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SPIN VALVE MAGNETORESISTIVE SENSOR WITH SELF-PINNED 
LAMINATED LAYER AND MAGNETIC RECORDING SYSTEM 

USING THE SENSOR 

Related· Application 

This application is related to copending application Serial 

No. 08/139,477, filed October 15, 1993. 

Technical Field 

This invention relates to a magnetoresistive (MR) sensor based on- the 

spin valve effect for sensing magnetic fields, and to magnetic recording 

10 systems which incorporate such sensors. 

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 func~on of 

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

15 The conventional MR sensor, such as· that used in the IBM "Corsair" disk 

drive, 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 data can 

20 be read from a magnetic medium because the external magnetic field from the 
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recorded magnetic medium (the signal field) causes a change in the direction 

of magnetization in the read element, which in tum causes a change in 

resistance in the read elen;ient and a corresponding change in the sensed 

cti.rrent or voltage. 

5 A different and more pronounced magnetoresistance, called giant 

magnetoresistance (GMR) or spin valve magnetoresistance (SVMR), 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. Thi!' GMR effect has been found in a variety of 

10 systems, such as Fe/Cr. or Co/Cu multilayers exhibiting strong 

antiferromagnetic coupling of the ferromagnetic layers, as 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 

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

·magnetizations of neighboring ferromagnetic layers. This in tum causes a 

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 

20 layers changes. 

A ~~icularly useful ~pplica~ion .Q.f GMR is a sandwich structure 

comprising two essentially uricoupled ferromagnetic layers separated by a 
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nonmagnetic metallic spacer layer in which the magnetization of one of the 

ferromagnetic layers is "pinned". The pinning may be achieved by depositing 

onto the ferromagnetic .layer to be pinned an antiferromagnetic 

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

5 coupled. The unpinned or "free" ferromagnetic layer has the magnetization of 

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

sensing region) also fixed, but in a direction perpendicular to the 

magnetization of the pinned layer so that only the magnetization of the free 

layer central region is free· to rotate in the presence of an external field. 

10 Typically, the magnetization in the free layer extensions is also fixed by 

exchange coupling to an antiferromagnetic layer. However, the 

anti.ferromagnetic material used for this must be different from the Fe-Mn 

anti.ferromagnetic material used to pin the pinned layer. The resulting 

structure is a spin valve magnetoresistive (SVMR) sensor in which only the 

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

magnetic field. U.S. Patent 5,206,590, assigned to IBM, discloses a basic 

SVMR sensor. U.S. Patent 5,159,513, also assigned to IBM, discloses a SVMR 

sensor in which 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 

20 maintained substantially perpendicular to each other at zero externally 

applied magnetic field by exchange cO~J!ling of the pinned ferromagnetic layer 

to an antiferromagnetic layer. 
' ·~· 

-:·: ·· ... 
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The SVMR sensor that has the most linear response and the widest 

dynamic range is one in which the magnetization of the pinned ferromagnetic 

h1yer is parallel to the signal field and the magnetization of the free 

ferromagnetic layer is perpendicular to the signal field. In the case where the 

5 SVMR sensor is to be used in a horizontal magnetic recording disk drive, this 

ineans that the plane of the sensor is perpendicular to the disk surface with 

the magnetization of the pinned layer oriented perpendicular to, and the 

magnetization of the free layer oriented parallel to, the disk surface. One 

difficulty in achieving this magnetization orientation is caused by the dipole 

10 field generated by the pinned layer. The pinned layer has a net magnetic 

moment and thus essentially acts as a macroscopic dipole magnet whose field 

acts on the free layer. In SVMR sensors where the height of the read element 

is relatively small, the result of this magnetostatic coupling is that the 

magnetization direction in the free layer is not uniform. This causes portions 

15 of the sensor to saturate prematurely in the presence of the signal field, which 

limits the sensor's dynamic range and thus the recording density and overall 

performance of the magnetic recording system. 

The related copending '4 77 application relates to a SVMR sensor that 

addresses this problem by the use of a multiple film, laminated, pinned 

20 ferromagnetic layer in place of the conventional single-layer pinned layer. 

The laminated pinned layer has ·~t leas~ two ferromagnetic films 

antiferromagnetical~y coupled to one another across a thin 
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antiferromagnetically (AF) coupling film. Since the pinned ferromagnetic 

films have their magnetic mom~nts aligned antiparallel with one another, the 

two moments can be made to essentially cancel one another. As a result, 

there is essentially no dipole field to adversely affect the free ferromagnetic 

5 layer. 

In SVMR sensors that use either the single-layer pinned layer or the 

laminated pinned layer described in the copending application, the preferred 

method of pinning the layer is by exchange coupling with an Fe-Mn 

antiferromagnetic layer. The use of Fe-Mn as the exchange coupling layer 

10 presents several problems. The exchange field strength generated by the 

Fe"'Mn is highly sensitive to temperature. As the temperature increases, the 

Fe-Mn "softens" and its ability to fix the magnetization of the pinned 

ferromagnetic layer decreases. Thus, SVMR sensors can be damaged by 

electrostatic discharge (ESD) current and the resultant heating of the Fe-Mn. 

15 Fe-Mn is also much more susceptible to corrosion than the other materials 

used in the SVMR sensor. This fact requires careful control of the fabrication 

process steps and the use of protective materials for the SVMR. The use of 

Fe-Mn also requites that the antiferromagnetic material used to exchange 

bias the extensions of the free ferromagnetic layer be made of a different 

20 material, preferably Ni-Mn. To provide sufficient exchange coupling ·field 

strength, the Ni-.Mn ,must be annealed ~t approximately 240°C. At this 

temperature, interdiffusion of the other materials into the free ferromagnetic 

AMB-94-012 -5-



layer can occur. This can result in decreased magnetoresistance, increased 

anisotropy field strength, and a large change in magnetostriction of the free 

ferromagnetic layer. 

What is needed is a SVMR sensor that has none of the disadvantages 

5 associated with an Fe-Mn exchange coupling layer, and has a pinned. 

ferromagnetic layer that causes minimal magnetostatic coupling with the free 

ferromagnetic layer. 

Summary of the Invention 

The invention is an improved SVMR sensor and magnetic recording 

10 system incorporating the sensor. 'l'he SVMR sensor uses a self-pinned 

laminated layer as the pinned ferromagnetic layer in place of the conventional 

single-layer pinned layer. Because this laminated layer is "self-pinned", a 

hard bias or exchange.bias layer is not needed. The self-pinned laminated 

layer has at least two ferromagnetic films antiferromagnetically coupled to 

15 one another across a thin antiferromagnetically (AF) coupling film. Since the 

two ferromagnetic films in this laminated layer have their magnetic moments 

aligned antiparallel, their two magnetic moments can be made to essentially 

cancel by appropriate choice of thicknesses. The magnetic field energy 

generated by the ·signal field acting on this laminated layer will be 

20 significantly less than the effective ani~~tropy energy of the laminated layer. 
~: 

This is because the former is proportional to the difference in thicknesses of 
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the two ferromagnetic films in the laminated layer, while the latter is 

proportional to the sum of the thicknesses. As a result, the laminated layer 

will not rotate significantly in the presence of the signal field, but will be 

"self-pinned". The elimination of the _exchange bias layer previously required 

5 for pinning also eliminates the need for Ni-Mn and its associated 

high-temperature process, since other antiferromagnets such as Fe..:Mn-Cr or 

NiO can substitute for it. 

For a fulier understanding of the nature and advantages of the present 

invention, reference should be made tO the following detailed description 

10 taken together with the accompanying figures. 

15 

20 

Brief Description of the Drawing 

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

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

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

Fig. 3 is an exploded perspective view of a prior art SVMR sensor 

showing the pinned ferromagnetic layer and its associated exchange bias 

layer. 

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

disk and also showing the capping layer and electrical leads. 

Fig. 5 is a view of the SVMR sensor according to the present invention 

as seen from the disk. 
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Detailed Description of the. Invention 

Prior Art 

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

.. embodied in a magnetic disk storage system, as shown in Fig. 1, the invention 

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

tape recording system, and to magnetic random access memory systems 

wherein a magnetoresistiv~ 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 

10 comprises 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 

15 environment. A 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 

air-bearing slider 20. Transducer 25 may be an inductive read and write 

20 transducer or an inductive write transducer with a SvMR read transducer of 

the type toy'be .d~scribed. The'.$lider 20 -~s connected to the actuator 14 by 
-~···t) t,.~ .; .• 

means of a rigid arm 22 and a suspension 24. The suspension 24 provides a 
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biasing force which urges the slider 20 onto the surface of the recording 

disk 16. During operation of the disk drive, the drive motor 12 rotates the 

disk 16 at a constant speed, and the actuator 14, which is typically a linear or 

rotary voice coil motor (VCM), moves the slider 20 generally radially across 

5 the surface of the disk 16 so that the 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 

10 conventional type of suspension, Sl,lch as the well-known Watrous suspension, 

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 

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

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 disk storage system, and 

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

20 should be apparent.that disk storage systems may contain a large number of 

disks and actuators, and each actuator _!!lay support a. number of sliders. In 

addition, instead of an air-:bearing slider, the head carrier may be one which 
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maintains the head in contact or near contact with the disk, such as in liquid 

bearing and other contact recording disk drives. 

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

completed sensor are supported on a suitable substrate 31. The SVMR 

5 sensor 30 may form part of trlilllsducer 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. 

A buffer layer 33 is deposited on substrate 31, followed by a first thin 

layer 35 .of soft ferromagnetic material. A thin nonferromagnetic metallic 

10 spacer layer 37, a second thin layer 39 of 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 layer 35. Layers 37, 39, 41 are then etched away to have a 

predetermined width generally corresponding to the width of the data track 

15 on the magnetic medium, such as disk 16. Anti.ferromagnetic layers 42, 43 

. . 

are formed directly on the extensions on the sides of central 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- externally applied magnetic field from the recorded 

magnetic disk 16, .the magnetiz.ations 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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to each other, as indicated by arrows 32 and 38, respectively. The 

ferromagnetic layer 35 is called the "free" ferromagnetic layer in that the 

magnetization in its central region 36 is free to rotate its direction in response 

to an extemally 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 

arrow 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 significantly 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 of the central region 36 of free 

ferromagnetic layer 35. This assures that the magnetization of the central 

15 sensing region 36 of the free ferromagnetic layer 35 is maintained generally 

perpendicular to the magnetization of pinned ferromagnetic layer 39 in the 

absence of an externally applied magnetic field. 

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

from the surface of disk 16. Fig. 4 also shows the capping layer 44 and 

20 patterned electrical leads 45, 46 for making electrical connection to the 

sensor 30. The pinned ferromagnetic l~er 39 has a net macroscopic magnetic 

moment, represented by arrow 38 into the paper. The magnetic field 
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associated with this magnetic moment has an effoct on the free ferromagnetic 

layer 35 in its central sensing region 36. The magnetization (arrow 32) of free 

layer 35 is formed at an angle of approximately 90 degrees to that of the 

pinned layer 39. The field from the pinned layer 39 causes the magnetization 

5 in the free layer 35 to be nonuniform. The nonuniformity of the 

magnetization causes portions of the sensor 30 to saturate prematurely in the 

presence· of an externally applied signal field from the magnetic medium. 

The use of antiferromagnetic _exchange coupling layers 41 and 42, 43 is 

. the preferred method of pinning the magnetizations of the ferromagnetic 

10 layer 39 and the extensions of free layer 35, respectively. However, the 

second ferromagnetic layer 39 and the extensions of free layer 35 can have 

their magnetizations pinned by alternative methods, such as the use of a hard 

bias layer (not shown) as is known in the art. The exchange bias layers 41 

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

15 · as iron-martgariese (Fe-Mn) or nickel-manganese (Ni-Mn). However, the 

layer 41 must be made of a different antiferromagnetic material than that 

used for the layers 42, 43. This is because the magnetization of layer 41 must 

be made perpendicular to the magnetizations of layers 42, 43. During 

processing, the antife~omagnetic material is subjected to an applied magnetic 

20 field while heated to a specific critical temperature to orient its magnetization. 

Different materials must be selected so that when one material is raised to its 

critical temperature to orient its magnetization, this temperature will be 
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below the criticaI temperature of the other material and its magnetization will 

· be unaffected. Thus, typically layer 41 is made of Fe-Mn, which has a critical 

temperature of about 160°C, and the layers 42, 43 are made of Ni-Mn, which 

. , has a critical teinperature of about 240°C . 

5 The above-described embodiment is for a SVMR sensor used in a · 

magnetic recording disk drive. However, the SVMR element of the present. 

invention is also applicable for use in magnetic random access memory 

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

the magnetizations of the free and pinned layers would be oriented parallel or 

· 10 antiparallel, rather than perpendicular. 

Preferred Embodiments 

In the present invention, the single-layer pinned ferromagnetic layer in 

the SVMR sensor is replaced by a self-pinned laminated structure comprising 

at least two ferromagnetic films separated by a thin antiferromagnetic 

15 coupling film. The antiferromagnetic layer for pinning the pinned layer is 

eliminated. The two ferromagnetic films making up the laminated pinned . 

layer are antiferromagnetically coupled to one another by means of the 

appropriate type and thickness of the antiferromagnetic coupling film so that 

their magnetizations are oriented antiparallel to one another. 

20 The'j)referr~d embodiment of the~SVMR sensor according to the present 

invention is shown schematically ·in Fig. 5 which, like Fig. 4, is a view of the 
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structure as it would appear looking up from the surface of the magnetic 

medium. However, in Fig. 5 the SVMR sensor 60 is shown as fabricated with 

the pinned and free layers inverted from the prior art SVMR sensor of Fig. 4. 

The SVMR sensor 60 as shown in Fig. 5 is fabricated by DC magnetron 

5 sputter deposition in the presence of an applied magnetic field. First, a 

·so-100A film of tantalum (Ta) is deposited as a buffer layer 62 onto a 

substrate 61, which in this embodiment was glass. However, the substrate 

could also be of other materials, such as a semiconductor material or a 

ceranlic material such as used for conventional sliders. The pinned . 

10 · ferromagnetic layer 70, which replaces the single-layer pinned layer 39 in the 

prior art structure of Fig. 3, is a self-pinned laminated structure. It comprises 

a first cobalt (Co) film 72 having a thickness in the range of 20-50A formed 

directly on the Ta buffer.layer 62, a 3-lOA ruthenium (Ru) film 73 deposited 

onto the first Co film 72, and a second Co film 7 4 of 10-40A thickness formed 

15 on the Ru film 73. The easy axes of magnetizations of films 72, 74 are 

oriented perJ)endicular to the plane of the figure (into the paper) due to the 

applied field. The directions of magnetization of the two films 72, 7 4 will be 

set later after all the films in the SVMR sensor 60 have been deposited. 

These magnetization directions are as indicated, i.e., toward the medium for 

20 film 7.2 as shown by arrow 76 and away from the medium for film 7 4 as 

shown by arrow 78, although the revers~ would also work. 
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A copper (Cu) layer 63 is then deposited onto the second Co filin 74 to a 

thickness in the range of 20-40A to serve as the nonferromagnetic metallic 

spacer. While Cu was used as the spacer layer in this embodiment, other 

nonferromagnetic metallic materials with high electrical conductivity, such as 

5 silver (Ag), gold (Au), and their alloys, can be used. 

Next, the free ferromagnetic layer 64 is formed over spacer layer 63. It 

comprises a Co film 65 of 3-12.A. thickness deposited on the Cu spacer layer 63 

and a Ni-Fe film 66of15-60.A. thickness deposited over the Co film 65. Both 

of the films 65, 66 making up the free ferromagnetic layer 64 are deposited in 

10 the presence of the same applied magnetic field used during the deposition of 

the pinned films 72, 7 4 so that this field also defines the easy axis of 

magnetization of the free layer 64. Alternatively, the applied field could be 

rotated 90 degrees from its previous direction. The magnetization direction of 

the free ferromagnetic layer 64 will be-set later after all of the films in the 

15 SVMR sensor 60 have been deposited.and patterned. This magnetization 

direction will be ~s indicated by arrow 67, i.e., generally parallel to the 

medium and perpendicular to the magnetization directions 76, 78 of the 

pinned films 72, 74, respectively. While in the preferred embodiment the free 

ferromagnetic layer· 64 includes a thin Co film 65 adjacent to the Cu spacer 

20 layer 63, the film 65 can also be a Co alloy. It is also possible to form the free 

ferromagnetic· layer 64 of a single· ferr01p.agnetic material. The Co or Co. alloy 
· .. ·~· ..... 

film 65 i,ncreases the magnetoresistarice of the sensor but is maintained 
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relatively thin, in the range of 2-20A, to minimize the effect of the relatively 

"hard" magnetic Co material on the permeability of the sensor. 

Following the deposition of the free ferromagnetic layer 64, a first Ta 

layer 69 is formed over the free ferromagnetic layer 64. Next, the Ta layer 69 

5 on top of the central region 80 of the free ferromagnetic layer 64 is masked. 

The structure is then returned to the sputter deposition chamber with the 

applied field oriented perpendicular to its original direction. The Ta layer 69 

is then etched down to expose the lateral extensions 81, 82 of the free 

ferromagnetic layer 64. The etching of the Ta defines edges 90, 91 of the 

10 · central sensing region 80 of the free ferromagnetic layer 64. The width of the 

15 

region 80 between edges 90, 91 is i;;elected to generally match the width of the 

data track on .the magnetic medium. Since this width is in the micron 

(10,000A) range, the drawing of Fig. 5 is not made to scale so that the sensor 

films can be shown. 

Antiferromagnetic exchange biasing layers 83, 84 are then deposited 

directly on the lateral extensions 81, 82 of the free ferromagnetic film 66. 

This causes t};le direction of magnetizations of the extensions 81, 82 to be set 

perpendicular to their original easy axes. Although not shown in Fig. 5, it 

may be desirable to first deposit additional Ni.: Fe. onto the lateral 

20 extensions 81, 82 because during the previous etching step some of the Ni-Fe 

may have been removed from film 66. In the preferred embodiment, the 
. ... :··~. .., .. , :: ··. -~:~:· 

...... 

material used for.thelayers,.83, 84is Fe-Mn-Cr. The Fe-Mn-Cr is then 
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subjected to an external magnetic field and heated to 180°C, which is 

considerably less than the 240°C temperature required for Ni-Mn. The 

Fe-Mn-Cr layers 83, 84 provide longitudinal biasing of the free layer 

extensions 81, 82 to fix their magnetizations in the direction of arrow 67. 

5 This additional step of heating and cooling in the field ensures that the 

desired magnetization orientations of the extensions 81, 82 are maintained. 

A capping layer 85 of 40-60A of Ta is then deposited over the Fe-Mn-Cr 

antiferr~magnetic exchange bias layers 83, 84 to provide corrosion resistance 

for the sensor 60. Other suitable capping materials are high resistivity 

10 materials, such as ruthenium (Ru), zirconium (Zr), or alloys of Cu and 

gold (Au). 

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

sensor 60 to sensing circuitry in the magnetic recording system. Electrical 

leads 86, 87, preferably formed of Au or Au covered with Ta, are deposited on 

15 the capping layer 85 outside the sensing region 80 to form a circuit path 

between the SVMR sensor 60 and a current source 88 and.a sensing 

means 89. 

After the sensor geometry is completed, the directions of the 

magnetizations of layers 72, 7 4 are set by applying a sufficiently large 

20 magnetic field ( ~ 10 Koe). The direction of the magnetization of layer 66 is 

self-setting due to its shape anisotropy_ .~nd the effect of the pinned 

extensions 81, 82. 
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In the preferred embodiment, a magnetic ·signal in the medium is 

sensed by the sensing means 89 detecting the change in resistance, deltaR, of 

the SVMR 60 as the magnetization of the central region 80 of the free 

ferromagnetic layer 64 rotates in response to the applied magnetic signal from 

the recorded medium. 

The two Co films 72, 74 in the laminated pinned layer 70 have 

magnetization directions indicated by arrows 76, 78, respectively. The 

antiparallel alignment of the magnetizatfons of the two Co films 72, 7 4 is due 

to an antiferromagnetic exchange coupling through the Ru antiferromagnetic 

10 coupling film 73. Because of this antiferromagnetic coupling, and because the 

two Co films 72, 74 can have substantially the same thickness, the magnetic 

moments of each of the films can essentially cancel each other. The net 

magnetic moment of ·the laminated layer 70 is thu~ substantially smaller than 

the sum of the magnetic moments of the two individual films 72, 7 4. 

15 While in the embodiment shown in Fig. 5 the self-pinned laminated 

ferromagnetic layer 70 comprises two antiferromagnetically coupled 

films 72, 74 separated by a single antiferromagnetic coupling film 73, the 

layer 70 can comprise a multiple number of ferromagnetic films separated by 

antiferromagnetic coupling films. 

20 Depending upon: the materials selected for the ferromagnetic. 

films 72, 7 4 and antiferromagnetic coup_!ing fil~ 73 in the laminated pinned 

layer 70, ther~· is a preferred antiferromagnetic coupling film thickness at 
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which the ferromagnetic films become strongly antiferromagnetically coupled. 
. . . 

The antiferromagnetic coupling film thickness must not be so thin, however, 

that a significant number of pin holes occur in the film, which would affect its 

antiferromagnetic coupling strength. The strength of the antiferromagnetic 

5 coupling field exhibits an oscillatory behavior as a function of increasing 

antiferromagnetic film thickness. This oscillatory coupling relationship for 

selected material combinations is described by Parkin et al. in Phys. Rev. 

Lett., Vol. 64, p. 2304 (1990). 

While th~ laminated pinned layer in the SVMR sensor 60 has been 

10 shown with the preferred materials of Co and Ru as the ferromagnetic and 

antiferromagnetic coupling film, respectively, other material combinations are 
. . 

possible, such as iron/chromivm (Fe/Cr), and other ferromagnetic materials 

(such as Fe, Ni, Co or alloys of Fe, Ni, or Co) with other antiferromagnetic 

coupling films (such as Cr, rhodium (Rh), iridium (Ir), and their alloys). 

15 However, for each such material combination, the oscillatory exchange 

coupling relationship woiµd have to be determined, if not already known, so 

that the thickness of the antiferromagnetic coupling film can be selected to 

assure antiferromagnetic coupling between the two ferromagnetic films. 

If the '1ive" thicknesses of the two ferromagnetic films 72, 74 forming 

20 the laminated pinned layer 70 are identical, then in theory the net moment of 

the pinned layer 70 would be zero beca~~e each of the magnetic moments 

would precisely cancel. (By "Ilve" thickness is meant the actual thickness of 
~ ... 
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the pinned films 72, 74 that possesses a magnetic moment, and thus excludes 

the surfaces of the films which may have become mixed with adjacent.films or 

oxidized. Thus, the live thickness of each of the films 72, 7 4 is less than its 

total thickness.) Because it is not possible to precisely form each of the films 

5 to the exact same thickness, the net moment of the pinned layer 70 will likely 

be a small but nonzero value as a natural result of the normal deposition 

process. However, it is desirable to deliberately deposit one of the pinned· 

ferromagnetic films to a thickness slightly greater than that of the other film, . 

as described with respect to Fig'. 5, so that there is a small nonzero net 

10 magnetic moment in the pinned layer. This assures that the magnetization of 

the pinned layer 70 is stable in the presence of small magnetic fields so that 

the direction of its magnetization is predictable. 

The key aspect of the SVMR 60 of the present invention is the absence 

of either a hard bias layer or an antiferromagnetic layer adjacent to the 

15 pinned ferromagnetic layer 70 for pinning the magnetization of the pinned 

ferromagnetic layer 70. The lack of this layer eliminates additional processing 

steps and permits Fe-Mn (or Fe-Mn-Cr in the preferred embodiment) to be 

used as the antiferromagnetic layer for longitudinally biasing the 

extensions 81, 82 of the free ferromagnetic layer 63. Thus, the problems 

20 associated with the use of Ni-M~ can be eliminated. 

In contrast to the prior art us~ ~!:_single-layer pinned layers with 

associated hard or ~J{chang~ bias layers,· a.hard bias layer or an exchange bias 
'.- : •! . ·;. . 
~=. . -:, 
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layer is not needed in the SVMR sensor 60 of the present invention because 

the laminated layer 70 is "self-pinned". Because the two ferromagnetic 

films 72, 7 4 in the laminated layer 70 are close to the same thickness, but 

their magnetizatio~s are in opposite directions, the net magnetic moment of 

5 layer 70 is small. An externally applied field will generate a rn.agnetostatic 

energy that is related to the product of this small net moment times the 

applied field strength. This applied field energy will not cause the laminated 

layer 70 to rotate because this energy will be less than the effective anisotropy 

field energy of the laminated layer 70. The reason the applied field energy is 

10 less than the effective anisotropy field energy is that it is proportional to the 

difference of the live thicknesses of the two ferromagnetic films 72, 74, while 

the effective anisotropy field energy is proportional to the sum of the live 

thicknesses of these two films. Also, for the laminated layer 70 to be 

self-pinned, the intrinsic anisotropy field of each of the films 72, 7 4 must be 

15 several times larger than the coupling field from the free layer 64. This is 

accomplished by the choice of materials for the laminated pinned layer 70 for 

a given spacer layer/free layer combination. For example, in the embodiment 

described and shown in Fig. 5, the intrinsic anisotropy field of each Co 

film 72, 74 is approximately 60 Oe, whereas the coupling field from the free 

20 layer 64 is below 20 Oe. The laminated layer 70 will thus not rotate in the 

presence of an applied signal field and_ is_ thus self-pinned. 
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The SVMR sensor according to the present invention has significantly 

improved performance over the prior art. Compared to SVMR sensors that 

are. subjected to the 240°C processing step required when Ni-Mn is used, the 

magnetoresistance (deltaR/R) is increased approximately 20-30% and the 

5 anisotropy field of the free ferromagnetic layer is reduced approximately 70%. 

10 

Also, the change in magnetostriction due to the high temperature processing 

step is reduced by a factor of 10. As a result, the signal response has been 

calculated to be 5 millivolts/micron, which is approximately a 300% 

improvement over the prior art SVMR sensor. 

While the present invention has been particularly shown and described 

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

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 

15 scope only as specified in the appended claims . 

. . .. • ! 

. ,:;. 
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1 1. A ~pin valve magnetoresistive element comprising: 

., 2 first and second layers of ferromagnetic material separated by a spacer 

3 layer of nonmagnetic material, the magnetization direction of said first layer 

4 of ferromagnetic material being oriented at an angle relative to the 

5 magnetization direction of said second layer of ferromagnetic material at zero 

6 applied magnetic field, the second layer of ferromagnetic material comprising 

7 first and second ferromagnetic films antiferromagnetically coupled to one 

B . another and an antiferromagnetically coupling film separating the two 

9 ferromagnetic films, wherein the element includes no hard bias layer or 

10 exchange bias layer for pinning the magnetization of the second ferromagnetic 

11 layer. 

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

2 antiferromagnetically coupling film in the second ferromagnetic layer consists 

3 essentially of Ru. 

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

2 first and second ferromagnetic films in the second ferromagnetic layer consist 

essentially of Co. 
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1 . 4. A spill valve magnetoresistive element as in claim 1 wherein ·the 

2 first and second ferromagnetic films in the second ferromagnetic layer are 

3 made of a material selected from the group consisting of Co, Fe, Ni, and alloys · 

· 4 of Co, Fe, or Ni, and wherein the antiferromagnetically coupling film in the 

5 second ferromagnetic layer is made of a material selected from the group 

6 consisting of Ru, Cr, Rh, Ir, and their alloys. 

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

2 second ferromagnetic layer has a net magnetic moment substantially less than 

3 the sum of the magnetic moments of the first and second films in the second 

4 ferromagnetic layer. 

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

2 ·first and second· films in the second ferromagnetic layer have substantially the 

3 same magnetic moment. 

1 7. A spin valve magnetotesistive element as in claim 1 wherein the 

2 nonmagnetic spacer layer comprises a material selected from the group 

3 consisting of Ag, Au, Cu, and alloys of Ag, Au, and Cu. 
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1 8. A spin valve magnetoresistive sensor comprising: 

2 a substrate; and 

3 a layered structure formed on the substrate, the layered structure 

4 comprising: 

5 a free ferromagnetic layer having a given orientation of 

6 magnetizatfon in the absence of an applied magnetic field; 

7 a nonmagnetic spacer layer adjacent to the free ferromagnetic 

B layer; 

· 9 a first pinned ferromagnetic film adjacent to the spacer layer and 

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

11 free .ferromagnetic layer; . 

12 an antiferromagnetically coupling film adjacent to the first 

13 pinned ferromagnetic film; 

14 a second pinned ferromagnetic film adjacent to the 

15 antiferromagnetically coupling film and antiferromagnetically coupled 

16 to the first pinned ferromagnetic film so as to have a direction of 

17 magnetization generally antiparallel to the magnetization of the first 

18 pinned ferromagnetic film; and 

19 wherein the sensor has no hard bias layer or exchange bias layer for pinning 

20 the magnetization of the pinned ferromagnetic films. 
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1 9. A spin valve magnetoresistive sensor as in claim 8 wherein the 

2 antiferromagnetically coupling film between the first and second pinned 

3 ferromagnetic films consists essentially of Ru. 

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

2 first and second pinned ferromagnetic films are made of a material selected 

3 from the group consisting of Co, Fe, Ni and alloys of Co, Fe, or Ni, and 

4 wherein the antiferromagnetically coupling film is made of a material selected 

5 from the group consisting of Ru, Cr, Rh, Ir, and their alloys. 

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

2 first and second pinned ferromagnetic films have substantially the same 

3 magn.etic moment. 

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

2 nonmagnetic spacer layer between the free ferromagnetic layer and the first 

3 pinned ferromagnetic film comprises a material selected from the group 

4 consisting of Ag, Au, Cu, and alloys of Ag, Au, and Cu. 

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

2 ··· · free ferromagnetic layer includes a thi~_ film of Co oz: Co alloy adjacent to the 

3 spacer layer . 
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1 14. A spin valve magnetoresistive sensor comprising: 

2 a substrate; 

·· 3 a laminated self-pinned layer formed over the substrate and comprising 

4 first and second ferromagnetic films and an antiferromagnetically coupling 

5 film between the first and second ferromagnetic films for aligning the 

6 directions of magnetizations of the first and second ferromagnetic films to be 

7 generally.anti.parallel; 

8 a nonmagnetic spacer layer formed adjacent to the second ferromagnetic 

9 film of the self-pinned laminated layer; 

10 a free ferromagnetic layer formed adjacent to the spacer layer and 

11 having its magnetization oriented generally perpendicular to the 

12 magnetizations ·of the first and second ferromagnetic films of the self-pinned 

13· laminated layer in the absence of an applied magnetic field; and 

14 wherein the sensor has no hard bias layer or· exchange bias layer for 

15 pinning the magnetizations of the first and second ferromagnetic films in the 

16 self-pinned laminated layer. 
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1 15. A spin valve magnetoresistive sensor according ut=a:emFtzF=:::.~= -

2 wherein the free ferromagnetic layer has a central sensing region and 

3 extensions on the sides of the central sensing region, and further comprising 

·· 4 layers of an alloy comprising Fe and Mn formed adjacent to the free 

5 ferromagnetic layer extensions for longitudinally biasing the magnetizations of 

6 the free layer extensions. 

1 16. A spin valve magnetoresistive sensor as in claim 14 wherein the 

2 antiferromagnetically coupling film between the first and second films in the 

3 self-pinned laminated layer consists essentially of Ru. 

1 17. A spin valve magnetoresistive sensor as in claim 14 wherein the 

2 first and second films in the self-pinned ferromagnetic layer are made of a 

3 material selected from the group consisting of Co, Fe, Ni and alloys of Co, Fe, 

4 or Ni, and wherein the antiferromagnetically coupling film is made of a 

5 material selected from the group consisting of Ru, Cr, Rh, Ir, and their alloys. 

1 18. A spin valve magnetoresistive sensor as in claim 14 wherein the 

2 first and second films in the self-pinned ferromagnetic l~yer have 

3 substantially the same magnetic moment . 
. :.·.~ .· '... ·~t·" .. 

." -~. ·;: 

·-,;.--· 
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1 19. A spin valve magnetoresistive sensor as in claim 14 wherein the 

2 nonmagnetic spacer layer between the free ferromagnetic layer and the 

3 self-pinned laminated layer comprises a material selected from the group 

· 4 consisting of Ag, Au, Cu, and alloys of Ag, Au, and Cu. 

1 20. A spin valve magnetoresistive sensor as in claim 14 wherein the 

2 free ferromagnetic layer includes a thin film of Co or Co alloy adjacent to the 

3 spacer layer. 

1 21. A spin valve magnetoresistive sensor as in claim 14 wherein the 

2 self-pinned laminated layer is located between the substrate and the free 

3 ferromagnetic layer. 

1 22. · A spin valve magnetoresistive sensor as in claim 21 further 

2 comprising a buffer layer between the substrate and the self-pinned laminated 

3 layer. 

1 23. A spin valve magnetoresistive sensor as in claim 21 further 

2 comprising a capping layer formed over the free ferromagnetic layer. 
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1 24; A magnetic storage system comprising: 

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 

5 medium during relative motion between the magnetic transducer and the 

6 magnetic storage medium, the magnetic transducer including a spin valve 

7 magnetoresistive sensor comprising: 

B first and second layers of ferromagnetic material separated by a 

9 spacer layer of nonmagnetic material, the magnetization direction of 

10 said first layer of ferromagnetic material being at an angle relative to 

11 the magnetization direction of said second layer of ferromagnetic 

12 material at zero applied magnetic field, the second layer of 

13 ferromagnetic material comprising first and second ferromagnetic films 

14 antiferromagnetically coupled to one another and an 

15 antiferromagnetically coupling film separating the two ferromagnetic 

16 films, wherein the sensor includes no har~ bias layer or exchange bias 

17 layer for pinning the magnetization of the second ferromagnetic layer; 

18 and 

19 means coupled to the magnetoresistive sensor for detecting resistance 

20 changes in the·magnetoresistive sensor responsive to magnetic fields 

21 representative of data bits recorded in .tbe magnetic storage medium 

22 intercepted by the magnetoresistive sensor. 
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1 25. A systeni as in claim 24 wherein the antiferromagnetically 

2 coupling film in the second ferromagnetic layer consists essentially of Ru. 

1. 26. A system as in claim 24 wherein the first and second 

2 ferromagnetic films in the second ferromagnetic layer consist essentially of Co. 

1. 27. A system as in claim 24 wherein the first and second 

2 ferromagnetic films in the second ferromagnetic layer are made of a material · 

3 selected from the group consisting of Co, Fe, Ni and alloys of Co, Fe, or Ni, 

4 and wherein the antiferromagnetically coupling film in the second 

s ferromagnetic layer is made of a material selected from the group consisting of 

6 Ru, Cr, Rh, Ir, and their alloys. 

1 28. A system as in claim 24 wherein the second ferromagnetic layer 

2 has a net magnetic moment substantially less than the sum of the magnetic 

3 moments of the first and second films in the second ferromagnetic layer. 

1 29. A system as in claim 24 wherein the first and second films in the 

2 second fe"~omaghetic layer 'have substantially the same magnetic moment. 
· ... 
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1 30. A system as in claim 24 wherein the nonmagnetic spacer layer 

2 comprises a material selected from the group consisting of Ag, A~, Cu, and 

3 alloys of Ag, Au, and Cu. 

1 31. A magneticrecording disk drive comprising: 

2 a magnetic recording 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: 

6 a laminated self-pinned layer comprising first and second 

7 ferromagnetic films and an antiferromagnetically coupling film between 

B the first and second ferromagnetic films for aligning the directions of 

9 magnetizations. of the first and second ferromagnetic films to be 

10 generally antiparallel; 

11 a nonmagnetic spacer layer formed adjacent to the second 

12 ferromagnetic film of the self-pinned laminated layer; 
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13 a free ferromagnetic layer formed adjacent to the spacer layer 

14 and having its magnetization oriented generally perpendicular to the 

15 magnetizations of the first and second ferromagnetic films of the 

·16 self-pinned laminated layer in the absence of an applied magnetic field, 

17 wherein the sensor has no hard bias layer or exchange bias layer for 

18 pinning the magnetizations of the first and second ferromagnetic films 

19 in the self-pinned laminated layer; 

20 a carrier supporting the spin valve magnetoresistive sensor.and having 

21 a substrate onto which the sensor is attached; 

22 an actuator for moving the carrier generally radially across the disk so 

23 the. sensor may access different regions. of magnetically recorded data on the 

24 disk; 

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

26 .near the disk; 

27 means electrically coupled to the sensor for detecting changes in 

28 resistance of the sensor in response to magnetic fields sensed by the sensor 

29 from the magnetically recorded disk; and 

30 means for supporting the motor and actuator. 
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32. ·A disk drive according to claim-31 wherein the free ferromagnetic 

2 layer has a central sensing region and extensions on the sides of the central 

3 sensing region, and further comprising layers of an alloy comprising Fe and 

4 Mn formed adjacent to the free ferromagnetic layer extensions for 

5 longitudinally biasing the magnetizations of the free layer extensions. 

1 33. A disk drive as in claim 31 wherein the antiferromagnetically 

2 coupling film between the first ~d second films in the self-pinned laminated 

3 layer consists essentially of Ru. 

1 34. A disk drive as in claim 31 wherein the first and second films in 

2 the self-pinned ferromagnetic layer are made of a material selected from· the 

3 group consisting of.Co, Fe, Ni and alloys of Co, Fe, or Ni, and wherein the 

4 antiferromagnetically coupling film is made of a material selected from the 

5 group consisting of Ru, Cr, Rh, Ir, and their alloys. 

1 35. A disk drive as in claim 31 wherein the laminated self-pinned 

2 layer has a net magnetic moment substantially less than the sum of the 

3 magnetic moments of the first and second films in the laminated self-pinned 

4 layer. 
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1 36. A disk dri.ve as in claim 31 wherein the nonmagnetic spacer layer 

2 between the free ferromagnetic layer and the self-pinned laminated layer .. 
3 comprises a material selected from the group consisting of Ag, Au, Cu, and 

· 4 alloys of Ag, Au, and Cu. 

1 37. A disk drive as in claim 31 wherein the free ferromagnetic layer 

2 includes a thin film of Co or Co alloy adjacent to the spacer layer. 

1 38. A disk drive as in claim 31 wherein the self-pinned laminated 

2 layer is located between the substrate arid the free ferromagnetic layer. 

1 39. A disk drive as in claim 38 further comprising a buffer layer 

2 between the substrate and the self-pinned laminated layer. 

1 40. A disk drive as in claim 38 further comprising a capping layer 

2 formed over the free ferromagnetic layer . 

·.,.;-, . : .··.:. 
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