2 0 FEB 2006 MAGNETI C DEVI CE W TH | MPROVED ANTI FERROVAGNETI CALLY zﬁﬁgﬁmeG
FI LM TECHNI CAL FIELD 5 This invention relates to magnetic devices
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 or esi stance (GWR) effect, and nagnetic tunnel junction (MIJ) devices
for use as MFMWE BEVIOE vﬁm IMPROVEDEANTEFERROMAGRETIEAL Y10 This
application claims the nmagnetic ¢QygpE etoresistive read heads and
MIJ devices, and a co-pending concurrently filed application clains the
magneti c device as a magnetic recording disk. BACKGROUND OF THE | NVENTI ON
15 A magnetic recording disk thafECHRICAL FIERBE two ferromagnetic |ayers.
separated by an AFC filmis described in US. Patent 6,280,813, which is
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Sensi ng ferronma ayer to rotate. asl c magnet oresistive

sensor ideviés, dnd & copenkding cohchrremidy filet! applifaGobh BRimthemypatiicdéviceasla j uncti on
(MrJ), device has tmo ferromagnetic | ayers separated by a nonmagnetic

el ect'ri dpagngti resonding ¢i8k-| ayer, called the tunnel barrier layer, which is
typically fornmed of alumna. One of the ferromagnetic layers is a pinned

| ayer whose magnetization direction is oriented in the plane of the |ayer
but is fixed or pinned soBsCRGROUNDORBRTHE INVENTION

15 A magnetic recording disk that uses at least two ferromagnetic layers separated by an
AFC film is described in U.S. 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 typically
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



-1 2 0 FEB 2006 rotate in the presence of an applied nmagnetic field. The

pi nned ferromagnetic |ayer may be pinned by interface exchange bi A§iFRR 2806t h
an adjacent antiferronmagnetic |layer, while the free ferronmagnetic |ayer has
its magnetization direction capable of rotation relative to the pinned

| ayer's magnetization direction. The tunneling current that flows
perpendi cul arly through the 5 insulating tunnel barrier |ayer depends on the
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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 increése 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 layers. However, this approach

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



at the interfaces of the AFC filmw th the ferromagnetic | ayers. However,
this approach requires additional |ayers in the disk and can al s? if@rﬁﬁse
the intrinsic nmedia noise. -2 2 0 FEB 2006 Wat is needed is a ma eUri | ““f*or
an AFC filmthat increases the antiferromagnetic exchange coupling between
the ferromagnetic | ayers. SUMVARY OF THE I NVENTION 5 The invention is a
magnetic device with a ferromagnetic structure of two ferronagnetic |ayers

anti f err omag %pig%eaqy%ﬁ%ﬁapﬂﬁfanwwvﬁmﬁnidcpe%&\fﬁémﬁﬁ%%ﬁfé%he AFC

filmis an a I oo_xFe,, where xis between approxi nate and 60
atom ¢ @Rhageicouplingbetvéenfthe farfontageetidaydrfie exchange coupling by up to a
factor or two and has an hcp crystalline structure nmaking it conpatible
with Co alloy ferromagnetic |ayers. 10 For a fuller understanding of the
nat ure and advant ages of thg j noRNTIORS €rence shoul d be nade to
the follow ng detail ed desc 1th the acconpanying

figurses. BRI EfheRGiton T4 £daghetithdevioBANhNTefromiaaetic strustuge sfalvomat i c of a
prior art AFC magnetic recording disk with an Ru AFCfilm Fig. 2is an MH
hyst er esferomagnstit dayers-antiferrompagnetically cevpjeditaggther with pn iaprowed AFE: gy The F g.

3is as ti.c_ of,a jor art SV magnetoresistive. se r .whth l.am nated
ant 1 or rabiagees wEedy BbfreaileviRte MBS TP LIIGIAE 104 8 HpmE™ 26 7l
4 s a SEheuRtTHEs AFCHiI intfeaddstthdBxthaigdel oBplig By s A at®F or two and has an _
antiferromagnetical l'y couE.I ed free and pinned ferromagnetic |ayers. Fig. 5

is a grdmp coytatline sigctoe gtif eompatible At Gugllex fecromagoetiti layersli sks nmade with

a prior art fil.mand. w the Ru-Fe,allo Cfilnms.of the present

o Con w2 olkpersERE of fiBBiT S Griast ot pieveRY MOREERCR! T ON

OF T‘I5|E | BHFMEL SBbuld be made to the following detailed description taken together with the '
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 magnetic 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 laminated antiferromagnetically
coupled free and pinned ferromagnetic Iayers.

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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Prior Art Antiferromagnetically Coupled Magnetic Recordi ng D sk Fisﬁ] lltaiﬂﬁﬁ)ws
the prior art antiferronmagnetically coupl ed nagnetic recording di Ii

two ferromagnetic filns 12, 14 separated by an AFC film 16. The
ferromagnetic -3 2 0 FEB 2006 filnms 12, 14 are typically formed of a Co

all oy, such as CoPtCrB, and the AFC filmis typically Ru. The thickness of
the Ru AFCfiIm16 I s chosen so that the magnetic nonents 22, 24 of

adj acentg gaﬁ l}éﬁaﬂﬂ%&ﬁéﬁ bi£CY alldy, Suddd é@xcma%é ARC Mnexchange
coupl ed t oug t Im 16 and are antiparallel in zero applied fields.

The fi | nypitally Rd. thﬁnécmwg)fehe Rumﬁfeﬁhn\lréhuémsmw\mattthe aragndiic2t 2,
respectively, e r ent et | zation and.t _is the | ayer

t hi cknes@o“‘ﬂ‘féwg i“e‘h‘lt\%}! I&rrg erromagnetically €xehange o n¢
films 1z, 1@&%&&&%@&1‘% 1fda FRIMS. TRiLIARA2, 14
destruct |°“éfé9 to Eehguce e magnet | c mnentfl%?%%e corrpos'ilcht‘l:el ﬁgyer 10. The
arroys Zihwve ihghétiy momoht \talmzs ofiMretn endMr g respeatively heredVy iscthe reniangnet i ¢
dormai ns that are directly above and bel ow one 10 another, across the AFC

film 16. qugngnzael@mdé 15 the laygy bickngss; dihg onentatiens of dhe magneHCiMIRFNFEg?dt i cal | y

coupled o airs of
hori zont? %%\%-gmlsng’l % &gfﬂ vabb%‘{eéﬁg}l %lf%"tfgglf%h@h%qfdé&r%fggi eﬁ&?Ct;LQ&' tF}m; 12,
14 at dlf‘e&&em mBgrdiicSndrherit E tHe)ohtpositd laydrdop ThEagrows 2R 243ﬂ:pf'dsedtdh¢ s
increased in the positive direction (arrows 30, 32) For | arge appl i ed

fields, mm@m@np@@fomm @a@@apﬂpwglméh%m@mﬁy abevetand beloveeres of t he
tm]ferrogagnetlcéll 14 are both parallel to the applied field
(arr(9vvs app |edfield is reduced (arrow 34) the nonent of

t he t hi nner mgtmmrm@ﬂﬁwayme&s loopér aaftifetsmanetiQeyUdRpled atighews al | el

to the nmoment of the thicker top ferromagnetic film 12 (arrows 52, 54) and

to the raqapdmgdxsklléqedhatrdesmeﬂm ig. . dhepaips Qﬁhmntnbmmdtcatems switch

20 I e, bo 14
e v o g FiERRon B s FremaEmttr BRES 14,4 oben: bRy hine RipetSii Bpi TP 1 o
al i gnengypdq £418 i Ricfeassadn qiei posftive Wredtton (mowe 30€32)e Rt st dpphied ﬁems thoat

the exchange field exceed the coercive field required to reverse the
magriét i zatifegromaggneticecouplbing israversomsang the oments 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 (He) 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
J 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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The antiferromagnetically coupled films 12, 14 with AFC film 16 may al so be
25 incorporated into a |lanm nated antiferromagnetically coupl ed nagngfiFgp 2006
recordi ng disk, as described in published U S. patent application US

2002/ 0098390 Al, which is incorporated herein by reference. In the case of
such a | am nated di sk a nonmagnetic spacer filmthat does not provide
antiferromagnetic coupling is located on top of the upper ferromagnetic film
12 and a third ferromagnetic filmis located on top of this spacer film -4
2 0 FEB 2006 Prior Art Spin Valve Magnetoresistive Sensor The SV

magnet orRrior Hrt SpindahecoMapndtorebistiverSemser ant i f er r omagnetically coupl ed

ferromagnetic filns as both.the free and.pinnped. ferromagnetic | ayers is
shown schematiheaYY {pagBetprgsisiiye s@@’?ﬂ@‘a@w'@& f?{ggngnpff?qi{ycgpuplgﬁt al um (Ta)
as a buf ﬁ%§ eoﬁ‘éé)ar@ o . |- a6
ferromg‘%@é%&er ?&%l ses rﬁ%ﬁgy?@&?@@r? g%ﬁ%%ﬁ E'??‘r“ﬁs 92,

94 sgpariatFed 30The strictéfethal alfilinQT tarftalwnqTapayet wffdr ldyes 6D formd ohtve t hei r
magnetic noments aligned antiparallel, as shown respectively by arrow 95
i nt o t hesupstrate 61. aFhe laminpiediecigiropngnatis lavgp 89 compuses feryampagstic Nikposi t ed

AR R N AP (T A L ST R ey
nonf er r GRERREhGic B Met Alighet ahiigdralleld ds RhéWa Fesp @it Iy 15rroww oSl théigaper Such
as silver (Ag), gold (Au), and their alloys, can be used. The pi nned

f er r omagmd iairowl 96yt of theipspert FoCu layenf$ isadepasited onta the dree hayer 2@ tepserexas a fir st
f tig film72 di tl th . Ru AFC film 73
opddi v ah borterremenefie Sl sphed et forihe SRR e atrieiiey JERIECHS o 74" on

the ﬂ R¥tfer abhfGrbrhagrddiiR rhd1iB nidi&@shld With a@mhi&] EdrlduBLVIRy, such Rsfivéleposi t ed

I n e presence of an applied nmagnetic el d rotated approxi mtely 90
degr ees (Aghold(@u)) aniddbeinplidyiscchnderisedy Thecpingddeiromagnetic layee 70 iscadso a

ferromagnetic .layer 90. An antifgrrpmagnetic iron- nmanganese (Fe-M) film 66
| < Uopo e Touumebin samerisr A Bt fOREets U b A SPES 0 P ond 111 m
74. Ot hqgyes g5 LARL APl 25 HPRAGENS tHeXVS! il TE a8 sbéonFerr&hadatic Pd- M and
20 Ni-Mh.” Finally, a capping |ayer 67 is forned over the Fe-Mh film 66.

Sui 14b! dilmcfdpomihe RusABC fiih3akhe twg pinned fatamdgnyticifilngy 723174 aresdeplositest ifia,

i reont ‘{ﬁ@ A nce g} anOXpSpligd m(::iugnghncdﬁelg ’rotz?tred 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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various oxides Fig. 3 also illustrates schematically the neans for
connecting the sensor to sensing circuitry in the magnetic recordithEEB 2006
system Electrical leads 80 are provided to forma circuit 25 path between
the sensor and a current source 82 and a sensing nmeans 84. As is well known
in the art, additional sensor elenents, such as transverse and | ongitudi nal
bi as layers (not shown), may be required to provide an optinmal sensor
response, gt Gl Zﬂg&?ﬁ -GSl o rﬂ;lll,'&g ' " by

t he sensﬁe%g%ua%g@ e e@%’?ﬁ‘gﬁt e lghgﬁg{gh?‘ﬁfrrﬁgi st ancfgﬁgl?ﬁg%éﬁg l@%ﬂzg% as

t he magnesponsé iothe dpplivdimapnetic sigied fioantheatwddddrmeeditmar r omagnetic | ayer 90
rotates -5 2 0 FEB 2006 relative to the, fixed magneti zation direction of the
| ami nat ed pi nHedwodilmsay b the lamipateq pinngd %@Zﬂ?&% magnehgation siregiosngnet i ¢

signal from#t r ﬂ?ql thf h g e I ' ed

pi nned k g’g?teggyﬁgr\%gg?rg&né I'za |8l 'gi‘htre\égl %%llg@ aﬁ%a?%ngtoggxebrg&g%@g‘\?g 6, 78,
respect i @ fitms 2e74 R dueas del aatifertongigneity covuplifd roupiiehé RuXFC fitm 73. two fil s
72, 74 is due to the antiferromagnetic coupling through the Ru AFC film 73.

Because Becaudeiof this antiferromagnptiscouplinguprd brgausgrthe e hlme’2.fdbave filns 72, 74
have substanti.al the sane thickness, the magnetic nogents of, each,of the
il compuaaly e s R e SRERR MG TBRARY of R ER. Gofll SR e oot
in the | QmhA3h&d ifissRm@ily a¥ a6t Miknedd Homent Hhe ldnfinRes 9%&@!#&7@ TR@Net i C
di pole field generated by the pinned |layer 70, and thus no 10 nmagnetic field
t o af f ecthert licesdentiatly normaghetitdipoletfickhggmeratast byothe pinned layke70,anil thisew f r ee

ferragmagneti ¢ |ayer . prior Art netic Tunnel Jungtion.Device A MIJ
dovile. | e oo ahget te diReotian ot FAgRI FERRehE) e PEMARAF 1 18 15 15
conpt i seg"%a%wg@ L6 of two ferromagnetic filns 200 and 225 separated by
a nonferromagneti ¢ Ru AFC film 210 which couples the ferromagnetic filns
200 and 225 antiferromagnetically such that the nagnetic nonents of filns

200 and 225 are arrang to one another. The two ferromagnetic
films LY T : xed ferromagnetic |layer 118 have

magnetic MOMEQNZST] fiRficedt ShWwh in8E . | RharfiniGiell Fixbd 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
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20 antiferromagnetic exchange coupling through the antiferromagneti cal |y
coupling film 210. Because of this antiferromagnetic coupling, and{ &Ba?ﬂuﬁe
the two ferromagnetic filns 200, 225 can be nade to have substantlally t he
same thickness, the nmagnetic nonents of each of the filnms essentially
cancel each other so that there is essentially no net nmagnetic nonment in the
fixed ferromagnetic |ayer 118. Thus, there is essentially no magnetic dipol e
field ge of OB L3 06Ss0

nmagneti c &{W ‘TZ%‘ (‘:’Eﬁ‘% t{g%gﬁrlé%lﬁlon of ﬁfeﬁgxgr@%‘%%tg%g f&?ﬁ{nhe frggator

sensi ng themoaicagoffilinc20(kispreviaied fdme sutativniih ﬂu@pmmxc@oﬁsniagmeﬁcdie]cpnamsel y
formeach of the filns to the exact sane thickness, the net monent of the

fixed Secﬁfﬂgtﬁ@ﬁ Becayserfilm 225§ pptiferrempgnetigally equplad telﬁlmr?&ﬁzbﬁoe IYal ue as a

natural En% ormal deposition process. The |l ower ferromagnetic
ilm Zod”g‘%%cfdpom 5’2 the -6 2 0 FEB 2006 antiferromagneti c exchange

I ayers 116, Wsigdhlaily el ftlrSeRymbditte 14yens3g compribéd of tROFesombfitic fille 299nent
of film200 is prevented fromrotation in the presence of a magnetic field

in the mdﬂ@@smamtcdby@ﬁnn nmgmegwmmiélmg6ﬁmmqupl¢a§rmomtw coupl ed
to film ZIE 2(5 ggrer\]rllent lromrotatlon 5 Simlarly the free
ferroma é Iaﬂé/) ? e 8%5}?3?? ed of two ferromagnetic filnms 245 and 270
separ at ed by 18 theMTJ Qevite bf PigPARé 1atniidtéd fikédM BoihdinieCl3 20 OInESnetib fayeRTENT S
of films 245 and 270 antiferromagnetically. In the MIJ device of Fi'g. 4,

the | amanasapdmed)&wdhe_!!mmem spaceG2(; whichristhednsulatingytonnel bamrier bygrar at ed by

TR oS e o ST i e

magnet ongsg i Mthéls obmémmgghalaﬁm%mngqmﬁxéafmh%e

ferr magnetlc fiTms making up the fixed and free “ferromagnetic | ayers WI||
have t hdemomagetit layers vall hebothe drienfatigns & showmnlnElgSY/ fa\ike S¥2GMR hieadever, when

t he MIJ device is e S, a ic menory cell, e.nonents of . the
For r onadHONeEr oYhem s BT SERCBrS (or o5 aMARBR oo SEl ety She 115, 132
Wil be rgleh %&ﬂhﬁpfdéaeﬁakhﬁllmm&&dmmh@ragemhstr@wﬁmmagg@& the

free ferro 1c films 245, 27 rotate togethet as unit so
t hatl 5t hantipdralibel vatht onefanbther, btthe amamgends ofathe fige ferdodagnetid filmes 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

o) 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.
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either parallel (arrow 280) or antiparallel (arrow 281) to the net nonent
(arrow 282) of the fixed ferromagnetic |ayer 118. 20 Preferred En@@ﬁtgg@ﬁs
The present invention is a magnetic device |ike those described ab

wherein the AFC filmis fornmed of a Ru-Fe alloy. The structure of an AFC
magnetic recording disk is typically 25 substrate \ seed |layers \

under|l ayers \ ferromagnetic layer I \ AFC film\ ferromagnetic |ayer 2\

overcoat . Thepdish by 8f RuzsF&s a.#h HRYAFRS filh gwhére tid JuBbcHpsdaibld dibmic peiéenBases

the exchange coupling strength between the two ferromagnetic layers. -7 2 0
FEB 2006th&exchangefi¢ld {Ha) aRing3mabeé bettom ffesronr@neti¢ lay¢nwasrmeasheddobecri pt s

For 1 onmghonCe JoRgreren 57 KB IPERPRE Ho B0 atherislog i btk BRomsemetabl
pure Ru fj sdi%b a)fe’?ifQﬁ@ﬂ”ﬁ%@felﬁ:idgg%gigl.érimm% fd for

o
ferromagnetic layers | and 2. By referring to Fig. t appr eci at ed
5 that tthat the higher Hi, mepanthat htiicker tind/okleghacdéroivityingerial carebe usedifor thet er i al

can be used for the battomferromagnetic.layer. In_addition, the resulting
st r uct urkotigm ﬂerrs@amqu%@dﬂr@ggsr%@w seshes vill bemorgsstable.nct i on of
AFC filmthi r St ruct : o :

substrat e\ Cr'Clﬂi(lg’?ﬁ?&%\%&#%@%g’f%%rfgﬁn(gﬁ)ﬁé)tfi[g glﬂla}h 1%%8?81%){ Kféu}ulcﬁurrﬁ of Ru or
Ru65Fe35\ 10 ferromagnetic |ayer CoPti2Crt6B9\ overcoat CNx. The hi gher
coercivity for the disks nmade with Ru-Fe conpared to Ru results fromthe

hi gher  couplsehgratd\ CeligphRuphCrligderromagngiic RyereoGrdAFCIfHm ofRu exBusfages of
hi gH®r ant i fferromagngtiettayer ErBhirgBs\omgplorhigNst rengt h i ncl ude the potenti al
to increase the Mt of the 15 bottom ferromagnetic |ayer and increased

erx;biIity,in usi ng. |l ower nopent fertﬁg(r‘rq_a netic ayers in contact. wth the

AFC 1 i | niheThighez gorseryity feyithe diskemeds wi ¢ Y Fepilis omihehigherey
e P AR PR AR O RAEL  ipgO7 © DT cent
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;go<Fex, 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 hcp 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 inventton 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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exchange coupling by up to a factor or two and has an hcp crystalline
structure so as to be 20 conpatible with existing disk structures. Bgigh@ﬁer
end of this range is that atom c percent of Fe where the increase& ge
coupling is first noticeable, and the upper end of this range is where the
Ru- Fe al |l oy becones ferromagnetic and/or loses its hcp crystalline
structure. Figs. 2 and 3 show magneti c devi ces where both the free and fi xed
ferromagnetic | Eb. e, Wi.th- the l,.am d,.structures ccq&@ing to
the. pr oo Betor, JA3Rlfd g tne Sl b batch'tFie RENRMERS Bharts ' e Blfeind

i nvent i ofimiitedin SKopk 6fily@s sperifiddia tigd ppendid didimsf ree and fixed ferromagnetic

| ayers can be the |am nated structure. Wile the present invention has been
particularly shown and described with reference to the preferred

enbodi ments, it will be understood by those skilled in the art that various
changes in formand detail nmay be nade w thout departing fromthe spirit and
scope of the -8 2 0 FEB 2006 invention. Accordingly, the disclosed invention
is to be considered nerely as illustrative and limted in scope only as
specified in the appended clains. 2 0 FEB 2006 Wat is clainmed is: 1. A
magnet oresi stive spin valve sensor conprising: a substrate; a fixed
ferromagnetic | ayer forned on the substrate and having its nagnetization
direction pinned in the absence of an applied magnetic field; a nonnagnetic
nmetallic electrically conducting spacer layer in contact with the fixed
ferromagnetic layer; and a free ferromagnetic layer in contact wth the
spacer |layer and having its magnetization direction free to rotate relative
to the magnetization direction of the fixed ferromagnetic |ayer; and
wherein at | east one of the fixed and free ferromagnetic |ayers conprises
first and second ferromagnetic filns antiferromagnetically coupled to one
another and an anti ferromagnetically coupling filmlocated between and in



contact with the first and second ferromagnetic filnms and having a thickness
sufficient to couple the first and second ferromagnetic films togegmnerg w0sh
their nmagnetic nonents oriented antiparallel to one another, the
antiferromagnetically coupling film being fornmed of a material consisting
essentially of Ru and Fe and having a conposition Rujoo-,Fe, wherein x is
bet ween apwhetds tiaineddyis:10 and approximately 60 atom c percent. 2. A magnetic
tunnel junction device conprising: a substrate; a fixed ferromagnetic |ayer
havi ng it si.nagnemagattbesistve it vabve sehsoedomprisinge absence of an appli ed
magnetic field; an insulating tunnel barrier layer in contact with the fixed
ferromagneti c | ayM@strat@nd a sensing ferromagnetic |ayer having its

magneti zation direction free to rotate relative to the magnetization

direction of the l)f(i?@&@ﬁo&s eamga%hﬁed AVRE siHfath BnERIVIRSEs WhdrldtizdtbE
| nsul at | ”gd&e‘éﬂ&?gin '

| B s AXE LT aR b IEARR B deid, eaSt ofe of the fi xed and
sensing ferromagnetic [ayers conprises rst and second ferromagnetic filns
antiferromagneti cal | anot ant i

coupled to on her and iferro eticall

coupl i no fp L 1 bendRyale it oSl e R Ak p e IR ccoma
f err omagne ’fe?f'f"i“?’ﬂ%gnﬁ'ﬁ%l ALy a  thickness sufficient to couple the first
and second ferronmagnetic filns together with their  nagnetic nonents
oriented anti pat He¢ Erromaeaeiic layetinepntagtyathathe Spacer Bupighdthaxmel s  coupl i ng
fi | m bei ngmpgretizatiasfdiecction &e¢ bl rotdasdlaiivierie thegsegmetization directen aftlie Fe and
having a fGonplespmagretiRubeo-anBevhentie atieast wne of thetfimed and fise dorraneagaktic 10 and
appr oxi mat laysts 66mprtesifirst apdsesnt.ferrdifagnetic 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;go.<Fex wherein x is between approximately 10 and approximately 60

atomic percent.

2. A magnetic tunnel junction device comprising:
a substrate;

a fixed ferromagnetic layer having its magnetization direction fixed in the absence
of an applied magnetic field,

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 Rujgo.xFex wherein x is between approximately 10 and approximately 60
atomic percent.
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