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Transducer wi th Nano-oxi de Exchange Coupled Free Layers Field of the

| nvent i orwOhg/01419&Nnt i on relates to the field of nagnet or e PCIHPOB07930
transducers (heads) and nore particularly to nmagnetoresistive heads used
in data storages systens and even nore particularly to giant

magnet oresi stive (GVR) heads. Backgroﬁnd of the Invention A typical prior
art head and disk systemis illustrated in Figure 1. In operation the head
10 is supported by the suspension 13 as it flies above the disk 16. The
magneti c transducer, usualPyEcalfed & Pheall,® Ns conposed of elenents

that performthe task of witing magnetic transitions (the wite head 23)
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signals to an romthe read and wite heads rave ong
conductive paths (leads) 14 whichlayersttached to or enbedded in the
suspension 13. Typically there are two electrical contact pads (not shown)
each for the read and wite heads 12, 23. Wres or |leads 14 are connected

to these Nads ARGl aukRe tiiknt he suspension 13 to the armel ectronics (not
shown). The disk 16 is attached to a spindle 18 that is driven by a
spindle notor 24 to rotate the disk 16. The di sk 16 conprises a substrate

26 on WhLCh erliralitneals LB Bl LIBAAT o2 Bapponiiedy The thin film 21

i ncl ud rromagneti C naterlal records the
nagnetmmamB@mme&son&eamswha@ﬁ mn&erpatt@nuﬂarlgncodmdgnéheréeadthead 12
reads gpgggtlc transitions as the

s used 1n data storages systems and even more particularly

to giant magnetoresistive (GMR) heads.
Background of the Invention

A typical prior art head and disk system is illustrated
in Figure 1. 1In operation the head 10 is supported by the
suspension 13 as it flies above the disk 16. The magnetic
transducer, usually called a "head," is composed of elements
-that perform the task of writing magnetic transitions (the
write head 23) and reading the magnetic transitions (the read
head 12). The electrical signals to and from the read and
write heads 12, 23 travel along conductive paths (leads) 14
which are attached to or embedded in the suspension 13.
Typically there are two electrical contact pads (not shown)
each for the read and write heads 12, 23. Wires or leads 14
are connected to these pads and routed in the suspension 13 to
the arm electronics (not shown). The disk 16 is attached to a
spindle 18 that is driven by a spindle motor 24 to rotate the
disk 16. The disk 16 comprises a substrate 26 on which a
plurality of thin films 21 are deposited. The thin films 21
include ferromagnetic material in which the write head 23
records the magnetic transitions in which information is

encoded. The read head 12 reads magnetic transitions as the



WO 03/ 014758 PCT/ EP02/ 07930 2 disk rotates under the air-bearing surface
of the head 10. There are several types of read heads 12 including those
usi ng spiwowalsss and tunnel junctions. Spin val ves exhi biPCT/ERoOIUmBo | ar ger
magnet oresi stive effect than ani sotropi c magnetoresistive (AMR) sensors and
are, therefore, referred to as giant_magnetoresistive (GWR) sensors. Thus,
heads using spin valves are cal l ed” &R heads. The .basic structure of a
spin val ve sensor (not shown) includes an antiferromagnetic |ayer, a
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position I's net’i ¢ momen Pas | ayer when the
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signals froma rotating magnetic di sk. The qui escent 595|t|on of the
magnet 3¢ RoReht "GOO TR S 1&?@rGM§)pF§P§P§§Iy PaMEl| 8PS UPRBIABS. The

nagnetgglgoggqyegfaEQp chhaed ayRr nkggkree to rotate in positive and
negative directions froma quiescent or zero bias point position in

response toThesheisve stdussyate vé anagnetV@lyEgﬁahsbredetfsbnwa)nnvung
| ayer chosen.to he | ess

rRget g R LR phagas ol L pacer Laxec sccheoanal beckess,
thi s armgegememhe @pﬁ&rbeﬁeOEfEbetCQadaCEb@ﬂltebQCH&@mérbﬁt§§&ttered by
the interfaces or boundaries of the
switching of two weakly coupled ferromagnetic layers separated
by a nonmagnetic spacer layer of, for example, copper. The
antiferromagnetic layer fixes the magnetic moment of the
pinned layer 90 degrees with respect to an air bearing surface
(ABS) which is an exposed surface of the sensor that faces the
magnetic medium. The quiescent position is the position of
the magnetic moment of the free layer when the sense current
is conducted through the sensor without magnetic field signals
from a rotating magnetic disk. The quiescent position of the
magnetic moment of the free layer is preferably parallel to
the ABS. The magnetic moment of the free layer is free to
rotate in positive and negative directions from a quiescent or
zero bilas point position in response to positive and negative
magnetic signal fields from a moving magnetic medium.

The 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 is scattered by the interfaces or boundaries of the
spacer layer with the pinnea and free layers. When the
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. An increase in scattering of conduction electrons



spacer layer with the pinned and free |ayers. Wen the nagnetic nonents of
the pinned and free |ayers are parallel wth respect to one anot her
scatteri ngoiog/om788 mal and when their nmagnetic nonents ar @CampPopendad | e
scattering is maximzed. An increase in scattering of conduction electrons
WO 03/ 014758 PCT/ EP02/ 07930 - 3 increases the resistance of the spin
val ve sensor and a decrease in scatt%rtng of the conduction el ectrons
decreases the resistance of the spin valve sensor. Changes in the
reS|stance of th in valve seO? : is a funﬁélon of cosine of the angle

h
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variation the pinned | unction is performed by a nultilayer structure

whi ch ithe gged s&apgso Odxitdhe [s@iar valNeLpenshe -f Coandgggednmayeal so be
nU|t|l%%ﬁﬁs%%%%%t%%etwgl%%1nb@%hg%e§e% gck %E?u%ctﬁgﬁggbRcos%E% tree or

pi nned "l ayer ~structur een repor rove t I"0s through
a spemMeaenga@themme@nethech@ghethe moméuQE|@m ehecbrionsed dhe fNeks have
al so been sugg ted for, use in dual spin _valves. _(See H Sakakim, et al.

" Enhan Wﬁ FEELES2RSEeng S Fﬁﬁﬁr6§ﬂdéoléﬁeF§elﬁrptﬂﬁ and

a- FeZCQEQ%%e@r%ghgtggbge§Mg%. Magneti sm and Magnetic Materials 210(2000)
L20-24). In U S. patent 6,272 WC. Cain describes a "trilayer"

structure fdr gue Nﬁraaﬁé@nettbeepiignedelhyad fhinchioonsesperdbrmed MR
el o8 AR AEL AT BIR0R LV SLoRN. BoLLppatlace Layer (S
ends of(nohe . NRTheye&eeTneyeSAhapradueeseamhnamsagesesbraatmmenwhmehsense
C“rrenﬂnihﬂgﬁs an NOL. Use of an NOL in the free or pinned layer
structure has been reported to improve the MR ratios through a
specular scattering effect of the conduction electrons. The
NOLs have also been suggested for use in dual spin valves.
(See H. Sakakima, et al., "Enhancement of MR ratios using
thin oxide layers in PtMn and a-FeyOs;-based spin valves"; J.
Magnetism and Magnetic Materials 210(2000) L20-24).

In U.S. patent 5,966,272 W.C. Cain describes a "trilayer"
structure for use in a magnetoresistive head which consists of
an MR layer, a spacer layer, an exchange layer and a soft
adjacent layer (SAL). The MR layer is longitudinally biased
by hard magnetic materials at the ends of the MR layer. The
SAL produces a transverse bias when the sense current flows
through the trilayer structure. The exchange layer also
produces a transverse bias, which can saturate the SAL with
zero current or a small current. The reduction of the sense
current needed in the head of '272 is stated to be the
improvement over the prior art. The exchange layer is
composed of NiO/CoO or FeMn~from 15 to 30 nm thick.

In U.S. patent 6,219,208 the present applicant described
the use of a dual spin valve sensor with a self-pinned layer

which has its magnetic moment pinned perpendicular to an air

bearing surface by sense current fields from conductive layers



through the trilayer structure. The exchange | ayer also produces a
transverse bias, which can saturate the SAL with =zero current or a snal
current. woasnedsgeti on of the sense current needed in thecrapd2/of930 272 is
stated to be the inprovenent over the prior art. The exchange | ayer is
conmposed of Ni O CoO or Fevh from15 to 30 nmthick. In U S patent

6,219, 208 the present applicant descrébed the use of a dual spin valve
sensor with a self-pinned layer which has its nagnetic nonent pinned
perpendi cular to_an air bhearing surface by sense current fields from
conductivéheaydled FPIO3NGLXESS SPEPLEPYSP0?0S61SE CURTERE dfal spin val ve
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el imnates one of the antiferromagnetic pinning layers that is typically
enpl oyeditiif erg odaghespicn pialniagsdasers Thetsekf tpparged livageplogetihin so

that its %ﬁagnetiza ion field mﬁ%% noﬁ be,ﬁregﬁﬁr than the, sense current
fi el ds “actirig “Piér &6 VeBégﬁﬁgé’pF h&StfirRATRG of Yfhe *Sel*Bi fifled | ayer
the spidghatalive ekhaghedfi zbhe oppifie1Malyi@158B80bel grdageaded Ry theat tering
of conduction electrons at the boundary of the self-pinned | ayer. In order
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into a nean free p conduction ectrons So that the sprn valve
ef f ect vaiivieheeasbl- psndedrkdygér by deaotertiihg spi novdlhiveisensbeceannbe added

to another spin v§lve %ff ct oa t he ot her side of thg free |l ayer structure
for pPovicBENGUREEEYl 8LsplR FEHFePEPPED LGV ER - ah™i APFGYedCr 8¥BYCERE, as
conpar edhikOpRbbaemakt sguali 18Rl Re¥akb¥eosenspes. i SORRBN oyael dnapdnshlyer are

suggested for the specul ar | ayers.
with the self-pinned layer for reflecting the conduction
electrons back into a mean free path of conduction electrons
so that the spin valve effect on the self-pinned layer side of
the spin valve sensor can be added to another spin valve
effect on the other side of the free layer structure for
providing a double spin valve effect with an improved read
gap, as compared to prior art dual spin valve sensors.

Copper, gold and silver are suggested for the specular layers.
Although NOL have been used in the prior art of GMR
sensors, the embodiments have suffered from the fact that the

NOL material pinned a portion of the free layer and,
therefore, increased the coercivity, i.e., hardened the free
layer. Thus, there is a need for sensor designs which retain

the benefits of the NOL while reducing the undesirable side

effects.
Summary of the Invention

A head according to the invention includes a free layer
structure comprising two free layers exchange coupled across a
thin spacer structure comprising two spacer layers of
nonmagnetic material separated by a ferromagnetic nano-oxide

layer (NOL). The spacer layers prevent the NOL from



Al t hough NOL have been used in the prior art of GWR sensors,
enmbodi nents have suffered fromthe fact that the NOL materi al

t he
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hardened the free layer. Thus, there is a need for sensor des

i gns whi ch

retain the benefits of the NOL while reducing the undesirable side
effects. Summary of the Invention A-head according .to the invention
includes a free layer structure conprising two free |ayers exchange

coupl ed across a . _thin spacer structure_conprising tw spacer
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propert f specul ar scattering.of onduct.ion el ectrons which tends to
increa§én%H€%lﬁ§gﬁg?8§5§F§tW@égpe§§ eFOAlPFééaﬁﬁyE.estructure i ncl udi ng
t he exehaneecedpkicAgespacponsll uchurecal 1hheri BreQticaRcanhNegiged in a
dual spin valve configuration, but is also useful in a single spin valve
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provide? an addi ti onal benefit Eot CPP %Eﬁices b% raising the resistance
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Figuregell as, conduction perpendicular to the plane (CPP) devices.

Many prior art CPP devices have been impractical due to

their

low resistance. The free layer structure of the invention

provides an additional benefit for CPP devices by raising the

resistance due to the resistive properties of the NOL's.

Brief Description of the Figures

Figure 1 is an illustration of the prior art showing the

relationships between the head and associated components in a

disk drive.

Figure 2 is an illustration of a partial section, parallel to

the air bearing surface, of a transducer illustrating the

layer structures of the invention embodied in a current

plane sensor.

in-

Figure 3 is an illustration of a partial section, parallel to

the air bearing surface, of a transducer illustrating the

layer structures of the invention embodied in a current

perpendicular to the plane sensor.

Detailed Description of the Invention and the Preferred

Embodiments



Figure 1 is an illustration of the prior art showing the relationships
bet ween the head and associ ated conponents in a disk drive. Figure 2 is an
il lustratwonn3oi47a8 partial section, parallel to the air b@aminrg2/e198d ace, of

a transducer illustrating the layer structures of the invention enbodi ed
in acurrent in- plane sensor. Figure 3 is an illustration of a parti al
section, parallel to the air beari ﬁg6sUrface, of a transducer illustrating

the layer structures of the invention enbodied in a current perpendicul ar
to the plane sensor. Detailed Description of the Invention and the
Preferred Enbodi nents WO 03/014758 PCT/ EP02/07930 6 A first enbodi nment

of the inventifndM ldmdeRidRsar idrednaMitiyrefierence 1t @ Fiw-e i3auhi ch
illustrates a section of read head 30 enbodying the invention. Only the

| ef t siwiechofrafiay ensectticod igging envadr ifoho mltlhe taiat asear iseg tsonf @de riegdshown,
si nce r i i s d.dentjcal.. The | d rovides .t h
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| ead patk3Z drs asn vdentealr tf rint the kdrd Haiaad ngnatiefiagle 34. shbivs,| edéice
arrangenent results in the sense_ current flowing_in the plane_of the thin
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conposed of nultiple structures that will be described bélow. The pinned
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current flowing in the plane of the thin film layers, thus,
the read head 30 is a CIP device. The miscellaneous layers 37
include the substrate, gap, shield, etc. The spin vaive 39 is‘
composed of multiple structures that will be described below.
The pinned layers 36A, 36B are disposed on opposite sides of
the spin valve 39. The pinned layers may themselves be
multilayer structures as are known in the art. The free layer
structure 40 is disposed between the pinned layers 36A, 36B.
The free layer structure 40 is composed of two free layers
38A, 38B which are separated by an exchange coupling spacer
structure (ECS) 42. The exchange coupling spacer structure 42
includes two outer nonmagnetic spacer layers 41A, 41B which
may be electrically conductive or insulating. A ferromagnetic
nano-oxide layer 43 is disposed between the two outer layers
41A, 41B. The ferromagnetic nano-oxide layer 43 provides
exchange coupling between the two free layers 38A, 38B. The
spacer layers 41A, 41B keep the free layers 38A, 38B
magnetically soft. The spacer layers 41A, 41B are preferably
copper (Cu) or copper oxide (Cu0O) and are approximately 0.5 to
1.0 nm thick. The NOL can be any ferromagnetic oxide such as
cobalt iron oxide, nickel oxide or iron oxide and is also
approximately 0.5 to 1.5 nm thick.

The free layers 38A, 38B are preferably a ferromagnetic

alloy of cobalt (Co), iron (Fe) with any other suitable



structure 40 is disposed between the pinned | ayers 36A, 36B. The free

| ayer structure 40 is conposed of two free layers 38A, 38B which are

separ at edwby3an78&change coupling spacer structure (ECS) PCZ/EPIHE98XCchange
coupling spacer structure 42 includes two outer nonmagnetic spacer |ayers
41A, 41B which may be electrically conductive or insulating. A
ferromagneti c nano-oxi de | ayer 43 rs7dirsposed between the two outer |ayers
41A, 41B. The ferronmagnetic nano-oxi de | ayer 43 provides exchange coupling
between the two free | ayers 38A, 38B. The spacer |ayers 41A, 41B keep the
free | &g (CPEBX) nadhé Pdarey deper Tive USHaEer 308y ePEBAEAT PEB are

bref e ably o 1GQRREN {LQILe L APPROXIS( QUO), 314 25e oYL ERLely 0.5 to

1.0 nmt The NOL can be any ferromagnetic oxide such as cobalt iron
oxi de, stimicgtlurexiide or iron oxide and is also approximately 0.5 to 1.5 nm

thick. The free | ayers 38A 38 re _preferably a ferromagnetic alloy of
cobalt (Co), iroﬁ%g}’F\ﬁi/méﬁ\?%ﬁ\ﬁ&/%’&e{gﬁl e WO 03/ 014758 PCT/ EP02/ 07930
7 el erpitrse (tBRFeX): 1 fERS oRiabPRd il-ayarmst r debueeudbAi s36BeCEarRBes@Ny
alternative based on the prior art, but the preferred structure is:
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enbodi ment the Tnvention ayer racturés

i nvent iigwears iahsd susékol uvisefedbdd embbdimehhsawsithgbesphghedpihagdr
structure. The enbodi ment descri bed above connects the |eads to spin valve
st ruct uPe &t SSPP6SAG ends of the |ayers which neans

The embodiment described above connects the leads to spin
valve structure at opposing ends of the layers which means
that the sense current flows in the plane of thé layers and
the sensor is a current-in-plane (CIP) device. The exchange
coupling spacer structure 42 of the invention can also be
employed in spin valves in which the sense current is the
current-perpendicular-to-plane (CPP). An example of a prior
art CPP spin valve is found in U.S. patent 5,668,688 to Dykes,
et al. Figure 3 of the present application illustrates a CPP
read head 50 according to the invention in a partial section
taken parallel to the air bearing surface of the head. As in
Figure 2 only one side is shown, since the other is identical.
The ends of the spin valve layer stack 39 abut dielectric
material 54. The conductive leads 52A, 52B contact the
respective pinned layers 36A, 36B. The sense current in this
design flows between conductive leads 52A, 52B perpendicular
to the plane of the layers in the spin valve 39. The CPP
approach is believed to reduce shunting currents which reduce
the spin-dependent electron scattering and to therefore,
increase the magnetoresistive effect. Because the sense
current flows in series through the layers of the spin valve
39, the resistance of the nano-oxide layer (NOL) 43 adds to
the total resistance. Since prior art CPP designs have had

undesirably low resistance on the order of milliohms, the



that the sense current flows in the plane of the layers and the sensor is
a current-in-plane (CIP) device. The exchange coupling spacer structure 42
of the irwemBilotisgan al so be enployed in spin valves in ROTEPYI®IGeNse
current is the current-perpendicular-to-plane (CPP). An exanple of a prior
art CPP spin valve is found in U S. patent 5,668,688 to Dykes, et al.
Figure 3 of the present application-iBlustrates a CPP read head 50
according to the invention in a partial section taken parallel to the air

bearing surface of the head. As in Figure 2 only_one side is shown, since
the ot MGl GfehtisSistanase dndd ot the BV SFalthe ICapdSst ack 39 abut

dielectric RIS dhatd o LANAYGIIMR dLAMS R2AKL 2B et a6t drhe

respective pinned | ayers 36A, 36B. The sense current in this esign flows
bet weeralporedudthievd dveads 52A UGB gye gpehdiacelrdr lst ant ke hglagne of the | ayers

in the spin valve.39.. The CPP approach j.s belieyed to reduce shunting
cor T ot SRS it TS O AR ORGS0t O BEAEr ot b i 8
t her ef A@ridd @ ase drite npaRetdle PrStdveef fect. Because the sense
current flows in series through the |ayers of the spin valve 39, the

resi stance GIFafEUeaTs GARE A@geltq NDE) 1ageaddent 6ant be fabalicpésidst ance.
S e Bl of iR BRSNS hade WfERpEPY Lowagy Siabis g (he
resi st arecmenft itid yNAepowitovde ud tddsivgr. stiExceptewstoenexpr eigurkisckness
val oS have hocn gl e above, Lhe L avcts, ohructuree and maltialo i @
fabri catfd iageordiong ils0 ith@cRbréandk! witharsdugersrageer dikeapko akhe
invention can be fabricated ,
follows. The free layer structure of the invention is formed
by depositing material for the first free layer; depositiné
the first spacer layer of nonmagnetic material; depositing the
NOL, depositing the second spacer layer of nonmagnetic,
material; and depositing materials for the second free layer.
The compositions given herein have been described without
regard to small amounts of impurities that are inevitably
present in practical embodiments as is well known to those
skilled in the art.
Although the embodiments of the invention have been
described in a particular spin valve head environment, the
exchange coupled free layer structure as described herein is
not limited to this application. Those skilled in the art

will recognize that the invention may be used in other

magnetic transducers.



in a magnetron sputtering or an ion beam sputtering systemto sequentially
deposit the nultilayer structure shown in Figures 2 and 3. The nethod of
manuf act Wpmg/o1478hsducers according to the invention is PATAHEPODIT®ANCE Wt h
the prior art except as follows. The free |ayer structure of the invention
is formed by depositing material for the first free |ayer; depositing the
first spacer |ayer of nonmagnetic mat@rtal; depositing the NOL, depositing
t he second spacer |ayer of nonnagnetic, naterial; and depositing materials
for the second free layer. The conpagsitions given herein have been
described without regard to small Gfddfts of inpurities that are
inevitably present in practical enbodinents as is well known to those
skilled in the art. Although the enbodi mnents of the invention have been
descri Bed A rirmnzaivdegulfar spinsivgl wa keiereadi megment.c theldexchange
coupled free layer structure as described hereinis not limted to this
appl i c&Bit? ‘e skilled in the art w |l recognize that the invention

may be usedd FietdtehinfRgnabhert karsduweees ha¥ng36014788 PCT/ EP02/ 07930 -
9 dainms 1. A transducer for sensing an external magnetic field

conpr i §lasgetd AEtienipi nned | ayer structure having a first magnetization; a
first ”On”a%ﬂﬁhr% @%%%5g%%¥§r a4 F% %”Haggfeﬁagékéﬁk tB'@ﬂgdfh§¥%r

structure; irst free Tayer udi ng magnetic materia
adj acemtinnke flaystr saruegoeti;c spacer |ayer, the free

di sposed
a first free layer including a ferromagnetic material
disposed adjacent the first nonmagnetic spacer layer, the free
layer having a second magnetization perpendicular to the first

magnetization in the absence of an external field;

an exchange coupling spacer structure including a
ferromagnetic nano-oxide layer and second and third
nonmagnetic spacer layers disposed on opposing sides of the
ferromagnetic nano-oxide layer;

a second free layer including a ferromagnetic material
disposed parallel to the first free layer and separated from
the first free layer by the exchange coupling spacer
strﬁcture, the first and second free layers being exchanged
coupled through the ferromagnetic nano-oxide layer and having
a free layer magnetization perpendicular to the pinned layer
magnetization in the absence of an external field;

a fourth nonmagnetic spacer layer; and

a second pinned layer structure disposed adjacent to the
fourth nonmagnetic spacer layer on a side of the second free

layer farthest away from the exchange coupling spacer

structure and having the first magnetization.

2. The transducer of claim 1 wherein the ferromagnetic nano-

oxide layer is approximately 0.5 to 1.5 nm thick.

3. The transducer of claim 1 wherein the second and third



| ayer having a second nagneti zation perpendicular to the first

magneti zation in the absence of an external field; an exchange coupling
spacer stwoaBwi€ss ncl uding a ferromagneti c nano- oxi de | apen/Egdo®econd and
third nonnmagnetic spacer |ayers disposed on opposing sides of the
ferromagneti c nano-oxide | ayer; a second free layer including a
ferromagnetic material disposed paraldel to the first free layer and
separated from the first free |l ayer by the exchange coupling spacer
structure, the first and second free | ayers being exchanged coupled

t hr ougl RIS ichefcts e Ifarfsoditde 9laFer 1@dd Ivawongiucs feee | ayer

magneti zation perpendi cular to the pinned | ayer magnetization in the
absence of an external field; a fourth nonmagnetic spacer |ayer; and a
second 4pi mMed dayerdgteructiurcd adins josée radjracént st onlde arkdouwhtirdhonmagnet i ¢

spacer | ayer on .a side of the second free .|ayer farthest away fromthe
exchandﬁ’%‘tﬂﬂﬂqﬁdf SHEEET 1USTS @Fe S Yhénfsi”ﬂﬁtlﬁﬁ?gneti zation. 2.

The transducer of claim1l wherein the ferronagneti c nano- oxide |layer is
approximately 0.5 to 1.5 nmthick. 3. The transducer of claim 1l wherein the
second Zandhehi @ A0 e300 147 58 2ROTLERD2Ie193¢he figsthemdagreeting Spacer

| ayers l%ﬁ%r% %&t r !a%alalﬁo %c%u%to!b\éﬁ't A(}deq§otnr.ansducer of claim1 wherein
t he seco and third "nonnmagneti ¢ spacer ‘Tayers are electrically

insulating. 5. The transducer of claim1l wherein the first and second free

| ayers are_an alloy of cobalt and_iron. 6. The transducer of claim1l
wher ei ? -t &S T8 S5UGREd Alaye@ 10s tr WEEHre D SLRFNEESEe PRIFESFEANEE/ CoFe/ Cu.

structure is AFM/CoFe/Ru/CoFe/NOL/CoFe/Cu.

7. The transducer of claim 1 further comprising first and
second lead pads disposed to conduct current through the first
and second free layers in a plane of the first and second free

layers making the transducer a conduction in-plane device.

8. The transducer of claim 1 further comprising first and
second lead pads disposed to conduct current through the first
and second free layers perpendicular to a plane of ﬁhe-firét
and second free layers making the transducer a conduction

perpendicular to the plane device.

9. The transducer of claim 8 wherein the first and second lead
pads are electrical contact with the first and second pinned

layer structures respectively.

10. The transducer of claim 9 wherein the ferromagnetic nano-

oxide layer is electrically resistive.

11. The transducer of claim 1 wherein the ferromagnetic nano-

oxide layer is cobalt iron oxide, nickel oxide or iron oxide.



7. The transducer of claim1l further conmprising first and second | ead pads
di sposed to conduct current through the first and second free layers in a
pl ane of wasfi47s¢ and second free |ayers making the trarEaEPOLZ/0R30
conduction in-plane device. 8. The transducer of claim11 further conprising
first and second |ead pads di sposed to conduct current through the first
and second free |ayers perpendicul ar b a plane of the first and second
free layers making the transducer a conduction perpendicular to the plane
device. 9. The transducer of claim8 wherein the first and second | ead

pads ar¥? ele @ik 4T cohtGRPH TG he first and second pinned |ayer

structures respest inglhg 10+ ie dapsucer, mé&r@ﬂ@n%r%ﬂ%a

ferromagneti c nano- oxide layer is electrically Tesistive.

transducanaf slmfiand athertes rditdie f erromagneti ¢ nano- oxide |ayer is cobalt
i ron oxide, nickel_ oxide or .iron oxide., WO Q03/014758 PCT/EP02/07930 - 11
12. A disk dﬁi%&?qgﬁﬁwqﬁﬁqﬁfb¥¥(ﬁ%ﬁPQﬁﬁﬁqﬂ;é%%t#igkﬁI%ﬂ f ferromagnetic

material on A mdyraaic swdraem fr e idiskn aisPigidra dottaklae supporting
the disk; and a magnetic transducer having an air bearing surface
suppor tBtPrAKEred YV eH die Blatascswifadee ofi e hekmdghet inagnetdissducer

7L At daver structure having 2 [Tt manet zation: &
structure; a fiinsit friesmddyerydmdurdictgre frerviompgnetiire that er i al
magnetization;

a first nonmagnetic spacer layer adjacent to the first
pinned layer structure; '

a first free layer including a ferromagnetic material
disposed adjacent the first nonmagnetic spacer layer, the free
layer having a second magnetization perpendicular to the first
magnetization in the absence of an external field;

an exchange coupling spacer structure including a
ferromagnetic nano-oxide layer and second and third
nonmagnetic spacer layers disposed on opposing sides of the
ferromagnetic nanc-oxide layer;

a second free layer including a ferromagnetic material
disposed parallel to the first free layer and separated from
the first free layer by the exchange coupling spacer
structure, the first and second free layers being exchanged
coupled through the ferromagnetic nano-oxide layer and having
a free layer magnetization perpendicular to the pinned layer
magnetization in the absence of an external field;

a fourth nonmagnetic spacer layer; and

a second pinned layer structure disposed adjacent to the
fourth nonmagnetic spacer léyer on a side of the second free
layer farthest away from the exchange coupling spacer

structure and having the first magnetization.

13. The disk drive of claim 12 wherein the ferromagnetic nano-



di sposed adj acent the first nonmagnetic spacer |ayer, the free |ayer

havi ng a second magneti zati on perpendicular to the first nmagnetization in
t he absenwe w1488 ext ernal fiel d; an exchange coupli ng Sp®carEps2/n196¢ ur e
including a ferromagnetic nano-oxide |ayer and second and third
nonmagneti ¢ spacer |ayers di sposed on opposing sides of the ferromagnetic
nano- oxi de |l ayer; a second free layerld ncluding a ferromagnetic materi al

di sposed parallel to the first free | ayer and separated from the first
free layer_ by the exchange coupling spacer structure, the first and second
free | &peide HEMRy ebe ek inadedived -thiteudgh X & fiéviciragnet i ¢ nano- oxi de

| ayer and having a free |ayer magnetization perpendicular to the pinned

| ayer nmagnetization in the absence of an external field; a fourth
nonmagnet.i Clspatierk |dyyiers chdlaisedendhpireied thay efecsindueindr e hdirgposed

adj acent to the  fourth nonmagnetic spacer |ayer on a side of the second
free PQYERPFGHrestPILMY ]fary%st ﬁéeeﬁgﬁ&ﬁ&éct%&éﬂ iSRGRS&AEE - structure and

having the first magnetization. 13. The disk drive of claim12 wherein the
ferromagneti c nano WO 03/ 014758 PCT/ EPO2/ 07930 - 12 oxide layer is

appr oxilivat &he @lisk drive mh tdiadkn 124 whehreidi shedsiegondf acldaitinix? wher ei n
t he se%%rrll%aand tt.hi rsd cn%ngaa%réertsi ¢ 2pager I ayens are s%ll%%ti%i cally
conductIVERIE FhERRSK diive “of "8l &m 12 “Wherdi n the°5é88nd and third
nonmagneti ¢ spacer |layers are electrically insulating. 16. The disk drive

of claim 12 wherein the first and second free |ayers are an allaqy of
cobal t 1&nd TheoRlisky driye @fsielanmyd 2ot hersim thanwitérsitn 2fRe SECPEE pi nned

layer free layers are an alloy of cobalt and iron.

17. The disk drive of claim 12 wherein the first pinned laver

structure is AFM/CoFe/Ru/CoFe/NOL/CoFe/Cu.

18. The disk drive of claim 12 further comprising first and
second lead pads disposed to conduct current through the first
and second free layers in a plane of the first and second free

layers making the transducer a conduction in-plane device.

19. The disk drive of claim 12 further comprising first and
second lead pads disposed to conduct current through the first
and second free layers perpendicular to a plane of the first
and second free layers making the transducer a conduction

perpendicular to the plane device.
20. The disk drive of claim 19 wherein the first and second
lead pads are electrical contact with the first and second

pinned layer structures respectively.

21. The disk drive of claim 20 wherein the ferromagnetic nano-

oxide layer is electrically resistive.

22. The disk drive of claim 12 wherein the ferromagnetic nano-



structure i s AFM CoFe/ Ru/ CoFe/ NOL/ CoFe/ Cu. 18. The di sk drive of claim12
further conmprising first and second | ead pads di sposed to conduct current
t hrough twe mBionass8 and second free layers in a plane of tReTiEPOZO79a0Nd
second free layers maeking the transducer a conduction in-plane device. 19.
The disk drive of claim12 further conprising first and second |ead pads
di sposed to conduct current through the first and second free |ayers
perpendi cular to a plane of the first and second free |ayers naking the
transducer_a conduction_ perpendicular to the _plane device. 20. The disk
drive oFXiERilRYEr wiferd@htitthe 49y Xigied SCHRd Pes® FaddTrafe O&idet ri cal
contact with the first and second pinned |ayer structures respectively.
21. The disk drive of claim 20 wherein the ferromagnetic nano- oxide |ayer
i s el ecit¥.i dalngthaoesicst ifisdnriz2t itige aditdki ndifiiver ¢fraclsaiumet? fnlre rejad inlge

ferromagnetic nano WO 03/ 014758 PCT/ ER02/07930 .- 13 oxide |layer is cobalt
iron of%@&eqﬁQﬂ&ﬁaQ§HQﬁ?Qﬁ i7°8h SRy 9 I§INRHEL RBG S-S abricating a thin

filmtrapgducand ahd eadigig ofvagnetic transitions froma noving magnetic
material conprising the steps of: depositing a first pinned | ayer

structure; dapesiittiing & filrstt fiasged llayer strushnagnetic material
deposi ting g tifst f1ee Ay Jepasi bi %ra.oge%%ag%g% hayerigh,
nonmagneti c terial;” ‘depositing a nano-oxide lTayer; depositing a'third
spacer | ayedeglosianmagretfiicst depesilbiveg;a second free |ayer; depositing a
fourth spacer |ayer. of nonma @Ftic nat?rial; . )

depositing a seco spacer layver of nonmagnetic material;

depositing a nano-oxide layer;

depositing a third spacer layer of nonmagnetic;

depositing a second free layer;

depositing a fourth spacer layer of nonmagnetic material;

and

depositing a second pinned layer structure.

24. The method of claim 23 wherein the third and fourth spacer

layers are electrically conductive.

25. The method of claim 23 wherein the third and fourth spacer

layers are electrically insulating.

26. The method of claim 23 wherein the nano-oxide layer is
approximately 0.5 to 1.5 nm thick and is cobalt iron oxide,

nickel oxide or iron oxide.

27. The method of claim 23 wherein the first pinned layer
structure is AFM/CoFe/Ru/CoFe/NOL/CoFe/Cu.

28. The method of claim 23 further comprising the step of
depositing first and second lead pads in electrical contact
with opposing ends of the free layers disposed to conduct

current through the first and second free layers in a plane of



and depositing a second pinned | ayer structure. 24. The nethod of claim 23
wherein the third and fourth spacer |layers are electrically conductive.
25. The mwDhodi14Fs cl ai m 23 wherein the third and fourth spat@po2/@yers are
electrically insulating. 26. The nmethod of claim 23 wherein the nano-oxide
| ayer is approximately 0.5 to 1.5 nmthick and is cobalt iron oxide,

ni ckel oxide or iron oxide. 27. The-nk4hod of claim 23 wherein the first

pi nned | ayer structure is AFM CoFe/ Ru/ CoFe/ NOL/ CoFe/ Cu. 28. The net hod of
claim23 further conprising the step of depositing first and second | ead
pads i ntke eki¥seaandorrernd {Fed bpprss Mplerds Gie tHeafs8Eayers di sposed
to cond ng_t h e first and second free layers in a plane of
WO 03/ Oéi%%%gw&%%god&?li% the first and second free | ayers making
the transducer a conduction in-plane device. 29. The nethod of claim 23

further_conprising the step of _depositing a first |lead pad of electrically
conduct%%enrpl'ﬁt%t%‘?' ‘?3 ‘?ﬁs\o‘:ﬁﬁé?e%% et g F BIPHSHR 1507y $55%t° i nned

struct W& e e ey Lorprdsepedlenasd tondtde i st pidgshcsitydicture in

el ectrical contact with the first Iead pad disposed to conduct current

t hr oughmatrer ¥4 ¥ standhdvieroinl theestémyel dqmpdendia diarst eiangsidne of the
first and second fLesod avers MK ngthe . A09UC S A CPIHE on

per pendi cUTar 1o tHe  pl ane devi ce.

structure in electrical contact with the first lead pad

disposed to conduct current through the first and second free
layers perpendicular to a plane of the first and second free
layers making the transducer a conduction perpendicular to the

plane device.



