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MAGNETIC SENSOR SEED LAYER WITH
MAGNETIC AND NONMAGNETIC LAYERS
BACKGROUND
[0001] In an electronic data storage and retrieval system, a magnetic

recording head may include a reader portion having a sensor for retrieving magnetically
encoded information stored on a magnetic disc. Magnetic flux from the surface of the disc
causes rotation of the magnetization vector of a sensing layer or layers of the sensor,
which in turn causes a change in the electrical properties of the sensor. The sensing layers
are often called free layers, since the magnetization vectors of the sensing layers are free
to rotate in response to external magnetic flux.

[0002] The change in the electrical properties of the sensor may be detected
by passing a current through the sensor and measuring a voltage across the sensor.
Depending on the geometry of the device, the sense current may be passed in the plane
(CIP) of the layers of the device or perpendicular to the plane (CPP) of the layers of the
device. External circuitry then converts the voltage information into an appropriate format
and manipulates that information as necessary to recover information encoded on the disc.

[0003] Contemporary read heads may include a thin film multilayer
structure containing ferromagnetic material that exhibits some type of magnetoresistance
(MR). A typical MR sensor configuration includes a multilayered structure formed of a
nonmagnetic layer positioned between a synthetic antiferromagnet (SAF) and a
ferromagnetic free layer, or between two ferromagnetic free layers. The resistance of the
MR sensor depends on the relative orientations of the magnetization of the magnetic
layers.

[0004] An MR sensor may include shields made of high permeability
materials that function to protect the sensor from stray magnetic ficlds originating from
adjacent magnetic bits on the medium. With decreasing sensor size, the shield-to-shield
spacing of the MR sensor should be made smaller to adequately screen the flux from

adjacent bits.
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2
SUMMARY

[0005] One embodiment described herein is directed to a magnetic sensor
having a bottom shield layer, an upper shield layer, and a sensor stack adjacent the upper
shield layer. The sensor includes a seed layer between the bottom shield layer and an
antiferromagnetic layer of the sensor stack. The seed layer has a magnetic layer adjacent
the sensor stack and a nonmagnetic layer adjacent the bottom shield layer. These and other
features and aspects of various embodiments may be understood in view of the following

detailed discussion and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The discussion below makes reference to the following figures,
wherein the same reference number may be used to identify the similar/same component
in multiple figures.

[0007] FIGA. 1A and 1B are a block diagrams of a magnetic sensor
assemblies according to example embodiments;

[0008] FIG. 1C is a block diagram of a multi-bilayer structure according to
an example embodiment

[0009] FIGS. 2A and 2B are hysteresis loops illustrating magnetic
properties of a multilayer structure according to an example embodiment;

[0010] FIGS. 3A and 3B are graphs showing multilayer seed pinning and
coercive field for multilayer structures according to example embodiments;

[0011] FIG. 4A is a graph showing a wafer level transfer curve for
multilayer seed structures according to example embodiments;

[0012] FIGS. 4B, 5, and 6 are graphs showing spin stand results for
multilayer structures according to example embodiments;

[0013] FIG. 7A is a scanning transmission electron microscope image of a
CPP tunneling reader according to an example embodiment;

[0014] FIG. 7B is a graph of an R vs. H response curve for a multilayer
structure according to an example embodiment;

[0015] FIGS. 8A and 8B are graphs showing seed pinning field for

multilayer structures according to example embodiments;
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[0016] FIG. 8 is a bar graph illustrating relative optical coupling efficiency
for various multi-layer structures according to example embodiments;
[0017] FIGS. 9A and 9B are graphs show magnetic response vs. applied
field for multilayer structures according to example embodiments; and
[0018] FIG 10 is a flowchart illustrating a procedure according to an

example embodiment.

DETAILED DESCRIPTION

[0019] To advance recording density, it is desirable for read sensor
structures to reduce dimensions. For example, by reducing read sensor width, the sensor
can read narrower written tracks. Similarly, by reducing read sensor shield-to-shield
spacing, the sensor can read reduced length bits. These reduced-sized bit structures are
needed to increase bit storage density in magnetic storage devices.

[0020] For purposes of illustration, a block diagram in FIG. 1 shows a read
sensor assembly 100 according to an example embodiment. The sensor assembly 100
includes a bottom shield layer 104 disposed on top of a substrate 102. A multi-layer seed
layer 106 is disposed on top of the bottom shicld 104, and serves as an interface between
the bottom shield 104 and a magnetic sensor stack 108. In this example, the magnetic
sensor stack 108 is shown as a tunneling magnetoresistive (TMR) sensor, although, as
described in greater detail below, the embodiments need not be limited to a TMR-type
sensor stack.

[0021] The magnetic sensor stack 108 includes a pinning layer 108A,
pinned layer 108B, coupling layer 108C, reference layer 108D, barrier layer 108E, an one
or more free layers 108F. Also shown on top of the sensor stack 108 is a cap layer 110
and upper shield 112. The shield layers 104, 112 may be made of a magnetic material,
such as NiFe, NiFeCu, or NiCoFe. The sensor stack 108 may be formed by depositing
successive layers on bottom shield layer 104 or may be formed in a separate process
(either with or without seed layer 106) and later incorporated between the bottom and
upper shield layers 104, 112.

[0022] The sensor assembly 100 may be incorporated in a slider or other
structure that is positioned close to a magnetic medium (e.g., magnetic disk, not shown)

disposed parallel to the drawing plane. The medium moves relative to the assembly 100 in
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a downtrack direction indicated by arrow 114. Changes in magnetic polarity of the
medium resulting from this relative movement are sensed by layers of the sensor stack
108. The magnetization of reference layer 108D is fixed while the magnetizations of free
layers 108F rotate in response to the external magnetic field from the magnetic medium.
Pinned layer 108B and reference layer 108D are magnetically coupled by coupling layer
108C and make up a synthetic antiferromagnet (SAF).

[0023] The magnetization direction of pinned layer 108B, which is
opposite the magnetization direction of reference layer 108D, is pinned by exchange
coupling pinning layer 108A with pinned layer 108B. Seed layer 106 enhances the grain
growth of pinning layer 108A and cap layer 110 adds a protective layer to the top of
magnetic sensor stack 108. Bottom and upper shields 104, 112 protect magnetic sensor 38
from flux emanated from adjacent tracks on the magnetic medium.

[0024] The magnetic sensor assembly 100 produces a signal when a sense
current is passed through the layers of sensor stack 108. In some embodiments, the bottom
and upper shields 104, 112 deliver the sense current to sensor stack 108. The sense current
experiences a resistance that is proportional to the angle between the magnetization
direction of free layers 108F and the magnetization direction of reference layer 108D.

[0025] While the magnetic sensor stack 108 is shown as a TMR sensor in
FIG. 1, it will be appreciated that other sensor configurations are possible. For example,
magnetic sensor stack 108 may alternatively be configured to exhibit a giant
magnetoresistance (GMR) or other types of magnetoresistance. In addition, pinning layer
108A, pinned layer 108B, coupling layer 108C, and reference layer 108D may
alternatively be replaced by one or more free layers to provide a tri-layer type magnetic
Sensor.

[0026] The magnetic sensor assembly 100 has a physical shield-to-shield
spacing 116. The linear density of magnetic sensor assembly 100 along the downtrack
direction 114 is correlated to the shield-to-shield spacing 116. Consequently, in order to
increase the linear density (e.g., the number of magnetic transitions per unit length) of
magnetic sensor assembly 100, an effective shield-to-shield spacing may be reduced from
physical shield-to-shield spacing 116.

[0027] Magnetic sensor stability and noise becomes an issue for sensors

with narrower track widths and stripe heights of sub-50 nanometer (nm). These issues are
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further magnified by the reduction in the magnetic layer thickness of the constituent stack
layers in efforts to improve sensor resolution (e.g., through reduced shield-to-shield
spacing). Reduction in shield-to-shield spacing 116 can lead to degraded magnetic
performance stability and signal-to-noise ratio (SNR). There continues to be a need for
reduced shield-to-shield spacing read sensors that provide for enhanced performance and
stability.

[0028] One difficulty that may be encountered when attempting to reduce
read sensor shield-to-shield spacing 116 is that stack layer thicknesses may already be at
or close to the superparamagnetic limit under single standing film considerations. Further
reduction in read sensor shield-to-shield spacing by scaling of individual layers of the read
sensor can be counterproductive because it contributes to more sensor readback noise and
instability, thus nullifying the effect of shield-to-shield spacing reduction.

[0029] Utilizing a single layer magnetic seed in an attempt to reduce read
sensor shicld-to-shield spacing can result in increased dispersion concerns as the
coercivity of the pinned layer becomes competitive to the pinning field of pinning layer
108A at the antiferromagnetic (AFM) film thicknesses under consideration for present
generation read sensors.

[0030] The effective longitudinal bias at thicknesses below 100 angstroms
may cause difficultly with current process capabilities, further complicating read sensor
shield-to-shield spacing reduction. Domain formation at the edges of the top or bottom
shields represents another difficulty, which may occur when shield materials are designed
to be soft to accommodate high permeability requirements.

[0031] Paths to reduce effective read sensor shield-to-shield spacing while
maintaining layer magnetic integrity are in demand. Embodiments of the disclosure are
directed to achieving reduced shield-to-shield spacing read sensor by substitution of an
AFM seed layer with a high moment magnetic multilayer structure 106 that contributes to
a reduction in overall final effective shield-to-shield spacing distance 118. Generally, the
effective shield-to-shield spacing refers to a sensing region within the sensor assembly
along the downtrack direction 114 that can provide sufficient magnetic shielding from
adjacent downtrack bits. The seed layer 106 has thickness 120, and this thickness may be
subtracted from the physical shield-to-shield spacing 120 when determining the effective

shield-to-shield spacing 118. Embodiments of the disclosure can provide for a reduction in
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read sensor shield-to-shield spacing in the range of 3-5 nm, which similar to thickness of
nonmagnetic seed layer used in present generation read sensors.

[0032] Various embodiments provide for the introduction of a high
magnetic moment soft ferromagnetic material as an interface layer to the bottom shield
104 and the AFM pinning layer 108 A. Various embodiments provide for the replacement
of the nonmagnetic material of an AFM seed to provide a reduced effective shield-to-
shield spacing. In addition, and to provide a balanced shield structure across the read
sensor (also referred to herein interchangeably as a reader), a top layer of the same
structure can be introduced just below the seed of the upper shield, as shown in FIG. 1B.

[0033] In FIG. 1B, the block diagram illustrates a magnetic sensor
assembly 130 according to another embodiment. In FIG. 1B, the same reference numbers
are used to indicate like components shown and described in FIG. 1A. For purposes of
clarity, the sensor stack 108 is shown without its layers. In addition to the multilayer
magnetic seed layer 106, this embodiment includes a multilayer magnetic cap 132, which
replaces cap layer 110 shown in FIG 1A. This top layer 132 can potentially replace the
cap layer 110 (which acts as a seed for the upper shield 112) and/or may be placed in
addition to a upper shicld seed so as to minimize route modification requirements and
achieving functionality requirements. This results in an effective shield-to-shield spacing
134 that can be determined by a physical shield-to-shield spacing 136 minus thicknesses
138, 140 of the bottom and top multilayer layers 106, 132, respectively.

[0034] Embodiments of the disclosure include use of new materials that
have not been utilized in the past nor disclosed as for seed layers for read sensors. For
example, various disclosed embodiments utilize a magnetic seed layer 106 includes NiW.
Various other embodiments can utilize alternative magnetic seed layers 106, such as seed
layers 106 that include NiFeW, NiCoW, or NiCoFeW alloys, and magnetic seed layer
structures of seed/NiFeW and seed/NiFeW multilayers, such as Ta/NiFeW or Ta/NiFeW
multilayers, for example. Any of these material combinations may be applicable to the
multilayer cap layer 132 as well.

[0035] It has been found that use of the various magnetic seed layers and
multilayer magnetic seed layers disclosed herein provide for increased resolution and
reader stability. Useful multilayered structures according to various embodiments include

those targeting total magnetic layer height below and potentially above the reader stack
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(e.g., effective spacings 118 and/or 134) in the 1.2 - 20 nm range. For purposes of the
following discussion, description of multilayer structures will make reference to multilayer
magnetic layer 140 as shown in FIG. I1C. One or both of the multilayer seed 106 in FIGS.
1A and 1B and multilayer cap 132 in FIG. 1B may include features described for structure
140.

[0036] Multilayer structure 140 includes one or more bi-layers, here
represented as bi-layers 142A and 142N. Each bi-layer 142A, 142N includes respective
magnetic layers 144A, 144N and nonmagnetic layers 146A, 146N. The magnetic layers
144A, 144N may each be formed from the same or different materials, and those materials
may include a high magnetic moment soft ferromagnetic material. Example magnetic
materials used to form the magnetic layers 114N include NiFe, NiFeW, NiCoW, or
NiCoFeW , CoNiFe, CoFeB, and NiFeB.

[0037] The nonmagnetic layers 146A, 146N may be significantly thinner
(e.g., half as thick or less) than the magnetic layers 144A, 146N. The individual magnetic
layers 144A, 146N and nonmagnetic layers 146A, 146N may have different thicknesses.
For example, the bottom nonmagnetic layer 146A (that interfaces with a shield 104, 112 or
stack 108) may be thicker than inner nonmagnetic layers such as layer 146A. The
nonmagnetic layers 146A, 146N may be formed from materials such as Ta, Ru, TaCr, and
NiW. The structure 140 may be formed within the structures 100, 130 so that the outer
nonmagnetic layer 146A faces either the shields 104, 112 or stack 108, in which case the
outer magnetic layer 144N would face the stack 108 or shields 104, 112, respectively.

[0038] In the discussions that follow, examples of structure 140 are
described that are formed as seed layers (e.g., seed layer 106) arranged with the
nonmagnetic layer 146A facing bottom shield 104. In these examples, layer structure is
described as M1/M2, where M1 and M2 are different materials, and where M1 is
deposited first in the stack production process. Because layers are built up starting with
the substrate 102 as a base, an example multilayer seed layer of Ta/NiFe would have the
nonmagnetic Ta layer deposited on the bottom shield 104, followed by the NiFe layer,
which is then followed by the bottom layer of the stack 108 (e.g., pinning layer 108A in
FIG. 1A). In such a case, if a multilayer cap layer 122 is used with (or instead of) the

multilayer cap 132, the cap 132 may be configured in reverse. Namely, the multilayer cap
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132 would have a bottom magnetic layer 144A on top of the sensor stack 108, followed by
the bottom nonmagnetic layer 146A, followed by upper shield 112.

[0039] As will be discussed in detail below, various multilayer structures
140 were individually evaluated for film level magnetic properties in terms of coercivity
and anisotropy field. Utilizing multilayer structures 140 of the type described herein
provides a means to meet requirements for the seed layer of the AFM material utilized,
e.g., in pinning layer 108A. By carefully choosing materials and optimizing deposition
conditions, the resulting device 100 may exhibit adequate pinning field, low coercivity,
and high blocking temperature. In addition, suitable multilayer structures 140 have low
coercivity and adequate anisotropy to ensure the shielding effect is maintained for reduced
shield-to-shield spacing. Multilayer structures 140 according to embodiments of the
disclosure provide for suitable reader stability and high MR response.

[0040] It has been found that a multilayer structure 140 with a magnetic
layer 144A, 144N of NiFe, CoFe, NiW or NiFeW alloy, and second thin nonmagnetic
layer 146A, 146N produces desirable magnetic and structural properties compared to a
single layer of NiFe or CoFe as a seed layer for the AFM material. Other high magnetic
moment, magnetically soft materials such as CoNiFe, CoFeB, or NiFeB may also be
suitable for the magnetic layer 144A, 144N.

[0041] Embodiments of the disclosure are generally directed to the use of
magnetic seed layers in the construction of current perpendicular to the plane (CPP)
readers with reduced shield-to-shield spacing. More particularly, embodiments of the
disclosure are directed to utilizing a very thin layer that may be nonmagnetic or with lower
magnetic moment within the magnetic seed structure and yet realize desired resolution in
the reader. Using a seed layer or multilayer of seed and magnetic material in accordance
with various embodiments is can result in a stable reader device with adequate pinning in
the read sensor structure.

[0042] Nonmagnetic spacer layers 146A, 146N may be chosen to provide
optimal crystalline growth texture when coupled with the magnetic layer 144A, 144N. In
addition, the thickness of the nonmagnetic spacer 146A, 146N is minimized to ensure the
multilayer seed layer is magnetostatically coupled, thus providing good soft magnetic
properties. This enables the multilayer structure 140 to couple with the shields 104, 112

and thereby act as shield layer as well as provide seed for the reader structure to grow
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upon. Suitable spacer materials include Ta, Ru, TaCr, NiW, among others. The spacer
material may include an amorphous layer or a layer that aids in promoting good crystalline
texture of the multilayer seed structure.

[0043] Various process embodiments can utilize current tooling and
instrumentation to deposit the new material structure sequentially during the initial part of
the reader stack deposition and in place of the AFM material seed. For example, AFM
seed layers may currently be formed from a nonmagnetic material such as Ta, Ru or Ta/Ru
bi-layer, for example. Various processes may require a target arrangement of the
sputtering tool in order to maintain a certain mode of operation in terms of resulting stack
capabilities and tool layout. Such tooling configuration optimization will readily be
appreciated by one skilled in deposition technology.

[0044] Various processes can be implemented that define the stack without
regard to retaining the magnetic seed across the surface of the bottom shield. However, it
may be desirable to modify the step to achieve balance in the shield configuration
spanning the reader stack. Achieving a balanced shield configuration can be enhanced by
focusing effort on balancing the moment across the stack, reducing the effective shield-to-
shield spacing, and studying the effects on sensor read back pulse width at 50% amplitude
level (PW50). The seed area of the upper shield can also be seeded with an additional
multilayer structure of high moment magnetic material, as in the AFM seed process.

[0045] Each multilayer structure 140 is controlled for magnetic properties
via low field magnetic measurement, and targeting of the thickness is controlled via
constituent single films qualifications. A reduction in the pinning field is counteracted by
reduced dispersion of the pinned layer as indicated by the coercivity data collected in the
short loop experiments described below.

[0046] The following discussion provides examples of various
embodiments in accordance with the disclosure. In general, the processes described below
in accordance with various embodiments can utilize current tooling and instrumentation to
deposit a new material structure sequentially during the first part of the reader stack
deposition and in place of a non magnetic AFM seed layer such as Ta, Ru or Ta/Ru bi-
layer.

[0047] According to a first illustrative example, a multilayer seed structure

140 of Ta_x(NiFe_y/Ta_z)n)NiFe x is deposited, where x, y, and z denote the thickness
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of each layer in nanometers and n is the number of layer repeats. Figures 2A and 2B show
multilayer seed vs. single layer seed magnetic properties of Hce, Hk, etc. Figures 2A and
2B show a multilayer (ML) seed of (Ta/NiFe)x3 vs. a single layer seed (Ta/NiFe) easy
axis hysteresis loop (Figure 2A) and hard axis hysteresis loop (Figure 2B). It can be seen
that the multilayer seed results in reduce seed coercivity and equivalent anisotropy field.

[0048] Figures 3A and 3B show results of multilayer seed pinning and
coercive field for various configurations tested. More particularly, Figures 3A and 3B
shown pinning and coercivity of AFM/PL by the multilayer seed layer. As can be seen in
Figures 3A and 3B, by utilizing a multilayer seed layer, good pinning performance is
achieved with low coercivity.

[0049] Figure 4A shows a wafer level transfer curve for multilayer seed
structures according to example embodiments. The wafer level transfer curve of Figure
4A shows TMR at equivalent resistance for the multilayer seed layer. The data points
401-403 in FIG. 4A (generally indicated by bounding regions in which the points are
clustered) are for three different single layer configurations. The data points 404 and 405
are for two different multilayer configurations.

[0050] In FIGS. 4B, 5 and 6, a series of graphs illustrate spin stand test
results on a multilayer seed layer are shown in comparison to a conventional nonmagnetic
seed structure. It can be seen in FIGS. 4B, 5 and 6 that enhanced PW50 is obtained with
the multilayer seed due to reduced shield-to-shield spacing. In particular, FIGS. 4B, 5 and
6, both multilayer seed and single layer magnetic seed show acceptable PW50. The
multilayer magnetic seed shows >0.2 decade bit error rate (BER) gain over conventional
seed reader. Figure 7A shows a scanning transmission electron microscope (STEM)
image of a CPP tunneling reader according to an example embodiment. Figure 7B shows
an R vs. H response curve for a multilayer seed structure of
Ta_1/NiFe 4/Ta_0.2/NiFe 4/Ta 0.2/NiFe 4 (nm). Curve 702 is a forward response, and
curve 704 is reverse.

[0051] According to another representative example, a magnetic seed layer
of nonmagnetic/magnetic multilayer with nonmagnetic layer of Ta, TaCr, NiW with
W>6at% and magnetic layer of NiFeW, NiCoW, NiCoFeW, CoFeW or NiW with
W<6at% is used. This enables the seed layer to have a sufficiently high magnetic moment

to act as a shield layer as well as a seed layer for the read sensor stack.



10

15

20

25

30

WO 2012/082998 PCT/US2011/065102

11

[0052] In the examples discussed below, a multilayer seed structure
Ta x(NiFe20W3at% y/Ta_z)n)NiFe20W3at% vy is deposited according to various
embodiments, where x, y, and z denote the thickness of each layer in nanometers and n is
the number of layer repeats. A preferred thickness for x and z is < 0.5 nm, but this
thickness can be up to about 1 to 2 nm. The layer thickness y is preferably 2 to 30 nm
thick. The number of repeats, n, can be between 0 and 10, for example.

[0053] This structure exhibits increased pinning over that of examples
where NiFe magnetic layers are used, due to crystalline texture utilizing NiW or NiFeW in
the seed layer. In addition, the magnetic moment of NiFeW is sufficiently high to provide
for shielding characteristics and thus achieves enhanced reader resolution and PW50.

[0054] In FIGS. 8A and 8B, graphs show results of the multilayer seed
pinning field for various configurations tested. Pinning of AFM/PL utilizing a Ta/NiW
seed layer is shown in FIG. 8A, and pinning of AFM/PL utilizing a Ta/NiFeW seed layer
is shown in FIG. 8B, with both figures showing that significant pinning is achieved.

[0055] In FIGS. 9A and 9B, graphs show a wafer level magneto-optical
Kerr magnetometer (MOKEM) loop of the magnetic response vs. applied field for a
Ta/NiFeW seed layer vs. a Ta/Ru seed layer. Figure 9A shows a wafer level MOKEM
loop of a Ta/Ru seeded TMR reader, and Figure 9B shows a wafer level MOKEM loop of
a Ta/NiFeW seeded TMR reader. Figure 9B clearly shows the enhanced pinning obtained
utilizing a Ta/NiFeW seed layer. High reader resolution and a good PW50 are also
achieved when using a Ta/NiFeW seed as has been observed with a Ta/NiFe multilayer
seed due to decreased shield-to-shield spacing owing to the seed layer acting as shield.
The pinning and resolution performance are features of interest in this configuration.

[0056] In reference now to FIG. 10, a flowchart illustrates a procedure
according to an example embodiment. The procedure involves forming 1002 a bottom
shield layer on a substrate. This need not involve forming the bottom shield on the
substrate; intervening materials/layers may be disposed between the bottom shield and
substrate. A nonmagnetic layer of a seed layer is formed 1004 on the first bottom shield
layer, a magnetic layer of the seed layer is formed 1006 on the nonmagnetic layer, and
sensor stack is formed 1008 on the magnetic layer of the seed layer. Optionally, a
magnetic cap layer 1010 may be formed on the sensor stack, and a nonmagnetic layer

formed 1012 on the magnetic layer. An upper shield is formed 1014 on the sensor stack ,
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which may involve forming the shield on a single-layer or multilayer cap that is disposed
between the sensor stack and upper shield.

[0057] Embodiments of various seeding configuration disclosed herein
have been shown to provide for further reduction of shield-to-shield spacing without
sacrificing reader stability in sub-50 nm reader width (RW) targets that also allow for
potential gains in PW50 performance. Various aspects of the disclosed embodiments can
be further appreciated when viewed in the context of the disclosure of commonly owned
U.S. Published Patent Application No. 2009/0174968, filed January 9, 2008, which is
incorporated herein by reference.

[0058] The foregoing description of the example embodiments has been
presented for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the embodiments to the precise form disclosed. Many modifications
and variations are possible in light of the above teaching. Any or all features of the
disclosed embodiments can be applied individually or in any combination are not meant to
be limiting, but purely illustrative. It is intended that the scope of the invention be limited

not with this detailed description, but rather determined by the claims appended hereto.
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WHAT IS CLAIMED IS:

1. A magnetic sensor, comprising:

a bottom shield layer;

an upper shield layer;

a sensor stack adjacent the upper shield layer; and

a seed layer between the bottom shield layer and an antiferromagnetic layer of the
sensor stack, wherein the seed layer comprises a magnetic layer adjacent the sensor stack

and a nonmagnetic layer adjacent the bottom shield layer .

2. The magnetic sensor of claim 1, wherein the magnetic layer comprises a high

magnetic moment soft ferromagnetic material.

3. The magnetic sensor of claim 1, wherein the magnetic layer comprises an NiW
alloy.
4. The magnetic sensor of claim 1, wherein the magnetic layer comprises an NiFeW,

NiCoW, or NiCoFeW alloy layer.

5. The magnetic sensor of claim 1, wherein the magnetic layer comprises a CoNiFe,

CoFeB, or NiFeB alloy layer.

6. The magnetic sensor of claim 1, wherein the nonmagnetic layer comprises a Ta,

Ru, TaCr, or NiW layer.
7. The magnetic sensor of claim 1, further comprising a cap layer between the upper
shield layer and the sensor stack, the cap layer comprising a magnetic cap layer adjacent

the sensor stack and a nonmagnetic cap layer adjacent the upper shield layer.

8. The magnetic sensor of claim 1, wherein the nonmagnetic layer is substantially

thinner than the magnetic layer.

9. A method, comprising:
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forming a bottom shield layer on a substrate;
forming a nonmagnetic layer of a seed layer on the bottom shield layer;
forming a magnetic layer of the seed layer on the nonmagnetic layer;
forming a sensor stack on the magnetic layer of the seed layer; and

forming an upper shield on the sensor stack.

10. The method of claim 9, wherein the magnetic layer comprises a high magnetic

moment soft ferromagnetic material.

11. The method of claim 9, wherein the magnetic layer comprises at least one of an

NiW, NiFe, NiFeW, NiCoW, NiCoFeW , CoNiFe, CoFeB, or NiFeB layer.

12. The method of claim 9, wherein the nonmagnetic layer comprises a Ta, Ru, TaCr,

or NiW layer.

13. The method of claim 9, further comprising;:
forming a magnetic cap layer on the sensor stack; and
forming a nonmagnetic cap layer on the magnetic cap layer, wherein the upper

shield is formed on the nonmagnetic cap layer.

14. The method of claim 1, wherein the nonmagnetic layer is substantially thinner than

the magnetic layer.

15. A magnetic sensor, comprising:
a magnetoresistive sensor stack disposed between bottom and upper shields; and
amultilayer structure coupling the magnetoresistive sensor stack to at least one of
the bottom and upper shields, the multilayer structure having at least one magnetic layer
adjacent the sensor stack and at least one nonmagnetic layer adjacent the respective at
least one of the bottom and upper shields, wherein the multilayer structure provides an
effective shield-to-shield spacing that is less than a distance between the bottom and upper

shields.

PCT/US2011/065102
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16. The magnetic sensor of claim 15, wherein the magnetic layer comprises a high

magnetic moment soft ferromagnetic material.

17. The magnetic sensor of claim 15, wherein the nonmagnetic layer is substantially

thinner than the magnetic layer.

18. The magnetic sensor of claim 15, wherein nonmagneticthe at least one multilayer

structure comprises a plurality of magnetic and nonmagnetic layers.

19. The magnetic sensor of claim 15, wherein the magnetic layer comprises at least

one of an NiW. NiFeW, NiCoW, NiCoFeW , CoNiFe, CoFeB, or NiFeB layer.

20. The magnetic sensor of claim 15, wherein the nonmagnetic layer comprises at least

one of a Ta, Ru, TaCr, or NiW layer.
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