the sizes of the crystal grains of
the material for the third underlayers 34 and 45, for example, Pt, and accordingly
reduce the sizes of the crystal rains of the perpendicular magnetic recording layers
35 and 46 grown on the third underlayers 34 and 45 and an exchange coupling



nl oou~ The use of a double-layered or three-layered underl ayer, m@ﬁzq)tf‘gg’a
characteristic feature of the present invention, is not limted b

recording nethod. In other words, a doubl e-layered or three-I|ayered

under| ayer can be applied to both |ongitudinal and perpendi cul ar magnetic

recording methods. s In a perpendi cul ar magnetic recordi ng nedi um according
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present ni'ag\‘\éﬂé \fyer 3% FUST 4 1Rds léymhﬁi@l_agelléooéc’ri'd’tﬂu@ it ich B firsh) un&’é’rla‘é/e?“?s Vhat
is claimed is: I. A magnetic recordi hg medi um conprising: a magnetic

r ecor di fogmedyefrmetahduch asist a aeeondhundanayesis fortries ofapretrietalrsiobras ng

| gyer, 5 erein_at l.east t under.l avers, i,pcl udi.ng a nonnetal lic
oo | oSRBBEI B e adfEE inbRevdls fadisd StPPELE iR, fvar and e
substrate. 2ToBugn 0pANE befpdrificuIst maghetd rebapling! rmbdialwithvies ﬂiaqﬁelﬁ@
magneti c recordlbrgoﬁayer i's a perpendicul ar magnetic recordin ayer. 10 3.

The naglRereokie Apd @em%ﬁﬁsgfsagoadnanq thirbvaderiayess A8, ﬂﬁgwgd Ao arayer is
f d , i
Fcor di SR Ay HaRKE] o IRE otk InaE LA dEnRP a2 *The st JRferfEhEraS ©

bet weennmmadetefaketal maydeot! ey formedras NG @strate. 5. The nmagnetic recording
second, and third underl ayers are

THE) uded. anBIGHE ShOWS e RASON Sy SIRIPHE SHIVAST  RORRSIGURmpgnelic
recording medium having a 3-layered Pt/C/Ti underlayer according to the present
invention and conventional perpendicular magnetic recording media having a single
Pt underlayer, a single Ti underlayer, and a double-layered Pt/Ti underlayer. As
shown in FIG. 7, the conventional perpendicular magnetic recording medium using a

20 single Ti underlayer has a greatly low coercive force and a greatly low squareness.
In the conventional perpendicular magnetic recording medium using a single Pt
underlayer, the coercive force is not low, and the exchange coupling between
magnetic particles is high, which can be inferred from the fact that the slope of a
magnetic hysteresis loop around coercive force is very large. Accordingly, the

25 conventional perpendicular magnetic recording medium using a single Pt underlayer
can be expected to produce large noise upon recording/reproduction. In the
conventional perpendicular magnetic recording medium using a double-layered Pt/Ti
underlayer, the coercive force is higher than that of the conventional magnetic
recording medium using the single Pt underlayer. The perpendicular magnetic

30 recording medium according to the present invention using a three-layered Pt/C/Ti
underlayer has greatly superior magnetic characteristics, that is, a higher coercive
force and a smaller slope of a magnetic hysteresis loop around coercive force than
those of the conventional perpendicular magnetic recording medium using the
double-layered PY/Ti underlayer.



formed of a material selected fromthe group consisting of Ti, ‘3 gzg) f}/
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silicon, a silicon oxide, a silicon nitride, a metal oxide, a metal nitride, and a metal
sulfide, and the third underlayer is formed of a material selected from the group

consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.
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5 underlayer is formed of a material selected from the group consisting of carbon,
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silicon, a silicon oxide, a silicon nitride, a metal oxide, a metal nitride, and a metal
sulfide, and the third underlayer is formed of a material selected from the group
consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

10 8. The magnetic recording medium of claim 4, wherein first, second, and
third underlayers are included, and the first underlayer adjacent to the substrate is
formed of a material selected from the group consisting of Ti, Pt, Ta, Pd, and Au or
an alloy containing at least two materials selected from the group, the second
underlayer is formed of a material selected from the group consisting of carbon,

15 silicon, a silicon oxide, a silicon nitride, a metal oxide, a metal nitride, and a metal
sulfide, and the third underlayer is formed of a material selected from the group
consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

9. The magnetic recording medium of claim 1, wherein two underlayers
20 are included, and one underlayer adjacent to the substrate is formed of a material
selected from the group consisting of carbon, silicon, a silicon oxide, a silicon nitride,
a metal oxide, a metal nitride, and a metal sulfide, and the other underlayer adjacent
to the magnetic recording layer is formed of a material selected from the group
consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

25
10.  The magnetic recording medium of claim 2, wherein two underlayers
are included, and one underlayer adjacent to the substrate is formed of a material
selected from the group consisting of carbon, silicon, a silicon oxide, a silicon nitride,
a metal oxide, a metal nitride, and a metal sulfide, and the other underlayer adjacent
30 to the magnetic recording layer is formed of a material selected from the group

consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

11.  The magnetic recording medium of claim 3, wherein two underlayers
are included, and one underlayer adjacent to the substrate is formed of a material
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consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

13.  The magnetic recording medium of claim 1, wherein the total thickness
of the underlayers is no more than 15nm.
15
14. The magnetic recording medium of claim 2, wherein the total thickness
of the underlayers is no more than 15nm.

15.  The magnetic recording medium of claim 3, wherein the total thickness
20 of the underlayers is no more than 15nm.

16. The magnetic recording medium of claim 4, wherein the total thickness
of the underlayers is no more than 15nm.

25 17.  The magnetic recording medium of claim 5, wherein the total thickness
of the underlayers is no more than 15nm.

18. The magnetic recording medium of claim 9, wherein the total thickness
of the underlayers is no more than 15nm.
30
19. A magnetic recording medium comprising:
a magnetic recording layer;
a substrate that supports the magnetic recording layer; and
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an alloy containing at least two materials selected from the group, the second
underlayer is formed of a material selected from the group consisting of carbon,
silicon, a silicon oxide, a silicon nitride, a metal oxide, a metal nitride, and a metal
15 sulfide, and the third underlayer is formed of a material selected from the group
consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

22. The magnetic recording medium of claim 20, wherein first, second, and
third underlayers are included, and the first underlayer adjacent to the substrate is
20 formed of a material selected from the group consisting of Ti, Pt, Ta, Pd, and Au or
an alloy containing at least two materials selected from the group, the second
underlayer is formed of a material selected from the group consisting of carbon,
silicon, a silicon oxide, a silicon nitride, a metal oxide, a metal nitride, and a metal
sulfide, and the third underlayer is formed of a material selected from the group
25 consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

23. The magnetic recording medium of claim 19, wherein two underlayers
are included, and one underlayer adjacent to the substrate is formed of a material
selected from the group consisting of carbon, silicon, a silicon oxide, a silicon nitride,

30 a metal oxide, a metal nitride, and a metal sulfide, and the other underlayer adjacent
to the magnetic recording layer is formed of a material selected from the group
consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.
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thickness of the underlayers is no more than 15nm.

20 29. The magnetic recording medium of claim 23, wherein the total
thickness of the underlayers is no more than 15nm.

30. The magnetic recording medium of claim 24, wherein the total
thickness of the underlayers is no more than 15nm.
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