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[0003}  The present invention generally relates to magnetic recording media and, more
. particularly, perpendicular magnetic recording media with hexagonal close-packed (“HCP”)

ceramic seedlayers.
BACKGROUND OF THE INVENTION

[0004] ) To satisfy the continual demand for even greater data storage capacities, higher
density magnetic recording media are required. Of the approaches to achieve this high data
density, perpendicular magnetic recording (“PMR”) by far appears to be the most promising.
To improve the performance of a magnetic recording layer in a PMR media stack, it is
desirable to provide well-isolated fine grain structure coupled with large perpendicular

magnetic anisotropy X,,.
SUMMARY OF THE INVENTION

[0005]  The present invention provides a magnetic recordmg medium with a hexagonal -

close-packed (“HCP™) ceramic seedlayer, together with sputter targets for and methods of
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- BRIEF DESCRIPTION OF THE DRAWINGS

- [0009] - The accompanying drawings, which are included to provide further understanding
~ of the invention and are incorporated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the description serve to explain the

principles of the invention. In the drawings:

[0010}  Figure 1 illustrates a magnetic recording medium according to one embodiment of

the present invention; '
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[0015]  In accordance with one aspect of the present invention, to improve the texturing of
the [0002] planes parallel to the surface of HCP underlayer 105 (and thereby improve the
texturing of the [0002] planes parallel to the surface of HCP magnetic recording layer 106),

HCP underlayer 105 is deposited on a seedlayer 104 which is comprised of a HCP ceramic

. material. The HCP ceramic of seedlayer 104 is thermodynamically stable and less reactive
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Crystal a-Axis Lattice | Structure Paraneter A)

Oxi des: Ti Q2 Hexagonal (Rut.i,l el A1203 Hexagonal
(Corundum) _Carbides:

-~ Cor undu? 5.59 V203 Hexag — puus %
WC Hexagon . 5i C HexGrystahl (Wi t2AKis)Latticsg
Nitrides| Wraferiht S)%gcture ( Paramgger (A)

Oxides:.

TiO, Hexagonal (Rutile)

AlO3 Hexagonal (Corundum) | 5.59

V.03 Hexagona! (Corundum)
Carbides:

wC Hexagonal 2.91

SiC Hexagonal (Wurtzite) 3.08
Nitrides:

BN Hexagonal 2.5

AIN Hexagonal (Wurtzite) 311
Borides:

TiB, Hexagonal 3.03

[0017]  Inaccordance with one aspect of the present invention, the use of a HCP ceramic
material for seedlayer 104 encourages the epitaxial growth of the subsequently-deposited
HCP undertayer 105 and HCP magnetic recording layer 106. Accordingly, in one
embodiment of the present invention, HCP ceramic seediayer 104, HCP underlayer 105 and
HCP magnetic recording layer 106 are epitaxially deposited (e.g., each qf the seedlayer,

underlayer and magnetic recording layer has columnar grains aligned along the same axis).

[0018]  According to various aspects of the present inventidn, a HCP ceramic seedlayer

enjoys a number of benefits when compared to traditional BCC or FCC metal and metal alloy
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For _exanple, in an enbodi nent rn which underlayer 105
applicationsig HBeramin sqedlapsrs with any aaxis latigernapanciesr apgrempls if
subsequently-deposited underlayer has an a-axis lattice parameter of 5.0 4, the a-axis lattice
parameter of the HCP ceramic seedlayer may be between 3.7 A and 6.3 A. As will be
immediately apparent to one of skill in the art, a HCP ceramic seedlayer of the present
invention may have ény a-axis lattice parameter suitable for providing close lattice matching

‘with a subsequently-deposited underlayer of any material and/or a-axis lattice parameter.

[0021] According to one embodiment of the present invention, the ceramic material of
seedlayer 104 is a non-magnetic or weakly-magnetic ma{erial. For example, in accordance

with one aspect of the present invention, seedlayer 104 may have a mass susceptibility of less
than 10 m%kg,

[0022] A media stack such as media stack 100 may also indlude one or more soft

underlayers with or without other non-magnetic or magnetic layers, such as layers 102 and
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under| ayer 105 would be about 2.7 A Accordingly, a

tungsten-carbide ("WC') seedlayer 104 with ah a-axis
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X8R thPerDLasHS Ehel e SRS Sond w}tﬁln r[‘)lafsnlmla Collide with a surface of sputter
- target 200 causing molecules to be emitted from the surface of sputter target 200, A
_ difference in voltage between sputter target 200 and the surface to be coated (e.g., a substrate
such as substrate 101) causes the emitted molecules to form the desired film on the surface to

be coated.

[0025]  Figure 3 is a flowchart illustrating a method for manufacturing a magnetic
recording medium according to one.aspect of the present invention. The method begins with
step 301, in which a first sputter target is sputtered to deposit a HCP ceramic seedlayer over 2

substrate. The ceramic material of the HCP ceramic seedlayer may be any inorganic non-
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for use in a magnetic recordi ng nedia, such as
seedl ayer 104. According to one enbodi nent - of the
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layers comprlscd of Co-, CoCr-, CoPt- or CoCrPt- based alloys, the scope of the present
invention is not limited to these particular arrangements. Rather, as will be readily apparent
to those of skill in the art, the present invention has application to magnetic recording media

with magnetic recording layers comprised of any material or combinations of materials.

[0028]  According to one aspect of the present invention, the ceramic material of the
~ seedlayer has a negative (i.e., < 0) Gibbs free energy at the temperature at which the second
sputter target is sputtered (e.g., at temperatures between about 20 °C and 400 °C). This

thgrmodynamic stability will prevent undesirable intermediate phases from forming as a




has an a-axis lattice paraneter between about 2.0 A

and 3.7 A, to provide good lattice matching with a

subsequent|y deposited Ru-, Re- or Ti- based

under |l ayer. In accordance wth yet another aspect of

the present invention, the ceramc material is
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aspect of the present invention, the third sputter
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oxygen, to forma granul ar nagnetic nedia. - [0027]-
Wil e the foregoing exenpl ary enbodi nent has been
described wth reference to wunderlayers conprised of
Ru, Re, Ti or alloys thereof, the scope of the present
invention is not limted to these particul ar
arrangenents. Rather, as will be readily apparent to
those of skill in the art, the present invention has
application to magnetic recording nedia with
under| ayers conprised of any material or conbinations
of materials. Simlarly, while the foregoing
exenpl ary enbodi ment- has been described with reference
to magnetic recording |ayers conprised of Co-, CoCr-,
CoPt- or CoCrPt- based alloys, the scope of the
present invention is not limted to these particul ar
arrangenents. Rather, as will be readily apparent to
those of skill in the art, the present invention has
application to magnetic recording nedia wth magnetic
“recording |ayers conprised of any material or
conbi nations of materials. [0028] According to one
aspect of the present invention, the ceramc materia
of the seedlayer has a negative (i.e., < 0) G bbs
free energy at the tenperature at which the second




sputter target is sputtered (e.g., at tenperatures
bet ween about 20 C and 400 C). This thernodynam c
stability will prevent undesirable internedi ate phases
fromformng as a -7 result of interfacial reactions
~at the interface between the seedl ayer and the
Under |l ayer during the sputtering of the magnetic
recordi ng medium [0029] While the present invention
has been particularly described with reference to the
v AYELAE4S Bhd enbodi ments, it should be
understood that these are for illustration purposes
only and shGiAgheiOecdi@ink AleBRinAeohpMitd: N9 t he scope of
the invention. There may be nany other ways to
i npl enent the invention. Many changes and
nodi f it¥PHEHS nay be nade to the invention, by one
‘having ordinary skill in the art, w thout departing
f r om tasxagsnph losgipgcked sendlayerrdepenited aves e substrag, theiscedlager
CLAIMED IS: 1. A magnetic recording nedi um
csigrGorpRged of 2 cSimBEr at e; a hexagonal cl ose- packed
seedl ayer deposited over the substrate, the seedl ayer
bei ng2 pa slpserpacked undentayer depdsdacheien ic seddbayer; pat ked
" under | ayer deposited over the seedlayer; and a
hex ag@haragend skesppaskedireceding diyagddpasited odepbsutdedayouer
t he underl ayer. 2. The magnetic recordi ng nmedi um of
claim1, wherein the seedl ayer, the under|ayer and
the recor dilifgraeastisreegrding py fjclaig 1, where ver, the
recordi ng nmedium.of clainms | or 2, wherein each of the
Hevey and the gecoripplayernass epifadiak ne recor di ng | ayer
conpri ses columar grains. 4. The magnetic recording
medi of glains 1, 2 qgr 3, wherein the ceramc is
sel ected f ﬁ?%ﬂ@“@?ﬂﬁgmﬁaﬁéﬁg%? LR 2 o¥hgein each of the

boride, a njtride, car bi de, and an
seetlilayer, the underlayer and 318 recording layer compn‘ss/es columnar grains.

4. The magnetic recording medium of claims 1, 2 or 3, wherein the ceramic is
selected from the group consisting of an oxide, a boride, a nitride, a carbide, and any

combination therecof,

s. The magnetic recording medium of elaims 1, 2 or 3 wherein the ceramic is

selected from the group consisting of Ti0,, ALOs, V03, WC, SiC, BN, AIN and TiB,.

6. The magnetic recording medium of any one of the preceding claims,

wherein the ceramic has a mass susceptibility of less than 1 x 10 m*/kg,

7. The magnetic recording medium of any one of the preceding claims,

wherein the seedlayer has an a-axis lattice parameter between 2 and 3.7 angstroms.




conbi nation thereof. 5. The magnetic recordi ng nmedi um
of clainms 1, 2 or 3 wherein.the ceramic is selected
fromthe group consisting of Ti 2, MO03, V2Q3, WC
SiC, BN, AIN and TiB2. 6. The magnetic recording
~ Aedi um of any one of the preceding clains, wherein
t‘he ceram c has a mass susceptibility of less than 1 x
10-6 nB/kg. 7. The magnetic recordi ng nmedi um of any
one f t hﬂlm@iﬁeﬁh 186bréih @ bi¥Bium YMBY 8hdoftdBmS &Y, ILfein the
has an a-axis lattice parameter between 2 and 3.7
seadiggdr haywm a-axiOlatice Bararhéier dTaf ORI Tapeedigli Nng nmedi um of
any one of claims | to 6, wherein the seedlayer has
an a-axis lattice paraneter of about 2.7 angstrons. 9.
The 9magneTheanignety Wioddinga@diium sffangdie 6f@e plecédi®s claims, wherein
preceding clainms, wherein the seedlayer Is |ess than
the seedlayemis ke thang20 mmhigdkagnet i ¢ recor di ng medi um of any
one of the preceding clains, further conprising a
soft under| ayer di sposed between the substrate and the:
hexalfonal Theghapetiqraeddidg seduinayiany ohé of the prichdidg dhims,
manuf act uri ng -a magneti c recordi ng nedium the nethod
fugthenseprisige ¢ keft wndspayeodispaspd beteremige subfsirats andsthe hexagonal
target to deposit a hexagonal close-packed seedl ayer
clespwacked sgdleyarat e, wherein the seedl ayer conprises a
ceram c; sputtering a second sputter target to deposit
a hexagonal cl ose-packed underlayer over the
seedilay erA mgHhed of anepstngnge mhagratic sepotdieg medipgethe mpthod
deposi t. a_hexagonal cl ose-packed nmagnetic recording
CoFE@@ngVEW*FHg under | ayer. 12. The nethod according to

claim.11, wherein the seedl ayer, the underlayer and
sputtering a first sputter target to deposit a hexagonal close-packed seedlayer over a

substrate, wherein the seedlayer comprises a ceramic;

sputtering a second sputter target to deposit a hexagonal close-packed underlayer

over the seedlayer; and

‘sputtering a third sputter target to deposit a hexagonal close-packed magnetic

recording layer over the underlayer.

12. The.method according to claim 11, wherein the se_edlayer, thé underlayer and |

the recording layer are epitaxially deposited.

13..  The method according to claims 11 or 12, wherein the ceramic is selected
from the group consisting of an oxide, a boride, a nitride, a carbide, and any combination

thereof.

14.  The hlethod according to claims 11 or 12, wherein the ceramic is selected

from the group consisting of TiO;, Al;Os, V.03, WC, SiC, BN, AIN and TiB,.
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the recording |l ayer are epitaxially deposited. 13. The
met hod according to clains 1 | or 12, wherein the
ceramic is selected fromthe group consisting of an
oxi de, a boride, a nitride, a carbide, and any
« Gonbi nation thereof. 14. The nethod according to
¢lainms 11 or 12, wherein the ceramc is selected from
the group consisting of Ti 2, A1203, V203, WC, SiC
BN, AN and TiB2. 10 15. The nmethod according to any
one ofs.cl aimdfod Rcdding W @lyedn8 of Elﬁlmsclq @A, Gyildasn fhe
mass susceptibility of Fess t han X 1016n8/kg 16.
Frenivhadwnascosepibiliy bbleantan he l@f‘snﬁ/ing m 11 to 15,
wherein the step of sputtering the second sputter
target occurs at a sputtering tenperature between 20 C
and KO0 (heldethofrmecordihp erlargame bdilaighst10 t6 I §ivwheidn the step of
wherein the ceram c has negative G bbs free energy at
spodersygLthe Ecomigputemrega borues at hSpulldiag tahjeatura bewreeh DY °C and
to any one of clainms 1 1 to 17, wherein the seedl ayer
H¥’Gn a-axis lattice paraneter between 2 and 3.7
angstrons. 19.- The met hod according to any one of
clains 1 | to 17, wherein the seedl ayer has an a-axis
lattike p aFhermeetiend agfordibg o clanylGamstemahecerd@ic hffwegative Gibbs
t hod accordlng to any one of clains 11 to 19,
the spuiteteg tsppeeraiuge. | ess than 20 nm thick. -11

18.  The method according to any one of claims 11 to 17, wherein the seedlayer

has an a-axis lattice parameter between 2 and 3.7 angstroms.

©19.  The method according to any one of claims 11 to 17, whereinrthe.seedlayer

has an a-axis lattice parameter of about 2.7 angstroms.

20.  The method according to any one of claims 11 to 19, wherein the |

seedlayer is less than 20 nm thick.
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