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Referring to FIGS. 1 and 2, the two conventional perpendicular magnetic
recording media have a perpendicular orientation underlayer 102 and a soft
magnetic layer 202 that are placed below perpendicular magnetic recording layers
103 and 203, respectively.

30 To be more specific, as shown in FIG. 1, the perpendicular orientation
underlayer 102 is placed on the upper surface of a substrate 101, and the
perpendicular magnetic recording layer 103 is placed on the perpendicular
orientation underlayer 102. A protection layer 104 is placed on the perpendicular
magnetic recording layer 103 to protect the perpendicular magnetic recording layer
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magneti c recording | ayer has dreater perpendicul ar gheti ¢ aniSotropic
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Al ternati vel Yrhedpresent invention provides a perpendicular magnetic recording medium
25 which has an increased recording density by increasing perpendicular magnetic
anisotropic energy and reducing the sizes of crystal grains and magnetic domains.
According to an aspect of the present invention, there is provided a
perpendicular magnetic recording medium including: at least two perpendicular
magnetic recording layers and a substrate which supports the perpendicular
30 magnetic recording layers. Each of the perpendicular magnetic recording layers
has different physical/magnetic properties and is formed of materials of the other
layer such that the layer compensates compensate the different physical/magnetic
properties.
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to a second enbodi nent of the present invention, FIG 6 shows the |ayer
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'ts Con%%rr]ggrgdiéagregnsa;gnetic recording layers is used to improve perpendicular magnetic
anisotropic energy (Ku), and another perpendicular magnetic recording layer is used
25 to reduce the size of magnetic domains. Alternatively, a perpendicular magnetic
recording layers is used to improve perpendicular magnetic anisotropic energy (Ku),
and another perpendicular magnetic recording layer is used to increase the
uniformity of crystal grain sizes. Alternatively, a perpendicular magnetic recording
layers is used to improve signal output, and another perpendicular magnetic
30 recording layer is used to reduce noise. Alternatively, the first perpendicular
magnetic recording layer has higher perpendicular magnetic anisotropic energy (Ku)
than the second perpendicular magnetic recording layer.
In the perpendicular magnetic recording medium, the perpendicular magnetic

recording layers have either crystalline structures or amorphous structures.
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25 FIG. 5 shows the layer structure of a perpendicular magnetic recording
medium with a single magnetic recording layer according to a second embodiment of
the present invention;

FIG. 6 shows the layer structure of a perpendicular magnetic recording
medium with a double magnetic recording layer according to a second embodiment

30 of the present invention;

FIG. 7 shows the layer structure of the perpendicular magnetic recording
medium of FIG. 3 in which specific materials are applied to form its component
layers;
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30 First and second perpendicular magnetic recording layers 404 and 405 are

sequentially formed on the perpendicular orientation underlayer 403. The first
perpendicular magnetic recording layer 404 is formed by depositing a material that
reduces noise. The second perpendicular magnetic recording layer 405 is formed
by depositing a material with a high perpendicular magnetic anisotropic energy to
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Referring to FIG. 9, the perpendicular magnetic recording media 2 and 3
according to the present invention have higher perpendicular anisotropic energy (Ku)
25 and higher coercivity (Hc) than those of the conventional perpendicular magnetic
recording medium 1. This indicates a great increase in the thermal stability.
FIGS. 10 and 11 are graphs showing the results of spectral analyses about
the perpendicular magnetic recording media 2 and 3 according to the present
invention, respectively, with respect to the recording density (kFCI) of the recording
30 media 2 and 3. It can be known from FIGS. 10 and 11 that at a recording density of
900kFCI or greater, recording can be achieved and an excellent output can be
obtained.
FIG. 12 is a graph showing the SNR values of perpendicular magnetic

recording media 1 and 2 according to the present invention and a conventional



v : : : . U
‘magnetic recording layer is used to reduce the size of crystal gralns?(~o(7$

* p~ vv~~~I 6. The perpendi cul ar magnetic recordi ng nmedi um of claim1l,
wherein one of the first and second perpendi cul ar nagnetic recording | ayers
is used to inprove perpendicular nagnetic anisotropic energy (Ku), and the
ot her perpendi cul ar magnetic recording Iaggr I's used to reduce the size of

magnet i Pefeendicgar magnetin cegardingnaediuna s thabhas adigh SHtRN nds shawnnindilGel ai m

ayors 1 B8R RS rebArd narREARTE SRR BRIE R SIFROBMESAGF o) (D)

and the r@é@ﬁfng@ém@difCSUOﬂ(FOW@‘bafGrréﬁ@mb F&:dr@hgrme@auﬁéﬁd Radcoedingse
the uniformty of crystal grain sizes, per pendi cul ar magnetic

recor di 49 %BTW&fﬂV@FHP%hQVeM@Sém? %NB Qﬁtf{aﬁ@fth genvaionatasgrding
pergendidg, ﬁaﬁ‘m n%rét?g%\ﬂ'n%gsé ayers is used to inprove signal output,
an er perp

the o ar magnetic recording |layer is used to reduce the
medi um noi se.In e perpEmeliqeanraadnetit eecondipg enediarascording tp thedpresent cl aim 1,

wh t he f I di I h hi gh
per penditeHgPr BaHEEE i eb0 MO BPID RIS TRENod theoriiBo eern dne be
per pend'f@r‘r‘ﬁé’d of‘EﬂI’éﬁ‘Si éné Qﬂév Qél@gtéoah‘@rh thgﬁnélgp ofl BT AEF ﬂﬁ}ﬂ aQUiFaIallggoget |

recordin dium of any o [ains 1 throu wher el n per pendi cul ar

magnet i erPé@dibm,u angBagHevsa IQQ/@"er, ymhaallqyne Ret allay, @ Risalloy] anatram alloy

i o n EHoBR Gt el L BrBrE NG, A0, BUY B e ENBL et o

st ruct unuggerlager |§lma¢w betadieniLtha 'sutsetraks and Beszar off first émlsymm any of
claims 1 throygh 9, wherein one of the first and second perpendi cul ar

magnet i @%’%@ﬁ'@#'ﬁb”@@"ﬁ&?é?%ofﬁw layersy s tTde yngeriayeq s forraed g @n 3oyot her
d
per pen 'cBii\ga?ﬁl? K p%? bRe' %Flgl &%t I@Xﬁ%a@?ﬁél@@@ﬁr&ﬂ#@%ﬁr?\g Pd, m; 1

uu |~ ~ erpen I'cular nmagnefic recordin of an
t hr ough T9, TayigrNbNCo hiee pist, ﬁhnM@,LFRw,rTam(g,r@klﬂe apd &idi ng | ayers have

ticd ' th | | ted f e anot her 14.
T per pendr dlfeinatian ot PRt S hecinthat GRRG UG raghet Aprarond B8t o
wher ei n rﬁ&\ﬁb@% bEEiiRer @?Pt élldefé}PCGCHgt)d qiié S NK\VEa @ﬁcﬂ%h?ll&@m' ns

that are physica connec to one anot her The 'per'pe
magnet i dloveexard rsbnemndfcumagneﬂmnmrdmglaytemucoutymsaPtwhéuo% arone of

e ne U ARP ERER PRIk BB BR DG Fs EE R Byheysraihoo: AP0 ©
or less.

20 As another alternative, first and second perpendicular magnetic recording
layers may be formed of a CoCrPt alloy and a CoCrPtX (X = B, Nb, Ta, O, or C) alloy,
respectively. As still another alternative, the first and second perpendicular
magnetic recording layers may be formed of a CoCrNbPt alloy and a CoCrBPt alloy,
respectively.

25 As still yet another alternative, first and second perpendicular magnetic
recording layers may be formed of a CoCrPt alloy and a CoCrBPt alloy, respectively.
Alternatively, the first and second perpendicular magnetic recording layers may be
formed of a CoCrPt alloy and a CoCrNbPt alloy, respectively.

The first and second perpendicular magnetic recording layers can be formed

30 of an alloy containing Co, Cr, and Pt. Alternatively, one of the first and second
perpendicular magnetic recording layers can be formed of an alloy containing
CoCrPtX (X =B, Nb, Ta, O, and C). Preferably, each of the first and second
perpendicular magnetic recording layers has a thickness of 50nm or less, and the
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8. The perpendicular magnetic recording medium of claim 1, wherein one

of the first and second perpendicular magnetic recording layers is used to improve
signal output, and the other perpendicular magnetic recording layer is used to reduce
the medium noise.
15
9. The perpendicular magnetic recording medium of claim 1, wherein the
first perpendicular magnetic recording layer has higher perpendicular magnetic
anisotropic energy (Ku) than the second perpendicular magnetic recording layer.

20 10.  The perpendicular magnetic recording medium of any of claims 1
through 9, wherein the perpendicular magnetic recording layers have crystalline
structures.

11.  The perpendicular magnetic recording medium of any of claims 1
25 through 9, wherein the perpendicular magnetic recording layers have amorphous
structures.

12. The perpendicular magnetic recording medium of any of claims 1
through 9, wherein one of the first and second perpendicular magnetic recording
30 layers has a crystalline structure, and the other perpendicular magnetic recording
layer has an amorphous structure.
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15 16. The perpendicular magnetic recording medium of any of claims 1

through 9, wherein both the first and second perpendicular magnetic recording layers
have a weak exchange coupling between magnetic particles.

17. The perpendicular magnetic recording medium of any of claims 1
20 through 9, wherein one of the first and second perpendicular magnetic recording
layers has a weak exchange coupling between magnetic particles, and the other one

has a strong exchanging coupling between magnetic particles.

18.  The perpendicular magnetic recording medium of any of claims 1
25 through 9, wherein both the first and second perpendicular magnetic recording layers
are formed of at least one alloy selected from the group of a CoCr alloy, a NiFe alloy,
a FePt alloy, an Fe alloy, a Co alloy, a Ni alloy, a Pd alloy, a Pt alloy, and an alloy
containing at least one material selected from Nd, Pd, Ru, B, and Nb.

30 19.  The perpendicular magnetic recording medium of any of claims 1

through 9, wherein at least one underlayer is placed between the substrate and one

layer of the first and second perpendicular magnetic recording layer.
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22, The perpendicular magnetic recording medium of any of claims 1
through 4, wherein the first perpendicular magnetic recording layer is formed of a
CoCrPt alloy, and the second perpendicular magnetic recording layer is formed of

15 CoCrPtX (X = B, Nb, Ta, O, or C) alloy.

23. The perpendicular magnetic recording medium of any of claims 1
through 4, wherein the first perpendicular magnetic recording layer is formed of a
CoCrNbPt alloy, and the second perpendicular magnetic recording layer is formed of
20 a CoCrBPt alloy.

24. The perpendicular magnetic recording medium of any of claims 1
through 4, wherein the first perpendicular magnetic recording layer is formed of a
CoCrPt alloy, and the second perpendicular magnetic recording layer is formed of

25 CoCrBPt alloy.

25.  The perpendicular magnetic recording medium of any of claims 1
through 4, wherein the first perpendicular magnetic recording layer is formed of a
CoCrPt alloy, and the second perpendicular magnetic recording layer is formed of a
30 CoCrNbPt alloy.

26. The perpendicular magnetic recording medium of any of claims 1
through 4, wherein both the first and second perpendicular magnetic recording layers
are formed of an CoCrPt alloy, but the composition of a CoCrPt alloy for the first
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15
30. The perpendicular magnetic recording medium of any of claims 1
through 4, wherein total thickness of the first and second perpendicular magnetic
recording layer is less than 200nm.

20 31. The perpendicular magnetic recording medium of any of claims 1
through 4, wherein both the first and second perpendicular magnetic recording layers
have lattice matching structures.

32. The perpendicular magnetic recording medium of any of claims 1

25 through 4, wherein one of the first and second perpendicular magnetic recording

layers has a lattice matching structure, and the other perpendicular magnetic
recording layer has a lattice mismatching structure.
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