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perpendicular magnetic recording method, is currently being actively developed since

the perpendicular magnetic recording method is expected to increase the recording

20 density further well beyond 200 Gb/in®.

In the perpendicular magnetic recording method, unlike a conventional
longitudinal magnetic recording method, unit bits which will be recorded in a 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

25 foliowing characteristics:

(1) a high coercive force and a high perpendicular magnetic anisotropic energy
constant (Ku >13<10° erg/cc) through ensuring good crystallinity of a recording layer;

{(2) small crystal grains; and

(3) a weak exchange coupling between magnetic particles.

30 Generally, perpendicular magnetic recording media are divided into single
magnetic 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 information, and a
perpendicular orientation underlayer formed on a substrate before the recording layer
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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 to achieve a high recording density,
25 the development of a method of fabricating a recording layer with good crystallinity and
magnetic characteristics even at a shallow thickness is an essential part in the
development of recording media.
Examples of a material used in a perpendicular crientation underlayer of a
conventional Co-based perpendicutar magnetic recording medium include Ti, Pt, Ru,
30 and the like. The lattice mismatch between each of these materials and CoCrPiB
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 for Ru.
Table 1

Material of Crystal a(A) b(A) | c(A) | d-spacing | Distance between | Lattice
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Al t hough Co and [Ni Fe hayve small e¢r latticelmsmatgh with CoCrPtB t(téstré Ry
they are not suijtable tpo be used as an ungerl ayer use they e
ferromagnetic materialls. Ferrofmgneti c underl aygr nay have an| @expect/ed

i nflue MRiEeON recq_rcg:i ng 53.96‘6e to 5_@&0 mgne é&sé nt erzabc‘t?l on with r_(ig:,ordi ng

<l
Iayer ol nmay T rcrease tne nedra Norse d Hhg—tre read-wite—pfrocess—Ti,

whi ch he¢ been WFE&S y us®eBit o f 0BA9E| per pehi&cul ar2.@i ent at i on| Ghder | ayer,
i s knoywps, to formgadt hicksdnitialagepith | pysss dug tpza relatively large

difference 7m a

Au FCC 4.078 4.078 2.355 2.884 11.5
| Ag FCC 4.085 4.085 2.359 2.889 11.7
Co HCP 2.507 2.507 1 4.070 | 2.035 2.507 -3.1
CoCrsPtsB4 | HCP Recording 2.099 2.586 0.0

layer
Ru HCP 2.706 2.706 | 4282 | 2141 2.706 46
Ti HCP 2.951 2.951 | 1.686 | 2.343 2.951 14.1

Although Co and NiFe have smaller lattice mismatch with CoCrPtB than Ru,
they are not suitable to be used as an underlayer because they are ferromagnetic
materials. Ferromagnetic underlayer may have an unexpected influence on recording

5 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 perpendicular orientation underlayer,
is known to form a thick initial growth layer due to a relatively large difference in a
crystal lattice constant between Ti and a Co-based alloy thin film for a perpendicular

10 magnetic 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 increases the size of crystal grains of a

15 Co-based alloy perpendicular magnetic recording layer (in particular, 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 which the use of the Pt underlayer increases the size of crystal grains of the
recording layer and the exchange coupling between magnetic particles is closely

20 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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20 recording layer.

According to an aspect of the present invention, there is provided a
perpendicular magnetic recording medium including a Co-based magnetic recording
layer, a substrate supporting the magnetic recording layer, and a perpendicular
orientation underlayer placed between the magnetic recording layer and the substrate,

25 in which the perpendicular orientation underlayer is composed of a Ru-Co alloy with
1-65 at.% of Co.

The perpendicular magnetic recording medium may further include a soft
magnetic underlayer between the perpendicular orientation underlayer and the
substrate.

30 In the perpendicular magnetic recording medium having soft underlayer below
perpendicular orientation underlayer as shown in Fig. 1B, it is desirable to minimize
the thickness of perpendicular orientation layer, preferably below 30nm, without

noticeable sacrifice of magnetic and crystallographic orientation properties of



20 recording layer. According to an aspect of the present invention, there
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FIGS. 4A through 4E are graphs illustrating perpendicular magnetic hysteresis
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20 orientation underlayers of various materials; and
FIGS. 5A and 5B are graphs illustrating magnetic parameters 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 recording

30 medium. However, it is noted that instead of Ti, Pt, and Ru conventionally and mainly

used as a material for a perpendicuiar orientation underlayer, a Ru-Co alloy where Co
is added to Ru is used.

Thus, in the perpendicular magnetic recording medium of the present invention,
as illustrated in FIGS. 1A and 1B, a perpendicular magnetic recording layer 103 (114)



20 orientation underlayers of various materials; and FIGS. 5A and 5B are
» graphs illustrating nmagnetic paraneters of Co-based perpendicular nmagnetic
recordi ng media grown on perpendicular orientation underlayers of various
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formul a (1).b8Mt%¥+(:& Pi\ngr XPt(%j(z (1) 15 where, X is any one sel ected

frigm t he groypeg®nsi sting of No, B, Ta, 0, and Si02. x is 5-25 at. % vy is

10-25 at. % ) o )
X is any one selected from the group consisting of Nb, B, Ta, O, and SiOx.

X is 5-25 at. %;
y is 10-25 at.%;
zis 0-10 at.% for X = Nb, B, Ta, O and z is 0-15 mol% for X= SiO-
20
A perpendicular orientation underlayer of Ru-Co is placed below the recording
layer. Itis 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 solid 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. That s,
since the addition of Co may reduce the lattice constant of Ru, a Ru-Co alloy having a
substantially identical lattice constant to the lattice constant of a recording layer may
be fabricated by properly controlling the content of Co according to the composition
30 and lattice constant of CoCrPtX selected as a recording layer. Therefore, it is possible
to fabricate Ru-Co alloy underlayer which has a substantially identical 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 growth.
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recordi nﬁdg‘la%'el# of the I?{u (Eo alloy. When performing a perpendicular magnetic recording

of

20 using a single pole head, the soft magnetic underlayer forms a magnetic path of a
perpendicular magnetic field generated 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 CoZrNb, CoTaZr, and CoFe.

The perpendicular magnetic recording medium may further include a protection
layer for protecting the recording layer and a lubricating layer placed on the protection
layer.

In the perpendicular magnetic recording medium, particularly in a double

30 magnetic layered perpendicular magnetic recording medium including the soft
magnetic underlayer, the total thickness of the underlayers should be minimized,
preferably below 30nm. When the underlayer placed between the recording layer and
the soft magnetic underlayer in the double magnetic layered perpendicular magnetic
recording medium is too thick, the distance between a pole type recording head and
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a Co62Cr 16Pt 18B4 all oy was deposited to a thickness of 17 nmon the Ru-Co
under| ayer tBX@8®WPE A a perpendicul ar nagnetic recording nmedium 15 Exanpl e

2 Ta was 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 underiayer with 25 at.% of Co was laminated thereon to a thickness of

20 15 nm. Thereafter, a magnetic layer of a Cos2Cr5Pt18B4 alloy was deposited to a
thickness of 17 nm on the Ru-Co underlayer o obtain a perpendicular magnetic

recording medium.

Comparative Example 1

25 A Ti underlayer was deposited to a thickness of 70 nm on a commercially
available glass substrate with a diameter of 2.5 inches, and then a magnetic layer of a
CosCrisPt13B4 alloy was deposited to a thickness of 30 nm thereon to obtain a

perpendicular magnetic recording medium.

30 Comparative Example 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.
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magnetic hysteresis curves are illustrated in FIGS. 4A through 4E. Referring to FIGS.

4A through 4E, when a Ti underlayer having a [attice constant that differs greatest from
20 the lattice constant of the recording layer was used (Comparative Example 1), a low

squareness of about 0.7 and a low coercive force of about 2.9 kOe were obtained.

However, as the lattice constant of the underlayer becomes closer to the lattice

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 perpendicuiar
magnetic recording medium prepared in the above Examples and Comparative
Examples are comparatively illustrated. FIG. 5A is a graph illustrating the coercive
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 the lattice constant of the
recording layer, the saturation magnetization value as well as the coercive 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 mismaich between the

underlayer and the recording layer is reduced, and thus the proportion of a



magneti c hysteresis curves are illustrated in FIGS. 4A through 4E

- Referring to FIGS. 4A through 4E, when a Ti underl ayer having a lattice
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present invention has been particularly shown and described with reference
to exenplary enbodi nents thereof, it will be understood by those of
ordinary skill in the art that various changes in formand details nmay be
made therein w thout departing fromthe spirit and scope of the present
invention as defined by the 15 follow ng clains.
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10 What is claimed is: 1. A perpendicul ar magnetic recordi ng medi um

. conprising a Co-based nagnetic recording |layer, a substrate supporting the
magneti c recording layer, and a perpendicular orientation underl ayer

pl aced between the magnetic recording |ayer and 5 the substrate, wherein

t he perganﬂLcu'ar 8tLentation under| ayer is conposed of a Ru-Co alloy with
1-65 at- IS the per pendi cul ar magnetic recording nediumof claiml
wherein the [ al | oy

1CR- d&ﬁ@ﬁd|ﬁﬁféP%éghert|%‘%€6<§Fd'i}gg J'n@dﬁfm c%gg&%s%zbaééu

repr esent ed bythe 10 followmng formula 1: C o CrX P tyXz
(1) magnetie reoordmgeﬂayeb@eswtm sdppording the magngticaensiding layenfankba B,

T GPOFheRcfy dhichRarkiPtlnay i piRel el g 8 Aatbucrdinfod bl il o X

regor di tig swskttate olherein mépewéadi@ul’ara)ne@hr:étfow @mnderidyRr i\€ompbied of gonst ant

of the %ﬁo(l;)as@ﬁd magnet i c r rd| ng layer and the 20 lattice constant of the
Ru-Co a ﬁléW'&’yB'ﬁ Fﬁ% 4% 4. The perpendicul ar magnetic

recordi ng medi umof claim 1 wherein a soft rmagnetic underlayer is further
formed between the perpendicular orientation underlayer and the substrate.
25 5. The peEpTEhelim@ardimignmagnetiecmaidin‘g mediunnmﬁt:lairhaﬁi whereinttbeei n a

| | | h f
o urt Rerbestbl RaaREE reRE g eyE is ERmAasedSt an ey TePeraniar Y 4% and the

supst r afdlioRling REMUREN: t he per pendi cul ar orientation underlayer and the soft
magneti c underl ayer. 30 6. The perpendi cul ar magnetic recordi ng nedi um of
any one of cp&’nm%z)ﬁﬁx%yxz Wner(pl)n the total thickness of the underl ayers
is 30 nmor Wﬁ%?e, 35 11

X is any one selected from the group consisting of Nb, B, Ta, O, and SiOs.
x is 5-25 at. %;

15 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,

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

4. 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
5. The perpendicular magnetic recording medium of claim 4, wherein a
nonmagnetic undertayer 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 underiayer.
30

6. The perpendicular magnetic recording medium of any one of claims 1 to 5,
wherein the total thickness of the underlayers is 30 nm or less.

35
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