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IMPROVED ANTIPARALLEL-PINNED sPIN VALVE SENSOR
BACKGROUND -OF THE INVENTION

1. Field of the Invention
This ihvention relates gsnerally to spin valve.ﬁéénetic.
transducers for reading 1nformat10n ‘signals from a magnetlc'
medium and, in partlcular, to an improved antlparallel;éinned

spin-valve senscor, and to magnetlc recording systems whlch

incorporate such sensors.

2. Description of Related Art

Computers often inciude auxiliary msmory storage devices
having media on which'data can be written and from which data can
be read for.laterﬁuse. A.dlrect access storage device (dlsk
drive).incorporating rotating magnetic disks is commonly us€éd for
storing data in magnetic form on the disk surfaces. Data is
recorded on cqncentric, radially spaced tracks on the disk
surfaces. Magnetig heads including read sensors are then used to
“read data from the tracks on the disk surfaces.

In high capacity disk drives, magﬁetoresistive read sensors,

commonly referred to as MR heads, are the prevailing read sensors

because of their capability to read-data from a surface of a disk



at gieatef linear densities than thin film inductive heads. An
MR sensor detects a magnetic field throﬁgh the chanée in the
resistance of ifs MR sgnsing layer (also referred to as:an "MR
element”) as a function of the strength and directiop of the
maénetic flux being sensed by the MR layer. |

The conventional MR seﬁsor.§perates on the bé#is of the
anisotropic magﬁetoresistive (AMR) effect in which an MR element
resistancg varies as the sqﬁare of the cosine of the“angle'
between the magnetization in the MR element and ‘the di}eé;ion of
_seﬁse current flow through the MR element. Recorded data can be
read from a magnetic médiﬁm'because the external magnetic field
‘from the recorded magﬁetic medium (the Sigﬁal.fieldf causes a
change in the direction of magnetization in the MR element, which
in turn causeé'é change in résistande in the MR element.and a
corresponding change in thé:seﬁsed curient or Voltage.‘

Another type of MR sernisor is the giant magnetoresistance

(GMR) sensor manifesting the GMR effect.. In GMR sensors, the
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resistaﬁce of the MR sensing léyer varies as a function of the
spin-dependent transmission of fhe conduction eléctrons'between
magnetic layers separated by é non-magnetic layer (%pacer).and
the acéompanying'spin—dependent scétteriné‘which takes place at
the interface of the-magnetic and non—mégnetic layers and within

the magnetic layers.



GMR sensors using only two layers of ferromagnetic matefial
separated by a layer of non-magnetic.electrically conductive
material are generally referred to as spin valve (SV) sensors
mahifesting the SV effect. 1In an SV senéor, one of the
ferromagnetic layers, referred to as the pinned layer, has its
ﬁagnetization typically pinned by éthange coﬁpling with an ,
antiferromagnetic (e.g., NiO-or Fe-Mn) layer. The magnetization
of the other ferfomégnetic layer, referred to as tﬁe free 1aye£,

however, is not fixed and is free to rotate in response to the

field from the recorded magnetic medium (the signal field). 1In

SV sensors, the sV effect_variés as thé cosine of the angle
between the magnetization of the pinned layer and the
magnetization of the free layer. Recorded data can be read from
a magnetic medium because_the external magnetic field from the
recorded magnetic medium_(the signal field);causes a change in
the direction of magnetization in the free layer, whiéh in turn
causes a change in resistance of the SV sensor and a-— —-
corresponding chahgé in the sensed current or vo;tage.

Fiq. 1 shqws a prior ért SV sensor 100 compfising end
regions 104 and 106 separated by a central fegion 102. A free
layer (free ferromagnetic layer) 110 is separated from a pinned
laYer (pinned ferromagnetic laYer) 120 by a non-magnetic,

electrically—-conducting spacer 115. The magnetization of the



pinned 1$yér-1zo is fixed by an antiferromagnetic (AFM) layer
121. Free layer 110, spacer 115, pinned layer 120 and the AFM
;ayer'lél are al; fcrmed in the central region 102. Hard bias
leyers 130-and 135 formed in.the end regions 104 and 106,
respectively, provide longitﬁdiﬁal bias for.the free'layer 110.
Leads 140 aﬁd_145 formed over hard bias layers 130 and 135,
respectively, provide electricai connections for the flow of the
sensing current I, from.a current source 160 to the MR sensor
100. 'Secsing means 170 connected ﬁo leads 140 and 145 sense the
change in the resistance-due to changes induced in the free layer
110 by the external magnetic field (e.g., field generated by a
cata bit stored on a disk).

IBM's U.S. Petent No. 5,206,590 granted to Dieny et al.,
incorporated herein by reference, discloses an MR sensor
- operating on the basis of the SV effect.

Accther type of spin_valve eensor currectly under
developmept is an antiparallel (AP) —-pinned spin valve--senser. -
Fig. 2 shows an AP-Pinned SV sensor disclosed in copending
Application Serial No. 08/697,396 by Fontana ef al., filed Aug;
23, 1996, and assigned to the assignee of the present inﬁention.'
In the AP-pinned SV sensor 200 of Fig.:2, the pinned. layer is e
laminated structure of two ferromagnetic.layers separated by a

non-magnetic coupling layer such that the magnetizationS'of the
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two ferromagnetic iayers are strongly coupled together
antiferromagneticaliy in an antiparallel orientation. The
.exchange coupling between the antiferromagnetic (AFM) layer and
the laminated plnned layer of AP—plnned SV’ sensor of Flg. 2 is
substantlally stronger than ‘the exchange coupling between the AFM
layer and the single pinned layer of the SV sensor of Flg. 1.
This improved exchange coupling increases the stability of the
AP—pinneé‘SV sensbr'at high temperatureé ehichgallows the use of
corrosion resistant antiferromagnetic'marerials such.as Nio. for
the AFM layer.
Referripg again.to Fig. 2, a free 1ayer'210 is separated

from a laminated'APepinned layer 220 by a.nonmagﬁetic,
‘electrically-conducting séacer layer 215. fhe magnetization ofl
the laminated AP—pirned layer 220 is fixed by an AFM layer 230
which is made ef NiO. The ;amineted AP—pinned layer 220 includes
a first ferromagnetic layer 222 (PFl) and a second ferromagnetic
layer 226 (PF2) separated from each other 'by an antiparallel
coupling (APC) layer 224 of nonmagnetic material. The two
ferromagnetic layers 222,-226.in the laminated AP-pinned layer'
220 are formed of Co and'the APC layer 224 is formed of Ru. The
AFM layer 230 is formed on a seed }ayer 240 deposited on the
substrate 250. To coﬁplete_the_AP-pinned SV sensor, a capping

layer 205 is formed on the free layer 210.

i



.'A key advantage of thé AP—piﬁned SV sensor of Fig. 2, that
allows the use of NiO material for the AFM layer, is the |
impfovement of the exchange coupling'field strength betwéen the
AFM layer 230 and AP-pinned lgyer 220. This exchangé cbupling
- field is inversely_proportional to the magnetic moment differénce_

(net magﬂetic moment) between ;ﬁe'two Af—pinned ferromagnetic.
Jlayers. l

However[ experimeﬁté by the presént:inventor on fabrication
‘of AP-pinned sV sensorslof_fig. 2 (layered étrudture of
NiO/Co/Ru/Co/Cu/Ni~Fe/Ta) have shown that the net moment of the
laminated AP—pinned structure of Co/APC/Co is very difficult to
control and reproduce because of interfacial diffusion and _
oxidation that takes place at the interface bgtwéen the NiO AFM
layer and ﬁhe first ferrbmagnetic layer of Co. The interfgcial
diffusion and oxidation that takes.élace at the aforementioned

interface causes a change in the moment of the first

ferromagnetic Co iayer even after the AP-pinned SV sensor of Fig.. ._

é has been completely built. The change in_ﬁhe moment of the
first ferromagnetic layer causes the change in the net moment of
the Aprinned layer. These experiments have fesulted in
variations byffactors of 2 to 3 in;the net moments of the AP-

. pinned layers for successive fabrication rﬁns. Variations in net

moment of the AP-pinned structure results in large variations in



pinning fields which compromises the stability of the SV sensors.
Furthermore, experiments conducted have.showp'thét Co deposited
on an NiO AFM layer has a very large coercivity, but low exchange
pinning to the NiO AFM layer.  The larée coercivity of the Co
layer makes it very difficult to reset the magﬁetization
direction of the pinned layer if such a reset becomes neécessary.
Such a reset may become necessary if the magnetization direction
‘of ﬁhe pinned layé;ubecohes disorientéd,.for example, in the disk
drive due to a large unexpected magnetic field.

Therefore, there is a neéd for an AP—pihned SV sensor where
Ehe Aprinned'layer has a well controlled and réprddﬁcibie net

noment.

SUMMARY OF THE INVENTION
It is an object of the present invention to disclose an

improved AP-Pinned SV sensor having a AP-pinned layer where the

net moment and magnetic properties of the AP-pinned layer is well-. ---..

éontrolled.

It is another object of the present inventioén to disclose ah
AP-pinned SV sensor with the structure of substrate/seed
layer/pinned layer/spac;r/free layer where the pinned layer

comprises a first and a second ferromagnetic pinned layer and .

where the first ferromagnetic pinned layer further comprises



first and second ferromagnetic sub-layers.

In accordance with thé principles of the present invention, .
there is di#closed an AP-pinned SV sensor with the preferred
structure of Substrate/Seed/NiO/Ni-Fe/Co/Ru/Co/Cu/Ni-Fe/Cap where
the AP-pinned layer éomprises a first and a secénd ferromagnetic
pinned layer separated f;og.each other'by-an gnti—parallel
coupling layer. The.firSt_ferromagnetic pinned layer comprises é
first Ni-Fe sub—layef_and a -second Co sub—layer.; The first Ni-Fe

-sub-layer is deposited o§§r aﬁd in contact with.the”NioiAEM
layer. The addition of the.Ni—fe sub;layer isolates_the Co layer
from the NiO:AFM layer which results in improving the pinniﬁg_
field and magnetic moment control of'tﬁe'lamiﬁated AP-pinned
layer structure as well as réduéing\thelcoercivity of the first
piﬁned_layer.

The above as well as'additional objects, features, and
advanfégés of the present inventioﬁ will become apéarent in the
following detailed written description.

. 'BRIEF DESCRIPTION OF THE DRAWINGS
. For é_fuller underétanding of the_nature and advantagés of
the present'inventién,lés well as the preferred mode of use,
refereﬁce should be made fo the following detailed déscription
read in conjunction with the acdqmpanying drawings.

Fig. 1 is a sectional view of a prior art SV sensor;



Fig. 2 is a sectional view of an AP-pinned SV sensor;

Fig. 3 is a simplified drawing of a magnetic-recording disk'
drive system; |

Fig. 4 is an air bearing surféce view of the AP—pinned SV
sensor according to the present‘invention;

Fig. 5 is an air bearing surface.view of an alfernate
embodiment of the AP-pinned SV.seﬁsor of the present in&enfion;

Fig. 6 is an air beéring surface view of a sedoﬁd altérnaté

embodiment of the AP-pinned SV sensor of the bresént invention.

DETAILED DE;CRIPII&N oF THE PREFERRED EMBODIMENT
fhe following deséripﬁion ié the: best embodimént'presently
contemplated for carrying out the present invention. This
description is made for the purposelof illustrating the general
principies of the pfeéent invention and is_not meant to limit the
inventive cancepts claimed herein.

. Referring how to Fig. 3, there is shown a disk drive 300
embodying the present invention. As shown in Fig. 3, at leaét
one rotatable magnetic disk 312 is supported on a spindle 314 and
rotated by aldisk drive motor 318. The méghetic récgrding media
on each disk is in the fqrp of an annular pattern of.concentric.
data tracks (nqt shown) on disk 312..

¢

At least one slider 313 is positioned on the disk 312, each
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slider 313 supporting one or more'magnetic read/write heads 321
where the head 321 incorporates the MR sensor‘of £he present.
invention. As the disks roﬁate, slider 313 is moved radially in
and out over disk surface 322 so that.héaﬁs 321 may access
different portions of the disk where desired data is recorded.
Each slider 313 is attadhea to an'aCtuator arm 319 by means §f a
suspension 315. The suséensién 315 prdvides a slight spring
force which biases élidér_SiS;against the disk surface 322. -Bach
qctuat§r arm 319 is attached to.an actuatdr means 327.  The
actuator means as shown in Fig. § may.be a vpice coil motor
(VCM). The VCM COmpfises a coil movable within a fixed magnetic
field, the direction and speed o; the cqii movements being |
controlled by the motor'currént'signals supplied by conﬁroller
329f |
Du;ing operation of Fhé disk étorage system, the fotétion of

disk 312 generates.aﬁ air bearing between élider 313.(the'surface
of slider 313 which includes head 321 and faces the sufface of °
disk 312.is referred to as an air bearing sufface (ABS))} and disk
surface 322 whi@h exerts an upﬁﬁrdlforce or 1lift on.the slider.
;The'air bearing thus counter-balances the slight sprihg force of
suspension 315 and suﬁports slider 313 off and siightly above the
disk éurface by a small, substantially constant spacing during

normal operation.
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The various éomponents of the disk s‘toracje_'system are
_controlled lin operation by control signals generated by control
unit 329, such as access control signals and internal clock
.51gnals. Typlcally, control unit 329 comprises logic controi
circuits, storage means and a microprocessor} Ihe cOntrol_unit
329 generates control signals to control varlous system
operations: such as drlve motor control 51gnals on line 323 and
head p051tlon and seek control signals. on line 328. The control
51gnals on line 328 provide the desired current proflles to

optlmally move and position sllder 313 to the de51red data track

on disk 312, Read and write s;gnals are communicated to-and from

read/write heads 321 by means of recording ehannel 325.

The aboveldescription of a typical magnetic disk storage
system,hand the accompanying 1llustrat10n of Fig. 3 are for
representation purposes only. It should be apparent that dlsk
storage'systems.mayfcontain a large number of disks and— -
actuators, and each actuator-may support a number of sliders.

Fig. 4 shows an air bearing surface (ABS) view of the AP-
.pinned SV sensor 400 according to the preferred embodiment of the
.present invention. SV sensor 400 has end regions 404 and 406
separated from eaCh other by a central region 462.=-Substrate 450

can be any suitable substance, including glass, semiconductor

material, or a ceramic material,-such as alumina (A1l,0,). Seed
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lafer 446 is any layer deposited on substrate 450 for the purpose
'of modifying thé crystallographic texture or grain size.of the
subsequent layers deposited ‘on the seed layer 440. ?he seed
layer 440 may ﬁot be needed-depending on the type.of substrate
uged. If used, the seed layer 440 may be fbrmed.of tantalum-
(Ta), ziréonium'(Zr), nicke;fifon (Ni-Fe), or Alg%.. In the
preferred embodiment, seed.layer 440 -is made of Ta. Subsequent
to thé deposition of the seed layer'440,.éntiferromagnetic (AEM)
layer 430 of Nié material is formed over the seed laxer."The Nio_';
AFM layer 430 is-foqmed over the seed layer 440 by ion beam |
sputtering é Ni target in the presence of An oxygen—containihg
gas to the thickness at which the desired exCh;nge properties are
achieved, typiéally 200-500A. A laminated AP-pinned layer 420 is
subsequentiy formed over the AFM layer 430. AP;pinned layer 420
compri?es first and second;pinned.ferrpméghetic layers 425 and
426, réspectively. The first pinned ferromagnecticulayer 425 is
a composite layer dbmprising first and second pinned ™ 7
ferromagnetic sub—layer§.435 ana 422, respectiVély. In the
preferred embodiment, first sﬁb—layer 435 is a thin 1ayer.of Ni-
_Fe deposited on and‘in.éoﬂtact with the AFM layer 430 and the
second sub-layer 422 is a.layer of Co deposited over first sub-
layer 435. The second'ferromagnetic layer 426, also formgd of

Co, has equal or nearly equal magnetic moment to Co layer 422,
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First and secoﬁd ferromagnetic pinned.layers 425 and 426 are
separated from each other by an antiparallel_coupling (APC) leyer
424 of ppnmagnetic material that allows pinned layers 425 and 426
. to be strongly’coupled together antiferromagnetically. Pinned .
layers 425 and 426 in the lamlnated AP—plnned layer structure 420
have thelr magnetlzatlon dlrectlons oriented antiparallel, as
1nd1cated by the tails of the arrows 421 and_423 and.the head_of
tﬁe arrow 427.. The'antiparallel alignment of theimegnetizatiegs
of the ﬁinnea layers 425 and 426 is due to an antiferromagnetic
exchange coupling throﬁgh_the anti-parallel coupling layer 424.
Because of.this antiferromagnetic coubling, and because the two
Co films 422 and 426 have suﬁstantially.the same thickness, the
_magnetic.momeﬁts of each of,the films nearly cancel eaeh other so
that the net ﬁagnetic moment in the laminated.AP—pinned layer 420
' structure is.mainly due to-the magnetic moment of the Ni-Fe sub-
layer 435, typically in the range of 2 ‘to 30 A:in thickness.
The small net magnetic moment of the lamlnatedlAP—pinﬂed layer
420 results in an ampliﬁication or the exchange field above that
_which would be present if only layer 422 were used as a single
"plnned layer plnned by AFM layer 430.
To complete the SV sensor 400 a metallic spacer layer 415

is formed on the second pinned layer 426, a free layer 410 is

formed on the spacer layer 415, and a capping layer 405 is formed ..
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on the free layer 410. In the absence of an applied field, the
free layer-410 has its magnetieation axis oriented in the
_direqtion shown by arrow 412, i.e., generally perpendicular to
the magnetization axes 421, 423, 427 of the pinned layers 435,
122, 126. | | |
Referring again to Fig: 4, SV sensor 400 fﬁrther_includes-
hard bias layers 470 and 475, formed in end regions 404 ano.405,
.respectively, for longitudioallj biasing the free 1ayer 410.
Electrical leads 460, 465 are also formed over hard bias 1ayers
470 and 475, respectlvely to form a circuit path between the sV
sensor 400 and a current source 490 and a sensing means 480. In'
the preferred embodiment, a_magnetic'signal in the medium is i
sensed by.the'sensing means 480 detecting the change in
reeistance, deltaR, as the‘maénetization of the free layer 416.
rotates in response to the.applied magnetic signal from the
recorded medium. |
The_AP—pinned'SV.sensor 400 was fabricated in theqfollowiné
" manner. The NiO AFM layer 430 of approximately 425 A thick was

deposited on the aluminum oxide substrate layer 450 by ion beam

"L sputterlng from a Ni target in the presence of oxygen. No seed

layer was used on the aluminum oxide substrate. Next, the
laminated AP-pinned layer 420 spacer 415, free layer 410 and cap

layer 405 were deposited by ion beam sputtering'while the sample



-15-

was in an applied transverse magnetic field of about 20 Oe. Ni-
Fe layer 435 had a thickness of about 10 A, cobalt layer 422 had
a thickness of about 24 A, spacer layer 424 had a thickness of
about 5 A, cobalt laYer 426 had a thickness of\about 24'A,
séacér 415 had a tﬁickngsé of abou£:22 A, free layer 410 had a
;hickneés'of about 72 A:and:the ?é cap lafer 405 had a thickness
of about 50 A._

After ail the layeré_qf SV seﬁsor 400 have been deposited,
the AFM layer 430 will likely not be in a';ingle
antiferromagnetic domain.sﬁate;aand_as a result the
Ni-Fe/Co/Ru/Co lamin;ted Af-pinned iayer 420 may not be in a
single ferrémagnetic domain state, resulting in redﬁced |
magnetoresistance amplitude. 'Theiefore, aftér all the layers of -
the SV sensor 400 havé been-debosited, the SV sensor 400 was
heateg to above the NiO antiferroﬁagnetié blocking temperature
{abouﬁ 180 deg C) in a field of 15 kOe. This large field is
sufficient to rotate thelmagneﬁizatibn of the ferromaghetic
layers in the AP-pinned layer 420 against the effect of the anti-
parallel coupling layer 424, so that the magnetizations of both
pinned ferromagnetic layers 425 and 426 are\parailel to the
applied magnetic field, and both pinﬁed ferromagnetic layers are
in a single domain state. The sample-waé then cooled with tﬁe

applied field still present, so that the single domain state of
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the Nio/yi—Fe/Co portion of the laminated AP-pinned léyer 420 was
maintained. After cooling‘tb r&om temperéture the applied field
is’ removed, and thé magnetization of‘the second pinhed

ferromagnetic layer 426 rotates to be antiparallel to that of the
first pinned ferromaéneiic lafér 425 due to the influence of the.

anti—parallel coupling layer a24. This aligns the direction of

the exchange anisotropy and places the laminated AP-pinned layer
420 in an essentially single domain staté, yielding the largest

magnetoresistance.

T

Referring again tolFig. 4, if the fhickness of the two
ferromagnetic Co layers 422 and 426 are identical, then.in:fheory
" the net moment of fhe laminated AP—pinnéa layer.420 would be the
moment of the thin Ni—Fe_layer 435. Without Ni-Fe layer:435, net
moment control would depend on precise control of the Co layers
thicknesses and on the stability oflthe Co layer at the Nio/Co
interface ﬁhich is. extremely difficult to control. -Introduction
of Ni-Fe layer 435 between_tﬁe Nio AFM.léyer 430 and the“first Co
layer 422 dramatically'impfoves'éontrol of the magnetic moment of
the first Co layer 422. With this improved structure, moment
control of the two Co fiims.422, 426 is reduced essentially to
thickness éontrol of the Ni-Fe deposited layer. Wifh equal
thicknesses of Co layer$ 422{ ;26, the net moment of the

laminated.AP-pinned layer 420 is equal to the moment of Ni-Fe
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layer 435. A thin Ni-Fe layer 435 ensures a sﬁall; well4_
controlled net moment which ensures that the magnétizatién of the
laminated-AP—pinned layer 420 is stable in the presence of
magnetic fields so that the direction of magnetization is
predictable. |

While the best embodimept of this inventionfdeécribed herein
has used equal thicknesses of the two Co 1ayeré 422, 426, it will
be obvious to those skiiled in'thé art thaf éther.cqmbinations“of
the thicknesses of Co'léyer 42£ and_Ni-Fe layer 435 cén result-in
" the same small net-moment fo;-the laminated AP%pinned layer
structufe. If Co iaYer 422 is made_thinnef, then Ni-Fe layerf;35
must be increased in thicknessfto acﬁieve the desired net moment,
and if Co layer 422 is made thicker a correspondingly thinnér Nif
Fe layer 435 is required. |

.The AP-pinned SV sensors fabricéted according to the best
embodimént of this invention have significantly improved
Eharacte;istiés.and batch-to-batch reproducibility. The pinning
field H, (magnetic field at which’the pinned laYer begins_to
rotate) is approximately 1100 Oe ensuring no rotaﬁion of the AP~
_pinned.layer under SV sensor.operating conditions. The
ferromagnetic coupling field between éhe pinned and free layers
is only about 4 Oe indicative of high sensitivity of the free

layer to rotate in'response'td external signal fields. The
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magnetoresistive coefficient (deltaR/R) is abouf 4.3% and the
batch;to—batch variation (variation of properties of SV'sensérs
processed in one fabrication run to those processéd in a
different run) was less than +/—4 percent for more than 20
.batches. |

‘ Fig. 5 shows an ABS view of an alternate embodiment of an_
AP-pinned SV sensor 500 having end regions 504 and 506 separated
from each othef by.a'central region 502. sV seﬁsor 500 is
similar to SV sensor 400f5ut wherein'the free layer 510 is a
multi-layer étructure. In tﬁe éreferred embodiment, the SV
seﬁsor 500 has a structure écco;ding to the following:
.Substrate/séed/NiO/N%—Fe/Co/Ru/Co/Cu/Co/Ni—Fe/Cap. A seed layer
540, if uséd, is deposited on é substrate 550. The NiO AFM ldyer
530 is.depdsited on seed layer 540 by ion beam sputtering a Ni |
target in the presehce of an oxygen. The laﬁinated AP—pinned'
iayer 520 is formed on the AFM layef 530. The first
'feffomggnetic pinned layer 525 is a composite laye;ucomprising a
~ thin Ni—Fe_layef 535 deposited on and in contact ﬁith the AFM
layer 530 and a Co layer 522 deposited on the Ni-Fe layer 535.
The second ferromagnetic pinned layer 526, also fqrmed of Co, has '
a magnetic momént which is équal or ﬁearly equal to the maénetic
moment of the Co layer 522. The two Co layers 522, 526 are |

separéted by'ah anti—paréllel cqupling layer 524 of nonmagnetic
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material that allows the pinned layers 525 and 526 to be strongly
coupled together antiferromagnetically. .A metallic spacer' layer
515 is formed on the second ferromaghetic pinned layer 526. In

this embodiment, the free layer 510 is a multilayer structure

.-comprising a thin Co 1aye.r 514 and a Ni-Fe layer §13. Co '1ayer -

514 is formed on and in contact w:.th the spacer 1ayer 515 and N:|.—
Fe layer 513 is formed on and in contact with. the Co layer 514.
To complete the SV sensor 500, a capping: laye_r 505 ;.s._'.formed on
‘the Ni~Fe layer 513. 'Ih the absence of an applied fi‘eld,' the |
free layer 510 has its magnetization axis or_.-iented J.n the
dlrectlon shown by arrow 512, i.e., generally perpendlcular to

the magnetization axes 521, 523, 527 of the p:.nned J.ayers 535,
522, 526.

. Referring again to Fig. 5, SV sensor 500 further includes

hard bias layers 570 and 575, formed in the end regions 504 and

506, respectively, for longitudinally biasing the free-layer 510. -

Electrical leads 560 and.565 are also formed over haro bias
layers 570 and 575, respectively, to form a circuit path between
_.the SV sensor 500 and a current source 590 and a ‘Isehs“ing nNeans
" 580. | |

In this embodiment, the Co free layer 5'1_4 has a thiekness of
about,lé Atand the Ni-Fe free layef 513 has a thickhess of about

29 A thick. The magnetoresistive coefficient deltaR/R for this .
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embodiment has a value of 7.5%. The improvemenﬁ of deltaR/R over
that obtained wiﬁh the preferied-embodiment shown in Fig. 4 is
due to the bette: interface properties between the composite free
layer 514 and tﬁe spacer 515. However, tﬂe use of a composite
free layer adds to- the complexity of the 'fabric‘ation-process for
this SV sensor. .

Fig; 6 shows an air bearing surface view of a second
alternative embodiﬁent of an AP-pinned SV seﬁsof 600 similar to

that of Fig. 4 but wherein the free layer 610 is on the bottom

" (near substraté 650) of the SV sensor and the AP-pinned layer

-

ézd, having first and second pinned layers 625 and 626, is formed
on the top of the spacer 615. After deposition of free léyer
610, spacer layer 615_isldeposited followed-by Co layer 626, Ru
APC layer 624; Co ;ayer 622, and Ni-fe layer 635. The AFM layer
630 is then deposited on Ni4Fe layer 635 followed by depositing
the cép layer 605. ThelAFM-layer 630Iis preferably made.of_NiO
material although it may also be mads of othef'anitifefromagnetic
material such as NiMN. Hard bias lavers 670 aAd 675
longitudinally_bias the free.léyer 610. Electrical-leads-GGO,
665; formed on the harcd bias layers 670 and 675ﬁ respeétively,
are provided to form a circuit path tetween the SV sensor 6b0, a
current source 690, ané a senﬁing méans 680.

While the present invention has been particularly shown and
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' described with reference to- the preferred embodiments, it will be
understood by th§se skilled in the art that various changes in
form and detail may be ﬁade withoﬁt}départing from the'spirit;
scope, aﬁd teaching of ﬁhe invention. Accordingly,.the disclosed'
invention is to be cénsidered merely as illusfrative and limited

in scope ohly as specified in the appended claims.
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CLAIMS

‘What is claimed is:
1. A spin valve magnetoresistive sensor, cohprising:
,a!frge ferromagnetic layer:
an antiparallei (AP)-pinned layer including:
an.antiferrémagﬁetically coupling layer;
first and-ﬁecbnd ferromagnetic layers separated from
. each other by said'antiferromagneticélly éoupling.iayer,'
said first férromagnetic layer further compriéing first and
second ferromagnetié sub-layers;
antiferromagnetic (AFM) iayer in contact with said first
ferromagnetic sub—laye; for pinning the magnetizations of said
first ferromagnetic layer; ;nd

‘a spacer layer disposed between said free ferromagnetic

layer and said AP—binnéd layer.

2. The spin valve magnetoresistive sensor as in claim 1

wherein said second ferromagnetic layer is madé.of cobalt.

3. The spin valve magnetoresistive sensor as in claim 2

wherein said first sub—layer.is made of Ni-Fe and said second sub

layer is made of Co.
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4. The spin valve magnetoresistive sensor as in claim 3
wherein the Ni-Fe composition of said first -sub~layer is

approximately 81% Ni and 19% Fe.

5. The spih valve magnetoresistive sensor as in claim 4
. wherein the Ni-Fe thickness of said first ferromagnetic sub-layer

is in the range of approximately 2-30 Angétromé.

6. The spin valve magnetoresistive sensor as in claim 1
wherein the thickness of first ferromagnetic layer is larger_than

the thickness of the second ferromagnetic layer.

7. The spin valve magnetoresistive sensor as in claim 1
wherein the thickness of first ferromagnetic layer is smaller

than the thickness of the second ferromagnetic layer.
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8. A disk drive system, comprising::

a magnetic recording disk:

a spin wvalve magnetdresistive sensor for sensing
magneﬁically recorded datélon the éisk, the spin valve sensor
comprising: | |

é | : a free ferromagneﬁic layer:;
: an.antipafal}el pinned layer including:
an antife;romhgnetically coupling'layer;
first and secpnd.ferro#agﬁetic layers
antiferromagnetically coupled to one another by said
antiferrqmagnetiéally coupling layef, said first
f ferromagnetic film further comprisimg first and seéond
'sﬁb—laye#s; l
an antiferromagnetic (AEM{ layer for pinning the
magnetizations of said first and second ferromagnetic sub-
iayers, said first—sub—layer beiﬁg in direct contact wﬁth
said AFM layer:; éhd
) a spageg layer disposed between said free ferromagnetic
layer and said AP—pinned layer: |
an actuator fof moving said spin valve sensor across the
magnetic fecordihg disk so the spin valve sensof may adcés;
-different regions §f magnetically ;ecorded data on the magnetic

recdrding disk; and
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means electrically coupled to the spin valve sensor for
_ detecting changes in resistahce of the sensor caused by rota;ion _
of the magnetization axis of the free ferromagnetic_layer
relative-to the fixed.magnetizations of the antiparallel coupled
first and second ferrémagnetic layers in the laminated |
antiparailel pinned 1aYer in reéponsg to magnetic fields from the

maénetically recorded data.

9. The disk drive system of claim 8 wherein said second

ferromagnetic 1ayer'ié made of cobalt.

10. The disk drive system of claim 8 wherein said first sub

layer is made of Ni-Fe and said second sub layer is made of Co.

11. The disk drive system of claim 10 wherein the Ni-Fe
composition of said first sub-layer is approximately 81% Ni and

19% Fe.
12. The disk drive system of claim 10 wherein the Ni-Fe
thickness of said first sub-layer is in the range of

approximately 2-30 Angstoms.

13. The spin valve magnetoresistive sensor as in claim 8
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wherein the thickness of first ferromagnetic layer is larger than

the thickness of the second ferromagnetic layer.
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- 14. - The spin valve magnetoresistive sensor as in claim 8
wherein the thickness df first ferromagnetic layer. is smaller

than the thickness of the second ferromagnetic layer.



