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SBBD LAYBR FOR A NXCDL oxmB PINNING LAYBR FOil INCRBAS:ING 
'l'BB MAGNB'l'ORBSISTANCB OF A SPIN VALVB SBHSOR. 

The present invention relates to a seed layer for a nickel oxide 
S (NiO) pinning layer for increasing the magnetoresistance of a spin valve 

sensor and more particularly to a seed layer between the first gap layer 
and the nickel oxide (NiO) pinning layer of a bottom spin valve sensor for 
increasing the :magnetoresistance.of the sensor. 

10 A spin valve sensor is employed by a read head for sensing magnetic 
fields on a moving magnetic medium, such as a rotating magnetic disk. 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 

15 pinning the magnetic moment of the pinned layer 90° to an air bearing 
surface (ABS) which 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 

20 a zero bias point position in response to positive and negative magnetic 
fields from a moving magnetic medium. The zero bias position is the 
position of the magnetic moment of the free layer when the sensor is in a. 
quiescent state, namely when the sense current is. conducted through the 
sensor without any magnetic field incursions from a rotating magnetic 

25 disk. The magnetic mOJllent is preferably parallel to the ABS in the 
Quiescent state of the sensor. If the magnetic moment of the free layer 
is not substantially parallel to· the ABS in the quiescent state, there 
will be read signal asymmetry upon the occurrence of positive and negative 
magnetic field incursions from a rotating disk. 

30 
~he thickness of the spacer layer is chosen to be less than the mean 

free path of electrons conducted through the sensor. With this 
arrangement, a portion of the conduction electrons are scattered by the 
interfaces of the spacer layer with the pinned and free layers. When the 

35 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 changes the 
resistance of the spin valve sensor as a function of cos q, where q is the 
angle between the magnetic moments of the pinned and free layers. A spin 

40 valve sensor has a signif ican~ly higher magnetoresistance than an 
anisotropic ma9netoresistive (AMR) sensor. For this reason it is 
sometimes referred to as a giant magnetoresistive (GMR) sensor. 

The location of the bias point on the transfer curve is influenced 
45 by four major forces on the free layer, namely a ferromagne~ic coupling 
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·field (Hrc> between the pinned layer and the free. .. .layer, a dema9 field 

(H4->. from the pinned _la~~. sells~ cut:rent fields' .(Hsc:> from all 

conductive layers of the spin valve·sensor except the free layer, and the 
influence of an AMR effect. The infiuence of the AMR effect on the bias 

5 point is the same· ~s a ma~eticinf1~49?1Ce and.can be defined in terms of 
magnitude and direction. 

A bottom spin valve sensor typicaliy employs a nickel oxide (NiO) 
pinning layer for pinning the magnetic moment of the pinned layer 

10 perpendicular to the ABS. The ~inning layer is formed directly on the 
first gap layer of alWttina (Al203 ) • and. the pinned layer is formed directly 
on the pinning layer. Subsequent layers formed are the spacer layer, the 
free layer, the second gap layer and the second shield layer. At this 
stage the spin valve sensor has a magnetoresistance which is dR/R where R 

15 is the resistanc~ ~f the sense~ and·dR_is the change "in resistance of the 
sensor upon the application of the applied field. Subsequently, the 
write h.ead is formed on the spin valve sensor. In the formation of the 
write h~ad the multiple photoresist layers of the insulation stack are 
hard baked 225° to 250° for 6-ll, hours. This hard bakinqreduces the 

20 aforementioned ma91letoresistance of the sensor. The amount of reduct.ion 
determines the thermal stability of the sensor. 

Efforts continue to build spin valve sensors with high 
magnetoresistance that survive the hard baking cycles of the write head. 

25 High magnetoresistance egua~es to increased sensitivity of the spin valve 
sensor to magnetic flux incursions from a rotating disk. Another 
consideration, however, is the ferromagnetic coupling field (ffc) between 
the pinned layer and the free layer. It is desirable to minimize the 
ferromaqnetic coupling field since the fer~gnetic coupling field 

30 affects the bias point of the sensor. i ferroma9netic coupiing must be 
counterbalanced by some other magnetic field in order to achieve a zero 
bias point. Sense current fieids exerted on the free layer must also be 
counterbalanced. As the search continues to inc;ease the magnetoresistance 
it is important that the spinvaive sensor not be deqraded by some other 

35 factor, such as a high ferroniagnetic coupling between the pinned and free 
layers. 

By employing particular seed layers for a nickel oxide (NiO) pinning 
layer in a bottom spin valve, the magnetoresistance of the spin v~lve can 

40 be increased. In a preferred embodiment a tantalum oxide (Ta,.Ox> seed 
layer is formed directly on the first gap layer and the nickel oxide (NiO) 
pinning layer is formed directly on the tantalum oxide seed layer. This · 
is followed by the spacer and free layers and ultimately the write head. 
Only a normal drop occurs in the ma<]netoresitance after the bakinq step in 

45 the construction of the write head. The invention is applicable to an 
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antiparallel (AP) pinned bottom spin valve sens6r'as well as the 

aforementioned simple bottom spin valve sensor~· The AP pinned bottom spin 
valve sensor employs a pinned layer that has a ruthenium (Ru) film located 
between first and second·ma911etic films which may be cobalt (Co). Further 

5 preferably, the invention includes ·the application of a copper (Cu) seed 
layer increases the magnetoresistance. 

10 

15 

20 

25 

30 

35 

An object of the present invention is to provide a spin valve sensor 
with improved magnetoresistance. 

Another object is to provide improved magnetoresistance of a bottom 
simple or AP pinned spin valve sensor without degrading other performance 
factors of the sensor. 

A further object is to provide a seed layer for a nickel oxide (NiO) 
pinning layer of a bott6m simple or AP· pinned spin valve sensor that 
increases the magnetoresistance of the sensor without increasinq the 
ferromagnetic coupling between the pinned layer and the free layer beyond 
an acceptable level. 

Other objects and advantaqes of the invention will become apparent 
upon reading the following description taken together with the 
accompanying drawings. 

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

Fig. 2 is an end view of a slider taken along plane 2-2 with a 
magnetic head shown in hidden lines; 

Fig. 3 is an elevation view of the magnetic disk drive wherein 
multiple disks and magnetic heads are employed1 

Fig. 4 is an isometric illustration of an exemplary suspension 
system for supporting the slider and magnetic head1 

Fi9 5 is an ABS illustration of the slider taken along plane 5-5 of 
Fig. 2; 

Fig. 6 is a partial elevation view of the slider and magnetic head 
40 as seen in plane 6-6 of Fig. 2; 

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; 
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Fig. 8 is: a.view t.iten along plane 8·8.of Fig. 6 with all material 

above the coil ic:lyer.removedi 

Fig. 9 is an ABS illustration of a simple bottom spin valve sensor 
.. . 

5 with a tantalum e>Xide seed layer of the present invention for the AFM 

10 

layer; 

Fig. 10 is an isometric illustration of Fig. 9 ;. 

Fig. 11 is an ABS illustration of an AP pinned bottom spin valve 
sensor with a tantalum oxide seed layer for the AFM layer: 

Fig. 12 is an isometric illustration of Fig. 11: 

15 Fig. 13 is an ABS ill~stration of ClD. AP pinned bottom spin valve 

20 

sensor with a copper (Cu) seed.layer for the antiferromaqnetic (AFM) 

pinning layer; 

Fig. 14 is an isometric illustration of Fig. 13; 

Figs. 15A, 15B and lSC show a first metho.d of making the tantalum 
.. oxide seed layer of the present inven;ion; and· 

Figs. 16A and 16B show a second method of making the tantalum oxide 
25 seed layer of the present invention. 

Magnetic Disk Drive 

Referring now to the drawings wherein like reference numerals 
30 designate like or similar parts throughout the several views there is 

illustrated in Figs. 1~3 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 ~ motor controller 38. A 
combined read and write magnetic head 40 is mounted on a slider 42 that is 

35 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 

40 disk 34 is rotated by the motor 36 the slider is supported on a thin 
(typically, .05 9ml cushion of air (air bearing) between the surface of 
the disk 34 and the air bearing surface (~S) 48. The magnetic.bead 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 

45 therefrom. Processing circuitry 50 exchanges signals, representing such 
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information, with the head 40, provides motor drive·signals for rotatinq 
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 the 
suspension 44. The components described hereinabove may be mounted on a 

s frame 54 of a housing 55 as shown 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 that supports the magnetic head 40, and 
side rails 58 and 60. The.rails 56, 58 and 60 extend from a cross rail 

10 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 edqe 66 of the slider. 

15 

M&911etic Bead 

Fig. 6 is a side cross-sectional elevation view of the magnetic head 
40 which has a write head portion 70 and a read head portion 72, the. read 
bead portion employing a spin valve sensor 74 of the present invention. · · 
Fi9. 7 is an ABS view of Fig. 6. The sensor 74 is located between first 

20 and second gap layers 76 and 78 and the gap layers are located between 
first and second shield layers.so and 82. In response to external· 
magnetic fields, the resistance of the sensor 74 changes. A sense current 
IS (see Fig. 9) conducted through the sensor causes these resistance 
changes to be manifested as potential changes. These potential changes 

25 are then processed as readback signals by the processing circuitey SO 
shown in Fig. 3. 

The prior art write head portion of the magnetic head includes a 
coil layer 84 located between first and second insulation layers 86 and 

30 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". 'lhe coil layer 84 and the first, 
second and third insulation layers86, 88 and 90 are located between first 

35 and second pole piece layers 92 and 94. The first and second pole piece 
layers 92 and.94 are magnetically coupled at a back qap 96 and have first 
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. first and second solder 
connections 1G4 and 116 connect leads from the sensor 74 to leads 112 and 

40 124 on the suspension 44. Third.and fourth solder connections 118 and 106 
connect leads 120 and 122 from the coil 84 Csee Fig. 8) to leads 126 and 
114 on the suspension. I~ should be noted that the magnetic head 40 

·~ 

emploYs a single layer 82/92 .to .serve a double function as a second shield 
layer for the read head and as; a first pole piece for the write head. 
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This type of magnetic head is re.ferred to in t:ii(!= art as a nmerged headn. 
A piggyback hea~ employs· two separate layers for these functions. 

The l'.nvention 

Figs. g and 10 are schematic illustrations of the present spin valve 
sensor 200 of a.read head.which includes a nonlilagnedc electrically 
conductive spacer layer 202 which is sandwiched'between a ferromaqnetic­
free layer 204 and a. ferromagnetic pinned·layer 206. The pinned layer 

10 206. which may ~ve a nickel iron (NiFe) first pinned film 207 and a 
cobalt (Co) second pinned film 208, has a maqnetic mc>ment 209 (see Fig. 
10) which is preferably pinned perpendicular to the ABS 210 by an . . . . 

15 

antiferromagnetic (AFM) layer.212. Each circle with an x in it 8 
indicates that the direction of the magnetic moment is directed away from 
the reader. In a quiescent state (sense current IS conducted through the 
sensor 200 but. without any maqnetic incursion from a rotating magnetic 
disk) a magnetic ~nt.214 ofthe free layer 204 is preferably parallel 
to the ABS 210. A~cordinqly~ when positive and negative incursions are 
iftiPosed on the spin valve sensor 200 from a rotating magnetic disk the 

20 . magnetic moment 21;4 of. the.fre!'!,layer rotates upwardly and downwardly 

25 

respectively fron\ tjl~. p~rallel position. shown in Fig. 10. The parallel 
p~sition of the ~gn~ticmoment.214 is generally the zero bias point on 
the transfer curve of the spin.valve sensor and when it is positioned . . . . . . . . . . . . . . . 

upwardly or downwardly fr~ this parallel position in a quiescent state 
the bias Point of the spin.valve sensor.is not zero but some value 
positive or negative with respect.to the zero position. When the magnetic 
·moment 214 is in the.zero bias.position the read signal has symmetil; about 
the bias point. but when the magnetic moment is angled upwardly or 
~wardly from th~parallel position, shown in.Fig. 10. the read siqnal 

30 is asymmetric. Accordingly, it is desirable that the maqnetic moment 214 
of the free layer be located at the zero bias point, which is the parallel 
position shown in Fig. 10, when the read sensor 200 is in a quiescent 
state, namely sense current IS on but no magnetic incursion from a 

35 

rotating magnetic.disk. 

As stated hereinabove, there are various·forces acting on the 
maqnetic moment 214 of the free layer when the spin valve read sensor is 
in a quiescent state. These forces include a ferromagnetic coupling field 
between the free layer 204 and the pinned layer 206, a demag field from 

40 the pinned layer 206, sense current fields when the sense current IS is 
conducted through the sensor from all conductive layers of the spin valve · 
sensor except the free layer 204 and the influence of an AMR effect. The 
stronger of these influences is the sense current fields from the spacer 
iayer 202 and the pinned layer 206. The AFM layer 212 is constructed on 

45 the first gap layer 216 which first gap layer is also shown at 76 in Fig. 



W000/34946 . PcT/GB99/03933 
7 

6. A cap layer· 218 ;· which may be tantalum (Ta) is constructed on the free 
layer 204 before•constructinq the second: gap layer 78 shown in Fiq. 6. 

The AFM layer may be 425 A of nickel oxide (NiO), the pinned layer 
5 207 may be 8 A of nickel iron (NiFe), the pinned layer 208 may be 12 A of 

cobalt (Co), the spacer layer may be 22 A of copper (Cu), the· free layer 
204 may be 70 A of nickel iron (NiFe) and the cap layer 218 may be 50 A of 
tantalum (Ta). During the making of the write bead the sensor 200 is 
subjected to annealing of 230° c for 10 hours. After the making of the 

10 head the AFM layer 212 is reset by applying heat at a temperature of 200° 
c to 250° C for 10 minutes in the presence of a field that is directed 
perpendicular to the ABS. 'l'his sets: the magnetic spins of the AFM layer 
212 in the perpendicular direction.which, by exchange coupling, pins the 
magnetic moments of the pinned films 207 and 208 in the same direction, 

15 namely perpendicular to the ABS • 

. In one embodiment of the present invention a tantalum oxide 
(Tay O,.) seed layer 201 is emplcyed between the first qap layer 216 and 

the AFM layer 212 as shown in Fiqs. 9 and 10. The tantliltim oxide seed 
20 layer increases the magnetoresistance (dR/R) of the sensor 200 as compared_ 

to a simple bottom spin valve sensor without the tantalum oxide seed la:Yer 
in the instances of the as deposited state of the sensor, after resettinq 
the AFM layer 212 and after hard bakinq the insulation layers of the write 
head. The tantalum oxide seed layer 201 does not significantly increase 

25 the ferromagnetic coupling field between: the pinned layer 208 and free 
layer 204. Furthe:z;-, since tantalum-oxide is nonconductive no sense 
current is-shunted therethrough nor is there any sense current field 
exerted on the free layer 204 to' affect its bias point. Ln another 
embodiment (not shown) copper may be employed for the seed layer 201 for· 

30 increasing the dR/R. The tantalum. oxide seed layer is preferred over a 
copper seed layer, however, ·•because the copper will shunt a portion of the 

sense current and affect th~ bias point of the free layer 304. 

In Figs. 11 and 12 an antiparallel (AP) pinned bottom spin valve 300 
35 is shown which has a tantalum oxide ('l'a, O,J seed layer 301. In this 

embodiment a spacer layer 302 is located beeween a. free layer 304 and an 
AP pinned layer 306. The AP pinned layer 306, which is described in u. s. 
Patent No. 5,701,223 may include ·an 8 A ruthenium (Ru) spacer layer JOB 
which is located between pinned films 310 and 311 on one side that are 

40 exchange coupled to an antiferromagnetic (AFM) layer 312 and an 
antiparallel pinned layer 317 on the other side that is adjacent the 
spacer layer 302. The AFM layer 312 pins the maqnetic moments 318 of the 
pinned films 310 and 311 in one direction perpendicular to the ABS and the 
magnetic moment 320 of the AP pinned film 317 is pinned in an opposite 

45 direction perpendicular to the ABS. Each circle with an dot in it (?) 

il1iiii1iiUii 

. -~ 



.s:·.-.:>r;··~~:(.?/ ... ·:::::· ..... :·:.· 
.... 

. . ·.·,:~··· 

W000/34946 
8 

PCT/GB99/03933 

indicates that .. the direction of the magnetic indment is toward the reader. 
·· 'rhe pinned film 310 may.be 10 A of nickel iron (NiFe), ·the pinned film 311 

may be 24 A of cobalt (Co), the spacer lal'er 308 may be 8 i of ruthenium 
(Ru) and the AP pinned film 317 may be 24 A- of cobalt (Co). 'l'he magnetic 

5 · moment 322 of th~ free layer 304 is shown parallel to the ABS. A cap 
layer 324 is const~ucted on the free layer 304 before construction of the 
second gap layer 78 and write head 70 shown in Fig .. 6. 

'rhe seed l~yer 301 may be 35 A of· tantalum oxide (Tay O~), the AFM 
10 layer 312 may J:>e 425 i of nickel oxide, the spacer layer 302 may be 22 A 

of copper (Cu), ·the free layer_304 may be 70 i of nickel iron (NiFe) and 
the cap layer 324 may be SO A of tantalum (Ta). The magnetoresistance of 
the spin valve senso_r 300, is improved by employing a tantalum.oxide ('l'ay 

Ox> seed layer as compared to a bottom AP pinned spin value sensor that 
15 does not employ such a seed layer in the instances of an as deposited 

. state of the sensor, after resetting the AFM la~er 212 and after hard 
baking the insulation layers of-the write head. Further the .tantalum 
oxide seed layer ciOes not significantly.increase the ferromagnetic 
eoupling field between the pinned_layer·2oe and the free layer,204. 

20 Further, the tantalum oxide see<S layer is not conductive and will not 
shunt any. of the sense current nor will·it exert a. sense current field on 
the ·free layer 304 that ·affects· ·its bias point. 

· Figs. 13 and 14 show an antiparallel (AP) pinned bottom spin valve 
25 sensor which may emp;Ioy a.35.A:copper (Cu)· seed layer 401 ".for the 425 A 

nickel oxide (NiO) AFM layer 412. The laYeJ:"S .. in this example are the same 
as the layers in Fi9s. 11 and 1'2, except-for the copper seed layer 40L 
The spin valve. scm,sor 400 in Fi9s·. 13 and 14 has improved 
magnetoresistance over an AP pi~ed bottom spin valve sensor without the 

30 copper seed layer ~01. The copper seed layer is. conductive and will shunt 
a portion of the sense current. For this reason the tantalum oxide seed 
layer of Figs. 11 and 12 is preferred. 

A method of constructing the tantalum oxide (Tay Ox) seed layer 401 
35 of Figs. 11and12 is shown in Figs. 15A, lSB-and 15C. In Fig. lSA a 

tantalum seed layer 401 deposited on the first gap layer (Gl). 
Subsequently, the seed layer 401 is subjected to oxygen which causes a top 
surface portion to oxidize. 'rhese steps can be' accomplished in a 
sputtering chamber (not shown) wherein the tantalum (Ta) seed layer is 

40 sputtered onto the first gap layer (Gl), as shown in Fig. 1SA, followed by 
the introduction of oxygen through, an inlet into the chamber so as to . . . 
oxidize the seed layer. This is followed by deposition of the nickel 
oxide (NiO) AFM layer 412 as shown in Figure 15C. The dR/R in this 
embodiment was 4 .53\ and the ferromagnetic coupling field ·<He> of the AP 

45 pinned layer 316 to the free layer 304 was 4.0 Oe. 

iiiiiii~ 
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In Fiq. 16A the tantalum oxide (Ta) seed layer was sputter deposited 
in the presence of oxyqen (02) which is referred to in the art as reactive 
ion beam sputter deposition. NE!Xt, the nickel oxide (NiO) AFM layer 412 
is deposited on the seed layer 401 as shown in Fig. 16B. The dR/R in this 

S embodiment was 4.65% and the ferromagnetic coupling field CHc) was 4.0 oe. 

10 

Summary 

:It can be seen that a tantalum oxide (Tay o.> seed layer for a 
nickel oxide (NiO) AFM layer in a bottom AP pinned spin valve sensor 
increases the dR/R. :rt is believed that the tantalum oxide seed layer 
illlproves the nickel oxide (NiO) pinning layer by making its microstructure 
more uniform from top to bottom. It is further speculated that it 

15 improves the grain size and· its texture. It should be understood that 
other thicknesses may be employed for the various layers described 
hereinabove. Regardless Of the thicknesses of the tantalum oxide seed 
layer it will improve themicrostructure of the AFM nickel oxide (NiO) 
pinninq layer to increase the dR/R of the sensor. The invention also 

20 includes employing a tantalum oxide or copper seed layer in a spin valve 
sensor that does not use an AP pinned layer as shown in·Fiqs. 9 and lO. 

iliiiii~1r 
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1. A spin valve sensor that has an air bearing surface (ABS) 
com.prising: 

an antiferromagnetic pinning layer of nickel oxide (NiO); 

a nonmagnetic electrically conductive spacer layer; 

a ferromagnetic free layer; , . 

the spacer layer being sandwiched between and interfacially enqaqing 
the pinning layer and the free layer; 

a seed.layer of tantalum oxide.or copper; 

the pinning layer being sandwiched between the seed layer and the 
.. pinned layer with the seed layer interfacially engaging the pinning layer· • 

. . 20 2. A spin val ye sensor as claim1ad in claim 1 wherein the pinned layer 
is an antiparallel (AP) .. pinned layer that.includes: 

25 

30 

35 

first and second ferromagnetic films; 

-a ruthenium (Ru) ·spacer film sandwiched between the first and second 
ferrOJna.qnetic films; 

the first ferromagnetic film interfacing the pinning layer with its 
magnetic moment pinned by the pinning layer in a first direction; and 

the second ferromagnetic film interfacing the spacer layer with its 
magnetic moment pinned by the first ferromagnetic film in a second 
direction that is antiparallel to said first direction. 

3. A spin valve sensor as claimed in claim 1 or 2 wherein the seed 
layer is TayOx which has been reactively ion beam sputtered in the 
presence of oxygen (02). 

4. A spin valve sensor as claimed in claim l or 2 wherein the seed 
40 layer comprises TayOx which has been oxidized PY exposure to oxyqen (02). 

5. A magnetic head that has an air bearing surface (ABS) comprising: 
a read head that includes: 

This Sheet Has Been ~laced j 
. 111111111111111111111·1111 ' 
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a spin valve sensor responsive to applied maqnetic fields as claimed 
in claim 1; 

first and second nomnaqnetic electrically insulative qap layers; 

the spin valve sensor being located between the first and second gap 
layers; and 

first and second electrically conductive lead layers located between 
10 the first and second qap layers and connected to the spin valve sensor for 

conducting a sense current through the spin valve sensor: 

15 

20 

6. A magnetic head as claimed in claim 5 wherein the pinned layer is an 
antiparallel (AP) pinned layer that includes: 

first and second ferromagnetic films; 

a ruthenium (Ru) spacer film sandwiched between the first and second 
ferromagnetic films; 

the first ferromagnetic film interfacing the pinning layer with its 
magnetic moment pinned by the pinninq layer in a first direction; and 

the second ferromagnetic film interfacinq the spacer layer with its 
25 magnetic moment pinned by the first ferromagnetic film in a second ·. 

direction that. is antiparallel to said first direction. 

30 

35 

40 

7. A magnetic disk drive that includes at least one magnetic head that 
has an air bearing surface (ABS), the disk drive comprising: 

the magnetic head including a combined read head and write head: 

a read head that includes: 

a spin valve sensor respcnsive to applied magnetic fields as claimed 
in claim l: 

first and second nonmagnetic electrically insulative gap layers; 

the spin valve sensor being located between the first and second gap 
layers;· and 

• .. 
first and second electrically conductive lead layers located between 

the first and second gap layers and connected to the spin valve sensor for 
45 conducting a sense current through the spin valve sensor; 
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the write head including: 
' 1111111 If llll lllf f'f f If I 111111 * C L M S * 

first and second pole piece layers and a write gap layer; 

the first and second pole piece layers .being separated by the write 
gap layer at the ABS and connected at a back gap that is recessed 
rearwardly in the head from the ABS; 

.·. an insulation stack having at least first .and second insulation 
layers; 

at least one coil layer embedded in the insulation stack; and 

the insulation stack and the at least one coil layer being located 
between the first and second pole piece layers; 

the second shield layer and the first pole piece layer being a 
cc.mnon layer.; 

··.·a housing; :.:···. 

a magnetic disk rotatablysupported in· the housing; 

;a support·l'lli:>untedin. the housing fo-r supporting the maglietic head 
with its "ABS·facing themagnet~c disk ·so that the magnetic head is in a 
transducing relationship with the magnetic disk; 

means f.or rotating the magnetic disk; 

positioning means connected to the support for moving the magnetic 
head to multiple positions with respect to said magnetic disk1 and 

processing means connected to the magnetic head, to the means for 
35 rotating the magnetic disk and to the positioning means f~r exchanging 

signals with the merged magnetic head, for controlling movement of the 
magnetic disk and for controlling the position of the magnetic head. 

8. A magnetic disk drive as claimed in claim 7 wherein the pinned 
40 layer is an antiparallel (AP) pinned layer that includes: 

45 

first and second ferromagnetic films; 

a ruthenium (Ru) spacer film sandwiched between the first and second 
ferromagnetic films; 



111111111111111111111111111111 
* .c L " s Ir 

W000/34946 PCT/GB99/03933 
13 

'· ... 
the first ferromagnetic film interfacing the pinning layer with its 

magnetic moment pinned by the pinning layer in a first direction; and 

the second ferromagnetic film interfacing the spacer layer with its 
5 magnetic moment pinned by the first ferromagnetic film in a second 

direction that is antiparallel to said first direction. 

10 

15 

20 

25 

9. A method of making a spin valve sensor comprising: 

forming a seed layer of tantalum oxide or copper; 

forming an antif erromagnetic pinninq layer of nickel oxide (NiO) 
directly.on the seed layer; 

forming a ferromagnetic pinned layer directly on the pinning layer; 

forming a nonmagnetic electrically conductive spacer layer on the 
pinned layer; 

forming a ferromagnetic free layer on the spacer layer. 

10. A method of making a magnetic head that has an air bearing surface 
(ABS) comprising: 

forming a read head that includes: 

forming a ferromagnetic first shield layer; 

forming a nonmagnetic electrically insulative first gap layer on the 
30 first shield layer; 
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forming a spin valve sensor on the first gap layer according to the 
steps of claim 1 as follows: 

forming first and second electrically conductive lead layer that are 
on the first gap layer and connected to the sensor; 

forming a nonmagnetic electrically insulative second gap layer on 
the sensor, the leads and the first gap layer: and 

forming a ferromagnetic second shield layer on the second gap layer. 

11. A method as claimed in ciaim 10 including: 

forming a write head as follows: 
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forminq a w.rite gap layer and an insulation stack with a coil layer 

embedded therein on the second shield layer so that the second shield 

layer also functions as a first pole piece for the write head; and 

S forming a second pole piece layer on the insulation stack and the 
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write qap and connected at a back gap to the first pole piece. 

12. A method as clauned in claim 9 or 10 wherein the pinned layer is an 

antiparallel (AP) pinned layer which construction comprises: 

forming a first ferromagnetic film; 

forming a rutheniwn (Ru) spacer film on the first ferromagnetic 

film; and 

forming a second ferromagnetic film on the ruthenium (Ru) film. 


