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(57) ABSTRACT 

A spin valve sensor includes an antiparallel pinned 
layer that has ?rst and second ferromagnetic layers separated 
by a thin coupling layer. The ?rst ferromagnetic layer is 
exchange coupled to an antiferromagnetic pinning layer so 
that its magnetic moment is oriented in a ?rst direction and 

the second ferromagnetic layer is exchange coupled to the 
?rst ferromagnetic layer With its magnetic moment oriented 
in a second direction that is antiparallel to the ?rst direction. 

In the preferred embodiment the ?rst ferromagnetic layer is 
cobalt iron niobium hafnium (CoFeNbHf) and the second 
ferromagnetic layer is cobalt (Co). With this arrangement the 
?rst ferromagnetic layer reduces current shunting and has a 
high coercivity so as to stabilize the pinning of the pinned 
layer. The cobalt (Co) of the second ferromagnetic layer 
enhances the spin valve effect by being adjacent to a 
nonmagnetic electrically conductive spacer layer Which, in 

Int. Cl.7 ..................................................... .. G11B 5/39 turn, is adjacent to a ferromagnetic free layer. 
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SPIN VALVE SENSOR HAVING ANTIPARALLEL 
(AP) PINNED LAYER STRUCTURE WITH LOW 

COERCIVITY AND HIGH RESISTANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a spin valve sensor 
With an improved antiparallel pinned layer and more 
particularly to an AP pinned layer that has reduced current 
shunting and loWer coercivity. 

[0003] 2. Description of the Related Art 

[0004] The heart of a computer is an assembly that is 
referred to as a magnetic disk drive. The magnetic disk drive 
includes a rotating magnetic disk, Write and read heads that 
are suspended by a suspension arm above the rotating disk 
and an actuator that sWings the suspension arm to place the 
read and Write heads over selected circular tracks on the 
rotating disk. The read and Write heads are directly mounted 
on a slider that has an air bearing surface The 
suspension arm biases the slider into contact With the surface 
of the disk When the disk is not rotating but, When the disk 
rotates, air is sWirled by the rotating disk adjacent the ABS 
to cause the slider to ride on an air bearing a slight distance 
from the surface of the rotating disk. When the slider rides 
on the air bearing the Write and read heads are employed for 
Writing magnetic impressions to and reading magnetic 
impressions from the rotating disk. The read and Write heads 
are connected to processing circuitry that operates according 
to a computer program to implement the Writing and reading 
functions. 

[0005] The Write head includes a coil layer embedded in 
?rst, second and third insulation layers (insulation stack), the 
insulation stack being sandWiched betWeen ?rst and second 
pole piece layers. A gap is formed betWeen the ?rst and 
second pole piece layers by a gap layer at an air bearing 
surface (ABS) of the Write head. The pole piece layers are 
connected at a back gap. Current conducted to the coil layer 
induces a magnetic ?eld across the gap betWeen the pole 
pieces. This ?eld fringes across the gap at the ABS for the 
purpose of Writing the aforementioned magnetic impression 
in tracks on moving media, such as in circular tracks on the 
aforementioned rotating disk. 

[0006] In recent read heads a spin valve sensor is 
employed for sensing magnetic ?elds from the rotating 
magnetic disk. The sensor includes a nonmagnetic conduc 
tive layer, hereinafter referred to as a spacer layer, sand 
Wiched betWeen ?rst and second ferromagnetic layers, here 
inafter referred to as a pinned layer, and a free layer. First 
and second leads are connected to the spin valve sensor for 
conducting a sense current therethrough. The magnetiZation 
of the pinned layer is pinned perpendicular to an air bearing 
surface (ABS) of the head and the magnetic moment of the 
free layer is located parallel to the ABS but free to rotate in 
response to eXternal magnetic ?elds. The magnetiZation of 
the pinned layer is typically pinned by eXchange coupling 
With an antiferromagnetic layer. 

[0007] The thickness of the spacer layer is chosen to be 
less than the mean free path of conduction electrons through 
the sensor. With this arrangement, a portion of the conduc 
tion electrons is scattered by the interfaces of the spacer 
layer With the pinned and free layers. When the magnetiZa 
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tions of the pinned and free layers are parallel With respect 
to one another, scattering is minimal and When the magne 
tiZations of the pinned and free layers are antiparallel, 
scattering is maXimiZed. Changes in scattering alter the 
resistance of the spin valve sensor in proportion to cos 0, 
Where 0 is the angle betWeen the magnetiZations of the 
pinned and free layers. In a read mode the resistance of the 
spin valve sensor changes proportionally to the magnitudes 
of the magnetic ?elds from the rotating disk. When a sense 
current is conducted through the spin valve sensor, resis 
tance changes cause potential changes that are detected and 
processed as playback signals. 

[0008] A spin valve sensor is characteriZed by a magne 
toresistive (MR) coefficient that is substantially higher than 
the MR coef?cient of an anisotropic magnetoresistive 
(AMR) sensor. For this reason a spin valve sensor is 
sometimes referred to as a giant magnetoresistive (GMR) 
sensor. When a spin valve sensor employs a single pinned 
layer it is referred to as a simple spin valve. A spin valve is 
also knoW as a top or bottom spin valve depending upon 
Whether the pinning layer is at the top (formed after the free 
layer) or at the bottom (before the free layer). A pinning 
layer in a bottom spin valve is typically made of nickel oXide 
(NiO). 
[0009] Another type of spin valve sensor is an antiparallel 
(AP) spin valve sensor. The AP pinned spin valve sensor 
differs from the simple spin valve sensor, described above, 
in that the pinned layer of the AP pinned spin valve sensor 
comprises multiple thin layers, Which are collectively 
referred to as an antiparallel pinned layer. The AP 
pinned layer has a ruthenium (Ru) spacer layer sandWiched 
betWeen ?rst and second ferromagnetic thin layers. The ?rst 
ferromagnetic thin layer has its magnetic moment oriented 
in a ?rst direction by eXchange coupling to the antiferro 
magnetic pinning layer. The second ferromagnetic thin layer 
is immediately adjacent to the free layer and is antiparallel 
coupled to the ?rst thin layer because of the minimal 
thickness (in the order of 8 of the spacer layer betWeen 
the ?rst and second ferromagnetic thin layers. The magnetic 
moment of the second ferromagnetic thin layer is oriented in 
a second direction that is antiparallel to the direction of the 
magnetic moment of the ?rst ferromagnetic layer. 

[0010] The AP pinned layer is preferred over the single 
layer pinned layer. The magnetic moments of the ?rst and 
second layers of the AP pinned layer subtractively combine 
to provide a net pinning moment of the AP pinned layer. The 
direction of the net moment is determined by the thicker of 
the ?rst and second thin layers. The thicknesses of the ?rst 
and second thin layers are chosen to reduce the net moment. 
Areduced net moment equates to a reduced demagnetiZation 
(demag) ?eld from the AP pinned layer. Since the antifer 
romagnetic exchange coupling is inversely proportional to 
the net pinning moment, this increases eXchange coupling 
betWeen the ?rst ferromagnetic ?lm of the AP pinned layer 
and the pinning layer. The high eXchange coupling promotes 
higher stability of the head. When the head encounters 
elevated thermal conditions caused by electrostatic dis 
charge (ESD) from an object or person, or by contacting an 
asperity on a magnetic disk, the blocking temperature (tem 
perature at Which magnetic spins of the layer can be easily 
moved by an applied magnetic ?eld) of the antiferromag 
netic layer can be eXceeded, resulting in disorientation of its 
magnetic spins. The magnetic moment of the pinned layer is 
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then no longer pinned in the desired direction. A reduced 
demag ?eld also reduces the demag ?eld imposed on the free 
layer Which promotes a symmetry of the read signal. The AP 
pinned spin valve sensor is described in commonly assigned 
US. Pat. No. 5,465,185 to Heim and Parkin Which is 
incorporated by reference herein. 

[0011] The ?rst and second ferromagnetic layers of the AP 
pinned spin valve sensor are typically made of cobalt (Co). 
Unfortunately, cobalt has high coercivity, high magneto 
striction and loW resistance. When the ?rst and second 
ferromagnetic layers are formed they are sputtered deposited 
in the presence of a magnetic ?eld that is oriented perpen 
dicular to the ABS Which sets the easy axis (e.a.) of the 
ferromagnetic ?lms perpendicular to the ABS. During 
operation of the head the AP pinned layer is subjected to 
extraneous magnetic ?elds that have components parallel to 
the ABS, such as components of the Write ?eld. These 
extraneous ?elds, combined With heating of the pinning 
layer, can cause the pinning layer to lose its pinning strength 
(exchange coupling) and alloW the magnetic moments of the 
ferromagnetic layers to sWitch from being perpendicular to 
the ABS to some other direction. If the coercivity of the 
ferromagnetic ?lms is higher than the exchange ?eld that 
urges the magnetic moments of the ferromagnetic layers 
back to their original positions the magnetic moments of the 
ferromagnetic layers Will remain in the Wrong direction. 
This renders the read head inoperable. 

[0012] Cobalt (Co) has a high negative magnetostriction. 
The negative sign determines the direction of any stress 
induced anisotropy. When a magnetic head is lapped, Which 
is a grinding process, nonuniform compressive stresses 
occur in the layers of the sensor. Because of the magneto 
striction and the stresses the cobalt (Co) ferromagnetic ?lms 
acquire a stress induced anisotropy that is parallel to the 
ABS. This is the Wrong direction. The stress induced anisot 
ropy may rotate the magnetic moment of the ?rst and second 
ferromagnetic layers of the AP pinned layer to some extent 
from perpendicular to the ABS in spite of the exchange 
coupling ?eld tending to maintain the perpendicular posi 
tion. This condition can cause read signal asymmetry. 

[0013] The loW resistance of the cobalt (Co) ferromagnetic 
?lms of the AP pinned layer causes a portion of the sense 
current to be shunted past the free and spacer layers. This 
causes a loss of read signal. 

[0014] Efforts continue to increase the spin valve effect of 
GMR heads. An increase in the spin valve effect equates to 
higher bit density (bits/square inch of the rotating magnetic 
disk) read by the read head. Promoting read signal symmetry 
is also a consideration. This is accomplished by reducing the 
magnetic in?uences on the free layer. Asearch still continues 
to loWer the coercivity, substantially eliminate magnetostric 
tion and increase the resistance of some of the critical layers 
of the spin valve sensor. 

SUMMARY OF THE INVENTION 

[0015] The present invention provides a material for the 
pinning layer that has higher resistivity and loWer coercivity 
than the cobalt (Co) material typically employed in the 
pinning layer. This material is selected from the group 
comprising cobalt iron niobium hafnium (CoFeNbHf), 
cobalt iron niobium (CoFeNb), cobalt iron hafnium 
(CoFeHf) and cobalt niobium hafnium (CoNbHf) Wherein 
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the preferred atomic Weight percentage of CoNbHf is 87/ 11/ 
2. The preferred material is cobalt iron niobium hafnium 
(CoFeNbHf). While cobalt (Co) has a resistivity of 10-12 
ohms square, cobalt iron niobium hafnium (CoFeNbHf), has 
a resistivity of 110 ohms square. Further, While cobalt (Co) 
has a coercivity of 50-200 Oe, cobalt iron niobium hafnium 
(CoFeNbHf) has a coercivity of 5-10 Oe Wherein the atomic 
Weight percentages Were 86.5/05/11/2. 

[0016] As mentioned hereinabove, the AP pinned layer has 
?rst and second ferromagnetic layers separate by a very thin 
ruthenium (Ru) layer. The ?rst ferromagnetic layer is 
exchange coupled to the pinning layer With its magnetic 
moment oriented in a ?rst direction and the second ferro 
magnetic layer is exchange coupled to the ?rst ferromag 
netic layer With its magnetic moment oriented in a second 
direction antiparallel to the ?rst direction. In a preferred 
embodiment the ?rst ferromagnetic layer is cobalt iron 
niobium hafnium (CoFeNbHf) and the second ferromag 
netic layer is cobalt (Co). With this arrangement the ?rst 
ferromagnetic layer Will reduce current shunting and have a 
loWer coercivity to stabiliZe pinning of the pinned layer. 
Cobalt (Co) is a preferred material for the second ferromag 
netic layer since it enhances the spin valve effect by being 
adjacent to the spacer layer. In some arrangements, hoWever, 
it may be desirable for the second ferromagnetic layer to be 
cobalt iron niobium hafnium (CoFeNbHf). 
[0017] In still other embodiments of the invention one or 
both of the ?rst and second ferromagnetic layers may have 
?rst and second ?lms Where one of the ?lms is cobalt (Co) 
and the other ?lm is cobalt iron niobium hafnium (CoFeN 
bHf). The invention is applicable to top or bottom spin valve 
sensors. In a top spin valve sensor the pinned layer is pinned 
by a pinning layer at the top of the sensor (pinning layer is 
closer to the Write head than the pinned layer) and in a 
bottom spin valve sensor the pinned layer is pinned by a 
pinning layer that is at the bottom of the sensor pinning layer 
is (further aWay from the Write head than the pinned layer). 
In a bottom spin valve sensor nickel oxide (NiO) is typically 
employed for the pinning layer. In this type of sensor a 
nickel iron (NiFe) interface layer is employed betWeen the 
pinning layer and the pinned layer for the purpose of 
promoting exchange coupling. Still further, in some embodi 
ments of the invention a spin valve enhancement layer is 
employed. The spin valve enhancement layer is a very thin 
layer of cobalt (Co), such as 10 A, that is located betWeen 
and interfaces each of the spacer layer and the pinned layer. 
The invention can also be employed for simple spin valve 
sensors Where a single pinned layer is employed. 

[0018] An object of the present invention is to provide 
material for a pinned layer for a spin valve sensor that has 
higher resistivity and loWer coercivity than prior art mate 
rials employed for pinned layers. 
[0019] Another object is to provide a spin valve sensor 
that has improved pinned layer stability in the presence of 
extraneous ?elds. 

[0020] A further object is to provide an AP pinned spin 
valve sensor Wherein a ?rst ferromagnetic layer antiparallel 
coupled to the pinning layer has high resistivity and loW 
coercivity and a second ferromagnetic layer interfacing the 
spacer layer is cobalt (Co) for promoting a GMR effect. 

[0021] Other objects and advantages of the invention Will 
become apparent upon reading the folloWing description 
taken together With the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a planar vieW of an exemplary magnetic 
disk drive; 

[0023] FIG. 2 is an end vieW of a slider With a magnetic 
head of the disk drive as seen in plane 2-2; 

[0024] FIG. 3 is an elevation vieW of the magnetic disk 
drive Wherein multiple disks and magnetic heads are 
employed; 
[0025] FIG. 4 is an isometric illustration of an exemplary 
suspension system for supporting the slider and magnetic 
head; 
[0026] FIG. 5 is an ABS vieW of the slider taken along 
plane 5-5 of FIG. 2; 

[0027] FIG. 6 is a partial vieW of the slider and magnetic 
head as seen in plane 6-6 of FIG. 2; 

[0028] FIG. 7 is a partial ABS vieW of the slider taken 
along plane 7-7 of FIG. 6 to shoW the read and Write 
elements of the magnetic head; 

[0029] FIG. 8 is a vieW taken along plane 8-8 of FIG. 6 
With all material above the Write coil and Write coil leads 
removed; 
[0030] FIG. 9 is an isometric ABS illustration of a read 
sensor Which employs a spin valve sensor of the present 
invention; 
[0031] FIG. 10 is an isometric ABS illustration of a ?rst 
investigated simple spin valve sensor; 

[0032] FIG. 11 is an isometric ABS illustration of the 
present simple spin valve sensor; 

[0033] FIG. 12 is an isometric ABS illustration of a 
second investigated AP pinned spin valve sensor; 

[0034] FIG. 13 is an isometric ABS illustration of a ?rst 
embodiment of an AP pinned spin valve sensor of the 
present invention; 

[0035] FIG. 14 is an isometric ABS illustration of a 
second embodiment of the present AP pinned spin valve 
sensor; 

[0036] FIG. 15 is an isometric ABS illustration of a third 
embodiment of the present AP pinned spin valve sensor; 

[0037] FIG. 16 is an isometric ABS illustration of a fourth 
embodiment of the present AP pinned spin valve sensor; 

[0038] FIG. 17 is an isometric ABS illustration of a ?fth 
embodiment of the present AP pinned spin valve sensor; 

[0039] FIG. 18 is an isometric ABS illustration of a siXth 
embodiment of the present AP pinned spin valve sensor; 

[0040] FIG. 19 is an isometric ABS illustration of a 
seventh embodiment of the present AP pinned spin valve 
sensor; and 

[0041] FIG. 20 is an ABS illustration of a top simple spin 
valve sensor employing the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Magnetic Disk Drive 
[0042] Referring noW to the draWings Wherein like refer 
ence numerals designate like or similar parts throughout the 
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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 motor 36 
that is controlled by a motor controller 38. A combined read 
and Write magnetic head 40 is mounted on a slider 42 that 
is supported by a suspension 44 and actuator arm 46. A 
plurality of disks, sliders and suspensions may be employed 
in a large 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, 0.05 pm) 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 disk 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 for moving the slider to 
various tracks. 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 shoWn 
in FIG. 3. 

[0043] FIG. 5 is an ABS vieW of the slider 42 and the 
magnetic head 40. The slider has a center rail 56 that 
supports the magnetic head 40, and side rails 58 and 60. The 
rails 56, 58 and 60 eXtend from a cross rail 62. With respect 
to rotation of the magnetic disk 34, the cross rail 62 is at a 
leading edge 64 of the slider and the magnetic head 40 is at 
a trailing edge 66 of the slider. 

[0044] FIG. 6 is a side cross-sectional elevation vieW of 
the merged MR head 40, Which includes a Write head portion 
70 and a read head portion 72, the read head portion 
employing an AP pinned spin valve sensor 74 of the present 
invention. FIG. 7 is an ABS vieW of FIG. 6. The spin valve 
sensor 74 is sandWiched betWeen ?rst and second gap layers 
76 and 78, and the gap layers are sandWiched betWeen ?rst 
and second shield layers 80 and 82. In response to eXternal 
magnetic ?elds, 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. 

[0045] The Write head portion of the merged MR head 
includes a coil layer 84 sandWiched betWeen ?rst 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 
?rst, second and third insulation layers are referred to in the 
art as an “insulation stac ”. The coil layer 84 and the ?rst, 
second and third insulation layers 86, 88 and 90 are sand 
Wiched betWeen ?rst and second pole piece layers 92 and 94. 
The ?rst and second pole piece layers 92 and 94 are 
magnetically coupled at a back gap 96 and have ?rst and 
second pole tips 98 and 100 Which are separated by a Write 
gap layer 102 at the ABS. As shoWn in FIGS. 2 and 4, ?rst 
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 
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FIG. 8) to leads 124 and 126 on the suspension. In a merged 
head the second shield 82 for the read head 72 also serves 
as a ?rst pole piece 92 for the Write head 70. In a piggyback 
head these are separate layers. 

[0046] FIG. 9 is an isometric ABS illustration of the read 
head 72 shoWn in FIG. 6. The read head 72 has a spin valve 
sensor 130 Which Will be described in more detail herein 
after. First and second hard bias and lead layers 134 and 136 
are connected to ?rst 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 in commonly 
assigned US. Pat. No. 5,018,037 Which is incorporated by 
reference herein. The ?rst hard bias and lead layers include 
a ?rst hard bias layer 140 and a ?rst 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 ?uX to eXtend longitu 
dinally through the spin valve sensor 130 for stabiliZing 
magnetic domains of the free layer. The spin valve sensor 
130 and the ?rst and second hard bias and lead layers 134 
and 136 are located betWeen nonmagnetic electrically insu 
lative ?rst and second read gap layers 148 and 150. The ?rst 
and second gap layers 148 and 150 are, in turn, located 
betWeen ?rst and second shield layers 152 and 154. 

First Investigation of a Simple Spin Valve Sensor 

[0047] FIG. 10 shoWs a simple spin valve sensor 160 
Which includes a spacer layer (S) 162 of copper (Cu) 
betWeen a pinned layer (P) 164 of cobalt (Co) and a free 
layer 166 of nickel iron (NiFe). An interface layer 168 
of nickel iron (NiFe) may be located betWeen the pinned 
layer 164 and an antiferromagnetic (AFM) layer 170 of 
nickel oXide (NiO). The AFM layer 170 pins the magnetic 
moment of the pinned layer 164 in a direction perpendicular 
to the ABS. The interface layer 168 is employed for the 
purpose of promoting an eXchange coupling betWeen the 
antiferromagnetic layer 170 and the pinned layer 164. The 
free layer 166 has a magnetic moment that is directed 
substantially parallel to the ABS and rotates in response to 
applied ?elds from a rotating magnetic disk at various angles 
relative to the pinned direction of the magnetic moment of 
the pinned layer 164. A capping layer of tantalum (Ta) 172 
is shoWn on the free layer 166. The thicknesses of the layers 
are exemplary and may be other thicknesses as desired. I 
have found that the cobalt pinned layer 164 has a loW 
resistance, in the order of 10 to 12 Q cm, and a high 
coercivity (HQ) in the order of 50 to 200 Oe. It Would be 
desirable if the resistivity of the pinned layer could be 
increased to reduce sense current shunting and if the coer 
civity of the pinned layer could be decreased so as to 
stabiliZe the direction of the moment of the pinned layer 164. 

Present Simple Spin Valve Sensor 

[0048] The present simple spin valve sensor 180 includes 
a spacer layer (S) 182 of copper (Cu) Which is located 
betWeen a pinned layer (P) 184 of cobalt iron niobium 
hafnium (CoFeNbHf) and a free layer 186 of nickel iron. 
A giant magnetoresistive (GMR) enhancement layer 188 is 
located betWeen the pinned layer 184 and the spacer layer 
182 for the purpose of increasing the spin valve effect. It has 
been found that the GMR enhancement layer 188 interfaces 
the spacer layer 182 Without intermiXing thereWith. An 
interface layer 190 is located betWeen an antiferromagnetic 
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layer (AFM) 192 and the pinned layer 184. The interface 
layer 190 serves the same function as the interface layer 168 
in FIG. 10. The AFM layer 192 pins the magnetic moment 
of the interface layer 190 perpendicular to the ABS Which, 
in turn, pins the magnetic moment of the pinned layer 184 
perpendicular to the ABS. A capping layer 194 is located on 
the free layer 186 for protecting the free layer 186 from 
subsequent layers and subsequent processing steps. The 
cobalt iron niobium hafnium (CoFeNbHf) material 
employed for the pinned layer 184 has a resistivity of 110 
ohms and a coercivity (Hc) of 5 to 10 Oe. This resistivity is 
signi?cantly higher than the resistivity of the cobalt layer 
164 in FIG. 10 and shunts considerably less of the sense 
current. Further, the signi?cantly loWer coercivity of 5 to 10 
Oe, as compared to 50 to 200 Oe for the pinned layer 164 
in FIG. 10, results in a more stable pinning of the magnetic 
moment of the pinned layer 184. 

Second Investigation of AP Pinned Spin Valve 
Sensor 

[0049] FIG. 12 shoWs an AP pinned spin valve sensor 200 
investigated by me. The sensor 200 includes a spacer layer 
(S) 202 of copper (Cu) betWeen an AP pinned layer 204 and 
a free layer 206 of nickel iron (NiFe). The AP pinned 
layer 204 includes a ruthenium (Ru) layer 208 Which is 
located betWeen a ?rst ferromagnetic layer 210 of cobalt and 
a second ferromagnetic layer 212 of cobalt. The thicknesses 
of each of the cobalt layers 210 and 212 may be 24 A and 
the thickness of the ruthenium layer 208 may be 8 An 
interface layer 214 of nickel iron (NiFe) is located betWeen 
an antiferromagnetic layer (AF M) 216 of nickel oXide (NiO) 
and the ?rst cobalt layer 210 of the AP pinned layer. A 
capping layer 218 is located on the free layer 206. The 
thicknesses of the layers shoWn in FIG. 12 are exemplary 
and may be changed as desired. I found that the ?rst and 
second cobalt layers 210 and 212 eXhibit loW resistivity, in 
the order of 10 to 12 ohms, and high coercivity (Hc), in the 
order of 50 to 200 Oe. Accordingly, the cobalt layers 210 and 
212 shunt a signi?cant amount of the sense current due to 
their loW resistivity and can be magnetically unstable due to 
a coercivity (HQ) in the range of 50 to 200 Oe. 

Various Embodiments of the Present AP Pinned 
Spin Valve Sensor 

[0050] A ?rst embodiment of the present AP pinned spin 
valve sensor 300 is shoWn in FIG. 13. The spin valve sensor 
300 includes a spacer layer (S) 302 of copper Which is 
located betWeen an AP pinned layer 304 and a free layer 
306 of nickel iron (NiFe). The AP pinned layer 304 includes 
a ruthenium (Ru) layer 308 Which is located betWeen a ?rst 
ferromagnetic layer 310 of cobalt iron niobium hafnium 
(CoFeNbHf) and a second ferromagnetic layer 312 of cobalt 
(Co). The ruthenium (Ru) layer 308 maybe 8 A thick, the 
cobalt iron niobium hafnium (CoFeNbHf) layer 310 may 35 
A thick and the cobalt (Co) layer 312 may be 24 A thick. The 
cobalt iron niobium hafnium (CoFeNbHf) material of the 
layer 310 has a resistivity Which is signi?cantly higher than 
the resistivity of the cobalt layer 210 in FIG. 12 and has a 
coercivity (Hc) Which is signi?cantly loWer than the coer 
civity of the cobalt layer 210 in FIG. 12. Accordingly, the 
layer 310 shunts very little of the sense current and is 
magnetically more stable than the cobalt layer 210 in FIG. 
12. The cobalt layer 312 serves a double function, namely 
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serving as a pinned layer for scattering of conduction 
electrons upon rotation of the free layer 306 and serving as 
a GMR enhancement layer because of its interfacing With 
the spacer layer 302, as discussed in regard to the embodi 
ment 180 in FIG. 11. Accordingly, in the embodiment 300 
in FIG. 13 the cobalt iron niobium hafnium (CoFeNbHf) is 
employed for only one of the ferromagnetic pinned layers of 
the AP pinned layer 304. The AP pinned spin valve sensor 
300 in FIG. 13 further includes an interface layer 314 Which 
is located betWeen an antiferromagnetic (AFM) layer 316 of 
nickel oXide (NiO). A capping layer 318 of tantalum (Ta) 
may be employed on top of the free layer 306. Again, the 
thicknesses shoWn for the various layers are exemplary and 
may be changed as desired. 

[0051] A second embodiment of the present AP pinned 
spin valve sensor 400 is shoWn in FIG. 14. In this embodi 
ment a spacer layer (S) 402 of copper (Cu) is located 
betWeen an AP pinned layer 404 and a free layer 406 of 
nickel iron (NiFe). The AP pinned layer 404 includes a 
ruthenium (Ru) layer 408 Which is located betWeen ?rst and 
second ferromagnetic layers 410 and 412. The ?rst ferro 
magnetic layer 410 includes a ?rst ?lm 414 of cobalt iron 
niobium hafnium (CoFeNbHf) and a second ?lm 416 of 
cobalt (Co). The ?rst ?lm 414 may be 25 A thick and the 
second ?lm 416 may be 5 A thick. The second ferromagnetic 
layer 412 is cobalt (Co) and may be 24 A thick. The cobalt 
layer 416 of the ?rst ferromagnetic layer 410 provides an 
improved interfacing betWeen the cobalt iron niobium 
hafnium (CoFeNbHf) layer 414 and the ruthenium (Ru) 
layer 408. The cobalt iron niobium hafnium (CoFeNbHf) 
layer 414 reduces sense current shunting in the ?rst ferro 
magnetic layer 410 and increases the magnetic stability 
thereof. In the same manner as the cobalt layer 312 in FIG. 
13, the cobalt layer 412 in FIG. 14 serves a double function 
as a pinned layer and as an improved interface With the 
spacer layer (S) 402 for increasing the GMR effect. An 
interface layer 418 of nickel iron (NiFe) is located betWeen 
the antiferromagnetic (AFM) layer 420 and the cobalt iron 
niobium hafnium (CoFeNbHf) ?lm 414. A capping layer of 
tantalum (Ta) is located on the free layer 406. The 
thicknesses shoWn for the various layers in FIG. 14 are 
exemplary and may be changed as desired. 

[0052] A third embodiment of the present AP pinned spin 
valve sensor 500 is illustrated in FIG. 15. This embodiment 
includes a spacer layer (S) 502 of copper (Cu) Which is 

located betWeen an AP pinned layer 504 and a free layer 506 of nickel iron (NiFe). The AP pinned layer 504 includes 

a ruthenium (Ru) layer 508 Which is located betWeen a 
cobalt iron niobium hafnium (CoFeNbHf) layer 510 and a 
second cobalt iron niobium hafnium (CoFeNbHf) layer 512. 
The ruthenium layer 508 is 8 A thick, the ?rst layer 510 is 
35 A thick and the second layer 512 is 35 A thick. The high 
resistivity of the ?rst and second layers 510 and 512 is the 
best embodiment of the AP pinned layer 504 for reducing 
sense current shunting. Further, it is desirable to use the 
cobalt iron niobium hafnium (CoFeNbHf) material for both 
of the ?rst and second ferromagnetic layers 510 and 512 of 
the AP pinned layer 504 for optimiZing the stability of the 
magnetic moments of the layers 510 and 512. By employing 
the cobalt iron niobium hafnium (CoFeNbHf) material for 
the second ferromagnetic layer 512, a return of its magnetic 
moment to its original position is enabled in the same 
manner that the magnetic moment of the ?rst ferromagnetic 
layer 510 is returned to its original position. Accordingly, in 
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a preferred embodiment, cobalt iron niobium hafnium 
(CoFeNbHf) is utiliZed in the layers on each side of the 
ruthenium (Ru) layer 508. An interface layer 512 of nickel 
iron (NiFe) is employed betWeen the antiferromagnetic 
(AFM) layer 514 and the cobalt iron niobium hafnium 
(CoFeNbHf) layer 510. Acapping layer 516 is located on the 
free layer 506. 

[0053] Afourth embodiment of the present AP pinned spin 
valve sensor 600 is illustrated in FIG. 16. This embodiment 
includes a spacer layer (S) 602 of copper (Cu) located 
betWeen an AP pinned layer 604 and a free layer 606 of 
nickel iron (NiFe). The AP pinned layer 604 includes a 
ruthenium layer (Ru) 608 Which is located betWeen a ?rst 
ferromagnetic layer of cobalt iron niobium hafnium 
(CoFeNbHf) 610 and a second ferromagnetic layer of cobalt 
iron niobium hafnium (CoFeNbHf) 612. The thickness of 
the ruthenium (Ru) layer may be 8 A thick, the thickness of 
the ?rst ferromagnetic layer 610 may be 35 A thick and the 
thickness of the second ferromagnetic layer 612 may be 20 
A thick. This embodiment has a similar advantage to the 
embodiment 500 shoWn in FIG. 15 in that the cobalt iron 
niobium hafnium (CoFeNbHf) material is used for both the 
?rst and second ferromagnetic layers 610 and 612 for 
reducing sense current shunting and increasing the magnetic 
stability of both of the ?rst and second ferromagnetic layers 
610 and 612. In addition, hoWever, a cobalt layer (Co) 614 
is employed betWeen the AP pinned layer 604 and the spacer 
(S) layer 602. The cobalt layer 614 serves as a GMR 
enhancement layer in the same manner as the layer 312 in 
FIG. 13 and the layer 412 in FIG. 14. An interface layer 616 
of nickel iron (NiFe) is located betWeen an antiferromag 
netic (AFM) layer 618 and the ?rst ferromagnetic layer 610 
of the AP pinned layer. Acapping layer 620 is located on the 
free layer 606. 

[0054] A ?fth embodiment of the present AP pinned spin 
valve sensor 700 is shoWn in FIG. 17. This embodiment 
includes a spacer layer (S) 702 Which is located betWeen an 
AP pinned layer 704 and a free layer 706 of nickel iron 
(NiFe). The AP pinned layer 704 includes a ruthenium (Ru) 
layer 708 betWeen a ?rst ferromagnetic layer 710 and a 
second ferromagnetic layer 712. The ?rst ferromagnetic 
layer 710 includes a ?rst ?lm 714 of cobalt iron niobium 
hafnium (CoFeNbHf) and a second ?lm 716 of cobalt (Co). 
The ?rst ?lm 714 may be 25 A thick and the second ?lm 716 
may be 5 A thick. The second ferromagnetic layer 712 is 
made from cobalt iron niobium hafnium (CoFeNbHf) and 
may be 20 A thick. The AP pinned layer 704 in FIG. 17 has 
the same advantages as the AP pinned layer 604 in FIG. 16 
regarding resistivity and coercivity. Further, the AP pinned 
layer 704 in FIG. 17 employs the second ?lm 710 of cobalt 
(Co) betWeen the ?rst ?lm 714 and the ruthenium (Ru) layer 
708 because of its improved interfacing With each of the 
layers 714 and 708. A GMR enhancement layer 718 of 
cobalt (Co), Which may be 10 A thick, is located betWeen the 
AP pinned layer 704 and the spacer layer (S) 702. This 
cobalt layer 718 provides improved interfacing With the 
layers 712 and 702 and increases the GMR effect. An 
interface layer 720 of nickel iron (NiFe) is employed 
betWeen the antiferromagnetic (AFM) layer 722 of nickel 
oXide (NiO) and the ?rst ?lm 714 of the AP pinned layer 
704. 

[0055] A siXth embodiment of the present AP pinned spin 
valve sensor 800 is shoWn in FIG. 18. This embodiment 






















