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SPIN VALVE MAGNETORESISTIVE SENSOR WITH FREE LAYER EXCHANGE 
BIASING, PROCESS FOR MAKING THE SENSOR, AND MAGNETIC 

RECORDING SYSTEM USING THE SENSOR-------~ 

· Related Application 

This application is related to copending application Se1-ial 

No. 08/090,714, filed July 13, 1993. 

Technical Field 
·1·, 

This invention relates to a magnetoresistive <MR> sensor based on the 

spin valve effect for sensing magnetic fields, to a process for making the 

10 sensor, and to a magnetic recording system which incorporates such a sensor. 

Background of the Invention 

An MR sensor detects magnetic field signals through the resistance 

changes of a read element, fabricated of a magnetic material. as a function of 

the strength and direction of magnetic flux being sensed by the read element. 

15 The conventional MR sensor operates on the basis of the anisotropic 

magnetoresistive (AMR) effect in which a component of the read element 

resistance varies as the square of the cosine of the angle between the 

magnetization in the read element and the direction of sense current flow 

through the read element. Recorded datir·can be read from a magnetic 

20 medium because the external magnetic field from the recoz·ded magnetic 
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medium (lhe signal ficldl causc:i a change in the direction of magnetization in 

the read element, which in turn causes a change in resistance in the read 

element and a corresponding change in the sensed current or voltage. 

A different and more pronounced magnetoresistance, called giant 

5 magnetoresistance <GMRJ, has been observed in a variety of magnetic 

multilayered structures, the essential feature being at least two ferromagnetic 

metal layers separated by a nonferromagnetic metal layer. This GMR effect 

has been found in a variety of systems, such as Fe/Cr or Co/Cu multilayers 

exhibiting strong antiferromagnetic coupling of the ferromagnetic layers, as 

10 well as in essentially uncoupled layered structures in which the magnetization 

orientation in one of the two ferromagnetic layers is fixed or pinned. The 

physical origin is the same in all types of structures: ·the application of an 

external magnetic field causes a variation in the relative orientation of the 

magnetizations. of neighboring ferromagnetic layers. This in turn causes a 

15 change in the spin-dependent scattering of conduction electrons and thus the 

electrical resistance of the structure. The resistance of the structure thus . 

changes as the relative alignment of the magnetizations of the ferromagnetic 

layers changes. 

A particularly useful application of GMR is a sandwich structure 

20 comprising two essentially uncoupled ferromagnetic layers separated by a 

nonmagnetic metallic spacer layer in which the magnetizalion of one of the 

ferromagnetic layers is "pinned". The pinning may be achieved by depositing 
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the ferromagnetic layer· Lo be pinned onto an anLiforrnmagnclic 

iron-manganese (Fe-Mn> layer so that these two adjacent layers are exchange 

coupled. The unpinned or "free" ferromagnetic layer may also have the . 

magnetization of its extensions (those portions of the free layer on either side 

· 5 of the central active sensing region) also fixed, but in a. direction perpendicular 

to the magnetization of the p~nned layer so that only the magnetization of the 

free-layer central active region is free to rotate in the presence of an external 

field. The magnetization in the free-layer extensions may also be fixed by 

exchange coupling to an antiferromagnetic layer. However, the 

· 1.0 antiferromagnetic material used for this must be different from the Fe-Mn 

antiferromagnetic material used to pin the pinned layer. The resulting 

structure is a spin valve CSV) magnetoresistive sensor in which only the free 

ferromagnetic layer is free to rotate in the presence of an external magnetic 

field. U.S. Patent 5, 159,513, assigned to IBM, discloses a SV sensor in which 

15 at least one of the ferromagnetic layers is of cobalt or a cobalt alloy, and in 

which the magnetizations of the two ferromagnetic layers are maintained 

substantially perpendicular to each other at zero externally applied magnetic 

field by exchange coupling of the pinned ferromagnetic layer to an 

antiferromagnetic layer. U.S. Patent 5,206,590, also assigned to IBM, 

20 discloses a basic SY sensor wherein the free layer is a continuous film having 

a central active region and end regions ..... l'he end regions of the free layer are 

exchange biased by exchange coupling to one type of antiferromagnetic 
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material, and the pinned layer is pinned by cxch<rnge coupling tn a different 

type of antiferromagnetic material. The SV sensor described in the '590 

patent has the disadvantage that it is difficult to fab1;cate. If subtractive 

processing techniques are used, it is difficult to precisely remove the top layers 

5 of the sensor down to the free layer without damaging or thinning the free 

layer. Also, the free layer may be a combination of several layers, including 

very thin layers only several angstroms in thickness, and the top layers of the 

free-layer structure may be damaged during the removal process. If additive 

processing is used, it is no longer possible to deposit the entire spin valve 

10 layers in one vacuum cycle so that the integrity of the interface between the 

free layer and the spacer layer becomes compromised. 

The copending '714 application describes an AMR sensor wherein the 

MR element has discontinuous end regions abutting the central sensing region 

with the end regions being longitudinally biased by antiferromagnetic layers. 

15 What is needed is a SV sensor having a free ferromagnetic layer with 

improved end regions for coupling to the antiferromagnetic layer. 

Summary of the Invention 

The invention is an improved. SV sensor, a process for making the 

sensor, and a magnetic recording system incorporating the sensor. The free 

20 ferromagnetic layer in the SV sensor is pre·sent only in the central active 

sensing region of the sensor. It has defined edges that abut the end regions. 
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The end rcgiot1s are fonncd of a ferrnmagneLic layer and an antifen-omag-nctic 

layer. The ferroniagnetic layers in the end regions are distinct from the free 

layer in the central active region of the sensor. These ferromagnetic layers 

need not be identical in composition, thickness, or magnetic moment. The 

5 layer of antiferromagnetic material, preferably a nickel-manganese (Ni-Mn> 

alloy, is formed on.and in contact with the ferromagnetic material in the end 

regions for exchange coupling with the end regions to provide them with a 

longitudinal bias of their magnetizations. The pinned ferromagnetic layer in 
I 

the SV sensor is pinned by exchange coupling with a different layer of 

10 antiferromagnetic material, preferably an iron-manganese <Fe-Mn) alloy. This 

material has a substantially different Neel temperature from that of the 

antiferromagnetic material on the end regions. 

In the process for making the sensor, the layers making up the central 

sensing region are pattern etched to define the central sensing region with the 

15 defined track width. Additional ferromagnetic material is then deposited on 

the substrate to the sides of the free layer central region in a manner to abut 

::Y the edges of the free layer central region. A layer of Ni-Mn is deposited on the 

ferromagnetic material in the end regions. The sensor is then heated in an 

annealing oven in the presence of an applied magnetic field to a temperature 

20 that allows the Ni-Mn magnetization to be fixed and aligned with lhe 

magnetizations of the ferromagnetic end regions. After cooling, the sensor is 

rotated 90 degrees in the oven and heated above the Neel temperature of the 
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Fe-l.\1n to fix the mngnetization of the Fe-Mn to he aligned with the 

magnetization of the pinned ferromagnetic layer. 

For a fuller understanding of the nature and advantages of the pz·esent 

invention, reference should be made to the following detailed description taken 

5 together with the accompanying figures. 

Brief Description of the Drawing 

Fig. 1 is a simplified block diagram of a magnetic recording disk drive 

for use with the SV sensor according to the present invention. 

Fig. 2 is a top view of the disk drive of Fig. 1 with the cover removed. 

10 Fig. 3 is an exploded perspective view of a prior art SV senspr showing 

the continuous free layer with its end regions exchange coupled to an 

antiferromagnetic layer. 

Fig. 4 is a view of the prior art SV sensor of Fig. 3 as seen from the disk 

and also showing the capping layer and electrical leads. 

15 Fig. 5 is a yiew of the SV sensor according to the present invention as 

seen from the disk. 

Figs. 6A-6D are illustrations of the steps involved in the fabrication of 

the SV sensor shown in Fig. 5. 

SA9-93-086 -6-



Detailed Description of the Invention 

Prior Art 

THIS SHEET HAS BEEN 
REPLACED 

t·....___~. 

Although the SV sensor of the present invention will be described as 

embodied in a magnetic recording disk drive, as shown in Fig. 1, the invention 

s is also applicable to other magnetic recording systems, such as a magnetic 

tape recording system, and to magnetic random access memory systems 

wherein a magnetoresistive element serves as a bit cell. 

Referring to Fig. 1, there is illustrated in sectional view a schematic of a 

prior art disk drive of the type using an MR sensor. The· disk drive comprises 

10 a base 10 to which are secured a disk drive motor 12 and an actuator 14, and 

a cover 11. The base 10 and cover 11 provide a substantially sealed housing 

for. the disk drive. Typically, there is a gasket 13 located between base 10 and 

cover 11 and a small breather port (not shown) for equalizing pressure 

between the interior of the disk drive and the outside environment. A 

15 magnetic recording disk 16 is connected to drive motor 12 by means of hub 18 

to which it is attached for rotation by the drive motor 12. A thin lubricant 

film 50 is maintained on the surface of disk 16. A read/write head or 

transducer 25 is formed on the trailing end of a carrier, such as an ai1·-bearing 

slider 20. Transducer 25 may be an inductive read and wrile transducer or an 

20 inductive write element with a SV read element of the type Lo be described. 

The slider 20 is connected to the actuator-14 by means of a rigid arm 22 and a 

suspension 24. The suspension 24 provides a biasing force which urges the 

SA9-93-086 -7-



THIS SHEET HAS BEEN · 
REPLACED 

slider 20 onto lhc· ::mrface of Lhe rcccu·ding disk IG. During operation of Lhe 

disk dri,·e! the drive motor 12 rotales the disk 16 at a constant ::;peed. and Lhe 

actuator· 14, which is typically a linear or rotary voice coil motor (VCM), mo\·cs 

the slider 20 generally radially across the surface of the disk 16 so that the 

5 read/write head may access different data tracks on disk 16 .. 

Fig. 2 is a top view of the interior of the disk drive with the cover 11 

removed, and illustrates in better detail the suspension 24 which provides a 

force to the slider 20 to urge it toward the disk 16. The suspension may be a 

conventional type of suspension such as the well-known Watrous suspension, 

10 as described in IBM's U.S. Patent 4,167,765. This type of suspension also 

provides a gimbaled attachment of the slider which allows the slider to pitch 

and roll as it rides on the air bearing. The data detected from disk 16 by the 

transducer 25 is processed into a data readback signal by signal amplification 

and processing circuitry in the integrated circuit chip 15 located on arm 22. 

15 The signals from transducer 25 travel via flex cable 17 to chip 15, which sends 

its output signals via cable 19. 

The above description of a typical magnetic recording disk drive, and 

the accompanying Figs. 1 and 2, are for representation purposes only. It 

should be apparent that disk drives may contain a large number of disks and 

20 actuators, and each actuator may support a number of sliders. In addition, 

instead of an air-bearing slider, the headcarrier may be one which maintains 
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the head in contacl or nc~u_. contact with the disk. such as in liquid bl':1ring 

and other contact recording disk drives.· 

A prior art SV sensor 30 is shown in Fig. 3. The films forming the 

completed sensor are supported on a suitable substrate 31. The SV sensor 30 

'l· 

· 5 may form part of transducer 25 in the disk drive system of Figs. 1 and 2, and 

the substrate 31 may be the trailing end.of the head carrier or slider 20. 

An underlayer or buffer layer 33 is deposited on substrate 31, followed 

by a first thin layer 35 of soft ferromagnetic material. A thin 

nonfeqomagnetic metallic spacer layer 37, a second thin layer 39 of 

10 ferromagnetic material, and a thin layer 41 of an exchange biasing material 

having relatively high electrical resistance and being in direct contact with the 

ferromagnetic layer 39 are deposited over ferromagnetic layer 35. Layers 37, 

39, 41 are then etched away at their end regions to have a predetermined 

width generally corresponding to the width of the data track on the magnetic 

15 medium, such as disk 16. Antiferromagnetic layers 42, 43 are then formed 

directly on the extensions 52, 53 on the sides of central active sensing 

region 36 of ferromagnetic layer 35. Not shown in Fig. 3 are the capping layer 

for corrosion protection and the electrical leads that are patterned on 

layers 42, 43. 

20 In the absence of an exter.nally applied magnetic field from the recorded 

magnetic disk 16, the magnetizati<?nS of the two layers 35, 39 of ferromagnetic 

material are oriented at an angle, preferably of about 90 degrees, with respect 
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Lo each other, as indicated by arrows :3:2 and :J;:>. rcspccLivcly. The 

ferromagnetic layer :35 is called Lhc "free" ferromagnetic !aver in LhaL the .. . . ... 

magnetization in its central region 36 is fre,e Lo rotate its dir-eclion in response 

to an externally applied magnetic field (such as magnetic field h as shown in 

5 .Fig. 3), as shown by the dashed arrows on layer 35. The ferromagnetic 

layer 39 is called the "pinned" ferromagnetic layer because its magnetization 

direction is fixed or pinned in a preferred orientation, as shown by the 

~rrow 38. Layer 41 provides a biasing field by exchange coupling and thus 

pins the magnetization of the ferromagnetic layer 39 in a preferred direction 

10 (arrow 38) so that it cannot rotate its direction in the presence of an applied 

external magnetic field having a strength in the range of the signal field from 

disk 16. Similarly, the layers 42, 43 provide longitudinal biasing by exchange 

coupling to the extensions 52, 53 of the free ferromagnetic layer 35. This 

assures that the magnetization of the central sensing region 36 of the free 

15 ferromagnetic layer 35 i~ maintained generally perpendicular to the 

magnetization of pinned ferromagnetic layer 39 in the absence of an externally 

applied magnetic field. 

Fig. 4 is a view of the structure of Fig. 3 as it would appear looking up 

from the surface of disk 16 and shows the capping layer 44 and patterned 

20 electrical leads 45, 46 for making electrical connection Lo the sensor 30. Fig. 4 

also shows the free layer 35 as one continuous film having a central active 

sensing region 36, represented as that portion between the dashed lines, and 
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end regions or cxlcnsions 52, 53 located on the ='ides of ccntr·al rc~ion :rn. The 

extensions 52, 53 of f~·ee layer 35 on either side of region 36 are longitudinally 

biased by antiferromagnetic exchange layers 42, 43, respectively. The use of 

antiferromagnetic exchange coupling layers 41 and 42, 43 is the preferred 

5 method of pinning the magnetizations of the ferromagnetic layer 39 and the 

extensions of free layer 35, respectively. The exchange bias layers 41 and 

42, 43 are typically made of a suitable antiferromagnetic material, such as 

iron-manganese <Fe-Mn) or nickel-manganese CNi-Mn). However, the layer 41 

must be made of a different antiferromagnetic material from that used for the 

10 layers 42, 43. This is because the magnetization of layer 41 must be made 

perpendicular to the magnetizations oflayers 42, 43. During processing, the 

antiferromagnetic material is subjected to an applied magnetic field while 

heated to a specific critical temperature to orient its magnetization. Different 

antiferromagnetic materials must be selected so that when one material is 

15 raised to its temperature to orient its magnetization, this temperature will be 

below the critical temperature of the other material and its magnetization will 

be unaffected. 

The use of a continuous film free ferromagnetic layer, where the central 

se:i;ising region and the extensions or end regions are part of the continuous 

20 film, presents several disadvantages in fabricating a SV sensoc The principal 

problem is the ability to reproducibly etcfi··away the end regions of the spacer 

layer 37, the pinned ferromagnetic layer 39, and the exchange biasing layer 41 
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\VitllouL attacking or arLificially reducing the lhicknc:;:-; of' the end regions 52, 

53 of the free ferromagnetic layer. Most etching techniques like ion milling or 

sputter etching have uniformity removal characLerisLics of 10 percent. The 

three layers that must be removed ·have typical approximate thicknesses of 

5 25A for the spacer, 60A for the pinned ferromagnetic layer, and 150A for the 

exchange layer, or a total of about 250A. With an uncertainty of 10 percent in 

material removal, the free layer, with a typical thickness of 50A, could be 

reduced in thickness by almost 50 percent to 25A. This would diminish the 

longitudinal biasing of the end regions 52, 53 since the net magnetic moment 

10 contained in the end regions should be comparable to the net magnetic 

moment in the central active region 36 of the sensor to produce a stable bias 

· condition. Alternatively, one could approach the fabrication of the prior art 

spin valve by using additive processing. In this case, after depositing the free 

ferroma~etic layer, photoresist with openings for the active region of the 

15 sensor could be overlayed onto the free layer. Then the spacer layer, the 

pinned ferromagnetic layer, and the exchange layer could be deposited onto 

the photoresist and the open areas of the free layer and then the material 

lifted off of the free layer by dissolving the photoresist. This additive process 

requires two separate depositions to form the active region of the sensor. In 

20 particular, the interface between the free ferromagnetic layer and the spacer 

layer would be formed in two separate deposition steps, and the quality of this 

interface is reduced from the more ideal interface which is formed in a single 
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\·acuum step .. -\ poor interface will rcsulL in lower rcsisLancc chan:.!c in the 

sensor. The use of a continuous free layer for both Lhc end regions and the 

active region of the sensor also precludes the: use of separate and distinct 

ferromagnetic materials for these regions.· In some cases, it may be more 

s advantageous to use different compositions of Ni-Fe in the end regions than in 

the central region to maximize the exchange amplitude. In some cases, it may 

also be advantageous to have different thicknesses of ferromagnetic material 

(or different net moments) in the end regions and in the central region. 

The above-described embodiment is for a SV sensor used in a magnetic 

10 · recording system, such as a disk drive. However, the SV element of the 

present invention is also applicable for use in magnetic random access memory 

systems. In such an embodiment, the SV element serves as a bit cell and the 

magnetizations of the free and pinned layers would be oriented anti parallel, 

rather than perpendicular. 

15 Preferred Embodiments 

The prefen-ed embodiment of the spin valve structure according to the 

present invention is shown schematica1ly in Fig. 5. Like the prior art 

sensor 30 of li'ig. 4, the SV sensor 60 is shown as it would appear looking up 

from the magnetic medium, such as disk 16. A layer of tantalum (Ta> as a 

20 buffer layer 62 is formed onto a substrate61. Next, a Ni-Fe free 

ferromagnetic layer 63 is formed over the buffer layer 62, followed by a 
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copper (Cu> spacer layer 65. The Ni-Fl' in free layer 6:J may han~ a 

composition in the range of Ni:-11 F'c:i11 lo Nisr.F'e .. ~. The pinned fcz-romagneLic 

layer 70 is formed over the spacer layer 65, followed by an Fe-Mn 

antiferromagnetic layer 66 to exchange couple with the Ni-Fe pinned layer 70. 

5 A capping layer 67 is formed over the Fe-Mn layer 66. The free layer 63 has 

its magnetization oriented in the direction of arrow 64 in the absence of an 

external magnetic field. The pinned layer 70 has its magnetization pinned in 

the direction of arrow 71 (into the paper in Fig. 5) by means of its exchange 

coupling with antiferromagnetic layer 66. The layers 62, 63, 65, 70, 66, and 67 

10 have a width defined by edges 93, 94. This width is selected to be essentially 

the desired track width for the magnetic medium. Since this width is in the 

micron (10,000A> range and the thickness of the layers is in the 10-100.A 

range, the drawing of Fig. 5 is not made to scale so that the sensor films can 

be properly shown. 

15 A layer 90 of Ni-Fe is formed on both sides of free layer 63 and abuts 

the edges 93, 94. A layer 91 of Ni-Mn is formed on and in contact with 

layer 90 and exchange couples with layer 90 so that the magnetization of the 

Ni-Fe in the tail or end regions is maintained generally in the direction 

parallel to arrow 64. Thus, the free layer 63 and its lateral tails or 

20 extensions in layer 90 form the first ferromagnetic layer of the SV sensor 60. 

In the presence of an applied magnetic fleld from the magnetic medi wn, the 

magnetization of layer 63. is free to rotate, while the magnetization in the end 
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regions in layer 90 remain~ cssenlially fixed. A layer or conducti,·c material i:-; 

formed on layer 91 to serve as the electrical leads 92 for the SV sensor 60. 

\Vhile the embodiment shown in Fig. 5 has the free layer 63 located 

closer than the pinned layer 70 to the substrate 61, it is also possible to form 

5 the SV sensor 60 in an inverted manner, i.e., with the pinned layer closer to 

the substrate. In that structure, the antif'i!rromagnetic layer 66 for pinning 

the pinned layer 70 would be located between the substrate 61 and the pinned 

layer 70. The Ni-Mn layer 91 and the Ni-Fe end regions 90 could also be 

reversed so that the antiferromagnetic material 91 is deposited first, followed 

10 by the ferromagnetic layer 90. 

Fig. 5 also illustrates schematically the means for connecting the SV 

sensor 60 to sensing circuitry in the magnetic recording system. The electrical 

leads 92 are provided to form a circuit path between the SV sensor 60 and a 

current source 82 and a sensing means 84. A magnetic signal in the medium 

15 is sensed by the sensing means 84 detecting the change in resistance as the 

magnetization of the free ferromagnetic layer 63 rotates in response to the 

applied magnetic signal from the recorded medium. 

The fabrication steps for the SV sensor 60 will be explained with 

reference to Figs. 6A-6D. As shown in Fig. 6A, a series of layers are first 

20 sputter deposited onto a substrate 61 during a single pumpdown. The 

substrate 61 may be glass, semiconductorhrnterial, or a ceramic material, 

such as an alumina (Al20 3 )/titanium-carbide (TiC) ceramic material used for 
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coiw:cntional sliders. The films formed in sequence onto subsLrate (:)I include :i 

soA tantalum (Ta> underlayer or buffer layer 62, a 60A permalloy Ni-Fe free 

ferromagnetic layer 63, a 2sA copper (Cu> spacer layer 65, an soA permalloy 

pinned ferromagnetic layer 70, a 150A Fe-Mn _exchange bias layer 66 for 

5 pinning the pinned layer 70, and a lOOA Ta capping layer 67. 

Next, as shown in Fig. 6B, photoresist 74 is patterned over these layers 

to form a rectangularly-shaped region. The layers are ion milled and the 

photoresist is removed. 

Next,_as shown in Fig. 6C, photoresist 75 is patterned over these layers 

10 to a width corresponding to the desired track width for the SV sensor 60. The 

' photoresist layer 75 is bilayer in nature with an undercut. The undercut 

allows for subsequent liftoff of the end region metal layers and allows the end 

region metals to slightly overlap the capping layer 67. 

As shown in Fig. 6D the remaining portions of the layers that are not 

15 protected by the photoresist 75 are etched or removed by ion milling. Since 

ion milling uniformity is typically 10 percent, the ion milling time is selected 

to. be greater than 10 percent of the total time to remove the layers. The 

stopping point of the ion milling etching is in the substrate 61, a.l1d therefore 

all the material in the end regions is removed. As can be seen in Fig. 6D, the 

20 removal of all the material in the end regions is assured by ion milling slightly 

into the substrate 61. 
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Next. as sho,vn in Fig. 6E, a layer· 90 of fcrmmag-1wtic m;1Lcr-ial. usually · 

Ni-Fe, but not necessa1ily the same Ni-Fe composition as lhc Ni-Fe in the 

active region of the SV sensor, is deposited. This is followed by 300A of Ni-i\In 

as exchange bias layer 9 L A sequence of layers is then deposited to serve as 

5 electrical lead layer 92. Layer 92 is preferably formed of a sequence of 

sputter-deposited layers of Ta, gold (Au), and Ta. Layers 90, 91, 92 also 

overlay resist layer 75. The ferromagnetic free layer 63 is the central active 

sensing region with edges 93, 94 that are spaced apart to form the desired 

track width of the SV sensor 60. Layer 90 is deposited to a thickness so that 

10 the net magnetic moment of layer 90 is approximately 10-30 percent greater 

than the net magnetic moment of the free layer 63. Thus, if layer 90 is the 

·same material composition as layer 63 then layer 90 would be formed 10-30 

percent thicker than the thickness of free layer 63. The antiferromagnetic 

layer 91 is then sequentially deposited over layer 90, preferably during the 

15 same vacuum pumpdown sequence. 

The resist layer 75 is then dissolved, removing the overlaying layers and 

leaving the sensor structure shown in Fig. 6F. 

Layer 90 may also be formed of a ferromagnetic material different from 

free layer 63 or from a Ni-F'e composition different from free layer 63. In some 

20 applications, the free layer Ni-li'e composition is optimized for magnetostriction 

issues and this composition need not be useful for optimized Ni-Mn exchange 

strength. In some applications, the free layer in the active region may not be 
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Ni-Fe, but rather a Ni-Fe/Co layered stnicture. In this case, ferromagnetic 

layer 90 need not be a Ni-Fe/Co layered structure as well, but a Ni-Fe layer 

could be used. The c1;teria for end region stabilization is that the net 

magnetic moment of the end region ferromagnetic layer be equivalent to 10-30 

5 percent or greater than the net magnetic moment of the free layer 

ferromagnetic layer in the central active region. 

The advantages of the abutted approach for longitudinally biasing the 

SV sensor are in implementation and material flexibility. The abutted 

approach allows the complete removal of all layers in the end regions of the 

10 sensor, and then the deposition of the ·ferromagnetic layer and the exchange 

layer in one sequential vacuum cycle. The abutted approach allows for 

tailoring the thickness of the ferromagnetic layer and the material of the 

ferromagnetic layer to optimize the exchange strength of the end region 

ferromagnetidantiferromagnetic layers. 

15 Fig. 6G is a top view in the direction of view G-G of Fig. 6F for 

illustrating the manner in which the completed SV sensor 60 is formed on 

substrate 61. Photoresist layer 74 (Fig. 6B) defines edges 100 and 101 of 

sensor 60. Photoresist layer 75 {Fig. 6E> defines edges 93 and 94 of the 

sensor 60. The top layer in the tail or end region is layer 92, the lead material 

20 layer, and the top layer in the sensor region is layer 67, the capping layer. 

After resist layer 75 is removed, the sensoz~ 60 is encapsulated by sputter 

depositing approximately 0.5 microns of alumina onto the substrate 61. 
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The alumina-encapsulated sensor 60 i:::; Lhcn placed in nn annealing O\·cn 

and heated to a temperature of approximately 240°C in Lhc presence of an 

applied magnetic field. The sensor is oriented in the O\•en such Lhat the 

·applied magnetic field is in the direction indicated by arrow 64 <Fig. 5l. The 

5 Ni-Mn layer 91 is not antiferromagnetic at room temperature, but when 

heated becomes antiferromagnetic. Its magnetization becomes aligned along 

the magnetization direction of Ni-Fe layer 90, which is aligned with the 

applied field. This direction is essentially parallel to the magnetization 

direction 64 of the central region of free layer 63. After cooling, the 

10 magnetization of the Ni-Mn layer 91 becomes permanently set and provides 

antiferromagnetic exchange coupling for layer 90 in the end regions. These 

end regions will then be permanently magnetized in the direction indicated by 

arrow 64. 

After cooling, the sensor is then rotated 90 degrees in the same 

15 annealing oven. Unlike Ni-Mn, the Fe-Mn-layer 66 is antiferromagnetic as 

deposited. However, its magnetization must be realigned so that it can 

exchange couple the pinned layer 70 in the proper orientation. The 

temperature is raised in the oven to approximately 180°C, which is greater 

than the Neel temperature of F'e-Mn. At this temperature, Fe-Mn is no longer 

20 antiferromagnetic and has no magnetization history so that upon subsequent 

cooling, its magnetization will grow in tire· proper direction. Since the applied 

magnetic field is oriented parallel to the magnetization dir-ection 71. of the 

SA9-93-086 -19-



THIS SHEET HAS BEEN 
REPLACED 

pinned layer 70, the magnetization of F'e-Mn layer 66 will al~n be aligned 

along that direction. The applied magnetic field from the annealing oven thus 

prepares the pinned layer 70 to have the appropriate direction 71 (fig. 5) and 

upon subsequent cooling below the Neel temperature of Fe-Mn, the Fe-Mn will 

5 have its magnetization aligned with that of the pinned layer 70. The result is 

that the Fe-Mn layer 66 now forms an antiferromagnetic exchange-coupled 

layer to pin the direction of magnetization of pinned layer 70. Thus, in the 

presence of an applied sensing field, the magnetization of the pinned layer 70 

will not rotate. Because the Neel temperature of Ni-Mn is approximately 

10 450°C, which is considerably higher than the 160°C Neel temperature of Fe-

Mn, the magnetization direction of the Ni-Mn layer 91 will be unaffected and 

will remain oriented generally parallel to that of Ni-Fe layers 90 and 63. 

While the present invention has been particularly shown and described 

with reference to the preferred embodiments, it will be understood by those 

15 skilled in the art that various changes in form and detail may be made 

without departing from the spirit and scope of the invention. Accordingly, the 

disclosed invention is to be considered merely as illustrative and limited in 

scope only as specified in the appended claims. 
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What is claimed is: 
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1. A spin valve magnetoresistive element comprising: 

first and second layers of ferromagnetic material separated by a spacer 

layer of metallic norimagnetic material, the magnetization direction of said 

second layer being pinned and the magnetization direction of said first layer 

being oriented at an angle relative to the magnetization direction of said 

second layer at zero applied magnetic field, the first layer comprising a central . 

active region and end regions contiguous with and abutting the edges of the 

central actjve region; and 

a layer of antiferromagnetic" material overlying and in ·contact with the 

end regions of the first ferromagnetic layer for biasing the magnetization in 

the end regions. 

2. A spin valve magnetoresistive elei:nent as in claim 1 further 

2 comprising a second layer of antiferromagnetic material in contact with the 

3 second ferromagnetic layer for pinning the magnetization of the second layer 

4 of ferromagnetic material, the second layer of antiferromagnetic material being 

5 formed of a material having a substantially different Neel temperature from 

6 that of the antiferromagnetic material overlying the end regions of the first 

7 ferromagnetic layer. 
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1 :3. ·A ::;pin \':tl\'C magnelorcsisLi\'C elcmcnl a::; in claim L! whcn~in the 

2 layer of antiforriHnagnetic material overlying the end regions of the first 

3 ferromagnetic layer is formed of an alloy comprising nickel and manganese. 

1 4. A spin valve magnetoresistive element as in claim 3 wherein the 

2 layer of antiferromagnetic material in contact with the second ferromagnetic 

3 layer is formed of an alloy comprising (ron and manganese. 

1 5. A spin valve magnetoresistive element as in claim 1 wherein the 

2 layer of antiferromagnetic material overlying the end regions of the first 

3 ferromagnetic layer is contiguous with and abuts the edges of the central 

4 active region of the first ferromagnetic layer. 

1 6. A spin valve magnetoresistive element as in claim 1 wherein the 

2 ferromagnetic material in the central active region of the first ferromagnetic 

3 layer is different from the ferromagnetic material in the contiguous and 

4 abutting end regions of the first ferromagnetic layer. 
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7. A spin vah'c magnetorcsistivc sensor compr·isi ng: 

2 a substrate: 

THIS SHEET HAS BEEN 
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3 a layered structure formed on the substrate, the layered structure 

4 comprising: 

5 a free ferromagnetic layer with a central active region having a 

6 magnetization orientation in the absence of an applied magnetic field, a 

7 metallic nonmagnetic ~pacer layer adjacent to and in contact with the 

B central active region of the free ferromagnetic layer, a pinned 

9. ferromagnetic layer adjacent to and in contact with the spacer layer and 

10 having a magnetization oriented at an angle to the magnetization of the 

11 central active region of the free ferromagnetic layer, arid a layer of an 

12 antiferromagnetic material having a predetermined Neel temperature 

13 and formed adjacent to and in contact with the pinned ferromagnetic 

14 layer for pinning the magnetization of the pinned ferromagnetic layer; 

15 a layer of ferromagnetic material formed as end regions to the central 

16 active region of the free ferromagnetic layer, the end regions abutting and 

17 being contiguous with. the edges of the central active region of the free 

18 ferromagnetic layer; and 

19 a layer of antiferromagnetic material adjacent to and in contact with the 

20 end regions and having a Neel temperature substantially different from the 

2.1 Neel temperature of the antiferromagneticinaterial adjacent to the pinned 

22 ferromagnetic layer for exchange biasing the magnetization in the end regions. 
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A spin valve magnctorcsistive sensor as in claim 7 wherein the 

2 layer of antiferromagnetic material adjacent to the end regions is formed of an 

3 alloy comprising nickel and manganese. 

1 9. A spin valve magnetoresistive sensor as in claim 8 wherein the 

2 layer of antiferromagnetic material adjacent to the pinned ferromagnetic layer 

3 is formed of an alloy comprising iron and manganese. 

1 10. A spin valve magnetoresistive sensor as in claim 7 wherein the 

2 layer of antiferromagnetic material adjacent to the end regions is contiguous 

3 with and abuts the edges of the central active region of the free ferromagnetic 

4 layer. 

1 11. A spin valve magnetoresistive sensor as in claim 7 wherein the 

2 ferromagnetic material in the central active region of the free ferromagnetic 

3 layer is different from the ferromagnetic material in the contiguous and 

4 abutting end regions. 
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A magnCLic storage system comprising: 

THIS SHEET HAS BEEN 
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2 a magnetic storage medium having a plurality of tracks for the 

3 recording of data; 

4 a magnetic transducer maintained close to the magnetic storage medium 

5 during relative motion between the magnetic transducer and the magnetic 

6 storage medium, the magnetic transducer including a spin valve 

7 magnetoresistive sensor comprising (a) a substrate; Cb> a first free 

B ferromagnetic layer on the substrate with a central active region having a 

9 magnetization orientation in the absence of ari. applied magnetic field; (c) a 

10 metallic nonmagnetic spacer layer adjacent to and in contact with the central 

11 active region of the first free ferromagnetic layer; (d) a second ferromagnetic 

12 layer adjacent to and in contact with the spacer layer and having its 

13 magnetization pinned in a direction at an angle to the magnetization of the 

14 central active region of the first free ferromagnetic layer in the absence of an 

15 applied magnetic field; (e} a third ferromagnetic layer formed on the substrate 

16 as end regions to the central active region of the first free ferromagnetic layer, 

17 the end regions abutting and being contiguous with the edges of the central 

18 active region of the first free ferromagnetic layer; and (f) a layer of 

19 antiferromagnetic material adjacent to and in contact with the third 

20 ferromagnetic layer end regions for exchange biasing the magnetization in the 
--------------

21 end regions; and 
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22 means coupled t..o the magneton!sistive sensor fo1· detecting resistance 

23 changes in the magnetoresistivc se:nsor responsive to magnetic fields 

24 representative of data bits recorded in the magnetic storage medium 

25 intercepted by the magnetoresistive sensor. 

1 13. A system as in claim 12 wherein the layer of antiferromagnetic 

2 material adjacent to the third ferromagnetic layer end regions is formed of an 

3 alloy comprising nickel and manganese. 

1 14. A system .as in claim 12 wherein the layer of antiferromagnetic 

2 material adjacent to the third ferromagnetic layer end regions is contiguous 

3 with and abuts the edges of the central active region of the first free 

4 fen::omagnetic layer. 

1 15. A system as in claim 12 wherein the ferromagnetic material in 

2 the central active region of the first free ferromagnetic layer is different from 

3 the ferromagnetic material in the third ferromagnetic layer. 
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1 16. A magnCLic recording disk clrin! comprisi11~~: 

2 a magnetic recor·ding disk; 

3 a motor connected to the disk for rotating the disk: 

4 a spin valve magnetoresistive sensor for sensing magnetically recorded 

5 data on the disk, the sensor comprising (a) a free ferromagnetic layer with a 

6 central active region having a magnetization orientation in the absence of an 

7 applied magnetic field; {b) a metallic nonmagnetic spacer layer adjacent to and 

B in contact with the central active region of the free ferromagnetic layer; {c) a 

9 pinned ferromagnetic layer adjacent to and in contact with the spacer layer 

10 and having a magnetization oriented at _an angle to the magnetization of the 

11 central actiye region of the free ferromagnetic layer; (d) an antiferromagnetic 

12 material having a predetermined Neel temperature formed as a layer adjacent 

13 to and in contact with the pinned ferromagnetic layer for pinning ·the 

14 magnetization of the pinned ferromagnetic layer; (e) a layer of ferromagnetic 

15 material formed as end regions to the central active region of the free 

16 ferromagnetic layer, the end regions abutting and being contiguous with the 

17 edges of the central active region of the free ferromagnetic layer; and (f) a 

18 layer of antiferromagnetic material adjacent to and in contact with the end 

19 regions and having a Neel temperature substantially different from the Neel 

20 temperature of the antiferromagnetic material adjacent to the pinned 

21 ferromagnetic layer for exchange biasing the magnetization in the end regions; 
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22 a can;e1· supporting the spin valve magneLoresisLive sensor and having 

23 a substrate onto \\'hich the sensor is attached; 

24 an actuator for moving lhe carrier generally radially across the disk so 

25 the sensor may access different regions of magnetically recorded data on the 

26 disk; 

27 means connecting the carrier to the actuator for maintaining the carrier 

28 near the disk; 

29 means electrically coupled to the sensor for detecting changes in 

30 resistance of the sensor in response to .magnetic ~elds sensed by the sensor 

31 from the magnetically recorded disk; and 

32 means for supporting the motor and actuator. 

1 17. A disk drive as in claim 16 wherein the layer of antiferromagnetic 

2 material adjacent to the end regions is formed of an alloy comprising nickel 

3 and manganese. 

1 18. . A disk drive as in claim 17 wherein the layer of antiferromagnetic 

2 material adjacent to the pinned ferromagnetic layer is formed of an alloy 

3 comprising iron and manganese. 
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A disk drive as in claim 16 \vhcrcin lhc layer of anlifcrrom::ignclic 

2 malerial adjacent to the end regions is contiguous \vit.h and abuts the edges of 

3 the central active region of the free ferromagnetic layer. 

1 20. A disk drive as claim 16 wherein the ferromagnetic material in 

2 the central active region of the free ferromagnetic layer is different from the 

3 ferromagnetic material in the contiguous and abutting end regions. 

SA9-93-086 -29-



I If Ill~ ml~ IUJl lll[l II If 11 I THIS ~~t~~~~ sE~ 

1 21. A prnccss for making a ::;pin valve magnctorc:;i:;ti\·c clement 

2 comprising the steps of: 

3 providing a substrate; 

4 depositing a first ferromagnetic layer on the substrate; 

5 depositing a metallic nonmagnetic spacer layer directly on and in 

6 contact with the first ferromagnetic layer; 

7 depositing a second ferromagnetic layer directly on and in contact with 

8 the spacer layer; 

9 depositing directly on and in contact with_ the second ferromagnetic 

10 layer an antiferromagnetic layer of a material having a first predetermined 

11 Neel temperature; 

12 providing a mask over the central region of said previously deposited 

13 layers; 

14 etching said previously deposited layers in the regions outside the mask 

15 down to the substrate; 

16 depositing a third ferromagnetic layer on the substrate, the third 

17 ferromagnetic layer defining end regions·that abut and are contiguous with 

18 the edges of the central region of the first ferromagnetic layer; 

19 depositing directly on and in contact with the third ferromagnetic layer 

20 a layer of a material that exhibits antiferromagnetism when heated and that 

21 

22 

has a second predetermined Neel temperatu1·e; 

removing the mask; 
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23 in the presence of a first exl.ernal magnetic field applied in a lirsl 

24 dfrection, heating the substrate and the previously deposited layers to a first 

25 temperature to render antiferromagnetic the layer formed on the third 

26 ferromagnetic layer; 

27 cooling the substrate and the previously deposited layers below said first 

28 temperature to permanently align with said first applied magnetic field the 

29 magnetizations of the third ferromagnetic layer and the antif erromagnetic 

. 30 layer formed on it; 

31 in the presence of a second.external magnetic field applied in a second 

32 direction, heating the substrate and the previously deposited layers to a 

33 second temperature between said first and second Neel temperatures; and 

34 cooling the substrate and the previously deposited layers below said first 

35 Neel temperature to permanently align with said second applied magnetic 

36 field the magnetizations of said second ferromagnetic layer and the 

37 antiferromagnetic layer formed on it:,. 

1 22. The process acco:r;ding to claim 21 wherein the step of depositing 

2 on the third ferromagnetic layer a layer of a material that exhibits 

3 antiferromagnetism comprises depositing a layer of an alloy comprising nickel 

4 and manganese. 
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1 23. The process according to claim 21 wherein the step of depositing 

2 on the second ferromagnetic layer an anliferromagnetic layer ofa material 

3 having a first predetermined Neel temperature comprises depositing a layer of 

4 an alloy comprising iron and manganese. 

1 24. The process according to claim 21 wherein the step of depositing 

2 on the third ferromagnetic layer a layer of a material that exhibits 

3. antiferromagnetism comprises depositing said layer to abut and be contiguous 

4 with the edges of the central region of the first ferromagnetic layer. 
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