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in the future. Due to their magnetoresistive properties, such compounds may be
employed as, among other things, magnetic-field sensors. The “magnetoresistive
propelties” involved are a change in electrical resistivity induced by an external
magnetic field (magnetoresistance). Due to the spin-polarized tunneling that occurs at
‘room temperature, such compounds may also be employéd as basic building blocks in
fabricating magnetic random-access memories (MRAM) and spin transistors. “Spin-
polarized tunneling” is defined as tunneling (quantum-mechanical penetration of a
potential barrier) of electrons, where the probability that tunneling will occur depends

upon their spin polarization.

Magnetic-field sensors are used on the magnetic heads of hard-disk drives that are
"employed as, e.g., external computer storage devices. Conventional magnetic heads
detect the strengths and directions of magnetic fields based on a currént induced in a
coil. However, as recording density increases, the space available for recording a bit
decreases, and the resultant magnetic fields will gradually decrease. Ultra'responsi\}e
magnetic-field sensors that cannot be manufactured using conventional technologies
are required for detecting such weak external magnetic fields. Ultraresponsive
magnetic—ﬁeld sensors that utilize giant magnetoresistance (GMR) or tunneling
magnetoresistance (TMR) are known (cf. S.Mengel: “Innovationspotential

Magnetoelektronik,” Physikalische Blitter 55 (3) (1999), pp. 53 - 56). Magnetic-field



ar g r-eqtji red for detecting such weak external nmagnetic fields.
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02/ 069356 PCT/ EP02/ 01876 -2 sensors that exhibit nagnetoresistive effects
at tenperatures around 200C are enployed in the autonotive industry.
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choice for fabricating either .
In principle, magnetoelectronic effects allow fabricating magnetically switchable spin

transistors for electronic circuits have a new type of design, where TMR-devices
and/or hybrid magnetic-semiconductor devices might be employed for configuring
transistor circuitry. Spin field-effect transistors (Spin-FET) are more simply
constructed than the usual metal-oxide semiconductor field-effect transistors
(MOSFET), and both of their states (transconducting and nontransconducting) are
nonvolatile. Multivalued-logic devices might be configurable by combining magnetic
metallic chemical elements with semiconducting chemical elements (cf.
G. Bayreuther and S. Mengel: “Magnetoelektronik, Grundlagenforschung - Zukunfis-
technologie?,” VDI-Technologiezentrum (1998)). A metal or semimetal having a high
spin polarization might be a highly beneficial choice for fabricating either
TMR-devices or spin transistors. Hybrid magnetic-matetial-semiconductor structures
are based on the idea that a polarizer-analyzer combination for the spins of éharge
carriers similar to those employed in optics might be configured using magnetic films.
The resistance of the resultant hybrid device would vary with the relative orientations
‘of the magnetizations of its two electrodes. However, in order to achieve that, it will

be necessary, firstly, to supply spin-polarized currents by injecting spin-polarized
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3d-netals, i.e., metals having inconplete 3d-orbitals, since such materials
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film e.g. desir@hfmghetiv) propértiest bed G‘Raﬁéei)eebmpmm lwithahe silicon-processing
techniques. Their major characteristics, such as the magnitudes of their
magnetoresistive effects, their maximum operating temperatures (the operating
temperatures of the resultant magnetic-field sensors), field responsivities, etc., have
‘been improved over the past few years, although no optimal solution covering all

application areas has yet been found.

The aforementioned GMR-effect occurs in multilayer systems. In the simplest case,
such multilayer systems consist of a pair of magnetic films, e.g., a pair of iron films,
separated by a nonmagnetic film, e.g., a chromium film. The GMR-effect, which has
been known since 1987, is presumably an extrinsic interface effect (in the case of
multiphase systems) (cf. German Patent DE-A 38 20 475). The resistance of such
systems will be low whenever the pair of iron films are ferromagnetically coupled by
the chromium film, since electrons will then be able to transit from one iron film to
the other without altering their spins. On the other hand, the resistance of such
systems will be high if the spins of the two iron films are antiferromagnetically
coupled. “Ferromagnetism” is generally defined as a collective magnetism, under

which electron spins are aligned parallel to one another for temperatures below the
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no magnetlc,dl'“‘l‘?fﬁéﬁ}t I"%I\ﬁ#’é@ent Two differing definitions of "percentage
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resistance of a system in the presence of, and in the absence of, a magnetic field. A
“negative magnetoresistance” is defined as a reduction in electrical resistance that
occurs in the presence of an external magnetic field, relative to that when no magnetic
field is present. Two differing definitions of “percentage magnetoresistance” are in
general.use; The definition of “percentage magnetoresistance,” MRy, that will be
employed in the case of the present invention is the difference between the resistance
of a device in the presence of a magnetic field and its resistance in the absence of a
magnetic field, divided by its resistance in the absence of a magnetic field. Its
maximum value is 100 %. An alternative definition (e.g., that employed in German
Patent DE-A 38 20 475) is employed in the case of the giant-magnetoresistance
(GMR) effect. In this case, “percentage magnetoresistance,” MRp, is defined as the
difference between the resistance of a device in the absence of a magnetic field and its
resistance in the presence of a magnetic field, divided by its resistance when the

magnetic field is present. Its maximum value may thus be arbitrarily large.

The aforementioned TMR-effect is based on an insulating film sandwiched between a

pair of magnetic films. If this insulating film is sufficiently thin, electrons will be able
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Di scovery of the "col ossal rragnetore5|stance" (CVR) effect in manganese

oxi des (cf .measuiable injghpmisebelementygnddhin films ofighemisplglements eyl 2z, and K.
Samwer, Phys. Rev. Lett. 71 (1993), p. 2331) attracted worl dw de i nterest,
si nce t he change in their resistance when an external magnetic field was
appl i ed maiargl@hlagn&aﬁeeistahctmrwdmdistdwredahcuompaumdscme\delhiﬂ 1993ay)éscosm§'t ens

conposed of f1Eem cal elenments., The is an intripsic el{f ect (an

ef fect -occu¥frhfgeqios fnagneinEesisianee’ m@ﬁ sct in fpangapese oxi s (cf. R.'von
Helmold, J. Wecker, B. Holzapfel, L. Schulz, and K. Samwer, Phys. Rev. Lett. 71
(1993), p.2331) attracted worldwide interest, since the change in their .resistance
when an external magnetic field was applied was much greater than for the
aforementioned multilayer systems composed of chemical elements. The CMR-effect
is an intrinsic effect (an effeét occurring within a chemical compound), and the
extremely large change in resistance is due to suppression of a metal-insulator
transition at the Curie temperature, T¢c. The “Curie temperature” is defined as the
critical temperature, below which a spontaneous magnetization involving a parallel
alignment of spin moments on those of neighboring atoms, which is also termed a
“ferromagnetic alignment,” occurs. At temperatures above Tc, spins will be randomly
oriented, and compounds that exhibit a CMR-effect will be insulators
(semiconductors). At temperatures below Tc, they will be ferromagnetic metals. The
CMR-éffect was first measured for mixed-valency manganese oxides, such as
La;«SryMnO;. The negative MR that occurs in the case of CMR is attributable to the
reduction in spin disorientation that occurs. The electrical conductivity that occurs is

due to eg-electrons “hopping” between Mn?**-sites and Mn*"-sites, and that “hopping”
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Pol ycr yst alinvaleedsangilies wafefsioghtinues enprassnepropleiiset s of conpounds exhi biting
the CWVR-effect and O Q2 exhibit a so-called "powder-magnet oresi st ance”
(PWMR) effect (of. A Gupta and J. Z. Sun: "Spin-polarized transport and

magnet or esipglapiallift sARBIBE ok thight) Wpactdd pMIEY .of NRGHpoul! e20BitinkORQ) . PP.
24 - 43). Farﬁbel 0\;v tﬁei r Cur ilgemitle g?%t ure, tr?ese cgrl;pouﬁds 1ex’%i bit high
pol ari zat i 6A4Rofffest end CoPds exhibit laeso-called “powder-magnetoresistance” (PMR) effect

(cf. A.Gupta and J. Z. Sun: “Spin-polarized transport and magnetoresistance in
magnetic oxides,” J. Magn. Magn. Mat. 200 (1999), pp. 24 - 43). Far below their
Curie temperature, these compounds exhibit high poian'zations of electrons at tﬁe
Fermi energy, which leads to samples that have grain boundaries exhibiting large
magnetoresistances in weak magnetic fields (as much as 20 % at 4 K and 0.1 T). Only
some of their totally spin-polarized electrons are able to tunnel to states of
neighb.oring grains that have differéntly aligned spins.. An insulating oxide filin
probably forms.the tunneling barrier. Their measured resistance is thus large. An
'¢xtemal-magﬁetic field will align all spins and reduce their resistance, since their
conduction electrons will then be able to tunnel to neighboring grains. Nevertheless,
all compounds that have become known to date exhibit no noticeable effect at room
temperature. Since all such compounds are also oxides, transferring these devices to
wafers presents lproblems. The largest effect at room temperature (6 % at 1 T; cf.
K.-1. Kobayashi, Nature 395 (1998), p. 677) was measured in Sr,FeMoOs.
Composites composed of a metallic material having a'high spin polarization and an

ihsulating, or at least semiconducting, material, e.g., an oxide, such as Al,03;, MgO, or
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Their neasured resistance is thus large. -An external nmagnetic eld wll
align all spins and reduce their resistance, since their conduction
electrons will then be able to tunnel to_neighboring grains. Nevertheless,
all conpounds that have become known to- date exhibit no noticeabl e effect
at room tenperature. Since all such compounds are al so oxides,

transferri ngr,bOheaeflesride; &ch Qs w@i:@rsr R6ME esther fsolalingSor I&ﬁldoﬁﬂm ef fect
at roomtenperature (6 %at 1 T, K.-1. Kobayashi, Nature 395 ( 998)

p. 677) wascqmndealqhnasmrcéwmaor ol w@sasw%ﬁme,opolaethﬂsmd qre
mat eri al hayi n a . hi | ar i n east
seni conduc tefpr% ﬁ%{l e%c,agtpourﬂd Be sultab%eamag?@xa?s f%r qlge 1111 @b%&l%%&m%s fi\&e 3 NOV
2005 WO 02/ tﬁ@l?WRFKEWCESPQ%Qﬂxﬁfhﬁmg7m@éﬂﬂﬂpreeenftd blﬁfrl clecuitingc bf de fvaath or
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electronics. High magnetoresistances at temperatures in excess of room temperature
are necessary if they are to be employed as magnetic-field sensors in the automotive

industry.

There thus existed a need for materials that will exhibit the following properties when
combined:

~ the favorable characteristics of muliilayer systems that exhibit a GMR -effect,

namely:

o high field responsivities,

° a large effect at the operating temperatures of read-heads,
° a stable effect over a broad temperature range, and

- the favorable characteristics of compounds that exhibit a CMR-effect, namely:
) an extremely large effect in a bulk material or a composite composed

of an insulating material and a metallic material exhibiting a high spin

polarization, where the effect will not be strongly dependent upon the

thickness of the intervening film, as in the case of the GMR-effect, and



are necessary if they are to be enployed as magnetic-field sensors in the
autonotive industry. There thus existed a need for materials that wylil noy 2005
exhibit the follow ng properti.es when conbined: the favorable
characteristics of nmultilayer systens that exhibit a GVR-effect, nanely:
high field responsivities, a large effecg at the operating tenperatures of
r ead- heads, a stable effect over a broad tenperature range, and - the
favorabl e characteristics of conmpounds that exhibit a CMR-effect, nanely:

an extrenely |arge &rfusetinispinaelpeiraniesahigh; spin E@laﬁzﬁwﬁpﬁéﬁméeféﬁﬁ%@ﬁe 0568 an

I nsul ating materi al |l rial exhibiting a high spin

pol ari zati on, Wnere ﬁﬁg"@ q:rrg)%&l tﬁ#ﬁ?ﬁﬁ% " be strongly dependent upon the
thickness of the et embedinigt,f tHemprasnti Ii‘nvteh&omém‘evﬂés tdne ifdvareé f modrmetaliit 2
3 NOV 2005 8 for_use.in SEII’I el ectronics, ation a

|
t enper at ur 6empauny gxhubiting a BYR-eHpet tha CP%WFPE @f Ptﬁhg&qaaLe]éﬂ‘@“@rPﬁbhilrWé‘lﬁ
the pr ese”hnitg)}g}g'}ﬁdf% Hiﬁﬂﬁicdﬁéld% e n;11@% ?Elebrfe'i‘aétltélﬁ peraRFROMNEkcess of

exhibiting a fec at contains at |east two chem cal elenents per
formul a u2PO Kathht hasa saddleqnmntrmdca spirefensity sysun éi its bndstosguse in the vicigy of

t enper at “T?g;mg’éﬁ?%éft fznxghlgl,g fallt %nl.jtﬁ% a\flﬁl%ge%lfe point and a

spi n- densi ructure i evicinity of the Ferm
ener gy, both ofn whuthdr einiioklmmtbrithhapﬂ:sénteﬁﬁmhem pafvidesm method éor rmartufabiturimgt an

the present invention provides a t od .for facturi an anlc
i nt er met al MEERBEIBEHACENS AP tl%f%W#ﬁi %c%g?%ala% e]g

chemcal e lcﬁéfﬁf&ﬁlselaﬁéntg géﬂ?dhﬁul'd nlt 288 ﬂa@ﬁ?mﬁ‘ihs'id"ﬁélﬂ @%p@nsflh@} 810%9RP03I Y htt y

>10% per 0.1 T at ratures in excess of erein the compound is
manuf act ur éejnlﬂaratmets\m) emessmf 290 Ki wheteanthe @hmm)md lsern@wéamged &iom e phaere

wherein thg; dylBaSH2NE:af 4fentd , GRd Frtihel? thepeqptﬁeakypﬁ laﬁﬁ%ﬁtu?ers Sf RO BHC D

t hat
elements are chosen such that

- the resultant compound crystallizes into cubic crystals whose lattice constants differ by
no more than 10%,

- the compound belongs to the class of Heusler phases, and

- the compound has an electronic instability in the vicinity of (within £0.5 eV of) the
Fermi energy.

The present invention now makes available compounds that combine the favourable
characteristics of the GMR-effect and the CMR-effect with one another and exhibit high spin
polarization at room temperature. Their magnoresistances exceed those of GMR-systems
and TMR-systems by a factor of about three, while providing field responsiveness better
than those of manganese oxides. Although sensors based on a GMR-effect or TMR-effect
employed on hard-disk drives allow reaching recording densities of about 1 Gbit/em?,
compounds according to the invention should allow reaching higher recording densities (up
to 10 Gbits/cm?). In composite form (granular materials composed of the compound
according to the invention and an insulating, or at least semiconducting, material)
magnoresistive effects of as much as 80% (80% of their resistance in the absence of a
magnetic field, or 700% of their saturation magnetization) have been measured.

The invention has been based on the following theoretical considerations: An
intermetallic compound incorporating 3d-metals as constituents might meet the above
requirements, since such compounds might simultaneously exhibit the desired properties of
both the metallic, multilayer systems and compounds that exhibit a metal-insulator

transition. It will be beneficial if their Curie temperature will continue to exceed room

[RALIBZZ]64574558Gspeci.doc:gym



- the resultant conpound crystallizes into cubic crystals whose Iattigg
constants differ by no nore than 10% the conpound belongs to the cla NGV 2005
Heusl er phases, and the conpound has an electronic instability in the
vicinity of (wwthin 0.5 eV of) the Ferm energy. The present invention now
makes avail abl e conpounds that conbine thg favourable characteristics of
the GVR-effect and the CVR-effect wth one another and exhibit high spin

pol ari zati on at roomtenperature. Their nagnoresi stances exceed those of
GVR- syst entemperatueMR234§)sincordebthatithiedatgest effectivillibe tattnimed fohicngpepatares dalling
field respongiveness better than those,. of nganese, oxi des. t hough
sensors badAtRit the, oRsypimer erperagite FRrgccok wad q‘%@!‘%pl 2&/@8“8 ﬁerﬁg?raéla? % egcfels§/8£

al | ow r eachpoT RGRI bt RFoERABRI for 8pinGiolabmmy tulm@llh%/aﬁﬂﬁ‘or tHeOPIARUERHSt at room
according to the invention should allow reachi ng hjgher recording densities
(up to 10 temperaprep)The) qompeyngdsi acsordingnte ghanipyentions exhibil| the ceffgsh s vigtuakly

e contuotispaielt 8 Riekfug ol SEMeRBOAIP Ak ik Re, CnlanBEaRse o

their resi g0@kce in the absence of a nagnetic field, or 700% of their
saturation magneti zation) have been neasured. The invention has been based
on the follow ng theoretical considerations: An internetallic conpound

i ncorporating 3d-netals as constituents m ght nmeet the above requirenents,
si nce such conpounds m ght sinultaneously exhibit the desired properties of
both the netallic, nmultilayer systens and conpounds that exhibit a

metal -insulator transition. It will be beneficial if their Curie
tenperature will continue to exceed room [ R kLI BZZ] 645745SGspeci . doc: gym 2
3 NOV 2005 8a tenperature (23C) in order that the largest effect will be
attained for tenperatures falling wthin the operating-tenperature range
of read heads. A Curie tenperature in excess of 300C would be favourable
for spin-polarizing tunnelling and for the PMR-effect at room tenperature.
The conpounds according to the invention exhibit the effect, virtually

i ndependent of tenperature, over the tenperature range investigated, ie,
tenperatures up to

[R:ALIBZZ]6457455Gspeci.doc:gym
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PCT/ EP02/ 01876 -9 An understanding of the theoretical nobdel that de N&F?ﬂ
t he physical basis for the CMR-effect will be useful in synthesizi ig{ 05
conpounds neeting the aforenentioned requirenents profile. Wiether a
conpound i sy@yh2/gydsgtor. i.e., a material having an epeT/RRODOISTY

val ence el ectrons or a netal, i.e., a material having an odd nunber of

val ence electrons, is a matter of conjecture. |If certain 3d-netals or

4f -metal s are constituents of a compound, then statenents regarding its
magneti smmay be inferred fromthe distance between those atoms in the
solid state. That such estimates are possible i's due to the existence of a
rel ation angnddifasding blthd fRoftiEMGhode tBit debGided thee piNadNBasié F6r the

val ence-el ectron concentration, and its electronic ‘and magnetic

propert i es CNMRadffact evild | becusefinl in synibesiziag icontpounsis dugatingthe afarpraertionsdr of

val ence el ectr.ons for uni t, i nv.al "

‘el ectrons” rgﬂtgreg]gpf)s ﬁ%s%eélﬁetrrao?? HOHHH(SSr%rf tnétﬂgéo&f haema&eglaﬁb?‘gﬁéﬁ? s

out si de t heybRgimb&! STSAMncé ABEEoEAS SMetel, i.e) B ndabe@iab AGEn®An bdEnurhbervgi ti on
metal s, their valence electrons are s-el ectrons g el ectrons, and

d- el ect r ongalenamdlectrans, He acmatieropf conjedtatst Maearans Jdmatalsarrdfrisetals @11 . The

el ectronic str re,of a solid m d
structure, Cgﬂﬁ}éu?pg O%ﬁf?'gﬂ?qrﬂc} g’gn %@ér‘?%%tngsdr% %@1&1@% gsc’?‘tré&? lﬁgg}gr@%}g’% 4. Band
structure” figm the dfdrice-befivdhahadtahtoss dh thbgolansagy They elch @tintmdseqsl es.
The el ectronic structures of solids may be neasured using spectroscoplc

met hods, speksibls ipHue ts)ethnewstﬁncggémtaty»@cﬂwng@,@%%#aldme sYHGig Qffsughha
el ectronic stru Q Vi s

el-ectronic cglr%’oﬁ’ggngg i \Qal%'irggpegrl rl&gs %&ﬂﬁaln find g@ #J]%lgtcﬁ%ﬁlfc ir s(P ,JPQ#%,HC
formul ati ngrepertigsi ti al recipe for synthesizing conpounds exhibiting giant
magnet or esi stances using a "fingerprint" (cf. C Felser, R Seshadri, A
Leist, and W Trenel, J. Mater. Chem 8 (1998), p. 787, and C. Fel ser and

R Seshadr ikayalence-electron concentration” is defined as the number of valence electrons per

atom in the formula unit involved. “Valence electrons” are defined as electrons in
orbitals of chemical elements outside the last, closed, inert-gas shell. In the case of the
transition metals, their valence electrons are s-electrons, p-electrons, and d-electrons,

and, in the case of the lanthanides, f-electrons as well.

The electronic structure of a solid may be described in terms of its band structure, and
may currently be computed with sufficient accuracy. “Band structure” is the solid-
state analog of the energy levels of molecules. The electronic structures of solids may

be measured using spectroscopic methods, such as photoemission spectroscopy.

Systematic study of the electronic structures of known compounds having the
aforementioned electronic and magnetic properties has allowed, for the first time,
formulating an initial recipe for synthesizing compounds exhibiting giant
magnetoresistances using a “fingerprint” (cf. C. Felser, R. Seshadri, A. Leist, and
W. Tremel, J. Mater. Chem. 8 (1998), p.787, and C.Felser and R. Seshadri,
J. Inorg. Mater. 2 (Raveau Commemorative Volume, 2000), p. 677).



J. Inorg. Mater. 2 (Raveau Commenorative Vol unme, 2000), p. 677). 23NOV2005
WD 02/ 069356 PCT/ EP02/01876 -10 The GVR-effect in the aforementione
Fe-Cr-Fe-system may al so be expl ained on the basis of the el ectron?é NOV 7003
structure of chromumand the spin-density wave (to be explained bel ow)

and mgnet'@&lﬁ/ogﬂ%g@"(cf. P. Bruno and C. Chappert, Phl‘@T/Eﬁﬂl())l@646

(1992), p. doubl e- exchange" ("doubl e Zener-exchange") nechani sm
(cf. C. Zener, Phys. Rev. 82 (1951), p. 403) is usually invoked in order
to explain the giant rmagnetoresistance of the manganese oxi des, the

CVR-ef fect. However, that approach tO'alﬂ'epr anation is confined to the

m xed- val ency manganese oxi des. There is no general theory. Spin-density

vaves, whi gl 350 8RN (FEIROGRLRORe] BE-CriTR-SdBmahkpalso b éxpilinel omder

di scussi on “as e pro y cause of high-tenpérature superconductivity (cf.
G. Burdett thdChayis ofkheBelactionde stnucBarkiafchradwitior shdhiewspinsdengitPreys ((01095) ) .

However, superconductjng' cuprates and gangse oxi xhi bj ti t he

CMR- ef f ect eaploinedt belewhiraafl | paghatisny 8?61{0@3.?0[}8& ﬁﬂﬁ’é?né‘?‘fﬁ\ﬁg\?&e%? ié]‘%t hought

to be cor e%%%.”é%:ﬁ%éﬁrp &gil.f_‘”t magnet or esi stances as |ong ago as 1998 (cf.
CSeshadrt, U ATTL

C. Felser, " : eist, and W Trenel, J. Mater. Chem 8 (1998),
p. 787). Spin-density waves are consequences of the unusual electronic

structures of manganese oxjdes. Conputatijons,of the. el ronic gpructures
3}1 tﬂese cdmsoisublersxshanggn @H@Pé%&?@@%%ﬁ’&f%i%é‘%h g%‘e”r }éyosgni zi ng

ether a gjNeg C nd ¥dd)! i&xnuRily AvSRidN-ifleBidet YtoradkPlain TGOk cal |y,
one needs gée}"ogzr-gi%rrg}jﬁs?onal)f)l o"f ui n>\t/ol \‘;i ng '?he tﬁr ee spataingal cgg‘}ndi nat gs

Ei i N noment wnaghpwees)stance of the reangagsseionides,dbe CMR-eHpatdevieves, tharapproach

i mensional plot of the.electronic structure of olLd.,. : or
arriving. ato an pwfioalien irdiirane fud PSS m et Dy EE RS et ¢
surface, a aHghp@eo9f constant energy (in monmentum space). The

i soenergetic surfacé, which separates occupied states from unoccupied
states, is the Fermi surface, and the associated

Spin-density waves, which are largely responsible for the GMR-effect, are also under
discussion as the probably cause of high-temperature superconductivity (cf.
G. Burdett: Chemical Bonding in Solids. Oxford University Press (1995)). However,
superconducting cﬁprates and manganese oxides exhibiting the CMR-effect are
structurally interrelated. Spin-density waves were thought to be coresponsible for
giant magnetoresistances as long ago as 1998 (cf. C. Felser, R. Seshadri, A. Leist, and
W. Tremel, J. Mater. Chem. 8 (1998), p. 787). Spin-density waves are consequences
of the unusual electronic structures of manganese oxides. Computations of the
electronic structures of these compounds based on band-structure computations allow
recognizing whether a given compound will exhibit a spin-density wave.
Theoretically, one needs a four-dimensional plot involving the three spatial
coordinates (in momentum space) and the energy in order to represent a three-
dimensional plot of the electronic structure of a solid. One means for arriving at a
three-dimensional representation is using the isoenergetic surface, a surface of
constant energy (in momentum space). The isoenergetic surface, which separates
occupied states from unoccupied states, is the Fermi surface, and the associated
energy is the Fermi energy. Under this representation of electronic structure, spin-

density waves are identifiable as parallel surfaces on the isoenergetic surface. Due to



energy t+s the Ferm energy. Under this representation of electronic _
structure, spin- density waves are identifiable as parallel surfaces O??itfﬂﬁll

i soenergetic surface. Due to 23 NOV2005 WD 02/ 069356 PCT/ EP02/ 01876 -11‘t 005
symmetry of their crystalline structures and their val ence-el ectron

concentrati , nese oxi des exhibit such a "fingerprint. J eir
el ectronic %83{0@3&6{ Magneti ¢ manganese oxi des that eﬁ{#{#‘w - ef fect
al so exhibit an additional, local, nmagnetic nmonent. " Conpounds exhibiting

a local magnetic nonent” are defined as conpounds havi ng unpaired
el ectrons, paramagneti c conpounds whose-3pbikns are nmmgnetically aligned at
tenperatures below the critical tenperature, TC. Local nagnetic nonents in

manganat es ﬁ%gsaﬁ} g&g%fg?{?i? Sgé{ahir%' slt%ctful'éslgﬁg tﬁtltif{;ﬁl&ﬁ?-e“f&ﬁjoh ’co{;&n{rmi(ﬁls case,

the hal f-fi manganese. Fornation of an antiferronaghetic

ar r angenent mgayaneseotidésnexhitst arbe ‘dngepapOundiseir elsctiwnid strdapes) dapgetipon t he
rati o of the wavel ength of the spin-density wave (a_result  of their band
structure) manganeselioxidencthaberhibin anlyfeeifect slsmeexhibity g additiopal, Theral,
“fingerpring, " |.e€ in ' ) )

super conduc%“gggetgnlaom%@g ng?ﬁ@&g@éte\gﬁ%ﬁgﬁﬁrE&?f‘lﬁﬁg&ﬁgggﬁnz{/%q a8 defined as

magnet or esi sdrapamds Havmy eslgered adlewdnd,r paramadietie| eatpoondsc whbsespins ese of
super conducti ng conpounds  and consi st ent app%éca_t,i on of the nopdel h?ve | ed

to predict i sagnetically ahigaed it tempgeatyrage below g joriticalt fesmperatyreq TaoNRGE f ect
in &l 2 f g i MR L4 : . n.. 450
ICn Fel seﬁ? 1?.“‘ trcgjpmél‘,ﬁér}it%g{j llg% gisgﬁggrid,auﬁe{a bI@tat ea(r?'{lanéhqgm eéc%{r%gg??, ’HE)BHS459,

and C. Fel sa&e,thKhaMtheng-skell &fmamganesend. R Seshadri, and A Sinon, J.

Splid St ate Chem 147 (1999), p. 19). Gd12 becones ferromagnetically
arranged at 290 K and exhibits a CVMR-effect having a nagnetoresistance,

MRO, of 70 fo@atioRYPanl SERSFAldEhE ARFanferhentAi 08P irf theTaSOOPUMPduNES t he
wor | d-record hol der at room tenperature until” the conpound according to

t he i nvent i anwelhsdepymiingsporetie ratemof the evavelgngih of theaspinsdansiieweveptaacsulded due
]Eio e: gsr ggg?ﬂg ﬂ\lﬁr,: 63%1% gtx\'/uic%e)( {-ot th_r¢e(ﬁgt%r?cevgettvgeenHl%’agnl_é%g atc?rgg i19 %ﬂe g;tor]%.i Ts low
' “fingerprint,” i.e., spin-density waves, has been observed in superconductors and
magnetic systems exhibiting negative magnetbresistances. Knowledge gained from
the electronic strﬁctures of superconducfing compounds and consistent application of
the model have led to prediction, and subsequent experimental verification, of a
CMR-effect in GdI, (cf. C. Felser and R. Seshadri, J. Mater. Chem. 9 (1999), p. 459,
C. Felser, K. Thieme, and R. Seshadri, J. Mater. Chem. 9 (1999), p.459, and
C.Felser, K. Ahn, R. K. Kremer, and R. Seshadri, and A. Simon, J. Solid State
Chen_z. 147 (1999), p. 19). Gdl, becomes ferromagnetically arranged at 290 K and
exhibits a CMR-effect having a magnetoresistance, MRy, of 70 % at room
temperature and 7 T. Although this compound Was the world-record holder at room
temperature until thé compound according to the invention was synthesized,

engineering applications were precluded due to its chemical reactivity (it reacts with

H,, H,0, and O,) and its low field responsivity.

A new, greatly improved, model has meanwhile been developed. In addition to the
aforementioned spin-density wave, a saddle point in the band structures of compounds

exhibiting the CMR-effect is beneficial. A saddle point, conforming to the



A new, yreatly inproved, nodel has neanwhil e been devel oped. In addition to
the aforementioned spin-density wave, a saddle point in the band 005
structures of conpounds exhibiting the CVMR-effect is beneficial. Azéaﬂwl Q
point, conformng to the 2 3 Nov 2005 WD 02/ 069356 PCT/ EP02/ 01876 -12

mat hemat i cayQrgd/ogwIsgon of the term in their spin-pol apEegphagegHg ructure
leads to a high state density. "State density" is defined as the total
nunber of energy levels falling within a specified energy interval. A high
state density (nore than three energy |gvels per elenentary cell and eV)
at the Ferm energy, the energy that sé€parates occupied states from
unoccupi ed states, is unfavorable for the electronic systemand is thus
termed an 'medtR@hdtival defiritiéabf thettgrm, ihnbéiel epigoliizbdBaR] ftivRetiry PRIs &f a
instability, = s in-densi£§/ waves and saddle points, at the Ferm energy is
favorabl e fhigh state densityid“Stateadeasity’ oisedafined asfthe dotplonwraker rfiensrgyulsuelsal

el ectronic aet | perties, The +fingerprint’ for c ounds

exh bi 1 ng TR G hefesiRFeteyeraha hishSRE &nsf o IneFRE SPERy

saddl e poi nével@ pepelenm@pias) tall WAy @V)adi dhé FeifidbndiByg NBE iefierdP TRt sepdiiRs saddl e
poi nt apparently leads to a ferromagnetic coupling anong magnetic atons
(cf. Hedi wccupiedsiates fnom unpequpiadbsgys, ipunfaggable fprithecleeteonigiysteteansiisy wave
| eads to a iferra Q.G angenent . of e i ng. of i ghbaori ng

at oms, i bk ahCURREh S BRHARTCTERIenR o WS Rkl Stuget b

coupl i ng appimadasitp waeestdnd saddls points, hihe FemtigDeplyds @& otable fosihgtgaharl- at t he
Curie tenperature, and is thus responsible for the_ giant nmagnetoresistance
that occur §t3it‘?1pr@Bﬁ‘i§‘6%|ﬂﬁ%QmH°P“§%]éavﬁt&W‘éﬁl glectsonif padimagregic gxaveries- hi gh spin
pol ari zations at the Ferm energy, magnetoresistance effects will be
particularly large. "Spin polarization at a specified energy" is defined
as the rat iThedffingtrprigt’afoe compeurtds exhibaingt giant traagnstoresistance thuatcbngiss af t hat

. Th ' | f. i n. pol ti [ it ti
compound  Here SiFr ! el point RshinbenSly B, ang alaihen e pmARe ! b ch,
in the casgadile pbit &ﬁfé’f@xﬁfgﬂ@&k t8 AdetrbiRaghiviic @bty ,anmglnﬁjag{%@tjcdﬁgﬁﬁ(é@?}:} upon

spin pol ari zation, maxi mzed, in view of the relation MR =

Hedin, J. Magn. Mat. 177 (1998), p. 599), while the spin-density wave leads to an
antiferromagnetic arrangement of the spins of neighboring atoms. This competition
between ferromagnetic and antiferromagnetic coupling appears to be the cause of the
large change in resistance at the Curie temperature, and is thus responsible for the

giant magnetoresistance that occurs in compounds.

If the materials involved also exhibit high spin polarizations at the Fermi energy,
magnetoresistance effects will be particularly large. “Spin polarization at a specified
energy” is defined as the ratio of the state densities for the two spin orientations at that
energy. The maximum value of spin polarization is unity (a nonmagnetic compound
has a spin polarization of zero), and magnetoresistance, which, in the case of the
PMR-effect and the TMR-effect, would be dependent upon spin polarization, will be

P
1~pP*

maximized, in view of the relation MR =

Furthermore, in addition to the aforementioned, trifactor (saddle point, spin-density

wave, and local magnetic moment) “fingerprint,” further requirements have,




1-P2Furthernore, in addition to the aforenentioned, trifactor (saddle
point, spin-density wave, and |ocal nagnetic nonent) "fingerprint,"

further requirenents have, Z 3 NOV 2005 WO 02/ 069356 PCT/ EP02/ 01876 - :}:ﬁ v 2009
appropriately, arisen. Although, instabilities frequently occur in t41e ganc?

structures of . solids, in fact, they will affect their i
properties W P206933ey occur in the vicinity of the Fiﬁ@ﬁ@(@&m

Al though a shift in the Ferm energy can, theoretically, be achieved by
doping a conmpound with electrons or holes, in practice, it frequently is

difficult to achieve. The Ferm energy sHy- be shifted toward hi gher
energies by doping with electronics, and shifted toward | ower energi es by

S0 10 L LD i A Db R o
SrvhGB, w t%lﬁk,e@;fa?ga?ﬁnwl Yfiect! tRE adcienicNftopétaéd 68lIpaRdhdydodonngt it of

strontium at ons anum atons. The only candidates for such
repl acenment siciitg of s Ferorienengy. Altbowgimsa shifitin tizey Féyei doergy can, thegreti¢ally, exi st

for vario C i i . of chem cal . el t in which.ipdivi I
mmy be T ephSeRiPB) by CRBNE & OBOT i FEFERTS o Toimp Rt cedh RV o er
conpounds,  &eEUiRtEhohiSRETHe NermP ARSI Uh8Y b SshiftddRioled Highlr lehbrpRes LB

“fingerprint™ in their band structure, consisting of a saddl e point, a
spi n- densi t opisy avithaeldctronacs, @odishifiedniowiard fwasranergiesThieloping widlvbetesal | i ¢,

syrmetric sttt atow et iond: fe TABEF IF oL fARBE RN B peimt T e
for potentigler@f DUpiNs opordid, Mhedsf SBIn@y; &vith electrons involves replacing the

! _corresponding fraction of strontium atoms by lanthanum atoms. The only candidates
for such replacements are thus compound systems that may be doped, i.e., that exist
for various combinations of chemical elements and in which individual atoms may be

replaced by other atoms.

Intermetallic compounds, such as Heusler compounds, accurately meet the
prerequisites demanded:

- a trifactor “fingerprint” in their band structure, consisting of -

o a saddle point,
o a spin-density wave, and
. a local magnetic moment.

- They are semimetallic, ferromagnets having
- a variable valence-electron concentration,
- highly symmetric structures, and

- Curie temperatures > 500 K.

The prerequisites for potential occurrence of an MR-effect are:
) a high field responsivity,
. a large effect that the operating temperatures of read heads,

. stability of the effect over a broad temperature range, and



a high field responsivity, a large effect that the operating tenperatures
of vread heads, stability of the effect over a broad tenperature FABY@Y 2005
and 2 3 NOV 2005 WD 02/069356 PCT/ EP02/ 01876 14 an extrenely |arge ef ecg
in a bulk or conmposite material, where the effect should not be strongly

dependent upon the - thickness of the intervening film ] e of
t he GVR- ef W& 02/069356he case of applications to spin el ﬁt’@gbg@lg gh spin

pol ari zation at tenperatures close to roomtenperature. Internetallic
conpounds are a reasonable choice for attaining high field responsivities
in the case of conpounds exhibiting gi artd stagnet or esi st ances and, in
particular, semnetallic ferromagnets will be found anong the Heusl er

phases. "Heusler phases" are jnter al li,c.comounds, havi er al
conmposi tion X2YZ  andcTAyemety Ia%e e@ 6“@h@lgioﬁfomﬁ%teomatgﬂgu%‘?%Fegﬁl? cf.
Pearson' s Handbook ofeffdy sh@lld QQF BRNdtfonBBt Bepeh@ént |uposr B! thlckhéss Ritaghes. ASM
International, The Materials Information Society 1991)). Included anong

internetal | i c conpourideraningdidmpeuindbe taseof the{gMRyeffagb or nore true netal's
(Ti and T2), b) one or nore true netals and gne or re true nmetals of the

B- subgroups, anch c) tlidh@easeef applications tgspingleqioniesfigh sun poifrizationat;
properties becone 'eﬁgxa\gg%ﬁﬁésic‘fosg@grdﬁﬂ{f% lefefurkhose of true chem cal
Fgo

conmpounds when they un a transition fromCass | to Class 3. The
classification into true netals and chem cal el enments of the B-subgroups

2o T Bl i B AR SRS SNARET S
Vp 02/ 06933§ the case of compounds exhibiting giant magnetoresistances and, in particular,
/ semimetallic ferromagnets will be found among the Heusler phases. “Heusler phases”
are intermetallic compounds having the general composition X,YZ, and crystallize
into the BiF, type of structure (cf. Pearson’s Handbook of Crystallographic Data
for Intermetallic Phéses. ASM International, The Materials Information Society
(1991)). Included among intermetallic compounds are compounds involving
a) two or more tru.e metals (T and le),
b) one or more true metals and one or more true metals of the
B-subgroups, and
) two or more metals of the B-subgroups,
where their properties become less metallic and more like those of true chemical
compounds when they undergo a transition from Class 1 to Class 3. The classification
into true metals and chemical elements of the B-subgroups is based on Table 13.1 of
R. C. Evans: Einfiihrung in die Kristallchemie. Walter de Gruyter Verlag, Berlin
and New York (1976), p. 276:



-15 PCT/ EP02/ 01876 True Metal sChemical Elenents of the B-Subgroups
T1T2B,B2 LiBe NaMgAl SiS KCaSc Ti VO M Fe Co N CuZn Ga Ge AsSe RbSrYﬁ
Nb Mo Tc Ru Rh Pd AgCd In Sn ShTe CsBaLa Hf Ta WRe Gs Ir Pt AuHg TIL $PNOV b
bf_ Ei Po The l'ant hani des and actini des belong to Cass T2. Cubic structures
of the Bi F2; haracterized by four internestin ' , X
and Y are @ﬁﬁ?@%%sition net al s {TZ in the table agoé/é’f/ﬁﬁﬁwgﬁﬁéual ly a
rare-earth elenment. Z is a nonnagnetic netal or nonnmetal (an elenment from
Subgroup Bl or B2). Due to their magnetic behavior, the magnetooptic Kerr

ef fect, Heusler phases have acquired t-ethnol ogi cal inportance. The
magnetic properties of mobst known Heusler phases have thus been rather

wel | i nvesj-gatea——tr=—partietar—therr—Ferronaynet - ures
and magnet| ¢ monents are KigtwClbwever, their el ectlrccpr‘ﬂndc%%eﬁ‘ﬁqs’l es,| such
as their el ectrical conductivities, have been investioggfceBlsubgroagpe cgses
only. Wthj the exception of the recently discovered senc nd%rcn ng
nonmagnetifc, Fg2VALl, all Heusl erT,conpounds that [haveBf hus |far Bgconsg
known, i. € several hundred distinct (e A PVY- VST PN VT IS ~-XVP-VIE —
f erromagnef Le HBagl er conpounds have band structyres chardcteristic fof
sem net al | ﬁfg{/[ronagnets. The hi gh degrees of sym"retryAlof their ’tji C
structures 4veV8ljso proven favorable, due the odcurrerice af° el ectronic
instabilit)| gs. Hgusl s¢ PhavescexiMi Fevelo aNir bt ijveZy WGpad Gange ok
val ence-el ectron Jconcentrations, which neans thgt doping tthemw th
el ectrons pRthoBSed, Xs Zeqbbr Mp TesRaulRh fidestit [noGdr ol ensSn [SBincdet|he
magneti ¢ cpppoupdy haye,;be t her At hor h ijnv i gat ed;; -t he rli e
a?gof Bﬁnkng\g\nf{? St Wr I&gor())esdmo Pahdy eRt PR Cl)b Bl 95'

t/e-rrper at ur new, o

The lanthanides and actinides belong to Class T.

Cubic structures of the BiF,-type are characterized by four internesting fcc-lattices. X
and Y are usually transition metals (T in the table above). Y is usually a rare-earth
element. Z is a nonmagnetic metal or nonmetal (an element from Subgroup B, or By).
Due to their magnetic behavior, the magnetooptic Kerr effect, Heusler phases have
acquired technological importance. The magnetic properties of most known Heusler
phases have thus been rather well investigated. In particular, their ferromagnetic Curie
temperatures and magnetic moments are known. However, their electronic properties,
such as their electrical conductivities, have been investigated in rare cases only. With
the exception of the recently discovered semiconducting, nonmagnetic, Fe; VA, all
Heusler compounds that have thus far become knoWn, i.e., several hundred distinct
phases, are metals. Several ferromagnetic Heusler compounds have band structures
characteristic of semimetallic ferromagnets. The high degrees of symmetry of their
cubic structures have also proven favoréble, due the occurrence of electronic
instabilities. Heusler phases exist over a relatively broad range of valence-electron
concentrations, which means that doping them with electrons or holes, as required,
should present no problems. Since the magnetic compounds have ‘been rather
thoroughly investigated, the Curie temperatures of unknown, new, or doped

compounds may be inferred from the ferromagnetic Curie temperatures of known



conpounds may be inferred fromthe ferromagnetic Curie tenperatures of

kndwn 2 3 NOV 2005 WO 02/ 069356 PCT/ EP02/ 01876 -16 conpounds. 23 NOV. 2005
Band-structure conmputations for various Heusler conmpounds have shown tlplat
this class of compounds either inmediately neets the aforenmentioned

criteria, owoWoeos®et themif their val ence-el ectron Cmfﬂ??(fz%lis%‘s are
suitably adjusted by varying their elenental conpositions. For a

val ence-el ectron concentration of 6.95 0.5, preferably 6.95 0.2, in
particular, 6.95 0.1, and, nuch to be phfferred,_ 6.95 0.02, val ence
el ectrons per atomin their formula unit?Ythe instabilities involved

(saddl e points and spin-density waves) occurred at their Ferm energy.

Qther i nst @mhpdunide Band-stigettlefonPRAABOHN LT veseusrHéwRler ¢anpHERls Da®s sHoWh
concentrations of 5.5 0.5, 6.9 0.5, preferably 5.5 0.2, in particular,

5.5 0. 1, thatthinelass afcompounsiseither immediately meetpothe wiirementiased stitesiasoper
atomin thejr, for a upit,..and 7.1 0.5, ef.erably 7 . 2, 1N

par U1 cul ar W1 7T hdn 1 deir Aifcnle Stpth opefiBsisSRiptslighl, sdiufieg dfice

el ectrons pedryiabOfheir eldifthtal f @niposionsi For Si RaRnk&eMabirsie UstnBént2EROosNds do
not exhibit such val ence-el ectron concentrations (VEC) under all

condi ti ons, 6-PAdhd.tnrefarably, 6.9hddr2, dn padigniar,i 635+ 8dnand;itoweh (oebegpreferreduri e
t t LI i £ hi i . read- . dopi f
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structure wenddle ngdints bendalspiardelsiby vitepi)ngcam@don yhdihdetmi-@hsigyemhgy woul d
be shifted (the "rigid-band- nodel"” assunption). In fact, Heusler conpounds
synt hesi zednpiadiditiesint Heusleit epmappsnds qiewr doreyplgncecgleation. smogntagtions \gfc =

6.95), Co2G 9 i@ﬁ?%ﬁﬁ d%/ ef_éra@ytgg.é’i 0.3 FRacHS, F0Q ]an(ivﬁlc&c]?htg B0 -

subsequent Iy exhi’bifed t expe gi'aht "~ rmagnet or esi stanceq.
i nvest i gat i peteret, §.5¢i0.0% velehceosieatrons ppreatbmds thdiaformelaainitc andi®d 8 edd.5howed

that, as had been tul at.ed, co unds gccoyding to th i nvention
Co2Cr 0. 6Fe(P™d *}E‘blﬁcg-g%idj-gli%@?ﬁ'@%g@n@ eBd s, omie ,t%gi,l’r Fresh Add % he2,
favorabl e prORREkieeoi pet MemA&E foemblaGRitgh field responsivities) and the
CVR-effect (a large effect in a conpound). Heusler phases according to the

i nvention exhibit
Since known Heusler compounds do not exhibit such valence-electron concentrations

(VEC) under all conditions, in particular, under all auxiliary conditions (e.g., a Curie
temperature falling within the range applicable to read-heads), doping of the known
compounds was necessary, where it was assumed that their band structure would not
be altered by doping and only their Fermi energy would be shifted (the “rigid-band-
model” assumption). In fact, Heusler compounds synthesized based on the
aforementioned theory, Co,Cro¢Feg4Al (VEC = 6.95), Co,Crg¢Fep4Ga (VEC = 6.95),
and CoyCrgoMngsAl (VEC =6.95), subsequently exhibited the expected giant
magnetoresistances. The investigations of their electronic properties that were
conducted showed that, as had been postulated, compounds according to the
invention, Co,Cro¢FeosAl, CooCroeFeosGa, and CoyCro,MngsAl, combined the
favorable properties of the GMR-effect (high field responsivities) and the CMR-effect
(a large effect in a compound). Heusler phases according to the invention exhibit
magnetoresistances of the same order of magnitude as those of the manganites (the
“colossal-magnetoresistance effect” (CMR-effect)) and field responsivities as high as

those of the multilayer systems (the “giant-magnetoresistance effect” (GMR-effect)).



magnet or esi stances of the same order of magnitude as those of the
manganites (the "col ossal -magnetoresistance effect” (CVR-effect)) and
field responsivities as high as those of the multilayer systems (th& NOV 2005
"gi ant - magnet oresi stance effect” (GVWR-effect)). 2 3 NOV 2005 WO 02/ 069356

PCT/ EPO2/ O ce neasurenents of the effect wer n

pol ycrystallﬁ;(gcgzéﬂﬁ?rﬁé1 it may be concluded that spi n%pgf@ﬁ@gﬁ%ﬁ was
nearly 100 % O her corrpounds according to the invention are, for exanple,
Co2Mn0. gCr 0. 2A1, and Co2Mio, 8Cr0.2Ga, for both of which VEC = 6.95, and

Co2MGe0, 5Ga0, 5, Co2MnSi 0. 5A10, 5, Co2MnsHob- 51no0.5, Co2Mo, 5Cro, 5Si,
Co2Mo. 5Fe0, 5A1, Co2MWn0. 5Fe0. 5Ga, Co2Mnh0. 5Fe0. 51 n, Fe2COGe0 5Ga0. 5 and

Fe2.5C00.5 for =7 t

i nvention gg’ﬁgc? ﬁtfggirnrg%%\ﬁ?m% |f?1/15ep}vﬁget%?‘§?céggongm§g§'8ﬁﬁﬁ% %ﬁt gl n-at
| east two chesdrfeldee tigepihpoheizaficar wed geatlpil0o &'Kld)tbu’mdmliouné@mcmcbng to
nagnetore5|stances having field responsivities > 5

% p
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preferred, B Wvggerggg_ dat C%P%R%géeﬂﬁ% %WﬂsloAﬂmsf(' @g%mﬁs%e;ﬁm?nhances

t he PNR—eff Pre red conp cor |ngtothe|nven Ion are

:cnt er net al Icgzmﬁgga;@ws;ﬂs th@b%ramg}ibb;mpubl Coymyehey yGa, prefCeskn, 5Feb15in; ng

ew, or no,_structural inperfections erfections" are
defined as FerCoGeesGaasandiier.sCaokde, fGT?Il‘%ﬁW}Bﬁh %%JO‘ b/oqgl n particular; by <5
% and preferably by <2 % In addition, it has proven to be beneflci al if

t he conpounds belong to the Heusler phases. Conmpounds according to the
i nvention eQbinpbtindsedcecrdingniocthe risteatioh iatd thes @mgtdllice iptahmtel,licgompodadﬁsi ty

waves, and | ocal magnet C t rm_ener

A st abi 140 ORI, Heleatt i iy mtge clienteob ogmBiaginiC pad b tPeadV,

i nstabi i tyydphdi6febif@ndes %ﬁ%ﬁl@%eﬁ?fdﬂi)or@ﬁ@ﬁ&)b 5Y, p& 01PITE in bﬁl‘@lﬁulaﬂ >5103%
preferably no"nore than 0.2 eV, in particular, no _nore and,

mich to be perdk. bfrr pusferstdy rafdo pheth ] Toawk mugh to be prefarrede> HQ r‘Vepf:rd? A|T aﬁr
conpounds acco egz}r@re %Q&m‘uﬂ Y d{:g er%h%ﬁpés%é i’pﬂ(r Eﬂgctcprrg?ér@ﬁ%on%pounds

CWR/ GVR- effreoé’fn enperatures i n excess
t enper at ur eadcdRfihg toStHeIn NP Wrdmtaimetallic compounds that exhibit cubic symmetry,

preferably having few, or no, structural imperfections. “Structural imperfections” are
defined as lattice parameters that differ by <10 %, in particular, by <35 %, and
preferably by <2 %. In addition, it has proven to be beneficial if the compounds
belong to the Heusler phases. Compounds according to the invention exhibit
electronic instabilities (saddle points, spin-density waves, and local magnetic
moments) in the vicinity of the Fermi energy. An “instability in the vicinity of the
Fermi energy” is defined as an instability differing from the Fermi energy by no more
thaﬁ £ 0.5 eV, preferably no more than + 0.2 eV, in particular, no more than = 0.1 eV,
and, much to be preferred, no more than + 0.02 eV. It will be beneficial if compounds
according to the invention exhibiting the combined CMR/GMR-effect exhibit that
effect at temperatures ih excess of room temperature (23°C). Such compounds are
_ characterized by valence-electron concentrations of 6.95 + 0.5, preferably 6.95 + 0.2,
in particular, 6.95 + 0.1, and, mulch to be preferred, 6.95 + 0.02, electrons per atom in
their formula unit. Other instabilities in Heusler compounds, and thus other preferred
VECs, are observed for valence-electron concentrations of 5.5+ 0.5, preferably

5:5 + 0.2, in particular, 5.5 + 0.1, and, much to be preferred, 5.5 £ 0.02, electrons per



characterized by val ence-el ectron concentrations of 6.95 f 0.5, preferably
6.95 0.2, in particular, 6.95 0.1, and, nuch to be preferred, 6.95 f
0.02, electrons per atomin their fornula unit. Other instabiliti@s NoY 2005
Heusl er conpounds, and thus other preferred VECs, are observed for

val ence-el ectron concentrations of 5.5 .f 0.5, preferably in
parti cul ar ,WQQZ/0@9.¥,6 and, nuch to be preferred, 5.5 O%T%ﬁgédtirsg?]s per
23 NOV 2005 WD 02/ 069356 PCT/ EP02/01876 -18 atomin the formula unit, and
7.13 1 0.5, preferably 7.13 0.2, in particular, 7.13 0.1, and, nuch to
be preferred, 7.13 0.02, electrons per-B-omin their fornula unit. The
optim zed val ence-el ectron concentrations of specific conpounds nay be

determ ned from acgcurate band-s ! [ D) ties
nave thus HOR BodHe COBURH Forhd el LE 00 MHERIO I 13 St 7 pariRReE:

Co2Cr 0, 6Fe0y f432,0, RRdd, e obedoreéd)y. 13a00.0D ol ectmhs peloatem ioliber fnhulsAs a
sanmpl e conputation, Co has 9, elenental Cr has 86, E%ghas 8, and Al. has 3 .

val ence el amit: ghe. optinizest valemneealeciion coneRpyatiensodl Peciiis RAMPRIREY MAX| b8/i o| ds
2 x 9) + (0.6 + (0.4 % 8) % 3 = : . |
ni + and, (GHTBIRTLEG R Yt ofubelBhe Uit ibas RRE hAf T 8

val ence el et rpgsn @uhipbiel forl akal commpuads CoyorRAe) fAdr Go,CarFeeCGagnuet at ur e
exceedi ng roomtenperature (23C). The preferred glgﬂqgounds .accqr in9 to the
i nventi on, Cofty MRS, andl havesiaoysen phiervRda ASh3p EPHPYRHENSAA NaSre
semnetallig ferr nets, i i i f St :
particul ar ﬁje‘PS'?ta‘g@g‘Egr@ofé%éé I’gac?gg\r,%?/%sh? Slr a{eﬁg@?%gﬁ?ssoé\?&%%@ﬁ%g}(chi bit a
PVR- ef f ect cordfdsiamer &F. 1 Go,CrigPealt i oidldy , € 20 2pex 60 +1(0F x BreBer abl y >
50 % per 0.1 T, and, nuch to be npreferred, > 80 %per Q.1 T, at room
tienper at ur €278 salgneeneleetrongeres ripamwa i sand; follpvirs dob‘gﬂﬁﬁgﬁé(d%’ QggHP%P?Fg to
the inventi ' ' =14 AfocalPabietic MomRHEMoftr s
cont ai ni ng_-%igﬁng&g rp%gta:mg?igf }ge%é Q?l Sg&eggﬁn&&?@t}%t 0%5 % grcef glr ably 15 %
10 % in patuficubmperatife ekcebditg raom, tempehature (BFPr dherpreigrred ompopndg  of
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to their sajeiafcBlidREABIaEEAS, vitlich is why their measured effects are particularly large.
Composites according to the invention, which exhibit a PMR-effect > 10 % per 0.1 T,
in particular, >20 % per 0.1 T, preferably >50 % per 0.1 T, and, much to be
preferred, > 80 % per 0.1 T, at room temperature are granular materials consisting of
compounds according to the invention and an insulating material, such as Al;O3, in
admixtures containing mole fractions of, for example, 15 % +15 %, preferably
15 % + 10 %, in particular, 15 % + 5 %, and, much to be preferred, 15 % + 2 %, of the
latter. Magnetoresistive effects ranging up to 80 %, referred to their resistance in the
.absence of a magnetic field, or up to 700 %, referred to their saturated magnetization,
have been measured for such materials. The effects remain stable over broad
temperature ranges whose breadths exceed 50'°C., in particular, exceed 100°C,
preferably exceed 200°C, and, much to be preferred, exceed 400°C, i.e., the effects
vary by < 50 %, in particular, < 20 %, and, much to be preferred, < 10 %, over those
temperature ranges. These materials, either in the form of bulk materials embedded in -
other materials, such as époxy resins or polymers, or in the form of granular films,

may be employed “as is” as magnetic-field sensors for use in magnetoelectronics.



have -been nmeasured for such materials. The effects remain stable over broad
t enper at ure ranges whose breadths exceed 50C, in particular, exceed 100C,
preferably exceed 200C, and, much to be preferred, exceed 400C, i.€.3 NBV‘@J%
effects vary by <50 % in particular, < 20 % and, much to be preferred,

< 10 % ov enperature ranges. These nmateri al spcef/pdd/ohgré he form
of bul k "naﬁgggﬁgg%s edded in other materials, such as epoxy res?ns or

polymers, or in the formof granular filns, may be enployed "as is" as
magnetic-field sensors for use in magnetoel ectronics. 23 NOV2005 WO

02/ 069356 PCT/ EP02/ 01876 -19 Conpounds -ddcor di ng to the invention, in the
formof either bulk nmaterials or conposites, exhibit |arge negative

t ' ol ' %f eidtind, ;
magnet or emé&@@&@a? gdg@)dﬁrge&e%ﬁe gfv%ﬁt%rehhythe B3fn %t eitg bulRIthateMAIR drY

preferred, > 0 rred to their resistance in the absence of a
magneti c ficehmposites, @XHibity referred to their saturated magnetization)),

whi ch are thus nuch | arger than those f.or - SYS , t tenp ures
exceedi ng room t”errperlﬁ'fgﬁr‘é"_g%\‘eefr@g%?rﬁs%f?n‘ie@(@”f%ﬁ@%3’ prefsérabtly P §°’
operat i ng-tenper at ur & ang aﬂérpr peftniagadse L %@-%,d@fe%‘éﬂ% ieRGeliGtaRéeatnd:

55C), large nmagnetoresistive effects over road tenperature range having
a breadth of > 100C thpmbfeacabf v magpedCfieldndr 70@04, ircfistred fty thmircfaturatede, >

ber 0.1 T, and. par tTEGPARARATYY chBitpiE Dubomyhotsrbers thyn DOBRL: et

(>5 %per 0.1 T, prefpi@Blsienss, 20 % per 0.1 T, and, particularly

preferable, > 50 % per 0.1 T) at roomtenperature, high resistances to

t hermal deconpositiom (up d demporptereatenceedingfrodidGempenatire (farbfeyablyp at theS0C,

qnd particularly prefer abtlypel’caluﬁ)e}a%nrgk?gn%erﬁgr% range of read-heads, i.e., around

25°C to around 55°C),

- large magnetoresistive effects over a broad temperature range having a
breadth of > 100°C, preferably > 200°C, and, particularly preferable,
>400°C,

- high field responsivities (> 10 % per 0.1 T, preferably >20 % per
0.1 T, and, particularly preferable, > 70 % per 0.1 T),

- a PMR-effect (>5 % per 0.1 T, preferably >20% per 0.1 T, and,
particularly preferable, > 50 % per 0.1 T) at room temperature,

- high resistances to thermal decomposition (up to temperatures of 50°C,
preferably up to 80°C, and, particularly preferable, up to 100°C) and
high chemical stabilities (resistance to H,O, O, and, particularly
preferable, resistance to acids and alkalis),

- compatibility with silicon-processing technologies, and

- high spin polarizations (> 60 %, preferably > 70 %, and, particularly
preferable, > 90 %) at the Fermi energy in order to provide for their

broad applicability in magnetoelectronics.

Compounds according to the invention may be assembled from two or more chemical
elements, where the types and quantities of the chemical elements involved are chose

such that the resultant compounds crystallize into cubic crystals whose lattice



hi gh- chem cal stabilities (resistance to H2O, 02, and, particularly

p_referabl e, resistance to acids and alkalis), - conpatibility with

silicon-processing technol ogies, and high spin polarizations (> 60 ?7&3 NOV 2005

preferably > 70 % and, particularly preferable, > 90 9% at the Fermi

energy in order to provide for their broad applicabilit

magnet oel edWpB2/869356onpounds according to the inventi oﬁ%@%yoﬁg@ml ed

fromtwo or nore chemcal elenents, where the types and quantities of the

chenical elenents involved are chose such that the resultant conpounds

crystallize into cubic crystals whose |ggdce 23 NOV 2005 WD 02/ 069356

PCT{ EPO|2/018€6 -20 constants. differ by 510 % preferably by < 5% in

particul ar y < 2 % To a first OXI tion, .t tr
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belong to the Heusler phases. The chem cal el emsntf e\(,)\Sg\e;n sho xh| bi t
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an el ect r onGmytdrriéerbigi Bﬁlthyl and ¥Rt ¥ opfol1970), 8pt 19)-JeeRd mjical ﬁ

vicinit
partic u?/ ar | %P%&}%V\@PQ‘SP‘E to \lﬁz lnHXIved 8Feegh%éﬂt§lu¥h a{ %gos%ﬁa&ecﬁe [poﬁﬂdjs belong
shoul d not (gerhbNgerhs Phakdie ThO Thaieds elements cthbsenestionldabshibib candfdp:énbnmm th

el ectrons or holes, in accord th th h [ 1

el e](c:t roB: c instability (sasddle ]Fhlg{ C%Sﬁgty d&‘%’eg:qg d %){E‘gti g? néﬁg@n%wo‘gg%’ shoul d
preferably

.05 1705 isfeasbly SRR S BY, PRNGIARERAb iGE L0 CNGeRE Fakhon, Of

referred, dneBhy. 1032 shouNi net bathevease,ahe nmapetlmlstshmid dmn@fécnali)aw dopedar e
5. 50. 5, preferably 5.50.2, in par(gll cul a

preferred, ‘Blﬂfﬁ elestngps o5 figles, yzacqyr “C‘?)?‘é'i‘etpﬁlﬁﬁgleor@fwigy cﬁmfﬂyeﬁ ]f)cgl}oﬁ cul ar,
7.13 -10.1, 4 {“ﬁﬁkﬂ%@nﬁﬁat%m@fcﬁr&%ﬂmcﬂ cletrenfd Shdsery ShQulé PrefefabBf yiehs per

atominthe woul d be beneficial if the resultant
compounds that have a valence-electron concentration of 6.95+ 0.5, preferably

6.95+ 0.2, in particular, 6.95+0.1, and, much to be preferred, 6.95 £ 0.02.
Alternative valence-electron concentrations are 55+ 0.5, preferably 5.5+0.2, n
particular, 5.5 + 0.1, and, much to be preferred, 5.5 +0.02, and 7.13 £ 0.5, preferably
7.13 £ 0.2, in particular, 7.13 0.1, and, much to be preferred, 7.13 + 0.02, valence
electrons per atom in the formula unit. It would be beneficial if the resultant
compounds would have a local magnetic moment and a Curie iemperature exceeding
room temperature. From these synthetic compounds, one then selects those that are
semimetallic ferromagnets, which will be those compounds that have state densities

for a single spin orientation only at their Fermi energy.

In the following, the invention will be explained in greater detail, based on examples.

Examples

The compounds involved are synthesized from the chemical elements to be involved,
in accordance with their stoichiometric ratios. Measured quantities are pressed into

pellets and fused for around 30 seconds in an inert-gas atmosphere using an arc
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greater detV¥0 02/ § on exanpl es. Exanpl es The corrpoun(!‘gwﬁ\?@g@ém%re

synt hesi zed fromthe chem cal elenents to be involved, in accordance with
their stoichiometric ratios. Measured quantities are pressed into pellets
and fused for around 30 seconds in an i4ri-gas atnosphere using an arc 2 3
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magnetic ﬁeld of 8 T. The B-field dependence of their electrical resistance was also
measured at selected temperatures for applied magnetic fields ranging from - 8 T to
+ 8 T. The fused, globular samples were ground using a mortar and pressed into
8-mm-diameter pellets around 1 mm thick using an applied force of 5 metric tons

prior to the investigations of the behaviors of their electrical resistance.
Example 1: CoyCro¢FegsAl

{ A total of 2 g of this compound was synthesized from the chemical elements involved
M (99.8-%-purity Cd, supplied by Alfa Metals, Karlsruhe, 99.8 -%-purity Cr, also
supplied by Alfa Metals, Karlsruhe, 99.99-%-purity Al, supplied by Chempur,
Karlsruhe, and 99.9-%-purity Fe, suppliéd by Alfa Metals, Karlsruhe) in accordance
with its stoichiometric ratios. Pellets were pressed from weighed quantities and fused
for about 30 seconds in a 700-mbar argon atmosphere using an arc welder operated at
a current of 65 A and a voltage of 20 V. That process was repeated three times in
order to homogenize the samples. The weight losses involved were less than 2 %. The
purity of the product was checked using Cu-K,-radiation on a Siemens D5000 X-ray
powder - diffractometer. The CoxCro¢FeosAl-phase (a Heusler phase having a



A total* of 2 g of this conmpound was synthesized fromthe chem cal elenents
i nvol ved (99.8-%purity Co, supplied by Alfa Metals, Karlsruhe, 99
-%purity Cr, also supplied by Alfa Metals, Karlsruhe, 99.99-% purié’yNQM 2,005
supplied by Chenpur, Karlsruhe, and 99.9-%purity Fe, supplied by A fa
Met al s, Kar, if2 accordance wth its stoichionetri ' llets
wer e presse wgn&?/@ghed quantities and fused for 'aboﬁgg@g?éﬁgg in a
700- mbar argon at nosphere using an arc wel der operated at a current of 65
A and a voltage of 20 V. That process was repeated three tines in order to
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purity of the product was checked using Cu-Ka-radiation on a Sienens D5000
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i ndi cation of active behayior.. |, yi n external magnetic field of 8 T
reduces it Ftégrirgfl‘é‘i?éewg‘tc ik W@ﬁ%‘é@%ﬁ%‘”’%‘ﬂﬁ%uppr esses the sharp
transition at 150 K, which snoothes out the |local mninmum and shifts it

toward higher tenperatures (cf. Fi({:;. 1%. Measurenents of the nmagnetic-
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300 K (cf. dnidShifés it tb@@ﬂmigwgéﬁﬂer@mfudqcﬁ &tk aY) Meddneenicnngel the Gndgnétit-o + 0. 1
y hig

T yielded an extraordinari field responsivity for this conpound.
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' temperature to 12 % at 200 K and nearly 20 % at 300 K (cf. Fig. 2). Measurements

conducted over the range -0.1 T to + 0.1 T yielded an extraordinarily high field
responsivity for this compound. Saturations at effects in excess of 20 % and of 10 %

were obtained for magnetic flux densities of 0.1 T and about 0.03 T, respectively.
Example 2: Co,Crg¢FegsAl + 10 %, by mole fraction, A,O;

! The compound Co;CrocFegsAl was prepared as described under Example 1. The
resultant product was finely ground using a mortar and homogenized with 15 %, by
mole fraction, 99.9-%-purity Al,O3 supplied by Chempur. This admixture was then

pressed into a pellet.

The results of R(B)-measurements on this sample at 295 K are shown in Fig. 3.
Observation of the field dependence of its magnetoresistance at 295 K yielded a
negative magnetoresistance of nearly 700 %, referred to its saturation magnetization,

at 0.1 T. Measurements conducted over the range -0.1 T to +0.1 T yielded an



The ¢onpound Co2Cr 0. 6Fe0, 4A1 was prepared as described under Exanple 1. The
resul tant product was finely ground using a nortar and honpgeni zed with 15
% by nole fraction, 99.9-%purity A1203 supplied by Chenpur. Th|523 005
adm xture was then pressed into a pellet. The results of R(B)- neasureM% %g
on this s e at 295 K are shown in Fig. 3. Qbservati | d
dependenceG@3 netoresistance at 295 K yielded a Bﬁgggfb@@l&h?
nagnetore5|stance of nearly 700 % referred to its saturation .
magnetization, at 0.1 T. Measurenments conducted over the range - 0.1 T to
+ 0.1 T yielded an 23 NOV2005 WO 02/ 069336 PCT/ EP02/ 01876 -23
extraordlnarlly high field responS|V|ty for this conpound. A saturation at

an effect-in ess ,of % was . d for a ity of
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formula unit and has an intrinsic field responsivity >10% per 0.1 T at

tenperatures in excess of 290 K, that has a saddl e point and a spin-density
wave in its band structure in the vicinity of the Ferm energy, both of
which fall wthin 0.5 eV thereof. 2. A conpound according to claim1,
havi ng cubic symmetry, and whose |attice constants differ by no nore than
10% 3. A conpound according to claim1 or 2, belonging to the class of
Heusl er phases. 4. A conpound according to any one of clains 1-3, for

whi ch the CVR/ GVR- effect occurs at roomtenperature (23C) and hi gher
tenperatures. 5. A conpound according to any one of clains 1-4 having a

val ence-el ectron concentration of 6.95 0.5 per atomin its fornula unit.
§. A compound according to any one of clainms 1-4 having a val ence-el ectron



concentration of 5.5 0.5 per atomin its formula unit. 7. A conpound
according to any one of clains 1-4 having a val ence-el ectron concerﬁ ation
of 7.13 0.5 per atomin its fornmula unit. 8. A conpound according t 513\92005
one of clainms 1-7 having a |ocal nmagnetic nonment . 9. A conpound according
to any one of clains 1-8, whose Curie tenpgrature exceeds roomtenperature
(23C). 10. A compound according to any one of clains 1-9 that is a
ferromagnetic semnetal. 11. Conpounds having the fornul ae

Co2Cr 0. 6FedClaims: Co2Cr 0, 2Mh0, 8A1, Co2Cr 0. 6Fe0. 4Ga, Co2Mh0, 8Cro. 2Al,

Co2Wn0, 8Cr 0, 2Ga, CogRlM: ' oW Spe. : . _
Co2Mn0. 5Cr o. 5881 CO%W%PZ&@@“@% %@’@E@ﬁé@@"n%o% Ufecp HR cantains at
Fe2CoGe0, 50afkst $wo @herhizdl Semonts Gar farthuladuxio apd hind en datipae d@dldfesponsivityr g%
internetal lic ound exhibiting a -ef fect t contains at .| east two
chen cal el R L BEERPEGHEN 5 AT SLAK Raiah s iR IrGIcEn 41 St CSBOR AP 1 y
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i nsul ating or sem conducti ng subst'ance. 13. A coOnposite according to claim

12, wher ei rthemgef. i nsul ati ng or sem conducting substance is enployed in a

nol e fraction 15% 1 eferenc t he. quant ity of he 1.,.:
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claim12 or 13,, wheyein the insyl ating. or em.conduct i ng, substance |s
chosen from oné: of %?%P%Pﬁ@ﬁ@fﬁl&ﬂﬁ%&%%%%ge el‘&?glg%lﬁ’stbﬁgl_é‘é%‘?fsé%fe&Qlé?ses'
fluorides, polyrers\ compohnd@sfding 1 any 0B HFQHIIE 128.CRY: Aliish e ENR/AMNRO!
clainms 12-14 that exhibits a PMR-effect and has a field responsivity >10%

per 0.1 T aHtfeplonsursat rrosstemperatare£23°6) andligher tewperaiigenposi t e according to
any one of claigrs %'c%élpmﬁc&%gftgeﬁb SEECYF s 1-4 having a valence-electron

concentration of 6.95 + 0.5 per atom in its formula unit,

6. A compound according to any one of claims 1-4 having a valence-electron
concentration of 5.5 £ 0.5 per atom in its formula unit.

7. A compound according to any one of claims 1-4 having a valence-electron
concentration of 7.13 + 0.5 per atom in its formula unit.

8. A compound according to any one of claims 1-7 having a local magnetic
moment .

9. A compound according to any one of claims 1-8, whose Curie temperature
exceeds room temperature (23°C).

10. A compound according to any one of claims 1-9 that is a ferromagnetic
semimetal.

11. Compounds having the formulae Co,CroeFegsAl  Co,CroaMnggAl,
Co;Crg6Fep.4Ga, CoMnggCrozAl, Co,MngygCrgaGa, Co,MnGeysGags, CoaMnSigsAlgs,
Co:MnSngsings, CosMngsCrosSi, Co;MngsFegsAl, Co,MngsFegsGa, Co,MngsFegsln,
FeyCoGeg sGag s, or Fe; sCop 5Ga.

12. A composite composed of an inorganic intermetallic compound exhibiting a
PMR-effect that contains at least two chemical elements per formula unit and has an intrinsic
field responsivity >10% per 0.1 T at temperatures in excess of 290 K and at least one
insulating or semiconducting substance. _

13. A composite according to claim 12, wherein the insulating or semiconducting
substance is employed in a mole fraction of 15% or more, with reference to the quantity of

the inorganic intermetallic compound employed in the composite.

[RALIBZZ}645745SGspeci.doc:gym



roomtenperature (23C) and higher tenperatures. 17. A nethod for

manuf acturing an inorganic internetallic conmpound exhibiting a PM-effect
that contains at |east two chenical elenents per fornmula unit and an
intrinsic field responsivity >10%per 0.1 T at tenperatures in excesd0¥2005
290 K, wherein the conpound is manufact u%ed fromtwo or nore different
chem cal elenents, and further wherein thé types and quantities of the
chemi cal el enents are chosen such that - the resultant conpound

crystallizes inyo qubidinpositst &cerdidpste Ilchiithi 42 oens3 anilerenf fler ilgnlating oor e
than 10% - the conpound bel gngs to the class of Heu§ler .phases, .and - the
conpound h&&§migendpciing syhstence is chasen frop one efiaosg; ofithe faflogring typer ph Sypstangsy:
of) the Feites oM cording to claim 17, wherein the
types and %gﬁr?ﬁtlergx%?%gﬁneﬁs’?ﬁgﬁgéggﬁgél enents are chosen such that the
resul tant conpdénd A asmposital ssoardingl tecanyome aforiaionst 12ai4 dhat ekhibite s PMRSeffero .
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wherein the types and quaptities of the chemical elenents are chosen such
that the r&eemieAPeralyraidd fd amd fighey empstaturgs.ect ron concentration of 7.13

0.5. 21. A nethad ] ne of el abas 47- 200 wher el a i theibi;
conmpound i s dOQZd %SVI F}‘g"éirfgﬂ r Oﬁ@?@%ﬁoﬁﬂelgs}%lﬁgé@tgﬁgg acclgdru gld negﬁltb(l)tm ny
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mmaneti o Py Qv cel T kRt FrreRsate R fhsfhie BRermetnd.
[ R\ LI BZZ] GéméAdiaétarddions 606 oymbet BfftieM clefifical 6lements, and further wherein the types
. and quantities of the chemical elements are chosen such that
- the resultant compound crystallizes into cubic crystals whose lattice constants differ by
no more than 10%,
- the compound belongs to the class of Heusler phases, and
- the compound has an electronic instability in the vicinity of (within £0.5 eV of) the
Fermi energy.

18. A method according to claim 17, wherein the types and quantities of the
chemical elements are chosen such that the resultant compound has a valence electron
concentration of 6.95 + 0.5.

19. A method according to claim 17, wherein the types and quantities of the
chemical elements are chosen such that the resultant compound has a valence electron
concentration of 5.5 £ 0.5.

20. A method according to claim 17, wherein the types and quantities of the
chemical elements are chosen such that the resultant compound has a valence electron
concentration of 7.13 % 0.5.

21. A method according to any one of claims 17-20, wherein the compound is doped
with electrons or holes.

22. A method according to any one of claims 17-21, wherein the types and quantities
of the chemical elements are chosen such that the resultant compound has
a)  alocal magnetic moment; and

b) a Curie temperature in excess of room temperature.
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23. A nethod according to any one of clains 17-22, wherein the types and
quantities of the chemical elenents are chosen such that the resultant
conpound is a ferromagnetic senimetal. 24. Use of conpounds or confpddiDY &
according to any one of clainms 1-16 for nmanufacturing read-heads enpl oyed
on storage devices. 25. Use of conpounds 9k conposites according to any one
of clains 1-16 as mnmagnetic-field sensors.” 26. Use of conpounds or
conposites according to any one of clains 1-16 in spin electronics. 27.

Use of conpoundss, OFAW&&ﬂl@QﬁQﬁ?bﬁgofaamwm viHerdih @ pds akd q‘u@ﬁutws

manuf acturi ng TMR-devi ces. 28. Use o ounds havi ng cubi ¢ synmetry,

conbi ned PME berchemical glemgents arp chpseg; ich |ﬂé4tdh? é@ﬂgﬁm WWUBQOS/@p@Homa@GFCaS

magnetic-figlhgdsgpsors. 29. An inorganic internetallic conpound produced by

the met hod of any one of <clains 17 to 23. [R L] BZZ] 645745SGspeci . doc: gym
24. Use of compounds or composites according to any one of claims 1-16 for

manufacturing read-heads employed on storage devices.

25. Use of compounds or composites according to any one of claims 1-16 as
magnetic-field sensors.

26. Use of compounds or composites according to any one of claims 1-16 in spin
electronics.

27. Use of compounds or composites according to any one of claims 1-16 for
manufacturing TMR-devices.

28. Use of compounds having cubic symmetry, a combined PMR-effect, and an
intrinsic field responsivity >10% per 0.1 T as magnetic-field sensors.

29. An inorganic intermetallic compound produced by the method of any one of
claims 17 to 23.
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