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(57) ABSTRACT 

Adual stripe magnetoresistive (DSMR) sensor element, and 
a method for fabricating the dual stripe magnetoresistive 
(DSMR) sensor element. When fabricating the dual stripe 
magnetoresistive (DSMR) sensor element While employing 
the method, there are employed tWo pair of patterned 
magnetic biasing layers formed of a single magnetic biasing 
material. The tWo pair of patterned magnetic biasing layers 
bias a pair of patterned magneto resistive (MR) layers in a 
pair of opposite canted directions. The method employs 
multiple thermal annealing methods one of Which employs 
a thermal annealing temperature, a thermal annealing expo 
sure time and an extrinsic magnetic bias ?eld such that a ?rst 
pair of transversely magnetically biased patterned magnetic 
biasing layers is not substantially demagnetiZed When form 
ing a second pair of transversely magnetically biased pat 
terned magnetic biasing layers of anti-parallel transverse 
magnetic bias direction to the ?rst pair of transversely 
magnetically biased patterned magnetic biasing layers. 

H2 

,H5 92x 
\ e 1/ H1 

I 24b" 
l 

m \ 1 §\ \ g 
240" 1* l 

l 

22/‘F i . 1 
: i 1 ' 
i l 18b!!! 
l 

i é/ // 1 l 

180"’ , 



Patent Application Publication Sep. 13, 2001 Sheet 1 0f 4 US 2001/0021087 A1 

mi§\\\\\\\\\\\\\\\\\\\\\i 12 

10 

FIG. 11 

H’! 

18b 

18c 
16 
14 

155m\\\\\\\\\\\\\\\\ \1 % 



Patent Application Publication Sep. 13, 2001 Sheet 2 0f 4 US 2001/0021087 A1 

l€TW29I 
240 W. 

HERE/24b 20 __\ ' 

FIG. 3 

FIG° 4 



Patent Application Publication Sep. 13, 2001 Sheet 3 0f 4 US 2001/0021087 A1 

24b’ 

17‘ / i / : 
240' l : 
22 p : I | 

1 I " ' l 
l' l 

i I 18b" 
1 

I ; M/ /: 
| /\ 7‘ l 

180" , 
1e~ 

FIG. 5) 
VH2 ,H3 9% 

\ 91 4/ H1 

I 24b’, 
I 

rw \ 1 !\ \ 1 
24-0" 1‘ l 

l 

22/‘F i . 1 
: i 1 ' 
i l 18b", 
l i é/ / [1/ 

l 
I 

18cm’u _ 

16/ 

FIG. 6 



Patent Application Publication Sep. 13, 2001 Sheet 4 0f 4 US 2001/0021087 A1 

30 

i, 0363M» CI, 

FIG¢ 17 



US 2001/0021087 A1 

CANTED LONGITUDINAL PATTERNED 
EXCHANGE BIASED DUAL-STRIPE 

MAGNETORESISTIVE (DSMR) SENSOR 
ELEMENT AND METHOD FOR FABRICATION 

THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to methods 
for fabricating magnetic sensor elements. More particularly, 
the present invention relates to methods for fabricating dual 
stripe magnetoresistive (DSMR) sensor elements With 
enhanced signal amplitudes. 

[0003] 2. Description of the Related Art 

[0004] The recent and continuing advances in computer 
and information technology have been made possible not 
only by the correlating advances in the functionality, reli 
ability and speed of semiconductor integrated circuits, but 
also by the correlating advances in the storage density and 
reliability of direct access storage devices (DASDs) 
employed in digitally encoded magnetic data storage and 
retrieval. 

[0005] Storage density of direct access storage devices 
(DASDs) is typically determined as areal storage density of 
a magnetic data storage medium formed upon a rotating 
magnetic data storage disk Within a direct access storage 
device (DASD) magnetic data storage enclosure. The areal 
storage density of the magnetic data storage medium is 
determined largely by the track Width, the track spacing and 
the linear magnetic domain density Within the magnetic data 
storage medium. The track Width, the track spacing and the 
linear magnetic domain density Within the magnetic data 
storage medium are in turn determined by several principal 
factors, including but not limited to: (1) the magnetic 
read-Write characteristics of a magnetic read-Write head 
employed in reading and Writing digitally encoded magnetic 
data from and into the magnetic data storage medium; (2) the 
magnetic domain characteristics of the magnetic data stor 
age medium; and (3) the separation distance of the magnetic 
read-Write head from the magnetic data storage medium. 

[0006] With regard to the magnetic read-Write character 
istics of magnetic read-Write heads employed in reading and 
Writing digitally encoded magnetic data from and into a 
magnetic data storage medium, it is knoWn in the art of 
magnetic read-Write head fabrication that magnetoresistive 
(MR) sensor elements employed Within magnetoresistive 
(MR) read-Write heads are generally superior to other types 
of magnetic sensor elements When employed in retrieving 
digitally encoded magnetic data from a magnetic data stor 
age medium. In that regard, magnetoresistive (MR) sensor 
elements are generally regarded as superior since magne 
toresistive (MR) sensor elements are knoWn in the art to 
provide high output digital read signal amplitudes, With 
good linear resolution, independent of the relative velocity 
of a magnetic data storage medium With respect to a mag 
netoresistive (MR) read-Write head having the magnetore 
sistive (MR) sensor element incorporated therein. Within the 
general category of magnetoresistive (MR) sensor elements, 
dual stripe magnetoresistive (DSMR) sensor elements, and 
in particular longitudinal patterned exchange biased dual 
stripe magnetoresistive (DSMR) sensor elements, are pres 
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ently of considerable interest insofar as the multiple mag 
netically biased magnetoresistive (MR) layers employed 
Within longitudinally patterned exchange biased dual stripe 
magnetoresistive (DSMR) sensor elements typically provide 
enhanced magnetic read signal amplitude and ?delity in 
comparison With, for example, soft adjacent layer (SAL) 
magnetoresistive (MR) sensor elements. 

[0007] While longitudinal patterned exchange biased dual 
stripe magnetoresistive (DSMR) sensor elements are thus 
desirable Within the art of digitally encoded magnetic data 
storage and retrieval, longitudinal patterned exchange biased 
dual stripe magnetoresistive (DSMR) sensor elements are 
nonetheless not entirely Without problems Within the art of 
digitally encoded magnetic data storage and retrieval. In 
particular, as a data track Width Within a magnetic medium 
employed Within digitally encoded magnetic data storage 
and retrieval decreases, it becomes increasingly important 
that a read track Width Within a longitudinal patterned 
exchange biased dual stripe magnetoresistive (DSMR) sen 
sor element employed in reading the data Within the data 
track be uniformly magnetically biased. Uniform magnetic 
bias pro?les are desirable Within read track Widths of 
longitudinal patterned exchange biased dual stripe magne 
toresistive (DSMR) sensor elements since such uniform 
magnetic bias pro?les provide for optimal magnetic read 
signal amplitudes Within such longitudinal patterned 
exchange biased dual stripe magnetoresistive (DSMR) sen 
sor elements. 

[0008] It is thus toWards the goal of providing, for use 
Within magnetic data storage and retrieval, a longitudinal 
patterned exchange biased dual stripe magnetoresistive 
(DSMR) sensor element With a uniform magnetic bias 
pro?le across a read track Width of the longitudinal patterned 
exchange biased dual stripe magnetoresistive (DSMR) sen 
sor element that the present invention is most generally 
directed. 

[0009] Various methods and resultant magnetic sensor 
element structures have been disclosed in the art of magnetic 
sensor element fabrication for forming magnetically biased 
magnetic sensor elements With enhanced functionality, 
enhanced reliability or other desirable properties. 

[0010] For example, general considerations pertinent to 
both intrinsic and extrinsic longitudinal magnetic biasing of 
magnetoresistive (MR) layers Within magnetoresistive (MR) 
sensor elements, including but not limited to dual stripe 
magnetoresistive (DSMR) sensor elements, are disclosed 
Within Ashar, Magnetic Disk Drive Technology: Heads, 
Media, Channel, Interfaces and Integration, IEEE, Inc., NeW 
York, 1997, pp. 142-46. 

[0011] In addition, several disclosures speci?cally 
directed toWards improved magnetic biasing Within single 
stripe magnetoresistive (SSMR) sensor elements may also 
be found Within the art of magnetoresistive (MR) sensor 
element fabrication. Included Within such disclosures are: 
(1) Kuriyama, in Us. Pat. No. 5,592,082 (a single stripe 
magnetoresistive (SSMR) sensor element employing a mag 
netoresistive (MR) layer having formed thereupon a series 
of patterned permanent magnet biasing layers Which are 
formed at an angle of about 45 degrees With respect to a 
major axis of the magnetoresistive (MR) layer to attenuate 
noise Within the magnetoresistive (MR) layer); and (2) Kung 
et al., in US. Pat. No. 5,680,281 (a single stripe magnetore 
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sistive (MR) sensor element Which may be magnetically 
biased employing only a uniaxial anisotropy of a magne 
toresistive (MR) layer and a shape anisotropy of an active 
region of the magnetoresistive (MR) layer). 

[0012] Further, several disclosures speci?cally directed 
toWards improved magnetic biasing Within soft adjacent 
layer (SAL) magnetoresistive (MR) sensor elements may 
also be found Within the art of magnetic sensor element 
fabrication. Included Within such disclosures are: (1) Chen 
et al., in US. Pat. No. 5,285,339 (a soft adjacent layer (SAL) 
magnetoresistive (MR) sensor element formed employing a 
magnetoresistive (MR) layer formed from a magnetic mate 
rial having a loW uniaxial magnetic anisotropy separated 
from a magnetic biasing soft adjacent layer (SAL) formed 
from a magnetic material having a high uniaxial magnetic 
anisotropy); (2) Chen et al., in US. Pat. No. 5,325,253 (a 
soft adjacent layer (SAL) magnetoresistive (MR) sensor 
element employing a pair of patterned antiferromagnetic 
magnetic biasing layers formed upon a pair of opposite ends 
of a magnetoresistive (MR) layer, Where the pair of pat 
terned antiferromagnetic magnetic biasing layers has a 
canted exchange bias ?eld With respect to the magnetore 
sistive (MR) layer); and (3) Gill et al., in US. Pat. No. 
5,508,866 (a soft adjacent layer (SAL) magnetoresistive 
(MR) sensor element Where the soft adjacent layer (SAL) is 
further magnetically biased and stabiliZed by an antiferro 
magnetic magnetic bias layer of nickel oxide). 

[0013] Finally, several disclosures Which are directed 
more speci?cally toWards dual stripe magnetoresistive 
(DSMR) sensor elements, and may include longitudinal 
magnetic biasing considerations of such dual stripe magne 
toresistive (DSMR) sensor elements, may also be found 
Within the art of magnetoresistive (MR) sensor element 
fabrication. Included Within such disclosures are: (1) Smith, 
in US. Pat. No. 5,406,433 (a dual stripe magnetoresistive 
(DSMR) sensor element Where each magnetoresistive (MR) 
layer is fabricated With a height at least ten times a track 
Width of the dual stripe magnetoresistive (DSMR) sensor 
element, such that the dual stripe magnetoresistive (DSMR) 
sensor element may be employed for sensing magnetic 
signals of increased linear density and decreased track 
spacing); and (2) Shi et al., in US. Pat. No. 5,684,658 (a dual 
stripe magnetoresistive (DSMR) sensor element Where a 
?rst trackWidth of a ?rst magnetoresistive (MR) layer is 
physically offset from a second trackWidth of a second 
magnetoresistive (MR) layer, to provide in conjunction With 
an electromagnetic bias direction of the tWo magnetoresis 
tive (MR) layers variable off-track performance character 
istics of the dual stripe magnetoresistive (DSMR) sensor 
element). 
[0014] Desirable Within the art of longitudinal patterned 
exchange biased dual stripe magnetoresistive (DSMR) sen 
sor element fabrication are additional methods and materials 
Which may be employed for forming longitudinal patterned 
exchange biased dual stripe magnetoresistive (DSMR) sen 
sor elements With enhanced magnetic bias uniformity of the 
longitudinal patterned exchange biased dual stripe magne 
toresistive (DSMR) sensor elements Within the trackWidths 
of the longitudinal patterned exchange biased dual stripe 
magnetoresistive (DSMR) sensor elements. 

[0015] It is toWards the foregoing object that the present 
invention is directed. 
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SUMMARY OF THE INVENTION 

[0016] A ?rst object of the present invention is to provide 
a longitudinal patterned exchange biased dual stripe mag 
netoresistive (DSMR) sensor element, and a method for 
fabricating the longitudinal patterned exchange biased dual 
stripe magnetoresistive (DSMR) sensor element, Where the 
longitudinal patterned exchange biased dual stripe magne 
toresistive (DSMR) sensor element has an enhanced mag 
netic bias pro?le uniformity Within a trackWidth of the 
longitudinal patterned exchange biased dual stripe magne 
toresistive (DSMR) sensor element. 

[0017] A second object of the present invention is to 
provide a longitudinal patterned exchange biased dual stripe 
magnetoresistive (DSMR) sensor element and a method for 
fabricating the longitudinal patterned exchange biased dual 
stripe magnetoresistive (DSMR) sensor element in accord 
With the ?rst object of the present invention, Which method 
is readily commercially implemented. 

[0018] In accord With the objects of the present invention, 
there is provided by the present invention a longitudinal 
patterned exchange biased dual stripe magnetoresistive 
(DSMR) sensor element and a method for fabricating the 
longitudinal patterned exchange biased dual stripe magne 
toresistive (DSMR) sensor element. To practice the method 
of the present invention, there is ?rst provided a substrate. 
There is then formed over the substrate a patterned ?rst 
magnetoresistive layer. There is then formed contacting a 
pair of opposite ends of the patterned ?rst magnetoresistive 
(MR) layer a pair of patterned ?rst magnetic biasing layers, 
Where the pair of patterned ?rst magnetic biasing layers is 
biased in a ?rst transverse magnetic bias direction substan 
tially perpendicular With a ?rst axis of the patterned ?rst 
magnetoresistive (MR) layer Which separates the pair of 
patterned ?rst magnetic biasing layers. There is then formed 
separated from the patterned ?rst magnetoresistive (MR) 
layer by a non-magnetic spacer layer a patterned second 
magnetoresistive (MR) layer. There is then formed contact 
ing a pair of opposite ends of the patterned second magne 
toresistive (MR) layer a pair of patterned second magnetic 
biasing layers separated by a second axis of the patterned 
second magnetoresistive (MR) layer Which is substantially 
parallel With the ?rst axis of the patterned ?rst magnetore 
sistive (MR) layer, Where the pair of patterned second 
magnetic biasing layers is biased in a second transverse 
magnetic bias direction substantially anti-.parallel With the 
?rst transverse magnetic bias direction. Within the method 
of the present invention, the pair of patterned ?rst magnetic 
biasing layers and the pair of patterned second magnetic 
biasing layers are formed of a single magnetic biasing 
material. Similarly, Within the method of the present inven 
tion, the pair of patterned second magnetic biasing layers is 
biased employing a ?rst thermal annealing method employ 
ing a ?rst thermal annealing temperature, a ?rst thermal 
annealing exposure time and a ?rst extrinsic magnetic bias 
?eld strength such that the pair of patterned second magnetic 
biasing layers is biased in the second transverse magnetic 
bias direction While the pair of patterned ?rst magnetic 
biasing layers is not substantially demagnetiZed from the 
?rst transverse magnetic bias direction While forming a pair 
of partially demagnetiZed patterned ?rst magnetic biasing 
layers from the pair of patterned ?rst magnetic biasing 
layers. Finally, there is then annealed thermally the substrate 
While employing a second thermal annealing method 
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employing a second thermal annealing temperature, a sec 
ond thermal annealing exposure time and a second extrinsic 
magnetic bias ?eld substantially parallel With the ?rst axis 
and the second axis such that the ?rst transverse magnetic 
bias direction of the pair of partially demagnetiZed patterned 
?rst magnetic biasing layers is canted in the direction of the 
second extrinsic magnetic bias ?eld to form a pair of canted 
partially demagnetiZed patterned ?rst magnetic biasing lay 
ers and the second transverse bias direction of the patterned 
second magnetic biasing layers is canted in the direction of 
the second extrinsic magnetic bias ?eld to form a pair of 
canted patterned second magnetic biasing layers. 

[0019] The method of the present invention contemplates 
a magnetically biased dual stripe magnetoresistive (DSMR) 
sensor element fabricated in accord With the method of the 
present invention. 

[0020] The present invention provides a magnetically 
biased dual stripe magnetoresistive (DSMR) sensor element, 
and a method for fabricating the magnetically biased dual 
stripe magnetoresistive (DSMR) sensor element, Where the 
magnetically biased dual stripe magnetoresistive (DSMR) 
sensor element has an enhanced magnetic bias pro?le uni 
formity Within a read trackWidth of the magnetically biased 
dual stripe magnetoresistive (DSMR) sensor element. The 
present invention realiZes the foregoing object by employing 
When forming the magnetically biased dual stripe magne 
toresistive (DSMR) sensor element a ?rst magnetoresistive 
(MR) layer biased employing a pair of canted partially 
demagnetiZed patterned ?rst magnetic biasing layers and a 
second magnetoresistive (MR) layer biased employing a pair 
of canted patterned second magnetic biasing layers, Where 
the foregoing tWo pair of canted magnetic biasing layers are 
canted in opposite directions. 

[0021] The method of the present invention is readily 
commercially implemented. The method of the present 
invention employs thermal annealing methods Which are 
generally knoWn in the art of magnetoresistive (MR) sensor 
element fabrication. Since it is a process control Within the 
present invention Which provides at least in part the method 
of the present invention, rather than the existence of methods 
and materials Which provides the present invention, the 
method of the present invention is readily commercially 
implemented. 
[0022] Advantageously, a magnetically biased dual stripe 
magnetoresistive (DSMR) sensor element formed in accord 
With the method of the present invention is formed With a 
pair of patterned ?rst magnetic biasing layers and a pair of 
patterned second magnetic biasing layers formed of a single 
magnetic biasing material, since a pair of patterned second 
magnetic biasing layers is transversely magnetically biased 
in a second magnetic bias direction employing a thermal 
annealing method employing a thermal annealing tempera 
ture, a thermal annealing exposure time and an extrinsic 
magnetic bias ?eld strength such that a pair of patterned ?rst 
magnetic biasing layers is not appreciably demagnetiZed 
from a ?rst magnetic bias direction anti-parallel the second 
magnetic bias direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The objects, features and advantages of the present 
invention are understood Within the context of the Descrip 
tion of the Preferred Embodiment, as set forth beloW. The 
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Description of the Preferred Embodiment is understood 
Within the context of the accompanying draWings, Which 
form a material part of this disclosure, Wherein: 

[0024] FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6 and 
FIG. 7 shoW a series of schematic air bearing surface (ABS) 
vieW and schematic perspective vieW diagrams illustrating 
the results of progressive stages in forming a merged induc 
tive magnetic Write dual stripe magnetoresistive (DSMR) 
read magnetic read-Write head having formed therein a dual 
stripe magnetoresistive (DSMR) sensor element in accord 
With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0025] The present invention provides a method for fab 
ricating a magnetically biased dual stripe magnetoresistive 
(DSMR) sensor element, and a magnetically biased dual 
stripe magnetoresistive (DSMR) sensor element fabricated 
in accord With the method, Where the magnetically biased 
dual stripe magnetoresistive (DSMR) sensor element is 
fabricated employing tWo pair of patterned magnetic biasing 
layers formed of a single magnetic biasing material, and 
Where the tWo pair of patterned magnetic biasing layers bias 
a pair of patterned magnetoresistive (MR) layers in oppo 
sitely canted directions. Within the method of the method of 
the present invention, When transversely magnetically bias 
ing a second pair of patterned magnetic biasing layers Within 
the tWo pair of patterned magnetic biasing layers in a second 
transverse magnetic bias direction there is employed a 
thermal annealing method employing a thermal annealing 
temperature, a thermal annealing exposure time and an 
extrinsic magnetic bias ?eld strength such that there is not 
appreciably demagnetiZed a ?rst pair of patterned magnetic 
biasing layers Which have previously been transversely 
magnetically biased in a ?rst transverse magnetic bias 
direction antiparallel the second transverse magnetic bias 
direction. 

[0026] Although the preferred embodiment of the present 
invention illustrates the present invention Within the context 
of fabricating a merged inductive magnetic Write dual stripe 
magnetoresistive (DSMR) read magnetic read-Write head 
Which is most likely to be employed Within digitally 
encoded magnetic data storage and retrieval, a longitudi 
nally magnetically biased dual stripe magnetoresistive 
(DSMR) sensor element fabricated in accord With the 
method of the present invention may be employed Within 
magnetic sensor applications including but not limited to 
digital magnetic sensor applications and analog magnetic 
sensor applications employing magnetic heads including but 
not limited to merged inductive magnetic Write dual stripe 
magnetoresistive (DSMR) read magnetic read-Write heads, 
non-merged inductive magnetic Write dual stripe magnetore 
sistive (DSMR) read magnetic read-Write heads, and read 
only dual stripe magnetoresistive (DSMR) read heads. 

[0027] Referring noW to FIG. 1 to FIG. 7, there is shoWn 
a series of schematic air bearing surface (ABS) vieW and 
schematic perspective vieW diagrams illustrating the results 
of progressive stages in fabrication of a merged inductive 
magnetic Write dual stripe magnetoresistive (DSMR) read 
magnetic read-Write head having fabricated therein a mag 
netically biased dual stripe magnetoresistive (DSMR) sensor 
element in accord With the present invention. ShoWn in FIG. 
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1 is a schematic air bearing surface (ABS) vieW diagram of 
the merged inductive magnetic Write dual stripe magnetore 
sistive (DSMR) read magnetic read-Write head at an early 
stage in its fabrication in accord With the method of the 
present invention. 

[0028] ShoWn in FIG. 1 is a substrate 10 having formed 
thereupon a blanket ?rst shield layer 12 Which in turn has 
formed thereupon a blanket ?rst non-magnetic spacer layer 
14. Within the preferred embodiment of the present inven 
tion, the substrate 10, the blanket ?rst shield layer 12 and the 
blanket ?rst non-magnetic spacer layer 14 may be formed 
employing methods and materials as are conventional in the 
art of magnetoresistive (MR) sensor element fabrication. 

[0029] For example, although it is knoWn in the art of 
magnetoresistive (MR) sensor element fabrication that sub 
strates are typically formed from non-magnetic ceramic 
materials such as but not limited to oxides, nitrides, borides, 
carbides and mixtures of oxides, nitrides, borides and car 
bides, for the preferred embodiment of the present invention, 
the substrate 10 is preferably formed from a non-magnetic 
aluminum oxide/titanium carbide ceramic material. Prefer 
ably, the substrate 10 so formed is formed With suf?cient 
dimensions to alloW the substrate 10 to be fabricated into a 
slider employed Within a direct access storage device 
(DASD) magnetic data storage enclosure employed Within 
digitally encoded magnetic data storage and retrieval, 
although, as noted above, a magnetoresistive (MR) sensor 
element formed in accord With the present invention may be 
employed Within other digital magnetic data storage and 
transduction applications, as Well as analog magnetic data 
storage and transduction applications. 

[0030] Similarly, although it is also knoWn in the art of 
magnetoresistive (MR) sensor element fabrication that 
shield layers may be formed from any of several-soft 
magnetic materials, including but not limited to permalloy 
(ie: nickel-iron alloy) soft magnetic materials and higher 
order alloy soft magnetic materials incorporating permalloy 
soft magnetic materials (ie: nickel-iron-rhodium soft mag 
netic: materials and nickel-iron-chromium soft magnetic 
materials), for the preferred embodiment of the present 
invention, the blanket ?rst shield layer 12 is preferably 
formed of a permalloy (ie: nickel-iron 80:20 W/W) soft 
magnetic material or cobalt-niobium-hafnium soft magnetic 
material. Preferably, the blanket ?rst shield layer 12 is 
formed to a thickness of from about 10000 to about 30000 
angstroms. 

[0031] Finally, Within the preferred embodiment of the 
present invention With respect to the blanket ?rst non 
magnetic spacer layer 14, although the blanket ?rst non 
magnetic spacer layer 14 may be formed employing meth 
ods and materials as are conventional in the art of 
magnetoresistive (MR) sensor element fabrication, includ 
ing but not limited to chemical vapor deposition (CVD) 
methods, plasma enhanced chemical vapor deposition 
(PECVD) methods and physical vapor deposition (PVD) 
sputtering methods through Which may be formed non 
magnetic spacer layers of non-magnetic spacer materials 
including but not limited to conductor non-magnetic spacer 
materials and dielectric non-magnetic spacer materials (such 
dielectric non-magnetic spacer materials including but not 
limited to silicon oxide dielectric materials, silicon nitride 
dielectric materials, nitrogenated carbon dielectric materials 
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and aluminum oxide dielectric materials), for the preferred 
embodiment of the present invention, the blanket ?rst non 
magnetic spacer layer 14 is preferably formed of an alumi 
num oxide non-magnetic dielectric spacer material depos 
ited employing a physical vapor deposition (PVD) 
sputtering method, as is most common in the art of magne 
toresistive (MR) sensor element fabrication. Preferably, the 
blanket ?rst non-magnetic spacer layer 14 so formed is 
formed to a thickness of from about 200 to about 2000 
angstroms. 

[0032] Although not completely illustrated Within the 
schematic air-bearing surface (ABS) vieW diagram of FIG. 
1, there is also shoWn Within FIG. 1 formed upon the blanket 
?rst non-magnetic spacer layer 14 a patterned ?rst magne 
toresistive (MR) layer 16. Typically and preferably, the 
patterned ?rst magnetoresistive (MR) layer 16 is formed 
from a magnetoresistive (MR) material analogous or equiva 
lent to the soft magnetic material employed for forming the 
blanket ?rst shield layer 12. Preferably, the patterned ?rst 
magnetoresistive (MR) layer 16 is formed upon the blanket 
?rst non-magnetic spacer layer 14 from a permalloy (nickel 
iron, 80:20, W/W) magnetoresistive material to a thickness of 
from about 60 to about 300 angstroms. 

[0033] Finally, there is also shoWn Within the schematic 
air-bearing surface (ABS) vieW diagram of FIG. 1 a pair of 
patterned ?rst magnetic biasing layers 18a and 18b formed 
upon a pair of opposite ends of the patterned ?rst magne 
toresistive (MR) layer 16 to de?ne a ?rst trackWidth TW1 of 
the patterned ?rst magnetoresistive (MR) layer 16. Prefer 
ably, the ?rst trackWidth TW1 is from about 0.3 to about 3 
microns. The pair of patterned ?rst magnetic biasing layers 
18a and 18b may be formed of antiferromagnetic magnetic 
biasing materials (such as but not limited to iron-manganese 
alloy antiferromagnetic magnetic biasing materials and 
nickel-manganese antiferromagnetic magnetic biasing mate 
rials). 
[0034] Although not illustrated Within the schematic air 
bearing surface (ABS) vieW diagram of FIG. 1, there is 
typically and preferably also formed coextensively upon the 
pair of patterned ?rst magnetic biasing layers 18a and 18b 
a pair of patterned ?rst conductor lead layers. Illustration of 
the pair of patterned ?rst conductor lead layers is omitted 
from the schematic air bearing surface (ABS) vieW diagram 
of FIG. 1, in order to provide clarity. Typically and prefer 
ably, the pair of patterned ?rst conductor lead layers may be 
formed immediately on top of the pair of patterned ?rst 
magnetic biasing layers 18a and 18b While employing the 
same mask. Typically and preferably, each patterned ?rst 
conductor lead layer is formed to a thickness of from about 
200 to about 1000 angstroms While employing a conductor 
lead material as is conventional in the art of magnetoresis 
tive (MR) sensor element fabrication, such a conductor lead 
material being selected from the group of conductor lead 
materials including but not limited to aluminum, aluminum 
alloy, copper, copper alloy, tungsten, tungsten alloy, gold 
and gold alloy conductor lead materials. 

[0035] Finally, although the schematic air-bearing surface 
(ABS) vieW diagram of FIG. 1 illustrates the pair of 
patterned ?rst magnetic biasing layers 18a and 18b formed 
upon the patterned ?rst magnetoresistive layer 16, it is also 
feasible Within the present invention that a pair of patterned 
?rst magnetic biasing layers, such as the pair of patterned 
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?rst magnetic biasing layers 18a and 18b, either abuts or is 
formed beneath a patterned ?rst magnetoresistive (MR) 
layer, such as the patterned ?rst magnetoresistive (MR) layer 
16, provided that the pair of patterned ?rst magnetic biasing 
layers contacts a pair of opposite ends of the patterned ?rst 
magnetoresistive (MR) layer to at least in part assist in 
de?ning a ?rst trackWidth of the patterned ?rst magnetore 
sistive (MR) layer. 

[0036] Referring noW to FIG. 2, there is shoWn a sche 
matic perspective vieW diagram illustrating the results of 
further processing of the merged inductive magnetic Write 
dual stripe magnetoresistive (DSMR) read magnetic read 
Write head Whose schematic air bearing surface (ABS) vieW 
diagram is illustrated in FIG. 1. ShoWn in FIG. 2 is a 
schematic perspective vieW diagram of a merged inductive 
magnetic Write dual stripe magnetoresistive (DSMR) read 
magnetic read-Write head otherWise equivalent to the 
merged inductive magnetic Write dual stripe magnetoresis 
tive (DSMR) read magnetic read-Write head Whose sche 
matic air bearing surface (ABS) vieW diagram is illustrated 
in FIG. 1, but Wherein the patterned ?rst magnetic biasing 
layers 18a and 18b are transversely magnetically biased by 
thermal annealing under the in?uence of a ?rst extrinsic 
magnetic bias ?eld H1 to transversely magnetically bias the 
pair of patterned ?rst magnetic biasing layers 18a and 18b 
in a direction substantially perpendicular With a major axis 
of the patterned ?rst magnetoresistive (MR) layer 16 Which 
separates the pair of patterned ?rst magnetic biasing layers 
18a and 18b, thus forming from the pair of patterned ?rst 
magnetic biasing layers 18a and 18b a pair of transversely 
magnetically biased patterned ?rst magnetic biasing layers 
18a’and 18b’. 

[0037] Although the preferred embodiment of the present 
invention illustrates the transverse magnetic biasing of the 
pair of patterned ?rst magnetic biasing layers 18a and 18b 
to form the transversely magnetically biased patterned ?rst 
magnetic biasing layers 18a’and 18b’by employing the ?rst 
extrinsic magnetic bias ?eld H1 While employing a thermal 
annealing method after forming the pair of patterned ?rst 
magnetic biasing layers 18a and 18b, it is also feasible 
Within the method of the present invention that the trans 
versely magnetically biased patterned ?rst magnetic biasing 
layers 18a’and 18b’may be formed directly incident to 
forming the patterned ?rst magnetic biasing layers, 18a and 
18b Within the ?rst external magnetic bias ?eld H1 When 
originally forming the pair of patterned ?rst magnetic bias 
ing layers 18a and 18b. 

[0038] Within the preferred embodiment of the present 
invention, the transversely magnetically biased patterned 
?rst magnetic biasing layers 18a’and 18b’are preferably 
formed employing a thermal annealing method Wherein the 
merged inductive magnetic Write dual stripe magnetoresis 
tive (DSMR) read magnetic read-Write head Whose sche 
matic air bearing surface (ABS) vieW diagram is illustrated 
in FIG. 1 is thermally annealed Within the ?rst extrinsic 
magnetic bias ?eld H1 of strength from about 100 to about 
5000 oersteds for a time period of from about 1 to about 10 
hours minutes and a temperature of about 290 to about 350 
degrees centigrade, under circumstances Where the patterned 
?rst magnetic biasing layers 18a and 18b are each formed of 
a nickel-manganese (50:50, W/W) antiferromagnetic longi 
tudinal magnetic-biasing material as is conventional in the 
art of magnetoresistive sensor element fabrication. More 
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preferably, and although not speci?cally illustrated Within 
the schematic cross-sectional diagram of FIG. 2, the trans 
versely magnetically biased patterned ?rst magnetic biasing 
layers 18a’and 18b’are preferably formed employing a ther 
mal annealing method Wherein the merged inductive mag 
netic Write dual stripe magnetoresistive (DSMR) read mag 
netic read-Write head Whose schematic air bearing surface 
vieW diagram is illustrated in FIG. 1, but over Which is 
formed a patterned second magnetoresistive (MR) layer, is 
thermally annealed Within the ?rst magnetic bias ?eld H1 
employing the above recited conditions. Under such circum 
stances both the patterned ?rst magnetoresistive layer 16 and 
the patterned second magnetoresistive (MR) layer Will expe 
rience equivalent levels of thermal annealing and thus most 
likely have matched and equivalent resistances. 

[0039] Although the schematic perspective vieW diagram 
of FIG. 2 illustrates the transversely magnetically biased 
patterned ?rst longitudinal magnetic biasing layers 18a’and 
18b’nominally completely perpendicular With a major axis 
of the patterned magnetoresistive (MR) layer 16 Which 
separates the pair of transversely magnetically biased pat 
terned ?rst magnetic biasing layers 18a’and 18b’, it is 
understood by a person skilled in the art that the transversely 
magnetically biased patterned ?rst magnetic biasing layers 
18a’and 18b’Will typically be at least substantially perpen 
dicular to the major axis of the patterned ?rst magnetore 
sistive (MR) layer 16 Which separates the pair of trans 
versely magnetic biased patterned ?rst magnetic biasing 
layers 18a’and 18b‘. Such substantial alignment is typical 
incident to thermal annealing methods and magnetically 
assisted deposition methods as are conventional in the art of 
magnetoresistive (MR) sensor element fabrication. Simi 
larly, although the schematic perspective vieW diagram of 
FIG. 2 illustrates the transverse magnetic biasing of the pair 
of transversely magnetically biased patterned ?rst magnetic 
biasing layers 18a’and 18b’typically and preferably Within a 
plane parallel to the plane of the patterned magnetoresistive 
(MR) layer 16, there may occasionally, but not desirably, be 
some divergence from that plane incident to variations 
Within thermal annealing methods and magnetically assisted 
deposition methods as are conventional in the art of mag 
netoresistive (MR) sensor element fabrication. 

[0040] Referring noW to FIG. 3, there is shoWn a sche 
matic air bearing surface (ABS) vieW diagram illustrating 
the results of further processing of the merged inductive 
magnetic Write dual stripe magnetoresistive (DSMR) read 
magnetic read-Write head Whose schematic perspective vieW 
diagram is illustrated in FIG. 2. ShoWn in FIG. 3 is a 
schematic air bearing surface (ABS) vieW diagram of a 
merged inductive magnetic Write dual stripe magnetoresis 
tive (DSMR) read magnetic Write-head otherWise equivalent 
to the merged inductive magnetic Write dual stripe magne 
toresistive (DSMR) read magnetic read-Write head Whose 
schematic perspective vieW diagram is illustrated in FIG. 2, 
but Wherein: (1) there is formed upon the pair of transversely 
magnetically biased patterned ?rst magnetic biasing layers 
18a’and 18b’and upon the ?rst trackWidth TW1 of the 
patterned ?rst magnetoresistive (MR) layer 16 a blanket 
second non-magnetic spacer layer 20; (2) there is formed 
upon the blanket second non-magnetic spacer layer 20 a 
patterned second magnetoresistive (MR) layer 22; and (3) 
there is formed upon the patterned second magnetoresistive 
(MR) layer 22 a pair of patterned second magnetic biasing 
layers 24a and 24b Which de?ne a second trackWidth TW2 
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of the patterned second magnetoresistive (MR) layer 22. 
Preferably, the second trackWidth TW2 is of a Width and 
alignment corresponding With the ?rst trackWidth TW1. 
Similarly, although not speci?cally illustrated Within the 
schematic air bearing surface (ABS) vieW diagram of FIG. 
3, the patterned second magnetoresistive (MR) layer 22 is 
preferably, although not necessarily, substantially aligned 
With the patterned ?rst magnetoresistive (MR) layer 16. 

[0041] Within the preferred embodiment of the present 
invention, the blanket second non-magnetic spacer layer 20 
is preferably formed employing methods, materials and 
dimensions analogous or equivalent to the methods, mate 
rials and dimensions employed for forming the blanket ?rst 
non-magnetic spacer layer 14. Similarly, Within the pre 
ferred embodiment of the present invention, the patterned 
second magnetoresistive (MR) layer 22 is preferably formed 
employing methods, materials and dimensions analogous or 
equivalent to the methods, materials and dimensions 
employed for forming the patterned ?rst magnetoresistive 
(MR) layer 16. Finally, Within the preferred embodiment of 
the present invention, the pair of patterned second magnetic 
biasing layers 24a and 24b is preferably formed employing 
methods, materials and dimensions analogous or equivalent 
to the methods, materials and dimensions employed for 
forming the pair of patterned ?rst magnetic biasing layers 
18a and 18b. In particular, the pair of patterned second 
magnetic biasing layers 24a and 24b and the pair of pat 
terned ?rst magnetic biasing layers 18a and 18b are formed 
of a single magnetic biasing material. Analogously With the 
patterned ?rst magnetic biasing layers 18a and 18b, and 
similarly also not illustrated Within the schematic air bearing 
surface (ABS) vieW diagram of FIG. 3, the pair of patterned 
second magnetic biasing layers 24a and 24b also preferably 
has formed and aligned thereupon, While similarly also 
preferably employing a lift off method, a pair of patterned 
second conductor lead layers. 

[0042] Referring noW to FIG. 4, there is shoWn a sche 
matic perspective vieW diagram illustrating the results of 
further processing of the merged inductive magnetic Write 
dual stripe magnetoresistive (DSMR) read magnetic read 
Write head Whose schematic air bearing surface (ABS) vieW 
diagram is illustrated in FIG. 3. ShoWn in FIG. 4 is a 
schematic perspective vieW diagram of a merged inductive 
magnetic Write dual stripe magnetoresistive (DSMR) read 
magnetic read-Write head otherWise equivalent to the 
merged inductive magnetic Write dual stripe magnetoresis 
tive (DSMR) read magnetic read-Write head Whose sche 
matic air bearing surface (ABS) vieW diagram is illustrated 
in FIG. 3, but Wherein the patterned second magnetic 
biasing layers 24a and 24b have been transversely magneti 
cally biased While employing a second extrinsic magnetic 
bias ?eld H2 anti-parallel to the ?rst extrinsic magnetic bias 
?eld H1 as illustrated Within the schematic perspective vieW 
diagram of FIG. 2, to provide the transversely magnetically 
biased patterned second magnetic biasing layers 24a’and 
24b’. 

[0043] Within the preferred embodiment of the present 
invention, the patterned second magnetic biasing layers 24a 
and 24b are transversely magnetically biased substantially 
anti-parallel With respect to the transversely magnetically 
biased patterned ?rst magnetic biasing layers 18a’and 18b ’as 
illustrated in FIG. 2, While employing a second thermal 
annealing method Which employs a second thermal anneal 
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ing temperature and a second thermal annealing exposure 
time, in conjunction With the second extrinsic magnetic bias 
?eld H2 of appropriate magnetic ?eld strength, such that the 
pair of patterned second magnetic biasing layers 24a and 
24b is transversely magnetically biased to form the pair of 
transversely magnetically biased patterned second magnetic 
biasing layers 24a’and 24b’While not substantially de-mag 
netiZing the pair of transversely magnetically biased pat 
terned ?rst magnetic biasing layers 18a’and 18b’Which then 
form a pair of partially demagnetiZed transversely magneti 
cally biased patterned ?rst magnetic biasing layers 18a”and 
18b”, as illustrated Within the schematic perspective vieW 
diagram of FIG. 4. 

[0044] For the preferred embodiment of the present inven 
tion When both the pair of patterned ?rst magnetic biasing 
layers 18a and 18b, as Well as the pair of patterned second 
magnetic biasing layers 24a and 24b, are formed of a 
nickel-manganese alloy (50:50, W/W) antiferromagnetic 
magnetic biasing material, the pair of patterned second 
magnetic biasing layers is preferably thermally annealed at 
a second thermal annealing temperature of from about 260 
to about 290 degrees centigrade for a second thermal anneal 
ing exposure time period of from about 0.5 to about 5 hours 
Within the extrinsic second magnetic bias ?eld H2 of 
strength about 100 to about 5000 oersteds. 

[0045] Within the present invention, it is preferred that the 
pair of transversely magnetically biased patterned ?rst mag 
netic biasing layers 18a’and 18b’not be demagnetiZed When 
forming the pair of partially demagnetiZed transversely 
magnetically biased patterned ?rst magnetic biasing layers 
18a”and 18b”incident to forming the pair of transversely 
magnetically biased patterned second magnetic biasing lay 
ers 24a’and 24b’from the pair of patterned second magnetic 
biasing layers 24a and 24b. Thus, Within the present inven 
tion, there is exploited at an appropriate second thermal 
annealing temperature, second thermal annealing exposure 
time and second magnetic bias ?eld H2 strength a more 
facile magnetiZation of a pair of unmagnetiZed patterned 
second magnetic biasing layers 24a and 24b in comparison 
With a less facile demagnetiZation of a pair of transversely 
magnetically biased patterned ?rst magnetic biasing layers 
18a’and 18b’. 

[0046] Referring noW to FIG. 5, there is shoWn an 
exploded schematic perspective vieW diagram of a merged 
inductive magnetic Write dual stripe magnetoresistive 
(DSMR) read magnetic read Write head corresponding With 
the schematic perspective vieW diagram of the merged 
inductive magnetic Write dual stripe magnetoresistive 
(DSMR) read magnetic read-Write head Whose schematic 
perspective vieW diagram is illustrated in FIG. 4. 

[0047] ShoWn in FIG. 5 is an exploded schematic per 
spective vieW diagram illustrating the patterned ?rst mag 
netoresistive (MR) layer 16 having formed upon a pair of its 
opposite ends the pair of partially demagnetiZed transversely 
magnetically biased patterned ?rst magnetic biasing layers 
18a”and 18b”, Where the patterned ?rst magnetoresistive 
(MR) layer 16 has aligned superimposed thereupon the 
patterned second magnetoresistive layer 22 Which has 
formed upon a corresponding pair of its opposite ends the 
pair of transversely magnetically biased patterned second 
magnetic biasing layers 24a’and 24b’. All of the remaining 
layers Within the merged inductive magnetic Write dual 
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stripe magnetoresistive (DSMR) read magnetic read-Write 
head Whose schematic perspective vieW diagram is illus 
trated in FIG. 4 have been omitted solely for purposes of 
clarity. 
[0048] Referring noW to FIG. 6, there is shoWn an 
exploded schematic perspective vieW diagram illustrating 
the results of further processing of the merged inductive 
magnetic Write dual stripe magnetoresistive (DSMR) read 
magnetic read-Write head Whose exploded schematic per 
spective vieW diagram is illustrated in FIG. 5. 

[0049] ShoWn in FIG. 6 is an exploded schematic per 
spective vieW diagram of a merged inductive magnetic Write 
dual stripe magnetoresistive (DSMR) read magnetic read 
Write head corresponding With the exploded schematic per 
spective vieW diagram of the merged inductive magnetic 
Write dual stripe magnetoresistive (DSMR) read magnetic 
read-Write head Whose exploded schematic perspective vieW 
diagram is illustrated in FIG. 5, but Wherein the merged 
inductive magnetic Write dual stripe magnetoresistive 
(DSMR) read magnetic read Write head has been thermally 
annealed employing a third thermal annealing method 
employing a third extrinsic magnetic bias ?eld H3 of direc 
tion parallel With the major axis of the patterned ?rst 
magnetoresistive (MR) layer 16 Which separates the pair of 
partially demagnetiZed transversely magnetically biased pat 
terned magnetic biasing layers 18a”and 18b”or the corre 
sponding parallel major axis of the patterned second mag 
netoresistive (MR) layer 22 Which separates the pair of 
transversely magnetically biased patterned second magnetic 
biasing layers 24a’and 24b’to form therefrom a correspond 
ing pair of canted partially demagnetiZed transversely mag 
netically biased patterned magnetic biasing layers 18a’”and 
18b’”, in conjunction With a pair of canted transversely 
magnetically biased patterned magnetic biasing layers 
24a”and 24b ”. 

[0050] Similarly With the second thermal annealing 
method, Within the preferred embodiment of the present 
invention, the third thermal annealing method employs a 
third thermal annealing temperature, a third thermal anneal 
ing exposure time and a third extrinsic magnetic bias ?eld 
H3 strength such that the pair of canted partially demagne 
tiZed transversely magnetically biased patterned ?rst mag 
netic biasing layers 18a’”and 18b’”are not fully aligned With 
the third extrinsic magnetic bias ?eld H3 direction. Rather, 
as illustrated Within the exploded schematic perspective 
vieW diagram of FIG. 6, the pair of canted partially demag 
netiZed transversely magnetically biased patterned ?rst mag 
netic biasing layers 18a’”and 18b’”are magnetiZed in a ?rst 
direction Which forms an angle @1 With respect to the third 
extrinsic magnetic bias ?eld H3 direction. Similarly, as 
illustrated Within the exploded schematic perspective vieW 
diagram of FIG. 6, the canted transversely magnetic biased 
patterned second magnetic biasing layers 24a”and 24b’are 
also not fully aligned With the third extrinsic magnetic bias 
?eld H3 direction but rather, as illustrated Within the 
exploded schematic perspective vieW diagram of FIG. 6, 
they are magnetiZed in a second direction Which forms an 
angle @2 With respect to the third extrinsic magnetic bias 
?eld H3 direction. The ?rst direction and the second direc 
tion induce, as illustrated Within the exploded schematic 
perspective vieW diagram of FIG. 6, corresponding mag 
netic alignments Within the patterned ?rst magnetoresistive 
(MR) layer 16 and the patterned second magnetoresistive 
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(MR) layer 22. Preferably, the third thermal annealing 
method employs: (1) a third thermal annealing temperature 
of from about 200 to about 260 degrees centigrade; (2) a 
third thermal annealing exposure time of from about 5 to 
about 20 hours; and (3) a third extrinsic magnetic bias ?eld 
H3 strength of from about 1000 to about 5000 oersteds. 

[0051] Within the preferred embodiment of the present 
invention, the angle @1 preferably equals the angle @2 and 
they are thus complementary, and each of the angle @1 and 
the angle @2 is from about 25 to about 60 degrees With 
respect to the extrinsic third magnetic bias ?eld H3 direc 
tion. 

[0052] Referring noW to FIG. 7, there is shoWn a sche 
matic air bearing surface (ABS) vieW diagram illustrating 
the results of further processing of the merged inductive 
magnetic Write dual stripe magnetoresistive (DSMR) read 
magnetic read-Write head Whose exploded schematic per 
spective vieW diagram is illustrated in FIG. 6. 

[0053] ShoWn in FIG. 7 is a schematic air bearing surface 
(ABS) vieW diagram of a merged inductive magnetic Write 
dual stripe magnetoresistive (DSMR) read magnetic read 
Write head otherWise equivalent to the merged inductive 
magnetic Write dual stripe magnetoresistive (DSMR) read 
magnetic read-Write head Whose exploded schematic per 
spective vieW diagram is illustrated in FIG. 6, but Wherein: 
(1) there is formed upon the pair of canted transversely 
magnetically biased patterned second magnetic biasing lay 
ers 24a”and 24b”and the second trackWidth TW2 of the 
patterned second magnetoresistive layer 22 a blanket third 
non-magnetic spacer layer 26; (2) there is formed upon the 
blanket third non-magnetic spacer layer 26 a blanket second 
shield layer 28 Which simultaneously serves as a blanket ?rst 
magnetic inductor Write pole layer; (3) there is formed upon 
the blanket second shield layer 28 a blanket fourth non 
magnetic Write gap ?lling spacer layer 30; (4) there is 
formed upon the blanket fourth non-magnetic Write gap 
?lling spacer layer 30 a patterned second magnetic inductor 
Write pole layer 32. 

[0054] Within the preferred embodiment of the present 
invention, the blanket third non-magnetic spacer layer 26 is 
preferably formed employing methods, materials and 
dimensions analogous or equivalent to the methods, mate 
rials and dimensions employed for forming the blanket 
second non-magnetic spacer layer 20 and the blanket ?rst 
non-magnetic spacer layer 14. Similarly, Within the pre 
ferred embodiment of the present invention the blanket 
second shield layer 28 is preferably formed employing 
methods, materials and dimensions analogous or equivalent 
to the methods, materials and dimensions employed for 
forming the blanket ?rst shield layer 12. Yet similarly, for 
the preferred embodiment of the present invention, the 
blanket fourth non-magnetic Write gap ?lling spacer layer 30 
is preferably formed employing methods, materials and 
dimensions analogous or equivalent to the methods, mate 
rials and dimensions employed for forming the blanket third 
non-magnetic spacer layer 26, the blanket second non 
magnetic spacer layer 20 and the blanket ?rst non-magnetic 
spacer layer 14. Finally, Within the preferred embodiment of 
the present invention, the patterned second magnetic induc 
tor Write pole layer 32 is preferably formed employing 
methods materials and thickness dimensions analogous or 
equivalent to the methods, materials and thickness dimen 
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sions employed for forming the blanket second shield layer 
28, but of a narrower Width dimension in the range of from 
about 1 to about 4 microns to correspond With the ?rst 
trackWidth TWl of the patterned ?rst magnetoresistive layer 
16 and the second trackWidth TW2 of the patterned second 
magnetoresistive (MR) layer 22. 

[0055] Upon forming the merged inductive magnetic Write 
dual stripe magnetoresistive (DSMR) read magnetic read 
Write head Whose schematic air bearing surface (ABS) vieW 
diagram is illustrated in FIG. 7, there is formed a merged 
inductive magnetic Write dual stripe magnetoresistive 
(DSMR) read magnetic read-Write head With enhanced 
magnetic bias pro?le uniformity Within the trackWidth of the 
merged inductive magnetic Write dual stripe magnetoresis 
tive (DSMR) read magnetic read-Write head. The merged 
inductive magnetic Write dual stripe magnetoresistive 
(DSMR) read magnetic read-Write head of the present 
invention realiZes the foregoing object by employing 
complementary canted magnetic biasing of tWo pair of 
patterned magnetic biasing layers Which magnetically bias a 
pair of patterned magnetoresistive (MR) layers Within the 
merged inductive magnetic Write dual stripe magnetoresis 
tive (DSMR) read magnetic read-Write head. The tWo pair of 
patterned magnetic biasing layers are formed of a single 
magnetic biasing material. Similarly, the method of the 
present invention employs When forming a pair of magneti 
cally biased patterned second magnetic biasing layers upon 
a patterned second magnetoresistive (MR) layer a thermal 
annealing method employing: (1) a thermal annealing tem 
perature; (2) a thermal annealing exposure time; and (3) an 
extrinsic magnetic bias ?eld strength, such that the pair of 
magnetically biased patterned second magnetic biasing lay 
ers is magnetically biased While not substantially de-mag 
netiZing a pair of magnetically biased patterned ?rst mag 
netic biasing layer, from a ?rst transverse magnetic bias 
direction anti-parallel to a second transverse magnetic; bias 
direction of the magnetically biased patterned second mag 
netic biasing layers. 

[0056] As is understood by a person skilled in the art, the 
preferred embodiment of the present invention is illustrative 
of the present invention rather than limiting of the present 
invention. Revisions and modi?cations may be made to 
materials, structures and dimensions through Which is pro 
vided a dual stripe magnetoresistive (DSMR) sensor element 
in accord With the preferred embodiment of the present 
invention While still providing a dual stripe magnetoresistive 
(MR) sensor element in accord With the spirit and scope of 
the present invention, as de?ned by the folloWing claims. 

What is claimed is: 
1. A method for forming a magnetically biased dual stripe 

magnetoresistive (DSMR) sensor element comprising: 

providing a substrate; 

forming over the substrate a patterned ?rst magnetoresis 
tive (MR) layer; 

forming contacting a pair of opposite ends of the pat 
terned ?rst magnetoresistive (MR) layer a pair of 
transversely magnetically biased patterned ?rst mag 
netic biasing layers, the pair of transversely magneti 
cally biased patterned ?rst magnetic biasing layers 
being biased in a ?rst transverse magnetic bias direc 
tion substantially perpendicular With a ?rst axis of the 
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patterned ?rst magnetoresistive (MR) layer Which 
separates the pair of transversely magnetically biased 
patterned ?rst magnetic biasing layers; 

forming separated from the patterned ?rst magnetoresis 
tive (MR) layer by a non-magnetic spacer layer a 
patterned second magnetoresistive (MR) layer; 

forming contacting a pair of opposite ends of the pat 
terned second magnetoresistive (MR) layer a pair of 
transversely magnetically biased patterned second 
magnetic biasing layers separated by a second axis of 
the patterned second magnetoresistive (MR) layer 
Which is substantially parallel With the ?rst axis of the 
patterned ?rst magnetoresistive (MR) layer, the pair of 
transversely magnetically biased patterned second 
magnetic biasing layers being biased in a second trans 
verse magnetic bias direction substantially anti-parallel 
With the ?rst transverse magnetic bias direction, 
Wherein: 

the pair of transversely magnetically biased patterned 
?rst magnetic biasing layers and the pair of trans 
versely magnetically biased patterned second mag 
netic biasing layers are formed of a single magnetic 
biasing material; and 

the pair of transversely magnetically biased patterned 
second magnetic biasing layers is biased employing 
a ?rst thermal annealing method employing a ?rst 
thermal annealing temperature, a ?rst thermal 
annealing exposure time and a ?rst extrinsic mag 
netic bias ?eld strength such that the pair of trans 
versely magnetically biased patterned second mag 
netic biasing layers is biased in the second transverse 
magnetic bias direction While the pair of transversely 
magnetically biased patterned ?rst magnetic biasing 
layers is not substantially demagnetiZed from the 
?rst transverse magnetic; bias direction While form 
ing a pair of partially demagnetiZed transversely 
magnetically biased patterned ?rst magnetic biasing 
layers from the pair of transversely magnetically 
biased patterned ?rst magnetic biasing layers; and 

annealing thermally the substrate While employing a 
second thermal annealing method employing a second 
thermal annealing temperature, a second thermal 
annealing exposure time and a second extrinsic mag 
netic bias ?eld substantially parallel With the ?rst axis 
and the second axis such that the ?rst transverse 
magnetic bias direction of the pair of partially demag 
netiZed transversely magnetically biased patterned ?rst 
magnetic biasing layers is canted in the direction of the 
second extrinsic magnetic bias ?eld to form a pair of 
canted partially demagnetiZed transversely magneti 
cally biased patterned ?rst magnetic biasing layers and 
the second transverse magnetic bias direction of the 
pair of transversely magnetically biased patterned sec 
ond magnetic biasing layers is canted in the direction of 
the second extrinsic magnetic bias ?eld to form a pair 
of canted transversely magnetically biased patterned 
second magnetic biasing layers. 

2. The method of claim 1 Wherein the dual stripe mag 
netoresistive (DSMR) sensor element is employed Within a 
magnetic head selected from the group consisting of merged 
inductive magnetic Write dual stripe magnetoresistive 
(DSMR) read magnetic read-Write heads, non-merged 
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inductive magnetic Write dual stripe magnetoresistive 
(DSMR) read magnetic read-Write heads and dual stripe 
magnetoresistive (DSMR) read only heads. 

3. The method of claim 1 Wherein the magnetic biasing 
material is an antiferromagnetic magnetic biasing material. 

4. The method of claim 1 Wherein: 

the magnetic biasing material is a nickel-manganese alloy 
(50:50, W/W) antiferromagnetic magnetic biasing mate 
rial; and 

the ?rst thermal annealing temperature is from about 260 
to about 290 degrees centigrade; 

the ?rst thermal annealing exposure time is from about 0.5 
to about 5 hours; 

the ?rst extrinsic magnetic bias ?eld strength is from 
about 100 to about 5000 oersteds; 

the second thermal annealing temperature is from about 
200 to about 260 degrees centigrade; 

the second thermal annealing exposure time is from about 
5 to about 20 hours; and 

the second extrinsic magnetic bias ?eld strength is from 
about 1000 to about 5000 oersteds. 

5. The method of claim 1 Wherein the pair of transversely 
magnetically biased patterned ?rst magnetic biasing layers is 
magnetiZed employing an additional thermal annealing 
method Which simultaneously thermally anneals both the 
patterned ?rst magnetoresistive (MR) layer and the pat 
terned second magnetoresistive (MR) layer. 

6. The method of claim 1 Wherein: 

a ?rst magnetic bias direction Within the canted partially 
demagnetiZed transversely magnetically biased pat 
terned ?rst magnetic biasing layers makes a ?rst angle 
of from about 25 to about 60 degrees With respect to the 
second extrinsic magnetic bias ?eld direction; 

a second magnetic bias direction of the canted trans 
versely magnetically biased patterned second magnetic 
biasing layers makes a second angle of from about 25 
to about 60 degrees With respect to the second extrinsic 
magnetic bias direction; 

the ?rst angle and the second angle are equal and comple 
mentary With respect to the second extrinsic magnetic 
bias ?eld direction. 

7. A dual stripe magnetoresistive (DSMR) sensor element 
comprising: 

a substrate; 

a patterned ?rst magnetoresistive (MR) layer formed over 
the substrate; 

a pair of magnetically biased patterned ?rst magnetic 
biasing layers formed contacting a pair of opposite ends 
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of the patterned ?rst magnetoresistive (MR) layer and 
separated by a major axis of the patterned ?rst mag 
netoresistive (MR) layer; 

a patterned second magnetoresistive (MR) layer separated 
from the patterned ?rst magnetoresistive (MR) layer by 
at least a non-magnetic spacer layer; and 

a pair of magnetically biased patterned second magnetic 
biasing layers formed contacting a pair of opposite ends 
of the patterned second magnetoresistive (MR) layer 
and separated by a major axis of the patterned second 
magnetoresistive (MR) layer substantially parallel With 
the major axis of the patterned ?rst magnetoresistive 
(MR) layer, Wherein: 

the pair of magnetically biased patterned second mag 
netic biasing layers and the pair of magnetically 
biased patterned ?rst magnetic biasing layers is 
formed of a single magnetic biasing material; and 

a second magnetic bias direction Within the pair of 
magnetically biased patterned second magnetic bias 
ing layers makes a second angle With the second 
major axis and a ?rst magnetic bias direction Within 
the pair of magnetically biased patterned ?rst mag 
netic biasing layers makes a ?rst angle With the ?rst 
major axis, Where the ?rst angle and the second angle 
are complementary. 

8. The dual strip magnetoresistive (DSMR) sensor ele 
ment of claim 7 Wherein the dual stripe magnetoresistive 
(DSMR) sensor element is employed Within a magnetic head 
selected from the group consisting of merged inductive 
magnetic Write dual stripe magnetoresistive (DSMR) read 
magnetic heads, non-merged inductive magnetic Write dual 
stripe magnetoresistive (DSMR) read magnetoresistive 
(MR) heads and dual stripe magnetoresistive (DSMR) read 
only heads. 

9. A magnetic data storage enclosure having fabricated 
therein a magnetic head in accord With claim 8. 

10. The dual stripe magnetoresistive (DSMR) sensor 
element of claim 7 Wherein the magnetic biasing material is 
an antiferromagnetic magnetic biasing material. 

11. The dual stripe magnetoresistive (DSMR) sensor 
element of claim 7 Wherein the patterned ?rst magnetore 
sistive (MR) layer and the patterned second magnetoresis 
tive (MR) layer have the same resistance. 

12. The dual stripe magnetoresistive (DSMR) sensor 
element of claim 7 Wherein the ?rst angle is from about 25 
to about 60 degrees, the second angle is from about 25 to 
about 60 degrees and the ?rst angle and the second angle are 
equal. 


