Magnetic Thin Film Media with a Pre-seed Layer of CTi Al Related
Applications 5 Co-pending, conmmonly assigned U S. patent application
beari ng serial nunber 09/500,710 describes the use of an anorphous or
nanocrystalline CrTa or AITM as a pre-seed |layer. Co-pending, conmonly

assigned U S. patent applications bearing serial nunbers 09/798, 235 and
10/ 059, 780 dMagnetic FhinEilm Mesligwith arPreraeedd:ayer of CrTiAbs a

pre-seed |layer. 10 Field of the Invention The invention relates to magnetic
thin filmnmedia and nethods for their fabrication and nore particularly to

magneti c ' ' - Ol having a pre-seed 15 |layer and a seed | ayer prior
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The invention relates to magnetic thin film media and methods for their
fabrication and more particularly to magnetic thin fiim disks having a pre-seed
15 layer and a seed layer prior to an underlayer.

Background of the Invention

A typical prior art head and disk system 10 is illustrated in figure 1. In
20 operation the magnetic transducer 20 is supported by the suspension 13 as it
flies above the disk 16. The magnetic transducer 20, usually called a "head" or
"slider," is composed of elements that perform the task of writing magnetic
transitions (the write head 23) and reading the magnetic transitions (the read
head 12). The electrical signals to and from the read and write heads 12, 23
25 travel along conductive paths (leads) 14 which are attached to or embedded in
the suspension 13. The magnetic transducer 20 is positioned over points at
varying radial distances from the center of the disk 16 to read and write circular
tracks (not shown). The disk 16 is attached to a spindle 18 that is driven by a
spindle motor 24 to rotate the disk 16. The disk 16 comprises a substrate 26 on
30  which a plurality of thin films 21 are deposited. The thin films 21 include




1 ferromagnetic material in which the wite head 23 records the magnetic
transitions in which infornmation is encoded. Reference is nmade to Figure 2
toillustrate the thin filmlayers in a particular enbodi nent of a
magnetic filmdisk 16. The substrate 26 is glass. An 5 anorphous initial
thin filmdeposited on the substrate will be called a pre-seed |ayer 31.
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such as tantalum and boron are often used in the magnetic alloy. A protective

15 overcoat layer is used to improve wearability and corrosion resistance. The disk
embodiment described above is one of many possibilities. For example,
multiple seed layers, multiple underlayers and multiple magnetic layers have all
been proposed in the prior art.

The preferred orientation (PO) of the various crystalline materials forming

20 the layers on the disk, as discussed herein, is not necessarily an exclusive
orientation which may be found in the material, but is merely the most prominent
orientation. When the Cr underlayer is sputter deposited at a sufficiently elevated
temperature on a NiP-coated AlMg substrate a [200] PO is usually formed. This
PO promotes the epitaxial growth of [11-20] PO of the hexagonal close-packed

25  (hcp) cobalt (Co) alloy, and thereby improves the magnetic performance of the
disk. The [11-20] PO refers to a film of hexagonal structure whose (11-20} planes
are predominantly parallel to the surface of the film. Likewise the [10-10] PO
refers to a film of hexagonal structure whose (10-10) planes are predominantly
parallel to the surface of the film. The [10-10] PO can be epitaxially grown on an

30 appropriate underlayer with a PO of {112].




25 (hcp) cobalt (Co) alloy, and thereby inproves the nagnetic performance
of the disk. The [11-20] PO refers to a filmof hexagonal structure whose
(11-20) planes are predom nantly parallel to the surface of the film
Li kewi se the [10-10] PO refers to a filmof hexagonal structure whose
(10-10) planes_are predom nantl parallel to the surface of the film The
[ 10- 101 PO can©Ope teghnigye atsed '@i/hﬂ/\nfl@frﬂf&ip Bopravprepgnelicregating ayer with a

PO of [11
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Oc hers hav ects y-center
the circumferential direction than in the radial direction. The ratio of the

15 circumferential He to the radial Hc is called the orientation ratio (OR). For
example, Kneller U.S. Pat. No. 4,287,225 states that he was able to obtain
uniaxial magnetic anisotropy (i.e. OR>1) using circumferential texture with an
amorphous SmCo alloy. Others have shown similar effects with body-centered
cubic (bee) alloys. Current disks typically use hexagonal close packed (hcp)

20 cobalt alloys and most (but not all) circumferentially textured disks have an
OR>1.

U.S. patent 6567236 to Doerner, et al., describes a preferred embodiment
of a layer structure as: a pre-seed layer preferably of CrTi, a seed layer
preferably of RuAl, an underlayer preferably of CrTi, a bottom ferromagnetic layer

25 preferably of CoCr, an antiferromagnetic coupling/spacer layer preferably of Ru;
and a top ferromagnetic structure including: a thin first sublayer of material
preferably of CoCr, CoCrB or CoPtCrB, and a thicker second sublayer of material
preferably of CoPtCrB with a lower moment than the first sublayer.




cubic (bcc) alloys. Current disks typically use hexagonal close packed
(hcp) 20 cobalt alloys and nost (but not all) circunferentially textured
di sks have an OR> 1. U S. patent 6567236 to Doerner, et al., describes a
preferred enbodi nent of a |ayer structure as: a pre-seed | ayer preferably
of CTi, a seed layer preferably of RuAl, an underlayer preferably of
CrTi, a bottomferromagnetic |ayer 25 preferably of CoCr, an
antiferrogggﬂﬁé'qﬁqﬂgmhkﬂﬁbﬁpacer | ayer preferably of Ru; and a top
ferromagnetic structure 1ncluding: a thin first sublayer of materi al
preferably of CoCr, CoCrB or CoPtCrB, and a thicker second subl ayer of

material prefegrably . of Co B with | ower nonent than the first
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and assodB&UA. conponents in a disk drive. Figure 2 is an illustration of a

IayeH0§tructure for a magnetic thin filmdisk in which the pre-seed |ayer
of the invention can be used.

Brief Description of the Figures

15 Figure 1 is a symbolic illustration of the prior art showing the relationships
between the head and associated components in a disk drive.

Figure 2 is an illustration of a layer structure for a magnetic thin film disk in which
the pre-seed layer of the invention can be used.

20
Figure 3 is an illustration of a magnetic layer stack including a bilayer upper
ferromagnetic layer structure for a magnetic thin film disk according to the
invention.

25
Detailed Description of the Invention and the Preferred Embodiments

For longitudinal media on glass or other nonmetallic substrates, it is
important to maximize the c-axis in-plane crystallographic orientation and
30  maintain the orientation ratio. Some pre-seed layer materials contribute tc good
in-plane c-axis orientation when used on smooth or randomly polished




20 Figure 3 is an illustration of a magnetic |ayer stack including a

bi | ayer upper ferromagnetic |layer structure for a magnetic thin filmdisk
according to the invention. 25 Detailed Description of the Invention and
the Preferred Enbodi nents For |ongitudinal nedia on glass or other

nonnetal lic substrates, it is inportant to maximze the c-axis in-plane
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seed layers. The CrTiAl pre-seed layer with the preferred seed layer RuAl may
also be referred to as a CrTiAlI/RuAl bi-layer structure. The CrTiAl iayer allows

15 the following RuAl layer 32 to be kept very thin, thus saving on the high cost of
RuAl. The chromium based underlayer 33 may also be kept very thin when
CrTiAl is used.

It is known that the cobalt alloy magnetic film may be grown with the
in-plane preferred orientation of (11-20) by first depositing an undertayer with a

20  (200) preferred orientation. A RuAl seed layer with a B2 crystallographic
structure is used to obtain an underlayer with a preferred in-plane orientation of
(200} and a cobalt alloy magnetic film with the preferred in-plane orientation of
(11-20). The (11-20) PO is important for achieving an orientation ratio greater
than one.

25 Figures 2 and 3 illustrate the layer structure 21 of a preferred embodiment
of the invention in thin film magnetic disk 16. The films include a magnetic layer
structure 34 which has antiferromagnetically coupled magnetic layers according
to U.S. patent 6567236 to Doerner, et al. The CrTiAl pre-seed layer 31 is the first
thin film on the substrate 26. The substrate 26 can be any prior art substrate

30  material with glass being preferred. The applicants' most preferred structure
includes a seed layer 32 of RuAl (B2 crystal structure) and a CrTiy underlayer
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15 the follow ng RUAl |ayer 32 to be kept very thin, thus saving on the

hi gh cost of RuAl. The chrom um based underl ayer 33 may al so be kept very
thin when COTi Al is used. It is known that the cobalt alloy nagnetic film
may be grown with the in-plane preferred orientation of (11-20) by first
deposi ti ng an underlayer with a 20 (200) preferred orientation. A RuAl
seed | aye Swith a B2 crystall ographic structure is used to obtain an
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bottom mag{net ic layer 44 include CoCr, CoPtCr_and CoPtCrB wth Co bei ng

pr ef er r ecSHHEtUNEAQ Withithe hotom magnetie layen 44; Rythepiym isthepreferedtkness of
the material for the coupling/spacer layer 43, but the prior art indicates that suitable

materials include chromium (Cr), rhodium (Rh), iridium (Ir), copper (Cu), and their

15 alloys. The thickness of the exchange/spacer layer 43 is according to the prior
art; for example, approximately 6 Angstroms is a preferred target thickness for a
ruthenium coupling/spacer layer 43. The top magnetic layer structure 40 is
preferably a bilayer structure including two distinct ferromagnetic materials. The
interface (first) sublayer 42 is a thin layer of material with a relatively high

20 moment, that is, a moment higher than the second sublayer. The preferred
materials for the interface sublayer 42 are CoCr, CoCrB and CoPtCrB. The
preferred thickness is approximately 3-15 Angstroms. The interface sublayer
material is selected to have a higher magnetic moment than the second sublayer.
As is known in the art, the moment of the cobalt alloys is decreased in varying

25 degrees by the amounts of the alloying elements, e.g., platinum, chromium and
boron, that are included. Therefore, even though the first and second sublayers
may contain the same elements, the atomic percentages will be different to
achieve the goal of a higher moment in the first sublayer.

The second sublayer has a lower magnetic moment and is also much

30 thicker than the first sublayer with a composition and thickness selected to

provide the Mrt when combined with first sublayer that is needed for the overall
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bottom nmagnetic | ayer 44 nust be chosen in relation to the thickness of the
top nmagnetic |ayer structure 40 as indicated above, but 10-30 Angstrons is
a 10 preferred range. The coupling/spacer |layer 43 is a nonmagnetic

material with a thickness that is selected to antiferromagnetically couple

the top nmagnetic |ayer structure 40 with the bottom magnetic |ayer 44.
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achievable orientation ratio was the same for both films. This shows that CrTiAl

15 pre-seed layer produced a better c-axis in-plane orientation for the same OR
values.
Table 1 gives the transition pulse width (PW50) and the soft error rate
(SER) for disks made with CrsoTiso and CrasTissAly2 pre-seed layers. The data
show an improved performance in both of these parameters for the CrasTissAls2

20 pre-seed i{ayer.




o
magnetic structure. The top ferromagnetic |ayer structure, which includes
the first and second sublayer, is designed to have a greater Mt than the
bottom ferromagnetic |ayer, so that the net nonent in zero applied
magnetic field is low, but nonzero. 5 The preferred thickness for the
Cr TAl pre-seed layer is from10 nmto 30 nm The preferred conpositional
range i s f+~em-5at-%to 20 at %alumnumwith the remainder bejng
approxi mately equal atonmic percentages of chromiumand titanium The RuAl
| ayer is deposited with a B2 crystallographic structure and is, therefore,
substantl'ﬁablye 60 at %al uminum 10 In an experiment conparing media with a
Cr 50Ti 50 e ) eH-eHn ed substrate, the
Cr 44Ti 44 1r§ %?ﬁ)%ﬁ? OPWW% (HF"B seed |PGRERDbf tﬁge i nvention was found
to achi eve a S|gn|f|cartly | ower degree of full w¢th, half maxi mrum (FWHM
X-ray difffraction for tlhe (11-20)_ cobalt peak. The [achievable orientation
ratio vvasC['lFlsz) sane for (ddB6fil ms. Thi47shows that C Ti A 15 pre-seed | ayer
produce = e—aHS—1 nI ane—ortentationfor—-the sane OR val ues.
Table 1 g¢%u§4ﬁ8 trangi t17 pul se w cﬁf’l (PVB0) andithe soft error rate
(SER) for disks made with Cr50Ti 50 and- Or42Ti 44A 12 pre-seed | ayers. The
data show an inproved performance in both of these paraneters for the

Cr 44Ti544A 12 20 pre-seed layer. 7 Table 1 Pre-Seed Layer PA60 (nm
| og(SER) CrTi50 118.6 -4.7

The atomic percent compositions given above are given without regard for
the small amounts of contamination that invariably exist in sputtered thin films as
is well known to those skilled in the art. The invention has been described with

10 respect to particular embodiments, but other uses and applications for the pre-
seed layer of the invention will be apparent to those skilled in the art.




I

_ Cr44Ti 44A112~~. -5.1 5 5 The atom c percent conpositions given above are
given without regard for the small anpbunts of contam nation that
invariably exist in sputtered thin films as is well known to those skilled
in the art. The invention has been described with 10 respect to particul ar
enbodinen&ia but ot her uses and applications for the pre- seed |ayer of the
i nventi on“f'"M® be apparent to those skilled in the art. 8 Claims 1. A thin
filmlayer structure for use in nagnetic recording conprising: a pre-seed

| ayer of CrTi Al having an anorphous or nanocrystalline 5 structure. 2. The
thin fil nlsArthinfimelayer stracturd fdrursehinmagnatic recogling eerprisiger of RUAl

above the layer of CrTiAl having a B2 crystal | ographic structure.
10 3. The thi n? Pl¥ ﬁPP-ﬂr f&??ﬁlﬁ]h@mm Mam %'%%P?ﬂ@%staﬁljﬂ@r of CrTiAl

I's approgtiyai@y 5 to 20 at.% alumnum 4. The thin filmlayer structure
of claim1 wherein the layer of CTiAl is deposited on a circunferential
textured nonnetallic substrate. 15 5. A magnetic thin film storage nedi um

conprising: 8 tﬁiﬂtﬁﬁ'lrsq}uec;tur% Afa aim 7 furgﬁe-la_r c'%‘lmpn r(l)gs Iatseee Qyérhoef F%uRSt rate;
above the layer of CrTiAl, the RuAl having a B2 crystallographic structure.

10 3. The thin film layer structure of claim 1 wherein the layer of CrTiAl is
approximately 5 to 20 at.% aluminum.

4. The thin film layer structure of claim 1 wherein the layer of CrTiAl is deposited
on a circumferential textured nonmetallic substrate.

15
5. A magnetic thin film storage medium comprising:
a substrate;
a layer of CrTiAl deposited on the substrate;
a layer of RuAl over the layer of CrTiAl; and
20 at least one underlayer over the layer of RuAl

at least one magnetic layer over the underlayer.

6. The magnetic thin film storage medium of claim 5 wherein the CrTiAl has from
5 to 20 at.% aluminum.

25
7. The magnetic thin film storage medium of claim 5 wherein the CrTiAl has
approximately from 5 to 20 at.% aluminum with the remainder being
approximately equal atomic percentages of chromium and titanium.

30 8. The magnetic thin film storage medium of claim 5 wherein the RuAl has a B2

crystallographic structure.
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a layer of RuAl over the layer of CrTiAl; and 20 at |east one underl ayer
over the layer of RuAl at |east one magnetic |ayer over the underl ayer. 6.
The magnetic thin filmstorage nmediumof claim5 wherein the CTi Al has
from 5 to 20 at.% alumnum 25 7. The magnetic thin film storage nmedi um of
claim5 wherein the CrTi Al has approximately fromb5 to 20 at. % al um num
with the remai nder being approxinmately equal atom c percentages of

chrom um ' j i . | bR & . Lumof claim
5 wher ei ng'tnﬁ;é E{uﬁﬂéﬁgghéq-@ st%%?g{@?f]@@ g{okllg!:rngt\#’h‘g%eﬁ g{ggmﬁ%e magneti c

t hi n fi | napproxiopatelyeiiomm ®fo 30 amnthickoherein the CrTiAl is approximately
from10 to 30 nmthick. 5 10. A nethod of fabricating a magnetic thin film
storage nedi um conprising the steps of: depositing a |ayer of CTiAl on a
substraate; depositing a |ayer of RuAl over the layer of CrTiAl; and 10
deposi ti ni; a plurali tfy of layers over the | ayer of RuAl, including at |east
one magnel@.cA method afifabnicatingsa magnetic dhini filmisiordger raediunh coMpTisig thes f r om
5to 20 a%t g %k_um' num 15 12. The nmethod of claim 10 wherein the CTi Al has
appr oxi na 8 % Tomb5 to 20 at.%alumnumw th the remai nder being

approxi mat el y g@epititj 2%ayer df SrFi]londe substrater om um and titani um
depositing a layer of RuAl over the layer of CrTiAl; and
10 depositing a plurality of layers over the layer of RuAl, including at least
one magnetic layer.

11. The method of claim 10 wherein the CrTiAl has from 5 to 20 at.% aluminum.
15 12. The method of claim 10 wherein the CrTiAl has approximately from 5 to 20
at.% aluminum with the remainder being approximately equal atomic

percentages of chromium and titanium.

13. The method of claim 10 wherein the RuAl has a B2 crystallographic structure.

20
14. The method of claim 10 wherein the CrTiAl is from approximately from 10 to
30 nm thick.
15. A disk drive comprising:
25 a magnetic transducer including a read and a write head:
a spindle; and
a magnetic thin film disk mounted on the spindle, the magnetic thin film
disk including a layer of CrTiAl followed by a layer of RuAl and at least one
magnetic layer.
30
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13. The nmethod of claim 10 wherein the RUAl has a B2 crystall ographic
structure. 20 14. The nmethod of claim 10 wherein the CTiAl is from
approximately from10 to 30 nmthick. 15. A disk drive conprising: 25 a
magneti c transducer including a read and a wite head; a spindle; and a
magneti c ﬁjai fil méi}iysk mounted on the spindle, the magnetic thin film

di sk i ncl iﬁ@eﬁlsk e oficlaipri awheseindhe ErhiAl hasfyam Sop 30a.%and at | east
one magngiuhfinh@yer. 30 10 16. The disk drive of claim 15 wherein the
CTiAl has from5 to 20 at.% alumnum 17. The disk drive of claim15
wherein the CrTi Al has approximately from5 to 20 5 at.% alumnumw th the

{1 tani um 1o PTHBRATSE AR 5T WEPLRI S RN S8 SPREOROIREIN TR oxip 20
crysta | Oﬂr.%liﬁlhmimﬁhw&f%erenilé?nd&-béfﬁ@ﬁﬁfutﬁ%irﬂéte‘ffﬁaﬂal%tm 15 wherein the

CrTiAl is approximately from 10 to 30
percentages of chromium and titanium.

18. The disk drive of claim 15 wherein the RuAl has a B2 crystallographic
structure.

10
19. The disk drive of claim 15 wherein the CrTiAl is approximately from 10 to 30
nm thick.
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