. ; }~63e2%(6T2TZ PI NNl NG LAYER FOR MAGNETI C DEVI CES TECHNI CAL FI ELD The
present inventien relates to magnetic devices and generally to devices
having a pinning |ayer. Mre particularly the invention refl ates to magnetic

menori es Hlmnm‘““"m WU gnetoresi stive sensors based on t hed sb-MAR 2003

"spi n-val magnet oresi stive (GVR)" effect. DESCRI PTI ON AND

DI SADVANTAGES~6PRI OR ART Al t hough the lpresent invention is applicable in
a variety of magnetic applications it will be described with the focus put
on an application to magnetoresistive sensors as GWR sensors, for exanple.
The change in electric i f [ ' ponse to a magnetic
field is called nmagnet §ﬁ§i§§ﬁ%%&fh§gbﬁﬁﬁ¢b@)@ le to read
information on a magnetic medi um such as a conputer hard disk. The prior
art discloses a nagnetic read transducer referred to as a nagnetoresistive
(MR) senso pﬂj‘ar has been shown to be capable of reading data from
a magneti c@m CISat | inear densities. A MR sensor detects magnetic
field signals through the resistance changes of a read el enment fabricated
of a magnety g@} ial as i : tLan dj Q0. of
magneti c ffﬂtﬁ el ﬁ%hggﬁtzoend%g{ﬁée %ggﬁcepgﬁn%%t. g%{s&g_ﬁ%r |°o&rlé‘gc%% l%&nge%fsor S
oper ate Onphhﬁ'lghdﬁdr.sl\&fretﬁaﬁio%lﬂrl?qm pleptioRBIAES L@ MaghetikemeAbBs aiReair) i n
whi ch a conmponent of the read el enent resistance varies as the square of

t he cosi nearst magneipugsistiveet somsorst Masadagiet the aspwallethd"spinevalva’ectri o'giant
sense current fl|ow {Shr ih | ement. A nore detail ed description of the
TR e
)

AMR ef f ect TRERCIBRESIE Yy, Storage, and Rel ated Applications”,
D. A Thonpson et al.) IEEE Trans. Mag. MAG 11) p. 1039 (1975). *166166*
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DESCRIPTION AND DISADVANTAGES OF PRIOR ART

Although the present invention is applicable in a variety of magnetic applications it will
be described with the focus put on an application to magnetoresistive sensors as GMR

sensors, for example.

The change in electrical resistance of a material in response to a magnetic field is called
magnetoresistance which has made it possible to read information on a magnetic

medium, such as a computer hard disk.

The prior art discloses a magnetic read transducer referred to as a magnetoresistive
(MR) sensor or head which has been shown to be capable of reading. data from a
magnetic surface at great linear densities. A MR sensor detects magnetic field signals
through the resistance changes of a read element fabricated of a magnetic material as a
function of the strength and direction of magnetic flux being sensed by the read element.
These prior art MR sensors operate on the basis of the anisotropic magnetoresistive
(AMR) effect in which a component of the read element resistance varies as the square
of the cosine of the angle between the magnetization and the direction of sense current
flow through the element. A more detailed description of the AMR effect can be found
in "Memory, Storage, and Related Applications”, D.A. Thompson et al., IEEE Trans.

Mag. MAG-11, p. 1039 (1975). *166166*
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. More recently) a different, nore pronounced magnetoresistive effect has
been described in which the change in resistance of a {ayered magnetic
sensor is attributed to the spin-dependent transm ssion f‘] t'?m%?@yﬁcti on
el ectrons between the magnetic |ayers through a nonmagnetic lay d the
acconpanyi ng spi n-dependent scattering of electrons at the |layer interfaces
and within the ferromagnetic | ayers. Thix- magnetoresistive effect is
variously referred to as the "giant nmagnetoresistive" (GW) or "spin valve"
effect. A magnetoresistive sensor based on the before-nentioned effect

provi des inproved sensitivity and greater change in resistance than
observed in sensors utilizing the AVMR effect. The electrical resistance
read- out, tNiene raeently, a diffeedngreoreipsonayaped magprjeresistiveseffast avrbesa esnribed The

i d signal, affered i.n the G\R L] ows,. i nf ' b
stored on & faneh Hhes g in seoitendtof § IR mabBiC Root &, BBl q Jo, Ge°
paral | el uRgRtdehbBfdeAVitaffRis@on of AR EQRSHGH SRCAORSHEIMEN thd fhaBhdift 98§ dO

not scatter very much and the current flow increases. Such a sensor can

al so use athobghfd Inonmagmiticalager phdirthel docsompanying tspin-depgadenk rscpltering of t he
conventional single-Ilaye inned.layer., U. S. Patent. No. US.4 949 039,10
Griinberg &L@E{Pf‘ge@ d%aéf’é’g’édmfﬂ'&ﬁ i?:“dst?’ﬁblf‘u?ée mﬁﬁwgﬁlﬁsaéﬂﬁani% MR
effects Calfﬁga Rié BREQib ShricUshyORBRId @f ad 1hR "SREP flabAAbicaRAvd (GNIR
magnetic | ay rgtgyeé%i i%bg%g l%lesérisggs t he use of g%tﬂi fe?’romagneh (r;(-typg
exchange congbpingyalve" efftchi A rhignetomesistive abhser basedgrmthetbefarewimntibned e nt

| ayers of ferronmagnetic materials are separated by a thin_interl|layer of Cr
or Y. U.S. PraYider R vedssensiyiey %'écsre%er[fe@ﬁgc iy Tesistange than Sbserved RSSO or |

whi ch the 1y -ﬁ&iﬁ%%ﬂ&%ﬁﬁtéﬁﬁﬂ ’PMPFIU& 'Qﬂpxleg’igtaflﬁé FQHBAREHaE nhAUS 1R Ei?nﬁbﬁer ved
to vary as the tosine of thé angle between the magnetizations of e two

| ayers. Thinsuchestioapersio sucky GMR seasora gFhet increasedlt sigmaé offiet! in shdr &R semsarhe
spin valve effect and, for, selected cqonbinations, of terials) i.s greater
in magni t uddOVRaROEhBIRRLIONHE be Stored; ta harﬁp disks o8on g ﬂil% Bledhytigt al
di scl oses &@Pg r YvRESGkoP e eLd ' {WAs! des
two thin fiT’m aé{eé?ig l@???ggrragﬂagﬁr%{ ?iggnnt er?eglﬁblgeg%?a{mg%cg\;\éufg t c%vﬂﬁfi I'm

| ayer of a elemmagdetnoc seetealvenycmueti end die svreane iflovaincteasest Socke acknsor 28n VAR
2003 -3 the ferromagpetic |layers . is of cobalt, or a.cobalt al]loy. The
magnet i zat iR BF A el gire larainpisARipned ferrpmpgheticsayng, i PLACH & t{a%ﬁ RYfatetlar to
t he magneti i : her ferronmagnetic |ayer at zero externally

appl i ed maéﬁggéi %9?%;1 (flagz;ﬁté'xchange coupling to an antiferromagnetic Layer.
Publ i shed European Patent Application EP-A-0 585 009 discloses a spin valve
ef fect sendos. iPatenhiNOD 1B 42949 089 rtoNBgiMbEigCddsasibys adyebsdl AcpRaRNétructure
magnetically soft | ayer co-operate to fix or gi n the rragneti zation_ of a

f er r omagnetWiHch ayigkds ™ vplangedynMR ceffgcls sepused abwr antipsealieb salignanent cphinhe
coupl i ng pr.oy ny. t if g LC | @y Th Lo vad ve rygt ures
descri bed irﬁaéﬁn%ﬁ&g }c{)ﬁle?xgi tqg% . .ng{)w;tg t?anﬁ@&?@pegﬁ&%&en?ﬁ%pg %cauctﬁri on
require thantifeén®ndighat-iypa eadhanpe oaiplingtto abtdin tienantiphrdliblalipmmehe i whizhnet i ¢
| ayers be fixed or "pinned" in a selected orientation such that und%f

non- si gnal adBseRtlaxsesol iREompgReticinperils AggrRaratsd by gibinintedayegoh & or Y.
ferromagnetic layer, the "free" layer, is oriented either perpendicular to

(i.e. at 9 or, ant ipar.alle i.e..at 180).the dir ion ot .

tmgnet | zat i GRRPRORo a2t e o Taieh sh ab sl i et whish the
applied to bhgam@n6Qiked h@odthrfc%ﬁﬁ)lle@rfeﬁf) IRt laga@t | i bbservedaonidy fdsxg@ or
"free" layer rotates with respect to the direction of magnetization in the
pi nned | ayeosing i thatangle bétweere thee magnetigepiensdof die twe layessnthis fmedarism

rotation. In order to maintain the netization orientation.ip th i,nned
| ayer, a rré’éﬂ@ucﬁra PRSICHY Y BN ‘rhétcgﬁ%ﬁe‘%fmﬁh% SARYRLNG S5t 8Rd g)r rsggﬁ{%rded.
For exanpl eonibineRcsf MEErihIR, is BrearP Y RaghitRi (R4 @E AR, docunent s, an
additional layer of antiferromagnetic material can be fornmed adjacent to
the pinned ferromagnetic | ayer to provide an exchange coupled bias field
and thus piThe UF. PAleheNoalUsvelly9 5ab tadliagedtal. dighets a MR sehar batalyet tiean be
utilized to provide hard bias for the pinned | ayer. Another magnetic device

i s a magnetdbeve-dpubhehetieeswhishurgudeyrag thimifidn lpgers of dproppgnetic enatshigl v .
Thi j cal ly.ingl . i. | i ne.
The i | Sepr S S EHFE & 4 hupEpdsc BeB0SEESmel £1 Shedfo

in one or all of the layers of GWR material are switched very quickly from
one direction to an opposite direction when a nagnetic field is applied to
the GWR cell over a certain threshold. According to the direction of the
magnetic vectors in the GWR cell, 21 MAR 2003 -4 states are stored, and
the GWR cell maintains these states even without a nmagnetic field being
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. Since the | oad of data which have to be stored increases dramatically,
there is a need for faster operation in read and wite processes wth

hi gher density. Thus, the operating tenperature of th ga a storage systens
i s.increasing. Today's sensors show some drawbacks an& r&hﬂrﬂﬂﬂgot
suitable for new generations. For exanple, the currently used
antiferromagnet in GVR sensors is N O wi3th a Noel tenperature TN of about
450 K whereas the operation tenperature of the head is about 400 K. There
is only a small gap between these two tenperatures. |If the operation
tenperature reaches the Noel, t?rrperature the effect of the exchange bias
and t her ef Sicetermemagnetic lagers s 81 cabalp A griobalkt aﬁ8¥re heymagnefizatian pE ¢he, sae t he

antiferro ' terl ac tic - di a e of
the prior %ﬁ%& ﬁgtlg{ehgéel il %ﬁcﬁ% @Ee e&o&%ﬁ%ﬁg‘é@%@%ﬁgg hg’\éppfnh%?ng
material, FferomdghetiaRyérd # ze@graily 4pplind maghsiedidld by beshange cdiplify tga®r

el ectrical spikes. Hence, sone spins change their direction which influence
t he stabi | patifespmagnetietaisange bias . Furthernmore sone antiferromagnetic
materi al s show t he di sadvantage of |osing the orientation of their spins

caused by I ng. ere ig also the fact that R 2003 -s co nly
used netal ?)gtihsgﬁq E‘é‘?ﬂe@ gHot SR %at&“oﬁ%"‘st'@ Wc&%%fils S&ri s%r\;agvgin%?pct
phenonena. Ae 1l V, oSiefl f : t.hi :

antifer ron%égﬁglt F"g“f‘g%?‘g %IP}-agoutgﬁ%%@mcgra&l%[{e%alrggénas@ﬁggcatuﬁesoeﬁxé aeFlge
bi as. Exchaoppefateasn fieadpit cheamapudtizatidn dhe fafréihagnesit dayes.i Thd eamgnatally

uni axi al ani sotropy. The exact control of ,thgeexchan e bias i,;s,a difficult

mat eri al s 8t ByeRe &a Bebangscorplingpraniged By the anierraiagaetis1ayer. he
interface that' are, by their very nature) difficult to neasure. The

ant iy var gt G PANEebH e EREDIE i P abRRas PR ReoRibt Ko Bt
which are ﬁ}&[ﬁfcﬁﬂoﬂ Fequire thdtitR airéttRnteF gznefizdtionrih QRB@Hehd Gvd merkueﬂadggse% m

with high Nrsel tenperature vvo"rlg. For exanple, Fe3Al was report )
Rassman andhyers W diked pprchpingedeith it selesied @gentatipy suched)at tundge non-signal

antiferromagngti c wt .hi Noel ..t erat urg of. 750 K: .byt iron-.al um num
1ot anersrl e oteBiol OF shigeunanoR .2 5her Serroimetin thit GF, !

uni di recti giad, i9bfieféd iler pekeddicalat /Y 6.ehaveoheeantigpald el (&2 abage?)andi gh
val ues of TN but when they were tried) they also did not work. They

i ncl ude: Adirggtion| elognagrpsigation of thec pinpedilayeonWhen g aterggls magagticnsigepl is
conposi tion; |1 f . %t Q..909 : it her o] Pd
nas st abl o RRlFda Bt [HTGERAN, of Bt 0P Rph 5o el L
that it isrdétafebavithdiefecetd theldrettiditloShdrbik&ionrihithepinfemBiat The Fatpat ol s

w th advanced properties in order to produce unidirectional ani,sot,rogy.
Fur t her nor &epsersor cdgpendi iome theo rapvat | @f HRis efotaion. wint Rrdgsefo tBaAP@IKIEe TN
> 4S50 K ar i i . ng i i ) rt of
2 mmgnet or SUPBRIE0 pefiflof $L e bt B IPARELS for 1S AR afection B O

operating neghaization 63 redqidiedy dbrSéxadple)r &S doderiberd lin g nebove-ciled iprRs at e
required. 21 MAR 2003 -6 ) . . )
documents, an additional layer of antiferromagnetic material can be formed adjacent to

the pinned ferromagnetic layer to provide an exchange coupled bias field and thus
pinning. Alternatively, an adjacent magnetically hard layer can be utilized to provide

hard bias for the pinned layer.

Another magnetic device is a magnetic random access memory (MRAM) which is a
non-volatile memory. This memory basically includes a GMR cell, a sense line, and a
word line. The MRAM employs the GMR effect to store memory states. Magnetic
vectors in one or all of the layers of GMR material are switched very quickly from one
direction to an opposite direction when a magnetic field is applied to the GMR cell over

a certain threshold. According to the direction of the magnetic vectors in the GMR cell,



. OBJECT OF THE | NVENTI ON Therefore, an object of the present inventionis to
overcone the di sadvant-ages of the prior art. It is another object of the
present invention to achieve a nagnetoresistive structure which induces a
strong pinning effect at high operating tenperature. It2i1s M}qmzmgot her
obj ect of the present invention to optimze the properties 0O

magnet oresi stive structure. It is a furtqer object of the present invention
to provide an alternative pinning |ayer for a magnetic device having a high
Noel tenperature TN. It is still a further object of the present invention

to allow the use of a thin pi nnigﬁﬂllayer,) e.g. in GVR devices. It is also
an obj ect &fatesrase ptogess and the/GMR el maintaingihese:states,eNen oYt p mepgpetigfield

| WVENT! on PRBEABPEH 3 skl i e G O e RO BRI Clenlt Burmae 1

encl osed ¢ Itmbﬁgh thEnR1 W &l 8érs¥ lifg aﬁ@ﬁ&@i&ﬁ thd diffefenbé bateiebn theviesiktandes (GMR! NS
at least an antiferromagnetic |ayer, ich is in direct contact with a

f er r omagnetratio)| whem oficoer bothuef thy reagnetic Negtges Bviteh. iThe peblemyris dhatgin anost

| ayer. Thu he ferro etic.layer isS,pinned t he, antiferronmagnetic

| ayer) al sg?Mgf% e@etgﬁgg TR i r'iéaﬁwﬁbérl&w&eg'a P 1 %r Fgﬁgra etcloese(g?:c '15¥1ni ng
layer conprifies & CRTRSHRGAE Sitkdd TR tBE OWR @811 Sl ROk REvELY AsfficHi ch show a
vari ety of advantages. For exanple, these antiferromagnets can have a Neel
tenperature TN ranging fromat |east 623K to 740 K dependi ng on the
conpounds, Iagdndrak ynapacticldsvitesyoftenvesgkanf antifarmgagictic layerrempin tHeanegmtie) a

magneti ¢ devi ce conprising the . . . .
moment of a subsequently deposited ferromagnetic layer. Typically used materials are

FeMn, NiMn, CoO, NiO, and TbCoFe. The main advantage of using exchange bias is
that the bias field cannot be reset or changed accidentally during the lifetime of the
device. To reset the antiferromagnet it is necessary to cool the antiferromagnet from
above its Néel temperature in the presence of a magnetic field. A disadvantage of FeMn
is that this material is a metal and allows a current flow. Therefore, FeMn is not ideally
suited as pinning material. NiO is an isolator which shows the disadvantage that the

strength of the pinning, i.e. the exchange bias, is not as strong as desired.

Since the load of data which have to be stored increases dramatically, there is a need for
faster operation in read and write processes with higher density. Thus, the operating
temperature of the data storage systems is increasing. Today’s sensors show some
drawbacks and are hence not suitable for new generations. For example; the currently
used antiferromagnet in GMR sensors is NiO with a Néel temperature Ty of about 450
K whereas the operation temperature of the head is about 400 K. There is only a small
gap between these two temperatures. If the operation temperature reaches the Néel
temperature the effect of the exchange bias and therefore the pinning of a ferromagnetic
layer disappears because the antiferromagnetic material becomes paramagnetic. A
further disadvantage of the prior art is that the efficiency of the exchange bias of the
pinning material, i.e. the antiferromagnet, drops caused by thermal charging or electrical
spikes. Hence, some spins change their direction which influence the stability of the
exchange bias . Furthermore some antiferromagnetic materials show the disadvantage of

losing the orientation of their spins caused by aging. There is also the fact that



.~ 1 MA R 2003 nentioned structure can be used properly in an environnent of
a high operating tenperature. Such a conpound can be described by the
formula RFe03 with R a rare earth elenent or Yttrium The possibility of

suhstitution of the rare earth el enent shows the advanQaq;eMtﬁtzng1 basi_c

properties, e.g. TN of the antiferronmagnetic |ayer can be ccordi ng
to application requirenents. In this straucture each el enent can be
partially alloyed or substituted by other elenments with the sane val ence
such as for instance R xR‘xFeOB mhere R is also a rare earth el ement and
the index x is defined by x E {0 . The conmpound can be al so
descri bed BYMMealyf ysed) metaltie aasrﬁmmam% ars Preag doe gridatian eangh cogpsion

Yttrium and TMa t it ony net al t ups
B Lo 1 BRerbha] AGIBAERPAREGE 1 Bl BufrhRE B8 BUAERHRlL Ao
adapt at i on aedut50MnPoNMoRCark AYQT asth@eRdMhEe Bias.accor ding to speci al

requi renents. The conpound can be al so doped by an el ement S being an

el enent with anot her val ence such as Barium Strontium Calcium Potassium

Li t hi um oExSmtl'gelrbldsrieaiisaormoluﬁobtﬁhcmmsﬁysteré'ﬁe becatex of uniaxé hiisetdoyy x E

{ O, . is an adv age that .{he N661@L ngﬂratur TN of the

ant i ferroﬂ@ﬁéi‘?"é CP%\‘V@P éléFne aq %F‘Bét A5 C%lH’EPb%S@ Reggysa ke use

of & st aBbfadonftonfU BAR BPYR h are%gltp 98B} hatufel il R nged
erro a

as in RFe0 Wi th 0Se to zero. he an gnet’i yer can

be nade vemeaslhe nrhefxmigmmaé andsigh e$ metdacahaxfge coupliighisiwediea paly anategs ioacur s
that the distance between a magnetic bit on a hard disk and a ferromagnetic
| ayer of ar%ﬂxammﬁub@mé&mh%mm-w YJemesPasingt he sensor can be brought
much [ oser to the disc which can be advant ageous for t he density, the

itivit dth t t.h b
sub; ect od Dot A i R er PR toe berdEe BXRrlarPiEOTRREGHS T hAK o™
properti es ygth HifieNadbhnBiraRIrBavek. 'Fbr'e@e)(&blcaF@;Aq wae-taé;ﬁmed by 6. RasdtalyRiq 2003

Furthernore, the structure of the anti ferromagnetl c layer "can be distorted
whi ch al sonVéhk, Mngwmtt&dwmﬁt h&5 prA3e te beantiferromagratici with a bighgNéali ¢

o Tagnet | ¢ PREGHISIY LOrKom denlomig Rt SR e BEGRA BriieoB B 2

magneti c r gdomdans 8ss xwmaye&iwﬁm\&nso@rop?vemeﬁama@ Mavd Bedn9epoied @ KEREI UM
In general, the |nvent|on can be used wherever shi fted nmagnetization | oop

or an adapediglpvainenef Tayput whenrbesdwere triegy tlmmlsod@l ngf work. They include:
Al-Cr alloys near AlCr, composition; MnPd alloys near MnPd composition; CrMn

alloys from about 1% to 90% Mn. Neither CrMn nor MnPd has stable gamma,,, phase

at room temperature,

The state of the art shows that it is rather difficult to find suitable antiferromagnetic
materials with advanced properties in order to produce unidirectional anisotropy.
Furthermore practical antiferromagnetic materials with Néel temperature Ty > 450 K

are desired.

Since currently used magnetic devices, e.g. as part of a magnetoresistive sensor, are not
ideal for novel generations with higher operating temperature, improved structures of

such magnetic devices are required.



.DESCRI PTI ON OF THE DRAW NGS The invention is described in detail belowwth
reference to the follow ng schematic drawings. FIG |a shows a schematic
illustration of a nagnetoresistive sensor. FIG |b shows a schematic

illustration of a nagnetoresistive sensor having an |n?e2tmR%qq,3 ure to
[ [ [ act e

the sensor of Fig. 1 a. FIG 2 is a plot of X-ray diff rn of a
LaFe0O3 layer. FIG 3 shows a hysteresis goop obtained on a LaFe03/Fe

bi | ayer indicating an exchange bias of about 50 Ce. FIG 4a shows the
exchange bias as a function of the Fe thickness neasured along the [ 100]
direction. FIG 4b shows t he exchange bias as a function of the Fe thickness
measur ed alGHECHOFTHEMNVENEENon. FIG 5 shows a schematic illustration
of a magnetic storage device. Al the figures are for the sake of clarity
not shown | nsions, nor are the rel ati ons between, the dlnen3|ons
shown in al rhﬁﬁ r§t?’&n§ { ef the prosepiavepian is tooverpaspnilierdisgdvagtageseot the
PREFERREDE %I\/El\ﬂ' Wth general reference to the figures and with speci al
ref erence la and FIG |b the essential structure of a nagnetic
device as part of a nagnetoresistive sensor, which bases on the so-called

"spin-val v 150£notﬂéraéﬁjeé“f9&n@k35r6§'nﬁliﬁ%ﬁu&%) ache{é @Cinag eford§istiivel fackthie nore
detail below. As first, sone details about orthoferrltes are addressed. The

or t hof er r i mddcthindeces lasstioog pinningriffeoBathighoperatingtemperaturh. or Y. Their
structure is that of a di storted perovskite with the Pbnm space group and

| attice pararreters S553 ~; b = 5,5663 ~ and ¢ .= 7.8545 ~ in the case
of LaFeOy. tI'I*FeS%@H@‘thPE: Ohﬁﬁbﬁf the iDFEseny Hlvmf@ralcaﬂpémm%&pmemes of the

magnetor esistive structure.

It is a further object of the present invention to provide an alternative pinning layer for a

magnetic device having a high Néel temperature Tn.

It is still a further object of the present invention to allow the use of a thin pinning layer,

e.g. in GMR devices.

It is also an object of the present invention to enable the manufacturing of an improved

magnetoresistive structure.

SUMMARY AND ADVANTAGES OF THE INVENTION
The objects of the invention are achieved by the features of the enclosed claims.

The underlying concept of the present invention concerns at least an antiferromagnetic
layer, which is in direct contact with a ferromagnetic layer for inducing an exchange
bias in the ferromagnetic layer. Thus, the ferromagnetic layer is pinned by the
antiferromagnetic layer, also referred to as pinning layer. The antiferromagnetic or
pinning layer comprises a compound from the group of orthoferrites, which show a
variety of advantages. For example, these antiferromagnets can have a Néel temperature
Tn ranging from at least 623K to 740 K depending on the compounds, and they can

display a weak ferromagnetic moment. Therefore, a magnetic device comprising the



.each. cation in the Fe sublattice being antiferromagnetically coupled with
its 6 nearest neighbors. These materials have a TN rangi ng from 740K for La
to 623K for Lu and display a weak ferronagnetic m)rrent due to a slight

til.ting of the Fe-O octahedra (0.6 degrees), dependi re-earth
24 WAR 2008

size. In the case of LaFe03, the magnetic properties ar ned by the
Fe+ |1l ions. For the other conpounds) tfie magnetic state of the rare earth
ion (Ho, Gd, ...) also plays a role. Furthernore, the magnetismin these

conpounds can be strongly suppressed using high pressures. For instance in
LaFe03 at 300K and a hydrostatic pressure of 45-55 GPa, only a nonmagnetic
phase is omeativas byrudtheesbande sgpdcpropedppiy. an eneivonmeent GVR higladpeesihg, one
of two ferromagnetic |layers is pinned by an antiferromagnetic |ayer, also
referred t&MREIYYUFRMI ng | ayer. The ferromagnetic and the antiferromagnetic

| ayer are deposited on each other whereby the structure of the
antiferromagnetic layer is set by aligning its spins in a magnetic field.

Two conpeting technol ogies _are state o he ar er ei t her tallic
antiferr orr§§‘g]eta|°8“}P§9% 8 b%tﬁ‘e?‘:r‘ié’ﬁ‘% gb’ it {\@}%“g“eﬁi;ﬁ&?v r%ﬁé@??e?wnq?}?%‘?t is
used. The GVRy or I'ofl ireNe etic
| ayer is connegtﬁg I'Ir‘]HeZpGgs?ﬁﬂyst‘crng ?gﬁ?gt?fo%em%gs,&?ﬁgwﬂ%{§? g,rr%'ag% de

| ayer i npr ademtagesttat ah«:ebaslermbpems,ye ghéleak tiee emtifatrbmagastici fager camdwret i C
| ayer shows .t he drawback that the resjstance sensitivity is reduced. Z1

MAR 2003 - 2damted @peaidng<o, application feguiserpents. e thisostrusiurgreach elamgnt cap dids t o
di h
“hterf ace. ZENEISARoR BHGLRITY JnbPHBARG STk I Sl BEendd GIAEACRort N°

layer, e. ginstinc: RO Fe(Batieré Rh3elsatdiage it diaheitand tisiadéox lim&mw by x

operating tenperatures of heads and is therefore not ideal for new and
faster gen& éﬁ,l o,nls} dhe sempounchesady alxor despmiaddystbe f@mﬂ?aRFﬁgTi\/é(ﬁ)ptwlﬁﬂ&raes

The follow n e and e manuf act ur i ng thereo

0 Sadvant aGiE BRI g i S DY & ikt TS et Greemt of a
three-di memgd gﬂﬁ s\IBeW V‘i'HWI‘RQ; A wing %&E@dv&ﬁk’ﬁb?q)o%ﬁlu%%b%atrﬁﬁs and an
illustrated in FIG 1 a, the GWR sensor 10 conprises a suitable substrate
11 such as adéptation dahamrmlxxgrlaycr‘ssq:romhmgrdmg tr spesiahyeleireugun which is
deposited a first layer 12 of soft ferromagnetic nmaterial) a second |ayer
14 of a nonmagnetic netallic material, a third layer 16 of ferromagnetic

mat eri al whi ch has preferabla% har d rragnetlc pr%er.ties in order to fix its
magnet i zat i é\ﬁ qompeyailtgagnbe ale doped v an (elpyrant 18 being an plemento Mitlinenather

rateri al . Aphed S8 AR MANIICKBIE BRachREOT iR, G SR 8L ar T od

enbodi ment '8 e pr &ert ven magnet i
| ayers 12, cdf Ebﬁr{cﬁR?,SQFé(bkerrh@%deN'xCﬁ deﬁﬂétﬁb*]x% koy.., $ Cﬂﬁ i98n SvanfEe th40Zr
CoMoNb) or eCo, Fe Fe20) or any another sui tab e ferromagnetic

mat eri al . TlhﬂeNéehtmgmezttum ‘Tetod|the @ntmtremaghct@f layérecane bo tenddaleswedmt abaits o
referred t o)

1 ver  ( agy SR oAk AR orf £ arRHabIF dgRiee TR ER PO GO BT He B ERe
pi nni ng | a)é%gb%ghafngggag W&)ﬁy%w F {edeas thin filmlayers. The two

| ayers 12) rromagnetic’ mat e are oriented with their

magneti zati on at an angle of about 90 degrees with respect to each other in
t he absence of an applied nagnetic field. In addition, the nagnetization of
the third | b t Inm, The
B A A S L [ T
field, is shovthebyvatageomedrsahatahe 8BtanChbagesn amapgagtiebit pata lond idisktand af i r st
| ayer 12 are by rotation) in response tQ an applied magnetic field such as
a rmagnet i c fereneengtic Jayer H&r%%&f‘%’d @Y bggedesd| heenestl threseasiaia l%%*?rerr/g*itg on
the first | M I

pi i ng- | ay et (bl e wifich Lib b0 Ga ERALE ir BRQUAl e Rrstify A, s
that here itlse bgdref@sh spebd.s orthoferrite is an exchange 21 MAR 2003 -12

bi asing material of high resistance and has a Néel tenperature TN of about
740K which is deposited in direct contact with the third layer 16 so that a
biasing field can be produced by exchange coupling as is known in the art.
The struct Uf ehofankife@oniagactimyayoe danvier seljgcted tbhat appeppiatensigin] alyar th8 i s
deposited first, followed by |ayer 16, 14 and 12) as depicted in FIG |b.
Wth refer&déantaas oreyrs| that arﬁe BpRFtiER Rfalheg@pidlsriomaangic daysr are tunable.
antiferromagnetic layer 18 and further |ayers upon a substrate 11 is
described in detail. FIG 1 b shows an inverted structure to FIG 1 a.
Therefore, the sane nunbering for the same structured |ayers is used. On
the substrate 11 the antiferronmagnetic |ayer 18 is deposited. Thereon a
ferronagnetlc Iayer 16 a nonnagnetlc Iayer 14 and a further ferronagnetlc

A~ o o M. - o A~ " o P~ et e e



2 1, MA R 2003 -13 A magneti zation neasurenent of the LaFe03/Fe structure
has been perforned, which is discussed with reference to FIG 3. The

| argest exchange bias was obtained so f on the str tugf gf éted on STO
(001 ). Despite setting the antiferromaghet |ayer 18 ‘Gt A nZ@@ ture
significantly bel ow the Noel tenperature) with T = TN /2) the nmagnetization
measur enent i ndi cates an exchange bias of about 50 Ce (Cersted) for only a
20 nm t hi Burtissrindrer thenagieaire of dyemtiflrenagicisi ngrlaha3disGrasequ@ntdyg t he
nonmagnetic | ayer 14 and the further ferromagnetic |ayer 12 can be

deposi t edmight¢siange eiidapt theropebiss of therAntidFONANSEC 992G 2 shows an X-ray
diffraction pattern of the LaFe03 |ayer 18 grown on the STO [ 100]
substrate 11. Each of the peaks corresponds to reflection froma particul ar
plane in the crystalline structure, as identified in FIG 2. Besides the
subst r at e ApEWEECtIR dievige ascpyding tenthp PECARE IVEBHQIY ca henhpartoof p diaghetict | on

i f E i sibl ' [ st A d I
beaks oneraptiegdefsal 81’ CupdAeES HATEN BP ol BINRIsch@HCh: moE it andom =
provi di ngaédaad rh&ﬂor@ogﬁm% of dveg 4 aiMinetis reboidityy @edfim.Ofn PRReNi fhece!l | -

A detail ed anal yses of the peak positions reveals that this LaFe03 | ayer 18
i s under buaptiensinke wiedarherenss atshiftedanpgnetivatiomipgprar eh adipted phmingulbyer STO)
whereby a, = Sd%QS ~) giving rise to a larger c-axis lattice paraneter of
3.954 ~. BIE*%shows a typical hysteresis |oop, also referred to as M (I~
| oop, obtained on the LaFe03/Fe bilayer 18) 16 grown on the STO (001)
substrate 11. Thereby the LaFe03 | ayer with a thickness of 25 nm was
deposited at 1020 K) whereas the Fe |ayer with a thickness of 3 nm was
deposited at 300 K. The neasurenment was performed at 300 K using a SQU D
magnet oneter after setting the LaFe03 |layer at 380 K. The exchange bias H-x
estimated fromthe neasurenent is 50 Oe (Cersted). The sinple picture of

t he exchange coupling suggests a parallel alignment of the Fe spins to
those on the LaFe03 layer 18. In order to confirmthis, Kerr neasurenents
were perforned on anot her LaFe03/Fe bilayer 18, 16 grown on the STO (001)
substrate 11. For this, the LaFe03 |layer with a thickness of 40 nm was
deposited at 720 K, whereas the Fe layer with a thickness of 8 nm was
deposited at 370 K after setting the antiferromagnetic |ayer at 400 K al ong
di fferent azinuthal directions. t 21 MAR 2003 - 14 FIG 4a and FIG 4b
show a di agram of the exchange bias as a function of the thickness. A

typi cal signature of exchange bias is its filmthickness dependence. For a
LaFe03 / Fe structure grown on STO {001 ), the dependence of li~x with
ferromagnetic Fe filmthickness is given in FIG 4a and FIG 4b. Thereby)
FIG 4a shows the result of a neasuring along the [ 100] direction, whereas
FIG 4b shows the result of a measuring along the [ 110] direction. It is
evi dent that exchange bias peaks at a certain Fe thickness) typically
around 8 -12 nm The decrease with |larger Fe thickness is expected for
fundanental energetic reasons while the drop at |ow Fe thickness in not yet
understood. FIG 5 shows a further enbodi nent as a schematic
three-dinensional illustration of a magnetic storage el enment 20, also
referred to as nmagnetic random access storage device (MR AM, in an

unfol ded | ayered structure. As illustrated in FIG 5) the storage el enent
20 conprises a suitable substrate 22, such as glass, ceramc or a

sem conductor, upon which are deposited a first thin filmlayer 24 of soft
ferromagnetic material) a second thin filmlayer 26 of a nonmagnetic
metallic conducting material such as copper, and a third thin filmlayer 28
of ferromagnetic material. Thereon an antiferronagnetic |ayer 30, also
referred to as pinning layer 30, is deposited. The storage elenent 20 is
rectangul ar in cross-section) and the easy axis of nmagnetization is al ong
the length of the storage elenent. The magnetization direction of the third
thin filmlayer 28 is fixed) as indicated by a first magnetization arrow
29, to be parallel to the longitudinal dinmension of the storage el enent 20,
such as by exchange coupling with the antiferronmagnetic |ayer 30. The
antiferromagnetic |ayer 30 conprises a conpound fromthe group of
orthoferrites, here LaFe03. The advantage of such a structured device is
its applicability in an environment with high tenperatures. Because of the
hi gh Neel tenperature TN of the orthoferrites, such a nmagnetic storage

el ement 20 is usable and operatable up to a tenperature approaching TN. The
magneti zati on of layer 24 is constrained by the uniaxial anisotropy and the
shape geonetry to lay in the longitudinal direction of elenent 20) either
parallel or antiparallel, as it is indicated by a second nmagnetiztion arrow

M r N 1 1 o, Y



.2 ~ NMA R 2003 - 1~ nmagnetization of the third thin filmlayer 28.
Switching of the storage elenent 20 between a " 1 " state and a "0" state
is acconplished by simultaneously applying a transverse field and a

| ongitudinal field to elenment 20. The longitudinal fiehdyiGa by a

| ongi tudinal wite current 32 in a wite line 34 provi e13| &Ag uct or

t hat extends orthogonal to the |ength ofgthe storage el enent 20. The
transverse field is induced by a transverse wite/sense current 36 flow ng
| engt hwi se through the elenent 20. If desired to increase stability by
enhanci ng the transverse fieldﬁ addi tional transverse wite/sense current
may be provPBSGRIPRIQN QIHTHERRAKEBIGSt e conductor that extends |engthw se
t hrough the storage elenent and is interposed between substrate 22 and an
insulating layer that contacts |ayer 24. The electrical resistance is at a
m ni rum when the nmagnetization of the first thin filmlayer 24 is parallel
to that of Threinvention ishdesaribaed in detpilhbelope withgrefezpmre © thenfpllewingnsohbmatic he
nagnetizatuﬁn of the first thin filmlayer 24 is antiparallel to that of
the fixed tHEWP&nin filmlayer 28. 21 MAR 2003 ' -16 Clains: 1. A
magneti c device having at |east an antiferromagnetic |layer (18, 30) in
contact with a ferromagnetic |ayer ( 16,28) for inducing an exchange bi as

(15, 30) corbole o cHRS el BRI G SRR R SRS T el v

is arare earth elenent of Yttrium S is Barium Strontium Nickel
Cal cium Potassium Lithium or Sodium and the index x is defined by 0 < X

<l. 2. Mag L Ciydevi ¢ cordi (o} i,m.1 1€ i.fer etic
Taver (18 30CTHESS R 8 sphed SR B o K AN R Nebic HABAHROAS

according to claim 2, jmbreehyudthe thieied senesmsiiiag.ue TN i s adapt abl e by using
an appropriate dopant. 4. Magnetic device according to claim1l, whereby the

antiferromagnetic layer (18,30) has a thickness t, with t<50 nm 5.
Magneti c device according to claim1, whereby the antiferromagnetic |ayer
(18,30) is Elhj2ct ed isa @Eodfi ¥iray diffraction pattern of a LaFeOs; layer.

FIG.3 shows a hysteresis loop obtained on a LaFeOs/Fe bilayer indicating an

exchange bias of about 50 Oe.

FIG. 4a shows the exchange bias as a function of the Fe thickness measured
along the [100] direction.
FIG. 4b shows the exchange bias as a function of the Fe thickness measured

along the [110] direction.

FIG. 5 shows a schematic illustration of a magnetic storage device.

All the figures are for the sake of clarity not shown in real dimensions, nor are the

relations between the dimensions shown in a realistic scale.



.6. .Magnetic device according to claiml, whereby the antiferronmagnetic
| ayer (18,30) has a distorted structure. 7. Use of the.magnetic device
according to one of the preceding clains for naking a magnetic recording

sensor, preferably a GWR sensor (10). 8. Use of the 1 QreSinai~ve device
according to one of the claims 1 to 6 for producing Qﬁigﬁéﬁ?@ dom

Access Menory (MRAM (20). 9. A nethod.gp-form ng a magnetic |ayer
structure conprising the steps of: 21 MAR 2003 - 17 depositing an
antiferromagnetic |ayer (18,30) conprising a conpound fromthe group of

orthoferrites upon a substrate (1 |,22), aligning the structure of the
anti f er r oA IQ}%QWE%E:P@MWBQ&ME@T& and depositing
thereon a ferromagnetic |ayer (16,28). 10. Method according to claim9,

wherein the antiferromagnetic |ayer (18,30)1is deposited by one of the
t echni ques:__nol ecul ar beam deposi tion, sputterin I on beam sputtering,

| aser dfabl atWish gemselieforencaite thenBghreniand wpb rsp@réqsldgﬂefqnﬁﬁ tq Fis\i) and1HIG. hhod
oyer st udfe s il 6 Snbpd RIS aV6H'a fedfies bbsiofid sotldl, it

uni di recti qagds BROIMB! i cdlied! thpirSvapd! bed'grint | BaGietdresiithie FOMHE)er éfRigRIRet i C

| ayer (18,30) or the |ayer structure during a cooling step.
described in more detail below.

As first, some details about orthoferrites are addressed. The orthoferrites have the
formula RFeO; with R a rare earth or Y. Their structure is that of a distorted perovskite
with the Pbnm space group and lattice parameters: a = 5.5553 A;b=5.5663 Aandc=
7.8545 A in the case of LaFeO;. The magnetic moment points in the a-axis direction,
each cation in the Fe sublattice being antiferromagnetically coupled with its 6 nearest
neighbors. These materials have a Ty ranging from 740K for La to 623K for Lu and
display a weak ferromagnetic moment due to a slight tilting of the Fe-O octahedra (0.6
degrees), depending on the rare-earth size. In the case of LaFeOs;, the magnetic

properties are determined by the Fe* '™

ions. For the other compounds, the magnetic
state of the rare earth ion (Ho, Gd, ...) also plays a role. Furthermore, the magnetism in
these compounds can be strongly suppressed using high pressures. For instance in
LaFeO; at 300K and a hydrostatic pressure of 45-55 GPa, only a nonmagnetic phase is

observed by Mdssbauer spectroscopy.

In current GMR read heads, one of two ferromagnetic layers is pinned by an
antiferromagnetic layer, also referred to as pinning layer. The ferromagnetic and the
antiferromagnetic layer are deposited on each other whereby the structure of the
antiferromagnetic layer is set by aligning its spins in a magnetic field. Two competing
technologies are state of the art, where either a metallic antiferromagnetic layer or an
insulating oxide antiferromagnetic layer is used. The GMR sensor is a resistance sensor
in which the antiferromagnetic layer is connected in a parallel configuration. Thus, the
use of an oxide layer improves resistance sensitivity whereas a metallic

antiferromagnetic layer shows the drawback that the resistance sensitivity is reduced.



.13.. A magnetic device having at |east an antiferromagnetic |layer (18,30) in
contact with a ferromagnetic |ayer (16,28) for inducing an exchange bias in
the ferromagnetic layer ( 16,28), wherein said antiferronagnetic |ayer (
18,.30) conprises a compound describable by a forml @ @~Mﬁr2@ﬁ8§; wherein R
Is arare earth elenent or Yttrium R* is a rare earth elenent or Yttrium
and is dissimlar fromR, and the index_mgl_is defined by 0 < x <1.-14. The
magneti ¢ device according to claim 13, ereby the antiferromagnetic |ayer
(18,30) has a Neel tenperature TN > 450K. 15. The magneti c devi ce accordi ng
to claim14, whereby the Neel tenperature TN is adaptable by using an
appropri at eNe\epheless, 1énch Thanetaliio edntiferctanignetiadayer diends to adidizenct 3corvdder eby
the antiferromagnetic |ayer (.18,30) has a thickness t, with t_< 50 nm

21 MA R 2008rougd the gramebopngares whisdyhence dauressas Mip frierdacsi arpa-alt infurtbasy t he
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devi ce acggsrg%?éfgtﬁ to&él%clle(m %ép%mée@ Sﬁg%ﬁ‘gt‘%m‘ (?elr?ars(s)dnggér%g? [ ?tgg/-é;?" PR
close to today's operating temperatures of heads and is therefore not ideal for new and
faster generations of sensor heads with increased operating temperatures. The following

device and the manufacturing thereof overcomes the disadvantages of the prior art.

A typical GMR sensor 10 is depicted in a three-dimensional view showing an unfolded
layered structure. As illustrated in FIG. la, the GMR sensor 10 comprises a suitable
substrate 11 such as glass, ceramic or a semiconductor, for example, upon which is
deposited a first layer 12 of soft ferromagnetic material, a second layer 14 of a
nonmagnetic metallic material, a third layer 16 of ferromagnetic material which has
preferably hard magnetic properties in order to fix its magnetization in position, and a
fourth layer 18 of antiferromagnetic material, also referred to as pinning layer 18.
According to the preferred embodiment of the present invention, one or both of the
ferromagnetic layers 12, 16 is/are either Co, NiCo, cobalt alloy, such as CogFez, CoZr,
CoMoND, or NiFeCo, Fe, NigFe,, or any another suitable ferromagnetic material. The
nonmagnetic metallic material of the second layer 14, also referred to as spacer layer
14, may be Cu or other noble metal such as silver (Ag) and gold (Au). The third layer
16 is fixed or pinned by the pinning layer 18. The layers are deposited as thin film
layers. The two layers 12, 16 of ferromagnetic material are oriented with their
magnetization at an angle of about 90 degrees with respect to each other in the absence
of an applied magnetic field. In addition, the magnetization of the third layer 16 is fixed
in position as shown by a first arrow 17. The magnetization in the first layer 12, in the
absence of an applied magnetic field, is shown by a second arrow 19. Changes in
magnetization in the first layer 12 are by rotation, in response to an applied magnetic
field such as a magnetic field H, as indicated by dotted lines of the second arrow 19 on

the first layer 12 in FIG. 1a.

In the embodiment shown in FIG. la, the pinning layer 18 comprises a compound taken

from the group of orthoferrites that here is LaFeOs;. This orthoferrite is an exchange



.(18,30) has a distorted structure. 19. A magnetic device having at |east an
antiferromagnetic layer (18,30) in contact wwth a ferromagnetic | ayer -
(16,28) for inducing an exchange bias in the ferromagnetic |ayer (16, 28),
wherein said antiferronmagnetic |ayer (18,30) conpris é

describable by a formul a RFe~_XTMX03; wherein Ris a rare earth el enent or
Yttrium TMis a transition netal; and_tthe index x is defined by 0 < x <1.
20. The magneti c device according to claim19, whereby the /
antiferromagnetic layer (18,30) has a Neel tenperature TN > 450K. 21. The
magnetic device according to claim 20, whereby the Neel tenperature TN is
adapt abl e biasingimajerial of highorssistanee asbhasta Néed tempersatuegyhie of 8bei\id0K whichr di ng
to claim19, whereby the antiferr netic.layer. (1 0),..has i ckness t,
wih o < 56 AosssdtmdiebismadvREIAE Shid B Tt el o it Bl LS °% e
antiferr ONBedfickd bﬂr %X@Hanéé go\fﬁ?i\})\ﬁ'ﬁ iSkRIVALTMAHe bR, PhSithrtite of #1G. TEmARBREL i C
devi ce according to claim19, ereby the antiferromagnetic |ayer (18, 30)
has a di st drveetdd ssor thatt the pinnindJhyeh. 18A9 deéposited firkt, followedAsyr layodl 16, 14, and 12,
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110928 () - '}/eeé qu/zuéé Q.n_ ll)‘el %s%%sluggll-, Ie.g. sputtering, laser ablation, or metalorganic chemical
vapor deposition (MOCVD). The conditions showed a background oxygen pressure of
about 3x10 Torr and a substrate temperature of about 720 K. The deposition was also
performed at a high temperature of 1020 K. For both temperatures, X-r‘ay diffraction
reveals that the layers are crystalline and epitaxial. The antiferromagnetic layer 18
comprising LaFeOs has a thickness of about 20 nm and the [001] orientation. On the
LaFeO, layer 18 a 3 nm thick ferromagnetic layer 16, here Fe, has been subsequently
deposited. This structure of LaFeOi/Fe bilayer 18, 16 is then heated up to 380 K and
cooled in a magnetic filed in order to set the antiferromagnetic layer 18. The heating,
cooling, and field conditions can be changed in order to obtain desired properties and a
strong pinning effect. Further, the antiferromagnetic layer 18 can be doped by an
appropriate dope-material such as Barium, Strontium, Calcium, Potassium, Lithium, or
Sodium. The Néel temperature Ty is therewith tunable between about 450K and 760K,

which shows the advantage that antiferromagnetic layers and therewith magnetic

devices for special applications and defined temperature ranges can be manufactured.
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discussed with reference to FIG. 3. The largest exchange bias was obtained so far on
the structure deposited on STO (001). Despite setting the antiferromagnet layer 18 at a
temperature significantly below the Néel temperature, with T = Ty /2, the magnetization
measurement indicates an exchange bias of about 50 Oe (Oersted) for only a 20 nm
thick antiferromagnetic layer 18 comprising LaFeOs. Subsequently, the nonmagnetic
layer 14 and the further ferromagnetic layer 12 can be deposited by using one of the

deposition techniques.

FIG. 2 shows an X-ray diffraction pattern of the LaFeOs layer 18 grown on the STO
[100] substrate 11. Each of the peaks corresponds to' reflection from a particular plane
in the crystalline structure, as identified in FIG. 2. Besides the substrate peaks indicated
by S, only peaks related to the [00!] diffraction lines of LaFeO; are visible suggesting an
epitaxial layer. Around the layer peaks one observes small peaks, so-called finite size
oscillations providing that the roughness of the layer is of the order of one unit cell. A
detailed analyses of the peak positions reveals that this LaFeOs; layer 18 is under
compressive strain due to the lattice mismatch with the cubic STO, whereby a = 3.905

A, giving rise to a larger c-axis lattice parameter of 3.954 A

FIG. 3 shows a typical hysteresis loop, also referred to as M (H) loop, obtained on the
LaFeOy/Fe bilayer 18, 16 grown on the STO (001) substrate 11. Thereby the LaFeOs
layer with a thickness of 25 nm was deposited at 1020 K, whereas the Fe layer with a
thickness of 3 nm was deposited at 300 K. The measurement was performed at 300 K
using a SQUID magnetometer after setting the LaFeOs layer at 380 K. The exchange
bias H.. estimated from the measurement is SO Oe (Oersted). The simple picture of the
exchange coupling suggests a parallel alignment of the Fe spins to those on the LaFeO;
layer 18. In order to confirm this, Kerr measurements were performed on another
LaFeOs/Fe bilayer 18, 16 grown on the STO (001) substrate 11. For this, the LaFeO,
layer with a thickness of 40 nm was deposited at 720 K, whereas the Fe layer with a
thickness of 8 nm was deposited at 370 K after setting the antiferromagnetic layer at

400 K along different azimuthal directions.
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A typical signature of exchange bias is its film thickness dependence. For a LaFeQs / Fe
structure grown on STO (001), the dependence of H. with ferromagnetic Fe film
thickness is given in FIG. 4a and FIG. 4b. Thereby, FIG. 4a shows the result of a
measuring along the [100] direction, whereas FIG. 4b shows the result of a measuring
along the [110] direction. It is evident that exchange bias peaks at a certain Fe
thickness, typically around 8 -12 nm. The decrease with larger Fe thickness is expected
for fundamental energetic reasons while the drop at low Fe thickness in not yet

understood.

FIG. 5 shows a further embodiment as a schematic three-dimensional illustration of a
magnetic storage element 20, also referred to as magnetic random access storage device
(MRAM), in an unfolded layered structure. As illustrated in FIG. 5, the storage element
20 comprises a suitable substrate 22, such as glass, ceramic or a semiconductor, upon
which are deposited a first thin film layer 24 of soft ferromagnetic material, a second
thin film layer 26 of a nonmagnetic metallic conducting material such as copper, and a
third thin film layer 28 of ferromagnetic material. Thereon an antiferromagnetic layer
30, also referred to as pinning layer 30, is deposited. The storage element 20 is
rectangular in cross-section, and the easy axis of magnetization is along the length of
the storage element. The magnetization direction of the third thin film layer 28 is fixed,
as indicated by a first magnetization arrow 29, to be parallel to the longitudinal
dimension of the storage element 20, such as by exchange coupling with the
antiferromagnetic layer 30. The antiferromagnetic layer 30 comprises a compound from
the group of orthoferrites, here LaFeOs. The advantage of such a structured device is its
applicability in an environment with high temperatures. Because of the high Néel
temperature Ty of the orthoferrites, such a magnetic storage element 20 is usable and

operatable up to a temperature approaching Tw.

The magnetization of layer 24 is constrained by the uniaxial anisotropy and the shape
geometry to lay in the longitudinal direction of element 20, either parallel or antiparallel,

as it is indicated by a second magnetiztion arrow 33, to the fixed direction of
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magnetization of the third thin film layer 28. Switching of the storage element 20
between a "1" state and a "0" state is accomplished by simultaneously applying a
transverse field and a longitudinal field to element 20. The longitudinal field is induced
by a longitudinal write current 32 in a write line 34 provided by a conductor that
extends orthogonal to the length of the storage element 20. The transverse field is
induced by a transverse write/sense current 36 flowing lengthwise through the element
20. If desired to increase stability by enhancing the transverse field, additional
transverse write/sense current may be provided via an optional separate conductor that
extends lengthwise through the storage element and is interposed between substrate 22

and an insulating layer that contacts layer 24.

The electrical resistance is at a minimum when the magnetization of the first thin film
layer 24 is parallel to that of the fixed third thin film layer 28, and is a maximum when
the magnetization of the first thin film layer 24 is antiparallel to that of the fixed third
thin film layer 28.



10G 10GY: 1 1096&" () -8!10%& () -prrr r3r;rPsds~_ @3

1006 M&' () - 2" 10% 0& () - Z: 10% 0& ()- ! sz#10% o' 0& ()- 10Z 10Z

102! 10928 () - dssssqtt] udE~ @ ! 4" 10% o0& ()-3 10% 0&' (-

"10% 0& ()- S, 10% 0& ()-210% 0& ()-s 10k 0& ()-] uul oD 4 MAR20030 o
10' 0L9&10% 0&' () -1 410% 0& ()-/!10% o0& ()-f,: 10% 0& ()-* "10% o0& ()- %
"10% 0&' () WWWOXXXyr @/ 1@ 9! 10%&' ()- F 91 109%&' ()-!F

91 109658 Q—%i—o‘" 958 ()-31096& ()-! s#10965& ()- 10' oy yyzqzz{dE2/ 1@

L. A magnetic device having at least an antiferromagnetic layer (18, 30) in contact
with a ferromagnetic layer (16,28) for inducing an exchange bias in the ferromagnetic layer
(16,28), wherein said antiferromagnetic layer (18,30) comprises a compound describable
by a formula
R;.:S,FeOs; wherein

R is a rare earth element of Yttrium,;

S is Barium, Strontium, Nickel, Calcium, Potassium, Lithium, or Sodium; and

the index x is defined by 0 < x <1.

2. Magnetic device according to claim 1, whereby the antiferromagnetic layer (18,30)

has a Néel temperature Ty > 450K.

3. Magnetic device according to claim 2, whereby the Néel temperature Ty is

adaptable by using an appropriate dopant.

4. Magnetic device according to claim 1, whereby the antiferromagnetic layer (18,30)

has a thickness ¢, with <50 nm.

5. Magnetic device according to claim 1, whereby the antiferromagnetic layer (18,30)

is subjected to a strain.

6. Magnetic device according to claim 1, whereby the antiferromagnetic layer (18,30)

has a distorted structure.

7. Use of the magnetic device according to one of the preceding claims for making a

magnetic recording sensor, preferably a GMR sensor (10).

g. Use of the magetoresistive device according to one of the claims 1 to 6 for

producing a Magnetic Random Access Memory (MRAM) (20).

9. A method of forming a magnetic layer structure comprising the steps of:
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. aligning the structure of the antiferromagnetic layer (18,30) in a magnetic
field, and
. depositing thereon a ferromagnetic layer (16,28).

10.  Method according to claim 9, wherein the antiferromagnetic layer (18,30) is
deposited by one of the techniques: molecular beam deposition, sputtering, ion beam

sputtering, laser ablation, metalorganic chemical vapor deposition (MOCVD).

11. Method according to claim 9, wherein at least one layer (16, 18, 28, 30) or the layer

structure is heated.

12, Method according to claim 9, wherein a unidirectional magnetic field is applied at

least to the antiferromagnetic layer (18,30) or the layer structure during a cooling step.

13. A magnetic device having at least an antiferromagnetic layer (18,30) in contact
with a ferromagnetic layer (16,28) for inducing an exchange bias in the ferromagnetic layer
(16,28), wherein said antiferromagnetic layer (18,30) comprises a compound describable
by a formula
R;..R*,FeOs; wherein

R is a rare earth element or Yttrium;

R* is a rare earth element or Yttrium and is dissimilar from R; and

the index x is defined by 0 <x <1.

14. The magnetic device according to claim 13, whereby the antiferromagnetic layer
(18,30) has a Neéel temperature Ty > 450K.

15. The magnetic device according to claim 14, whereby the Néel temperature Ty is

adaptable by using an appropriate dopant.

16. The magnetic device according to claim 13, whereby the antiferromagnetic layer

(18,30) has a thickness ¢, with £ < 50 nm.
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18.  The magnetic device according to claim 13, whereby the antiferromagnetic layer

(18,30) has a distorted structure.

19. A magnetic device having at least an antiferromagnetic layer (18,30) in contact
with a ferromagnetic layer (16,28) for inducing an exchange bias in the ferromagnetic layer
(16,28), wherein said antiferromagnetic layer (18,30) comprises a compound describable
by a formula RFe;.,TM,0s; wherein

R is a rare earth element or Yttrium,;

TM is a transition metal; and

the index x is defined by 0 <x <1.

20.  The magnetic device according to claim 19, whereby the antiferromagnetic layer
(18,30) has a Néel temperature Ty > 450K,

21. The magnetic device according to claim 20, whereby the Néel temperature Ty is

adaptable by using an appropriate dopant.

22.  The magnetic device according to claim 19, whereby the antiferromagnetic layer
(18,30) has a thickness #, with ¢ < 50 nm.

23.  The magnetic device according to claim 19, whereby the antiferromagnetic layer

(18,30) is subjected to a strain.

24.  The magnetic device according to claim 19, whereby the antiferromagnetic layer

(18,30) has a distorted structure.



