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BAGKGROUND OF THE | NVENTI ON 1. Field of the Invention The present

i hvent i'on relates to sensors for reading magnetic flux transitions from
magneti ¢ nmedi'a such as disks and tape. Mre particularly, the invention
concerns a read sensor enploying a pair of symetric spin valves (also
known as "dual " spin valves) configured so that their nmagnetization
directions are resettable. - 2. Description of the Related Art

A magnetoresistive ("MR') sensor detects nagnetic field signals by
measuring changes in the resistance.of an MR el enent, fabricated of a
magnetic material. Resistance of the MR el enent changes as a function of
the strength and direction of nmagnetic flux being sensed by the el enent.
Conventional MR sensors operate on the basis of the anisotropic

magnet oresi stive ("AVR') effect, in which a conponent of the element's

resi stance varies as the square of the cgsine of the angle between the
magneti zation in the el enent and the direction of sense or bias current

fl ow t hrough the el enent. MR sensors are useful in magnetic
recordi ng systens where recorded data is read froma nmagnetic nedium In
particul-ar, the external NRESHTTABLEISYMMETRICSSPEY VAISYE magneti c nmedi um

. (the signal field) causes a change in the direction of the nagnetization of
an MR head. This in turn causes a change in electrical resistance in the MR

read head and a correspondi ng change in the sensed current or voltage.
A variety of magnetic nulti | BACKGROUNR OF THEBRWIENTIONe a significantly

the g ant nagmet GRS SO0, MThe Sessent i al Teatures of these

structures i ncl udrheapresennhfvention felatescoesgmsets for reading magnetic flux transitions from
magnetic media such as disks and tape. More particularly, the invention concerns a read
sensor employing a pair of symmetric .spin valves (also known as "dual" spin valves)
configured so that their magnetization directions are resettable.

2. Description of the Related Art

A magnetoresistive ("MR") sensor detects magnetic field signals by measuring changes

in the resistance of an MR element, fabricated of a magnetic material. Resistance of the MR
element changes as a function of the strength and direction of magnetic flux being sensed by
the element. Conventional MR sensors operate on the basis of the anisotropic

L

magnetoresistive ("AMR") effect, in which a component of the element’s resistance varies as
the square of the cosine of the angle between the magnetization in the element and the
direction of sense or bias current flow through the element.

MR sensors are useful in magnetic recording systems where recorded data is read from
a.magnetic medium. In particular, the external magnetic field from the recorded magnetic
medium (the signal field) causes a change in the direction of the magnetization of an MR
head. This in turn causes a change in electrical resistance in the MR read head and a
corresponding change in the sensed current or voltage.

A variety of magnetic multilayered structures demonstrate a significantly highef MR
coefficient than an AMR sensor. This effect is known as the as tﬁe giant magnetoresistive

("GMR") effect. The essential features of these structures include at least two ferromagnetic



-2- ¥ netal | ayers separated by a nonferromagnetic netal |ayer. This GWR
e;fect has been found in a variety of systens, such as iron-chrom um (FeCr)
ahd cobal t-copper (CoCu) nultilayers exhibiting strong antiferromagnetic
coupling of the ferromagnetic |ayers. The GWR effect is also found in
essentially uncoupled | ayered structures in which the magnetization
orientation in one of the two ferromagnetic |layers is fixed or pinned. The
physical originis the sane in all types of GVWR structures: the application
of an external magnetic field causes a variati-on in the relative
orientation of the magnetizations of neighboring ferromagnetic layers. This
in turn cases a change in the spin-dependent scattering of conduction

el ectrons and thus the electrical resistance of the structure. The

resi stance of the structure thus changes as the relative alignnent of the
magneti zati ons of the ferromagnetic |ayers changes. One specific
application of GWR is the spin valve sergdor. Spin valve sensors include a
nonmagneti ¢ conductive |layer called a "spacer"” |ayer, sandw ched between
“pinned” and "free" ferronagnetic |ayers. The magnetization of the pinned

| ayer is pinned 90[err] to the quiescent magnetization of the free |ayer.
Unli ke the pheuidayetsaypmrated byca horderrdrpagnetihmstah laysry nBhis GMB effent basbeenffound y

" responds to .exter, aI | d t K.
A Spin val vab EQRUGE oHEFEe e o5 o (P e OR8 b (oY Byt
o e S m v e L Lom (o rotation of Lhe. magnet | c

free layer (ffl®h foppd ein F?SE%‘P%' %P&@F@Baxeaedt FREUGHFH &% ‘T’}ﬁé}bgh %ﬂ'zg
fixed in pl %ﬁmuo%%neaﬂme@@o rarornfxghathay@s ' fixed Ok Piinedl TRE! physidalBrigih Ns

processed as pl ayback S|gna S. In a typical spin valve MR sensor,

the free andhpsamedd all sxpss of G Restaefures: !h?l%Rh@%@b%faWemﬂ@agﬁﬁt%ﬁe#&%FS i's

. one half as } f ¥

" thickness of® te)%rg lOﬁfsin ?’hé Hﬁuevg oéfr?glﬁ%{‘%ﬁg I aﬂg/%?' oE%éPk&ghb?ﬁn% exe arg/

t hi ckness oflagere Hyisineurm eyera changsin/the spin-dependent scattering of conduction electrons
and thus the electrical resistance of the structure. The resistance of the structure thus changes

as the relative alignment of the magnetizations of the ferromagnetic layers changes.

One specific application of GMR is the spin valve sensor. Spin valve sensors include
a nonmagnetic conductive layer called a "spacer" layer, sandwiched between "pinned" and
"free" ferromagnetic layers. The magnetization of the pinned layer is pinned 90° to the
quiescent magnetization of the free layer. Unlike the pinned layer, the free layer has a
magnetic moment that freely responds to external magnetic fields, including- those from a
magnetic disk.

A spin valve sensor may be used to read data by directing a sense current through the
free, spacer, and pinned layers of the sensor. The resistance of the spin valve sensor changes
in proportion to rotation of the magnetic free layer (which moves freely) relative to the
pﬁmed layer (which is fixed in place). Such changes in resistance are detected and ultimately
processed as playback signals.

In a typical spin valve MR sensor, the free and pinned layers have equal thicknesses,
but the spacer layer is one half as thick as either of the free or pinned layers. An exemplary
thickness of each of the free and pinned layers is 50 A and an exemplary thickness of the

spacer layer is 25 A.



-3- " As nentioned above, the magnetization of the pinned |ayer is
pighned 90[err] to the magnetization of the free layer. Pinning may be

achi eved by depositing the ferromagnetic |ayer to be pinned onto an
antiferromagnetic layer to create an interfacial exchange coupling between
the two | ayers. The antiferromagnetic |ayer may be constructed froma group
of materials which include-Feivn, N Wh, and N O " The spin structure
of the antiferronmagnetic |ayer can be aligned along a desired direction (in
the plane of the |ayer) by heating beyond the bl ocking" tenperature of the
antiferromagnetic layer and cooling in the presence of a magnetic field.

The bl ocking tenperature is the tenperature at which the magnetic_ splns
within a material |ose their orientation. In other words, a matertal’

bl ocki ng tenperature is reached when exchange an-isotropy vani shes because
the local an isotropy of the antiferromagnetic |ayer, which decreases with
tenperature, has becone too snmall to anchlior the antiferromagnetic spins to
‘the crystallographic lattice. The bl ocki ng tenperatures of many
antiferromagnetic materials ranges from about 160[err] to 200[err] C. Thus,
when the bl ocking tenperature of the antiferromagnetic material is
exceeded, the spig A b %%fﬁé RAFReRAtbE okauepulhe@rayehe pinféd SO &f kRN

causing the first erromagnetic | a er_to no longer be pi'nned Unli ke

t he pi nned |myg:etxz4tim qfrthefreegaarcr ing meayrhe mﬂmgmmmmnds
to external rgm giﬁﬁ
't hi ckness of = ggé%) cer +g§%¥ %%eﬁm? e‘LI ess an tﬁe nean-rre

.of conducti obetekar theoteo laWrs)ug‘he aitifeeamagnetic !&yehmahbs canstaickgd from 2 group of
portion of the Qond I 0 tr re ttered by the interfaces of the
_spacer | ayer MRiePAS %Hpﬁﬁgﬁﬁéﬂﬂpgﬁ@% g?@ When the magneti zations of

t he pinned and fr'ﬁl@e kﬁﬁ%&&ct&feeoﬂ)ﬂiéadduﬂndmdgheﬁcehﬂﬁcéant& eligned raloripes desired -
-scattering is, mningl

gnetl at,i ons of, the pinned and free
layers are afif ?ﬁﬂ?ﬁdﬁ?@@Iﬂ@E%Rﬁékl?ﬂ?’ﬂ§’ﬁ%ﬁﬁ' *EI q of the
“scattering, Lrﬂﬁ'eﬁ&ﬁhg?feﬁ@(I%ePfan& IESolﬁ%'hﬁx ﬁelpfeseﬁeﬂspa :ﬁi’@@ﬂ@ﬁeldﬂ uwmm

to the cosine of the angle between e magneti zations of the pinned and

free | ayers. temperature is the temperature at which the magnetic spins within a matenal lose their
orientation. In other words, a material’s blockmg temperature is reached when exchange an
isotropy vanishes because the local an isotropy of the antiferromagnpetic layer, which decreases
with temperature, has become too small to anchor the antiferromagnetic spins to the
crystallographic lattice. The blocking temperatures of many antiferromagnetic materials
ranges from about 160° to 200° C. Thus, when the blocking temperature of the
antiferromagnetic material is exceeded, the spins of the antiferromagnetic Jayer lose their
orientation causing the first ferromagnetic layer to no longer be pinned.

Unlike the pinned layer, the free layer has a magnetic moment that freely responds to
external magnetic fields, including those from a magnetic disk. The thickness of the spacer
layer is chosen to be less than the mean free path of conduction electrons through the sensor.
With this arrangement, a portion of the conduction electrons are scattered by the interfaces
of the spacer layer with the pinned and free layers. When the magnetizations of the pinned
and free layers are parallel with respect to one another, scattering is minimal; when the
magnetizations of the pinned and free layers are antiparallel, scattering is maximized. Due
to changes in scattering, the resistance of the spin valve sensor changes in proportion to the

cosine of the angle between the magnetizations of the pinned and free layers.



-4- A nunmber of U S. patents disclose spin valve sensors. One
patent, for exanple, shows a spin valve sensor in which at |east one of the
ferromagnetic layers is Co or an alloy thereof, where the magnetizati ons of
the two ferromagnetic |ayers are maintai ned substantially perpendicular to
each other at zero externally applied magnetic field by exchange -coupling
of the pinned ferromagnetic layer to an antiferromagnetic |ayer. See, e.g.,
U.S. Patent No. 5,159,513, assigned to International Business Machines
Corp. Anot her patent discloses a basic spin valve sensor where the free

| ayer is a continuous filmhaving a central active region and end regions.
The end regions of the free | ayer are exchange bi ased by exchange coupling
to one type of antiferromagnetic material, and the pinned | ayer by exchange
coupling to a different type of antiferromagnetic material. See, e.g., U.S.
patent No. 5, 206, 590. A read head enploying a spin valve sensor,
called a "spin val ve read head", may be gonbined with an i nductive wite
head to forma "conbi ned" head. The conbi ned head may have the structure of
either a merged head, or a piggyback head. In a nerged head a single |ayer
serves as a shield for the read head and as a first pole piece for the
wite head. A pi gayaaibk TR, pudtsalistRBRspai Calvediéfiors MO patedt, Yot exaiple)1shokis St
pole piece for the wite head. In a magpetic di sk drive an air bgaring
surface (" ABSSHNFplve seoserip N@H’hﬁ‘égﬁt pge %ﬁgﬁ&"?@&g@&f layemds Go opm pllopthareek ¢ o
write infor nghbQNaf N mabnekigibng b Ghé Wb Ferrbhstietié QaydisS kre MBfMHinkAl SubStantfally
witten to the rotating disk by magnetic fields which fringe across a gap
bet ween t he pérpendiculat to cadnethesct @eryj extezmallyrapplied magnetic feldcby exchange cquplingad

- data, a sensepgurrent, d | thr , a , oF

" layers of t h8f @g rP%lg}e.h ffr‘%%lgér'@glﬁés fag%rctg ’%;&F #Eﬁaglﬁ%&@a ﬁ;’{e)' §ge|r‘1 s?ﬁ?rtg'ﬁé?\%%?q\ibﬁ
. proportion te,150)5a8) asighal @t Intstnatibndl [Businegsiefachinesoorpt Amukhet [patefitr disclosesi a

" pinned | ayers. ,Such changes |n resjstance are detegcted and ultimtely .
Drocessed’ as UiSICAPHRYARSFRS Phete the res 1515 PO S, v AR SFOVA tEion
- nunber of bepgf iddSeiBE THelead® kegichb 61 the Fred Riéri osibiichahgh bRERY by\dXcBARE cberliRgt

i n conparison to AVR sensors. wever, spin valves .
to one type of antiferromagnetic material, and the pinned layer by exchange coupling to a

D

different type of antiferromagnetic material. See, e.g., U.S. patent No. 5,206,590.

A read head employing a spin valve sensor, called a "spin valve read head”, may be
combined with an inductive write head to form a "combined" head. The combined head may
have the structure of either a merged head, or a piggyback head. In a merged head a single
layer serves as a shield for the read head and as a first pole piece for the write head. A
piggyback head has a separate layer which serves as the first pole piece for the write head.
In a magpetic disk drive an air bearing surface ("ABS") of a combined head is supported
adjacent a rotating disk to write information on or read information from the disk.
Information is written to the rotating disk by magnetic fields which fringe across a gap
between the first and second pole pieces of the write head.
| " To read data, a sense current is directed through the free, spacer, and pinned layers
of the sensor. The resistance of the spin valsJIe sensor changes in proportion to relative
rotation of the magnetic moments of the free and pinned layers. Such changes in resistance
are detected and ultimately processed as playback signals. _

Known spin valve sensors provide:-a number of benefits, most notably their

significantly higher MR coefficient in comparison to AMR sensors. However, spin valves



are Sensitive to heating, which may even disorient the magnetic spins in
both antiferromagnetic and ferromagnetic filnms of the spin valve. This
occurs whenever the heat source exceeds the bl ocking tenperature of the
antiferromagnetic fil ns. The chief sources of this |level of heat are
el ectrostatic discharge and el ectrostatic overstress. These tenperatures
can be reached by certain thermal effects during operation of the disk
drive, such as an increase in the anbient tenperature inside the drive,
heating of the spin valve sensor due to the bi-as current, and rapid heating
of the spin valve sensor due to the head carrier contacting asperities on
the disk. In addition, magnetic disk drives are especially vulnerable to

el ectrostatic discharge during the manufacturi.ng process, such as’ during
fabrication and assenbly. If any of these thermal effects cause the spin
val ve sensor to exceed the antiferromagnet's bl ocking tenperature, the
magneti zation of the pinned |layer will né-1onger be pinned in the desired
direction. This changes the spin valve sensor's response to an externally
applied magnetic field, resulting in errors in data read fromthe disk

A nunmber of precautions can be taken to avoid the dangers of heat-induced
magneti c di sgei sdisitivieOto }E@ﬁng;xamﬁﬂhemayamuéxaaﬁmzbmg ﬂnermagnafui spins ira Kisoth

speci al precaut i ons such I ectr. y oun ensel ves, and thejr
wor Kpi 6ces. S S S
some Ci rcunssoﬂf&%iceeﬁé ﬁﬁtqun@/@mpahﬁ@&sfmaam@e&m i) fiRgk. | ayer

magneti zation orientation. This is _due to the fact that t.he tin the
current rai ses t hhe %‘Hﬁeﬁ"&%@?@f&‘s feyel ﬁ%h??t Feeaplegirpsiptic, di ﬁé ct6skos
tenperature. Sl fes o Ve e AlhQPBy LRtBCAEmEE bfedd &\H‘ﬁl% 6p@€anon of

bl ocki ng tenperature nt| erromagnetic Iayer spi ns around a nei ghbori ng
- ferromagnet i the disk drivg, jsichras din incyeass) inrtbaymabient Acrhpenatisie|ibsidesthe ﬁBVQ,H@ﬂtmgr@dh? on

Current 15 ot Vare pin s G it Bk UTHIA peldhE o o Bl PR JelRoriR NS,

t he pi nned Imya{eabaﬁnieﬁ&bﬁﬂauﬁdgyaspmﬁﬁdobnttherdmtco hhﬁdﬁmhmgmtﬁclchﬂddnmohref

- th Ivity val ' t han. the .fiel th t, th
il 0 T om 1 FeaNY aHpeRbE! S minermanin, Hectets® ink A e B gt g Py o1

- magneti zat i Offuring fabrication and assembly. If any of these thermal effects cause the spin valve sensor

to exceed the antiferromagnet’s blocking temperature, the magnetization of the pinned layer

will no longer be pinned in the desired direction. This changes the spin valve sensor’s
response to an externally applied magnetic field, resulting in errors in data read from the disk.

A mimber of precautions can be taken to avoid the dangers of heat-induced magnetic
dtsonentatton For example manufacturing personnel can take special precauttons such as
electrically grounding themselves and their workpieces. Nonetheless, damage to spin valve
sensors still occurs under some circumstances. Electric over stress can change pinned layer
magnetization orientation. This is due to the fact that the heating by the current raises the
temperature of the head near to the blocking temperature. Since the exchange field drops to
ﬁéar zero around the blocking temperature, antiferromagnetic layer spins around a neighboring
ferromagnetic layer (pinned layef) magnetization will assume the direction of the field
generated by the current. However, the field from the sense current is only of limited value
(around only about 20 Oe). Therefore, if the pinned layer has coercivity in addition to the
exchange field, and if the coercivity value is larger than the field from the current, then the

field from the current will not be able to properly orient the pinned layver magnetization.



-6- Coercivity, in contrast to the exchange field, does not drop so
strongly with tenperature; as a result, coercivity can be fairly high, even
at elevated tenperatures. In addition, since the field fromthe current is
non-uni form over the active area of the sensor it does not set the

magneti zati on of the pinned | ayer over the entire pinned layer. As a result
of these factors, electric overstress can severely dimnish or disable the
functionality of a spin value sensor. SUMVARY
OF THE | NVENTI ON Broadly, the present imvention concerns a read
sensoer enploying symretric spin valves with resettabl e magneti zati on
directions. The symetric spin valves include first and second spin val ves.
The first spin valve includes an antiferromagnetic |ayer having a magnetic
spin structure aligned in a first direction. Abutting the first spin
valve's antiferromagnetic layer is a ferromagnetic pinned |ayer, whose
magneti zation direction is pinned paral |6t to the first direction by the
first spin valve's antiferronagnetic |ayer. Upon the first spin valve's
ferromagnetic layer lies a non-nmagnetic conductor |ayer, then a
ferromagnetic free |ayer. The ferromagnetic free layer is al so shared by

t he second s@iercivity| inecontrast to the/dxghanige dieldn dossnot drbpf sorstrongly rvdthi temperaturd; @y er

is a non-magneti CO"IdLlCt or e e t
bocond api n G <SERNHT R ke BEEY nh bV o SfER0iEs ool 1o ARG Ghed A€

f ﬁr r ogag net i ﬁel$ Efm chd mﬁdts:lsamnduﬁfcm f‘gff'he aatbieeanwol frthe! périsogit ldagsaiiot sgt the

t her ebet ween ese p e a I ncrude an J n ay out er
| ayer . The: CRORSFGROTLEARD: Pigel Y8 O K LEe BIARe] Byern: ALk Bl € BEst BrIoRY

Wi th the adjgegid oée?{&em%&era F&ﬂﬂﬁ‘éi dral QbR thd filicRorBMe 6 d g vAlle sensor.
directions of the ferronagnetlc ayers i.n opposite directions. Optionally,

t he second spin valve may include a second antiferromagnetic |ayer provided

~upon the second spin valve's fw%meﬁr

Broadly, the present invention concerns a read sensor employing symmetric spin

valves with resettable magnetization directions. The symmetric spin valves include first and
second :spin valves. The first spin valve includes an antiferromagnetic layer having a
magnetic spin structure aligned in a first direction. Abutting the first spin valve’s
antiferromagnetic layer is a ferromagnetic pinned léyer, vs'/hose magnetization direction is
pinned parallel to the first direction by the first spin valve’s antiferromagnetic layer. Upon
the first spin valve’s ferromagnetic layer lies a non-magnetic conductor layer, then a
ferromagnetic free layer. The fefromagnetic free layer is also shared by ghe second spin
valve. | )

Abutting the shared ferromagnetic free layer is a non-magnetic conductor layer of the
second spin valve. Adjacent the second spin valve’s non-magnetic conductor layer lies a pair
of ferromagnetic pinned layers sandwiching an exchange coupling layer therebetween. These
jﬂinned layers include an inner layer and a second outer layer. The exchange coupling layer
exhibits sufficient exchange coupling with the adjacent ferromagnetic pinned layers to pin
magnetization directions of the ferromagnetic layers in opposite directions. Optionally, the
second spin valve may include a second antiferromagnetic layer provided upon the second

spin valve’s ferromagnetic pinned layer.



-7- 7 Thus, as described above, one aspect of the invention
conprises an apparatus such as a read sensor or a magnetic storage system
enpl oying such a read sensor. However, the invention has a nunber of
different aspects as well. For instance, another aspect of the invention
concerns a nmethod of configuring the nmagnetization of a read sensor with
symmetric spin valves. According to one enbodinent, a current pulse is
directed through the spin valve in an initialization direction. The current
flows primarily in the conductors and intervenirng | ayer. The current pul se
has sufficient duration and magnitude to heat the antiferromagnetic |ayers
above their blocking tenperatures thereby freeing any prior magnetic
orientation of the antiferromagnetic |ayers. The read sensor reacts to the
magnetic field of the current pulse by orienting the magnetic spin
structure of the various antiferromagnetic and ferromagnetic layers in a
chain reaction. In particular, the magnetic field of the current
pul se sets the magnetization direction of the first spin valve's
antiferromagnetic layer in a first direction perpendicular to the
initialization direction. Likew se, the magnetic field of the current
pul se sets the neggstas dakiibed abbvep6iid 43Pecd bf thednwesntiom dormprises wa bpratus such as
antiferromagnetic layer in a direction perpendicular to jnitialjzation
i rection,  SnTEPHAFEOT G 8(EAPRAE IPTREE STHAR SBPRIE S 10T eF0sety HPVEYRAE of
the magnet i Zaydionchas QChler O diffbeds dspdors il Well 2IFGE irktal, I EnGTEOEPOEICS he
| ayer pins the adjacent first spin valve's ferronagnetic PI nned | ayer th
a nagnet i zatinventionreoncsran apmethod of eonfigndng ithe; magnstizauqro AT 4 read  feugor
est abl i shne ' . d ' | 38 esmbBdinkAtes FAFRY | & g '
magnet i zat i %ﬁ%PWné%%gﬁt | zat | ont?%li rect?@%\é %fdut%%tg& ggg%gr?dthgpi n
val ve' s out espirf ealveoimaminitiatizationrdixdctiony eTheseurieptflows piimazilytin ghef ¢onductors and
~direction. Nbreover,.as a.tesult of Dipni .ne nagnet | ' | of
" the second s‘ﬂteﬁvwg/gygr'oaﬁ‘grcufrg?tr% 9 et%&gﬁéﬁi&(gna‘l&d gyée:@?ﬁ;% e géeré&(;(rill 41tg'%f"n
 valve' s i nnetifeeforagmdo biyers abivenissir Blocking termpepatmeethersby fireeingmgy ptior s gnetic
direction parallel tg the first direction,, Thig occurs due_to the.e%gc1 ange
coupl i ng bet Ssatation of ghe apjidirromagnedis; layers- ) The Frad iSFRSEY Trarts fQy the JeagRftielicld o

coupling | ay®E current pulse by orienting the magnetic spin structure of the various antiferromagnetic and

ferromagnetic layers in a chain reaction.

In particular, the magnetic field of the current pulse sets the magnetization direction
of the first spin valve’s antiferromagnetic layer in a first direction perpendicular to the
initialization direction. Likewise, the magnetic field of the current pulse sets the
magnetization direction of the second spin valve's antiferromagnetic layer in a direction
perpendicular to initialization direction, antiparallel to the first direction. Then, the
establishment of the magnetization direction of the first spin valve’s antiferromagnetic layer
pins the adjacent first spin valve’s ferromagnetic pinned layer with a magnetization direction
parallel to the first direction. Likewise, the establishment of the second spin valve’s
'é'ntiferromagnetic layer’s magnetization direction pins the magnétization direction of the
second spin valve’s outer ferromagnetic pinned layer antiparallel to the first direction.
Moreover, as a result of pinning the magnetization direction of the second spin valve’s outer
ferromagnetic pinned layer, the second spin valve’s inner ferromagnetic pinned layer is pinned
with a magnetization direction parallel to the first direction. This occurs due to the exchange

coupling between these layers, provided by the intervening exchange coupling layer.



The i"nvention affords its users with a nunber of distinct advantages.
Chiefly, the invention provides a read sensor with a symmetric spin valve
thhat is resettable. Unlike prior symmetric spin valves, applying a suitable
current pulse to the read sensor of the present invention sets the

magneti zation directions of the pinned ferromagnetic |ayers in the proper
phase. Thus, in contrast to prior symetric spin valves that cancel each
other's output signal after being reset, the symetric spin valves of the
I nventi on cooperatively provide double the out-put of a single spin valve.
The invention is particularly beneficial because it enables a spin valve
sensor to be reset after inadvertent exposure to high tenperatures during
manuf act uri ng process or other tinmes. The invention al so provides a number

of other benefits, as shown bel ow. BRI EF DESCRI PTI ON
OF THE DRAW NGS The nature, objects, and advantages of the invention
wi || becone nore apparent to those skill-8d in the art after considering the

foll owi ng detail ed description in connection with the acconpanying

drawi ngs, in which |ike reference nunerals designate |ike parts throughout,

wher ei n: FIGURE 1 is a cross-sectional perspective view of a dual

spi n val ve read I@@Savention affords its usersagiftos Gunbert 6f distinct advantagedn. Chiefly, the

FIGURE 2 is a cross-sectional plan view of the dual tliagi'n val ve ré-ﬁg,&ese.nsor
|

of the invention provifesaiead sssor R HENPCTc spin Yalye that is rssetigbles prior

currents, bi ﬁzgféﬁﬂ th vaRB¢! ?iyﬁt@gf itable current pulse 1d8HS ¥éa@'RMor of the present
FIGURE 3 is sg ocigﬂc'l agrarhag a npalﬁ.et iec digkpstorage system apcor%i ng to
t he invention ety thetrhagmetization directipms pithe pinned farromegnetic: layers insthe 2rapey a
sequence of er atj onal & . EBEI i. i Lfrent
of dual spi rP%gsa?r \a/l}“gé‘gaosenggpilg{: or |$@0@ﬁ%%%‘ﬁ%%ﬁ#m€?g&tﬁw&aﬂe
after being reset, the symmetric spin valves of the invention cooperatively provide double the

output of a single spin valve. The invention is particularly beneficial because it enables a
spin valve sensor to be reset after inadvertent exposure to high temperatures during
manufacturing process or other times. The invention also provides a number of other

benefits, as shown below.

BRIEF DESCRIPTION OF THE DRAWINGS
The nature, objects, and advantages of the invention will become more apparent to
those skilled in the art after considering the following detailed description in connection with
the accompanying drawings, in which like reference numerals designate like parts throughout,
wherein:

FIGURE 1 is a cross-sectional perspective view of a dual spin valve read sensor
according to the invention.

FIGURE 2 is a cross-sectional plan view of the dual spin valve read sensor of the
invention, also depicting application of sense currents, bias current, and voltage
measurement.

FIGURE 3 is a block diagram of a magnetic disk storage system according to the
invention.

FIGURE 4 is a flowchart illustrating a sequence of operational steps for configuring

one embodiment of dual spin valve read sensor according to the invention.



-9- ¥ FIGURE 5 is a flowhart illustrating a sequence of operational

steps for configuring a different enbodi nent of dual spin
val ve read sensor according to the i nventi on. FI GURE 6
s a cross-sectional plan view of an alternative enbodi nent of dual spin
val ve read sensor according to the invention. FIGURE 7 is a

cross-sectional plan view of the alternative enbodi nent of dual spin
val ve read sensor of the invention, depicting application of sense

currents, bias current, and voltage neasurenent.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS . HARDWARE
COVPONENTS & | NTERCONNECTI ONS  Spin Val ve Sensor- Material s One

aspect .of the invention concerns a read sensor enploying symeiric spin
valves with resettable magnetization directions. Figure 1 shows the

har dwar e conponents and interrelationships of an exenplary enbodi nent of
this sensor. In particular, a sensor 100-9-ncl udes a nunber of substantially
paral l el l|ayers. The sensor 100 is preferably positioned at the deposit end
of a slider (not shown) proximate an air bearing surface (not shown) of the
slider. The |location of the sensor 100 within a slider is performed w thout

difficulty by an pIGURR'S i ¥ f\chdreflustdting aseqiintd\6f dgetatiogdlatept f6if confiptring
di sclosure, in view of the substantial amunt of known jnformatio _
ﬁﬂ%ﬁ%t@

concerni ng the positi oh diferaatoerabesimentsel; dual spins yalye jreads senger, acco

di scussed bel ow, depi Cﬂﬁ?ﬁldfaﬁ conponents of the sensor 100 with relation to
a substrate 200. . erring to Figure 1, the- sensor 100 includes a
pair of spin val vEEGUBE,6 is @4rosssedtional\plany view afiap| altematyye embodiment Oéﬁaﬂrﬂpél

- the layers may be for rT%aﬁiv Mse%@&hac%ljaﬂg tmfhe invention.
FIGURE 7 is a cross-sectional plan view of the alternative embodiment of dual spin
valve read sensor of the invention, depicting application of sense currents, bias

current, and voltage measurement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
HARDWARE COMPONENTS & INTERCONNECTIONS

Spin Valve Sensor- Materials

One aspect of the invention concerns a read sensor employing symmetric spin valves
with resettable magnetization directions. Figure 1 shows the hardware components and
interrelationships of an exémplary embodiment of this sensor. In particular, a sensor 100
includes a number of substantially parallel layers. The sensor 100 is preferably positioned
at the deposit end of a slider (not shown) proximate an air bearing surface (not shown) of the
slider. The location of the sensor 100 within a slider is performed without difficulty by an
';)-rdinarily skilled artisan having the benefit of this disclosure, in view of the substantial
amount of known information concerning the position of magnetoresistive sensors in sliders.
Figure 2, discussed below, depicts the components of the sensor 100 with relation to a
substrate 200.

Referring to Figure 1, the sensor 100 includes a pair of spin valves 102, 104, each

having multiple layers. As an example, the layers may be formed upon each other by



-10- ©  deposition. The spin val ves 102/ 104 share one |ayer 109 in conmon,
ag discussed in greater detail bel ow. First Spin Valve The
spin valve 102 includes an antiferronagnetic |ayer 106, a ferromagnetic

pi nned | ayer 107, a conductor |layer 108, and a ferromagnetic free | ayer
109. Adj acent |ayers preferably lie in direct atomc contact with each

ot her. The first antiferromagnetic | ayer 106 conprises an
antiferromagnetic |ayer of suitable material and thickness for use as an
antiferromagnetic layer in spin valves, e.g., about 400 A of NNO The
ferromagnetic pinned |ayer 107 conprises a ferromagnetic substance of
suitable material and thickness for application in spin valves, e.g., about
10-40 A of Co. The conductor |ayer 108 conprises a conductive SubStance of
suitable material and thickness for application in spin valves, e.g., about
20-30 A of Cu, Au, or Ag. The ferromagnetic free |ayer 109 conprises a
substance of suitable material and thickness for use as a free layer in
spin valves, e.g., about 30-150 A of N Fe, Co, or N FeCo. Preferably, the
material of the free layer 109 has sufficient nmagnetic softness nagnetic
coercivity less than 10 Ce, | ow magnetic isotropy, and high perneability.
Second Spin ¥a&lo¥iflon. The spin vaIveS §04/104shhre dnB Qayef 1 0P FR&INGhL; ab dREussY R grédiéh

t he second spin valve 104 includes a conductor |ayer 110, an inner

f erronagnet i detad helew- | ayer 111, an exchange coupling layer 112, and an

outer ferromagnetic pinned layer 113. In the illustrated enbodi nent, a
second antiferromagnetic |ayer 114 is also shown, although this |ayer may
- be omitted withouFirstdpin Valng fromthe scope of this invention. Optionally,

c Brotect Ve OVer i i ke T8 ol Y RSB RL G5 B 10 i
: layer 107, a conductor layer 108, and a ferromagnetic free layer 109. Adjacent layers
preferably lie in direct atomic contact with each other. - '

The first antiferromagnetic layer 106 comprises an antiferromagnetic layer of suitable
material and thickness for use as an antiferromagnetic layer in spin valves, e.g., about 400
A of NiO. The ferromagnetic pinned layer 107 comprises a ferromagnetic substance of
suitable material and thickness for application in spin valves, e.g., about 10-40 A of Co. The
conductor layer 108 comprises a conductive substance of suitable material and thickness for
application in spin valves, e.g., about 20-30 A of Cu, Au, or Ag. The ferromagnetic free
layer 109 comprises a substance of suitable material and thickness for use as a free layer in
spin valves, e.g., about 30-150 A of NiFe, Co, or NiFeCo. Preferably, the. ;naterial of the
free layer 109 has sufﬁcieﬁt magpetic sofiness magnetic coercivity less than 10 Oe, low

magnetic isotropy, and high permeability.

Second Spin Valve

In addition to the ferromagnetic free layer 109, the second spin valve 104 includes a
conductor layer 110, an inner ferromagnetic pinned layer 111, an exchange coupling layer
112, and an outer ferromagnetic pinned layer 113. In the illustrated embodiment, a second
antiferromagnetic layer 114 is also shown, although this layer may be omitted without
departing from the scope of this invention. Optionally, a protective overlayer 115 may be

provided to protect the sensor 100 components. The overlayer 115, if implemented, lies atop



the dntiferromagnetic layer 114 (as illustrated), or atop the outer
ferronagnetlc pi nned | ayer 113 (if the antiferronmagnetic |ayer 114 is

om tted). The conductor |ayer 110 conprises a substance of suitable
material and thickness for spin valves, e.g., about 20-30 A of Cu. The
ferromagnetic pinned |ayers 111/113 each conprise a suitable type and

t hi cknéss of material for use in spin valves, e.g., about 10-40 A of Co.
The exchange coupling |layer 112 conprises a netalllc non- magneti c nateri al
that provides strong antiferronmagnetic exchange coupllng, e.g., about 4-8 A
of Ru. The second antiferromagnetic |layer 114 is made of a suitable

t hi ckness and type of antiferromagnetic material for spin valve
applications, such as 150 A of FeMh. Preferably, the protective overlayer
115 (if used) conprises Ta or another suitable material with a high
resistivity and sufficient thickness to protect the underlying |ayers from
chem cal s used in processing, oxidation-irontam nation, and from ot her
damage as well. The overlayer 115 nay be about 30-50 A thick, as an

exanpl e. Spin Val ve Sensor- Magneti zation The sensor 100 exhibits
a predefined nmagnetization. Mgnetization of the sensor 100, including the
ferromagnet i ge 'aﬁdf&&&nﬂgﬁgt{o]ﬁ%rhll/(ﬂsliﬁus&aﬁed) eorf A6 outer FeresHiagastiepinhddaydre

i nvention. The sensor 100 may be ma netlze rior to initial operation,

such as dur|hﬁ’@ﬁ@mﬁ§B¢P@@F9@ﬁ°@9@é y%ﬁﬂFV“ﬁfocesses , the sensor 100

may be magneti zedrgf doGfuckl Byel£10l @ ﬂQes%bﬁhﬂd&%ftsﬁﬁalﬁ@&%ﬁﬁaﬂ&Q thicknesé'for

sensor 100 loses I1ts magneti'c orienfation due to a traunmatic hi

t enper at ur e spiervalvesctigagbeutdibat off Cu. dThecleromegnetic minned davero ?1 VHS each.

magneti zation of.the [ t i d

Whet her mag n%‘ﬁ’%& abs :]é %(F:DF jagl%itd(’alrgknngsS tgg?)lefralé eeﬁ sﬂn {LE%Q éoro(&%g"mt he
magneti zed cArgf@eerTie eaéhahgeecoﬁplmgdayeiwm aampnsbs a m.!taéhgg :gnmgntﬁeanstami that
magnetic configyration.

. arti uIar in the first s Y 1 t he
~anti f er r omagPreTLeEs ft'é’?granﬁif?g% FEgJingg goupling, €.g., abol 2'8 & o R Fhe st
antiferromagnetic layer 114 is made of a suitable thickness and type of antiferromagnetic

material for spin valve applications, such as 150 A of FeMn. Preferably, the protective
overlayer 115 (if used) comprises Ta or another suitable material with a high resistivity and
sufficient thickness to protect the underlying layers from chemicals used in processing,
oxidation, contamination, and from other damage as well. The overlayer 115 may be about
30-50 A thick, as an example.

Spin Valve Sensor- Magnetization -

The sensor 100 exhibits a predefined magnetization. Magnetization of the sensor 100,
including the ferromagnetic layers 107/109/111/113, is performed in accordance with the
invention. The sensor 100 may be magnetized prior to initial operation, such as during the
fabrication or assembly processes. Or, the sensor 100 may be magnetized after some period
of operating the sensor 100, if the sensor 100 loses its magnetic orientation due to a traumatic
high temperature event such as electrostatic discharge. A process for the magnetization of
the sensor 100 is discussed in greater detail below.

‘Whether magnetized before or after initial operation of the sensor 100, the magnetized
components of the sensor 100 are ultimately given the same magnetic configuration. In

particular, in the first spin valve 102, the antiferromagnetic layer 106 has a magnetic



-12-° orientation in a direction 130. For ease of explanation,
conventional directional shorthand is used herein, where a circled dot
indicates a direction conm ng out of the plane of the page (like an arrow s
head), and a circled "x" indicates a direction going into the page (like an
arrow s tail). The nei ghboring ferromagnetic pinned | ayer 107 has a
magneti c nonment pinned in a direction 132, due to exchange coupling with

t he nei ghboring antiferromagnetic |ayer 106. As the nagnetization of the
free layer 109 is "free" to nove about, this layer is not pinned in any
particul ar direction. In the second spin valve 104, the
antiferromagnetic |ayer 114 has a magnetic orientation in a direction 138.
The nei ghboring ferromagnetic pinned |ayer 113 has its nmagnetic nonent
pinned in a parallel direction 136, due to exchange coupling with the
antiferromagnetic |ayer 114. The magnetization direction of the second spin
valve's inner ferromagnetic |ayer 111 isl¥inned in a direction 134. This
occurs because the exchange coupling layer 112 hol ds the magneti zation
direction of the second spin valve's inner ferromagnetic pinned |ayer 111
antiparallel to the second spin valve's outer ferromagnetic pinned | ayer
-113. BHientation $wa dit@tion13® Forclasedefexplanaionj ecnventicanlsditegtoriay shorthand: is

serve to provi the ferromgnet g .ff | . | i

ragnet | zati ot PEEEERRIGHS ihdiles £Rlcndd Sonlll buf oBe AR o pag

conpri se a nygliles ambrroivtsthead)yland aeircied i"x'y indivaie a alirelinBt going intoethe page (ike an - .
Current in the Spin,.Valve. . _.Ihe sensor 0 | so_include vari.ou

" accessories #BOWiStMbt %FEE”EIFWE‘% fe&?%#‘: Pﬁwﬁﬁ%ﬁ? Yo ime "()ﬁ‘f’mﬂgts‘ﬂﬁ'f-

but constant j$gnafchéH 137) ldue t®Exchx@iERotplingswith BR{RMbbiaiferidifagaeisRyerl 00

- to sense the change in resistance provide lggﬁ%he GWR effect. A different:

times, a rel d0pvels/themegmetization ot the fresdayes dreeq tq moye gboutnbisdayrs d¢ natpo

- to establish_the | ahdrQelidnect i on of the sensor 100. Figure 2
- depicts the gﬁg%??%@gﬁ#ﬁ relafggﬁ to the

In the second spin valve 104, the aitiferromagnetic layer 114 has a magneﬁc
orientation in a direction 138. The neighboring ferromagnetic pinned layer 113 has its
magnetic moment pinned in a parallel directi!on 136, due to exchange couﬁling with the
antiferromagnetic layer 114. The magnetization direction of the second spin valve’s inner
ferromagnetic layer 111 is pinned in a direction 134. This occurs because the exchange
coupling layer 112 holds the magnetization direction of the second spin valve’s inner
ferromagnetic pinned layer 111 antiparallel to the second spin valve’s outer ferromagnetic
pinned layer 113. ' . -

The sensor 100 also includes hard bias layers 170-171, which serv; to provide the
ferromagnetic free layer 109 with a quiescent magnetization in a direction 135. The hard bias

layers 170-171 preferably comprise a material with high coercivity, such as CoPtCr.

“Electrical Current in the Spin Valve

The sensor 100 may also include various accessories to direct electrical current through
the sensor 100. A small but constant sense current, for example, is directed through the
sensor 100 to sense the change in resistance provided by the GMR effect. At different times,
a relatively large current pulse is directed through the sensor 100 to establish the

magnetization direction of the sensor 100. Figure 2 depicts the sensor 100 in relation to the



-13-° various features that help direct current through the sensor 100.
The view of Figure 2 is taken froman air bearing surface of the sensor
100. The sensor 100 is attached to a pair of conplenentary |eads
208-209 to facilitate electrical connection to various electrical
conponents. The | eads 208-209 preferably conprise 500 A of Ta with a 50 A
underlayer of Cr, or another suitable thickness and type of conductive
material. The attachnent of |eads to nagnetoresistive sensors and spin
valves is a well known technique, famliar to-those of ordinary skill in
the art. The | eads 208- 209 al so provi de connecti on between the
sensor 100 and a pul se current source 202 to direct a magnetically
orienting electrical pulse current through the sensor 100, as describéd in
greater detail below Additionally coupled to the |eads 208-209 is a sense
current source 206, described in greater detail below. _
Est abl i shi ng Magnetization Direction -13- During ongoi ng operation of the
sensor 100, the pulse current source 202 directs electrical current to the
sensor 100. The current flows through the layers 106-115. As explained in
greater detail below the pulse current heats the antiferronmagnetic |ayers
106/ 114 pastyalibei fedtlir@CHhRelp ARG cilreiteEirould @iccisdr (190] MThelView GEFIRI 2 is
arientation of these layers.” The pulse current also provides a specific
magnet i zat i dakesrfrem en eirdearieg surfeee ghthersensobi@Qnetic | ayers 106/ 114 as wel |

as the ferronmagneat | & UES /.14 ﬁﬁhf‘ _4 ﬁ@ﬁﬁﬁi
detail bel ow %hﬁ;he?sgﬁio?m +g per?é‘?é‘?&&%ﬁ%ﬁlgﬁgﬁfl C ?e %Gpc?{aat ed by
the pul se culectrical cohmectiomtorasioys dlestricalmgmppneptse Tha iafie 208208 gmefeiablyl comprise
106/ 114 is I gved. by the t r at by th ulse.cuptent. o]
satisfy the%grggﬁgﬁg ‘ﬁ@? oit@, "‘g‘ﬁegﬁ%ﬁl :gtg%m;ra&ﬁpgggwfagge g‘ﬁ%“%%rﬁ??i%es og
sui t abl e devdofiductive MateNdldTha attashireht ofbleadsao diagnetbiesistive sensongandt spitevalves is

duration to bring the antiferronagnetic |ayers 106/114 past their bl ocking
t enper at ur es® Wath §n9Wp frebRinee Tamulias focthpse of 0 sl i the B2

The leads 208-209 also provide connection between the sensor 100 and a pulse current

source 202 to direct a magnetically orienting electrical pulse current through the sensor 100,
as described in greater detail below. Additionally coupled to the leads 208-209 is a sense

current source 206, described in greéter detail below.

Establishing Magnetization Direction
During ongoing operation of the sensor 100, the pulse current source 202 directs

electrical current to the sensor 100. The current flows through the layers 106-115. As
explained in greater detail beiow, the pulse current heats the antiferromagnetic layers 106/114
past their blocking temperatures, thereby freeing the magnetic orientation of these layers. The
pulse current also provides a specific magnetization orientation for the antiferromagnetic
layers 106/114 as well as the ferromagnetic pinned layers 107/111/113, as described in greater
&étail below. This function is performed by the magnetic field created by the pulse current.
In contrast, heating of the antiferromagnetic layers 106/114 is achieved by the heat generated
by the pulse current.

To satisfy the foregoing purposes, the pulse current source 202 comprises a suitable
device to provide a current pulse of sufficient amplitude and duration to bring the

antiferromagnetic layers 106/114 past their blocking temperatures, and to provide an external



-14-7 magnetic field sufficient to bias the layers 106/107/111/113/ 114 as
desired. As an exanple, the pulse current may conprise a 17-18 mA si gnal
I'asting for about 50-150 nanoseconds. It is enphasized that
ordinarily skilled artisans having the benefit of this disclosure wll
recogni ze that certain changes may be made to the biasing and pinning of

t he vari ous sensor conponents w thout departing fromthe scope of this

i nvention. Furthernore, nore particular information is provided bel ow
concerning the particul ar manner and effect of--biasing the sensor 100.
Sense Current During ongoi ng operation of the sensor 100, the sense
current source 206 directs a snall, constant sense current through the
sensor 100 via the | eads 208-209. As an exanple, the sense current may be
about 4-10 mA. Chiefly, the sense current provides neans to detect changes
In resistance provided by the GWR effect. To satisfy the foregoing

pur poses, the sense current source 206 p¥deferably conprises a suitable
current generating device to provide a substantially constant current of
about 4-10 mA D.C It is enphasized that ordinarily skilled artisans
having the benefit of this disclosure will recognize that certain changes
m;ty be made hapnbiiefidgiFRdiént ad biag ﬂhdﬁlbya*(sj IlgG/lWﬁu(l?lmldntashfdbmdoakm?r ezﬁglpla;
the various sensor conponents Wit t arti r t.he of the

i nvention. P PHE? FUFEE My CAmMBHG 2 %‘I ﬁr‘n‘g s‘ﬁgﬂ%ﬂ 5@?3@5%’8?8&?5
concerning the: pafisl &ﬁﬂlﬁixzd&%&%rdﬁ%y%l&ﬁ%ﬁﬁmbh@&@ﬁe%ﬂeﬁ@fﬂhyaﬁwmme
102/ 104. ut Sensi ng ment | onedpwgove rPZ,tht anpce of
t he sensor 1ol @mgmgreégam ohmeaeaag&qweép%bm e VIR®B .

aher ol roul Lhibr dnBGHARSHaRGE a%ﬁraggigﬁft?gﬁd&g&gp@ tbﬁtlﬁé‘ﬁ'&&ﬁmh” FuRthérbiodd) Gfiork 0

generate a "playbac signal e detected magnetic fl ux
transi ti ons. particular information is prov1ded below concerning the paruc\ﬂar manner and effect of

biasing the sensor 100.

Sense Current

During ongoing operatxon of the sensor 100, the sense current source 206 du'ects a
small, constant sense current through the sensor 100 via the leads 208-209. As an example,
the sense current may be about 4-10 mA. Chiefly, the sense current provides means to detect
changes in resistance provided by the GMR effect. To satisfy the foregoing purposes, the
sense current source 206 preferably comprises a suitable current generating device to provide

a substantially constant current of about 4-10 mA D.C. )

It is emphasized that -ordina.rily skilled artisans having the benefit of this disclosure
will recognize that certain changes may be made to the magnetization, biasing, and current
flow occurring in the various sensor components without departing from the scope of the
invention. Furthermore, more particular explanation is provided below concerning the

péirticular manner and effect of biasing the spin valves 102/104.

Output Sensing
As mentioned above, resistance of the sensor 100 changes during the detection of an
external magnetic field. Other circuitry, discussed below, quantifies this change in resistance

to generate a "playback" signal representative of the detected magnetic flux transitions. -



Nanely, the resistance of the sensor 100 is deternmi ned by neasuring the

vol tage drop across the | eads 208-209, and dividing this voltage by the
sense current. To nmeasure the voltage drop, the | eads 208-209 may be
coupl ed to an out put sensor 207 such as a differential anplifier or another
appropriate voltage sensor. Alternatively, a sense voltage may be pl aced
across the | eads 208-209, with neasurenent taken of the resultant current

t her ebet ween. Magnetic Di sk Storage System As mentioned above, the
sensor 100 is preferably inplenented in a slider of a read/ wite head. In
an exenplary inplementation, the head may be part of a magnetic disk
storage system such as the exenplary magnetic di sk storage system 300

shown in Figure 3. Odinarily skilled artisans will recognize, however,
that invention is also applicable to other nagnetic recording systens than
the specific enbodinment 300 illustrated in Figure 3. The magnetic

di sk storage conprises at |east one rotai®sble magnetic disk 302 is
supported on a spindle 304 and rotated by a disk drive notor 306 with at

| east one slider 308 positioned on the disk 302, each slider 308 supporting
one or nore magnetic read/wite ‘heads. The magnetic recordi ng nedia on each
disk is in the fondhdy, tdresistiice af theatdser 100G§ daentinsd by mesating theaoksge( drop

shown) on the.disk 302. As the disk. 302 rotatesg, the sliders 8 are ved
"adi a1y - seissoe 1e6s 208 A0S, aodiche g 2us voligedly B St R D BESOIGE
access di f f eqdifibe Bi3hORAI 081209 uiky B oo R BinbbeARE 207 Such®S A Hfekendach

slider 308 is artac to an actuafor arm 314 by neans of a suspension 316.
The suspensi amplifies opanothieriapproprigteivolage sensbt Altenatizelyd sepseveliage may deplacgd

208 2021 1% Sl s TS mBELELA Nk b AR S B,
~assenbly constructed in accordance with the invention, such'as ones of the
- various enbod nents._describ in detail above. Each actuator arm 314 is
~attached to gﬁ£&¥¥ﬁ%§%§£ﬁ%§§g§§¥% The actuator neans 318 as shown in Figure
- 3 may be a voice g£QihenBhéd aiov¥HHe) sendop 100Xi8 b ferablinEnpléhrted il & Stider of a
| read/write head. In an exemplary implementation, the head may be part of a magnetic disk
storage systrem, such as the exemplary magnetic disk storage system 300 shown in Figure 3.
Ordinarily skilled artisans will recognize, however, that invention is also applicable to other
magnetic recording systems than the specific embodiment 300 illustrated in Figure 3.

The magnetic disk storage comprises at least one rotatable magnetic disk 302 is
supported on a spindle 304 and rotated by a disk drive motor 306 with ;at least one slider 308
positioned on the disk 302, each slider 308 supporting one or more magnetic regﬁ/mite heads.
The magnetic recording media on each disk is in the form of an annular pattern of concentric
data tracks (not shown) on the disk 302. As the disk 302 rotates, the sliders 308 are moved
radially in and out over the disk surface 310 so that the heads 312 may access different
portions of the disk where desired data is recorded. Each slider 308 is attached to an actuator
arm 314 by means of a suspension 316. The suspension 316 provides a slight spring force
which biases the slider 308 against the disk surface 310. Preferably, the actuator arm 314,
suspension 316, and slider 308 are embodied in an integrated suspension assembly constructed
in accordance with the invention, such as ones of the various embodiments described in detail
above. Each actuator arm 314 is attached to an actuator means 318 The actuator means 318

as shown in Figure 3 may be a voice coil motor ("VCM"), for example. The VCM comprises



- 16- a coil noveable within a fixed magnetic field, the direction and
velocity of the coil novenments being controlled by the notor current
signals supplied by a controller. During operation of the disk storage
system the rotation of the disk 302 generates an air bearing between the
slider 308 and the disk surface 310 which exerts an upward force or lift on
the slider. The air bearing thus counterbal ances the slight spring force of
t he suspension 316 and supports the slider 308 off and slightly above the
di sk surface by a small, substantially constant spacing during operation.
The vari ous conponents of the di sk storage systemare controlled in
operation by control signals generated by control unit 320, such as access
control signals and internal clock signals. Typically, the control unit 320
conprises logic control circuits, storage means and a m croprocessor, for
exanple. The control unit 320 generates control signals to control various
system operations such as drive notor cdgtrol signals on |line 322 and head
position and seek control signals on line 324. The control signals on line
324 provide the desired current profiles to optimally nove and position a
selected slider 308 to the desired data track on the associated di sk 302.
Read and wrigt oif infii\@hisle avichif IMEMEd Qxﬁgﬁéhd ﬂelmdhef divestion aahd\weélbdityhefidise 3di2 by

means of recordi ng channel 326. abqve .desc tion of .a typi.cal
magneti c di W@F@Fﬁd@m@fé’l‘@?ﬁeﬂﬁdﬁ‘f’ ﬁ@t%Fc?!’GF‘FB b iigRaly qup{ “Efgl?)f 8 congpoligy égﬂﬁﬁ e 3

are for reprog,éfa%&for%m&e és%més m@fr@&ﬁ@fbme%skléo@%eaéﬁte§aﬂméa{mg

recogni ze, exanple, th torage systens may contain a larg

nunber of dibstweenths stider 398 @nd thesdisk sfane 319 H&!“brexﬂﬁ#’ya%mﬁl fforge ﬁUhﬂéﬁn the
sliders. %ﬁEﬁ@
addition to P%e'J%F.oﬁﬁmﬁﬁr mare eﬁ%mﬁﬁ%%ﬁf%@%gggll abo ammmmanP gfg%t

aspect of t sapportsetheistiderc308c eff rend asslighetlyh ebbviecthe cliskf sugfiace hy aasmatlnsubstantialyi n

val ve sensor. L. . .
constant spacing during operation.

The various components of the disk storage system are controlled in operation by
control signals generated by control unit 320, such as access control signals ?.nd internal clock
signals. Typically, the control unit 320 comprises logic control circuits, storage means and
a microprocessor, for example. The control unit 320 generates control signals to control
various system operations such as drive motor control signals on line 322 and head position
and seek control signals on line 324. The control signals on line 324 provide the desired
current profiles to optimally move and position a selected slider 308 to the desired data track
on the associated disk 302. Read and write signals are communicated to and f1:om read/write
heads 312 by means of recofding channel 326.

The above description of a typical magnetic disk storage system, and the
accompanying illustration of Figure 3 are for representation purposes only. Ordinarily skilled
artisans will recognize, for example, that disk storage systems may contain a large number

of disks and actuators, and each actuator may support a number of sliders.

OPERATION
In addition to the various hardware embodiments described above, a different aspect

of the invention concerns a method for configuring a symmetric spin valve sensor.



-17-° Oper ati onal Sequence Figure 4 depicts a sequence of nethod
steps 400 to illustrate one exanple of the nethod aspect of the present
i‘fnvention. For ease of explanation, but without any limtation intended

t hereby, the exanple of Figure 4 is described in the context of the
sensor-100 and the associ ated conponents descri bed above in Figures 1-3.

As shown, the routine 400 is useful to initially establish the magnetic
configuration of the sensor 100 during fabrication, assenbly, or another
stage of the manufacturing process. The routine 400 is al so useful for
resetting the magnetic configuration of the sensor 100 after the sensor 100
experiences a disorienting high tenperature event such as a transient
voltage fromelectrostatic discharge. The steps 400 begin in task 402.
Appl yi ng Pul se Current In task 404, the pul se current source 202
directs a pulse of electrical current through the |ayers sensor 100 via the
| eads 208-209. This current flows in thd7conductor |ayers 107- 115. As
nmenti oned above, the current pul se has sufficient anplitude and duration to
heat the antiferromagnetic. | ayers 106/ 114 past their bl ocking tenperatures,
thereby freeing the magnetic orientations of these layers as well as the
associ at ed fOerafionglSetuencei nned | ayers 107/ 113. As an exanple, the current

pul se may conprise a regctangul ar wav se,, lasting.for about 50-15
nanoseconds, an_di'%‘ﬁ? 4i $PIS %Sﬁ?Fncf?%l‘ng‘fPfei%F"r g{‘f‘ﬁ"% PQ%WIF r?gtﬂéead
conprise a Raldldd-agetPofi the! Proséne Ghvanio. SForikiabe 6f Giplaniteinl) bt Wididue Bhelifita@eh as
recogni zed by ordinari I%eskl Il ed artisans _having the benefit of this

di scl osur e. intended therebyy the skarpple Afi Figuen # dndgsrrdhedan th gaptext of the Sﬂﬁﬁl"?%ﬁ%_n
o okl B, Sl B b gge el ovc o 100 Lt past thel
orientations. |n #dghewthe routine 400 is useful to initially establish the magnetic configuration
of the sensor 100 during fabrication, assembly, or another stage of the manufacturing process.
The routine 400 is also useful for resetting the magnetic configuration of the sensor 100 after
_the sensor 100 experiences a disorienting high tempcl_erature event such as a transient voltage

from electrostatic discharge. The steps 400 begin in task 402.

App_lvinq Puise Current
In task 404, the pulse current source 202 directs a pulse of electrical current through

the layers sensor 100 via the leads 208-209. This current flows in the conductqr layers 107-
115. As mentioned above, the current pulse has sufficient amplitude and duration to heat the
antiferromagnetic layers 106114 past their blocking temperatures, thereby freeing the
magnetic orientations of these layers as well as the associated ferromagnetic pinned layers
107/113. As an example, the current pulse may comprise a rectangular wave pulse, lasting
for about 50-150 nanoseconds, and containing about 17-18 mA. The current pulse may
instead comprise a multi-amplitude rectangular pulse or another suitable shape, as recognized

by ordinarily skilled artisans having the benefit of this disclosure.

Orienting Antiferromagnetic Films

Application of the pulse current heats the antiferromagnetic layers 106/114 past their

blocking temperatures in task 406, thereby freeing their magnetic orientations. In addition



to heat, the current pulse also provides a nmagnetic field that nmagnetically
orients the aniferromagnetic |ayers 106/114 in the respective directions
130/ 138, in accordance with the well known "right-hand rul e" of

el ect romagneti cs. The pul se current lasts sufficiently long to both
renove any magnetic orientation of the antiferromagnetic |ayers 106/ 114 and
also re-orient the layers 106/114 in accordance with the magnetic field
created by the flowing current. In the illustrated exanple, where the pul se
current flows in the direction fromthe |lead 208 to the | ead 209, the
magnetic field of the current pul se biases the antiferromagnetic |ayers
106/ 114 in the directions 130/138, respectively. After task 406, the
current pul se may be discontinued as shown in task 407. Application of the
current pulse is not necessary to orient the ferromagnetic filnms, which
occurs in the follow ng steps. Pi nning Quter Ferromagnetic Pinned
Layers As shown by task 408, the #8gnetic orientation of the
antiferromagnetic | ayers 106/ 114 has the effect of "pinning" the

magneti zation directions of the ferromagnetic pinned |ayer 107/113. This
occurs because of the strong exchange coupling between each

ant i f er r omagtee thedte theo nurgent tpufsai also provislep s miagudtiar fisld thitemagneti¢ablyr enirgmdtei ¢

paral ol 1o FReDTRe P IRErL o Ts B AR RApkE ot TP, B SSRGS g

114 pins t he welHd@ben $fgt-hand vele'Sobelectronfagnetiosragnet i ¢ pi nned | ayer 113 in
the direction 136

arallel to its own directiop 138. . Pi.nnin
| nner Fer r onagnet %QW%@W?E% ciently h&ngstﬂ(mﬁ 5ROV A BagRetp HBCW"FP% %q
of the seconghestifer¥hotRiiclapets ©06/1 12 dna RO PEbridht e 1BRAs |GV EI4 thkdcdidenck MGth
effect of pinning the second spin valve's inner ferromagnetic pinned |ayer
Se

111. Thi s oc&rmageticinidorested buthe flowing qymenti do thedllusiated sxample, Whern
. coupl i ng current flows in the direction from the lead 208 to the lead 209, the magnetic field of the

current pulse biases the antiferromagnetic layers 106/114 in the directions 130/138,
respectively. After task 406, the current pulse may be discontinued as shown in task 407.
Application of the current pulse is not necessary to orient the ferromagnetic films, which

occurs in the following steps.

Pinning Outer Ferromagnetic Pinned Lavers

As shown by task 408, the magnetic orientation of the antiferromagnetic layers
106/114 has the effect of "pinning" the magnetization directions of the ferro;riagnetic pinned
layer 107/113. This occurs because of the strong exchange coupliné between each
antiferromagnet-ferromagnet pair. More particularly, the antiferromagnetic layer 106 pins the
ferromagnetic pinned layer 107 in the direction 132, parallel to its own direction 130.
Similarly, the antiferromagnetic layer 114 pins the second spin valve’s outer ferromagnetic

""pinned layer 113 in the direction 136, parallel to its own direction 138.

Pinning Inner Ferromagnetic Pinned Laver
As shown by task 410, the pinning of the second spin valve’s outer ferromagnetic
pinned layer 113 has the effect of pinning the second spin valve’s inner ferromagnetic pinned

layer 111. This occurs because the layer 112 provides a substantial exchange coupling .



-19-  Dbetween the matched ferromagnetic layers 111/113. Because of this
exchange coupling, then, the nmagnetic orientation of the second spin

val ve's inner ferronmagnetic pinned layer 111 is aligned with the direction
134, antiparallel to the direction 136 of the counterpart ferromagnetic
pinned | ayer 113. Thus, as shown by the foregoing description, the
process 400 is able to set the nmagnetization of both spin valves of a
symmetric spin valve sensor, unlike the previous techniques. After task
410, the routine 400 ends in task 412. -

OTHER ENMBODI MENTS Wil e there have been shown what are presently
considered to be preferred enbodi nents of the invention, it wll be
apparent to those skilled in the art that various changes and nodifications
can be made herein wi thout departing fromthe scope of the invention as
defined by the appended cl ai ns. The follow ng provides an exanpl e of
one such alternative enbodi nent. Al ter¥ative Sensor Construction

One alternative to the foregoing construction of the sensor 100 is the
sensor 600, which omts the second antiferromagnetic |ayer 114 as shown in
Figure 6. Wthout the |ayer 114, the operation of the sensor 600 to sense
magnet i ¢ f ubetweeatis matched fersomagietiodapers 11d23;sBecahse of dbis exchange edupling themi, n

I i ill d .ned i C . i hi .
Vayer 100 arthe mepet arepdhor Bt Y kR PR B o rnasgiell AR e 115 8" o
i rrespecti vealighed hwitlpriis alireticefl 184 antipardliel o nthe ndifection ai36r ofl e counterpart

Al t hough operation aof the di fj.ed sensor. 600 is unchanged by renoval of
the antiferr %@ﬁ%ﬁpwwﬁﬁ&the sensor's construction is different to

facilitate magnetyyusObé SRval b9 he Forksiing aeictipish, 386 pRIceU4D0 PR Yo sdtQhe
facilitate magnetic configuration of the L. ] )
magnetization of both spin valves of a symmetric spin valve sensor, unlike the previous

techniques. Afier task 410, the routine 400 ends in task 412.

OTHER EMBODIMENTS
While there have been shown what are presently considered to be preferred
embodiments of the invention, it will be apparent to those skilled in the art that various
changes and modifications can be made herein without departing from the scope of the
invention as defined by the appended claims.

The following provides an example of one such alternative embodiment.

Alternative Sensor Construction

One alternative to the foregoing construction of the sensor 100 is the sensor 600,
which omits the second antiferromagnetic layer 114 as shown in Figure 6. Without the layer
114, the operation of the sensor 600 to sense magnetic flux transitions is unimpeded because
the resistance of the spin valve 104 is still determined by the magnetic relationship between
the free layer 109 and adjacent the ferromagnetic pinned layers 111/107, irrespective of the
presence of the antiferromagnetic layer 114.

Although operation of the modified sensor 600 is unchanged by removal of the
antiferromagnetic layer 114, the sensor’s construction is different to facilitate magnetic

orientation of the modified sensor 600. Namely, to facilitate magnetic configuration of the



-20- sensor 600, the ferromagnetic pinned |layers 111/113 preferably have
uneven thicknesses. This is beneficial for pinning the |ayers 111/113

wi thout the presence of the antiferronagnetic |ayer 114, as discussed nore
specifically below According to one enbodi nent, the difference in

t hi cknesses may be about 10 A Al ternative Magnetic Configuration
Sequence As nmentioned above, om ssion of the antiferromagnetic |ayer
114 requires a different process to magnetically orient the nodified sensor
600. Figure 5 depicts one exenplary sequence 500 to configure the sensor
600 where the antiferromagnetic |ayer 114 has been omtted. The exanpl e of
Figure 5 is described in the context of the nodified sensor and the
associ at ed conponents described in Figures 6-7. The sensor 600 diScussed in
the follow ng exanple omts the antiferromagnetic |ayer 114, and incl udes
pi nned | ayers 111/113 of uneven thickness. Appl yi ng Pul se Current
After the sequence 500 begins in task 5620- t he pul se current source 202 in
task 504 directs a pulse of electrical current through the sensor 600 via
the | eads 208-209. This current flows in the layers 106-115. The current
pul se has sufficient anplitude and duration to bring the antiferromagnetic
| ayer 106 pasdnsort 600 ltinc Rirmognapretivepimdedriayers hil/ 18y plefeeatiln hateneneven tétknesses.

i tati . thi . | i df . i
Phyer 207, Al bepernl or stpint e g 1l Cov ey b st SEBP Bl e R ey o
pul se, | asti pgef Q14,289 disciBed. Mdré 3pa@saRu delovandacording 1 Whe Adnbodinieht,1themA.

" The current pulse may instead conprise_a multi-anplitude rectangul ar pul se
~or anot her SG@%F%“SM‘?SW%E%WE&@AW ordinary skilled artisan having
“the benefit of this disclosure.

Alternative Magnetic Confi tion Sequence

As menﬁoned above, omission of the antiferromagnetic layer 114 requires a different
process to magnetically orient the modified sensor 600. Figure 5 depicts one exemplary’
sequence 500 to configure the sensor 600 where the antiferromagnetic layer 114 has been
omitted. The example of Figure 5 is described in the context of the modified sensor and the
associated components described in Figures 6-7. The sensor 600 discussed in the following
example omits the antiferromagnetic layer 114, and includes pirined layers 111/113 of uneven
thickness.

Applving Pulse Current )

After the sequence 500 begins in task 502, the pulse current source 202 in task 504
directs a pulse of electrical current through the sensor 600 via the leads 208-209. This
current flows in the layers 106-115. The current pulse has sufficient amplitude and duration
to bring the antiferromagnetic layer 106 past its blocking temperature, thereby freeing the
friagnetic orientation of this layer as well as the associated ferromagnetic pinned layer 107.
As an example, the current pulse may comprise a rectangular wave pulse, lasting for about
50-150 nanoseconds, and containing about 17-18 mA. The current pulse may instead
comprise a multi-amplitude rectangular pulse or another suitable shape, as recognized by

ordinary skilled artisan having the benefit of this disclosure.



-21-» Oienting Antiferromagnetic Fil ns Application of the
pul’'se current heats the antiferromagnetic |ayer 106 past its bl ocking
t'enperature in task 506, thereby freeing its nagnetic orientation. In
addition to heat, the current pulse also provides a magnetic field that
magnetically orients the antiferronmagnetic |ayer 106 in the direction 130,
in accordance with the well known "right-hand rule" of electromagnetics.
The pul se current lasts sufficiently long to both renbve any nagnetic
orientation of the antiferromagnetic |ayer 106--and al so re-orient the |ayer
106 in accordance with the nmagnetic field created by the flowing current In
the illustrated enbodi nent, where the pulse current flows in the
direction.fromthe | ead 208 to the | ead 209, the magnetic field of the
current pul se biases the antiferronmagnetic |layer 106 in the direction 130.
After task 506, the current pulse may be discontinued as shown in task 508.
Application of the current pul se is not -xiecessary to orient the
ferromagnetic filns, which occurs in the follow ng steps. Pi nni ng
t he Ferromagnetic Layer 107 As shown by task 510, the magnetic
orientation of the antiferromagnetic |ayer 106 has the effect of "pinning"

t he magneti zati orbﬁgnhgggng&ﬁn ﬁlcqﬂhﬁmbori ng outer ferromagnetic pinned
| ayer 107. This occurs because e strong exchange coupl j g bet n the
| ayers 106-107. Mupplicasion of Seipalse purrenhbeatythe antifereamagnriic layer X ig@P“P&gthe
ferromgnet | 6 BLARE i 8X€508 Mo %h@.&n@'xfs%ﬁén@&b d3RtatiBd! EIh'aSJlmbﬁ)td hat,0BB

direction 13 erronagnetlc Layers-111/1
Unl i ke the seumrehpwsei@lsp piovides awgeeﬂqmi MW@W @n@éﬁy@P MﬂP@!@eﬁc g

. cannot be pinned I “gf% " Yiler |
m ssi ng frorA Y?felgqg%g‘r?t C{'{’flg rat eg&ldg%odl men ﬂé%ﬁ&ﬁ h?’rl\ t ask 5120%

"~ however, t heelb@yoafagnekitd./ 113 are easily pinned

The pulse current lasts sufficiently long to both remove any magnetic orientation of

the antiferromagnetic layer 106 and also re-orient the layer 106 in accordance with the
magnetic field created by the flowing current. In the illustrated embbdiment,iwhgre the puise
current ﬂowé 1n the direction from the lead 208 to the lead 209, the magnetic' field of the
current pulse biases the antiferromagnetic layer 106 in the direction 130. After task 506, the
current pulse may be discontinued as shown in task 508. Application of the current pulse is

not necessary to orient the ferromagnetic films, which occurs in the following steps.

Pinning the Ferromagnetic Laver 107 -

As shown by task 510, the magnetic orientation of the antiferromagnetic layer 106 has
the effect of "pinning” the magnetization direction of the neighboring outer ferromagnetic
pinned layer 107. This occurs because of the strong exchange coupling between the layers'
106-107. More particularly, the antiferromagnetic layer 106 pins the ferromagnetic pinned

'l.éyer 107 in the direction 132, parallel to its own direction 130.

Pinning Ferromagnetic Lavers 111/113

" Unlike the sequence 400 shown above, the ferromagnetic layers 111/113 cannot be
pinned by the antiferromagnetic layer 114, since this layer is missing from the presently

illustrated embodiment. As shown in task 512, however, the layers 111/113 are easily pinned



-22- " by applying an external magnetic field in one of the directions
134/ 136. The external magnetic field (not shown) preferably conprises a

uni form magnetic field of sufficient field strength, e.g., 4.5 KOe. This
field may be generated, for exanple, by an el ectronagnet or another
magneti c source adequate to provide the necessary field. Due to the
uneven' t hi cknesses of the layers 111/113, the thicker one of the |ayers
111/ 113 responds nore strongly to the applied nmagnetic field. This thicker

| ayer therefore orients itself with the external magnetic field. The

remai ning (thinner) |ayer necessarily orients itself antiparallel to the
thi cker layer, due to the high antiferromagneti c exchange coupling provided

by the exchange coupling | ayer 112. Thus, to ensure thai the | ayérs
111/ 113 are magnetically oriented in directions 134/136 (respectively), the
foll ow ng arrangenent is preferably used. As illustrated, the layer 113 may

be thinner than the layer 111. Wth this2arrangenent, the nagnetic field of
task 512 is applied in the direction 134. Alternatively (not shown), the
| ayer 113 may be thicker than the layer 111, with the external nagnetic
field being applied in task 512 in the direction 136. After task 512

est abl i shes phappBaiaeid éRkbnaNhaheticBeld Gh RBBRATEE idiredtions 894/135.6 'Fhelddéradi3,
task 514 renoves the external magnetic field, and the routine 500 ends in

task 514. Asmagetiniield (eetshowm) lyoroserises 4 Bhforpapgnetip feld of suicienh felds
able to set E@&%ﬁeq,@ew.i RideOMTIR fBRAHay B BenkihelS forYxadipRy BB EletrothigherVct Ve
sensor, unlike previously known techni"ques. . .

-23- another magnetic source adequate to provide the necessagy felds WHAT |'S CLAI MED | S:

L An appar at Uﬁu}; % tﬁeeﬁ%krgxg t}gﬁ&%sségfrﬁfeilﬁ}e@illll 13, the thicker one of the layers
111/113 responds more strongly to the épplied magnetic field. This thicker layer therefore
orients itself with the external magnetic field. The remaining (thinner) layer necessarily
orients jiself antiparalle] to the thicker layer, due to the high antifetromagnetic exchange
coupling provided by the exchange coupling layer 112.

Thus, to ensure that the layers 111/113 are magneticaily oriented in directions 134/136
(respectively), the following arrangement is preferably used. As illustrated, the layer 113 may
be thinner than the layer 111. With this arfangement, the magnetic field of task 512 is
applied in the direction 134. Alternatively (not shown), the layer 113 may be thicker than
the layer 111, with the external magnetic field being applied in task 512 in the direction 136.

After task 512 establishes the magnetizations of the ferromagnetic pinned layers
111/113, task 514 removes thé external magnetic field, and the routine 500 ends in task 514.
As shown by the foregoing description, then, the process 500 is able to set the magnetization

of both spin valves of a symmetric spin valve sensor, unlike previously known techniques.



a first ant| I c layer having magnetic spin structure aligned in a
first di rectiom a first ferromagnetic pinned | ayer

abut ti ng th I!l’#g ”’I gnetic | ayer and having a
magneti zati om ‘” d parallel to the first direction by the first
antiferromagnetic Iayer * a first non-nmagnetic conductor |ayer
abutting the first antiferromagnetic |ayer; a ferromagnetic free

| ayer abutting the first non-magnetic conductor | ayer; a second

non- magneti ¢ conductor |ayer abutting the ferromagnetic free | ayer;

a second ferromagnetic pinned |ayer abutting the second non-nmagnetic

conductor | ayer and having a magnetization direction pinned
parallel to the first direction; an exchange coupling layer abutting
the second ferromagnetic | ayer;and a third ferromagnetic pinned
| ayer abutting the exchange coupling |ayer and having a

magneti zation direction pinned antiparalZ3el to the first direction;
t he exchange coupling layer exhibiting a predeterm ned | evel of exchange

coupling with the second and third ferromagnetic pinned
| ayers sufficient to pin magneti zation directions of the
second and third ferromagnetic p| nned IGIyIHH\&S I n antiparallel

di rections ot her. - The apparatus of claiml1, the
first ant.fé&h@h;é%€£38wgﬁgﬁ% conpr|3|ng Ni O 3. The appar atus of
claim1l, the ferromagnetic pinned |ayers each conprising Co.

- 24- 4, The apparatus of, claim 1, the conductor | ayers each
conprising du. Anapparatus for reading data, compnsmg

a first antiferromagnetic layer having magnetic spin structure aligned in a first
direction;

a first ferromagnetic pinned layer abutting the ﬁrst antiferromagnetic layer and having
a magnetization direction pinned parallel to the first direction by the first

; antiferromagnetic layer;

a first non-magnetic conduc.:tor layer abutting the first antiferromagnetic layer;

a ferromagnetic free layer abutting the first non—magneﬁc conductor layer;

a second non-magnetic conductor layer abutting the ferromagnetic free layer;

a second ferromagnetic pinned layer abutting the second non-magnetic conductor layer
and having a magpetization direction pinned parallel to the first direction;

an exchange coupling layer abutting the second ferromagnetic layer;_and

a third ferromagnetic pinned layer abutting the exchange coupling layer and having
a magnetization direction pinned antiparallel to the first direction;

the exchange coupling layer exhibiting a predetermined level of exchange coupling
with the second and third ferromagnetic pinned layers sufficient to pin
magnetization directions of the second and third ferromagnetic pinned layers

in antiparallel directions relative to each other.

N

The apparatus of claim 1, the first antiferromagnetic layer comprising NiO.

L)

The apparatus of claim 1, the ferromagnetic pinned layers each comprising Co.



5. . The apparatus of claim1, the ferromagnetic free |ayer conprising

Ni O ﬁh___%IDE_éEEELE;%Z“of claim1, the exchange coupling |ayer
conprisin apparatus of claiml1, further conprising a
second a ﬁ“ﬂﬂﬂuﬂ ayer abutting the third ferromagnetic pinned

| ayer, . mwmuﬂ” omagnetic | ayer having a magnetic spin structure

allgned antl parhl [®l so*the first direction. 8. The apparatus of claim
7, the second antiferromagnetic |ayer conprising Fewn. 9. The
apparatus of claim?7, the second antiferromagnetic |ayer conprising N O
10. - A magnetic storage system conpri sing: a magnetic storage
medi um having a plurality of tracks for recording data; and a
suspensi on assenbly i ncl udi ng: a di sk access armnolnted in a
predeterm ned rel ationship to the magnetic st orage
medium the armhaving a distal end and a proximl end; and a
read head nounted to the arm proxi mate t+4-di stal end, said read head

i ncludi ng a dual spin valve sensor that conprises: a

first antiferromagnetic |ayer having nagnetic spin structure aligned
in a first direction:
- 25- a first ferromagnetic pinned | ayer abutting

the first ant I fer rrgnal%l atus Fof claim 1, the conductor Iayers each comprising Cu.

5. The épparatus of claim 1, the ferromagnetic free layer comprising NiO.
6. The apparatus of claim 1, the exchange coupling layer comprising Ru.

7. The apparatus of claim 1, further comprising a second antiferromagnetic layer abutting
the third ferr,_omagnetic pinned layer, the second antiferromagnetic layer having a magnetic
spin structure aligned antiparallel to the first direction.

8. The apparatus of claim 7, the second antiferromagnetic layer comprising FeMn.

9. - The apparatus of claim 7, the second antiferromagnetic layer comprising NiO.

10. A magnetic storage system, comprising:
a magnetic storage medium having a plurality of tracks for recording data; and
a suspension assembly including:
a disk access arm mounted in a predetermined relationship to the magnetic
storage medium, the arm having a distal end and a proximal end; and
a read head mounted to the arm proximate the distal end, said read head
including a dual spin valve sensor that comprises:
a first antiferromagnetic layer having magnetic spin structure aligned

in a first direction;



| ayer a ation direction pinned parallel to

the first the first antiferromagnetic | ayer;
a first nH "ﬁmmﬂ,:"lm ctor layer abutting the first antiferromagnetic

| ayer; a ferromagnetic free | ayer abutting the first
non- nagnetlc conductor | ayer;

a second non-magnetic conductor |ayer abutting the ferromagnetic free

| ayer; a second ferronmagnetic pinned | ayer abutting

t he second non-nagnetic - conductor |ayer and
havi ng a magneti zation direction.pinned

parallel to the first direction; “an exchange coupling
| ayer abutting the second ferronagnetic |ayer; athird

ferromagnetic pinned | ayer abutting the exchange coupling |ayer

and having a magnetization direction pinned antiparallel to the

first direction; and -25-t he exchange coupling | ayer
exhibiting a predeterm ned | evel of exchange
coupling with the second and third ferromagnetic

pi nned | ayers sufficient to pin magnetization directions of the

second and third ferromagnatfiret RiroRgghetioynbed iayerawuumrmemanufmmagnm

directions rel ative to each ot her. #gf .. The system Qlaln]ﬂ$3?3ﬁq

first antiferromagnetic |ayer cg‘ﬂfﬁ"r ﬁ@"‘?ﬂi Pmagn ization Byg FdPm

10, the ferromagnetic pinned | amrﬁstmm&pwﬂk%%%ﬂom@euc layer;

26 . afist non-magnetic conductor layer abutting the first antiferromagnetic -
layer; '

a ferromagnetic free layer abutting the first non-magnetic conductor
layer; - .

a second non-magnetic conductor layer abutting the ferromagnetic free
layer;

a second ferromagnetic pinned layer abutting the second non-magnetic
conductor layer and having a magnetization direction pinned
parallel to the first direction;

an exchange coupling layer abutting the second ferromagnetic layer;

a third ferromagnetic pinned layer abutting the exchange coupling layer
and having a magnetization direction pinned antiparallel to the

| first direction; and

the exchange coupling layer exhibiting a predetermined level of
exchange coupling with the second and third ferromagnetic
pinned layers sufficient to pin magnetization directions of the
second and third ferromagnetic pinned layers in antiparallel

directions relative to each other.
11. The system of claim 10, the first antiferromagnetic layer comprising NiO.

12.  The system of claim 10, the ferromagnetic pinned layers each comprising Co.



13.. " The system of claim10, the conductor |ayers each conprising Cu.

14. The system of claim 10, the ferromagnetic free layer conprising Ni QO
15. The system of claim 10, the exchange coupling |ayer conprising Ru.

16. The—system-of—elaim-10, further conprising a second antiferromagnetic

| ayer ab ferromagnetic pinned | ayer, the second
antiferr %m U “ uavi ng a magnetic spin structure aligned
ant i para di rection. 17. The system of claim 16, the

second antlferronagnetlc | ayer conprising FeMt’ 18. The system of claim
16, the second antiferromagnetic |ayer conprising N O 19. The system
of claim10, the magnetic storage medi um conprising a disk medi um 20.

A nethod for biasing a dual spin valve sensor that conprises: a
first antiferromagnetic |ayer having a bl ocking tenperature; a first
ferromagnetic pinned |ayer abutting the first antiferronmagnetic |ayer;

a first non-magnetic conductor |ayer abt#ting the first antiferronmagnetic

| ayer; a ferromagnetic free | ayer abutting the first non-magnetic
conductor | ayer; a second non-nmagnetic conductor |ayer abutting the
ferromagnetic free | ayer; a second ferromagnetic pinned | ayer
abutting the second non-magneti c conductor | ayer;

13.  The system of claim 10, the conductor layers each comprising Cu.
14.  The system of claim 10, the ferromagnetic free layer comprising NiO.
15.  The system of claim 10, the exchange coupling layer comprising Ru.

16.  The system of claim 10, further comprising a second antiferromagnetic layer abutting
the third ferromagnetic pimlzed layer, the second antiferromagnetic layer having a magnetic

spin structure aligned antiparallel to the first direction.
17.  The system of claim 16, the second antiferromagnetic layer comprising FeMn.

18.  Thesystem of claim 16, the second antiferromagnetic layer comprising NiO.

19.  The system of claim 10, the magnetic storage medium comprising a disk medium.

20. A method for biasing a dual spin valve sensor that comprises:
a first antiferromagnetic layer having a blocking temperature;
a first ferromagnetic pinned layer abutting the first antiferromagnetic layer;
a first non-magnetic conductor layer abutting the first antiferromagnetic layer;
a ferromagnetic free layer abutting the first non-magnetic conductor layer;
a second non-magnetic conductor layer abutting the ferromagnetic free layer;
a second ferromagnetic pinned layer abutting the second non-magnetic conductor

layer;



-27-° an exchange coupling | ayer abutting the second ferromagnetic

IaYer a third ferromagnetic pinned | ayer abutting the exchange
coupllng | ayer; t he exchange coupling |layer exhibiting a
predeterm ned |l evel of exchange coupling bet ween the second
and third ferromagnetic pinned |ayers sufficient to pin

nagnet i zat i (ﬂ“f“ Imt“'" ﬁ he second and third ferronmagnetic pinned

| ayers ively antiparallel directions; . a second
antlferronagnetlc Iayer abu ting the third ferromagnetic plnned | ayer and
havi ng a bl ocki ng tenperature; said nmethod conprising: directing a

current pul se through at | east one of the conductors and the free layer in
a first direction, the current pul se generating a predetermined |evel of

heat in t he sensor and al so generating a magnetic field,

I n response to the heat of the current pulse, the antiferromagnetic |ayers
exceedi ng t hei r bl ocki ng.ptzenper at ur es; I n response to
the magnetic field of the current pul se: orienting a

magnetic spin structure of the first antiferronmagnetic |ayer with a

second direction substantially perpendicular to the first direction;
orienting a magngh bﬁcrﬁﬂgmgmg] Y&eabitink e &%smfén@ﬁﬁf;ﬁ cgyEggnetic | ayer

W th ITd direction antlpara t’o 't he second

di rection; a third femropagnetictpinnsd ilayer pbujtieg thetexchen gﬂé@lw&lngiﬁ}’ﬁr,st ructure

of the first ant &£ é%ﬁ%n

direction, pinni nﬂgé){]gg%gr S{Iﬁlﬁlgrl%eﬁﬁ}gdrlfe ap?rnne eWIL%ltO?QX&Sﬁ&n&uplm%\n th
a magneti zati on di r ecbetemerp theadebad ami ﬂhird femunaghetitv pmned dayers sufficientitp pin
response to orienting_of magnet i ¢ in str re.qf the secand
antiferromagnetic mbgnelidiiol J%B §3b q%@“@ 9 %ﬁﬁ?“ﬂ?déﬁrﬁﬁ
the third ferromgnet i;pre[yunagdnﬁpayarel ﬂlrédhonS’ a magneti zation

direction parallel to the_third djrecti. and
P 2 second anuferromagnetfc layer al utting the third ferromagnetic pinned layer and

having a blocking temperature;
said method comprising:
directing a current pulse through at least one of the conductors and the free layer in
a first direction, the current pulse generating a predetermined level of heat in
the sensor and also generating a magnetic field;
in response to the heat of the current pulse, the antiferromagnetic layers exceeding
" their blocking temperatures;
in response to the magnetic field of the current pulse: -
orienting a magnetic spin structure of the first antiferromagnetic layer with a
second direction substantially perpendicular to the first direction;
orienting a magnetic spin structure of the second antiferromagnetic layer with
a third direction antiparallel to the second direction;
in response to orienting of the magnetic spin structure of the first antiferromagnetic
layer with the second direction, pinning the first ferromagnetic pinned layer
with a magnetization direction parallel to the second direction;
in response to orienting of the magnetic spin structure of the second antiferromagnetic
layer with the third direction, pirming the third ferromagnetic pinned layer with

a magnetization direction parallel to the third direction; and



-28-° In response to pinning of the third ferromagnetic pinned

| ayer with | zation direction parallel to the third
direction, exchange coupling |ayer pinning t he second
ferromagnetl H',mm' ",” h a magneti zation direction parall el

to the secon The met hod of claim 20, the current pul se
havi ng a duration o abouf 50- 100 nanoseconds. 22. The nmet hod of claim
20, the current pul se having a nagnitude of about 17-18 mllianperes. 23.
The met hod of claim 20, the current pul se having a substantially

rect angul ar shape. 24. A nmethod for biasing a dual spin valve sensor

t hat conpri ses: an antiferromagnetic |ayer having a bl ocking

t enper at ur e; a first ferromagnetic pinned | ayer abutting the
antiferromagnetic |ayer; a first non-nmagnetic conductor |ayer
abutting the antiferromagnetic |ayer; a ferromagnetic free | ayer
abutting the first non-nmagnetic conduct c28 ayer; a second

non- magneti ¢ conductor |ayer abutting the ferromagnetic free | ayer;

a second ferronmagnetic pinned |ayer abutting the second non-nagnetic
conduct or | ayer; an exchange coupling |ayer abutting
t he second f err oniagesionse fogpiming of the thirrhfdrfm'fagnétierpimeﬂgmt 'mithpi magtibatipg
abutting the exchange goupli

n er he .exchange co | ayer
exhi biting a predet er fiff&gn B%@l:léi%? ﬂbextéﬁgr‘l‘b" C Bum"leﬁ‘é hange o P‘Bg Iayer p en
‘the second and third fgs sesmoRRbhsznelic pitled RY&' itlh ¥ hidgaétRior dirdetibn parallel

to the second direction.

21.  The method of claim 20, the current pulse having a duration of about 50-100

nanoseconds.

22.  The method of claim 20, the current pulse having a magnitude of about 17-18

milliamperes.
23.  The method of claim 20, the current pulse having a substantially rectangular shape.

24. A method for biasing a dual spin valve sensor that comprises:
an antiferromagnetic layer having a blocking temperature; -

a first ferromagnetic pinned layer abutting the antiferromagnetic layer;

a first non-magnetic conductor layer abutting the antiferromagnetic layer;

a ferromagnetic free layer abutting the first non-magnetic conductor layer;

a second non-magnetic conductor layer abutting the ferromagnetic free layer;

a second ferromagnetic pinned layer abutting the second non-magnetic conductor
layer;

an exchange coﬁpling layer abutting the second ferromagnetic layer;

a third ferromagnetic pinned layer abutting the exchange coupling layer;

the exchange coupling layer exhibiting a predetermined level of exchange coupling

between the second and third ferromagnetic pinned layers sufficient to pin



-29-° magneti zation directions of the second and third
feTromagnetlc pi nned | ayers in relatively antiparallel

d" recti ons————— wherein the second and third ferromagnetic pinned | ayers

relative to each other; said nethod

ave uneq hlcknesses
corrprl sin "mumi wmung a current pul se through at | east one of the
conduct or yer in a first "direction, the

current pulse generatlng a predeterm ned | evel of heat in t he
sensor and al so generating a magnetic field; -- in response to the heat
of -the current pulse, the antiferromagnetic | ayer exceeding its

bl ocki ng tenperature; in response to the magnetic field of the
current pulse, orienting a nagnetic spin structure of the’
first antiferromagnetic |layer with a second direction

substantially perpendicular to the first direction; I n response to

orienting of the magnetic spin structure20f the first antiferromagnetic
| ayer with the second direction, pinning the first ferromagnetic pinned
| ayer with a magnetization direction parallel to the second
di rection; applying an external magnetic field to the second and

third ferromagnetic pimagfdtization directions of tHeA$éCérl ankd/thirdfgiogiagheticl pituiéd 18)en
oriented in one of the follow ng_directjons parallel to the

second direction, or almtTelstively patiparalle] disectigb%nd direction; and in
response 10 the eyheritlhe TGRS tite EkborREARHcAntEAARRE Bk B BEAkERES
of the second and third ferromagnetic pinned |ayers in
opposite d| rect i ons t orelsgigpito each other; ot her. 25. The net hod of
cl aim 24, r&ﬁ&ﬁhﬁﬂ i.ng of magnetization directions of the second and
third ferro gné? pin e ayers conpri ses:

dn'ectmg a current pulse through at least one of the conductors and the free layer in

-u_

a first direction, the current pulse generating a predetermined level of heat in
the sensor and also generating a magnetic field;

in response to the heat of the current pulse, the antiferromagnetic layer exceeding its
blocking temperature;

in response to the magnetic field of the current pulse, orienting a magnetic spin

- structure of the first antiferromagnetic layer with a second direction

substantially perpendicular to the first direction;

in response to orienting of the magnetic spin structure of the first antiferromagnetic
layer with the second direction, pinning the first ferromagnetic pinned layer
with a magnetization direction parallel to the second direction;

applying an external magnetic field to the second and third ferromagnetic pinned
layers, the magnetic field being oriented in one of the following directions
parallel to the second direction, or antiparallel to the second direction; and

in response to the external magnetic field, pinning magnetization directions of the
second and third ferromagnetic pinned layers in opposite directions to each

other.

25.  The method of claim 24, wherein the pinning of magnetization directions of the

second and third ferromagnetic pinned layers comprises:



-30; 7 pi nni ng a magneti zation direction of a thicker one of the

setond and t hi ferronagnetlc pi nned |l ayers in a direction
paraIIeI toth t er nal field, in response to
pi nni ng. of the7 " etlc pi nned | ayer, t he exchange

coupling |ayer mr er ferromagnetic pinned layer with a
magneti zation di rect n 'ant8| allel to the external magnetic field. 26.

The net hod of claim 25, the external magnetic field being oriented in the
second direction, the second ferronmagnetic pinned | ayer being thicker than
the third ferromagnetic pinned |ayer. 27. The nethod of claim?25, the
external magnetic field being oriented antiparallel to the second
direction, the third ferromagnetic pinned | ayer being thicker Thai the
second ferronmagnetic pinned |ayer. 28. The nethod of claim 24, the
current pul se having a duration of about 50-100 nanoseconds. 29. The
met hod of claim 24, the current pul se ha%-ng a magni t ude of about 17-18
m || iamnperes. 30. The met hod of claim 24, the current pul se having a -
substantially rectangul ar shape.
pinning a magnetization direction of a thicker one of the second and third
ferromagnetic pinned layers in a direction parallel to the external magnetic
field; o
in responsé to pinning of the thicker ferromagnetic pinned layer, the exchange
coupling layer pinning the thinner ferromagnetic pinned layer with a

magnetization direction antiparalle] to the external magnetic field.

26. The method of claim 25, the external magnetic field being oriented in the second
direction, the second ferromagnetic pinned layer bieing thicker than the third ferromagnetic
pinned layer. l

27.  The method of claim 25, the external magnetic field being oriented antiparallel to the
second direction, the third ferromagnetic pinned layer being thicker than the second

ferromagnetic pinned layer.

28.  The method of claim 24, the current pulse having a duration of about 50-100

nanoseconds.

2_9. The method of claim 24, the current pulse having a magnitude of about 17-18

milliamperes.

30.  The method of claim 24, the current pulse ha;\ring a substantially rectangular shape.



