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‘GIANT MAGNETORESISTIVE SENSOR WITH A
CRMNPT PINNING LAYER AND A NIFECR SEED LAYER
ACK 'OF THE INVEN'
The present invention relates generally to a giant
magnetoresistive sensor for use in a magnetic read head. in particular,

the present invention relates to a giant magnetoresistive read sensor

‘having enhanced giant magnetoresistive responses and improved

magnetic stability.

Giant magnetoresistive (GMR) read sensors are used in
magnetic data storage systerns to detect magnetically-encoded
information stored on a magnstic data storage medium such as a
magnetic disc. A time-dependent magnetic field from a magnetic
medium directly modulates the resistivity of the GMR read sensor. A
change in résistance of the GMR read sensor can be detected by
passing a sense current through the GMR read sensor and measuring
the voltage across the GMR read sensor. The resulting signal can be
used to recover the encoded information from the magnetic medium.

A typical GMR read sensor configuration is the GMR spin
valve, in which the GMR read sensorisa multi;layeréd structure formed
of a nonmagnetic spacer layer positioned between a ferromagnetic
pinned layer and a ferromagnetic free layer. The magnetization of the
pinned layer is fixed in a predetermined direction, typically normal to an
air bearing surface of the GMR read sensor, while the magnetization of
the free layer rotates freely in response to an external magnetic field.
The resistance of the GMR read sensor varies as a function of an angle
formed between the magnetization direction of the free layer and the
magnetization direction of the pinned layer. This multi-layered spin
valve configuration allows for a more pronounced magnetoresistive
effect, i.e. greater sensitivity and higher total change in resistance, than
is possible with anisotropic magnetoresistive (AMR) read sensors, which
generally consist of a single ferromagnetic lay‘ér.
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A pinnmg layer is typlcally exchange coupled to the pinned
layer to fix the magnetization of the pinned layer in a predetermined
direction. The plnnrng layeri is typrcally formed of an antiferromagnetic
material. In antlferromagnetrc matenals the magnetrc moments of

5 adjacent atoms pornt in opposrte directions and thus, there is no net
magnetic moment in the ma__te_nat. Itis desrrahle for the pinning layer
material to have a high bldck_ing temperature, t__he temperature at which
the exchange 'co_upling disap'p_e_'ars.: It is also desirable for the pinning
layer n"raterial_'to'_'have a low annealing temperature, the temperature at

10  which the pinning and pinned layers are exchange coupled during

manufacturing_. to control magnetic behavior and prevent diffusion

between thin layers in the GMR spin valve.

_ A seed layer i is typically used to promote the texture and

: enhance the gram growth of the free layer consequently grown on top

15 ofit. The seed Iayer material is. chosen such that its atomic structure,

or arrangement, corresponds with the prefe_rred crystallographic
direction of the rnagnetizat_ion of the free layer material.

Qne_ principal c_o_r_rcern in the perforrnance of GMR read
sensorsisthe rnaximum absolute change in resistance of the GMR read

20  sensor, which directly affects the GMR ratio. GMR ratio (the maximum
absolute chan'_ge in re_sis_tance_ of the GMR read_'sensor divided by the
resistance of t_heEGMR read sensor multiplied by 100%) determines the
magnetoresistjve effect of the 'GMR.read sensor.i'UItimately, a higher
GMR ratio yiejds a GMR read sepsor with a greater magnetoresistive

25  effect which Is capable of detecting inform_ation from a magnetic
medium with a higher linear density of data.

Key determmants ofthe GMR ratio are the materials used
as the pinning layer and as the seed Iayer in the GMR read sensor. A
pinning layer material with a low annealing t_emperature makes it

" 30 possible to use a thinner free layer which decreases the resistance of
the GMR read sensor which in turn increases the GMR ratio. Also, a
seed layer material that causes specu-lar scattering and spin filter effect
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at the seed lajer and free layer interface"Hibfeases the change in
resistance of the GMR read sensor which increases the GMR ratio.

Accordingly, there is a need for a GMR read sensor with
a higher GMR ratio and for an antiferromagnetic material with a high
blocking temperature and a low annealing temperature for use as a
pinning layer.

BRIEF SUMMARY OF THE INVENTION

The present invention is a giant magnetoresistive stack for
use in a magnetic read head. The giant magnetoresistive stack includes
a NiFeCr seed layer, a ferromagnetic free layer, a nonmagnetic spacer
layer, a ferrbmagnetic pinned layer, and a CrMnPt pinning layer. The
free layer has a rotatable magnetic moment and is positioned adjacent
to the NiFeCr seed layer. The pinned layer has a fixed magnetic
moment and is positioned adjacent to the CrMnPt pinning layer. The
spacer layer is positioned between the free layer and the pinned layer.
In a first preferred embodiment, the free layer is a NiFe/CoFe bilayer,
the spacer layer is formed of copper, and the pinned layer is formed of
CoFe. In a second preferred embodiment, the free layer is a NiFe/CoFe
bilayer, the spacer layer is formed of copper, and the pinned layer is a
CoFe/Ru/CoFe synthetic antiferromagnet.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a layer diagram of a first embodiment of a giant
magnetoresistive stack of the present invention.

FIG. 2 is a graph of the GMR response of the first
embodiment of a giant magnetoresistive stack of the present invention.

FIG. 3 is a layer diagram of a second embodiment of a
giant magnetoresistive stack of the present invention.

FIG. 4 is a graph of the GMR response of the second
embodiment of a giant magnetorasistive stack of the present invention.

FIG. 5 is a graph of the blocking temperature
measurement of a CrMnPt pinning layer.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

'FIG. 1 is a layer diagram of a first embodiment of a giant
magnetoresistive (GMR) sta(:k 10 of the present irivention. GMR stack
10includes a seé_d layer 12, a free layer 14, a spa'éer layer 16, a pinned

5 layer 18, and a pinning layer 20. Seed layer 12 |s NiFeCr. Free layer
14 includes a first ferromagnetic material 22, .préferably NiFe, and a
second ferromagnetic mater_ial 24, preferably CoFe, and is positioned
such that the first ferromagnetic layer 22 is adjacent to seed layer 12.
Pinned layer 18 is a ferromagnetic material, preférably CoFe, and is

10 -posmoned adjacent to pinning layer 20. Pinning layer 20 is CrMnPt.
Spacer Iayer 16is a nonmagnetnc material, preferably copper, and is
positioned between free layer 14._and pinned layer 18.

The magnetization of pinned layer 18 is fixed in a
predetermined difection while the magnetization of free layer 14 rotates

15  freely in response to an external magnetic field emanating from a
magnetlc medlum The magnetlzatlon of pmned layer 18 is pinned by
exchange coupllng pmmng Iayer 20 with pmned layer 18. Pinning layer
20 has a blocking temperature of about 340°C and an annealing

. temperature of about 230°C. The atomic structure of seed layer 12 is

20 face-centered ‘cubic (fcc) which promotes the [1 11] crystallographic
texture and enhances the grain growth of free layer 14. The resistance
of GMR stack 10 v.éries as a function of an angle that is formed between
the magnetization of free layer 14 andthe magnetization of pinned layer
18.

25 : The composition of seed layer12is pre_ferably intherange
of about Ni(60)Fe(15)Cr(25) to about Ni(48)Fe(12)Cr(40), and more
preferably approximately Ni(48)Fe(12)Cr(40), where the numbers in
parentheses represent atomic percentage. The thickness of seed layer
12 is preferably in the range of about 20A to about 60A, and more

30  preferably in the range of about 45A to about 50A.

The composition of the first ferromagnetic layer 22 of free
layer 14 is preferably in the range of about Ni(85)Fe(15) to about
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Ni(80.5)Fe{19.5), and more preferably approkifiately Ni(82)Fe(18). The

thickness of the first ferromagnetic layer 22 of free layer 14 is preferably
in the range of about 20A to about 100A, and more preferably
approximately 30A. The composition of the second ferromagnetic layer
24 of free layer 14 is preferably approximately Co(90)Fe(10). The
thickness of the second ferromagnetic layer 24 of free layer 14 is

preferably in the range of about 5A to about 25A, and more preferably

approximately 13A.

The thickness of spacer layer 16 is preferably in the range
of about 20A to about 35A, and more preferably approximately 24A.

The composition of pinned fayer 18 is preferably
approximately Co(90)Fe(10). The thickmess of pinned layer 18 is
preferably in the range of about 20A to about 30A, and more preferably
approximately 25A.

The composition of pinning layer 20 is preferably in the
range of about Cr{30)Mn(67)Pt(3) to about Cr(50)Mn(35)Pt(15), and
more preferably approximately Cr(43)Mn(50)Pt(7). The thickness of
pinning layer 20 is preferably approximately 250A.

FIG. 2 is a graph of the GMR response of GMR stack 10
of the present invention. The graph shows both the GMR ratio and the
resistance (Q) of GMR stack 10 as a function of an applied magnetic
field (Oe). The GMR ratio of GMR stack 10 equals 12.9 %. The
maximum absolute change in sheet resistance of GMR stack 10 equals
2.35 Q/sq.

FIG. 3 is a layer diagram of a second embodiment of a
GMR stack 30 of the present invention. GMR stack 30 includes a seed
layer 32, a free layer 34, a spacer layer 38, a pinned layer 38, and a
pinning layer 40. Seed layer 32 is NiFeCr. Free layer 34 includes a first
ferromagnetic layer 42, preferably NiFe, and a second ferromagnetic
layer 44, preferably CoFe, and is positioned such that the first
ferromagnetic layer 42 is adjacent to seed layer 32. Pinned layer 38 is
a synthetic antiferromagnet and includes firstand second ferromagnetic
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layers 46 and 50, both preferably CoFe, and a coupling layer 48,
preferably ruthenium, positioned between -first- and second
ferromagnetic layers 46 and 50, and is positioned such that the second
ferromagnetic layer 50 is'a_djacent to pinning layer 40 Pinning layer 40
5 is CrvnPt. -Sbecer layer 36 is a nonmagnetic material, preferably
copper, and is positioned between free layer 34 and pinned layer 38.

. Thé magnetization- of pinned layer 38 is fixed in a
predetermined direction while the magnetization of free layer 34 rotates
freely in response to an external magnetic field emanating from a

10  magnetic medium. The magnetization of pinned layer 38 is pinned by
exchange coupling pinned layer 38 with pinning layer 40. Pinning layer
40 has a bloeking -temperature of about 340°C and an annealing
temperature of about.230°C. The atomic structure of seed layer 32 is
face-centered cubic (fcc) which. promotes the: [1111] crystallographic
15  -texture and enhances the grain growth of free layer 34. The resistance
of GMR stack 30 varies as a function of an angle that is formed between
the ma_gnetizatien of free layer 34 and the magnetization of pinned layer
38. S

, , The composition of seed layer 32 is preferably in the range
. 20  of about Ni(60)Fe(15)Cr(25) to about Ni(48)Fe(12)Cr(40), and more
preferably approximately Ni(48)Fe(12)Cr(40). The thickness of seed
layer 32 is preferably in the range of about 20A to about 60A, and more

preferably in the range of about 454 to about 50A. _
The composition of the first ferromagnetic layer 42 of free
25 layer 34 is preferably in the range of about Ni(85)Fe(15) to about
Ni(80.5)Fe(19.5), and more preferably approximately Ni(82)Fe(18). The
thickness of the first ferromagnetic layer 42 of free layer 34 is preferably
in the range of about 20A to about 100A, and more preferably
approximately 30A. The composition of the second ferromagnetic layer
30 44 of free layer 34 is preferably approximately Co(90)Fe(10). The
thickness of the second ferromagnetic layer 44 of free layer 34 is
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preferably i 116 range of about 5A to about éﬁaﬁ and more preferably
approximately 13A.

The thickness of spacer layer 36 is preferably in the range
of about 20A to about 35A, and more preferably approximately 24A.

The compositions of the first and second ferromagnetic
layers 46 and 50 of pinned layer 38 are both preferably approximately
Co(90)Fe(10). The thicknesses of the first and second ferromagnetic
layers 46 and 50 of pinned layer 38 are both preferably in the range of
about 15A to about 40A, and more preferably in the range of about 25A
to about 30A. The thickness of coupling layer 48 of pinned layer 38 is
preferably in the range of about 8A to about 12A.

The composition of pinning layer 40 is preferably in the
range of about Cr(30)Mn(67)Pt(3) to about Cr(50)Mn(35)Pt(15), and
more preferably approximately Cr(43)Mn(50)Pt(7). The thickness of
pinning layer 40 is preferably approximately 150A.

FIG. 4 is a graph of the GMR response of GMR stack 30
of the present invention. The graph shows both the GMR ratio and the
resistance (Q) of GMR stack 30 as a function of an applied magnetic
field (Oe). The GMR ratio of GMR stack 30 equals 12.0 %. The
maximum absolute change in sheet resistance of GMR stack 30 equals
1.9 O/fsq.

FIG. 56 is a graph of the blocking temperature
measurement of a CrMnPt pinning layer. The graph shows the strength
of the exchange coupling (Oe) as a function of temperature (°C). At
340°C, the strength of the exchange coupling becomes 0 Oe.

In summary, the present invention introduces a GMR read
sensor with a CriMnPt pinning layer and a NiFeCr seed layer. This
configuration exhibits a GMR ratio of at least 12 %, the highest ever
reported in simple top spin valves. In addition, the CrMnPt pinning layer
has a high blocking temperature of about 340°C to prevent the
exchange coupling from disappearing. Also, the CrMnPt pinning layer
has a Iow-annealing temperature of about 230°C to contro! magnetic
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behavior and prevent diffusion between thin layers in the GMR read
sensor during manufacturing.
Although the present invention has been described with
reference to preferred embodiments, workers skilled in the art will
5 recognize that changes may be made in form and detail without
departing from the spirit and scope of the invention.
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CLAIMS:
1. A read sensor for use in a magnetic read head, the read
sensor comprising:

a giant magnetoresistive stack; and
means for causing the giant magnetoresistive stack to
exhibit a GMR ratio of at least 12%.
2. The read senser of claim 1 wherein the giant
magnetoresistive stack includes: |
a ferromagnetic free layer having a rotatable magnetic
moment; and
a ferromagnetic pinned layer having a fixed magnetic
moment.
3. The read sensorof claim 1 wherein the means for causing
the stack to exhibit a GMR ratio of at least 12% includes a NiFeCr seed
layer.
4, The read sensor of claim 1 wherein the means for causing
the stack to exhibit a GMR ratio of at least 12% includes a CrMnPt
pinning layer.
5. A giant magnetoresistive stack for use in a magnetic read
head, the giant magnetoresistive stack comprising:
a NiFeCr seed layer;
a ferromagnetic free layer having a rotatable magnetic
moment positioned adjacent to the seed layer;
a ferromagnetic pinned layer having a fixed magnetic
moment;
a CrMnPt pinning layer positioned adjacent to the pinned
layer; and
a nonmagnetic spacer layer positioned between the free
layer and the pinned layer.
6. The giant magnetoresistive stack of claim 5 wherein the
pinned layer is CoFe.
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7. . The giant magnetoresistive stack of claim 5 wherein the
pinned layer is a synthetic antiferromagnet. -
8. The giant magnetoresistive stack of claim 7 wherein the
synthetic antiferromagnet comprises: - * -
5 : a first CoFe layer positioned adjacent to the spacer layer;
a second CoFe layer positioned adjacent to the pinning
layer; and "
a ruthenium layer positioned between the first and second
CoFe layers.
10 9. - The giant magnetoresistive stack of claim 8 wherein:

the first and second CoFe layers have thicknesses in a
~ range of about 15A to about 40A; and
the ruthenium layer has a thickness in a range of about
8A to about 12A.
15 10. The giant magnetoresistive stack of claim 5 wherein the
free layer is a bilayer. - ' o
1. - The giant magnetoresistive stack of claim 10 wherein the
bilayer comprises: R
a NiFe layer positioned adjacent to the seed layer; and
20 - a CoFe layer positioned adjacent to the spacer layer.
12. The giant magnetoresistive stack of claim 11 wherein:
the NiFe layer has a thickness in a range of about 20A to
. about 100A; and
the CoFe layer has a thickness in a range of about 5A to

25 about 25A.
13. . The giant magnetoresistive stack of claim 5 wherein the
seed layer has a thickness in a range of about 20A to about 60A.
14. The giant magnetorésistive stack of claim 13 wherein the

thickness of the seed layer is in a range of about 45A to about 50A.
30
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15. The giant magnetoresistive stack of claim 5 wherein the
seed layer has a Cr atomic percenfage of between about 25 and about
40.
16. The giant magnetoresistive stack of claim 5 wherein the
5  pinned fayer has a thickness in a range of about 20A to about 30A.
17. The giant magnetoresistive stack of claim 5 wherein the
pinning layer has a thickness in a range of about 150A to about 250A.
18. The giant magnetoresistive stack of ctaim 17 wherein the
pinning layer has a Pt atomic percentage of between about 3 and about
10 15,
19. A method for forming a giant magnetoresistive stack for

use in a magnetic read head, the method comprising:

depositing a seed layer of NiFeCr;

depositing a free layer of a ferromagnetic material having
15 a magnetic moment over the seed layer,

depositing a spacer layer of a nonmagnetic materiat over

the free layer;

depositing a pinned layer of a ferromagnetic material
having a magnetic moment over the spacer layer;
20 and '

depositing a pinning layer of CrMnPt over the pinned

layer.
20. The method for forming a giant magnetoresistive stack of
claim 19 wherein:
25 the seed layer has a thickness in a range of about 20A to
about 60A; and

the pinning layer has a thickness in a range of about
150A 1o about 250A.



