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SEED LAYER FOR A NICKEL OXIDE PINNING LAYER FOR INCREASING
TBB MAGNETORESISTANCE OF A SPIN VALVE SENSOR

The present invention relates td a seed layer for a nickel oxide
{Ni0) pinning layer for increasing the magnetoreszstance 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 Spln valve sensor for
increasing the magnetoreszstance of the sensor.

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 nonmagnetié electrically conductive first Spacer layer.
sandwiched between a ferromagnetic pinned layer and a ferromagnetic free
layer. An antiferromagnetic pinning'laye: interfaces the pinned layer for
pinning the magnetic moment of the pinned layer S0° to an air bearing
surface (ABS) which is an expoéed 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 posxtzve and negat1ve directions from
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
disk. The magnetic moment 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 guiescent state, there . .
will be read signal asymmetry upon the occurrence of positive and negative
magnetic field incursions from a rotating disk.

The thickness of the spacer layer is chosen to be less than the mean
free path of electrons conduéted_through'the sensor. With this '
arrangement, a portion of the conduction electrons are scattered by the .
interfaces of the spacer layer wi:h'the pinned and free layers. When the
magnetic moments of the pinnéd 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 g is the
angle between the magnetic moments'cf the pinned and free layers. A spin
valve sensor has a 51gnifxcant1y higher magnetores1stance than an
anisotropxc magnetoresistive (AMR) sensor. For this reason it is
sometimes referred to as a gianc magnetoresistxve (GMR) sensor.

The location of the bias'point on the cransfe; curve is influenced
by four major forces on the free layer, namely a ferromagnetic coupling
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‘field (Hm) between the plnned layer and the- free 1ayer, a demag field

(Hyppag) Exom the pinned 1ayer, sense current f;elds (Hx) from all
conductive layers of the spin valve- sensor except the free layer, and the
influence of an AMR effect. The 1nf1uence of the AMR effect on the bias
point is the same as a magnetxc 1nf1uence and can be deflned in terms of
magnitude and dlrectxon

A bottom spin valve sensor'typicaliylemp;oys a'nickel oxide {NiQ}
pinning layer for pinning the magnetic moment of the pinned layer
perpendicular to the ABS. The pinning layer is formed directly on the
first gap layer of'a;uminahlhlﬂ%):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 shleld layer. At this
".stage the spin valve sensor has a magnetores1stance whlch is drR/R where R
“is the resistance of the sensor and dR is the change in re51stance of the

sensor _upon the appllcatlon of the applled field. Subsequently, the
write head is formed on the spin valve sensor. In the formation of the
write head the multlple photore51st 1ayers of the insulation stack are
hard baked 225° to 250° for 6-11 hours. ‘This hard bak1ng_reduces the
aforementioned magnetoreslstance of_the_sensor. The amount of reduction
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.
High magnetore31stance equates to increased sensit1v1ty of the spln valve
sensor to magnetic flux 1ncursxons Erom a rotatlng disk. Another
consideration, however. is the ferromagnetlc coupllng fleld (Hc) between
the pinned layer and the free layer. It is desxrable to minimize “the
ferromagnetic couplzng f1e1d since ‘the ferromagnetlc coupl;ng field
atfects the bias point of the sensor. A ferromagnetlc coupling must be
counterbalanced by scme other magnetlc field in order to achieve a zero
bias point. Sense current fxelds exerted on the free layer must also be
counterbalanced. As the search continues to 1ncrease the magnetore51stance
it is important that the spln valve sensor not be degraded by some other
factor, such as a h;gh ferromagnetlc coupllng between the pinned and free
1ayers.

By employing particular'seed layers for a nickel oxide (NiQ) pinning
layer in a bottom spln valve, the magnetoresxstance of the spin valve can
be increased. In a preferred embodlment a tantalum oxide (Ta,0,) seed
layer is formed directly on the flrst 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 lavers and ultimately the write head.
Only a normal drop occurs in the magnetores;tance after the baklng step in
the construction of the write head. The invention is appl1cable to an
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antiparallel (aP) pinned bottom spin valve sensor 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 magnetic films which may be cobalt (Co). Further
preferably, the invention includes the application of a copper (Cu) seed
layer increases the magnetoresistance.

an cbject 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 semsor.

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

Other ob:ects and advantaqes of the 1nvent10n will become _apparent
upon reading the followzng 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 employed:

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

Fig 5§ is an ABS 111ustratxon of the slxder taken along plane 5-5 of
Fig. 2;

Fig. 6 is a partial elevation view of the slider and magnetic head
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 taken along plane 8-8.0f Fig. 6 with all mater1a1
above the coil layer removed: - :

Fig. 9 is an ABS illustratlon of a slmple bottom spin valve sensor

;'with a tantalum oxide seed layer of the present invention for the aAFM

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;

Fig. 13 is an ARS 111ustratlon of an AP pinned bottom spin valve
sensor with a copper (Cu) seed layer for the antlferrcmagnetlc (AFM)
plnnlng layer .

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

Figs. 153, 15B and 15C show a first method of makznq the tantalum

qoxzde seed layer of the present invention, and

Figs. 16a and 16B show a second method of maklng the tantalum ox1de
seed laver of the present invention. : : : a

Magnetic Disk Drive

Referring now to the drawings wherein like reference numerals
designate like or 51milar parts throughout the several views there is
illustrated in Flgs. 1-3 a magnetzc ‘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 motoxr 36 that 1s controlled by a motor controller 38. A “
combined read and wrlte magnetlc 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. Wwhen the
disk 34 is rotated by the motor 36 the slider is supported on a thin
(typically, .05 im) cushion of air (air bearing) between the surface of
the disk 34 and the air bearlng surface (aBS) 48. The magnetic head 40
may then be employed for wrltlng 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
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1nformatxon, with, the head 40, provides motor: ar1ve signals for rotating
the magnetic d1ak 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
frame 54 of a housing 55 as shown in Fig. 3.

Fig. § 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 magnetlc head 40 is at a
trailing edge 66 of the slider.

Magnetic Head

Fxg. 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
head portion employing a spin valve sensor 74 of the present 1nvent10n. '
Fig. 7 is an ABS view of Fig. 6. The sensor 74 is located between first
and second gap layers 76 and 78 and the gap layers are located between
first and second shield layers 80 and 82. In response to external’
magnetic fields, the resistance of the sensor 74 changes. A senséfcurrent
IS (see Fig. 9) conducted through the sensor causes these resistance
changes to be manifested as potential changes ' These potential dhénges
are then processed as readback 81gnals by the processing c1rcu1try S0
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
88. A third insulation layer 90 may be employed for planarizing the head
to eliminate ripples in the second insulation laver 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 located 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. As shown in Figs. 2 and 4, first and second solder
connections 104 and 116 connect leads from the sensor 74 to leads 112 and
124 on the suspension 44.. Third and fourth solder connections 118 and 106
connect leads 120 and 122 from the coil 84 (see Fig. 8) to leads 126 and
114 on the suspension. It -should be noted that the magnetic head 40
employs a s;ngle 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 referred to in the’ art as a "merged head".
A piggyback head employs two separate layers for these functions.

The Invention

Figs. 9 and 10 are schematic illustrations of the present spin valve
sensor 200 of a read head. which - includes a nonmagnetic electrically
conductlve spacer layer 202 which is sandwiched between a ferromagnetlc
free layer 204 and a. ferromagnetic pinned layer 206. The pinned layer
206, which may have a nickel iron (NiFe) first pinned f£ilm 207 and a

" cobalt (Co) second pinned film 208, has a magnetic moment 209 (see Fig.
10) which is preferably pinned perpendicular to the ABS 210 by an
antiferromagnetic (AFM) layer 212. Each circle with an x in it @
indlcates 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 magnetxc incursion from a rotating magnetic

dlsk) a magnetlc moment 214 of - the free layer 204 is preferably parallel

d to the ABS 210. Accordingly, when positive and negative 1ncursions are
“_1mposed on the spin valve sensor. 200 from a rotating magnetic disk the
"'magnetxc moment 214 of the free layer rotates upwardly and downwardly

respectively from the parallel pos1t1on ‘shown in Flg. 10. The parallel

i position of the magnetic moment 214 is generally the zero bias poxnt on

the transfer curve of the sp;n valve 8ensor and: ‘when it is pos1tloned

" upwardly or downwardly from thls parallel position in a quiescent state
;'the bias point of the spin. valve ‘sensor . is not zero but some value :

§ poszt;ve or negat1ve w1th respect to the _zero pos;tlon When the magnet;c h
h'moment 214 is in the zero bias position the read signal has symmetry about

the bias point, but when the magnetic moment is angled upwardly or
downwardly from the parallel position, shown 'in’ Flg. 10, the read’ signal
is asymmetr1c. Accordingly, it is desirable that the magnetlc moment 214
of the free laver be located at the zero bias point, which is the parallel
positlon shown in F;g. 10, when the read sensor-200 is in a qulescent
state, namely sense current IS on but no maqnetic incursion from a
'rotating magnet;c disk. : :

As stated herelnabove, there are various: forces acting on the
magnetic moment 214 of the free layer when the spin valve read sensor is

in a quiescent state These forces include a ferromagnetlc coupling field

'between the free layer 204 and the pinned layer 206, a demag field from
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
the first gap layer 216 which first gap layer is also shown at 76 in Fig.
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6. A cap layer 218 ~ which may be tantalum (Ta) is constructed _o:i the free
layer 204 before constructing the second gap layer 78 shown in Fig. 6.

The AFM layer may be 425 A of nickel oxide (NiO), the 'pi_.nried layer
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 head the sensor 200 is
subjected to annealing of 230° C for 10 hours. After the making of the
head the AFM laver 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. ' This 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,
namely perpendicular to the aBS. ' '

In one embodiment of the present invention a tantalum oxide

(Pa, 0,) seed layer 201 is employed between the first gap layer 216 and
the AFM layer 212 as shown in Figs. 9 and 10. The tantalum oxide seed )
layer increases the magnetoresistance (dR/R) Of the sensor 200 as compared o
to 2 simple bottom spin valve sensor without the tantalum oxide seed layer
in the instances of the as deposited staté of the sensor, after 'z"-e'setting
the AFM layer 212 and after hard baking the insulation layers of the write
head. The tantalum oxide seed layer 201 does not significantly increase '
the ferromagnetic coupling field between the pinned layer 208 and free
layer 204. Further, since tantalum oxide is nonconductive no sense '
current is- shunted therethrough nor is there any sense Cur_rent' field
exerted on the free layer 204 to affect its bias point, 1In é.ndthé_i:_

. embodiment (not shown) copper may be émployed for the seed layer 201 for

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 the bias point of the free layer 304.

In Figs. 11 and 12 an antiparallel (AP) pinned bottom spin valve 300
is shown which has a tantalum oxide (Ta, 0,) seed layer 301. In this
embodiment a spacer layer 302 is located between 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 308 '
which is located between pinned £ilms 310 and 311 on one side that are
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 magnetic 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 £ilm 317 is pinned in an opposite
direction perpendicular to the ABS. Each circle with an dot in it (?}

This Sheet Has Been Replaced




WO 00/34946 PCT/GB99/03933

indicates _that..the direction of the magnetic moment is toward the reader.
" The pinned f£ilm 310 may. be 10 A of nickel iron (NiFe), the pinned film 311
‘may be 24 A of cobalt (Co), the spacer layer 308 nay ‘be 8 A of ruthenium
~ (Ru) and the AP pinned film 317 may be 24 A of cobalt (Co). The magnetic
5 moment 322 of the free layer 304 is shown parallel to the ABS. A cap
.  layer 324 is constructed on the free layer 304 before construction of the
second gap layer 78 and write head 70 shown in F:.g 6.

'.I‘.'he seed layer 301 may - be 35 A of tantalum oxide (Ta, 0,), the AFM
io0 layer 312 may be 425 A of nickel oxide, the 'spacer layer 302 may be 22 A
of copper (Cu), the free layer 304 may be 70 A of nickel iron (NiFe) and
~ the cap layer 324 may be 50 A of tantalum (Ta). The magnetoresistance of
 the spm valve sensor 300, is improved by employing a tantalum oxide (Ta,
0,) 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 layer 212 and after hard
‘baking the insulation layers of-the write head. .Further the tantalum
oxide seed layer does not significantly increase the ferromagnetic
" coupling field between the pinned layer 208 and the free layer 204.
20 ' Further. the tantalum oxide seed layer is not conductive and will not
S shunt any. of the sense current nor will ‘it exert a sense current field on
‘the free layer 304 ‘that affects-its bias point. o

' '-Figs. 13 a.nd 14 show an antiparallel (AP) pinned bottom soin valve
25  sensor which may employ a.35 A:copper (Cu) seed layer 401 for the 425 A
: _ nickel oxide (NiO) AFM layer 412. The layers. in this example are the same
! ~ as the layers in“'Figs 11 ‘and 12, except for the copper seed la.yer 401.
' The spin valve sensor 400 in FJ.gs 13 and 14 has improved '
magnetores:.stance over an AP plnned bottom spin valve sensor without the
30 copper seed layer 401. 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 (Ta, O,) seed layer 401
35 of Figs. 11 and 12 is shown in Figs. 15a, 15B--and 15C. . In Fig. 1SA 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
surfade_portion to:oxidize. These steps can befaccomplished in a
sputtering chamber (not snown)-wherein the tantalum (Ta) seed laver is
40 sputtered onto the,first gap layer (Gl), as shown in Fig. 15a, 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 8R/R in this
embodlment was 4.53% and the ferromagnetic coupling field (H.) of the AP
45 plnned layer 316 to the free layer 304 was 4. 0 Oe.

This.Sheet Has Been Replaced

||I||I|| RN



1o

15

20

WO 00/34946 ' PCT/GB99/03933

In Fig. 16A the tantalum oxide (Ta) seed layer was sputter deposited
in the presence of'oxygen (02) which is referred to in the art as reactive
jon beam sputter deposition. Next, the nickel oxide (NiO) AFM layer 412
is deposited on the seed layer 401 as shown in Fig. 16B. The dR/R in this
embodiment was 4.65% and the ferromagnetic coupling field (H.) was 4.0 Oe.

Summary

It can be seen that a tantalum oxide (Ta, O,) seed layer for a
nickel oxide (NiO) AFM layer in a bottom AP pinned spin valve sensor
increases the dR/R. It is believed that the tantalum oxide seed layer
improves the nickel oxide (Ni0) pinning layer by making its microstructure
more uniform from top to bottom. It is further speculated that it
improves the grain size and its texture. It should be understood tha.t
other thicknesses may be employed for the various layers described
hereinabove. Regardless of the thicknesses of the tantalum oxide seed
layer it will improve the microstructure of the AFM nickel oxide (NiO)
pinning layer to increase the dR/R of the sensor. The invem:ion also
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 Flgs. 9 and 10.

[ ———
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AN O TR I!II coams.
1. A spin valve sensor that has an air bearing surface (ABS)

| comprising:
an.a.ntiferromagnet.;lc pinni;n.g' layer of nickel oxide (NiO);
a nonmagnetic electrically conductive spacer layer;
a ferromagnetic free layer; .. -

the spa.cer 1ayer being sandwiched between and 1nterfac1a11y engaging
the p1nn1ng layer and the free layer; . . :

a seed leye; of t;_antalum oxide_-,or-_ copper;

the pmning layer bemg sandw:r.ched between the seed layer and the

. p:.nned layer with the seed layer :.nterfac1a11y engaging the pinning layer.

2. A spin valve 'Sensor .as - cla:n.med in claim 1 wherein the p:n.nned layer :
_1s an antiparallel (aP). pmned 1ayer tha.t includes. '

'first: and second 'ferromagnetic films:

_ -a ruthenium (Ru) spacer £ilm sandwiched between the first and second'
ferromagnetic f;lms. ’

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 £ilm interfacing the spacer layer with its
magnetic moment pimned 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 (0,).

4. A spin valve sensor as claimed in claim 1 or 2 wherein the seed
layer comprises TayOx which has been oxidized by exposure to oxygen (0,).

5. A magnetic head that has an air bearing surface (ABS) comprising:
a read head that includes:
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a spin valve sensor respon51ve to applied’ magnetic fields as claimed
in claim 1;

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

conducting a sense current through the spin valve sensor:

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 f£ilms;

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 pinning layér in a first direction; and

the second ferromagnetic film interfacing the spacer layer wi;h:its
magnetic moment pinned by the first ferromagnetic film in a second"'

direction that is antiparallel to said first direction.

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 responsive to applied magnetic fields as claimed
in claim 1:

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
conducting a sense current through the spin valve sensor:;
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A

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

the write head including:

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 1nsu1ation stack having at least first .and second insulation

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

‘the insulation stack and the at least one co11 layer being located o
between the first and second pole piece layers;: )

.. the second shield layer and the first pole piece 1ayer being a
ccmmon layer. ' ' '

”"ja housing;'
';}a'magnetic disk rotatablyﬂsupported-in-the housing;

a support: mounted in: the hous;ng -for  supporting the magmetic head

with its 'ABS facing the: magnetic disk so that the magnetic head is in a
' transducing relationship with the magnetic disk.

" means for rotating the magnetic disk; . -

posztioning means connected to the support for moving the magnetic

head. to multiple pos;tions with respect to said magnetic disk; and

processing means connected to the magnetic head, to the means for
rotating the magnetic disk and to: the positioning means for 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

layer is an antiparallel (AP) pinned layer that includes:
' first and second ferromagnetic films;

a ruthenium (Ru) spacer £ilm sandwiched between the first and second
ferromagnetic films;
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the first ferfdﬁagnetic £ilm interfacing the pinning layer with its
magnetic moment pinned by the pinning layer in a first direction; and
the second ferromagnetic f£ilm 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.
9. A method of making a spin valve sensor comprising:

forming a seed layer of tantalum oxide or copper:;

forming an antiferromagnetic pinning layer of nickel oxide (NiO)
directly on the seed layer;

forming a ferromagnetic pinned layer directly on the pinning laver;

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
first shield layer;

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 laver 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 claim 10 including:

forming a write head as follows: This Sheet Has BeenR laced
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forming a wri{:e_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

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

12. A method as clai!he_d in claim 9 or 10 wherein the pinned layer is an
antiparallel (AP) pinned layer which construction comprises:

forming a first ferromagnetic £ilm;

o . forming a ruthenium {Ru) spacer £ilm on the first ferromagnetic
£ilm; and

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



