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MULTILAYERED PINNED LAYER STRUCTURE FOR IM:PROVED 
COUPLING FIELD AND GMR FOR SPIN VALVE SENSORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates· to a multilayered · pinned layer structure for 

improved coupling field and giant magnetoresistance (GMR) for spin valve sensors and 

more particularly to a nickel iron (NiFe) based film between first and second cobalt (Co) 

· based films pinned layer structure in one or both antiparallel (AP) pinned layers of an 

AP _pinne4 layer structure or in a single pinned layer structure for improve~ coupling 

field and/or GMR of a spin valve sensor. 

2. Description of the Related Ar~ 

A spin valve sensor is employed by a read head for sensing magne~ic fields on 

a moving magrietic medium,· such as a rotating magnetic disk or a linearly moving 

magnetic tape. The sensor includes a nonmagnetic electrically conductive first spacer 

layer sandwiched between a ferromagnetic pinned layer and a ferromagnetic free layer. 

An antiferromagnetic pinning layer interfaces the pinned layer for pinning the magnetic 

moment of the pinned layer 90 ° to an air bearing surface (ABS) whiph is an exposed 

surface of the sensor that faces the magnetic medium. First and second leads are 
• 

connected to the spin valve sensor for conducting a sense current therethrough. The 

magnetic moment of the free layer is free to rotate in positive and negative directions 

from a quiescent or bias point position in response to positive and negative magnetic 

field sign~s from a rotating magnetic disk. The quiescent position is the position of the 

magnetic moment of the free layer with the sense current conducted through the sensor 

in the absence of signal fields. The quiescent position of the magnetic moment of the 

. free layer is typically parallel to the ABS. If the quiescent position qf the magnetic 

moment is not parallel to the ABS in the absence of a signal field the positive and 

negative responses of the free layer to positive and negative signal fields will not be 

equal which results in read signal asymmetry which is discussed in more detail 

hereinbelow. 

The thickness of the spacer layer is chosen so that shunting of the sense current 



i y, 

-2-

and· a magnetic coupling between the free and pinned layers are m~nimized. This 

thickness is typically less than the mean free path of electrons conducted through the 

sensor. With this arrangement, a portion of the conduction electrons are scattered at the 

i~terfaces of the spacer layer with the pinned and .free layers. When ~he magnetic 

moments of the pinned and free layers are parallel with respect to one another scattering 

is minimal and when their magnetic moments are antiparallel scattering is maximized. 

Changes in scattering in response to field signals from ~ rotating disk changes the 

resistance of the spin valve sensor as a function of cos 0, ~here 9 is the angle between 

the magnetic moments of the pinned and free layers. The sensitivity of the sensor is 

quantified as magnetoresistive coefficient dr/R where dr is the change in resistance of 

the sensor between parallel and antiparallel orientations of the pinne4 and free layers and 

R is the resistance of the sensor when the moments are parallel. 

The transfer curve (readback signal of the spin valve head versus applied signal 

from the magnetic disk) of a spin valve sensor is a substantially linear portion of the 

aforementioned function of cos 0. The greater this angle, the greater the resistance of 

the spin valve to the sense current and the greater the readback signal (voltage sensed 

by processing circuitry). With positive and negative signal fields from a rotating 

magnetic disk (assumed to be equal in magnitude}, it is important that positive and 

negative changes of the resistance of the spin valve· sensor be equal in order that the 

positive and negative magnitudes of the readback signals are equal. When this occurs 

a bias point on the transfer curve is considered to be zero and is located midway between 

the maximum positive and negative readback signals. When the direction of the 

. magnetic moment of the free layer is parallel to the ABS, and the direction of the 

magnetic moment of the pinned layer is perpendicular to the ABS in a quiescent state 

(absence of signal fields) the bias point is located at zero and the positive and negative 

readback signals will be equal when ~ensing positive and negative signal fields from the 

magnetic disk. The readback signals are then referred to in the art as having symmetry 

about the zero bias point. When the readback signals are not equal the readback signals 

are asymmetric. 

The location of the bias point on the transfer curve is influenced by three major 
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forces on the free layer, namely a demagnetization field CHcscm.J from the pinned layer, 

a ferromagnetic coupling field (HF) -between the pinneq layer and the free layer, and 

sense current fields (H1) from all conductive layers of the spin valve except the free 

layer. When the sense current is conducted through the spin valve sensor, the pinning 

layer (if conductive), the pinned layer and the first spacer layer, which are all _on one side 

of the free layer, impose sense current fields on the free layer that rotate the magnetic 

moment of the free layer in a first direction. The ferromagnetic coupling field from the 

pinned layer further rotates the magnetic moment of the free layer in the first direction. 

The demagnetization field from the pinned layer on the free layer rotates the µi~gnetic 

moment of the free_ layer in an opposite second direction. Accordingly, the 

demagnetization field is counterbalanced by the sense current and ferromagnetic 

coupling _fields. 

Over the years a significant amount of research has been conducted to improve 

the GMR or magnetoresistive coefficient dr/R of spin valve sensors. These efforts have 

increased the storage capacity of computers from kilobytes to megabytes to gigabytes. 

It is known that when the thickness of the spacer layer is decreased the magiietoresistive 

coefficient of the sensor is increased so as to increase storage capacity. Unfortunately, 

when the thickness of the spacer layer is decreased the aforementioned ferromagnetic 

coupling Hp between the pinned and free layer is increased. This affects the 

aforementioned bias point ~d requires that the sense current and/o~ the thickness of the 

pinned layer ~e changed to adjust the sense current fields arid the· demagnetization field$ 

acting on the free layer. There is a strong felt need to increase the magnetoresistive 

coefficfont of the spin valve sensor without increasing the ferromagnetic coupling 

field. 
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SUMMARY OF THE INVENTION 

The present invention provides a novel multilayered pinned layer structure which 

reduces a ferromagnetic coupling field between the pinned and free layers. This then 
-· . 

enables the thickness of the spacer layer between the pinned and free layers to be 

reduced so as to increase the magnetoresistive coefficient ( dr/R) while maintaining the 

ferromagnetic coupling field at an original amount. With this arrangement the sense 

current fields and the demagnetization field acting on the· free layer do not have to be 

adjusted to maintain a zero bias point orientat~on of the magnetic moment of the free 

layer during the quiescent condition of the sensor (absence of signal fiel<J.). The.novel 

multilayered pinned layer structure includes a middle nickel iron (NiFe) based film 

located between first and second cobalt (Co) based films. The novel multilayered 

pinned layer structure maybe employed for ~single pinned layer structure or one or both 

of antiparallel (AP) pinned layers of an antiparallel pinned layer structure. With this 

arrangement I have been able to increase the magnetoresistive coefficient ( dr/R) from 

3.95% to 4.2% by replacing a cobalt (Co) pinned layer with a cobalt, nickel iron and 

cobalt (~o/NiFe/Co) trilayer with an equivalent magnetic thickness. The 

magnetoresistive coefficient was increased by reducing the fhickriess of the spacer layer 

until the ferromagnetic coupling field was at its original value. By reducing the 

thickness of the spacer layer, however, the aforementioned improvement in the 

magnetoresistive coefficient ( dr/R) is obtained. 

An object of the present invention is to provide a spin valve sensor with an· 

improved magnetoresistive coefficient dr/R and/or magnetic coupling field Hp between 

the pinned and free layers 

Other objects and attendant advantages of the invention will be appreciated upon 

re~ding the following description taken together with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a planar view ofan exemplary magnetic disk drive; 

Fig. 2 is an end view of a slider with a r_nagnetic head of the disk drive as seen 

in plane 2-2; ·~ ·· 

Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks and 

magnetic heads are employed; 

Fig. 4 is an isometric illustration of an exemplary suspension system for 

supporting the slider and magnetic head; 

Fig. 5 is an ABS view of the slider taken along plane 5-5 of Fig. 2; 

Fig. 6 is a partial view ofthe·slider and a piggyback magnetic head as seen in 

plane 6-6 of Fig. 2; 

Fig. 7 is a partial view of the slider and a merged magnetic head as seen in plane 

7-7 ofFig. 2; 

Fig. 8 is a partial ABS view of the slider taken along plane 8-8 of Fig. 6 to show 

the read and write elements of the piggyback magnetic head; 

Fig. 9 is a partial ABS view of the slider taken along plane 9-9 of Fig. 7 to show 

the read and write elements of the merged magnetic he_ad; 

Fig. 10 is a View taken along plane 10-10 of Figs. 6 or 7 with all material above 

the coil layer and leads removed; 

Fig. 11 is an isometric ABS. illustration of a prior art read head which emplOys 

a spin valve sensor longitudinally biased by hard biasing layers; 

Fig. 12 is an ABS isometric illustration of a.first example of an antiparallel (AP) 

pinned r~ad sensor investigated; 

· Fig. 13 is a second example which is the same as Fig. 12 excep~the thickness of 

the spacer layer has been reduced; 

Fig. 14 is a third example and first embodiment of the invention, which is the 

same as Fig. 13, except the novel trilayer pinned layer structure has been substituted for 

a second AP pinned layer of an AP pinned layer structure; 

Fig. 15 is a fourth example and second embodiment of the invention wherein the 
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novel trilayer pinned layer structure is substituted for both of the AP pinned layers of the 

AP pinned layer structure; and 

Fig. 16 is an ABS isometric illustration of a fifth example and third embodiment 

of the present invention wherein a novel trilayer pinned layer structure is substituted for 

a single pinned layer structure. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Magnetic Disk Drive 

Referring now to the drawings wherein like reference numerals designate like or 

similar parts throughout the several views, Figs. 1-3 illustrate a magnetic disk drive 30. 

The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34. The 

spindle 32 is rotated by a spindle motor 36 that is controlled by a motor controller 38. 

A slider 42 supports a combined read and write magnetic head 40 and is supported by 

a suspension 44 and actuator arm 46 which is rotatably positioned by an actuator 47. A · 

plurality of disks, sliders and suspensions may b~ employed in a l.arge capacity direct 

access storage device (DASD) as shown in Fig. 3. The suspension 44 and actuator arm 

46 position the slider 42 so that the magnetic head 40 is in a transducing relationship 
. . 

with a surface of the magnetic disk 34. When the disk 34 is rotated by the motor 36 the 

slider is supported on a thin (typically, .05 µm) cushion of air (air.bearing) between the 

surface of the disk 34 and the air bearing surface (ABS) 48 .. The magnetic head 40 may 

then be employed for writing information to multiple circular tracks on the surface of 

the dlsk 34, as well as for reading information therefrom. Processing circuitry 50 

exchanges signals, representing such information, with the head 40, provides motor drive 

signals for rotating the magnetic disk 34, and provides control signals to the actuator 4 7 

for moving the slider to various tracks on the disk. In Fig. 4 the slider 42 is shown 

mounted to a suspension 44. The components described hereinabove may be mounted 

on a frame 54 of a housing 55, as sho\Vn in Fig. 3. 

Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The slider has 

a center rail 56, which supports the magrietic head 40, and side rails 58 and 60. The rails 
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56, 58 and 60 extend from a cross rail 62. With respectto rotation of the magnetic disk 

34, the cross rail 62 is at a leading edge 64 of the sJider and the magnetic head 40 is at 

a trailing edge 6(;· of the slider. 

Fig. 6 is.a side cross-sectional elevation view of a piggyback magnetic head 40, 
. . 

which includes a write head portion 70 and a read head portion 72, the read head portion 

employing a spin valve sensor 74 of the present invention. Fig. 8 is an ABS view of Fig. 

6. The spin valv~ sensor 74 is sandwiched between nonmagnetic electrically insulative 

first and second read gap layers 76 and 78, and the read gap layers are sandwiched 

between ferromagnetic first and second shield layers 80 and 82. In response to external 

magnetic fields, the resistance of the spin valve sensor 74 changes. A sense current Is 

conducted through the sensor causes these resistance changes to be manifested as 

potential changes. These potential changes are then processed as readback signals by 

the processing circuitry 50 shown in Fig. 3._ 

The write head portion 70 of the magnetic head 40 includes a coil layer 84 

sandwiched between first and second insulation layers 86" and 88. A third insulation 

layer 90 may be employed for planarizing the head to eliminate ripples in the second 

insulation layer caused by the coil layer 84. The first, second and third insulation layers 

are referred to in the art as an "insulation stack". The coil layer 84 and the first, second 

and third insulation layers 86, 88 and 90 are sandwiched between first and second pole 

piece layers 92 and 94. The first and second pole piece layers 92 and 94 are 

magnetically coupled at a back gap 96 and have first and second pole tips 98 and 100 

which are separated by a write gap layer 102 at the .ABS. An insulation layer 103 is 

located betwe~n the second shield layer 82 and the first pole piece layer 92. Since the 
. . 

sec~nd shield layer 82 and the first pole piece layer 92 are separate layers this head is 

lmown as a piggyback head. As shown in Figs. 2 and 4, first and second solder 

connections 104 and 106 connect leads from the spin valve sensor 74 to leads 112 and 

114 on the suspension 44, and third and fourth solder connections 116 and 118 connect 

·leads 120 and 122 from the coil 84 (see Fig .. 10) to leads 124 and 126 on the 

suspension. 

Figs. 7 and 9 are the same as Figs. 6 and 8 except the second shield layer 82 and 

the first pole piece layer 92 are a common layer. This type of head is known 8$ a merged 



', 

-8-

magnetic head. The insulation layer 103 of the piggyback head in Figs. 6 and 8 is 

omitted. 

Fig. 11 is an isometric ABS illustration of a prior art read head 72 which has a 

spin valve sensor 130. .First and second hard bias and lead layers 134 and 136 are 

connected to first and second side edges 138 and 140 of the spin valve sensor. This 

connection is known in the art as a contiguous junction and is fully described 1n 

commonly assigned U.S. Patent 5,018,037. The first hard bias and lead layers include 

a first hard bias layer 140 and a first lead layer 142 and the second hard bias and lead 

layers 136 include a second hard bias layer 144 and a second lead layer 146.· The hard . 

bias layers 140 and 144 cause magnetic flux to extend longitudinally through the spin 

valve sensor 130 for stabilizing magnetic domains of the free layer. The spin valve 

sensor 130 and the first and second hard bias and lead layers 134 and 136 are located 

between nonmagnetic electrically insulative first and second read gap layers 148 and 

150. The first and second read gap layers 148 and 150 are, in tum, located between first 

and second shield layers 152 and 154. 

Examplel 

Fig. 12 illustrates a first example of a spin valve sensor 200 investigated by me . 

. The spin valve sensor 200 includes a noiun~gnetic conductive spacer layer 202 which 

is located between an antiparalle~ (AP) pinned layer structure 204 and a free layer 206. 

The AP pinned layer structure 204 includes an AP coupling fayer 208 which is located 

between first and second AP pinned layers (APl) 210 and (AP2) 212. The AP Structure 

204 further includes a seed layer 214 which. is located between an antiferromagnetic 

pinning layer 216 and the first AP pinned layer 210. A cap layer 224 may be located on 

the free layer 206 to protect it from subsequent processing steps. 

By exchange coupling between the pinning layer 216 and the seed layer 214 the 

pinning layer 216 pins magnetic moments 218 and 220 of the seed layer and the first AP 

pinned layer perpendicular to the ABS, either toward the ABS or away from the ABS, 
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as shown in Fig. 12. By antiparallel exchange coupling between the first and second AP 

pinned layers 210 and 212 a magnetic moment 222 of the second AP pinned layer is 

pinned antiparallel to the magnetic moments 218 and 220. 

An exemplary direction of the sense current ls is from left to right and an 

exemplary direction of the magnetic moment 226 of the free layer is from left to right, 

as shown in Fig. 12. The sense current ls causes the conductive layers 214, 210, 208,_ 

212 and 202 to exert sense current fields on the free layer 206 which· are toward the 

ABS. The second AP pinned layer 212 exerts a ferromagnetic coupling field on the free 

layer which is also toward the ABS because qf the thinness of the spacer layer 202. The 

magnetic moment222 of the second AP pinned layer also exerts a demagnetization field 

on the free layer 206 which is perpendicular to and away from the ABS. Accordingly, 

the demagnetization field is counterbalanced by the sense current_ and ferromagnet!c 

coupling fields. It is desirable to maintain a proper balance of these fields so that the 

magnetic moment 226 of the free layer is oriented parallel to the ABS which is the 

proper orientation when the bias point is at a zero position on the transfer curve of the 

sensor. Exemplary materials and thicknesses for the various layers are 425 A of 

nickel oxide (NiO) .for the pinning layer 216, .10 A of nickel iron (NiFe) for the seed 

layer 214, 24 A of cobalt (Co) for the first AP pinned layer 210, 8 A of ruthenium (Ru) 

for the AP coupling layer 20s; 24 A of cobalt (Co) for the second AP pinned layer 212, 

24 A of copper (Cu) for the spacer layer 202, 70 A of nickeliron (NiFe) for the free layer 

206 and 50 A of tantalum (Ta) for the cap la:yer 224. 

The magnetoresistive coefficient (dr/R.) of the sensor 200 in Fig. 12 was 3.95% 

.. . . and the ferromagnetic coupling field (H~) was 8-9 oersteds. It is a purpose of the present 

invention to increase the magnetoresistive coefficient (dr/R) of this type of spin valve 

sensor without substantially changing the ferromagnetic coupling field {HF). 

Example2 

Example 2 of a spin valve sensor 300 is shown in Fig. 13. The spin valve sensor 

300 in Fig. 13 is the same as the spin vaJve sensor 200 in Fig. 12 except for a spacer 

layer 302 which is 225 A of copper (Cu) instead of 24 A of copper (Cu). A reduction 
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in the tJ?.ickness of the spacer layer increases the magnetoresistive coefficient ( dr/R) and 

increases the ferromagnetic coupling field (Hp) between the second AP pinned layer 212 

and the free layer 206. 

. The magnetoresistive coefficient (dr/R) of the spin valve sensor 300 is 4.2% 

which is an increase greater than·6% over the magnetoresistive coefficient ( dr/R) of the 

spin valve sensor shown in Fig. 12. While this is a desirable increase in the 

.magnetoresistive coefficient (dr/R) the ferromagnetic coupling field (Hp) has been 

increased from 8-9 Oe for the spin valve sensor 200 in Fig 12 to 20 Oe. 

The present invention, which is described below, increases the magnetore~istive 

· coefficient ( dr/R) without increasing the ferromagnetic coupling field (Hp) or maintains 

the magnetoresistive coefficient ( dr/R) while decreasing the ferromagnetic coupling field 

(Hp). Further, the present invention may increase the magnetoresistive coefficient ( dr/R) 

by a reduced amount while decreasing the ferromagnetic coupling field (Hp) by a 

reduced amount, as desired. 
I . 

Example3 
First Embodiment of the lnv~ntion 

Fig. 14 shows a third example 400 which is a first embodiment Qf the present 

spin valve sensor. The spin valve sensor 400 in Fig. 14 is the same as the spin valve 

sensor 300 in Fig. 13 except the second AP pinned layer 402 of the AP pinned structure 

4~ ii:icorporate~ a novel mul~fib;n structure instead of~e single cobalt (Co) layer.212 

shown in Fig. 12. The second AP pinned layer 402 includes a nickel iron (NiFe) middle 

film 406 which is located between cobalt (Co) first and second films 408 and 410. In 

a preferred embodiment the second cobalt (Co) film 410 is thicker than the first cobalt 

(Co) film 408 and interfaces the spacer layer 302. The thinner cobalt (Co) first layer 408 

interfaces the AP coupling layer 208. The first AP pinned layer 408 is 5 A of cobalt 

(Co), the middle layer 406 was 7 A of nickel iron (NiFe) and the second layer is 15 A of 

cobalt (Co). The thickn~sses of the other layers of the spin valve sensor 400 in Fig.14 

are the same as the thicknesses of the spin valve sensor 300 in Fig. 13 including the 
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reduced thickness of the spacer layer 302. The magnetic thickness of a multifilm second 

AP pinned layer 402 of the spin valve sensor 400 is. substantially equivalent to the 

magnetic thickness of the single film of cobalt (Co) 212 of the spin valve sensor 300. 

The mufilfilm structure of the second AP pinned layer 402 decreased the 
. . 

ferromagnetic coupling field (Hp) from 20 Oe of the spin valve sensor 300 in Fig. 13 to 

7.8 Oe. Accordingly, the magnetic coupling field (Hp) of the sensor 400 in Fig. 14 is 

equivalent to the ferromagnetic coupling field (HF) of the spin valve sensor 200 in Fig. 

12, but has an increased 1'18-gnetoresistive coefficient ( dr/R) from 3.95% to 4 .2%. Since 

the layers 408, 406 and 410 are sequentially formed the cobaJt (Co) layer 408 can be 

consi~ered as a s~d layer for th~ nickel iron (NiFe) layer 406 which, in tum, is a seed 

layer for the second cobalt (Co) layer 410. It is believed that the multifilm structure of 

the second AP pinned layer 402 increases the smoothness of the surfaces of these layers 

and thereby decreases the ferromagnetic coupling field (Hp). An increase in smoothii.ess 

of the surfaces of these layers decreases the ferromagnetic coupling field between the 

second AP pinned layer402 and the free layer 206. The thicknesses of the films of this 

example were 5 A of cobalt_ (Co) f~r the first layer 408, 7 A of nickel iron (NiFe) for the 

middle layer 406 and 15 A of cobalt (Co) for the second layer 410. In the preferred 

embodiment the thicker second layer 410 interfaces the spacer layer 302 and the thinner 

first layer 408 interfaces the AP coupling layer 208. 
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Example4 
Second Embodiment of the Present Invention 

Fig. 15 illustrates a spin valve sensor 500 (second example of the invention) 

which is the same as the spin valve sensor 400 in Fig. 14 except the first AP pinned layer 

502 of the AP pinned layer structure 504 also incorporates the novel multifilm structure 

of the present invention. The single cobalt (Co) layer 2 ~ 0 of the embodiment 400 in Fig. . 
. . 

14 has been replaced in the first AP pinned layer 502 in Fig. 15 by a nickel iron (NiFe) 

middle layer 506 which is located between a cobalt (Co) first film 508 and a cobalt (Co) 

second film 510. The first film 508 was 15 A of cobalt (Co), the middle film 506 was 

7 A of nickel iron (NiFe) and the second film 510 was 5 A of cobalt (Co). Accordingly, 

the thinner cobalt (Co) film interfaces the AP coupling layer 208 and the first cobalt 

(Co) film 508 interfaces the nickel iron (NiFe) seed layer 214. 

Examples 
Third Embodiment of the Invention 

Fig. 16 shows a fifth example 600 of a spin valve sensor which is a third 

embodiment of the present invention. The spin valve sensor 600 in Fig. 16 is the same 

as the spin valve sensor 400 in Fig. 14 except the AP pinned layer structure 404 has been 

replaced by a single pinned layer structure 602. The pinned valve structure 602 includes 

a nickel iron (NiFe) middle film 604 which is located between a cobalt (Co) first film 

606 and a cobalt (Co) second film 608. The first film 606 is 10 A of cobalt (Co), the 

middle film 604 is 7 A of nickel iron (NiFe) and the second film 608 is 15 A of cobalt. 

The pinned structure 602 further ~ncludes a 10 A nickel iron (NiFe) seed layer 610 

between the pinning layer 216 and the first cobalt (Co) layer 606. Accordingly, the 

thicker cobalt (Co) film 608 interfaces the spacer layer 302 and the thinner cobalt (Co). 

layer 606 interfaces the seed layer 610. With a reduced thickness of the spacer layer 302 

from 24 A to 22.5 A the magnetoresistive coefficient (dr/R) increased while the 

ferro~agnetic coupling field (HF) maintained substantially constant. 
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It should be understood that the cobalt (Co) and nickel iron (NiFe) layers can be 

alloys with a cobalt (Co) base or nickel (Ni) base, if desired. For instance, the cobalt 

(Co) layers may be replaced with cobalt iron (CoFe ). The nickel based materials may 

be nicke_l iron chromium (l'JiFeCr), nickel iron hafnium (NiFe;Hf), nickel cobalt (Ni Co) 

or nickel chromium (Ni Cr). Further, the thicknesses of the various layers may be altered 

as desired. A change in the thickness of the spacer layer will result in a change in the 

magnetoresistive coefficient ( dr/R) ·of the sensor while a change in the thicknesses of the 

films of the pinned layer structure will.result in a change in the ferromagnetic coupling 

field _(Hp). In preferred embodiments the thicker of the two cobalt films of the second 

AP pinned layer interfaces the spacer layer. 

Clearly, other embodiments and modifications of this invention will occur readily 

to those of ordinary skill in the art in view of these teachings. Therefore, this invention 

is to be limited only by the following claims, which include all such embodiments and 

modifications when viewed in conjunction with the above specification and 

accompanying drawings. 
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CLAIMS 

1. A magnetic read head comprising: 

a spin valve sensor that includ_es:· 

a ferromagnetic pinned layer structure that has a magnetic moment; 

an antiferromagnetic pinning layer exchange coupled to the pinned layer 

structure for pinning the magnetic moment of the pinned layer structure; . 

a ferromagnetic free layer having a magneticinoment that is free to rotate 

in response to signal fields; 

a nonniagnetic conductive spacer layer located between the pinned layer 

structure and the free layer; 

the pinned layer structure including: 

cobalt (Co) based first and second films and a nickel (Ni) based middle 

film; and 

the middle film being located between the first and second films. 

2. A magnetic read head as claimed in claim 1 including: 

the spin valve sensor having first and second side edges; 

first and second hard bias and lead layers connected to the first and second side 

edges of the spin valve sensor; 

nonmagnetic nonconductive first and second read gap layers; 

the spin valve sensor. and the first and second hm'.d bias and lead layers being 

located between the first and second read gap layers; 

ferromagnetic first and second shield layers; and 

· the first and second read gap layers being located between the first and second 

shield layers. 

3. A magnetic read head as claimed in claim 2 wherein the pinned layer 

· · I If Ill~ 1111~ II(~ 111[1 II If II 
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structure includes: 

ferromagnetic first and second antiparallel (AP) pinned layers; 

an antiparallel (AP) coupling layer located between the first and second AP 

pinned layers;_ and 
one of the first and second AP pinned layers including ~aid first, second and 

middle films. 

4. A magnetic read head as claimed in claim 3 including: 

the second AP pinned _layer being located between the first AP pinned layer and 

the spacer layer and including said first, second and middle films; and 

the first AP pinned layer being exchange coupled to Said pinning layer. 

5. A magnetic read head as claimed in claim 4 wherein the first AP pinned 

layer include~ a cobalt (Co) based film and a nickel (Ni) based film With the nickel (Ni) 

based film being exchange coupled to the pinning layer and the cobalt (Co) based film 

interfacing the AP coupling layer. 

6. A magnetic read head as claimed in claim 5 wherein the pinning layer 

is nickel oxide (NiO). 

7. A magnetic read head as claimed in claim 6 wherein: 

the second film is thicker than the first film and interfaces the spacer layer; 

and 

the cobalt (Co) based layers and films are cobalt (Co) and the nickel (Ni) based 

layers and films are nickel iron (NiFe). 

11111111111111 11111 If 11111 1111 
* C L M S * 
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8. A magnetic read head as claimed in claim 4 wherein the first AP pinned 

layer includes: 

cobalt based third and fourth films and a nickel based second middle film; 

the secori~ middle film being located between the third and fo~rth films; and 

a nickel based seed layer exchange coupled to an.d located between the pinning 

layer and the third film.· 

9. A magnetic read head as claimed in claim 8 wherein: 

the pinning layer is nickel oxide (NiO); 

the second film is thicker than the first film and interfaces the spacer layer; 

and 

the cobalt (Co) based films are cobalt (Co) and the nickel (Ni) based seed layers 

and films are nickel iron (NiFe). 

10. A magnetic read head as claimed in claim 2 including: 

the pinned layer structure further including a nickel iron (Ni Fe) based seed layer 

that is exchange coupled to the pinning layer and is located between the pinning layer 

and the first film; and 

the second film being ·thicker than the first film and interfacing the spacer 

layer. 

11. A magnetic read head as claimed in claim 10 wherein: 

the pinning layer is nickel oxide (NiO). 

12. A magnetic head assembly having a read head and a write head 

comprising: 

the write head including: 

ferromagnetic first and second pole piece layers; 

each of the first and second pole piece layers having a yoke portion 

located between a pole tip portion and a back gap portion; 

.. ··· I If I/If IHI~ 11~/HI, U If II 
.. 
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a nonmagnetic write gap layer located between th~ pole tip portions of 

the first and second pole piece layers; 

an insulation stack with at least one coil layer embedded therein located 

between ·the yoke portions of the first and second pole piepe layers; and 

the.first and second pole piece layers being connected at their back gap 

portions; and 

the read head inc~uding: 

a spin valve sensor that has first and second side edges; 

nonmagnetic nonconductive first and second read gap layers; 

first and second hard bfas and lead layers connected to the first and 

second side edges of the spin valve sensor; 

a ferromagnetic first shield layer; a:nd 

the first and second read gap layers being located between the first shield 

layer and the first pole piece layer; and 

the spin valve sensor including: 

a ferromagnetic pinned layer structure that has a magnetic moment; 

an antiferromagnetic pinning layer exchange coupled to the pinned layer 
. . 

structure for pinning the magnetic moment of the pinned layer structure; 

a ferromagnetic free layer having a magnetic moment that is free to rotate 

in response to signal fields; and 

a nonn1agnetic conductive spacer layer located between the pinned layer 

structure and the free layer; and 

the pinned layer structure including: 

cobalt (Co) based first and second films and a nickel iron based middle 

film; and 

the middle film being located between the first and second films. 

13. A magnetic head assembly as claimed in claim 12 including: 
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the read head further including: 

a ferromagnetic second shield layer; 

a nonmagnetic separation layer; and 

the separation layer being located between the second shield layer the 

first pole piece layer. 

14. A magnetic head assembly as claimed in claim 12 wherein the pinned 

layer structure includes: 

ferromagnetic first and second antiparallel (AP) pinned layers; 

an antiparallel (AP) coupiing layer located between the first and second AP 

pinned layers; and 

one of the first and second AP pinned layers including said first, second and 

middle films. 

15. A magnetic head assembly as claimed in claim 14 including: 

the second AP pinned layer being located between the first AP pinned layer and 

the spacer layer and including said first, second and middle films; and 

the first AP pinned layer being exchange coupled to said pinning layer. 

16. · A magnetic head assen:ibly as claimed in claim 15 wherein the first AP 
: 

pinned layer includes a cobalt (Co) based film and a nickel iron (NiFe) based film with 

the nickel iron (NiFe) based film being exchange coupled to the pinning layer and the 

cobalt (Co) based film interfacing the AP coupling layer. 

17. A magnetic head assembly as claimed in claim 16 wherein: 

the pinning layer is nickel oxide (NiO); and 

the second film is thicker than the first film and interfaces the spacer layer. 

18. A magnetic head assembly as claimed in claim 15 wherein the first AP 
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pinned layer includes: 

cobalt based third and fourth films and a nickel iron based second middle 

film; 

the second middle film being located between the third and fourth films; and . . 

a nickel iron based seed layer exchange coupled to and located between the 

pinning layer and the third film. 

19. A magnetic head assem~ly as claimed in claim 12 including: 

the pinned layer structure further including a nickel iron (Ni Fe) b~ed seed layer 

that is exchange coupled to the pinning layer and is located between the pinning layer 

and the first film; and 

the second film being thicker than the first film and interfacing the spacer 

layer. 

20. A magnetic disk drive having at least one slider that has an air bearing 

surface (ABS), the slider supporting at least one magnetic head assembly that includes 

a read ~ead and a write head, the disk drive comprising: 

the write head including: 

ferromagnetic first and second pole piece layers; 

each of the first and second pole piece layers having a yoke portion 

located between a pole tip portion and a back gap portion; 

, a nonmagnetic write gap layer located between th~ pole. tip portions of 

the first and second pole piece layers; 

· an insulation stack with at least one coil layer embedded therein located 

between the yoke portions of the first ·and second pole piece layers; and 

the first and second pole piece layers being connected at their back gap 

portions; and 

the read head including: 

a spin valve sensor that has first and second side edges; 
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first and second hard bias and lead layers connected to the first and 

second side edges of the spin valve sensor; 

nonmagnetic nonconductive first and second ~ead gap layers; 

the spin valve sensor and the first and second hard bias ana lead layers 

being located between the first and second read gap layers; 

a ferromagnetic first shield layer; and 

the first and second read gap layers being located between the first shield 

layer and the first pole piece layer; and 

the spin valve sensor including: 

a ferromagnetic pinned layer structure that has a magnetic moment; 

an antiferromagnetic pinning layer exchange coupled to the pinned layer 

structure for pinning the magnetic moment of the pinned layer structure; 

a ferromagnetic free layer having a magnetic moment that is free to rotate 

in response to signal fields; and 

a nonmagnetic conductive spacer layer located between the pinned layer 

structure and the free layer; and 

the pinned layer structure including: 

cobalt (Co) based first and second films and a nickel iron (NiFe) based 

middle film; and 

the middle film being located between the first and second films; and 

a housing; 

a magnetic disk rotatably supported in the housing; 

a support_ mounted in the housing for supporting the magnetic head assembly 

with its ABS .facing the magnetic disk so that the magnetic head assembly is in a 

transducing relationship with the magnetic disk; 

a spindle motor for rotating the magnetic disk; 

an actuator connected to the support for moving the magnetic head assembly to 

multiple positions with respect to said magnetic disk; and 

a processor connected to the magnetic head assembly, to the spindle motor and 
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to the actuator for exchanging signals with the magn~tic head assembly, for controlling 

rotation of the magnetic disk and for controlling the position of the magnetic head 

assembly relative to the magnetic disk. 

21. A magnetic disk drive as claimed in claim 20 including: 

the read head further including: 

a ferromagnetic second shield layer; 

a nonmagnetic separation layer; and 

the separation layer being located between the second shield layer the 
. . 

first pole piece layer. . 

22. A magnetic disk drive as claimed in claim 20 wherein the pinned layer 

structure includes: 

ferromagnetic first and second antiparallel (AP) pinned layers; 

an antiparallel (AP) coupling layer located between the first and second AP 

pinned layers; and 

one of the first and second AP pinned layers including said first, second and 

· middle films. 

23. A magnetic disk drive as claimed in claim 22 including: 

the second AP pinned layer being located between the first AP pinned layer and 

the spacer layer and including said first, second and middle films; and 

the first AP pinned layer being exchange coupled to said pinning layer. 

24. A ma~etic disk drive as claimed in claim 23 wherein the first AP pinned 

layer includes a cobalt (Co) based film and a nickel (Ni) based film with the nickel (Ni) 

based film being exchange coupled to the pinning layer and the cobRit (Co) based film 

interfacing the AP coupling layer. 

25. A magnetic disk drive as claimed in claim 24 wherein: 

the pinning layer is nickel oxide (NiO); and 
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the second filni is thicker than the first film and interfaces the spacer layer. 

26. A magnetic disk drive as claimed in claim 23 wherein the first AP pinned 

layer includes: - · 

cobalt based third and fourth films and a nickel iron (NiFe) based second middle 

film; 

the second middle film being located between the third and fourth films; and 

a nick~l iron based seed layer exchange coupled to and located between the 

pinning layer and the third film. 

27. A magnetic disk drive as claimed in claim 20 including: 

the pinned layer structure further including a nickel iron (Ni Fe) based seed layer 

that is exchange coupled to the pinning layer and is located between the pinning layer 

and the first film; and 

the second film being thicker than the first film and interfacing the spacer 

layer. 

28. A method of making a read head that includes a spin valve sensor 

comprising the steps of: 

making the spin valve sensor as follows: 

forming a ferromagnetic pinned layer structure that has a magnetic 

moment; 

forming an antiferromagnetic· pinning layer exchange coupled to the 

pinned layer structure for pinning the magnetic moment of the pinned layer 

stru~ture; 

forming a ferromagnetic free layer having a magnetic moment that is free 

to rotate in response to signal fields; and 

forming a nonmagnetic conductive spacer layer between the pinned layer 

structure and the free layer; and 

forming the pinned layer structure as follows: 

forming cobalt (Co) based first and second films; and 
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forming a nickel iron based middle film· between the first and second 

films. 

29. A meth~d as cl~imed in claim 28 ~ncluding: 

forming the spin valve·sensor with first and second side edges; 

forming first and second hard bias and lead layers connected to the first and 

second side edges of the spin valve sensor; 

forming nonmagnetic noncol).ductive first and second read gap layers; 

. forming the spin valve sensor and ~e first and second hard bias and lead layers 

between the first and second read gap layers; 

forming ferromagnetic first and second shield layers; and 

fonning the first and second· read gap layers between the first and second shield 

layers. 

30. A method as claimed in claim 29 wherein the pinned layer structure is 

further formed as follows: 

forming ferromagnetic first and second antiparallel (AP) pirined layers; 

· forming an antiparallel (AP) coupling layer between the first and second AP 

pinned layers; and 

forming one of the first and second AP pinned layers to include said first, second 

and middle films. 

31. . A method as claimed in claim 30 including: 

forming the second AP pinned layer between the first AP pinned l~yer and the 

spacer layer with said first, second and middle films; 

forming the thicker of the first and second films of the second AP pinned layer 

interfacing the spacer layer; and 

forming the first AP pinned layer exchange coupled to said pinning layer. 

32. . A method as claimed in claim 31 wherein the first AP pinned layer is 

formed of a cobalt (Co) based film ~d a nickel iron (NiFe) based film with the nickel 
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iron (NiFe) based film being exchange coupled to the pinning layer and the cobalt (Co) 

based film interfacing the AP coupling layer. 

33. A method as claimed in claim ~2 ~he~ein the pinning layer is formed of 

nickel oxide (NiO). 

34. A method as claimed in claim 33 wherein: 

the second film is formed thicker than the first film and interfaces the spacer. 

layer; and 

the cobalt (Co) based layers and films are cobalt (Co) and the nickel (Ni) based 

layers and films are nickel iron (NiFe). 

35. A method as claimed in claim 31 wherein the first AP pined l_ayer is 

formed as follows: 

forming third and fourth cobalt based films and a nickel iron based second 

middle film with the second middle film being located between the third and fourth 

films; and 

forming a nickel iron based seed layer exchange coupled to and located between 

the pinning layer and the third film. 

36. A method as claimed in claim 35 wherein: 

the pinning layer is formed of nickel oxide. (NiO); 

the second film is formed thicker than the first film and interfaces the spacer 

layer; and 

the cobalt (Co) b~ed layers and films are formed of cobalt (Co) and the nicke1 

-iron (NiFe) based seed layer ~d films are fonn,ed of nickel.iron (NiFe). 

37. A method as claimed in claim 29 wherein: 

the pinned layer structure is further formed with a nickel (Ni) based seed layer 
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that is exchange coupled to and located between the pinning layer and the first film; 

and 

the second film is formed thicker than the first film and interfacing the spacer 

layer. 

38. A method as claimed ·in claim 37 wherein: 

the pinning layer is formed of nickel oxide (NiO). 

· 39. A method of making a magnetic head assembly having a read head and 

a write head comprising: 

forming the write head as follows: 

forming ferromagnetic first and second pole piece layers with a yoke 

portion between a pole tip portion and a back gap portion; 

forming a nonmagnetic write gap layer between the pole tip portions of 

the first arid second pole piece layers; 

forming an insulation stack with at least one coil layer embedded therein 

in the yoke portions _?~the first and seco~d pole piece layers; and 

connecting the first and second pole piece· iayers at their back gaps 

portions; and 

forming the read head as follows: 

forming a spin valve sensor that has first and second side edges; 

forming first. and second hard bias and lead layers connected to the first 

and second side edges of the spin valve sensor; 

forming noninagnetic nonconductive first and second read gap layers; 

forming the spin valve sensor and the first and second hard bias and lead 

layers between the first and second read gap layers; 

forming a ferromagnetic first shield layer; and 

forming the first and second read gap layers between the first shield layer 

and the first pole piece layer; and 
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forming the spin valve sensor as follows: 
. . 

forming a ferromagnetic pinned layer structure that has a magnetic 

moment; 

forming an antiferromagnetic pinning layer eX:change coupled to the 

pinned layer structure for pinning the magnetic moment of the pinned layer 

structure; 

forming a ferromagnetic free laye~ having a magnetic moment that is free 

to rotate in response to signal fields; and 

forming a nonmagnetic conductive spacer layer between the pinned layer 

structure and the free layer; and 

formin~ the pinned layer structure as follows: 

forming cobalt (Co) based first and second films; and 

forming a nickel iron based middle film between the first and second 

films. 

40. A method as claimed in claim 39 including: 

forming a ferromagnetic second shield layer; and 
. . 

forming a nonmagnetic ~eparation layer between the second shield layer the first 

· pole piece layer. 

41. · A method as claimed in claim 39 wherein the pinned layer structure is 

further formed as follows: 

forming ferromagn~tic first and second antiparallel (AP) pinned layers; 

forming an antiparallel (AP) coupling layer between the first and second AP 

pinned layers; and 

forming one of the first and second AP pinned layers to include said first, second 

and middle films. 

42. . A method as claimed in claim 41 including: 

forming the second AP pinned layer between the first AP pinned layer and the 

spacer layer with said first, second and middle films; . 
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forming the thicker of the first and second films of the second AP pinned layer 

interfacing the spacer layer~ and 

forming the first AP pinned layer exchange coupled to said pinning layer. 

43.· A method as claimed in claim 42 wherein the first AP pinned layer is 

formed of a cobalt (Co }based film and a nickel iron (NiFe) based film with the. nickel 

iron (NiFe) based film being exchange coupled to the pinning layer and the cobalt (Co) 

based film interfacing the AP coupling layer. 

44. · A method as claimed in cfaim 43 wherein: 

the pinning layer is formed of nickel oxide (NiO); and 

the second film is formed thicker than the first film and interfaces the spacer 

layer. 

45. A method as claimed in claim 42 wherein the first AP pinned layer is 

formed as follows: 

forming third and fourth cobalt based films and a nickel iron based second 

middle film with ·the second middle film being located between the third and fourth 

films; and 

forming a nickel iron based seed.layer exchange coupled to and located between 

the pinning layer and the tltjrd film. 

. . 
46. A method as claimed in claim 39 wherein: 

the pinned layer structure is further formed with a nickel iron (Ni Fe) based seed 

layer that is exchange coupled to arid located between the pinning layer and the first 

film; and 

the second film is formed thicker than the first film and interfacing the spacer 

layer. 
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