MAGNETI C DEVI CE W TH | MPROVED ANTI FERROVAGNETI CALLY COUPLI NG FI LM

TECHNI CAL FIELD 5 This invention relates to nagnetic devices that use
ferromagnetic | ayers exchange coupled antiferromagnetically by an
antiferromagnetically coupling (AFC) film These devices include nmagnetic
recordi ng di sks, magnetoresistive read heads based on the giant

magnet oresi stance (GWR) effect, and nagnetic tunnel junction (MIJ) devices
for use as MAGNETIC BEVIGE Y¢ITH IMRROVFDR ANHFERROMAGNETICGAELY10 Thi s
application clains the nagneti c dsOUPEING FHQVIet or esi stive read heads and
MIJ devices, and a co-pending concurrently filed application clains the
magneti c device as a magnetic recording di sk. BACKGROUND OF THE | NVENTI ON
15 A nmagnetic recording di sk thaTEGERNCAL FIESEY two ferromagnetic |ayers

ted b .AFC. fil i d L bed. i u. S. tent 6,280, 813, which i
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crystalline structure as the cobalt erTal 1h e

f er r onaglericecinchyle nsagaetic feasrditpalisits; magiesdresistperreadhends basedenaheiglanng. 20 A
spin-valve (SV) GWRr head is,a sandw ch_strycture conprising two
uncoupl WM%%H&&%) %f@é% and ggneticdpnng) juncHem Rdevices doriite g

el ectri : ' . Legl |y copper (Cu), in which the
nagneti(zhg% gtﬁggil%g@ﬁ#%% gag e%#%g%ﬁ%ﬁﬁﬂg@bne of the ferromagnetic

| aydfs is fi Xeds applioatioreclainyithé maphaicrdegite tab ArRaphétoredistiecicad heads ahd T ee or

sensi ng fe_rromagnetic | ayer is free to rotate. The basic SV |
magnet ordE¥icss, japd a sarpspding sononsreglly, Sledpplication cliimptheaneenstio devisoes a

magnetic recording disk.

BACKGROUND OF THE INVENTION
15 A magnetic recording disk that uses at least two ferromagnetic layers separated by an
AFC film is described in U.8. Patent 6,280,813, which is incorporated herein by reference.

Ruthenium (Ru) is the preferred material for the AFC film because it has the same
hexagonal-close-packed (hcp) crystalline structure as the cobalt (Co) alloy material in the
ferromagnetic layers and has the strongest reported exchange coupling.

20 A spin-valve (SV) GMR read head is a sandwich structure comprising two uncoupled
ferromagnetic layers separated by a nonmagnetic metallic electrically conducting spacer layer,
typically copper (Cu), in which the magnetization direction (magnetic moment) of one of the
ferromagnetic layers is fixed or pinned, while the magnetization direction of the free or
sensing ferromagnetic layer is free to rotate. The basic SV magnetoresistive sensor is

25  described in U.S. Patent 5,206,590.

A magnetic tunnel junction (MTJ) device has two ferromagnetic layers separated by a
nonmagnetic electrically insulating layer, called the tunnel barrier layer, which is typicaily
formed of alumina. One of the ferromagnetic layers is a pinned layer whose magnetization

direction is oriented in the plane of the layer but is fixed or pinned so as not to be able to
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A magnetic tunnel junction (MIJ) device has two ferromagnetic | ayers
separated by a nonnmagnetic electrically insulating |ayer, called the
tunnel barrier layer, which is typically fornmed of alum na. One of the
ferromagnetic layers is a pinned | ayer whose nmagnetization direction is
oriented in the plane of the layer but is fixed or pinned so as not to be
able to -t rotate in the presence of an applied magnetic field. The pinned
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adj acent .antiferro netic layer, ile the fre ferromagnetic | ayer has
s g S B e ey kg ik op St pUERRmBEIE 15T Halo bl e

Iayer'sfgﬁ‘cﬁm lefia i |k Enhd tih&iteliseld ] ltthqf;‘,f :

per pendi cu aﬁﬂfa’?tkll%ﬂg%lt he %ﬁlﬂﬁ%hl gdtulteng t%d nee%ggét"rﬂl%enr aygrté’geaelrrllncisé1 on

t he rel dayersnmagaetizatiamtireniodi The turmelngturtdne thavlows perpendiguleily thrbagteths. MIJ
devi ces .have, appli igtipn for use as _nenory cells in nmagnetic _ nmenor

arr ays amﬂaéglg% arriss layer dependsn the selativemagighization cki%e@?@i of ghesena ges.

Substt ¢ APGHAGGRE iaels; MES BRACesHale MIolichFos 6 ARAS oRGRdly LI il o, ¢
Wi th a Ingthergtatdysindmirtighetidesisdive réadi ieadd inandghetiorseariiid devides s

antiferromagnetically exchange coupled to one another in an antiparallel
ori entation bhhestV pragnetpregistivehsensorani MT bdeviee have been imprevergtat substitution i gi d
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strong antiferromagnetic coupling in the limt of
incorporated herein by reference. The MTJ device has also been improved by substitution of
15  this type of laminated structure for the free and pinned layers, as described in U.S. Patents

5,841,692 and 5,966,012, which are incorporated herein by reference.

Ru is also the preferred material for the AFC film in these laminated structures used in
SV sensors and MTJ devices. Ru exhibits strong antiferromagnetic coupling in the limit of
very thin AFC films and very strong antiferromagnetic coupling between cobalt (Co), cobalt-

20  iron (Co-Fe) and nickel-iron (Ni-Fe) ferromagnetic films, which form the pairs of antiparallel
oriented ferromagnetic films in these laminated structures.

For some magnetic device applications it is desirable to increase the antiferromagnetic
exchange coupling strength above that achieved by Ru. This is the case for magnetic
recording disk applications where it is known that higher moment alloy ferromagnetic layers

25  lead to stronger antiferromagnetic exchange coupling. Thus one approach to increase the
exchange coupling in magnetic recording disks is to add high moment ferromagnetic material
at the interfaces of the AFC film with the ferromagnetic tayers. However, this approach

requires additional layers in the disk and can also increase the intrinsic media noise.




very thin AFC filns and very strong antiferromagnetic coupling between
cobalt (Co), cobalt 20 iron (Co-Fe) and nickel-iron (N -Fe) ferromagnetic
films, which formthe pairs of antiparallel oriented ferromagnetic filns
in these | am nated structures. For sone magnetic device applications it is
desirable to increase the antiferromagnetic exchange coupling strength
above that achieved by Ru. This is the case for magnetic recording disk
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accompanying figures.

BRIEF DESCRIPTION OF THE DRAWING
15 Fig. 1 is a schematic of a prior art AFC magnetic recording disk with an Ru AFC film.

Fig. 2 is an M-H hysteresis loop for an AFC magr.letic: recording disk like that in
Fig. 1.

Fig. 3 is a schematic of a prior art SV magnetoresistive sensor with laminated
antiferromagnetically coupled free and pinned ferromagnetic layers.

20 Fig. 4 is a schematic of a prior art MTJ device with }Jaminated antiferromagnetically
coupled free and pinned ferromagnetic layers.

Fig. 5 is a graph comparing coercivities for AFC magnetic recording disks made with a
prior art Ru AFC film and with the Ru-Fe alloy AFC films of the present invention, with
various atomic percentages of Fe.

25
DETAILED DESCRIPTION OF THE INVENTION
Prior Art Antiferromagnetically Coupled Magnetic Recording Disk

Fig. 1 shows the prior art antiferromagnetically coupled magnetic recording disk 10
with two ferromagnetic films 12, 14 separated by an AFC film 16. The ferromagnetic
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15 Fig. 1 is a schematic of a prior art AFC nmagnetic recording disk with an
Ru AFC film Fig. 2 is an MH hysteresis |oop for an AFC nmagnetic
recording disk like that in Fig. 1. Fig. 3 is a schematic of a prior art SV
magnet oresi stive sensor with lamnated antiferromagnetically coupled free
and pinned ferromagnetic layers. 20 Fig. 4 is a schematic of a prior art
MIJ device with lam nated antiferromagnetically coupled free and pinned
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Fig. 2 shows the major hysteresis loop for an antiferromagnetically coupled magnetic
recording disk like that depicted in Fig. 1. The pairs of horizontal arrows indicate the
orientation of the ferromagnetic films 12, 14 at different points in the hysteresis loop. The
applied field is increased in the positive direction (arrows 30, 32). For large applied fields, the

15 antiferromagnetic coupling is overcome and the moments of the two ferromagnetic films 12,
14 are both parallel to the applied field (arrows 42, 44). As the applied field is reduced
(arrow 34) the moment of the thinner bottom ferromagnetic film 14 reverses and becomes
antiparallel to the moment of the thicker top ferromagnetic film 12 (arrows 52, 54) and to the
applied field, resulting in a drop in the net moment. This switch occurs roughly at the

20 exchange field (H,,) felt by the bottom film 14 arising from the coupling across the Ru AFC
film 16. For an antiparallel alignment of the ferromagnetic films 12, 14 to be realized requires
that the exchange field exceed the coercive field required to reverse the magnetization of the
bottom ferromagnetic film 14,

The antiferromagnetically coupled films 12, 14 with AFC film 16 may also be

25  incorporated into a laminated antiferromagnetically coupled magnetic recording disk, as
described in published U.S. patent application US 2002/0098390 A1, which is incorporated
herein by reference. In the case of such a laminated disk a nonmagnetic spacer film that does
not provide antiferromagnetic coupling is located on top of the upper ferromagnetic film 12

and a third ferromagnetic film is located on top of this spacer film.
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reduce the nmagnetic nonent of the conposite |ayer 10. The arrows 22, 24
represent the nonent orientations of individual magnetic donains that are
directly above and bel ow one 10 another across the AFC film 16. Fig. 2
shows the major hysteresis loop for an antiferromagnetically coupl ed
magnetic recording disk |like that depicted in Fig. 1. The pairs of

hori zontal arrows indicate the orientation of the ferromagnetic filnms 12,
14 at different points in the hysteresis |oop. The applied fieldis

i ncr easeﬂi n ige. S&al ti ée di rechi og I&arrows 30, 32). For |arge applied
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t he t hi Merombgridtiofilinems bothghefrecarid pimddiferremmapnaic layeds sahown Scheanidticaldy al | el

to the nonent, of the thicker_top. ferro netic film12 (arrows 52, 54) and
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t [ ] oh f . ilm14
oceurs  HBkY ! ThO BB BORRIRIARRLL hideob oo flipRVeh iR RREL | 1 14
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t he exchange field exceed the coercjve field required to reverse the
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2002/ 0098390 Al , ich is incorporated herein by reference. In the case of

such a |aharmanterromagnetic metatisgnaterials sithdugh ¢lestrical sandustizity, suoh apsiber de
1 m 12 CHRERRt A B P aesn et it PRaBd F R o T 848 Bacer
film - 4aminated structure that comprises a first ferromagnetic film 72 directly on the Cu spacer
layer 65, a Ru AFC film 73 deposited onto the first film 72, and a second ferromagnetic
15  film 74 on the Ru AFC film 73. The two pinned ferromagnetic films 72, 74 are deposited in

the presence of an applied magnetic field rotated approximately 90 degrees from the field
applied during the deposition of the free ferromagnetic layer 90. An antiferromagnetic iron-
manganese (Fe-Mn) film 66 is deposited on the second film 74 to exchange couple with the
second film 74. Other suitable antiferromagnetic layers include Ir-Mn, Pt-Mn, Pd-Mn and
20 Ni-Mn. Finally, a capping layer 67 is formed over the Fe-Mn film 66. Suitable capping
materials are high resistivity materials, such as Ta, zirconium (Zr), alloys of Cu and Au, or
various oxides
Fig. 3 also illustrates schematically the means for connecting the sensor to sensing
circuitry in the magnetic recording system. Electrical leads 80 are provided to form a circuit
25  path between the sensor and a current source 82 and a sensing means 84. As is well known in
the art, additional sensor elements, such as transverse and longitudinal bias layers (not
shown), may be required to provide an optimal sensor response circuit. A magnetic signal in
the recording medium is sensed by the sensing means 84 detecting the éhange in resistance of

the sensor as the magnetization direction of the laminated free ferromagnetic layer 90 rotates
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Prior Art Spin Val ve Magnetoresistive Sensor The SV magnetoresistive sensor
with | am nated antiferromagnetically coupled ferromagnetic filns as both
the free and pinned ferromagnetic layers is shown schematically 5 in Fig.
3. The structure has a filmof tantalum (Ta) as a buffer |ayer 62 forned
onto a substrate 61. The |am nated free ferromagnetic |ayer 90 conprises
ferromagnetic NiFe (permalloy) filns 92, 94 separated by a Ru AFC film 93.
Fer r omagektive td thefixed yagaetidation dirediimnrof theeglaminatedpimeett ferratriagnetit layer 70 in

antiparallel, as sho respectively by arrow.95 into the paper and arrow
56 ot JESHe [uibe APPIdchadnee pEnel T BT « ho ©roe | ayer 90 Lo
serve as 10 t tg%urﬁ r et | & : | | ve
structure. V%?Fee llﬁgs sgoe\m“?%g?g@%éhgh@gﬁgﬁﬁgg%g@%ha tgﬁtlng' (ﬁn%%cg?%{% S
w t h hi ghdehted by iafreivs G618 e¢spectively. STteandparalléhatisnmeftoyf thgmbshendof theand

their_ alloys, can_be used. The pinned ferromagnetic |ayer 70 is also a
| ami Rat etamstislm;c?@u?% lst‘ﬁ-‘S'tto Ssrantifaromagnetic equpfigg ﬂaﬁa@h@ﬁﬁy AFCRAMT i rect 1y

on the (of = AP . ' | t first film
72, and%léecég%ooﬁ{&h P& r%?rrggﬁg? ?Ec%%&ﬁffﬁ%%h&/ﬁ%ﬁs‘fﬁgaﬁﬂhﬁag?’. ’flan%;a% The two

pi nned fwbstaintdiyahé sanhé thigknés3, thédnameticparhtsed each oftthe filhesaioeleeacl other
applied magnetic field rotated approximately 90 degrees fromthe field

appl i ed tiibere icessapiatly mp et Bagtctis monent inthedamingtedininnegd Jeyer 36. Thys,

antiferr net i G. it QN- n Fe- fi 6..1S hte n the
second R sspaldmBeEs ARG 07 stithued b Rt I 0 ERUBD 0T b e
ant fger rasBRHe Fekl toafREStht Aikitid Jfthd\iet maBhetd momMent\T tROAmARatA frdé.
Finally, a capping |ayer 67 is forned over the Fe-M film66. Suitable
cappi ng ferramegnesicsayer 80hi gh resistivity materials, such as Ta, zirconium
(Zr), alloys of Cu and Au, or various oxides Fig. 3 also illustrates
schematically the neans for connecting the sensor to sensing circuitry in

t he magr@idrAk BERnelidBuiies heidtiokEDReicki cal | eads 80 are provided to forma
circuit

A MTI device is shown in Fig. 4. A laminated fixed ferromagnetic layer 118 is

15 comprised of a sandwich of two ferromagnetic films 200 and 225 separated by a
nonferromagnetic Ru AFC film 210 which couples the ferromagnetic films 200 and 225
antiferromagnetically such that the magnetic moments of films 200 and 225 are arranged
antiparallel to one another. The two ferromagnetic films 200 and 225 in the laminated fixed
ferromagnetic layer 118 have magnetic moments that are antiparallel due to the

20 antiferromagnetic exchange coupling through the antiferromagnetically coupling film 210.
Because of this antiferromagnetic coupling, and because the two ferromagnetic films 200, 225
can be made to have substantially the same thickness, the magnetic moments of each of the
films essentially cancel each other so that there is essentially no net magnetic moment in the
fixed ferromagnetic layer 118. Thus, there is essentially no magnetic dipole field generated by

25  the fixed ferromagnetic layer 118, and thus no magnetic field to affect the direction of
magnetization of the free or sensing ferromagnetic layer 132. Because it is not possible to
precisely form each of the films to the exact same thickness, the net moment of the fixed
ferromagnetic layer 118 will likely be a small but nonzero value as a natural result of the

normal deposition process. The lower ferromagnetic film 200 is deposited on the




25 path between the sensor and a current source 82 and a sensing neans 84.
As is well known in the art, additional sensor elenents, such as transverse
and | ongi tudi nal bias |layers (not shown), may be required to provide an
opti mal sensor response circuit. A magnetic signal in the recordi ng nmedi um
I's sensed by the sensing neans 84 detecting the change in resistance of

the sensor as the magnetization direction of the lamnated free
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70, and thus no, 10 magnetic field to affect the direction of the net
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freg
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and 2251 am-na
However, when the MTJ device is used as a magnetic memory cell, the moments of the

ferromagnetic films in each of the laminated ferromagnetic layers 118, 132 will be aligned

15 antiparallel with one another, but the moments of the free ferromagnetic films 245, 270 will
rotate together as a rigid unit so that the net moment of free ferromagnetic layer 132 will be
either parallel (arrow 280) or antiparallel (arrow 281) to the net moment (arrow 282) of the
fixed ferromagnetic layer 118,

20  Preferred Embodiments
The present invention is a magnetic device like those described above, but wherein the

AFC film is formed of a Ru-Fe alloy. The structure of an AFC magnetic recording disk is
typically

25 substrate \ seed layers \ underlayers \ ferromagnetic layer 1 \ AFC film \ ferromagnetic
layer 2 \ overcoat.

The use of a Ru-Fe alloy as the AFC film substantially increases the exchange coupling
strength between the two ferromagnetic layers.

-7-




ferromagnetic |ayer 118 have nmagnetic nonents that are antiparallel due to
the 20 antiferromagneti c exchange coupling through the
antiferromagnetically coupling film210. Because of this antiferronagnetic
coupling, and because the two ferromagnetic filns 200, 225 can be nade to
have substantially the same thickness, the magnetic nonments of each of the
filnms essentially cancel each other so that there is essentially no net
magnet i ¢ mongfar anmllohemesEexslaséwer@ﬁghet(wbeﬂealyewbmans dénots atbhee percent),

d.by 25 the f
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it is not possible to precisely formeach of the filns to th exact “sane
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anti f er nopm. %&m Ri asi ng for
film 200 so ment o@?%%ﬁ%@@%%&%‘gﬂﬁ%%r om rot at ion in the
presence of aFlgB@si&iwsa:oéromﬂesasatﬂuactmnacrfg@(bﬁlmrﬁheh&ss forBecsnigeauréi | m 225 is

antiferromagnetically coupled to film200 it too is prevented from
rotation. 5 Sim'larly the free ferromagnetic layer 132 is conprised of two

;iel”oggg”m} strdl &Rﬂc@ﬂ \fﬁﬁ&?ﬁﬁeﬁﬁ ﬁ;&gg&gﬁ\gfg@ﬁﬂfﬁﬁ%%&s?&sﬁm
antiferromg 5??@3&@” l‘?’ﬁrgﬁg dg?/‘f the lamnated fixed 118

and free 132 ferrorragnetlc | ayers are separat ed by the nonmagnetic spacer

120, whigp Hl%hetr Qgeﬂcﬂ?l’i Bt the Qisks HARe 8%%1-?& céxrﬁ 42d t0'Ru Fo40itS fbindin HI#‘EEP head.

al um na. VWenh the MIJ eV| ce Is used as a nagn tore5| stive recordi
t he magreuplingsirangthsprovided by therRwhadibét film.f Thevadvantagespfiighiehe fi xed and
free antiferromagnetic exchange coupling strength include the potential to increase the Mrt of the
15  bottom ferromagnetic layer and increased flexibility in using lower moment ferromagnetic
layers in contact with the AFC film.

The composition range for the improved AFC film is Ru,g.xFex, where x is between
approximately 10 and approximately 60 atomic percent. This alloy interlayer increases the
exchange coupling by up to a factor or two and has an hcp crystalline structure so as to be

20 compatible with existing disk structures. The lower end of this range is that atomic percent of
Fe where the increased exchange coupling is first noticeable, and the upper end of this range is
where the Ru-Fe alloy becomes ferromagnetic and/or loses its hep crystalline structure.

Figs. 2 and 3 show magnetic devices where both the free and fixed ferromagnetic
layers can be made with the laminated structures according to the present invention.

25 However, it is within the scope of the present invention that either one or the other of the free
and fixed ferromagnetic layers can be the laminated structure.

While the present invention has been particularly shown and described with reference
to the preferred embodiments, it will be understood by those skilled in the art that various

changes in form and detail may be made without departing from the spirit and scope of the
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ferromagnetic layers wll have the orientations as shown in Fig. 3 for the
SV GWR head. However, when the MIJ device is used as a magnetic nenory
cell, the nonents of the ferromagnetic filns in each of the |am nated
ferromagnetic layers 118, 132 will be aligned 15 antiparallel wth one
anot her, but the nonents of the free ferromagnetic filns 245, 270 wl|
rotate together as arigid unit so that the net nonent of free

f er r onaginetntionl aweordidgily vihé Hisdesedeihtfd?maionﬁatodid @insidered oner@$ @} ilbustrative and
antiparallel (arrow 281) to, net no (arrow 282) of the fixed

f er r onaghfBitedin sgopg only gs spasi FfrdéFél?eraé’@e IMEnt s The present invention is
a magnetic device |like those described above, but wherein the AFCfilmis
formed of a Ru-Fe alloy. The structure of an AFC magnetic recording disk is
typically 25 substrate \ seed |ayers \ underlayers \ ferromagnetic layer 1
\ AFC film\ ferromagnetic |ayer 21 overcoat. The use of a Ru-Fe alloy as
the AFC fil msubstantially increases the exchange coupling strength
between the two ferromagnetic layers. -7 For an alloy of Ru65Fe35 as the
AFC film (where the subscripts denote atom c percent), the exchange field
(HeX) acting on the bottom ferromagnetic |ayer was neasured to be 2750 Ce
conpared to 1575 Ce for a pure Ru AFC when using the sane ferromagnetic
al l oys and thicknesses for ferromagnetic layers 1 and 2. By referring to
Fig. 2it will be appreciated 5 that the higher Hex neans that a thicker
and/ or higher coercivity material can be used for the bottom ferronmagnetic
| ayer. In addition, the resulting structure will be nore stable. Fig. 5
shows coercivities as a function of AFC filmthickness for the structure
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substrate\ Cr Ti 501RUA11Cr Ti 20\ ferromagneti c¢ | ayer CoCr101AFC filmof Ru or
Ru65Fe35\ 10 ferromagnetic |ayer CoPt12Cr1bB91 overcoat CNx. The hi gher
coercivity for the disks nade with Ru-Fe conpared to Ru results fromthe

hi gher coupling strength provided by the Ru-Fe AFC film The advant ages of
hi gher antiferromagneti c exchange coupling strength include the potenti al
t 0 i ncr eadmat kecldihiedds: t he 15 bottom ferromagnetic | ayer and increased
flexibility in using | ower nonent ferronagnetic layers in contact with the
AFC film The conposition range for the inproved AFC filmis Ruloo. xFe,,,
wher e X bs Deteen AGRRREN ARKE bk Bl AR VAR Elrim SRR TR _Per Cent
This alloy intérlayer ™ncreases t exchange coupl 1 ng up'to a factor or
two and has _an hcp ¢rystalline structure so as,to be 2Q atj.ble with

exi sting i arrosRaRaE el SOuRIRR.Aq QRO arwntgferr%ﬁ@%wpgaﬁﬁf@fm RpHin
percent of Fe where the increased exchange coupling is first noticeable,
and the Upeated btwear the lfirst and sepond serrashagnetic filmRhFantiferrayagneticatlysoupling
ferromagnetic and/or |oses its hcp crystalline structure. Figs. 2 and 3
show Wgrﬁﬁ&iﬁ’%ﬁﬂrﬁ@&oﬁ&?ﬂ%%ﬂbﬂsh@ Biggipa)d fixed ferromagnetic |ayers
can be made with the | am nated structures according to the present

i nvention. 25 However, it is within the scope of the present invention that
either one or the other of the free and fixed ferromagnetic |ayers can be

the | am nated strucjure. Wile the present inyention, has en particularly
shown and descri bed ‘fW‘qeé’fféﬁé"ﬁgeWﬁetrﬁmteﬁ@ %ﬁ%?‘gw&ﬂdé‘??%a?‘?@?ﬁ%g,m?? will
be understood by those skilled in the art that various changes in form and
det ai | ndiinisas framhed wf amalley ehapprisingfgo.f rom t he spirit and scope of the -8
i nvention. Accordingly, the disclosed invention is to be considered nerely

as illustrative and limted in scope only as specified in the appended
cl ai ns.

3. The device according to claim 1 wherein the alloy comprising Ru and Fe is an
alloy consisting essentially of Ru and Fe and having a composition Ru,g.xFex wherein x is

between approximately 10 and approximately 60 atomic percent.
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-9 What is clainmed is: I . A magnetic device conprising first and second
ferromagnetic filns antiferromagnetically coupled to one another and an
antiferromagnetically coupling film |ocated between the first and second
ferromagnetic filns, the ntiferromagnetically coupling filmbeing fornmed
of an alloy conmprising Ru and Fe. 2. The device of claim| wherein each of
the first and second feffomagnetic filnms is formed of an alloy conprising
Co. 3. The device according to claiml|l wherein the alloy conprising Ru and

Fe is an allqy conpicsdevite oFeh@ntl ftther @mpRdingand Fe and having a
conposition Rujoo."Fe" wherein x is between approximately 10 and

Comprising: . & DonReEererplahTRte: vty & et EEn el Bl 11 e

in a preferred direction in the absence of a nmagnetic field in the range
of i nt er elitectien ythe absepegpfeymagnetic figldin theiange of inderesignet i ¢ nonent free to
rotate relative to the nonment of the pinned ferromagnetic |ayer in the

presence of a afagnfetromagneticdayen hhviag ita npenetic momertr fecet tp retatd ralativetrethnet i c
spacer |ayer |ocated between and in contact with the pinned and free

ferromag riﬂ&hem:o%n% ﬁhn&i‘fé'rr\ﬁﬂﬁgngéti& 18fer kS r&Rfceds atxﬂﬁ‘gnfeilié geldandhd faie of

ferromagnetic | ayers conpris the antiferromagnetically coupled firrst and
second fertror’rggfnl tic films and the antiferromagnetically coupling film 5.
The devi ¢B<EF im4 wherein the magnetic device is a spin valve

a nonmagnetic spacer layer located between and in contact with the pinned and free
ferromagnetic layers; and wherein at least one of the fixed and free ferromagnetic layers
comprises the antiferromagnetically coupled first and second ferromagnetic films and the

antiferromagnetically coupling film.

5. The device of claim 4 wherein the magnetic device is a spin valve
magnetoresistive sensor and the nonmagnetic spacer layer is formed of a metallic electrically

conducting material.

6. The device of claim 4 wherein the magnetic device is a magnetic tunnel

junction device and the nonmagnetic spacer layer is formed of an electrically insulating

material.




magnet or esi stive sensor and the nonnmagnetic spacer layer is fornmed of a
netallic electrically conducting material. 6. The device of claim4
wherein the magnetic device is a magnetic tunnel junction device and the
nonmagneti c spacer layer is formed of an electrically insulating material.
-11 7. A magnetoresistive spin valve sensor conprising: a substrate; a
fixed ferromagnetic |ayer forned on the substrate and having its

magneti zation direction pinned in a preferred direction in the absence of
an applied magpeti cAfhsdfdiordsiftRR ¥pBRIVeGe®Rr 8bmbfisiggect ri cal 'y conducting
spacer layer in contact-wth the Tixed ferromagnetic |ayer; and a free
ferromagnetic |layer in contact with the spacer |layer and having its

magnet i zati on ﬂ?ﬁ@@?&on free to rotate relative to the magnetization
direction of the fixed ferromagnetic |ayer; and wherein at |east one of
the fixed and & fived famomagneficdeyer formesran the substratecand hayiag ity mpenedention
ferromagnetic filns antiferronmagnetically coupled to one another and an
ant i f er r odiegtioh ipiitied ¥n & pryférredaifeclion inchabbgnbed fumcappliedimapnatizrfiddt with the
first and second ferromagnetic filnms and having a thickness sufficient to
couple the fir : gnﬁﬁ' iol ek i

magneti c rmrren%}slo%{rql n?g anltl‘lg gg‘?g?? I tgﬁcgfr#g Sggcr%?ﬁg ﬁe{oﬁ‘g& ith ¥ fixed
antiferro netically coupling filmbeing formed of a material consisting
essentialgsgﬁwgﬁﬂmgﬁéﬁﬂ? nd having a conposition RulOO,,Fe,, wherein x is

bet ween approximately 10 and appr oxi matt.ele{1 60 atom c percent. -12
a free ferromagnetic layer in contact with the spacer layer and having its

magnetization direction free to rotate relative to the magnetization direction of the fixed
ferromagnetic layer; and wherein at least one of the fixed and free ferromagnetic layers
comprises first and second ferromagnetic films antiferromagnetically coupled to one another
and an antiferromagnetically coupling film located between and in contact with the first and
second ferromagnetic films and having a thickness sufficient to couple the first and second
ferromagnetic films together with their magnetic moments oriented antiparallel to one
another, the antiferromagnetically coupling film being formed of a material consisting
essentially of Ru and Fe and having a composition Ru;e<Fex wherein x is between

approximately 10 and approximately 60 atomic percent.
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8. A magnetic tunnel junction device conprising: a substrate; a fixed
ferromagnetic |ayer having its magnetization direction fixed in a preferred
direction in the absence of an applied magnetic field; an insulating tunnel
barrier layer in contact with the fixed ferromagnetic |ayer; and a sensing
ferromagnetic |layer having its magnetization direction free to rotate
relative to the magnetization direction of the fixed ferromagnetic |ayer
and in contact with the insulating tunnel .barrier |ayer; and wherein at

| east one of tge fixqfagiRfc aﬁﬂgjjﬁggﬁd‘nq&,mgﬂl?ﬁgﬁ# ayers conprises first
e

and second ferromagnetic filnms antiferromagnetically coupled to one

anot her and an args'trftgrronagnet ically coupling filmlocated between and in
contact with th&PF*€t and second ferromagnetic filns and having a

t hi ckness sufficient to couple the first and second ferfomagnetic filns

t oget her with & Hed ferromegnetic layardaying “ér"?%ﬁ?%@“&ﬂfllrﬁ(&lfo&lfi@d 118 ps¢ferrediot her

the antiferromagnetically coupling filmbeing formed of a nateri al
consi st i ndjireetior iri thalabyenoé ofan applic&magneticiiieldng a conposition Rulo Fex
wherein x is between approximtely 10 and approxi mately 60 atom c percent.
-13 an insulating tunnel barrier layer in contact with the fixed ferromagnetic layer; and
a sensing ferromagnetic layer having its magnetization direction free to rotate relative
to the magnetization direction of the fixed ferromagnetic layer and in contact with the
insulating tunnel barrier layer; and wherein at least one of the fixed and sensing
ferromagnetic layers comprises first and second ferromagnetic films antiferromagnetically
coupled to one another and an antiferromagnetically coupling film located between and in
contact with the first and second ferromagnetic films and having a thickness sufficient to
couple the first and second ferromagnetic films together with their magnetic moments
oriented antiparallel to one another, the antiferromagnetically coupling film being formed of

a material consisting essentially of Ru and Fe and having a composition Ru,;g<Fex wherein x

is between approximately 10 and approximately 60 atomic percent.




