Field of the Invention 5 The present invention relates to a ma

recor.di ng medi um capabl e of recording data with a high density, and nore
particularly, to a magnetic recording medium having a nagnetic recording
| ayer which has a high thermal stability, high-density recording
characteristics, and excellent SNR characteristics. 10 2. Description of
the Related Art Hard disk drives l(C:DDS)’ whi ch are representative magnetic
data storage devices and IMABNETIGBEGORRINGNEDHM: he recording density,
are currently adopting a |ongitudinal magnetic recording nethod where a
ring-type head and |ongitudinal magnetic recording nmedia are involved. A
conventional |ongitudinal BAgReROMNEOF-HAE MNVENIEINod, however, comes
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per pendi cyl ar o i t i .a recording

roct um ar 0 HFRED el BN RRER Ao iR SRl NRc T at e, he
recording density can be further inproved by using perpendi cul ar nmagnetic
recordi ng ,nedi 8_havi | j ng characteristics: 1) a high

perpégdi c&[ ar %gﬁ@'?‘gogﬁ?sﬁ‘) Iér)[glpj)?‘\ﬁf energy 25 constant Ku (>1x106 erg/cc)
and ia_ hi gh coeHeidudisk diives;(HRDsg mlith aneysprelegatvensagretit c?_)a siﬁrégaw exchangle
coupl i ng het. t Al smagnetic nedja having a single
magnet i c :&%@?&g dg%g?%gﬁﬁggﬁég‘lﬂ%eéﬁtp%%\%ﬁﬁ’%g?” d B CUTREYY PIQR 'PQ%The

r ecor di ng idngitedinsltragretineepoeding metifica wisdre @ring-ffhe haadlend &ygitudisalf or med on a

substrate befqore the.re ing. i s forned nd.3Q. i pproves the

ragnet | of SRPCBLT eARIERRIRP rBYRS., | & cpBPaMUDRp =B  ragnet i <
medi & havirenprdingl methcel, mageedri corhes/acrossasg himftinm nbesrasingahel cecoadingénsipgnet i ¢
under |l ayer_in . adgition tg.t recording.layer.and the underl ayer so as to
i ncrease Pﬁ‘éa“%en‘{qé%%ﬁﬁf@ﬁ'a&g%‘@ iogf1 f ??gq{a%%}eﬂ%“’oﬁndaa ﬂ%‘ﬁﬁ%cﬂr@ $ield forned
by a pol e mejiped, méiahrislanpgrpendicular magnetic recording methad, is currently being
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actively developed since the perpendicular magnetic recording method is expected
to increase the recording density further well beyond 2700 Gblin?
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 perpehdicular 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 s0 as fo 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.



head including an induction coil upon magnetic recording. 1 303@@%#%hﬁﬁ397
As shown in FIGS. 1 through 3, in conventional perpendicul ar nagne
recordi ng medi a, perpendicular orientation underlayers 12 and 223 are

pl aced bel ow perpendicul ar magnetic recording | ayers 13 and 224,
respectively, and a soft nagnetic underlayer 22 is placed below a

per pendi cul ar magnetic recording layer 23. s FIG 1 shows a perpendicul ar
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| ayers 14 and 24, respectively, to protect the protection layers 14 15 and

24" and thé’OB@l%‘éﬁ‘ﬂﬂe@EI'aé{rersr’ragnetlc recording |layers 13 and 23 agai nst
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per pendi cthesofhEgareticundegayaliZzegrae caﬁloafsumt@teezﬂ fAd 21cespestivelynal
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per pendi cul ar orientation underlayer 223 between the I cul ar magnetic

r ecor di ng PEERgEAIcaan oderfationeurdsriaydralrhand besati enagnple UQQ@ ath 22,s known t hat
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orientation under aye I s known forma thick init ayer due
to al¥el atam}aﬂ;anriéhgéer@pﬂtf!Iéuléhmgnﬁl%ec@rﬂmgﬂ@yew as @Dd@i”c&tﬂﬁmsbm”lsmﬂs\/\/een Ti
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Compared to the perpendicular magnetic recording medium of FIG. 2, the
conventional perpendicular magnetic recording medium of FIG. 3 further includes the

20 perpendicular crientation underlayer 223 between the perpendicular magnetic
recording layer 224 and the soft magnetic undertayer 222.

It is known that magnetic:' propetrties of a CoCrPtX-based (X =B, Nb, Ta, or O)
alloy thin film, which is widely used to form a perpendicuiar magnetic recording layer
13, 23, or 224, are grez;\t!y affected by the type and structure of an underlayer.

25 Ti, which has been widely used to form a perpendicular orientation undertayer,
is known to form a thick initial growth layer due toé relatively large difference in a
crystal lattice constant between Ti and a CoCrPtX-based alloy thin film for a
perpendicular magnetic recording Iayer, thereby degrading the orientation
characteristics of the perpendicular magnetic recording layer.

30 Pt, which can be used to form a perpendicular orientation underlayer, makes
a perpendicular magnetic recording layer have excellent perpendicular orientation
characteristics because of a small difference in the lattice constant between Ptand a
CoCrPtX-based alloy for a perpendicular magnetic recording layer. However, Pt

increases the sizes of the crystal grainé of the perpendicular magnetic recording



30 Pt, which can be used to forma perpendicul ar orientation

makes a perpendi cul ar magnetic recording |ayer have excell enwﬂar‘%yﬁm
perpendi cul ar orientation characteristics because of a snmall difference in
the lattice constant between Pt and a CoCrPtX-based alloy for a

per pendi cul ar magnetic recording | ayer. However, Pt increases the sizes of
t he crystal grains of the perpendicular magnetic recording 2 30 March 2007
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SUMMARY OF THE INVENTION
20 An object of the present invention is to obtain a higher magnetic recording

density by proposing a method for improving the recording characteristics of a
recording tayer 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 underlayer 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 Qnderlayer adjacent to the substrate is formed



nonnmetal I i c underl ayer are placed between the nmagnetic recordigggiq%ﬁé znd
the substrate. The magnetic recording |ayer may be either a | 17 QQI
magnetic recording 30 |layer or a perpendi cul ar magnetic recording |ayer. .
Preferably, the magnetic recording |layer is a perpendicul ar magnetic
recording layer. A soft magnetic layer is formed between a stack of
under |l ayers and the substrate. According to an enbodi nent of the present
invention, first, second, and third underlayers are included, and the
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DESCRI PTI , FoRAN boye her features and advant ages of
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magneti c "a single magnetic layer; FIG 2 shows the
| ayensstructure of a. conventional perpendicular magnetic

BRIEF 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 sfructure of a conventiona! 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 -
tayer 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;



recordi ng nmedi um having two magnetic layers; FIG 3 shows the 5@ 2L ok 2007
structure of another conventional perpendicular 25 magnetic record?ng
medi um havi ng two magnetic |layers; FIG 4 shows the |ayer structure of a
per pendi cul’'ar nmagnetic recording nedium having a perpendi cul ar magnetic
recording nediumw th a single nagnetic |ayer according to an enbodi nent
of the present invention, in which three wunderlayers are included; 30 FIG
5 shows the layer structure of a perpendicul ar magnetic recording nedium
with two magnet|®@ § shrwssthgdaysy airuguierf apaspensticulaninagietic hecosdieg ent

i nvention,md i i AEL RS i,ng | ayer
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llayers accordi pg; 705034 8 mARYHRAd hi&HesRicuheg O?Esmtﬁonélﬁ\ég{éwdﬁ:ﬂlar' n whi ch
two underl ayers are I ncluded;” FIG™ 7 Shows the magneti c Hysteresis curves
of cobventmagnglic preopding medizhavirg araigaletiayeree ooderlaygr anstia dohbieilagred

single-la : i O :
per pendi coae oyen Rl b peEerttaldh it oK AT ModltR SRR 1B Posemhvent i on
havi ng a mveglian having & Bidrilayeesd enderlaydt G 8 is a graph showi ng the

per pendi cul ar raGl ] endi. Gyl geti,c ani sotropic
ener gy constanf%@g%%gé%gﬁ%ﬁgﬁ%rwng%nne@% da%tﬁ%e@écreg?%g angdi a according
to the pr@sgendicniae magoatihavisoippihersrgy eyretad Kot df @efpendivdiar ngagaesc and a
conventio ‘ j cul ar. icr rdi ng. medi.um havin .
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di fferent ugdqr‘ayars grcha nomvengsndl @erptelndicutaerrmneliiccmlcalrdinmgaeiuhcha_r\ﬁ@g di ng

medi um of dggﬁe“é 'eré’}f'bﬁjfi Lﬁlrdg{llgz%{,cul ated from 15 Scherrer Equation; and FIG

10 is a gr oW ng vari 5 in the spectral SNR of the perpendicul ar
magneti c recorlich§Amedi @B efe dgrbhs Showiig diffefsht DESERYET PesGor tHE | NVENTI ON

20 Her el n3LERhuiclBPRRbhS:S RESTHI A B & FECE HidPak %Rl 2SS f§S empodi ments

of
15 Scherrer Equation; and

FIG. 10 is a graph showing variations in the spectral SNR of the perpendicular
magnetic recording media of FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION
20 Hereinafter, magnetic recording media according to preferred embodiments of

the present invention will be described in detail with reference to the attached
drawings. In the following emb‘odiments according to the present invention,
magnetic recording media using a perpendicular magnefic recording method will be
described. However, the present invention-can also be applied to a longitudinal

25 magnetic recording method. Hence, it can be understood that all recording
methods are within the technical scope of the present invention.

Magnetic recording media with a single maghetic'layer and magnetic
recording media with two magnetic layers according to the present invention are
shown in FIGS. 4 through 6.  As shown in FIG. 4, in a perpendicular magnetic

30 recording medium with a single magnetic layer, a first underlayer 32 made of metal,
a second underlayer 33 made of non-;metal, and a third underlayer 34 made of Pt or
a Pt alloy are sequentially formed between a perpendicular magnétic recordi-ng layer
35 and a substrate 31.



the present invention will be described in detail wth referenﬁﬁgfq#ggﬁ
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al so be applied to a | ongitudinal 25 nagnetlc recordi ng nethod. Hence, it
can be under st ood that al | recording nmet hods are within the technical

scope of the pres I, Eﬁ]té gﬁtlc recor di ng nedia with a single
magneti c | ayer 5% OWﬁdfh M 2 PR ‘QUIﬁ"éH\aﬁ”quﬁ Pl ogRiumiwith ayer s
accordi ng dobehﬁa@re%ewereaw@arqg@@aa@mboaihw of thefdr&Sant hvehfi@bGRstS. As
shown in FIG endi cul ar magnetic 30 recording mediumwi th a

singl e mag?ﬁ’é?nqz al“Qﬁ'%'Fd ura;qulaygqs ntdransler argsequenially forped betweensasefhd
under | ayerma?g%erradﬁdéﬂay@pmz aﬁaélper@m.c@ratrw eﬂaﬁb%r qfrayé%r%@?n e Pt or a
u

Pt alloy are sequentially forned between a er pendi c magneti c recordl ng
| ayer$ 35 PERENICYIas sRaane C@POVCB“EBG‘QWF‘EW“'?6@?19'@0@8@@@%8)’% F&.46, in a

per pendi cWsadhoWRIAEIG C6 ﬁﬁﬁ%ﬁbé?ﬂld”f%‘#'rﬁﬁﬁh%é Fbcéro‘ﬂ%ﬁb@ryﬁﬁﬂrﬂ% ldBubyer

according to an enbodi ment the present 1 nvention , second, and
thi rd undéndgpte @meacmdln@rmam%h%rreén@wu@mﬁqfém presentimentien.adntha sof t

magnetic yagsid éi’c?fhrrﬂ%n@@r@a;fér@ﬂ Bﬁ@dsgl ng%ugg ﬁffbﬁn%oe é?wgéﬁ%elﬁa\ﬂer 46, as
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is formed et crecording lay 8
deposi t ed prdoess ﬁ.‘rréorcrae@ﬁl,e fast yndedass rriayrndt beperfgrmdrbsd as Biol:uaudemé ayer nmay

not be per {rﬂétﬂpedofsa &Beﬁﬁcrﬂggrﬂbé‘heﬁ Q?ecordlng medium as shown in FIG. 6.
As shown in FIGS. 4 and 5, the second underlayer 33 is formed on the first
20 underayers 32 and 43 by depositing a thin nonmetallic material, such as, carbon,
silicon, siliconfoxide/nitride, or metal dxidelnitride/sulfide. Similarly, as shown in
- FIG. 8, the second underlayer 44 is formed on the soft magnetic underlayers 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 underlayérs 33 and 44. The third
underlayers 34 and 45 are formed on the second underlayers 33 and 44,
respectively, by thinly depositing Pf, '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 according[y
reduce the sizes of the crystal rains of the perpendicular magnetic recording layers

35 and 46 grown on the third underlayérs 34 and 45 and an exchange coupling



structure of a perpendi cul ar magnetic recordi ng nmedi um as shomg &f Fﬂéa,ﬁ
As shown in FIGS. 4 and 5, the second underlayer 33 is forned % H ¢
20 underl ayers 32 and 43 by depositing.a thin nonnetallic material, such
as, carbon, silicon, silicon/oxide/nitride, or netal
oxide/nitride/sulfide. Simlarly, as shommin FIG 6, the second :
underl ayer 44 is fornmed on the soft. magnetic underlayers 42 by depositing
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above, the non-metallic second underlayers 33 and 44 reduce the sizes of

‘the crystal graPRYToP, thpernapdieylal mpgnetichiecarting dnadidre ithyeesisgle4 and 45,
for exarmlnge; Cn%pc xa@aﬁoﬁ%owsegwnum%% étpu%t@%ﬁg\ﬁr&ieﬁgtf’?& u%xﬁ;ﬁ%} rains of

t he perpen magneti c recordi ng -l ayers Je third
under | ayerferng4 ﬁrmmam@h@sﬁm aes@madgzederm@r isrfgrnéeBof mmrmlata?@nm:h aset ween

magnep i c %ar&c}ngbzsand%.ra%d FY%L ld| Bret Gt didsrdygyer s 33 and 44 also

Ccreate many nma domai n pi sites which restrain the domain wall
notion of per pesdingid tae nmfgm@tmtammgoem regoidinemsdiavitridio4Bagnaticor di ngl y,

as comnpar ‘i‘é}e\‘! %;*Flefsh?, %t%&ﬁs&%dsgﬁd;gh%g@gg@é%g dﬁ?@gﬁ&‘ﬂ;“ are not

fornmed, perpendicular magneti ¢ recof % hi i gh
coerci ve fcongasutivaly depdsiieded the eoft mafinetlsi undePayard@er Ty Grss udderaper 4866 ar e

somewhat trrlfHd% of hatSUAL y%qot 441@[%% Egﬁg_g&ubar magnetic recording nediumw th

a single gnetic la s'a nulti-layered structure in which
a finst underl B 17 showsfthe megnetic pstaxrksis oaivea sf a'perp@ndeultanmagnete:rl ayer is

formed of 0 ¥ hi 1. erl|l ayer is fornmed
of Pt or a&%?d' b?éd"ﬁ#ﬁg‘w pa? ggﬂ%ﬁn 4 cuzﬂl %r%od :le%ﬂ-\g edi‘itng medi a
with two mvgntion and tenwentorad peipesdicdaamdgbetictraeortlingshedis badingla sigtd t hird
under | ayers, 43 rlay‘elr aﬁﬁﬁg e‘il_ﬁl I?rgo%rla aﬂgﬁerl aM@e)f%%%)&EH Fudnd%rr]a)trer}e EO“

‘magnetic un er
shown in FIG. 7, the conventional perpend[cular 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 recdrding/reproduction. in the
conventional perpendicular magnetic recording medium using a double-layered PY/Ti
~underlayer, the coercive force is higher than that of the conventional magnetic
| recording medium using the singte Pt underlayer. The perpendicular magnetic
30 recording medium according to the present invention using a three-layered PY/C/Ti
undertayer 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 PYTi underlayer. '



rhade of netal may not be formed as in FIG 6. 15 FIG 7 shoméﬁwﬁzlc

hysteresis curves of a perpendicular magnetic recording nedi

3-layered Pt/C/ Ti underl ayer according to the present invention and
conventi onal perpendi cul ar magnetic recording nedia having a single Pt
under| ayer, a single Ti underlayer, and a double-layered Pt/ Ti underl ayer.
As shown in FIG 7, the conventi onal perpendi cul ar magnetic recording

medi um usi ng 0 e Ti,_underl a reatly | ow _coercive force and
a greatly Iowagéthgr'%ﬁ aph SW%@%@%@ eﬂ% dedeirgi kg %z%” dragneti

recor di ng peR@nbidLME g naticamedtepi endigdledr st Ku df'b@rﬁéhﬁfoﬁlaY%Jgﬂé&? I's not

| ow, and t he exchange cou Ilngtpbetween magnetic particles is high, which

can be i nfREOFHEC Media 39s8rqing o ﬁ@fe%eﬁtamg%pe hawing thf@ﬁd%@r?@: PHGEt er esi s | oop
- around cogpgénayef SiFERures aﬁeraycohaé;%na%é?gérm.a%rxfnagmc&&aﬂ%ﬁ%ﬁma'

per pendi cul ar Fs_J%netl c recording nediumusing a single Pt un

be expect 8avingagioghigdayerad §ET h@??eui]@ﬁfﬁﬁfe‘&w ﬁ@ﬁﬁ@p’r eenioetalio (i.e. rp)t he '
conventi o endi Haha t ubl e- | ayer ed
BT U e A SHOH o PR e ror bR gy e h el

convent i omludmgﬁne@qoed noamﬂtajlilm&g?)rwedewenbamglghﬁ"eoegpergdlwlmco&m | ayer. The

per pendi c

i nventi on\gﬁdﬂgflg ﬁgma 'lregg Q{/E?QQF’%??]@}T%H gerl gﬁée' Eg?1(:Iliérajzazilt%ﬁasg%super| or
magnet i c cev@rdied medgrm sludingano ﬂ@on@nhmrgﬁ@ﬂtcc(ﬁwlmdarleyerfscﬁvee ifdhelttérdsmal | er

51 oPe of Bt IRADELLCoiHokAREP Rl AR BANaR BRRGH R LALGRANAD ThEOse of

t he conventi onal " perpendi cu magnet1 c recor hé

doubl e- | apenpeudleuliarrmagmtwrneagrdmg rmedia ohBiG: I8 meklmllélr(aer;&nds:umrgr aph showi ng
t he perpe i magnet i c

ani sotr opﬁ%lggﬁﬂefémg& g%ﬁré)ﬁé&% elﬂ‘f’%l}(ﬁ e%?%@% Wﬁgéé éepttﬁé Se?c% ordi ng nedi a
accor di ngundertelyer ipieednt i nventi on haV| ng three-layered Pt/C Ti underl ayer
structures an t I [ medi um 5
havi ng a doubﬂ:eélsggg\régg gl%)% tra%w?ﬁ%w’ ayﬁ@%@%#ﬁﬁ@qlﬁ%ggﬁd nonnetal lic
(i.e15 O shcnmd@thea:yﬁerenm i lgoain size anti@IalB Siza disdripdiodibetweem aragnet i ¢

recordi ng i i i g I rlayer has hi gher
per pendi caﬁgh@g@?tﬁ%@gy}%&dﬁg%ﬁw Egm%rd&ané&?vgﬁg& Yhan that of the
convent i ofaCrR&MRian tti-eyered umdgriayter strusterecandi aGoGeRIKIRUG/ Midtidajengd no second

nonnet al |}, 6ol e MOARI- EUEE S aRY E8tHe prb it irVehfon.

As shown in FIG. 9A, the average grain size of the conventional perpendicular

an

20 magnetic recording medium is 14.9nm. However, as shown FIG. 9B, in a
perpendicular magnetic recording medium using the second nonmetallic (i.e., C)
" underiayer, the average grain size of the crystal grains of a recording layer is 11.5nm.
That is, according to the present invention, the size of the crystal grains of the
recording layer is reduced from that of a conventional perpendicular magnetic
25 recording medium not using the second C underlayer. Besides it can aiso be noted
that the perpendicular magnetic recording medium using the second C undertayer
shows uniform and narrower grain size distribution than a conventional perpendicular
magnetic recording medium not using the second C underlayer.
FIG. 10 shows variations in the spectral SNR of the perpendicular magnetic
30 recording media of FIG. 8. As shown in FIG. 10, the SNR at a high recording
density area is higher in the perpendicular magnetic recording media using the
second C underlayer than in the convention perpendicular magnetic recording

medium not using the second C underiayer.



10 Pt underl ayer of the fornmer nediumis thinner than that of t%ﬂ&%ﬁgé v

medi um The perpendicul ar nmagnetic recording nedia of FIG 8 have sim %r

per pendi cul ar rmagnetic ani sotropi c energy constants Ku regardl-ess of '
whet her the second wunderlayer is used. FIGS. 9A and 9B are transm ssion

el ectron mcroscopy (TEM inmages 15 showing the differences in grain size

and grain size distribution between a perpendicul ar nmagnetic recording

medi a each gro on_ a_cqnventi ona CoCrPtX/Pt/Ti tri-layered underl ayer
structure and ﬁﬁ?:ﬂ%? p{%ﬁgﬂiﬁ@;}qﬁerﬁ?r_thgﬁég%ed HRERIAYEy ahict IB@ct ure accor di ng

to the presgmatteriBieRblLeS of the B iventdrGis RMinditB8 by \eeasBing AétRogi 2z of
t he conventi onal perpendEiCLfI ar 20 magnetic recording nmediumis 14.9nm
~ However, HLOt8RbWAMS &doy i§_j aY%?%”%‘é‘?%’éW@HFQ?”%ﬁ@@ Pe apelissirtaionth medi um

usi ng the|o$@ﬁ@mﬁa|rwfarwr@éﬂds®lérlm?netig}ecomw@me%%z the average grain size
of the crystal grains of a recording |ayer 1s 11.5nm That is, according
to the present!NaRYRENGAYIaE Ragreticaeearding anediys escorgingitadheopresers  recor di ng
layer is fRehgs Jgiﬁg?g‘dbbﬁlb-l eréd 5%V@é3|tgs,aea'un9@ﬂa§%ﬂd48m§b RerpBRiRGEE ¢ 20

r. BeSides |

recordi ng nedi um not using the second C underlay t can al so be
noted t hAPRONALC PRISGIEARIN @NATaY CORRiFttiUIS phieBiedi g tredhiidriodériayet laad second C
under | ay epero3AAMSIaH b REAR RBSIMY IEAAGHNTNHIE A Srths bhy BYbiAN than a
conventional perpendi cular nagnetic recordi ng di um not using the second
C under | ag¥ghange couplmgsigaks formedituaios seroneindgdayer aelodNRe dfirdt he

per pgndi c nedy i i ) yn FIG 10,
t he 1g{]\IR ay ﬁgérﬁ@gﬁ ?{g'gg,rtgié%g&g]g@!a{?& déﬁg%@ﬁeggﬁﬂgqnqg}’gﬁ Crﬁﬁzgggbggndi cul ar
magnet i ¢ Feopalatalylitieigrdarsitygectrding sharasigrictiasmded exgatlent SR i n t he
convent i 0&1&%&%@&@5?“' ar magnetic recording nediumnot using the second C
under | ayer. March 2007 The use of a doubl e-layered or three-I|ayered
under | ayer, whiVble the presgrdinvention Bag bedneparinuiaryfshove gndedesntbddrwitmt i on, i s

t limt i t, | e-| d
TR L 1 Bl RN el D6 BB b o0
per p@g:}lln condinarnyraljihietthe aﬁébd{\mrlngs ﬁlmﬂgeglm foBnland aite_tmls pmy;zbne:mbaaé thl:ata)@lenelt i'a. cer o
recor : , : -
PSRRI it IR RUPR A t SScs
olilowing ciaims.



magneti c ani sotropi c energy constant Ku is obtained due to a té}ﬂﬂf h 2007
under |l ayer, and a perpendicular magnetic recording |layer with SHar T
crystal grains and a small exchange coupling can be forned due to a second
under| ayer below the third to underlayer. Thus, the perpendicul ar nagnetic
recording |ayer can have a good thermal stability, high-density recording
characteristics, and excellent SNR characteristics. Wile the present -
i nventi on QES .begn Egrti cularly shown and described with reference to
exenpl ary % hereof, it will be understood by those of 15
ordinary skill1in tAenaynktit Rtbrdidy medRINCEAGIRING: N form and details may be
made therein w thout departi fromthe spirit and scope of the present
i nvention as défmydElBye "gpagPF ng clains. 9 30 March 2007 What is
claimed is: 1. aAupBedtetihat sﬁﬁﬁ&fﬂh@%dﬁﬁ@tié’@c@%ﬂ{{ la§éMg: a magnetic
recording layer; and a substrate that supports thée magnetic recording
| ayer5 5 wher eMRerin pldgast tvqanderyersipaiding ghanmete)liaUndsiieseraei c
under | ayerp 8 hohkeGPfe PRAMRAS rd BRINREIEL Arfd vhgf‘sepgréw. layer and the
substrate. 2. The magneti ¢ recordi ng nmediumof claim1l, wherein the
magnetic recording |layer is a perpendicular magnetic recording |ayer. 10
3. The magnetig rec i drdi i erej f etic |layer
is formed bet Wg'en aﬁ_qs%jllgggn of um%aﬁ%‘?‘é@ﬁaﬁg’@h%s‘??‘r@%gerﬁadﬁgghe magneti c
recor di ng reeidineniayer sl aperpgndiokier wpegnaticgetardingdayeri ¢ 15 layer is formed
betwegn a stack of underlayers and the substrate. 5. The magnetic recording
medi um of claim 1, wherein first, second, and third underlayers are
i ncl uded, and 8he fihesmagmelisreesrdingagdivaef clain t hehenglysa seit magsetict or ned of
a material oS4 fo L , Ta, Pd, and Au or
20 an all gﬁ;)%ﬂ?ﬁ?f;‘?%f %%Mé?hgééﬁkw&gaﬁg@gﬁ%@hgeslug%:t{aetg‘tfromthe group, the
second underlayer is fornmed of a nmaterial selected fromthe group
consi sting of garbofhe m3htdikIBeording mddit oP Ui 2, Rndteln' £ 88k Mlabhdle: @ metal
oxide, a netal nitride, and a neta

15 layer is formed between a stack of underlayers and the substrate.

5. The magnetic recording medium of claim 1, wherein first, second, and
third underlayers are included, and the first underiayer adjacent to the substrate is
formed of a material selected from the group consisting of Ti, Pt, Ta, Pd, and Au or

20 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
consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

25
6. The magnetic recording medium of claim 2, 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
30 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 grbup
consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy.

10



sulfide, and the third underlayer is forrred of a materi al selegthglgII Syt he
group consisting of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru and a
Co alloy. 25 6. The nagneti ¢ recordi ng- medi um of claim 2, wherein f| rst,
second, and third underlayers are included, and the first underl ayer ‘
adj acent to the substrate is fornmed of a material selected fromthe group
consisting of Ti, Pt, Ta, Pd, and Au or an alloy containing at |east two
material s sel ect ed romth 3rou8 t he, sec nld 30 underlayer is formed of a
'5 '8

mat eri al sel ecfed frrt?rﬁq? ey QEClgim 3awhergin firgh pecapd, and si | i con

oxide, a ifd @R réhﬁtﬁrncl@dé@ta&id tR Fif€ underbPhdjBbdr tdithe suBSAe TET al
sul fide, and the third underl a er is forned of a materi al sel ected fromthe

group cof¥Megigig rpdteipl selsgte méhePgrOHPICB'QS'StﬁiQF‘&TéIFftoi/'a JROCAUGY, and a
Co alloy. aﬂr%llé’@c&{ﬁérﬁiﬂrg%@%st ﬁvo %B%riﬁﬁ%@@cte%l thﬁ'ﬁ‘ﬂ’féigrBGp ”iﬁQ'SHEB f claim 3,

wherein first,” second, and third underl ayers are i1ncluded, and the first
under? ay eHngefjayeeis O'in??c'tcPféi @Q%P@i9&'%Ct‘?%fmmdi*%@U@fCOQSIﬁmgwﬁ c@rbael ect ed from

the groupsmedtsiasdiicBl oRfdeTh siliBén nilifte, E’%etariﬂd%ua%etanntr@iel%&%m' ning at
| east two materials selected fromthe group, the second 5 underlayer is

formed of sdlfidataddithg thid| undedayaristernae ofa mﬂéer@cb felested fgnotheipion,
silicon, ansdidtingQR P@i:‘dj@?u 8 g |I|bﬁ3ﬂ:’(ﬂblic{y‘ ge a%'aﬁi‘éy a netal
the thi r under f

nitride, and a netal fide, ayer ornmed of a
material selected fromthe group consisting of Pt, Pd, Ru a Pt alloy, a

Pd , |l di
of 2:Idaionl1 4a \;R/rti%?ei ﬁ%}g rﬁés%eﬁgg%cgﬂé gmﬁid nﬂ @W%bg?%rgeﬁghgn u(rjrgdr u;nnd
the first thmcimdedws A inguded, taodttlh@fl@uwyierrlaw adjacenbtontbe substeaterist er i al .
sel ected fdhIdRe O SCRBRISHIM helfralh cofdistind®r Tt ANboMnhy p1 8l 1 oy

containing at least two nateri a S se t hé group, e second
under | ayegn ialoy eantaiding Bt leagbiwermaterigle seletted fmnmthetgreurgrtmipemd5| sting of

carbon, 1g, déria‘y&rogrorﬁ-.e%l' faclﬂgteﬁéf%?ectéd ifjdrt.‘tr‘r‘é) P%Bhﬂ%inrgaof%];b%n oxi de, a

metal nitri a net al layer 15 fornmed of
a matfer i akiliewl, aciliedn Pxidem a biicayy wiide, @mﬁ@iwndnga metﬁtmtrla%et arigg mataPt al | oy, a

Pd al | oy, I . Eﬁi I C rg]i medi um of
claim1l, \S/\ﬂg%iaﬁhtt@%thbrﬁ er(':I ?gé%rr ?Ho%e%?i;a ?n%%riéggcggétg%g{: %'ntge n‘g%rl ayer
adj acent tondigtieg of bt tHdaRe, 8 £t ateywedddllox, aRuatlioglandseCeetled from t he group
. consisting of carbon, silicon, a silicon oxide, a silicon nitride,
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 récording 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

11



a nmetal oxide, a netal nitride, and a netal sulfide, and the
under | ayer adjacent to the nagnetic recording |ayer is forrrlegiyjtd@%f'fh2007
material selected fromthe group consisting of Pt, Pd, Ru, a Pt alloy, a
Pd alloy, a Ru alloy, and a Co alloy. 25 10. The magnetic recording nedi um
of claim2, wherein two underlayers are included, and one underlayer =~
adj acent to the substrate is forned of a material selected fromthe group
consi sting of carbon, silicon, a silicon oxide, a silicon nitride, a netal
oxide, a gRl-al) i fﬁe%upac%ﬂsﬂlﬂé%tf%hr%h'|s§1ic@ﬁ1aﬁﬂéi)ntJi‘Eieoﬁ Eﬁﬁﬁoﬂ‘xﬂgﬁfel @yer

adj acent 30 to the nmagnetic recording layer 1s forned a materi al

sel ect ed Mmehotife agmemlputnd@msd stmem@ seifidgtand Fab, othRer unéerﬁwelaadl]@ynt ta Pd al |l oy,

a Ruallo and a medi um of claim 3,
Sherern ¢ 5 "iikgePrreihaos Pt orRL T St GEE PR AR cent to ¢ he
subst r at ecdnsisfing ¢ftrd, Bf, Rai, HRt slldyah Pd 3lloy3 @ RMBilieh), a2QQ %o sirlyect ed from t he
group consi sting of carbon, silicon, a siricon oxide, a silicon nitride, a
netal oxide, a netal nitride, and a netal sulfide, and the other underl ayer
adj acent to tfie mﬂﬁ%&@eﬁ@&eminggnédmemm of OIRELiR by GuiIRliE b8l sel ect ed
fromthe group consisting of , a alloy, a oy, a

al | oy, anateancQoled) dndypne t@derlipe adﬁgtﬂmto theﬁd@mmm@mmﬂoiam@ﬁen@ll ai m 4.

Subst r at eogee PR AGO Fafaar i REn TR UG SlisThRERR i g o

car bon, sinkiab@tide, @ nidtdlin@t€itle, @l d@netA sSlfide,ca0 thy dthérdlﬁder&yeﬂ’@lﬁ aknta¥i de, a
‘metal nitride, and a nmetal sul fi de, and ‘the ot her_ under| ayer adj.acent to

t he magnetiF MAgReisTEraRgng ysk is farmed ofa dnagrial selectes from thearelx Oasisingm t he
group congfstpfiGky, bt Aoy, £d RuFfilod! A% CPallR, al 10y, a Ru alloy, and a
Co alloy. 13 élmagnelc rgicﬂ(’)&r |#g r?gdé’nmof coqualml wherein the total
t hi ckness of the under | ayers is no nore than 15nm 14. The rragnetl C
recordi ng medi of .cl ai m t he t.al ickn

under | ayers |sgr:]o r%"reén?gﬂg drfg?{ gf%edmﬁln(e)%ﬂra néther?lecor t|afr)1tfg5u rredgsum of
claim 3, wiikeanderlbites isabahort liaaksass of the underlayers is no nore than
15nm 16. The magnetic recording mediumof claim4, wherein the total

t hi ckness of the underlayers is no nore than 15nm

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

_ of the underlayers is no more than 15nam.

16.  The magnetic recording medium of claim 4, wherein the total thickness

of the underlayers is no more than 15nm.

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.

19.  The magnetic recording medium of claim 1, further comprising:

12



17. The magnetic recording nmediumof claim5, wherein the tot aéoﬁyra}%gﬁs
of the underlayers is no nore than 15nm 18. The nagnetic recording nedi um
of claim9, wherein the total thickness of the underlayers is no nore than
Bum 19. The nagnetic recording nmediumof claim1, further conprising: 12
30 March 2007 a soft magnetic underl ayer placed between the magnetic
recordi ng layer and the substrate. -20. The magnetic recordi ng nmedi um of
claim 19, wherein the magnetic recording |ayer is a perpendicul ar magneti c

recording |ayey soﬁ%ﬁa nEH@uﬁ%Gl@?ér' Fack & 6QGAL e TR %h&i@r@éor&h?ﬂd}?ell&d wher ei n
first, second, and %hl rd underlayers are i1 ncluded, and Thé first

underl' ayetheauﬁsanﬁnt to the substrate is fornmed of a material selected from
the group consisting of Ti, Pt, Ta, Pd, and An or an alloy containing at

| east two materials selected fromthe group, the second underlayer is
formed of a material selected fromthe gr oup consi sting -of carbon, silicon,

a silicon OXIde a silicon nitr,jde, I , a t al n|tr|de and a
metal sul fide,2%nd Th?én%wvﬁrecerﬁa@rmw % a%} em“ngleﬁ%g@?ti‘%l sel ect ed

from the &E&'dﬂlg%’)f&?&sséﬁéggenﬁfcuﬂ maBbticRtbordinflaye@! 1 0y, a Pd alloy, a Ru

all oy, and a he magneti c recordi ng nedi um of cl aim 20,
wherein first, second and third underlayers are included, and the first

under | ayer adj ent.4t 0 _t he.substrate rial .sel.ected from
the group consT'sti n’{gl.‘ed? gFeuC]iSFordlflg ?d&lmgggla% erhaeﬁelﬁTng?gecogghefngl ni ng at

| east tV\DthliEﬁtLﬁdérdes:sslﬁi iaclhes, ﬁmcbunib&‘m ufdlaper ddj’h%er&&@ﬂi&dubmd&nb ayer is
formed of a material sel ectg%i m t he group caqnsi stl ng,of .carbon, silicon,
a si | i conforgsd gla mategpl selegigd fyo Eérouﬁ chptstme ok T4 & 19 hbtamd MiYarde, and a

metal sul £uo§ﬁosnaﬂﬁlng meafswoolnatwﬂéwﬁrfrdn% tl-fe%rr&ﬁﬂtﬂéfse&)nﬁ%gérla%r igel ected

~fromthe gr consi sting all oy, a Ru
al | oy, antbrmedof amhtsyial szh;ctetttﬁ@nnﬂxgm@onMQg@f ngbmdnhgm,@fsﬂmom m 19,

wherein two undrla 100G ud t to the
substr at emflge’f&l lrn?a%ler?ge R erolx%ﬁ %g Eﬁj rom ?ﬁ“u%r{%ﬂa%%gﬁ@tl ng of
carbon, sutdeglayer iefosmed (ﬁitammndeeleaed; E‘ombm gioup bdnd;&}:mg. of man,I RwxiPde, a
nmetal nitrjde, agﬂ a net sul f| and the other underl ayer adjacent to
t he nagnei‘lﬂoé”'f‘gé G APy anda ‘b? B¥ of a material selected fromthe

group consi sting

22. The magnetic recording medium of claim 20, wherein first, second, and
third ﬁnderlayers 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, silicon, a silicon
oxide, a silicon nitride, 4 metal oxide, a metal nitride, and a metal sulfide, and the third
underlayér 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.

23.  The magnetic recording medium of claim 19, wherein two underlayers
are included, and one underlayer adj acent 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.
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of Pt, Pd, Ru, a Pt alloy, a Pd alloy, a Ru alloy, and a Co alloy. 13
March 2007 24. The magnetic recordi ng nedi um of claim 20, mhe?%%ﬁ“
under | ayers are included, and one underlayer adjacent to the substrate is
formed of a material selected fromthe group consisting of carbon,
silicon, a silicon oxide, a silicon nitride, a netal oxide, a netal
nitride, and a netal sulfide, and the other underlayer adjacent 5 to the
magnetic recording |layer is fornmed of a material selected fromthe group
consi sting of P#, Pthe Ragneticrecerdingymeciumof aldiroy20, whaelraﬂvdoamdeaaﬁbra Co

[ 1 25. wh t ot al
?hl giness o%nﬂ@ggﬁ‘q %%/lgﬁogéﬂlg &%aoﬁn%bgm gﬁuﬁé\#% Is,1gr gfo%gla:t[%{e e?ig
r egor fll ng setdiadiraon thod gﬂogp Zﬁnsmﬂr@rcglcarttohesmmh silictim 0k|ﬂé,5§ siifort ﬂgﬁ:de f
under | ayer n ecor di ng nedi um o
claim 2)1/ m%&é?ﬁd?ﬁ%ﬁfa e ﬁ{?mlel%% ﬁllng?(tﬁ '(%?gﬁg"eu?{b%r‘l' gerlaéjl%(?”tr’rnr e
: EankaSnmto e magreticagemting layec arfdimed ofalimatarial se:lé@tem@g}thw_rhyﬂds @ n ot Pe t ot al

i ckness e rs | e magnetic

recor di ng %ﬂ %%ﬁt#gw g’raeFﬁ aﬁ% ataFgLﬂ ﬁlfoy* ?ﬂ‘%@lgﬁ)e%‘?yof thg

underl ayers is no nore than 15nm 30. The magnetl c recordi ng nedi um of

cl ai m 24, V\/ner%n t.H1e t ot al t hi ckness,. of hI gerla yers is no nore than
15nm 14 e magnetic recording medium o alm'1 wherein the total

thlckness of the underlayers is no more than 15nm.

10
26.  The magnetic recording medium of claim 20, wherein the total
thickness of the underlayers is no more than 15nm.
27.  The magnetic recording medium of claim 21, whérein the total
15 thickness of the underlayers is no more than 15nm.
28.  The magnetic recording medium of claim 22, wherein the total
thickness of the underiayers 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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