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(54) Fabrication of self-aligned reflective/protective overlays on magnetoresistance sensors, and
the sensors

(57) A magnetoresistance sensor is fabricated us-
ing a sensor structure including a free layer deposited
upon a lower layered structure and depositing an oxide
structure overlying the free layer. The depositing of the
oxide structure includes the steps of depositing a buffer

layer overlying the free layer, wherein the buffer layer is
a buffer-layer metal when deposited, depositing an
overlayer overlying and contacting the buffer layer, the
overlayer being an overlayer metallic oxide of an over-
layer metal, and oxidizing the buffer layer to form a buff-
er layer metallic oxide.



EP 1 426 781 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This invention relates to the fabrication of mag-
netoresistance sensors and, more particularly, to the ox-
ide structure that overlies the free layer.
[0002] A magnetoresistance (MR) sensor is used in a
read/write head to read magnetic fields on a recording
medium of a magnetic storage device. An example is
the read/write head of a computer hard disk drive or a
magnetic recording tape drive. The read/write head is
positioned closely adjacent to the recording medium in
the case of the computer hard disk drive, separated from
the recording medium by an air bearing, or even touch-
ing the recording medium. A data bit is written onto an
area of the recording medium by locally changing its
magnetic state using the writing portion of the read/write
head. That magnetic state is later sensed by the MR
sensor, which is the reading portion of the read/write
head, to read the data bit.
[0003] Two known types of MR sensors are a giant
magnetoresistance (GMR) sensor and a tunnel magne-
toresistance (TMR) sensor. The general technical basis,
construction, and operation of the GMR sensor are de-
scribed, for example, in US patent 5,436,778. The gen-
eral technical basis, construction, and operation of the
TMR sensor are described, for example, in US Patent
5,729,410. The disclosures of both patents are incorpo-
rated by reference in their entireties. These patents also
describe the read/write heads and the magnetic storage
systems.
[0004] The structure of the MR sensors, such as the
GMR sensor or the TMR sensor, includes two thin-film
stacks separated by an intermediate nonmagnetic film.
The intermediate nonmagnetic film is typically a copper
film or an aluminum oxide film, serving as a spacer layer
for the GMR or the TMR sensors, respectively. In one
form, the lower thin-film stack includes a transverse
(perpendicular to an air bearing surface of the sensor)
magnetic biasing structure, and the upper thin-film stack
includes a sensing stack with a free layer that responds
to an external magnetic field. A longitudinal (parallel to
the air bearing surface) magnetic hard biasing structure
is present, either as part of the upper thin-film stack or
positioned laterally from the thin-film stacks. These
stacks may be inverted, as well.
[0005] An overlayer or cap layer is deposited over the
thin-film stacks. The performance of the MR sensor de-
pends upon the nature of the overlayer. Although a
number of different overlayers have been utilized and
are operable, they do not provide an optimum combina-
tion of performance and stability. There is accordingly a
need for an improved overlayer structure. The present
invention fulfills this need, and further provides related
advantages.
[0006] The present invention provides a method for
fabricating a magnetoresistance sensor, and a magne-
toresistance sensor made by this approach. The meth-
od provides an optimized combination of maximized

electron specular reflection, and a high-quality, stable
interface with the underlying structure. The overlayer is
electrically nonconducting and serves as an effective
diffusion barrier protecting the sensor from deterioration
during device processing and fabrication. The dR/R per-
formance of the MR sensor is improved significantly as
compared with prior techniques. The approach is toler-
ant of a range in fabrication parameters.
[0007] In accordance with the invention, a method for
fabricating a magnetoresistance sensor comprises the
steps of providing a sensor structure including a free lay-
er deposited upon a lower layered structure, and depos-
iting an oxide structure overlying the free layer. The sen-
sor structure is preferably a giant magnetoresistance
sensor. The step of depositing the oxide structure in-
cludes the steps of depositing a buffer layer overlying
the free layer, the buffer layer being a buffer-layer metal
when deposited, and thereafter depositing an overlayer
overlying and contacting the buffer layer, the overlayer
being an overlayer metallic oxide of an overlayer metal.
The buffer layer is oxidized to form a buffer layer metallic
oxide. The oxide structure is preferably not less than
about 25 Angstroms thick.
[0008] The buffer-layer metal is preferably tantalum,
aluminum, titanium, zirconium, hafnium, yttrium, chro-
mium, magnesium or silicon (all of which for the present
purposes are considered metals). The overlayer metal
and the buffer-layer metal may be the same metal or
different metals.
[0009] The steps of oxidizing the buffer layer and de-
positing the overlayer are preferably performed at least
in part simultaneously. The step of oxidizing the buffer
layer may be continued at least in part after the step of
depositing the overlayer is complete, as by annealing
the magnetoresistance sensor including the buffer layer.
[0010] The buffer layer preferably has a thickness of
not less than about 5 Angstroms, and most preferably
from about 5 to about 25 Angstroms.
[0011] The oxidizing of the buffer layer preferably ox-
idizes not less than about 80 percent of the buffer-layer
thickness. Most preferably, the oxidizing of the buffer
layer oxidizes from about 90 to about 100 percent of the
buffer-layer thickness.
[0012] Most preferably, substantially none of the free
layer is oxidized.
[0013] The present approach ensures a high-quality
interface between the overlying oxide structure and the
underlying sensor structure. The nature of the interface
is well controlled, because the metallic buffer layer is
deposited and thereafter oxidized. By contrast, when an
oxide layer is deposited directly over the free layer, it is
difficult to control the amount of oxidation of the free lay-
er and the nature of the interface.
[0014] Other features and advantages of the present
invention will be apparent from the following more de-
tailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which il-
lustrate, by way of example, the principles of the inven-
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tion. The scope of the invention is not, however, limited
to this preferred embodiment.
[0015] In the drawings:

Figure 1 is a schematic diagram of a magnetic disk
data storage system;
Figure 2 is a block flow diagram of an approach for
fabricating a magnetoresistance sensor;
Figures 3-5 are schematic elevational views of the
sensor structure at various stages in the fabrication
processing of Figure 2;
Figures 6-8 are schematic elevational views of the
sensor structure with varying degrees of oxidation;
and
Figure 9 is a graph of GMR ratio as a function of
buffer layer thickness, for three different layered
GMR structures.

[0016] Figure 1 shows a data storage system, here
depicted as a magnetic disk drive system 20, with which
the present approach may be used. The magnetic disk
drive system 20 includes a rotatable magnetic storage
disk 22 that is supported on a spindle 24 and rotated by
a disk drive motor 26 under motor control 27 of a control
unit 44. A magnetic storage medium 28 is deposited on
a surface 30 of the magnetic storage disk 22.
[0017] A slider 32 is positioned in facing relation to the
magnetic storage disk 22. The slider 32 supports at least
one read/write head 34 in facing relation to the magnetic
storage medium 28 of the magnetic storage disk 22. The
slider 32 is mounted to an actuator arm 36 by a suspen-
sion 38. The actuator arm 36 and the slider 32 move
radially inwardly and outwardly so that the combined in-
ward/outward motion of the slider 32 and the rotation of
the magnetic storage disk 22 allows the read/write head
to be placed into facing relation to the entire area of the
magnetic storage medium. The actuator arm 36 is driv-
en by an actuator 40 (depicted as a voice coil motor or
VCM) under the radial position control 42 of the control
unit 44.
[0018] The suspension 38 generates a slight spring
force which biases the slider 32 toward the surface 30
of the magnetic storage disk 22. During sensor opera-
tion the magnetic storage disk 22 turns, and an air bear-
ing is created between the downwardly facing surface
of the slider 32, termed the air bearing surface 46 or
ABS, and the upwardly facing surface 30 of the magnet-
ic storage disk 22. (Only the downwardly oriented slider
is illustrated, but there may also or instead be an up-
wardly oriented slider facing the bottom side of the mag-
netic storage disk.) The air bearing counterbalances the
slight spring force of the suspension 38 and supports
the slider 32 a small distance above the surface 30 with
a small, substantially constant separation.
[0019] The read/write head 34 writes data onto the
magnetic storage medium 28 by altering magnetic
states in the magnetic storage medium, and also reads
data from the magnetic storage medium 28 by sensing

the magnetic states in the magnetic storage medium 28.
The writing and reading commands, as well as the data
to be written or read, are transmitted between the control
unit 44 and the read/write head 34 over a recording
channel 48. The present approach is concerned with a
magnetoresistance (MR) sensor structure 50 that is part
of the read/write head 34.
[0020] The preceding discussion is a simplified de-
scription of the data storage system in the form of the
magnetic disk drive system 20, to set the environment
in which the present invention is used. The present in-
vention is also applicable to other types of magnetic data
storage systems such as tape drives and their read/write
heads.
[0021] Figure 2 depicts a preferred approach for fab-
ricating the MR sensor structure 50, and Figures 3-5 il-
lustrate the structure at various stages in the fabrication
processing. A sensor structure 70 is provided, numeral
60. The sensor structure 70, shown in Figure 3, includes
a lower layered structure 72 and a free layer 74 depos-
ited upon the lower layered structure 72. Optionally, an
upper layered structure 76 is deposited upon the free
layer 74. The materials of construction and layer thick-
nesses of the lower layered structure 72, the free layer
74, and the upper layered structure 76 are known in the
art. The free layer 74 is typically made of a single layer
of a ferromagnetic material such as Co-Fe alloy, or two
or more sublayers of ferromagnetic materials. The sen-
sor structure 70 is preferably a giant magnetoresistance
(GMR) sensor structure, such as that described in US
Patent 5,436,778.
[0022] An oxide structure is deposited overlying the
free layer, numeral 62. The oxide structure desirably has
a thickness of not less than 25 Angstroms. The step 62
of depositing the oxide structure preferably several sub-
steps. A buffer layer 78 is deposited overlying the free
layer 74, numeral 64, producing the structure shown in
figure 4. The buffer layer 78 may be deposited directly
in contact with the free layer 74. If the optional upper
layered structure 76 is present, the buffer layer 78 is de-
posited contacting the upper layered structure 76.
[0023] The buffer layer 78 is a buffer-layer metal when
deposited in step 64. The buffer-layer metal preferably
has a greater affinity for oxygen than does the material
of the free layer 74. Preferred buffer-layer metals in-
clude aluminum and tantalum, but other buffer-layer
metals such as titanium, zirconium, hafnium, yttrium,
chromium, magnesium or silicon may also be used. The
buffer layer 78 is preferably deposited to have a thick-
ness of not less than about 5 Angstroms, and most pref-
erably is deposited to have a thickness of from about 10
to about 15 Angstroms. The buffer layer 78 may be de-
posited by any technique that is suitable for the selected
buffer-layer metal, with sputtering being preferred.
[0024] Thereafter, an overlayer 80 is deposited over-
lying and contacting the buffer layer 78, numeral 66 of
Figure 2. The structure with the deposited overlayer 80
is shown in Figure 5. The overlayer 80 is deposited as
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an overlayer metallic oxide of an overlayer metal. The
overlayer metal and the buffer-layer metal are prefera-
bly the same metal, but they may be different metals.
The overlayer 80 is preferably deposited to have a thick-
ness of not less than about 20 Angstroms, and most
preferably is deposited to have a thickness of from about
20 to about 50 Angstroms. The overlayer 80 may be de-
posited by any suitable technique, with reactive sputter-
ing being preferred.
[0025] The buffer layer 78 is oxidized, numeral 68 of
Figure 2, to form a buffer layer metallic oxide of the buff-
er-layer metal. The step 68 of oxidizing the buffer layer
78 is preferably performed at least in part simultaneous-
ly with the step 66 of depositing the overlayer 80. That
is, the overlayer deposition 66 is preferably performed
by a technique such as reactive sputtering in an oxidiz-
ing environment, resulting in simultaneous oxidation of
the buffer layer 78. The step 68 of oxidizing the buffer
layer 78 may be continued after the step 66 of depositing
the overlayer 80 is complete. For example, the buffer
layer 78 (and typically the entire structure at that stage)
is usually annealed after the step 66 of depositing the
overlayer 80 is complete to turn on the transverse bias-
ing of the free layer by the Pt-Mn pinning layer that is
part of the lowered layered structure 72, and there is
typically some further oxidation during the annealing.
These two oxidizing approaches may both be used, with
the high-temperature deposition 66 of the overlayer 80
accomplishing part of the oxidation of the buffer layer
78, followed by the subsequent annealing.
[0026] The completed oxide structure 82 of Figure 5
includes both the overlayer 80 and the buffer layer 78
converted to an oxide form. The oxide structure 82 de-
sirably has an oxide-layer thickness t1 of not less than
about 25 Angstroms, and the buffer-layer metallic oxide
78 (after oxidation) desirably has a buffer-layer thick-
ness t2 of not less than about 5 Angstroms and more
preferably from about 10 to about 15 Angstroms.
[0027] In any event, it is preferred that not less than
about 80 percent of the buffer-layer thickness is oxi-
dized. Most preferably from about 90 to about 100 per-
cent of the buffer-layer thickness is oxidized.
[0028] Figures 6-8 illustrate various possible extents
of the oxidation of the buffer layer 78. Preferably, sub-
stantially none of the free layer 74 is oxidized. Figure 6
depicts a situation wherein the oxidation of the buffer
layer 78 has been completed, and also some of the free
layer 74 has been oxidized to an oxidized free layer re-
gion 74a. This result is undesirable, because the sens-
ing ability of the free layer 74 is degraded, causing a
reduction in the functionality of the MR sensor structure
50.
[0029] A preferred case is illustrated in Figure 7,
wherein all (100 percent) of the buffer layer 78 is oxi-
dized, no more and no less. Because the initially depos-
ited buffer-layer metal of the buffer layer 78 is selected
to have a higher affinity for oxygen than does the metal
of the free layer 74, this preferred degree of oxidation is

readily achieved.
[0030] The partial oxidation of the buffer layer 78 il-
lustrated in Figure 8, producing an oxidized region 78a
that is less than the entire thickness of the buffer layer
78, is less desirable than the complete oxidation of Fig-
ure 7, but more desirable than the over-oxidation that
produces the partial oxidation of the free layer 74 as
shown in Figure 6.
[0031] The present invention has been reduced to
practice in several embodiments. The following multi-
layer MR sensor structures 50 were prepared over a
conventional lower layer structure: (1) CoFe/CoFeOx/
CuOx/Ta-buffer/TaOx-oxide; (2) CoFe/CoFeOx/Al-buff-
er/AlOx oxide; and (3) CoFe/NiFe/Al-buffer/AlOx-oxide/
Ta. Various thicknesses of the buffer layer 78 were pre-
pared. These specimens were tested for the GMR ratio
(dR/R) as a function of the buffer layer thickness, and
the results are depicted in Figure 9. The GMR ratio in-
creases significantly for a buffer-layer thickness of
greater than about 5 Angstroms and reaches a maxi-
mum in the range of buffer-layer thickness of about
10-15 Angstroms. For greater thicknesses of the buffer
layer, the GMR ratio falls, slightly for the Al-buffer spec-
imens and more rapidly for the Ta-buffer specimens. In
each case, however, the GMR ratio increases from less
than about 13 percent to 14-15 percent when the prop-
erly dimensioned buffer layer 78 is selected.
[0032] Although a particular embodiment of the inven-
tion has been described in detail for purposes of illus-
tration, various modifications and enhancements may
be made without departing from the spirit and scope of
the invention. Accordingly, the invention is not to be lim-
ited except as by the appended claims, as interpreted
by the description and drawings.

Claims

1. A method for fabricating a magnetoresistance sen-
sor, comprising the steps of

providing a sensor structure including a free
layer deposited upon a lower layered structure;
and
depositing an oxide structure overlying the free
layer, the step of depositing the oxide structure
including the steps of
depositing a buffer layer overlying the free lay-
er, the buffer layer being a buffer-layer metal
when deposited, thereafter
depositing an overlayer overlying and contact-
ing the buffer layer, the overlayer being an over-
layer metallic oxide of an overlayer metal, and
oxidizing the buffer layer to form a buffer layer
metallic oxide.

2. The method of claim 1, wherein the step of providing
a sensor structure includes the step of
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providing a giant magnetoresistance sensor
structure.

3. The method of claim 1, wherein the step of depos-
iting a buffer layer includes the step of

depositing the buffer-layer metal selected from
the group consisting of tantalum, aluminum, ti-
tanium, zirconium, hafnium, yttrium, chromium,
magnesium or silicon.

4. The method of claim 1 wherein the overlayer metal
and the buffer-layer metal are the same metal.

5. The method of claim 1 wherein the overlayer metal
and the buffer-layer metal are different metals.

6. The method of claim 1, wherein the steps of oxidiz-
ing the buffer layer and depositing the overlayer are
performed at least in part simultaneously.

7. The method of claim 1, wherein the step of oxidizing
the buffer layer is performed at least in part after the
step of depositing the overlayer is complete.

8. The method of claim 1, wherein the step of oxidizing
the buffer layer includes a step of

annealing the buffer layer after the step of de-
positing the overlayer is complete.

9. The method of claim 1, wherein the step of depos-
iting a buffer layer includes a step of

depositing the buffer layer having a thickness
of not less than about 5 Angstroms.

10. The method of claim 1, wherein the step of depos-
iting a buffer layer includes a step of

depositing the buffer layer having a thickness
of from about 10 to about 15 Angstroms.

11. The method of claim 1, wherein the buffer layer has
a buffer-layer thickness, and wherein the step of ox-
idizing the buffer layer includes the step of

oxidizing not less than about 80 percent of the
buffer-layer thickness.

12. The method of claim 1, wherein the buffer layer has
a buffer-layer thickness, and wherein the step of ox-
idizing the buffer layer includes the step of

oxidizing from about 90 to about 100 percent of
the buffer-layer thickness.

13. The method of claim 1, wherein the step of oxidizing

the buffer layer includes the step of

oxidizing substantially none of the free layer.

14. The method of claim 1, wherein the step of depos-
iting the oxide structure includes the step of

depositing the oxide structure having a thick-
ness of not less than about 25 Angstroms.

15. A method for fabricating a magnetoresistance sen-
sor, comprising the steps of

providing a giant magnetoresistance sensor
structure including a free layer deposited upon
a lower layered structure; and
depositing an oxide structure overlying the free
layer and having a thickness of not less than
about 25 Angstroms, the step of depositing an
oxide structure including the steps of

depositing a buffer layer overlying the free
layer, the buffer layer being a buffer-layer
metal when deposited and having a thick-
ness of not less than about 5 Angstroms,
thereafter
depositing an overlayer overlying and con-
tacting the buffer layer, the overlayer being
an overlayer metallic oxide of an overlayer
metal, and simultaneously
oxidizing the buffer layer to form a buffer
layer metallic oxide.

16. The method of claim 15, wherein the step of depos-
iting a buffer layer includes the step of

depositing the buffer-layer metal selected from
the group consisting of tantalum, aluminum, ti-
tanium, zirconium, hafnium, yttrium, chromium,
magnesium or silicon.

17. The method of claim 15 wherein the overlayer metal
and the buffer-layer metal are the same metal.

18. The method of claim 15 wherein the overlayer metal
and the buffer-layer metal are different metals.

19. The method of claim 15, wherein the step of depos-
iting a buffer layer includes a step of

depositing the buffer layer having a thickness
of from about 10 to about 15 Angstroms.

20. The method of claim 15, wherein the buffer layer
has a buffer-layer thickness, and wherein the step
of oxidizing the buffer layer includes the step of

oxidizing from about 90 to about 100 percent of
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the buffer-layer thickness.

21. The method of claim 15, wherein the step of oxidiz-
ing the buffer layer includes the step of

oxidizing substantially none of the free layer.
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