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The present invention relates to a seed layer for a nickel oxide 5 (Ni0?
pinning layer for increasing the magnetoresistance of a spin valve  sensor
and more particularly to a seed layer between the first gasp layer and the
nickel oxide tNiO) 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 season includes a nonmagnetic
electrically Conductive first spacer layer sandwiched between a
ferromagnetic pinned layer and a ferromagnetic free layer. tan
antiferromagnetic pinning layer interfaces the pinged layer for 15 pinning
the magnetic moment of the pinned layer g0 to an air bearing surface (ABS)
which is an exposed surface of the sensor that faces the magnetic medium.
First gild 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 2nd negative magnetic fields
from a waving 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 moment is preferably parallel to the FIBS 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. 3o  The thickness o 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 th& 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 arid when their magnetic moments are antiparallel scattering is
maximized. Changes in scattering changes the resistance of the spin valve
sensor as a function of Cvs g, where q a the angle between the magnetic
moments of the pinned arid free layers. A spin p valve sensor has a
significantly higher magnetoresistanae than an anisotropic magnetoresistive
(AMR) sensor. For this reason it is sometimes referred to as a giant
magnetoresistance (GMR) sensor The location of the bias paint on the
transfer Curve is influenced 45 by four major forces on the free layer)
namely a ferromagnetic coupling   -~ ~ a a w zoa3 field (H~) between the
pinned layer arid the free layer a demag field (Hay) Exam the pinned layer)
sense current fields (Fh~) from a11 conductive layers of the spin valve
sensor except the free layer, and the influence Q an AMR effect . The
influence of the AMR effect on the bias point is the same as a magnetic
influence and can be defined in terms of magnitude and direction A bottom
spin valve sensor typically employs a nickel oxide. (Ni0) 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 alumina
(A1,0,) and the pinned layer is Formed directly on the piling 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 magnetoresistanee which is dR/R where R ' is the resistance of the
sensor and dR is the change in resistance of the sensor upon the
application of the applied field. Subsequently) the write head is formed on
the. spin valve sensor In the formation of the write head the multiple
photoresist layers of the insulation stack are hard. baked 225 to 250 far
6-11 hours. This hard baking reduces the aforementioned magnetoresistance
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 a the write head. '
high magnetoresistance equates to increased sensitively of the spin valve
sensor to magnetic flux incursions from a rotating disk. Another
consideration, however, is the ferrmagnetic coupling field (Hc) between the
pinned layer and the free layer. It desirable to minimize the ferromagnetic
coupling field since the ferromagnetic coupling field affects the bias
point of the sensor A ferromagnetic coupling must be counterbalanced by
some other magnetic field in order to achieve a zero bias paint . Sense
currant fields exerted, an the tree layer must also be counterbalanced As
the search continues to increase the magnetoresistance it is important Chat
the spin valve sensor not be degraded by same other factors such as a high
ferromagnetic coupling betweens the pinned and free layers   
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discloses a spin valve serisor and hard bias layers electrically xnsu7,ated
from an asperity compensation layer by axe 5 antifexromagnetic layer made
of an i.nsulatirtg material.. ey emg5.oyiag particular seed xayexs for a
nickel oxide (Nio) pinning layer ~,n a bottom spire valve, the
magnetoresiStanCe of the spin valve can be increased. Zn a preferred
embodiment a tantalum oxide (TayOx) seed ~,0 l.ayex is formed dix~eotly ors
Che first gap layer and the niokel oxide (NiQ) pinning layex is formed
direct7.y on the Lantalum oxide seed layer. This is followed by the spacer
and free layers and ultimately the write head. Cnly a noxtnal drop oeours
in the magnecoresitanoe aftex the k~aking step in the construction of the
wxize head. The invention is applicable to an 15 antiparallel (AP) pinned
bc~ctom spin ~ralve sensor as well as the afCrementidned simple bottom spin
valve sensor. The AP pinned bottom spin valve sensor ea~plays a pinned
layex that has a ruthertiutn (RU) film located between first and seaand
mags~etic film8 wh~.Ch may be cobalt (Co) . 20 An object o,f the present
invention is to provide a spin valve $ensox with improved
magnetoresxstance_ Another object is to provide improved magnetoresistaxlce
of a bottom simple or AP pinned spin valve sensor without degrading other
pexformarice 25 taotox~s of the sensor. A fuxther Abject is to provide a
seed layer for a niokel oxide (Ni0) pinning ~.ayer of a bottom simple ox AP
pinned spin valve sensor that increases the magnetoresistanGe of the sensor
without increasing the 30 ferromagrietia coupling betweex~ the pi,x~xled
layer arid the free layer beyond an acceptable level. Other objects aild
advantages of the izwention will became apparent upori reading the
following description taken together with the 35 accompanying drawings.
Fig. 1 ~.s a planar view of art exemplary magnetic disk drives  Fig. 2 ~,s
an end view of a snider taken along plane 2-2 with a 40 magnetic head shown
in hidden linee~; Fig_ 3 is art elevation view of the magnetic disk drive
wherein multiple disks and magnetic heads are employed: 45 Fig. 4 i$ an
xsotnetri.C il7.ustration of an exemplary suspension system for supporting
the slider and magnetic head; '  t~~~P~   S 3 a ~ 3 J U N Z003 F3,g 5 is
atx AeS xilustration of the slider take~x along plane 5-5 0 fib. 2; Fig. 7
is a partial ABS view of the slider taken along plane 7-7 of 10 Fig. 6 to
show the read and write e7.emenCe of the magnetic head; ~urop~isches
Patentamt G151 - Dienststelle 6erlin 



Q 6. oxr. 2aoo ~'ig. 6 is a partial eleva~it~n view of the slider and
magnetic head as Seen in plane 6-6 of Fig. 2; A~I(END~D SH~~'1' ,,.. (P
FAIEP   4 - 3 ,1 U N 2003 Fig, a ~.s a view taken along plane 8-8 of Fig. 6
with alI material above the coil layer removed; Fi,g. 9 ~.s an ABS
illustration of a simple bottom spin valve sensor with a tantalum oxide
seed layer of the present invention fox the A,FM layer; Fig. 10 is an
isometric illustration of Fig. 9; Fig. 11 ~.s an AeS illustration of an AP
pinned k~ottom spin valve sensor with a tantaXum oxide seed layer for the
AFM layer; Fi.g. 12 zs an isometric illustration of Fig. 11; Figs, 15A,
1.58 and 15~ 6how a First method of making the tantalum oxide seed layer of
the present inver~tion; and Figs. 16A arid 16H show a second method of
making the tantalum oxide  seed layer of the present invention. Dsagaetic
bilk Drive Referring now to tl~e drawings wherein like reference numerals
designate like or similar parts throughout the several views there is
illustrated in Figs. 1-3 a magnetic disk drzve 30. The drive 30 incxude9 a
spirxdle 32 Chat supports and rotates a magnetic disk 34. The spind7.e 32
is rotated by a motor 36 that is controlled by a motor contro.Iler 38_ A
combined read a~ld ~rrite magnetic head 40 is mounted on a slider 42 that
is supported by a suspension 4g and actuatpr arm 4G. A plurality of disks,
sliders and su&pensions may be employed in a largo capacity direct access
storage device (DASD) as shown is Fi.g. 3. The auspensiou 44 and actuator
arm 46 poeitivn the s7,ider 42 eo that the magnetic head 40 is in a
transducing relationship with a surface df the magnetic disk 34. When the
disk 34 is rotated. by the tnotox 36. the slider ie suppox'ted on a thitl
(typically, ~51~~). cushion of air (air bearing) between, the surface of
the disk 34 and the air beari.~.g gurface (AHS) 49. The magnetic head 40
may then be emgloy~d for writing information to multiple circular tracks on
the surface of the disk 34. a8 well as for reading informat~.on therefrom.
Prpcesaing Circuitry SO exchanges signals, represex~ting such   WO 00f34946
5 PCfIGB99103933 ~- ~ J U N 2003 information, with the head 40, provides
mptar drive signals for rotating the magnetic disk 34, and provides control
ssgnala for moving the slider to variQUS tracks. ~n Fig. 4 the slider 42 is
shown mounted t0 the Suspensiozl 44. The components described hereinabove
may be 8louated on a 5 frame 54 of a hauling 55 as shown i.n Figr. 3. ~'ig.
5 is an ASS 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 rai~,s 58 sad
60. The rails a6, 5B and 6D extend from a cross rail 10 62. with res~rect
to rotation of the magnetic disk 34) the cross rail 6~ is at a leading edge
64 of the slider and the magnetic head 40 is at a trailing edge 66 of the
slider. 1 MagnleitlC $ea~ L ; x5 FiQ. 6 i5 a side cross-sectional elevation
view of the mac~retic 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 invention. Fig. 7 is do AH5 view of Fig. 6. The sensor 74 is
located between first 



~0 and :second gap layers 76 and 78 and the dap layer8 are located between
first and seGGnd shield ~.ayers 80 and 82. In response to exteraal
magixetic fields, the resistance of the senaox ~4 ahaages. a sense Current
ZS (see Pig. 9) conducted through the sensor causes these resistance
changes to be manifested as potential chomges. These potential changes 25
are then processed as readback signals by the processing c~.rcuitry 5D
shown is Fig. 3. The priax art write head portion of the magx~etiG head
includes a f- coil, layer 84 located between first and second i,nsulatian
layers 96 at~d !.~, 30 88. A ehi.rd insulation layer 9D may be employed for
planarixing the head to eliminate ripples in the second insulation layer
caused by the coil layer 84. The First, secQrid arid third insulation
layers are referxed to iu the art as an "insulation staGk~~. The coil layer
84 arid the fir$t, $ecand and third insulation layers 86. B8 and 90 are
located between first 35 and second pole ~riece layers 92 and 94. The first
and second pole piece layers 93 and 94 are magnetically coupled at a back
gap 96 8,nd have fiFSt and second pole tips 98 and 10D which are separated
by a write qap layer 102 at the ha8. As shown in Figs. 2 and 4) first and
second solder Conaection$ 104 and 116 connect leads from the sensor 74 to
leads 113 and 40 12d an the suspension 44. Third and fourth solder
connections 1.18 and x06 conaeet leads 130 arid 12Z from the cai~l 8~ Isee
Fig. 8) to leads I26 and X14 on the suspension. It should be noted that the
magnetic head 40 employs a single layer 82/9Z to serve a double function as
a second shield layer for the read head and as a first (joie piece for the
write head.   VlrO 00134946 riGTlGB9~1035~33 6 -- ~ J U N ~tJO~ This type
of magnetic head is referred to in the art as a metged head". A piggyback
head employs two sepaxate layers for these functions. The Iavantioa 5 Figs.
9 and 10 are schematic illustrations of the present spin valve ' ~9er~sor
2p0 of a read head which includes a nonmagnetic electrically COnduative
spacer layer 202 which is sandwiched between a ferromagnetic fxee layer 204
and a ferromagnetic pinned layer 206, fihe pinned layer 14 206, which may
have a nickel Iran (NiFe) first pinned film 207 sad a cobalt (Co) second
pinned film 208, has a magnetic moment Z09 face Fig. 10y which is
preferably pituied perpendicular to the 1~S 210 by an antiferromagnetic
(AFM) layer 212. Each circle with era x in it ~. indicates that the
direction of the magnetic m~Ient is directed away from , , 15 the reader.
zn a quiescent state (sense purrent IS candncted through the sensor 200 but
without arty magnetic incuxsian from a rotating magnetic disk) a magrxetic
moment 214 of the free layer 204 is preferably parallel to the AHS 210.
Accordingly, when positive and negative iXiCArSiOn$ are imposed or. the
spin valve sensor 200 fxom a rotating magnetic disk the 20 magnetic moment
2x4 of t.he~free layer rotates upwardly and dawnwardly respectively from
the parallel, position shown in Fig. 10, The parallel position of the
magnetic moment 214 is generally the zsra bias point on the transfer curve
of the spin valve sensaz~ and when it is positioned upwardly ax downwardly
from this pars.liel .po$ition is a quiescent state 25 the bias point of the
spin valve sensor is not zero but some value pa5itive or negative with
respect to the zero position. ~ltre~x the magnetic mome~at 214 is in the
zero bias position the read signax has symsxetry ahaut the bias point, but
when the magnetic moment is angled upwardly ax domawardiy frcme the
parallel position, shows in Fig. 10. the read signal 30 is asymmetric.
Accordingly) it is desirable that the ma:gnetiC moment 214 of the free
i~tyer be located at the zero bias point, which is the parallel position
Shawn in Fig. 10. when the read senSt~r 200 is fn a ttuiesoent state.
namely sense Curret.t r5 on but no magnetic inCUrsi.ox~ from a rotating
magnetic di9k. 35 1~,5 stated hereinabave) there are various forces acting
on the 'magnetic moment 214 of the free layer when the spin valve read
S~lx6Dr 19 in a, quiescent state. These forces include a ferromagnetic
coupling field between the free layer 204 and the pinned layex 206, a demag
field fxom 40 the pirmed layer 206, sense current fields when the sense
current ZS 18 conducted through the sensor from a11 conductive layers of
the spin valve sensor except the ree layer 204 and the influence of an At~t
effect. The stronger of these influences i.s the sense current fields from
the spacer layer 202 and the pinned layer 20ti. The AFM layer 212 is
constructed on 45 the first gap idyer 2l6 which first gap layer is also
spawn at 7~ in Fig.   7 



-- s ~ a N 2aa3 6. A sap layer Z18, which may be tantalum (Ta1 is
constx'ucted on the free layer 2o4 before constructing the second gap layer
78 shown in fig. 6. xhe AFM layer may be 425 l~ of nickel oxide (N10), the
pinned layer 207 may be 8 l~ of nickel iron (NiFe), the pinned layer 208
may be 12 A of cobalt t~Co)) the spacer layer may be z2 A of copper (Cu),
the free layer 204 1'Aay be 70 A of nickel iron (NiFe) and the cap layer
z19 may be 50 A of tantalum (Ta). poring the making of the write heart the
sensor 200 is aub~ ected to aru~sealing of 23 0  C for 10 hours . x1f ter
the snaking of the head the AFM layer 212 is reset by appl.yitrg heat at a
temperatux'e of 200" C to 250 C for i0 minutes in the presence of a field
that is directed perpend3.cular to the AHS. Thxg sets the magnetic spin$ of
the AFM layer 2Z2 in the perpendicular direction which, by exchange
coupling, pins the magnetic moments df the pirused f3.lms 20'i and 208 in
the same direction) namely perpendicular to the ABB. Zn one embods.ment of
the present invention s, tantalum oxide (x'ay Ox) seedllayer 201 is
employed between Che first gap layer 216 and the AFM layer 212 as shown in
k`igs. 9 and ~.0. The tantalum ox~.de seed layer increases the
magxietoresistance (dR./R) at the sensor 200 as compared to a simple bottom
spiix valve sensor ws.thout the tanta7,urn oxide seed layer s.ts the
instancee~ of the as deposited state of the sensor, after resettixxg the
AFM layer 27.2 and after hard bs,ki~tg the insulation Zayers of the write
head. The tantalum oxide seed Layer 2o1 does aQt significantly increase the
ferromagxietic coupling field between the pisuZed layer zo9 and free layer
204. Further, si,xxae tantalum oxide is nos~ct~nductive sso sense Curx'erit
is shunted therethrough nor i.s there any sense current field e~Certed on
the free layer 204 to affect its bias point. In figs. il sad 12 an
antiparallel (Af) pinned bottom spin valve 300 is shown which has a
tantalum oxide (Tay, Ox) seed layer 3Q1. xn this ednbodiment a spacer layer
302 i.s located betweer~ a free layer 3o4 and an Ap pinned layer 306. The
AP piruied layer 306, which is described in ~. S. Patent No. 5,'141,223 may
include an B 7~ ruthenium (RU) spacer layer 3o9 which is loce,ted between
pitmed films 310 and 31l oa one side that are ' exchange coupled to an
axlt~.ferromagnetip (AFM) layer 3l2 and an antiparallel pirmed layer 317
on.the other side that is adjacent the ' spacer Layer 3o2. The l~FM layer
313 pins the magnetic moments 318 of the pinned f~.7.ma 310 and 311 in one
direction perpendicular to the x~S and tkse magnetic moment 320 of the A12
pinaned film 317 is piru'led in an opp4site direction perpendicular to the
AES. Sash circle with an dot iri xt   8 ~ a a N ~ao~ indicates that the
dxrectiori of the magnetic moment is toward the reader, 'the pinned film
310 may be 10 ~ of nickel iron (NiFe), the pinned film 311 may be 24 ~ of
coHalt (Ca), the spacer layer 308 may be 8 A of ruthenium (Ru) and the AB
pinned film 3~,7 may be z4 ~ of cobalt (Col. The magnetic moment 332 of the
Exec layer 304 is sb,owri parallel t4 the AHS_ R cap layer 324 is
epnstructed on the free layer 304 before constx'uction of Che second gap
layer 78 and write head 70 shown in Fig. 6. The seed layer 301 may be 35 A
cf tantalum oxide (Ta" Ox) , the AFIs~ layer 312 may be 925 A of nickel
ox~,de, the spacer layer 302 may be 22 A of copper (Cu)) tk~e free layer
309 may be 70 ~ at nickel iron (NiFe) and the cap layer 334 may be 50 7~ of
tantalum (Ta) . The magxxetoresistance a1~ the spin vahre sensor 300, is
unproved by employing a tantalum oxide (Tay Ox) seed Ialre~: as Compared to
a bottom p,P piruzed spin value sensox that dose not employ such a seed
7.ayer in the instances of an as depdeited state of the sensor, after
ra$eGting the AFrit layer 21z arid after hard baking the insulation layErs
of the write head. Further the tantalum oxide seed layer does not
r9,gnificanGly incxease the ferromagnetic coupling field betweer~ the
pinned layer 20B and the free layex Z04. Further, the tantalum oxide seed
layer xs not conductive and will noc shunt any of Ghe e~ense current nor
will it exert a sense current field an the free layer 309 that affects its
bie,s point. ' A method of constxZteting the talltalunt oxide (xay C7x)
seed layer 401 of Figs, lZ and 7.2 is shown in Figs. 1511, 15H arid~lSC. In
Fig. 15A a t~.xrtalum weed layer 401 deposited oxs the first gap layer (GI)
. 3ubaequently,~ the seed l~.yer 401 is subjected to oxygen whfek~ causes a
top surf ace por'tf.dn td oxidise . These step6 can I~e accomplished iri a
sputtering chambrr (slot shown) whexein the tantalum (Ta) seed 7.ayer is
sputtered onto the first gap layer (G1.) , am shown in Fig _ J.51. 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 (Ni0) AFM layer 41Z as shown in Figure iSC. The dR/R in this
embodiment was 4.53 and the ferromagnetic coupling field (H~) of the AP
pir~xi,ed layer 3i6 to the free i.ayer 344 was 4. o Oe or 4.0 X ~0~   - 3 J
U N 2~~3 In Fig. 16R the tantalum oxide (Ta) seed layer was sputter
deposited in the presence o~ oxygen (02) which is referred co in the art as
react~.ve ion beam sputter ciepas~.tion. Next) the nickel oxide (Ni0) A,fM
Iayer 412 is degoeited on the seed layex 401 as shown, is dig. 16H. The
dR/lt in this embodimerxt was 4.65 and the ferromagnetic coupling field
(H~) was 4.o oe or 4.0 x 10''T. summary It coil be Been that a tantaJ.um
oxide (Tay G") seed layer fpx a nickel oxide (Ni0) Apfi layex xr1 a bottom
11,p pinned spin valve sensor xricreaeem the dR/R, xt is believed that the
tantalum oxide seed layex imprG'ires khe nickel oxide (Ni0)~pinning layer
by making its miCxastructure mare uniform from top to bottom. It is further
speculated that it ' improves the grain $~,ze sad iGS texture. Ir should be
understood that other thicknesses may be employed for the various layers
described hereina35ave. Regardless of the thicknesses of the tantalum oxide
seed layer it will improve the miaxastructure Q~ the AFM nickel Qxida (Ni0)
pinning layer to increase the CZR/R of the serisdr. The invention also
includes employing a tantalum asGide~ $eed layer in a spire valve serssor
that does not use an AP pinned layer as shown in Figs. 9 Sad la.   -- 3 J U
N 2003 1. A sgin valve sensor Chat has an air beaxing surface (AHS)
comprising: 



an antiferromagneCic piiu7frtg layer o;~ ni.clce~. ox~.de (Ni4) ; a
nonmagnetic electrically conductive spacer layer; a f erromagaetic ree
layex; the spacer layer being sandwiched between and interfacially
engagir~g the pinx~.i.~xg layer arid the free layex;. a seed layer of
tantalum oxide ; the pituzirig layer being sandwiched betweeri the seed
layer a,t~,d the 'panned layer with the seed layer interfacially engaging
the pinning layer. Z. A spin va7.ve sensor as olaimed irs claim 1 wherein
the pinned layer ' ie an antiparallel (Ap) pinned layer tl~,t ix~Cludes:
first. az'~d seaaud ferromagnetic films; a ruthenium (RU) spacer film
sax~dwiched bert~reem the first and second ferromagnetic films; the first
ferromagnetic film interfacing the pinning layer with its magnetic m4men,t
panned by the pinning layer its a f~.rst direction; and the second
ferromagnetic film interfacing the spacer layer with its ma,gnetie moment
pinned by the first ferromagnetic film irr a eecorid d~.rectipn that is
antxparallel to said first direction. 3 _ A spin valve sensor as claimed in
claim 1 or 2 i~rhereis7. the seed layer is Tayox which has been reactively
xon beam sputeered in the pre9etlCe of oxygen (Oy) . 4. A spin valve
gertsor as Claimed in claim 1 or 2 wherein the seed layer oomprise5 Tay~aC
which has been oxidized by exposure to oxygex~ (O=) . 5. A magnetic head
that has an Sir bearing Surface (1~S) comprising: a read head that
includes:   5 W O 00!3494G 13. PCT/GB99103933 - 3 J U N 2003 a spin Valve
sensor responsive to applied magnetic fields3 ds claimed in cleim 1; first
fluid seoond norunagnetic electrically insulative gap layers; the spin
value seasor being located between the first and second gap layers ; arrd
first and s6~COnd electrically COx~ductive lead layers xocated between iQ
the fiXSt aad second gdp layers arid coaryeeted to the spin valve sensor
for Conducting a sense current through the 8gin valve sensor: 6. A magnetic
head as claimed in claim 5 wh~eein the pinned layer i8 an antipa~rallei
(Ap) pinned layer that includes: (, E 15 



first and second ferromagnetic fiLas; a ruthenium (RU) spacer fia.m
saadwichad between the first and second ferromagnetic films: 20 the fir$t
ferromagnetic film interfacing the piruiing layer with its magrietiC moment
pinned by the planing layer in a first direction; and the second
ferromagl~etic filta interfacing the spacer layer with its a5 magnetic
moment planed by the first ferromagnetic il,fi in a sBCOnd d~.recti.e~n
that is aritiparallel to said first direction. 9. A magnetic disk drive
that includes at least one magnetic head that has an air bearing surface
(ABS)) the disk drive Comprising: t ' 3p the magnetic head inclhding a
Ctrmbined read head and write bead; a re?~d head that ilxclude9 i 35 a Spin
valve ,sensor reaponqive to applied magnetic fields as claimed in claim X;
first and second nonmagnetic electrically insulative gap layers; 4U the
spin valve sensor being located between the first and second qap layers:
and first and second electrically conductive lead layers located between
the first and second gap layers and connected to k,he 5gin valve sensor for
95 Conducting a sense Current through the sriin valve sensor;   VNC~
00l34946 PG"flGB99/03933 12 - 3 J U N Z03 the write head including: ix~st
and second pole piece layers and a wr~,te gag layer; 5 the first and second
pole piece layers being Separated by the write gag layer at the A8S and
connected at a back gap that is recessed rearwardly in the head from the
A$S; z4 an insulation stack having at least first arrd second insulation
layers: at leaS~t one Cail layer embedded in the insulation stack; and r
,_, ; XS the insulation stack and the at least one coil layer being located
laetween the first and second Bole piece layers; the seGOrtd shield layer
and the first Bole piece layer being a common 7.ayer; 



20 a hous3.;ag ~ a magnetic disk ratatably supported in the housing; 29 a
support mounted in the housing for suppc~rtinr~ the magnetic head with its
A8g facing the magnetic disk so that the magnetic head is an a transducing
relation$hip with the magnetic disk; means for rotating the magnetic disk;
30 positioning means connected to the support fbr moving the magnetic head
to multiple posit~.ons with respect to said magnetic disk; and processing
means connected to the magnetic head, to the means for 35 rotating the
magnetic disk and to the gositioaing means for exchanging signals with the
merged magnetic head) for aantroiling movement Qt the magnetic disk and for
co~atrolling the position of the magnetic head. 8. ~ raaqnetxc disk drive
as claimed in claim 7 wherein the pixlned 40 layer is an antiparallel (AF1
pirirred layer that includes: , first and second ferromagnetic fi7.ms; a
ruthenium tRu) spacer film sandwiched between the first and second
ferrotnagnet~.c films; A5   a 13 the first ferromagnetic film 7.nterfacing
the pinning 7.ayex with its magnetic moment pinned by the pinning ~.ayer in
a fi.rat direction; and the second ferromagnetic film interfacing the
spacer layer with its magnetic moment pinned by the first fe~rromagrretic
film in a second direction that is antipaxalXel to said first dxrect~.or~._
s. A method of making a spin Valve sensor comprising: forming a seed J.ayer
of tantalum oxide ; tormirig as antiferramagneCic pinning layer of nxeke~.
oxide (Ni0) directly an the seed layer; ~. . forming a ferromagnetic pinned
la~er directly on the pinn~.rlg layer; fQxmix~g a nonmagaecic electrically
conductsve spacer layer on th,e pinned layer; fortnirlg a ferramagt~et~,G
tree layer ox~ the Spacer layer. A method of mak~.ng a magnetic head that
has an a.~,r bearing surface (RHS) compx'xsing: ' farming a read head that
includes: forming 2, ferromagnetic first shield layer; 



form~.ng a nonmagx~etxc e~.eetrically insulative first gap layez~ on the
first shieXd layer; torming a spin valve sensor an the first gap layer
according t.a the steps of claim 1 as follows: forming first and second
electrically conductive lead 7.ayer that are on the first gap layer and
coxaxiected to the seagar: forming a nor~magn.etic electrically
insu7,at.ive second gap layer an the sendbr, the leads atld Che first gap
layer: and farming a ferromagnetic second sh3.eld layer on the second gap
layer. 11. A method as claimed in claim 10 inc'lud~.ng: forming a write
head as follows:   WO 00I34946 pCTIGB99103933 3 J U N 2003 foxatiag d write
gap layer arid an insulation stack with a coil layer embedded therpiti on
the second shield layer so that the seGOnd shield layer also furrCtions as
a f irat poles yiece for the write head; and 5 forming a secoad Bole piece
layer on the insulation stack and the write gap sad Connected at a back gap
to the first bole piece. 12. A method as claimed in claim 9 or 10 wherein
the pinned layer is an antiparallel iAp) ginned layer ~rhich construction
comprises: 7.0 forming a firsC ferromagnetic film: fCrining a ruthenium
tRu) spacer film o the first ferrSUnagnetiC film; and 15 f8rming a second
ferromagnetic film on the ruthenium (Ru) x7.m.
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