
;e3eli| @ B64TEO 5VVO 02/15172 PCT/US01/41567  A MAGNETIC HEAD BACKGROUND
OF THE INVENTION Priority based on provisional patent application, Serial
No.60/225,329 filed 5 August 15, 2000 entitled, "High Resistivity, High
Moment Sputtered FeCoZrTa Film" is claimed. This invention relates to a
magnetic head. More particularly, the invention relates to fabricating a
magnetic head that includes a high magnetic moment and a high resistivity
magnetic seed layer adjacent to a magnetic core to improve the 10
performance of the magnetic head. Magnetic heads are used for magnetically
writing and reading data on a magnetic storage medium, such as a disc,
which moves relative to the head. A magnetic head includes an upper and
lower yoke and pole which form the magnetic core of the head. Electrical
conductors (or coils) pass through the core which are used 15 for both
reading and writing information onto the magnetic storage medium. A first
seed layer is interposed below the lower yoke and a second seed layer is
interposed below the upper yoke. During a write operation, electrical
current is caused to flow through the coils generating a magnetic field in
the core. A gap region occupies a small space between 20 the two pole tips
of the magnetic core. The current flowing through the coils causes magnetic
flux to span the gap region. The magnetic flux is then used to impress a
magnetic field upon a storage medium producing a magnetic transition, which
is then recorded. There is a constant and ever increasing demand to process
data in computer 2 5 systems at increasingly higher rates. This demand
places a corresponding bur den on magnetic storage subsystems, including
magnetic heads and storage media, to store data at a higher r ate and over
a higher density surface area. As a consequence, the materials used in the
fabrication of magnetic heads and magnetic storage media need to handle the
increased demand. In particular, the performance of magnetic heads can
WO 02/1a172 PCT/U S01 /-11 sl7 be affected by the magnetic properties of
the materials used in the core material and in each seed layer. As the data
rate increases, the magnetic materials experience the negative effects of
eddy currents and hysteresis. The effects of eddy currents are caused by
the current flow induced in the core by a time varying flux. This
undesirable effect causes the heating of the core and a subsequent
degradation in the data rate of the head. In order to reduce and offset the
negative effects of eddy currents, the magnetic material used in the seed
layers that form the top pole of the upper core should exhibit a high
resisitivity. However, current magnetic materials that are used in the seed
layer 10 portion of a magnetic head are inadequate. Moreover, there is also
an increasing demand to process more information over a smaller surface
area of a magnetic storage medium. hi order to process W ore data over the
smaller surface area, the magnitude of the magnetic flux density must
increase over the decreased surface area. This higher demand for a magnetic
flux 15 density requires that the magnetic material exhibit a high magnetic
moment. In addition, the magnetic material used in the seed layer of the
magnetic head should exhibit high anisotropic properties. For example, the
seed layer should exhibit soft magnetic characteristics such as the ability
to be easily and quickly magnetized and demagnetized. Current materials
employed in seed layers do not exhibit adequate 20 anisotropic properties.
For the foregoing reasons, an improved magnetic head, in particular an 



improved magnetic seed layer, with high resistivity, high magnetic moment,
and desirable anisotropic properties would be a significant improvement in
the art. 25 SUMMARY OF THE INVENTION In general, according to one aspect,
the present invention features a magnetic head. The head includes a
substrate, a non-magnetic seed layer deposited on the substrate, a bottom
magnetic core piece positioned over and contacting the nonmagnetic seed
layer, a magnetic seed layer, a top magnetic core piece positioned over
WO 02/15172 PCTIUSU1/~15G7 and contacting the magnetic seed layer, and a
gap sandwiched between at least a portion of the bottom core piece and at
least a portion of the magnetic seed layer . Various aspects of the
invention may include one or more of the following features. The magnetic
seed layer may be a single layer comprising au alloy of Fe, 5 Co, Zr, and
Ta. Fe may be present in the range of 50 to 80 Atomic percent, Co may be
present in the range of 20 to 50 Atomic percent, Zr may be present in the
range of 1 to 10 Atomic percent, and Ta may be present in the range of 1 to
10 Atomic percent, and wherein the magnetic seed layer thickness may be in
the range of 500 to 5000 Angstroms. 10 The magnetic seed layer may be a
dual layer structure comprising a base layer and a top layer. The base
layer may be an alloy chosen from the group consisting of NiFe, CoFe,
NiFeCr, Ta, and TaN. The base layer alloy may have a thickness in the range
of 5 to 500 Angstroms. The top layer may be an alloy including Fe, Co, Zr,
and Ta. Fe may be present in the range of 50 to 80 Atomic percent, Co may
be present in 15 the range of 20 to 50 Atomic per cent, Zr may be present
in the range of 1 to 10 Atomic percent, and Ta may be present in the range
of 1 to 10 Atomic percent. The magnetic seed layer may have a thickness in
the range of 500 to 5000 Angstroms. In another aspect, the invention
features a method of fabricating a magnetic head. This method may include
depositing a non-magnetic seed layer on a substrate, 20 forming a bottom
portion of a magnetic core on the non-magnetic seed layer, depositing a
non-magnetic material on at least a portion of the bottom portion of the
magnetic core, depositing a magnetic seed layer on the non-magnetic
material, and forming a top portion of the magnetic core on the magnetic
seed layer, the nonmagnetic material forming a gap for the head. 25 In one
implementation, depositing the magnetic seed layer may include depositing a
single layer alloy consisting of Fe, Co, Zr, and Ta. Fe may be present in
the range of 5 0 to 80 Atomic percent, Co may be present in the range of 20
to 50 Atomic percent, Zr may be present in the range of 1 to 10 Atomic
percent, and Ta may be present in the range of 1 to 10 Atomic percent. The
thickness of the magnetic 30 seed layer may be in the range of 500 to 5000
Angstroms.   WO 02/15172 PCT/US01L115G7 Depositing the magnetic seed layer
may include depositing a dual layer structure comprising a base layer and a
top layer. The base alloy may be chosen from the group consisting of NiFe,
CoFe, NiFeCr, Ta, and TaN. The base alloy may have a thickness in the range
of 5 to 500 Angstroms. The top layer alloy may be comprised S of Fe, Co,
Zr, and Ta. Fe may be present in the range of 50 to 80 Atomic percent, Co
may be present in the range of 20 to 50 Atomic percent, Zr may be present
in the range of 1 to 10 Atomic percent, and Ta may be present in the range
of 1 to 10 Atomic percent. The magnetic seed 10 layer may have a thickness
in the range of 500 to 5000 Angstroms. Depositing the magnetic seed layer
may include using Dc-magnetron sputtering. The sputtering may be performed
at a power of at least 500 Watts, a gas pressure of at least 10 milli-Torr,
and a magnetic field based on a current, and may further include applying a
magnetic field in the range of 50 to 200 Oersted. 15 Depositing the
magnetic seed layer may also include post-aimealing at a temperature in the
range from l00 to 500 Celsius. The time duration of postannealing, which is
a function of the temperature, may range from 10 minutes to 100 hours. The
post-aiuiealing process may be performed after depositing the magnetic 



seed layer onto the magnetic head. 20 In yet another aspect, the invention
features a magnetic head that includes a non-magnetic seed layer deposited
on the substrate, a bottom magnetic core piece positioned over and
contacting the non-magnetic seed layer, a means for increasing the magnetic
moment and the resistivity of the magnetic head, and a top magnetic core
piece positioned over and contacting the means. 25 In one implementation,
the means for increasing the magnetic moment and the resistivity of the
magnetic head can include a magnetic seed layer comprising a single layer
of an alloy of Fe, Co, Zr, and Ta. Fe may be present in the range of 50 to
80 Atomic per cent, Co may be present in the range of 20 to 5 0 Atomic per
cent, Zr may be present in the range of 1 to 10 Atomic percent, and Ta may
be present in the range   WO 02/15172 PCT/US01/~iS(7 of 1 to 10 Atomic per
cent. The magnetic seed layer may have a thickness in the range of 500 to
5000 Angstroms. In another implementation, the means for increasing the
magnetic moment and the resistivity of the magnetic head may include a
magnetic seed layer comprising a 5 base layer and a top layer. The base
layer may be an alloy chosen from the group consisting of NiFe, CoFe,
NiFeCr, Ta, TaN. The base layer may have a thickness in the range of 5 to
500 Angstroms. The top layer may be an alloy of Fe, Co, Zr, and Ta. Fe may
be present in the range of 50 to 80 Atomic percent, Co may be present in
the range of 20 to 50 Atomic percent, Zr may be present in the range of 1
to 10 Atomic 10 percent, and Ta may be present in the range of 1 to 10
Atomic percent. The magnetic seed layer may have a thickness in the range
of 500 to 5000 Angstroms. The invention may provide one or more of the
following advantages. The presence of a high resistivity and high moment
magnetic material in the magnetic seed layer adjacent to the magnetic core
structure of the head may r educe the 15 undesirable effects of eddy
currents. As a result, the head may handle higher data rates. Moreover, the
high moment property of the seed layer may enable the head to process data
over a higher density storage medium. The addition of a post-annealing
process upon the magnetic seed layer may further increase the magnetic
moment of the magnetic seed layer and may allow the magnetic head to handle
au even higher 20 data rate. The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the invention will be
apparent from the description and drawings, and from the claims. 25  BRIEF
DESCRIPTION OF DRAWINGS ' FIG. 1 is a plain view of a conventional magnetic
head. FIG. 2 is a cross sectional view of a magnetic head made in
accordance with the present invention. 5   WO U2/15172 PCT/US01/-41SG7 FIG.
3 is a cross sectional view of the magnetic seed layer made in accordance
with the present invention. FIG. 4 is a graph showing the hysteresis curve
of a magnetic seed layer made in accordance with the present invention. 5
FIG. 5 is a graph comparing the performance of a single layer magnetic seed
layer with a dual layer magnetic seed layer and the effects of
post-annealing. FIG. 6 is a graph showing the effects of post-annealing on
the magnetic moment on some high magnetic moment materials. FIG. 7 is a
table comparing the magnetic properties of various high magnetic 10 moment
materials. DETAILED DESCRIPTION 



FIG. 1 is a plain view of a typical head 12 comprising a core 13, including
an upper core piece I4 and a lower core piece 16. Coil turns 18 extend
through the head 15 12 and are sandwiched between the upper core piece 14
and the lower core piece 16. The upper core piece 14 includes an upper core
tip 20, while the lower core piece 16 includes a lower core tip 22. A gap
24 is formed between the upper pole tip 20 and the lower pole tip 22.
Typically, alumina fills the gap. A magnetic storage medium (not shown) may
be placed near the gap 24 such that information may be written on or 20
read from the medium. FIG. 2 is a cross sectional view of the head 12 in an
implementation of the present fabrication process. The process begins with
a basecoat 36 deposited onto a substrate 25. The basecoat 36 may be a
non-conductive alumina material and that is typically applied with
sputtering techniques. During the fabrication process, multiple -5 heads
similar to heads 12 may be deposited across an entire surface of the
substrate 25. For the purposes of this example, however, only the
fabrication of a single head 12 is shown. A non-magnetic seed layer 37 can
serve as the foundation for the bottom of the core 13. A thin film layer of
magnetic material, such as permalloy, may be applied across the surface of
the non-magnetic seed layer 37. This film layer forms 30 the bottom of the
magnetic core 13 including a lower yoke 10, a lower rear portion 28, 6   WO
02/1a172 PCT/USO1 /-41 s67 and part of a center 30. The non-magnetic seed
layer 37 may be deposited upon the bottom of the core 13 using
photolithographic techniques. Next, the coil turns 18 are deposited upon
the insulating layer 3 8 and are wound around the center 3 0. The
insulating layer 38 is built up to cover the coil turns 18. A magnetic seed
layer 39 is 5 then deposited onto layer 3S and an additional set of layers
of magnetic material such as permalloy may be deposited over the layer 39.
This additional layer may include an upper yoke 11, an upper pole piece 14,
a r ear upper portion 26, and a portion of the center 30. These additional
layers may be deposited using either an electrodeposition or a sputtering
technique. 10 FIG. 3 shows an implementation of an improved magnetic seed
layer 39 which is sandwiched between the insulating layer 3 8 and the top
of the magnetic core 13 . In one embodiment, the seed layer 39 includes a
base seed layer 39a and a top seed layer 39b. The base seed layer 39a may
be comprised of an alloy chosen from the group consisting of NiFe, CoFe,
NiFeCr, Ta, and TaN. The base seed layer 39a may have a 15 thickness within
the range of 5 to 500 Angstroms. The top seed layer 39b is deposited upon
the base seed layer 39a and may be an alloy consisting of Fe, Co, Zr, and
Ta. In an embodiment of the alloy, Fe may be present in the range of 50 to
80 Atomic percent, Co may be present in the range of 20 to 50 Atomic
percent, Zr may be present in the range of 1 to 10 Atomic percent, and 20
Ta may be present in the range of 1 to 10 Atomic percent. . The magnetic
seed layer 39 may be deposited onto the core 38 using a sputtering process.
A suitable sputtering process includes using a DC-magnetron sputtering
technique at a power of at least 500 Watts, a gas pressure of at least 10
milli-Torrs, and a magnetic field based on a current. The magnetic
properties, such as 25 the magnetic moment, of the magnetic seed layer 39
may be improved by applying a post-annealing process. For example, the seed
layer 39 may be annealed at a temperature in the range from 100 to 500
Celsius and for a duration that depends on the temperature which can be in
the range from 10 minutes to l00 hours. Moreover, the magnetic moment of
the material can be further improved by applying a magnetic 30 field in the
range from 50 to 200 Oersteds during this post-amiealing process. 7   WO
02/15172 PCT/US(I1/~1SG7 In another embodiment, the magnetic seed layer 39
can be comprised of only a single layer formed from the same alloy, Fe, Co,
Zr, and Ta, as discussed above. However, the dual layer magnetic seed layer
39 may exhibit a higher magnetic moment compared to the single layer
magnetic seed layer. A magnetic head with a higher magnetic moment seed
layer may be able to process data at a higher data rate than a head with a
lower magnetic moment seed layer. The magnetic properties exhibited by the
present magnetic seed layer may enable a magnetic head to operate in high
data rate arid high-density applications, such as in a telecommunications
or a network environment where data may need to be 10 accessed quickly and
data storage may be at a premium. As shown in FIG. 4, the hysteresis curve
graph 40 reveals the improved anisotropic properties of a FeCoZrTa magnetic
seed layer. The H axis represents the magnetic force, in Oersted units,
which may be present in the magnetic seed layer produced by the flow of
current through the core. The B axis represents the magnetic IS flux, in
nano-Webers, that may be produced by the magnetic seed layer as a result of
a 



magnetic force H. As shown by the narrow width 41 between the legs of the
hysteresis loop 42, the magnetic seed layer may also exhibit a low
coercivity. The low coercivity is characteristic of a magnetic material
with "soft" magnetic properties which enable the magnetic material to be
easily magnetized and demagnetized. As a 20 result, the magnetic seed layer
is able to process data at a high data rate. FIG. 5 depicts a performance
graph 5 0 that shows flow the magnetic moment Bs of a magnetic head may be
improved by adding a FeCoZrTa magnetic seed layer. When the magnetic seed
layer is deposited onto a substrate, such as Silicon, without post
annealing, the magnetic moment Bs 52 is about 20.53 kG. The magnetic 25
moment Bs 54 is improved after post annealing as shown by the increased
magnetic moment Bs value of about 21.02 kG. In order to dramatically
increase the magnetic moment Bs of the magnetic material, a dual magnetic
seed layer may be used. As discussed before, the dual seed layer is
fabricated using a base seed layer 39a and a top seed layer 39b. As a
result of 30 the dual layer structure, the magnetic moment Bs 56 is then
increased to 21.75 kG. The base seed layer 39a, as discussed earlier, can
be comprised of a NiFe layer with a   WO 02/1s172 PCTlUS01/~1SG7 thickness
of about 45 Angstroms. Moreover, the magnetic moment Bs can be increased
even further by subjecting the seed layer to post-azuiealing. As shown, the
magnetic moment Bs 58 experiences an increase from 21.75 kG, as deposited,
to 22.24 kG after the post-amiealing process. 5 FIG. 6 is a comparison
graph 60 that shows the effect of post-azniealing on the magnetic moment Bs
of some traditional magnetic materials. These magnetic materials exhibit
about a 2% decrease in magnetic moment Bs when a post-azu-zealing process
is applied. For example, the magnetic moment Bs 62 of Fe60Co40 decreases
from 23.19 kG to a magnetic Bs 64 22.72kG after the application of the post
10 annealing process. In contrast, refez~ring to FIG. 5, the magnetic
moment Bs (52, 54, and 56,58) of the FeCoZrTa magnetic material increases
after the application of a post-annealing process. The increase in magnetic
moment Bs exhibited by a magnetic seed layer comprising FeCoZrTa enables a
magnetic head to generate a higher flux density. 15 The table 70 of FIG. 7
compares some magnetic properties of various known high moment materials
used in the fabrication of magnetic heads. As shown, a magnetic head
comprising a FeCoZrTa magnetic seed layer exhibits overall improved
magnetic properties. For example, in order to generate a high flux density,
a magnetic head should 20 have a high magnetic moment Bs. As shown in the
table, the magnetic moment Bs of FeCoZrTa is within the range of the listed
magnetic materials. It is slightly lower than Fe60Co40, but slightly higher
than Ni45Fe55. But as shown in FIG. 5, FeCoZrTa exhibits an increase in the
magnetic moment Bs when a post-annealing process is applied. In contrast,
the other magnetic materials in table 7 experience a 25 reduction in
magnetic moment Bs after post-annealing. For example, referring to FIG. 6,
the magnetic moment Bs of CoNiFe decreases from 22.90kG to 22.59kG after
post-annealing. The coercivity of a magnetic material is represented by
Hc_e. For example, FeCoZrTa has a value of 4.2 Oersted which is
significantly lower than the other 30 traditional magnetic materials such
as CoNiFe with a value of 34.1 Oersted. A magnetic seed layer with a low
coercivity Hc_e exhibits high soft magnetic properties 9   WO 02/15172
PCT/USO1/-115G7 enabling a magnetic head to magnetize and demagnetize
quickly, which is essential in high data rate applications. The magnetic
material used in a head should also be characterized by a high resistivity
Rho which tends to minimize the generation of eddy currents due to a
timevarying flux. The FeCoZrTa material, as shown in the table, is
characterized by a 



significantly high resistivity Rho of 123 Ohm.cm compared to the other
materials listed in the table. Unlike conventional magnetic seed layers,
the FeCoZrTa seed layer is characterized by high resistivity, soft magnetic
properties, good thermal stability, as 10 well as high saturation magnetic
moment. These properties make the seed layer attractive for high data rate
and high density applications. A number of embodiments of the invention
have been described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit and scope of
the invention. For example, the magnetic material FeCoZrTa 15 used in the
magnetic seed layer 39 can also be used as a substitute for the non
magnetic seed layer 37. Accordingly, other embodiments are within the scope
of the following claims. 10   WO 02/15172 What is claimed is: 1. A magnetic
head comprising t a substrate; PCT/US01/.11517 a non-magnetic seed layer
deposited on the substrate; 5 a bottom magnetic core piece positioned over
and contacting the non-magnetic seed layer; a magnetic seed layer; and a
top magnetic core piece positioned over and contacting the magnetic seed
layer. 10 2. The head of claim 1 wherein the magnetic seed layer is a
single layer comprising an alloy of Fe, Co, Zr, and Ta. 3. The head of
claim 2 wherein Fe is present in the range of 50 to SO Atomic percent, Co
is present in the range of 20 to 50 Atomic percent, Zr is present in the
range of 1 to 10 Atomic percent, and Ta is present in the range of 1 to 10
Atomic 15 percent. 4. The head of claim 2 wherein the magnetic seed layer
has a thickness in the range of 500 to 5000 Angstroms. 5. The head of claim
1 wherein the magnetic seed layer is a dual layer comprising a base layer
and a top layer. 20 6. The head of claim 5 wherein the base layer is an
alloy chosen from the group consisting of NiFe, CoFe, NiFeCr, Ta, TaN. 7.
The head of claim 6 wherein the base layer has a thickness in the range of
5 to 500 Angstroms. S. The head of claim 5 wherein the top layer is an
alloy of Fe, Co, Zr, and 25 Ta. 9. The head of claim 8 wherein Fe is
present in the range of 50 to 80 Atomic percent, Co is present in the range
of 20 to S 0 Atomic percent, Zr is present in   WO 02/1a172 PCT/US01/.11517
the range of 1 to 10 Atomic percent, and Ta is present in the range of 1 to
10 Atomic percent. ' 10. The head of claim 5 wherein the magnetic seed
layer has a thickness in 



the range of 500 to 5000 Angstroms. 5 11. A method of fabricating a
magnetic head comprising; depositing a non-magnetic seed layer on a
substrate; forming a bottom portion of a magnetic core on the non-magnetic
seed layer ; depositing a non-magnetic material on at least a portion of
the bottom portion of the magnetic core; 10 depositing a magnetic seed
layer on the non-magnetic material; and forming a top portion of the
magnetic core on the magnetic seed layer. 12. The method of claim 11
wherein the magnetic seed layer is a single layer comprising an alloy of
Fe, Co, Zr, and Ta. 15 13. The method of claim 12 wherein Fe is present in
the range of 50 to 80 Atomic percent, Co is present in the range of 20 to
50 Atomic percent, Zr is present in the range of 1 to I 0 Atomic per cent,
and Ta is present in the range of 1 to 10 Atomic percent. 14. The method of
claim 12, wherein the magnetic seed layer has a 20 thickness in the range
of 500 to 5000 Angstroms. 15. The method of claim 11 wherein the magnetic
seed layer comprises a base layer upon which a top layer is deposited. 16.
The method of claim 15 wherein the base layer is an alloy chosen from the
group consisting of NiFe, CoFe, NiFeCr, Ta, and TaN. 25 17. The method of
claim 16 wherein the base layer has a thickness in the range of 5 to 500
Angstroms. 18. The method of claim 15 wherein the top layer is an alloy of
Fe, Co, Zr, and Ta. 12   WO 02/1A72 PCT/US(I1/.11567 19. The method of
claim 18 wherein Fe is present in the range of 50 to 80 Atomic percent, Co
is present in the range of 20 to 50 Atomic percent, Zr is present in the
range of 1 to 10 Atomic per cent, and Ta is present in the range of 1 to 10
Atomic per cent. 5 20. The method of claim 15 wherein the magnetic seed
layer has a thickness in the range of 500 to 5000 Angstroms. 21. The method
of claim 11 wherein the magnetic seed layer is deposited using Dc-magnetron
sputtering. 22. The method of claim 21 wherein the sputtering is performed
at a power of 10 at least 500 Watts, a gas pressure of at least 10
milli-Torr, and a magnetic field based on a current. 23 . The method of
claim 22 further comprising applying a magnetic field in the range from 50
to 200 Oersted. 24. The method of claim 11 further comprising annealing the
magnetic 15 seed layer. 25. The method of claim 24 wherein annealing occurs
at a temperature in the range from 100 to 500 Celsius based on a time
duration. 26. The method of claim 25 wherein annealing occurs after
depositing the magnetic seed layer. 20 27. A magnetic head comprising: a
substrate; 



a non-magnetic seed layer deposited on the substrate; a bottom magnetic
core piece positioned over and contacting the non-magnetic seed layer; 25 a
means for increasing the magnetic moment and the resistivity of the
magnetic head; and a top magnetic core piece positioned over and contacting
the means. 13   WO 02/15172 PCT/USO1/-41a67 28. The head of claim 27
wherein the means for increasing the magnetic moment and the resistivity of
the magnetic head includes a magnetic seed layer comprising a single layer
of an alloy of Fe, Co, Zr, and Ta. 29. The head of claim 28 wherein Fe is
present in the range of 50 to 80 5 Atomic percent, Co is present in the
range of 20 to 50 Atomic percent, Zr is present in the range of 1 to 10
Atomic percent, and Ta is present in the range of 1 to 10 Atomic per cent.
30. The head of claim 28 wherein the magnetic seed layer has a thickness in
the range of 500 to 5000 Angstroms. 10 31. The head of claim 27 wherein the
means for increasing the magnetic moment and the resistivity of the
magnetic head includes a magnetic seed Layer comprising a base layer and a
top layer. 32. The head of claim 31 wherein the base layer is an alloy
chosen from the group consisting of NiFe, CoFe, NiFeCr, Ta, TaN. 15 33. The
head of claim 31 wherein the base layer has a thickness in the range of 5
to 500 Angstroms. 34. The head of claim 31 wherein the top layer is an
alloy of Fe, Co, Zr, and Ta. 35. The head of claim 34 wherein Fe is present
in the range of 50 to 80 20 Atomic percent, Co is present in the range of
20 to 50 Atomic percent, Zr is present in the range of 1 to 10 Atomic
percent, and Ta is present in the range of 1 to 10 Atomic percent. 36. The
head of claim 31 wherein the magnetic seed layer has a thickness in the
range of 500 to 5000 Angstroms. 25  m
.A,9.Afa.ASN&.ASNr.A9.AlN&.A@N.A,a.ASN&.ASa9.AYu.Au%.A@N9.Alu9-IBEQ     "3~
PD}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<a]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]cTa]ca]ca!PcUUVQG[25>M|wrmgb]X]ca]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]
ca]ca]ca!7_% p
b!!!"#O#$$$%3%%&&***++++,P,g,l,|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!l,o,x,,,,
@-j--.O.~....D//0?1X11K2233444444o5s77|wqlgb]X]ca]ca]ca]ca]caU]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca!77
48,9a99:>>'>7>>"??D@@%ABCDXDDEFRFGGGGH5II$JqJ{vqlgb]X]ca]ca]ca]ca]ca]ca]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c
a]ca!qJKKLLLMM 



NXNOLObOOOPPPPQ7QQ+R|RRR.SSST\TTUVU|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!VUhUn
UqUzUUUUUUUVPV\VwVVV@W@XXYYYJZQZZZZ[
[[e[n[[zupje`[V]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]ca]ca![[\N\\\]F]x]]]^___B`{```0a8a>aI
aLaZa]bbbc8ccc8d]d|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!]dddd5e~eeeeeFfRfffff
fgg[gggh2iYiiijcjjjjIkQk|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!QkSlllllleFfRff
ffffgg[gggh2iYiiijcjjjjIkQk|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca-IfH*l
10%&'()-Y m"10%&'()- Y
m"10%&'()-fF10%&'()-l10%&'()-y&f10%&'()-9M!10%&'()-BEfH*!F10%&'()- @
!10%&'()-   10%22&'()-,`10%&'()-l10%&'()- l@410%&'()-F 310%&'()-Q
~_=*!F10%!kS0Y"10%??&'()-
S/l10%&'()-s-10%&'()-!k@F%"10%??&'()-!f@F%"10%::&'()-f#f10%&'()-Q
"bC!F10%!ky 10%&'()-  "10%&'()-910%&'()- 10 10 10:s10%&'()-Y7z 10%&'()-"3~
PdEbC!F10%!k@10%&'()- 10%&'()-f:10%&'()- z 10%&'()-:l
S10%&'()-s10%&'()-PDaBbC!F10%!y' 10%&'()-`$T 10%&'()-!&!@ 10%&'()-y
10%&'()-y10%&'()-310%&'()-PaVK@!F10%! 10+ 10+ 10+6-
10%+&'()-!210%&'()-0:10%&'()-3+910%&'()- )10%&'()- cUdEVK@!F10%!
10310%&'()- l @10%&'()- Ls10%&'()- 910%&'()-
"&10%&'()-`10%&'()-UUV}^?VK@!F10%!10%&'()- S"10%&'()- 9F10%&'()-l10%&'()-
!Y"10%&'()-G!%Y"10%&'()-GVQGaBVK@!F10%!%10%&'()-  `$Y10%&'()-l"10%&'()-
!Xf3!10%&'()-z 10%&'()-S10%&'()-[/012>}rg\=!F10%910%&'()- 



10 10 101"10%&'()-!;1"10%&'()-y0 10%&'()-!kf'!10%&'()->M7dEg\=!F10%Y
10%&'()-  10%&'()-!10%&'()-   10%&'()-S 10%&'()- "10%&'()-7_% p
b!aBg\=!F10%!10%&'()-Ff@ 10%&'()- !10%&'()-Ss10%&'()- l `
10%&'()-l&10%&'()- b!!!"#O#$$$dE:/ 10 10S2T 10%&'()-y0"10%&'()-.10%&'()-
)G10%&'()-GfF(!10%&'()- f&  10%&'()-$$$$%3%%&&xY7/ 10!9!10%&'()-F 10%&'()-
Y93 10%&'()-Yl@ 10%&'()- 3"910%&'()-L10%&'()- 10&&u'((***wX97/ 10!
)l10%&'()-S9'10%&'()-!S@"10%&'()-!D@"10%&'()-!D@"10%&'()-!,@"10%&'()-*++++,
P,dE7/ 10!  510%&'()-310%&'()-
,110%&'()-f0&10%&'()--'10%&'()-*10%`&'()-P,g,i,j,k,l,x,,,bC 10!
10%&'()-"&10%&'()-910%&'()- 10 10 10;`10%&'()-7-10%&'()-,,@-j--.O.dEbC 10!3
s10%&'()- l10%&'()- t!10%&'()- Ys10%&'()-  @10%&'()-YL
10%&'()-O.~....D//dBbC 10!!;SlY"10%&'()-F 10%&'()- l10%&'()-@910%&'()-3
310%&'()-l,410%&'()- /0?1X11K22dBbC 10!!@f/Z"10%&'()-,10%&'()-l 



+10%&'()-S@) 10%&'()-' 10%&'()- "10%&'()-F233444444zl^P1 L10%&'()- 10 10
10!``y7"10%&'()-!Iy7"10%&'()-`6g 10%&'()-!il&3%10%&'()-44o56s777}^?^P1
L@"10%&'()- l10%&'()-!  Z"10%&'()-'! Z"10%dd&'()-'Y 10%&'()-
"10%&'()-748,9a99::aB^P1 LS3""10%&'()-!NS3""10%&'()-l  10%&'()- S10%&'()-y
10%&'()-Z&f 10%&'()- :+<=>>>>>'>}rg\= LL10%&'()- 10 10 10,;
`10%&'()-f)"10%^&'()-!af)"10%!!&'()-!Xf)"10%&'()-'>7>>"??D@@dEg\= LlYz
10%&'()-Y 10%&'()- Ys10%&'()-YY9:10%&'()-F 10%&'()-
"10%&'()-@%AgBBCDXDaBg\= L@&'f10%&'()- %10%&'()- @
10%]&'()-FS"10%&'()-!6S"10%  &'()-,g10%&'()- XDDEEFRFGa?g\=
L!ff4"10%::&'()- 9310%&'()-F1 10%&'()-S*3"10%&'()-!aS*3"10%55&'()-
,)10%&'()- GGGGGGGH5IuV7 y "10%&'()- 10%&'()- "&10%&'()-L10%&'()- 10?p?p
10?p?p 10?p?p!kf4"10%?p?p&'()-5II$JqJKKLaBuV7 f "10%&'()-
,10%&'()-!NS"10%&'()-@10%&'()-Y 10%&'()- @ 10%&'()-LLLMM NXNdEuV7
S,10%&'()-*10%&'()-S'"10%&'()- %10%&'()-$10%&'()- f
10%x&'()-XNOLObOOOPa?uV7 



!\7"10%&'()-`610%&'()- 4Y10%&'()-
210%&'()-3110%&'()-!af-!10%&'()-PPPPPPPQ7QuV7 L  10%&'()-S 10%&'()-
"910%&'()-L10%&'()- 10     10     10    !n`7"10%    &'()-7QQ+R|RRR.SdEuV7 L
`10%&'()-Y g10%&'()-10%&'()- 10%&'()-f 10%&'()-F @10%&'()-.SSST\TTUdEuV7 L
f10%&'()-Z10%&'()- 310%&'()-l 10%&'()-10%&'()-S 10%&'()- UVUhUkUlUmUnUzUUbC
L  Y10%&'()-&10%&'()- 10 10 10,;10%&'()-"10%&'()-!10%&'()- UUUUUVPVdEbC
LLZ"10%&'()- 3 Y 10%&'()- "10%&'()-3 



yF10%&'()-l :10%&'()-s3 ` 10%&'()-PV\VwVVV@W@Xa?bC
!@F"10%&'()-!D@!10%&'()-10%&'()-3 m10%&'()-3
10%&'()-l10%&'()-@XXYYYJZQZwX9bC SL3s10%&'()-l 110%&'()-!-f
10%&'()-!\@9*"10%&'()-!&10%&'()-!#f 10%&'()-QZZZZZZ[e[n[uV7
Y`10%&'()-Fl10%&'()-  "10%&'()-910%&'()- 10 10
10!VY5&10%&'()-n[[[\N\\\dEuV7 Y`F @10%&'()- F 10%&'()-F 10%&'()- 10%&'()-Y
10%&'()-S&10%&'()-\]F]x]]]^dEuV7 Y` 10%&'()-l s 10%&'()-F 10%&'()-Y
y10%&'()-,s10%&'()- l10%&'()-^____B`{`}^?uV7 110%&'()- 0y10%&'()- .10%&'()-
y,10%&'()-!D@""10%&'()-t!S@""10%&'()-t{```0a8a;a<a=a>adYNC  10 10 10;
10%&'()-910%&'()- F7f10%&'()-f510%&'()-S3!10%&'()->aIaZa]bbbcaBYNC F
10%&'()-Y10%&'()-@ 10%&'()-!YFz 10%&'()-"10%&'()-910%&'()-c8ccc8d]ddaBYNC l
` 10%&'()-l 10%&'()-l 10%&'()-10%&'()-!#@s"10%&'()-l10%&'()-ddd5e~eeedEYNC
@@) 10%&'()-L'10%&'()- 



%,10%&'()-#m10%&'()- !10%&'()-@, L10%&'()-eeeFfRfffdEYNC
4m10%&'()-S2Y10%&'()- 0 10%&'()- ,/10%&'()-  9-10%&'()-
Y+F10%&'()-ffffffgg[gbC F 10%&'()- "910%&'()-L10%&'()- 10 10 10:10%&'()-
`610%&'()- [ggg/hh2iYi}^?bC `10%&'()-Y 10%&'()-!%f&10%&'()-!f&10%mtmt&'()-
10%&'()-&10%&'()-YiiijcjjjdEbC @,  10%&'()-&10%&'()-l
m10%&'()-10%&'()-10%&'()-,S!10%&'()-jjIkQkkSll^?bC l
3.-10%&'()-!t,`'"10%&'()-!I,`'"10%&'()-l%10%&'()-l #Z10%&'()-!
10%&'()-lllll^?bC l 3.-10%&'()-!t,`'"10%&'()-!;
10%&'()-l6'10%&'()-9@S210%&'()-l 9010%&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font1!k)1;
DMmRW=^cinprtvxz|~l,7qJVU[]dQklEFGHIJKLMNQ
"PUV>7b!$&&*P,,O./247:'>@XDG5ILXNP7Q.SUUPV@XQZn[\^{`>acdef[gYijllOPQRSTUVWX
YZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New RomanArialCourier New"h
Root EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


