WO 01/ 71824 PCT/ EPOQ 06909 1 METHOD AND DEVI CE FOR TRANSFERRI NG
SPI N- POLARI ZED CHARCGE CARRI ERS Techni cal Field The present invention

bel ongs @ di§sfsi €l d of organic electronics and 5 magnet Pgﬁ_&'ﬁh‘g&%gcs and

relates to a nethod and a device for injecting and trans
spin-pol arized charge carriers, particularly in organic sem conductors.
Background Art Control of the spin polarization (SP) of charge carriers
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of electronics, known as magnetoelectronics, has been developed on this

basis and has a decisive role in the technology of computers, multimedia

and communications.

15 Many types of processors and memory elements for computers are in fact
based on the property of the devices to change their electric resistance
according to the orientation of the spins of the charge carriers, thus allowing
to read the magnetic information by means of a simple measurement of
resistance [1].

20 The discoveries of materials which exhibit giant magnetoresistance
(magnetic metallic multilayers, GMR) [2] and colossal magnetoresistance
(perovskitic manganites, CMR) [3] lead to an essential improvement in this
field due to the strong electrical signal that can be obtained in these
materials even in low magnetic fields.

25 GMR materials, discovered in 1988, were used in the computer industry
already in 1994.

Several electronic devices based on CMR materials have been proposed
during the 1990s. These devices comprise both memory elements and
various types of active elements, such as magnetic Processors, magﬁetic

30 transistors and hybrid transistors with inserted superconducting materials.



WO 01/ 71824 PCT/ EPOO/ 06909 2 On the one hand, organic el ectronics has
undergone a great devel opnent starting fromthe 1990s. Essentially, this
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15 entire visible spectrum.

5. The possibility to reversibly deposit organic films, which can be
subsequently removed and replaced with other materials.

Accordingly, the development and efficiency improvement of organic
electronic devices are of primary importance.

20 In order to produce magnetoelectronic devices it is necessary to have the
possibility to create inside the active element of the device spin-polarized
charge carriers. There exist various ways for spin-polarized charge carriers
creation. For example, by illuminating the properly doped GaAs or a similar
semiconductor with circularly-polarized light one excites triplet excitons

25 with their spins aligned along the external magnetic field [4]. It is also
known the use spin filters, i.e., devices across which can pass only charge
carriers having a certain spin polarization [S]. However, such methods are
complicated, expensive, and require the presence of magnetic field.

A third known method is the use of a magnetic material with intrinsic

30 spin polarization. A large fraction of magnetic materials has a larger number



WO 01/ 71824 PCT/ EPO0/ 06909 3 of el ectrons whose spins are orientated
parallel to the nmagnetic axis (N T ). Usually, the difference between the
| arger n r el ectrons whose spin orientation is para| e
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15 exchanges between Mn(3+) and Mn(4+). Due to a strong Hund energy, the
manganese sites accept only electrons whose spins are orientated like their
own magnetic moment. Accordingly, delocalization affects only one half of
all the electrons, i.e., those having spin parallel to the magnetization axis of
the Mn ions; those with an antiparallel spin remain localized. As a result,
20 100% polarization of the spins of charge carriers (the delocalized electrons)
1s produced.

When two ferromagnetic electrodes with polarized spins come into direct
or tunnelling electric contact, the total electric resistance depends on the
angle of misorientation of their spins: for parallel spins, resistance is lowest;

25 for antiparallel spins, resistance is highest. This is described in qualitative
terms by the deGennes formula for the electron transfer probability T, [6]:
T, = by,c08(®,,/2) + const, (1)
where 1 and 2 correspond to the two ferromagnetic electrodes, b, 1s a
tunnelling constant, and ®, is the angle between the magnetic axes of 1 and

30 2. If the external magnetic field is zero, the angle ©,, can have any value
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magnetic field, both ferromagnetic el ectrodes assune the sane oriention,
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Disclosure of the Invention

The aim of the present invention is to provide a method and a device for

15 Injecting and transporting spin-polarized charge carriers by using, as
medium for charge carrier transport, a low-cost material which can be
deposited with low-cost methods which can be performed easily and in a
reversible manner so that it can be easily replaced with another material if
necessary.

20 An object of the present invention is to provide new active elements for
magnetoelectronics, thereby the resistance of the devices based on such
elements is sensitive to the spin polarization of the carriers passing across
said elements.

Another object is to provide light-emitting diodes (LEDs) with improved

25 efficiency.

Conventional LED light-emitting diodes consist of two electrodes
(electron injectors and hole injectors) between which a layer of
electroluminescent material is placed. During the flow of current between
the two electrodes, excitons, i.c., highly bound electron-hole pairs, are

30 Injected into electroluminescent material. The singlet states generate a
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spectrum V\/ni le the triplet states generate an em ssion, which causes

del ayed @ ygscence [8]. Accordingly, the optical em ssion of LEDs is
gener al I 8 on transitions between singlet states. 5 Tn/FHE6AS

el ectrodes used in conventional LEDs, agl spin polarizations are present
(SP=0), and the statistics of electron spins inside the |layer of organic
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| eads to 100% S=0 level filling, with a 75% i nprovenent iIn
effici en@] of the LED. The statistical considerations presented above are

based onqt gu s disc ed in classi manual s of quantum mechani cs
and 25 hgﬁle%g{e @ ri n'@n?ip tests are%gg%ecessary On the ot her hand,

to I‘ﬁa“ZeTﬁlf)q:& agl tl\ge Engllng of a c?g n exciton level (singlet in

our case) it rrant t charge carr % to not lose their spin
orientation after E@pi N e dp tl pfeJ/tIﬂe elestopde. What the inventors of the

present invention have found hat the eI ectrons (holes), once injected
into the organic eted) al - >@Ibpt:bot 30 | ose2d®nory of the spin orientation
that they had oramgr]?, gpﬁlcgtg?lgtlcs sets a filling limit of 25% for the S=0 levels,
contributing, together with several other processes, to a reduction in the
15 efficiency of LEDs. If one electrode is a half-metallic ferromagnet, all the
charges injected by said electrode have the same spin, for example -ef. If
one observes the above spin statistics, it is evident that only the
combinations that do not have electrons with e} electron spin are now
possible. Accordingly, the levels efpl and etp? are filled, and this changes
20 from 25% to 50% the filling of the singlet layers. The additional use of a
second spin-polarized electrode as holes injector leads to a 100% S=0 level
filling, with a 75% improvement in the efficiency of the LED.
The statistical considerations presented above are based on the
arguments discussed in classical manuals of quantum mechanics and
25 therefore experimental tests are not necessary. On the other hand, to realize
such a selective filling of a chosen exciton level (singlet in our case) it is
important the charge carriers to not lose their spin orientation after escaping
out of the electrode. What the inventors of the present invention have found
is that the electrons (holes), once injected into the organic material, do not

30 lose memory of the spin orientation that they had in the electrode.



WO 01/ 71824 PCT/ EPO0/ 06909 6 Accordingly, another object of the present
invention is to provide a mnethod and a device which allow an increased

filling foo&lpﬁszﬁi ngl et exciton states, which are optical ﬁaﬂ%@b{é‘%@n t he

el ectrol Umnescent material. The above-mentioned objects _ ~whi ch
wi |l become apparent 5 fromthe present description are achieved with a
nmet hod according to the invention for transferring charge carriers,
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the o et il opreseht Restpuib Ve aieDla B FPERR oo ling fooy i

r ef er abl idmforenabyfergagschaked berfidRWeompridifsithb Gt gnt between two
gl ectrodeI!quJﬁr ough a layer %f _or%ani c materi gl_. ghe t\/\%}&;(?ecgrodes are
made of nataérlpﬁ-’t 107001 Apins pokariaed chidrge aOfespimaR Orpahiriasdridmmf t he

charge carnivers and are terned spin-polarized el ectrodes. Preferably, the
t Wo gl ect r&&eé’a%%méoqg??lgu%%% faf’@réﬁio {figét FITIararifaough sakdwrggniche
formul a HtXBXIVNCB. A preferred exanple is constituted by el ectrodes nmade
of Lao 7Sro 3Mh3. The transfer of charge carriers of step b) can be

erformed bhhepmigpnig materan & 66t ldreahicelfaicRigak gagic f1d aly
Barti cul ar F&h_an ég?ectri c field E >_ %04 - 105 V/ C%&&Scrl%ﬁn %f
pr ef er r etlestbodeumant preferdidsi menbrgdnichengiesiabnthdseveftdmnihie! to a

compr 1 scCoBUELBY raTyHaap s enied ronl phiaposypines zea char ge carri ers
in an orgamc sRkeLLE &a?ﬂble is constituted by the organic materials
sexithiophene and zinc-phthalocyanine.
15 The organic material can be in the form of a thin layer having a thickness
suitable to ensure the electrical continuity of the material.
The injection of step a) is preferably performed by means of the flow of
electric current between two electrodes through a layer of organic material.
The two electrodes are made of materials having substantially 100% spin
20  polarization of the charge carriers and are termed spin-polarized electrodes.
Preferably, the two electrodes are constituted by ferromagnetic
manganites having the formula A, B MnO.,.
A preferred example is constituted by electrodes made of La;,Sr,;MnO,.
The transfer of charge carriers of step b) can be performed by applying
25 an electric field to said organic material, particularly an electric field E = 10°
-10° V/em.

Description of preferred embodiments

An embodiment of the present invention relates to a method for inducing
magnetoresistance in an organic material, which comprises the steps of:

30 a) injection of spin-polarized charge carriers in an organic material from



WO 01/ 71824 PCT/ EPOQ 06909 7 a spin-polarized electrode, b) transport of
sai d spin-polarized charge carriers through said organic material, between

sai d spi Q-pal.azi,zed el ectrode and a second spin-pol ari zed I W th
appl i cat Qggﬁggﬁé‘n external magnetic field. 5 Another aspegtcefélfp%%@g%r esent

invention relates to a device for transferring charge carriers,
conprising: a) neans for injecting spin-polarized charge carriers, and b) a

medi um suis?@b.lp@mlqze(g Reedifgdsport of spin-polarized charge carriers, said
medi um sui tabl'e for the transport of spin-polarized charge carriers 1o

conpr i si ng Wntrenspoitcofmasier spin-pdheidiahatzdreifidm! throuah é%ﬁ@%rygﬁn{@t erial
capable of carrying electric current. Preferably, the organic terial is
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t he devi ce
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el ectri cgfije i | ' Suj t transport charge carriers. 25
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conprd sesomproigaahorgahis teMhl.ch is an el ectrol unmi nescent material,
means for injecting spin-polarized charge carriers which are constituted by

a first spibs- pegamrzedterialcisr an©rgadicanstedal capiblepof 2ol @lleaticode,
the first __electrode being an el ectrode for injecting spin-polarized
el ect ronSEHY -t he 30 second el ectrode bei ng an el ectrode for injecting

spi n-pol ar il’%@ﬂ:r%’fy?schet&%anic material is chosen from the group constituted by
polythiophenes and metal-phthalocyanines. A preferred example is

15 constituted by sexithiophene and zinc-phthalocyanine.

The organic material can be in the form of a thin layer, with a thickness
suitable to ensure the electrical continuity of the material.

The means for injecting the spin-polarized charge carriers are preferably
made of a material with 100% spin polarization of the charge carriers, more

20  preferably ferromagnetic manganites having the formula A, BMnO,. The
injection means are even more preferably made of Lay,Sry;MnO;.

In one embodiment, the device according to the invention furthermore
comprises means for applying an electric field to said material suitable to
transport charge carriers.

25 In another embodiment, the device according to the present invention
comprises an organic material which is an electroluminescent material,
means for injecting spin-polarized charge carriers which are constituted by a
first spin-polarized electrode and a second spin-polarized electrode, the first
electrode being an electrode for injecting spin-polarized electrons and the

30 second electrode being an electrode for injecting spin-polarized holes, the



WO 01/ 71824 PCT/ EPO0/ 06909 8 device being suitable for use as
light-emtting diode. In another enbodinent, the invention relates to a

devi ce f j ing nagnetoresistance in an organic mater,j ri sing:
a) rreans%oo}fﬁﬂg%ecti ng spin-polarized charge carriers, co a’%’%’i’“ﬁ@@‘)fi rst

5 spin-polarized el ectrode and a second; spi n-pol ari zed el ectrode, and b) a
medi um sui table for the transport of spin-polarized charge carriers, the
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to aichange)imedmeforexsplyaiy &hakeerial hﬁé@leﬁi@fﬂeﬁd.i ¢s. In the case of
i njection of charges having the 25 same Spin (i.e., spin-polarized

char ges), #oefesmbhpl thetdewdses egmondinghao abovresthednsBhtioft abinprises, only
the conbinations i.n.which there are no electrons with e J, electron spin
remai n po$ENBI T JUGHIRE cSy8;pRlarizedhehagge| earriersp consmiited Tbp Twar e

changes roncaey, PhTeBoart ifiShiduel dnbelIlE deias canientlorthioPeeass wai ch
al so ar emaperialp oh@ i Z@tet{VbbriZRicIABE BRIt ah8ReSo0d 2108 e SEAL Be
15 changed separately by applying local magnetic fields, preferably stronger
than 3000 Oe, and the device is suitable for use as memory element.
Furthermore, the device according to the present invention can comprise a
cathode which emits spin-polarized electrons, said cathode being made of
materials having substantially 100% spin polarization of the charge carriers,

20 and being covered by a protective layer formed by said organic material.

The inventors of the present invention have found that the charge
carriers, once injected into an organic material, do not lose memory of the
spin state that they had in the electrode. This fact leads to a change in the
exciton state filling statistics. In the case of injection of charges having the
25 same spin (i.c., spin-polarized charges), for example e?, as regards the
above cited spin statistics, only the combinations in which there are no
electrons with e electron spin remain possible. In this case, only the levels
etpl and efp?t are filled; therefore, statistically, the filling of the singlet
states changes from 25% to 50%. Likewise, by using an injection of holes

30  which also are spin-polarized (with the same spin), the S=0 singlet state



WO 01/ 71824 PCT/ EPOO/ 06909 9 filling statistics changes to 100% i.e.,
yielding a 75% increase in the efficiency of the light-emtting device. In
order to ] the possibility to performspin-polarized injectionin a
| ayer of “??g‘?&?% material and to perform spin-pol ari zed cd:fgﬂé'?ﬂ”/oﬂoﬁnsport
5 through said organic material, the inyentors of the present invention
used devices, according to the invention, based on spin-polarized material s
and  var iflisgorgaitticsTeheh b So 18097572, 3NREG, 3] Chsé,s -a L ypi cal

represent at i 3%2 of the AI_><%XI\/h83 s%’t é%]” \ﬁéﬁ&%ﬂéa S%pilﬁ‘-: Ser 1 dhe

mat er i al .effigiensyrof ihenkghf-ehattinSdeval O3 were deposited with the

Channel - Spay k bl ati on method on substrates of neodym um gallate or

stronti um tiT QT exaaIRG sk possibatityt teepeifommuseit-paldrese dorfjvessn 38 and

200 nm al{.ow rovi.de jn the fil.ma highly ordered crystall ographic
Structur & 1aYeh B diBank! Maigel ARE et P TORB iRt RYaszad |caherentt tresspart

si ngl & cihshdhssap A C0s : a filman. neodym umgall ate
is shovmldign.‘ngi S?Jlr eogé,lﬁlvﬁ Igﬁ?%lﬁ%ﬁ\ngﬂf: ﬁl@%%hgéri'g](%%% PRI WVERLRN: PSR a)

f er r omagneviass, faccardiag tohehesiinodich Ysiedd 6 ASK0: t he
neodym um g.al | at e subgt rate. It i é not ed thgtéltﬁﬁe&?&g]lzl%ty 0 ex?%lg %Iq mis
very hi gifallON8\Qrggnihaaterplset e 20 absence of spurious phases (only the

peaks of t substyrate and.those of the Lao 7Sro 3MhC3 are present). The
magnetic rrel]g%od E%MngshW 1h a§r el YRIGRETEPIRSE Nl vt @buhdany | 3B, MnOeeds

the ambi epétehERPLES AbaM §s Sbilf-golérr?zﬁﬂﬁggpﬁs shown by Figure 2 (which

pl ots magneti ¢ nonent ove npera a typical ferromagnetic 25 film

and for thelsinngilmscoysia) .Sy, , MO S €re3 'M@ngi&itea N $ihal a? n@g%gﬁwgiﬁal\ﬁ%éh

the filns {n, the ferromagneti T state at anbient t enper
deposi t i 8hlagion methad. MsSEbVAGS 6f Inendyneings goplate dRViEESHUEY Giatfigat ed as

shown i nFigure 3 ich illustrates two spin-polarized el ectrodes
separ at egﬁsaﬁé&ﬂﬁéﬁpﬁﬁ By BeE DY aélﬁﬁll%ﬂtwg{ea g@mﬁc%ﬁﬂmmeaﬁowmg. to30 The
gaps var yrRH¥ERhE G e l’?&%l}r/mc}r]agrredt Qreys\{z?liolé)r%%hficl lstrrrﬁcﬁisrceadénd electrical

and magnetic properties similar to those of single crystals.

15 The micro-Raman spectrum of a film on neodymium gallate is shown in
Figure 1, which shows the micro-Raman spectra of a typical ferromagnetic
film, of the single crystal of La,;SrysMnOs, and of the neodymium gallate
substrate.

It is noted that the quality of the film is very high, showing the complete

20 absence of spurious phases (only the peaks of the substrate and those of the
La, ;S1,;MnO; are present).

The magnetic measurements show a Curie temperature which abundantly
exceeds the ambient temperature, i.e., T. = 375K, as shown by Figure 2
(which plots magnetic moment over temperature for a typical ferromagnetic

25 film and for the single crystal of La, ;S1y3:Mn0O;). This allows to work with
the films in the ferromagnetic state at ambient temperature.

After the deposition of the La, ;Sr, sMnO; films, nanoscopic devices were
created as shown in Figure 3, which illustrates two spin-polarized electrodes
separated by a nanogap prepared by applying a nanoscopic technique.

30 The gaps vary between 70 and 500 nm for the various films used.



WO 01/ 71824 PCT/ EPOO/ 06909 10 The neasurenents of resistance across the
gap yielded infinite resistance. Accordingly, the CVR el ectrodes are

conpl et el engyat ed. The consecutive step for producing the device was the
provi sion of an organic bridge between the tw el ectrodes?CTéEla”@Wc filns

were deposited by nmeans of the thermal yaporization nethod through the
masks in order to create a stripe, which covers the gap and |eaves the two

el ectrodes DPhen nhEAGLER e i Lal.g used are,sexithi.ophene
and zi nc- pht hal ocyani ne.e’%l)tSSi -r{)'ge rgcg)tg acfee”%%%{%gggﬁ St X’rq@? , lPhnﬁSr mal
condi t i omesistamge c Acchadimgly potheoCMBas1EYE 0HBYASE @bﬁ'ﬁ%lé%@?%@ggf&t@d: a

decrease | éesi stance due to the alignnment of thelocaliz magneti c
nmonent s. Rrelf) GQlOaspeukve steptior moduauitheydavichbovis obe tprevisen tdfi aphene
films an : -zl ne- . pht hal ocyanine fil s have confirmed the total
absence gfgér}leltgc;a ?@@B%\gﬁ%@&‘%g‘xgteéﬁ%o%%n nonmagneti ¢ el ectrodes (gol d,
silveg past@oa{ie £iPmdsS I ' rials this type, a.weak
posi tive magnget éregi?g?aﬁ%ere gggéggé}ingoa};sﬂﬁlgahﬁl%ﬁ ,C%LBU %Fﬂ%i VAPQEZIIPRt ense
magnet i cmdtbbdshtovgh thO-BAskk@ebrddumnerddtBor EM&%,%HF&H BEOLR, fff%;g?p i zed
[ ari ze

conducted i 'f order to exam ne the possibility o nj ecting spin-
charge caPfilervesstherivimelegtradesaapern(Biguzed)f er r omagnet i ¢ el ectrodes. The

transfer of ins_thraugh the materi.al. was exam ned by inserting the
or gani c rrat%é?g)lrgg%lﬁgbaqe{lﬁg Pﬁ%‘f P meyaidpphene élfé?ctltmdpéthedneyminthe
ferromag i RN SSdd ' ol ari zed, charges, d the other one
act ed assggeggtggira,%}ééenm t?@étﬁgq?%ghg}%llg BPERa] ﬁgnldg‘%% €% sARshaY & or der
to 2% r eneahegdtevprmagnetrosisal@Ncice 0fy afbdroi&r fiﬁrféﬁ?ﬁﬁﬁéet e %QQ{B ]E: th

0 e

material wth the orientation of the electron spins, e rntruenc
vari at i opligRmepheofreifsetocalizes dnagnetie nernshancReptatede rASGEmeaSs

i or | ol SHITURgRl Hevib. Qibule. Gerteepaets | Himst Redorgarthe winer i a
g?efhgoégg@gg@ﬁgﬁl% ?rsfil %?hg\gés tsicghkﬁ(m%%anﬁl%s’tottgle z%sie%rc]:teatcgfonneogfatitvge spins
magnetoresistance when nonmagnetic electrodes (gold, silver paste) are
15 used. In organic materials of this type, a weak positive magnetoresistance
can be measured [10], but only in very intense magnetic fields (over 60-80
kOe).
Tunnelling-type experiments were conducted in order to examine the
possibility of injecting spin-polarized charge carriers from the spin-
20  polarized ferromagnetic electrodes.
The transfer of the spins through the material was examined by inserting
the organic material between the two spin-polarized electrodes. One of the
ferromagnetic electrodes emitted spin-polarized charges, and the other one
acted as detector, sensitive to the angle © of the incoming spins. In order to
25 reveal the presence or absence of an interference of the organic material
with the orientation of the electron spins, the influence of the variation of
the magnetic field on the resistance of the device was studied. Negative
magnetoresistance of the ferromagnet-organic material-ferromagnet device

would demonstrate that the organic material does not change, or only

30  partially changes, the orientation of the spins of the charge carriers that pass



WO 01/ 71824 PCT/ EPOO/ 06909 11 through it. Negative magnetoresistance is
caused by the alignnent of the spins in the two ferromagnetic el ectrodes
under th of the magnetic field. If instead the resist anee f said
devi ce V\SYJ glt/hg%w no dependency on the nmagnetic field excpe(firt/E}F F‘W‘ﬁe
possible intrinsic magnetoresistance of ;the 5 organic material (which is
zero in the case of the experinents conduct ed), the conclusion is that the

pi s | oshraiigt i) Nebhalc O hORLRIEORIN) KO chliscd HOML GIBLGERLGheal Lhe

ferromagnet-organic rnterfac Figure 4 s

measur ed Spmsam theéhd fgrdmagneticoflethrodes &Iﬂdﬁf&%@eédtxdrpr(ﬂatﬂ'ecma netic
material ) t) type, particularly of io the La0.7Sr0 %h

sexithio ’r?éﬁe It Hﬂaé‘?gﬁrh?@?% resiHence M said s vies woddsshoiw uimedépa:ndnm:g)nﬁnl c
t | t h | ectrod 100 d t

hi cknesdhEPAAR; CERF HERp LR R RO TR ﬁﬁr&%sqe&%%@éow%?@?e”@mée

o Pos o MgpRAMdReHigY O LIGP (9RRY IR ANEYCS 1R BRBOAMELS cRldnctad) oS

vol t ages. he nmeasur e ts were conducte and in

a nor mal the nespHesien( us tthatttheasping) loﬁefthéira!ﬁ@ﬁla‘li h@ﬂgﬁﬁatfdrprihé’iﬁiér od mat el y
3.35 AQ with zero ma ginetlc field (black curve) to 2. GSA w

i nserti oRT&#NIE Majenialar atjtheifemognagnett organéc sntetface. (curve 2), i eI ding a
magnet or esi after shutting down the magnetic

I 15% | di at el
field (t < ﬁgﬁ?ﬁ) %RE“S Vé&? Q%%@Ié&egé%ﬁ%%e aﬁeaﬁ@lr%t@ redinacdling adeviceur ve
3 wh d t d whi hi gh
t%]an t Lg:int?lf i gérone ‘?? (ng%n I?Sfr%@%‘é?lg (‘ﬂ:l{rhgx?ag Yégcg’%ﬁé@i}% g ![ %eer
t i@l 7 MeOl)-. st j .
:m["t elrmendl ngjé Eteb;sl of %rzsaiur gln%@g?gﬁé?g%@é?%ﬂéﬁpgnor 6%?grl g?l Sﬁl\{ ssoi)ved and

deposi t eth& ﬁmagyletlép@atﬁrmj ishiQ) pmocthdugap Betveen thid elaa;trodesv\@sm@und

that the_result epro i ble for ach nanogap.  The maxi num val ue of
15%(appP8}<|aH9t %% g&ﬁe r?dgﬁakfof & AR8enmoEhe vesisiancdenf thes wi t h

ot cowTEDE .a&g.%gﬁ@?zﬁﬁewg% Ly Mol WlusiiiCadl
ant i paral Lol o onbont $2ﬁ3ﬁ%%%“§|éﬁw{m§??%’%ﬁ°eﬁﬂ‘f@+%& Al BffierP ciptFe
15 and in a normal atmosphere (without vacuum).

Resistance changes from approximately 3.35 GQ with zero magnetic
field (black curve) to 2.95 GQ with the insertion of 3.4 kOe at right angles
to the surface (curve 2), yielding a magnetoresistance of ~15%. Immediately
after shutting down the magnetic field (t < 1 min), the resistance reaches an

20 intermediate state (curve 3), which is due to a residual alignment of the
electrodes which is higher than the initial one. After 10-15 minutes, the
resistance returns to the initial values (curve 1). The measurements were
repeated several times. After ending a set of measurements, the organic
material was dissolved and deposited again. By repeating this procedure

25 four times, it was found that the results were reproducible for each nanogap.
The maximum value of 15% (approximately 5 %/kOe) for magnetoresistance
observed in devices with sexithiophene is comparable with the values that
occur in commercial devices used in magnetoelectronics [1]. This value

could be increased further if magnetoresistance were measured as difference

30 between antiparallel alignment and parallel alignment.  The



WO 01/ 71824 PCT/ EPOQ 06909 12 mmagnet or esi stance val ue decreases with the
width of the cap and is 10%for 200-nm gaps and 0% for 300-nm gaps. This

| ast faciweE@nigism™ once again the absence of intrinsic negalEps8os900

magnet or esi stance in sexithiophene, since it is a direct neasurenment on

t he devi ce being considered. The coherence 5 length is therefore estimated
at 200-300 nm at anbi ent tenperature. The change of the polarization of the

spi ns dumiagnetorsssstence vabugkicarcases tvaith thateidthlofade @geusd 863696 ifak!y for
t wo reas&@: due to scattering on the ma%netic centers or due to

spi n- or brdrMIngapaendod7 ek 30R-BRhaaps. dbis dasisfacd comfitets one¢ agaimnd t he
spi n-or bigt al 1. t.ion i.n this.type of io mterial is.yery |low due to the
absence l(t)lﬁéﬁle)g%@%g ﬁﬁégl & %i}%%ﬁ@gn@é%é}sé%c}e R a?ﬁ§¥t£if0¥8¥er’c%é1%‘|’ﬁ ns
observediwg B dib&cte ' u S j ) e | ment
was repeétt esd by1 usiﬁg%ggfeg{riggtn!b? ?rlaetbgg?iﬁ tz)f:{nhgé%ﬁ%@gf%cgy E?g()he@ﬁﬁ%% IS

very di f largthtis thereforxestivnapdtne200i30) ht hhembidn e furef a netallic
atomin the nolecule. The presence of the netallic atom nust increase the
effect of t §gliaﬁgeo®f)ithalp®lmléﬁ§©ni of theaspinsgduringdwansfen, thrdugiota t he

el imnati . Of i.-N; polarized transfer. Figure 5 shows the neasurenents
of resist gﬂ@é’ W%S‘E“%&g“v@%%ﬁssﬁagﬁ@f/ i JOT VP deatons: (hip Kb SGtiTIRg Qb t he
one sho i ' : r | C teri-ah | filmef ...

zi nc- phmaél ggggﬁgﬂg %SBEEE% §E| @ﬁ‘;’gaﬁesﬂﬁ é&#&%g@? ?%Ct]rpdlt‘egf%fthil%pqeﬁbe sane
mat er i al cohadng SoonBignEBik. awies tahe Ql%pspﬁnh@fbi@ﬁpﬁirté&ta%ﬁohhﬁl Bigypeass | s
approximately 80 nm The resistance was normalized wth respect "to the

resi 8 anBwtefiak he Gayi bewi duehio sheersence ohéeanggarims. Thel poldrieed

magneti c, fiel ds | ied e both parallel to the 25 substrate (+) and
antg i par a{q%er??\gﬁg{)@f@ P\ﬁé‘?\épﬁ% Aatpiaedreihdhsfepenasenisibes \begonmEs s

experi ”e?éssiBReo’ was repeated several times, and high reproducibility of
the resufts was observed. Accordingly, spin-polarized transfer was

Cont 9 e S B e Vg AN OB A
one can pbiwloekanihas winichpiss seby |differefit $pm sexithiophene owing to the ,
15 presence of a metallic atom in the molecule.

The presence of the metallic atom must increase the effect of the spin-
orbital interaction, causing a reduction, if not the elimination, of spin-
polarized transfer. Figure 5 shows the measurements of resistance with and
without magnetic field of a device similar to the one shown in Figure 4. The

20 organic material is a film of zinc-phthalocyanine 100 nm thick; the
ferromagnetic material is the same material (Lay;Sr;3Mn0,), and the gap
that separates the electrodes is approximately 80 nm. The resistance was
normalized with respect to the resistance of the device in the absence of the
magnetic field. The magnetic fields applied were both parallel to the

25 substrate (+) and antiparallel thereto (-), and 1% magnetoresistance was
observed. This experiment, too, was repeated several times, and high
reproducibility of the results was observed. Accordingly, spin-polarized
transfer was confirmed for zinc-phthalocyanine also.

Generalizing the results obtained on two organic materials having very

30 different electrical properties, one can conclude that the possibility of spin-



WO 01 /71824 PCT/ EPOQ 06909 13 polarized injection and the transfer of
charges with substantially polarized spins through thin organic |ayers (up
to 200- 3Q@ gihsw t hout magnetic nonment has been denonstr gcggkpb®heshdne first
time. It is very inportant to stress that these effects were observed at
anbi ent tenperature and in a 5 normal aiy;mosphere, thus paving the way for
several applications. The electric fields used to transport the charge

carri er s ppdansed tihfectiomehd t‘herteans'liﬁﬁ-dto'cha\f/ﬁ%m\i/ﬁh Qe fa i gy i golFRLEAT al S.
In any case, if is igﬁprtant to note that the organic material’s used,

despite SPEhGhiRugh dhitt @rganict dayersagip doh@f)-3GE enmd Wlilﬂlbitmsxha%nmjﬁeti c
nonment t therefore,are ak paramagnets. (At present, the effect of
any mgngﬁ?ﬁ%ﬁﬁm ES?thﬁnBP%ﬂ’ie@ ?%Elélﬂe gﬁslt Hemspilh-1poveryi meportaBhdPer s
not knowgg ' tenper-ature. al nost all .the

or gani ¢ nefte(%] itgﬁgqg?%@%ggﬁﬁad\gﬁg |Ogﬁgbgér¢ oa&agﬁ“g%‘?éﬁt?l?ﬁlp&@%? AHat'Brial s
usual by mocorad atmusphere] alvusepreimt Uhes wayd FoK) se’GaPr idlfarionsn TRE !
conditions the spin 15 polarized transfer éffect nust bé common for nost
organi ¢ E&ftEtBekls wsed shdtandpbet the eHardeataniganicrosmitke itahaelsewiesdent | y)

[ N Li i st e" t in-polarized t fer, ik
any or o A0y BNUer FRBPOI GrEfitie sPapsses a 1 osi stance R o the tfansf er
f electri i dent. fromthe diff t
cexi t i ophatean e AL e biralt S0fH R e bRabigmlndls ety derpric
deronst r dtar teay AIEERBAC frdfRl SR EAMAR FBNHHEIRIC Ploddif RAbAELFALT On

of the spins of charge carriers, but there is no ‘eviden €y can be

spi nlpol andAaerefore sopeveadnpgarimegnehetppesent, theveiiédiont aRprsgtoseid he
possi bili t($/ to silbstanti ally control 25 spin polarization (SP) of the
charge cHPMERLOF Mg STERNICH2¥eHPB dhewpimTpoldued émnsfenisgant knawd. Qrmgani ¢

I I hi | | whi ch h
or ey o S R Bpfi S et Rt Al R gaanee sieietatoate -

30 conbi b 18" G e e o Bl DAt FLARHALS RIS B ST e
low temperatures (<50 K). Accordingly, in normal conditions the spin-
15 polarized transfer effect must be common for most organic conductors. It
should be noted that organic materials (evidently) oppose a certain
“magnetic resistance” to spin-polarized transfer, like any ordinary electrical
conductor opposes a resistance R to the transfer of electric charges. This is
also evident from the difference between sexithiophene and zinc-
20  phthalocyanine. Accordingly, it has been demonstrated that organic
materials can be conductors of the polarization of the spins of charge
carriers, but there is no evidence that they can be spin polarization
superconductors.
The present invention, based on the possibility to substantially control
25 spin polarization (SP) of the charge carriers injected in semiconductor
devices (inorganic and organic ones) allows to control a hitherto
uncontrolled parameter which has a primary importance in electrooptical
and electromagnetic processes.
Furthermore, the present invention allows creating new kinds of devices,

30 combining CMR materials with organic materials and nserting as active



WO 01/ 71824 PCT/ EPOO/ 06909 14 material a material which is optically

hi ghly nonlinear and thus providing a further boost to magnetoel ectronics.
Furtherng&i t he present invention provides a process for iq}ectin&g

pol ari zed"EBVHEH n or gani ¢ seni conductors and for spin- pol BHERA06909nsf er
5 across organi c sem conductors. The experinents conducted used devices

whi ch included two spin- polarized el ectrodes of material separated by a

materi al ey e ERANSHER s EaT 3 P Epile ol i e ProiBie r odes

into the furgeribooke tomigsnabeRREropi&esed it, maintaining their
pol ari zation. The useful signal consisted of the magnetoresistance

measur ed acFosdiermordevheepraieat i mwentiosn prokitds at iptekysdlife! ﬁg@é‘ﬁﬁgi tably
may be pra ti.ceg in the absence of any elenment and/or step which I s~ not
speci fi cHNYIEFSSRIBR AN REGANR . semBicpRdugiars| ardirfor ofpintpolasize @atrensfer

Appl i gati from which the present invention clains
7 ﬁo%?#ﬁgg%qgg‘?&?%t&r%y REFERENCES 1. G A Pringz,

priority Is NI Ncorp r ef er ence.

Sci ence, voThe28%ped 1 2 L Di - W Broto. A FEert, F.
Nguyen Van DaS, Fpelggﬁh(;?f?&%?u&%?i g?\%\%!ﬁ%\ﬁ%@e@&ﬁ %Clﬁ?idt&? it

Chazel as pobagiged Relectiogtes. ofVohatefit] séphfatedlI8B8) a 3Snagow i hefel,
M M Cor mack, R’(ﬁlé Fast nacht, R Ramase%{h L. H g&&g:hen,nasgi eng%?g%é}‘? . J%‘%A 413

(1994) 25CBNCREONHHARS saidsgapkiby Appridgehpé. omsamiol mabsrialSIDAe (S988) ; M
e TN E N K M
il SRS S o R ST ko 4 I,
vol . 82, coensBted of the magnetoresistance measured across the device.

The invention illustratively disclosed suitably may be practiced in the
absence of any element and/or step which is not specifically disclosed
herein.

15 The disclosure of Italian Patent Application No. MI2000A000603 from
which the present invention claims priority is herein incorporated by
reference.
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1. Anethod for transferring spin-polarized charge carriers, conprising

the stepR.bF. FagndnReWi.i Gymér, shiB- platesy JoHC Balrasusiads, iR, MiadQ, er.gani ¢
mat eri al E;[arlld 5 b) transport of said spin-polarized charge carriers through
sai d or garfi@dnl

D.D.C. Bradley, D.A. Dos Santos, J.L. Brédas, M. Logdlund, and W.R.
10 Salaneck, Nature 397, 121 (1999)
9. F. Cacialli, Phil. Trans. R. Soc. Lond. A, vol. 358, 173 (2000);
A.L. Burin, M.A. Ratner, J.Chem.Phys. vol. 109, 6092 (1998)
10. D. Delabouglise, D. Berner, J.-P. Travers, Synthetic Metals, vol. 101,
377 (1999)
15 11. US patent 5874749: Polarized optical emission due to decay or
recombination of spin-polarized injected carriers
12. US patent 4823177: Method and device for magnetizing thin films by
the use of injected spin-polarized current
13. US patent 5872368: Method of controlling a superconductor
20 14. US patent 5838020: Method and apparatus for storing data using
spin-polarized electrons

15. US patent 5723978: Photo-inducible magnetic exchange coupling

device.



material. 2. The nmethod according to claim 1, wherein said organic materi al
is an organic material capable of carrying electric current. 3. The nethod
accor di ngyd g1/akad M 2, wherein said organic material is i Gp&EhaHeHsdbom the
group constituted by pol yt hi ophenes and netal - pht hal ocyani nes. 4. The

met hod according to one of the precedingsclains, wherein said material is
inthe formof a thin layer, with a thickness suitable to ensure the

el ectrical continuity of said materi@ AIMS5. The nethod according to claim
1, wherein the injection of step a) 1s perfornmed by neans of the flow of
el ectric curr hiMedOgser tiaastsaing spEs potdrizadybhardeayerriers, santprisiggni c
mat eri al 'th@'stT e é_ret hod according to claimb5, wherein said el ectrodes are
made of ‘materials havi ng 100% charge carrier spin polarization, preferably

20 f i3 [ =Y. i . 7Bo. 3Vh(Q3,, wh Al

are eartn puEcTOnSmuApAIa-E0 chifee CLG iNAn SR, Sacchalafa” ' °

particul arlb) tmspbrt, oPzaid .spledletiped @fa?%é @a@ﬂeféjtlﬁxlogfgﬁ 9aid"‘@%a‘?{i@ sai d
) od~accordi

el ectrodes are nmade of Lao. 75ro0. 3Mn(G3. 25 The net 0 claim

1, wher eilRat%alt ransport of said charge carriers is provided by applying
particularly an electric field

an electricfiﬁ:‘ldt said organic naterjal _ ect

E> 104 - 10° ?//@ﬁﬁ%ﬂa apcRding dorJarmnb wheee inespidtgesic materal s an

or ganic ' {5 t - 30 _a), injection of

spign- pol ?r% ?gghﬂgﬁgﬁﬁg@gﬂlggg Crﬁﬁr}’;fﬁg%ﬁeé%hccc%«?%t” aJI from WD 01/ 71824

PCT/ EP00/ 0690Thelhethodpicudraim i15edafheo! hetitrei)sald SRR Pfrerial s
et we

spi n-pol ari zed charge carriers through said organic nateria en said
spi n-1pol &hpser dremt r de gnoup senstitutedi rbyolpoly#gdphehest aade, metdlh
applicati ?]|t f an external magnetic field. 5 10. A device for the

spi n- pol ZTIEGYEZEPer of charge carriers,

4. The method according to one of the preceding claims, wherein said
material is in the form of a thin layer, with a thickness suitable to ensure the
electrical continuity of said material.

15 5. The method according to claim 1, wherein the injection of step a) is
performed by means of the flow of electric current between two electrodes
through a layer of said organic material.

6. The method according to claim S, wherein said electrodes are made of
materials having 100% charge carrier spin polarization, preferably

20  ferromagnetic manganites having the formula Ay;BysMnO,, where A is a
rare earth, particularly such as La, Nd, and B is a divalent metal, particularly
Ca, Sr, Pb.

7. The method according to claim 6, wherein said electrodes are made of
La,,Sr;;MnO,.

25 8. The method according to claim 1, wherein the transport of said charge
carriers is provided by applying an electric field to said organic material,
particularly an electric field E = 10* - 10° V/em.

9. A method for inducing magnetoresistance in an organic material,
comprising the steps of:

30 a) injection of spin-polarized charge carriers in an organic material from



conprising: a) a nediumsuitable for the transport of spin-polarized charge
carriers, and b) neans for injecting spin-polarized charge carriers in

sai d ned| suitable for the transport of spin-polari
Wil G0 anspor

carriers; said mediumconprising an organic material suit
the spin-polarized charge carriers. 11;; The device according to claim 10,
wherein the organic material is an organic material capable of carrying an

el ectric acsp'ihepsmarikédjezecﬂfggedevi ce according to claim 10, wherein the
organic material is chosen fromthe group constituted by polythi ophenes

and metal - phtraaispoytaof sesd spin-poherigayicharge cardergthiduehesal difnic
preceding claingg, wherein the material is in the formof a thinayer,
with at %%H@ig’eé\ﬂe?abﬂaéd tsplepolaEzedelectoodt endr i satond spimyiciarinéd sai d

materi al . vice. according to claim10,.wheyein said injection
neans ar glécﬁr%%%&g?/ﬁﬁaatpﬁﬁcgﬁémh%fﬁﬁﬁﬁ@@@f%‘&éle‘ggﬁ -er spin pol arization,
prefegably 1(.eranonmonsti nLL s E t I 0 _7Bo 3Mh(OB 15.
The devi ce acco)rxdi ng té% g?g?%g%fbﬁigggaﬁ&gjal QQP%%E%%n%gﬁS C4tecT525 made
of Lao 78omiRisi68: 16. The device according to claim 10, furthernore
conpri sing ans for applying an electric field to said material suitable
to transpord) @RBEGRIM saitabde SOr the tnspoel of epir-olatined ohaegaicarriérs,
wherein ;ﬁhd organic material is an 30 electrolunm nescent material, said
means for 'njecting spin-polarized charge WO 01/ 71824 PCT/ EPOO/ 06909 18

cect rode. ary s a0 AP EEDOR TR R BE GRS A Bl Pgtiufl ' #©

el ect r ode, idfirst electr ng an ele

spi nipol auitalele fozlthettramspoanof spindpsREHd ChAGk'QFHeRei Ny an el ectrode for
injecting spin- polarized holes, said device being sui’'table for use as a

i ght - em t t52¢) Medusn comPristhe afevirgenacenawiriag Juitabllai o LAnkporti feuci ng
ragnet or gﬁfns—f)gpa(f?zeldncharge carriers.

11. The device according to claim 10, wherein the organic material is an
organic material capable of carrying an electric current.

15 12. The device according to claim 10, wherein the organic material is
chosen from the group constituted by polythiophenes and metal-
phthalocyanines.

13. The device according to one of the preceding claims, wherein the
material is in the form of a thin layer, with a thickness suitable to ensure the

20  electrical continuity of said material.

14. The device according to claim 10, wherein said injection means are
made of materials having 100% charge carrier spin polarization, preferably
ferromagnetic manganites having the formula Ay 7By sMnO,

15. The device according to claim 14, wherein said injection means are

25 made of La,,Sr,;MnO,.

16. The device according to claim 10, furthermore comprising means for
applying an electric field to said material suitable to transport charge
carriers.

17. The device according to claim 10, wherein said organic material is an

30 electroluminescent material, said means for injecting spin-polarized charge



an organic material, conprising: a) neans for injecting spin-polarized
charge carriers, conprising a first spin-polarized electrode and a second

spi n- pol ar.i ectrode; and b) a nmediumsuitable to trans
spin-polg%#ﬁﬁﬁsgLarge carriers, said 1o nmediumfor trans&%ﬁ&#%’mamg

spi n-pol ari zed charge carriers conprisigg an organic material which is

i nterposed between said first and second spin- polarized el ectrodes; and c)

f i -ext ig field. 19. The devi cs di t
e of | o1 SHEREY( 09 107 SEIEPTRINE daniiSuf and;a NiReBE! emspoRIASKari zod
char ge caglecapdeassidcfinstdléstr8de lﬁé_ilgg*‘%neél%_ﬁfrbﬁg%r iﬁﬁc@fﬁé}‘%ﬁ@%ﬁo%&%@' l'ing

contact with each other through said organic nateri tic

pol ari zat¢leftrens suidi said secemd eecwode deingradesectedde Hor Gﬁig&ﬂﬁ% §phRarately
e for use as a

by appl yi ng |.ocal netic fields, said device being suita

nenory el %‘ﬂéﬁﬁz?g’ﬂ?rfgg.saﬁ@eﬂ&ﬁ beingcswitahlador aise lagi aight-eouityng siode.a

cat hode for it - SpiD-pQl arized .el ectrons,, said cathode bei ng nade of
material s h%@%‘tﬁl‘%‘%"%&%ﬁﬁg"&m i qmégi nfcffochz%gilaagamr@@mgcgdat ed by
a prot ectdwergaaﬁ@&natkﬁraqge&rgﬁég%% organic material. WO 01/71824 19

PCT/ EPOO/ 06909 AMENDED CLAI [received by the International Bureau on 5

February 20@)1rmwsoﬁ)mﬂl)jectingigjinqjolafiabdﬁc}ﬁlrgéCta%?ie?é’,‘%‘&ﬁ?’ris aCHigtms 21
and 22 added; .renmi ngerqcl ai ms unchanged (3 pages)] 1. A netho or
t ransf er PPHY RYRHZeR elgGiseds and agecoadripingyolatanprelsitngde handst eps of : a)
injection o pin: riz charge carriers in apn organic material and s b)
transport o,?) Z‘a?‘%@%ﬁ%&ﬁiﬂ?zé’d%@ﬁ%a@ SBIPeladizas Shgree saariersyasaid
mat erpal .médiubhe foet sk Qrdi t -] erein said organi c materi al
is an organic materi al Iggggﬁdeﬁ? @é%@%@gég?% TS« SHEPTRING A0 ot hod
accor di ngrganiel aatedal whisiodi is $miedpOscdnbictwsBA Aidl fil§ al@® £BBRGNihom the
group constll t.utcied b){ t hi ophenes and netal -
polanzed electrodes; and
¢) means for applying an external magnetic field.
19. The device according to one of claims 10 to 18, wherein said means
15 for injecting spin-polarized charge carriers are constituted by two electrodes
which are in tunnelling contact with each other through said organic
material, and the magnetic polarization of said first and second electrodes
can be changed separately by applying local magnetic fields, said device
being suitable for use as a memory element.
20 20. The device according to claim 10, comprising a cathode for emitting
spin-polarized electrons, said cathode being made of materials having 100%

charge carrier spin polarization and being coated by a protective layer

formed by said organic material.



pht hal ocyani nes. 4. The method according to one of the preceding clains,
wherein said material is in the formof a thin layer, with a thickness

sui tabl e \R@ogﬂﬁﬂﬂe the electrical continuity of said material. 15 5. The
met hod according to claimi1, wherein {de injection of stepPQJ/EPPE043e}f or ned
by means of the flow of electric current between two electrodes through a
| ayer of said organic material AMENDERCLMM{od according to claim5, wherein
sai d el ectrodes afeeivifdydhedperpaiipna} Pureay Ohéﬁﬁmf%%}%}?& ¥e carrier spin

pol ari zation, pref SF&BY g2ims @ apddy apenderh aw dlai € dhavi ng the fornula A0
7B0. 3MNCB, where A is a ral'BRBaTHH PGPy such as La, Nd, and Bis a
di val ent netall- pArtmethed| forcaramsiermng 7spimpolasizedd ehargedi eagriess,cl ai m
6, wherei %Pi&léd eglrﬁl%trodes are made of LaO.7Sr0.3Mh0G3. 25 8. The net hod
accordi né: P ,Stﬁﬂﬁp&' n the transport of said charge carriers is

provi ded by it € is i id-.qr ' . '
particul arl ?fgﬁé%qlggto??gﬁ ﬁg*léhgeé Cﬁéggé 8&%?1'%/1§m gfia Augﬁlﬁ%hﬂh BPdi nduci ng
magnesor esi s} aneepont @ﬁ_s@i@%@iﬁ-ﬁ@lﬁﬁké@!ohargéfﬂhrﬁi%tﬁghfd?%lﬁE@iféls_oPéeini@o a)

i njection of spin-polarized charge carriers’in an organi ¢ material from
AVENDED SREETIal.ARTI CLE 19) WO 01/ 71824 PCT/ EPQD/ 06909 20 a spi n-pol ari zed

el ect r ode; b)r%tgﬁrl]spor f sai d.spin-polarized charge carriers through said
organi c nmaterq at tH&R aGHAUdg fo sdaum i1z suheredn sayd OTgaRICamateTdHIS

spi n- pol atii : . (i h | ication, of an external magnetic field.
5 10. A %ev@lnfgﬁﬁhégggflﬂg%l %ﬁ‘?&)ﬂ"{gr %ﬁﬁré? CUfreDiar ge carriers,

compri sing: ap Arkedhdtfoudd Rl 85 Afitn ) 05ERA 9id PREANRANAfdFAdsChar 9€
carriers, and b) neans ?or I njecting spi n-’poﬁarl zeg c%aége carriers’in

sai d 1oedichosen from the group constituted by thiophenes and metal-

phthalocyanines.

4. The method according to one of the preceding claims, wherein said
material is in the form of a thin layer, with a thickness suitable to ensure the
electrical continuity of said material.

15 5. The method according to claim 1, wherein the injection of step a)
is performed by means of the flow of electric current between two
electrodes through a layer of said organic material.

6. The method according to claim 5, wherein said electrodes are
made of materials having 100% charge carrier spin polarization, preferably

20 ferromagnetic manganites having the formula A,,B,,MnO,, where A is a
rare earth, particularly such as La, Nd, and B is a divalent metal, particularly
Ca, Sr, Pb.

7. The method according to claim 6, wherein said electrodes are made
of La, ,St, ;MnO,.

25 8. The method according to claim 1, wherein the transport of said
charge carriers is provided by applying an electric field to said organic
material, particularly an electric field E = 10* - 10° V/cm.

9. A method for inducing magnetoresistance in an organic material,
comprising the steps of:

30 a) injection of spin-polarized charge carriers in an organic material from

AMENDED SHEET (ARTICLE 19)



to suitable for the transport of spin-polarized charge carriers; said

medi um conpri sing an organic material suitable to transport the

spi n- pol ag; arge carriers. 11. The device according to claim 10,

wher ei n f‘ﬁhg%g/?ggﬂi c material is an ofg@anic nmateri al capabT%T/E*’ooéoé?qui ng an
electric current. 15 12. The device according to claim10, wherein the
organic material is chosen fromthe group constituted by thi ophenes and
met al - pht hal ocyani nes. 13. The device according to one of the preceding

cl ai ms, whspinipolanigedredeetrodé; is in the formof a thin layer, with a

t hickness sujtable to ensure the _2Q electrical continuity of, said .
mat eri al . 115). tfﬁr‘i‘épﬁgvpgéa Shimpelanized (chapge warvipes hrough saidnpeganion

oref er api - PEPT fheyRED i shiti B PONE o e EOnd Srla TNREETs. “The
devi ce aGQitehd] \ifﬂh%@l{?aﬂ%ﬂ SPgh eixferhial %d@egfémﬁ? means 25 are nmade of

Lao 7Sr0.3Mh(B. '16. evice according to " furthernore

conpr ssi ng medfs A odevpp! Yonathen spieglolaizéd efrdnéfersaf dchidigey i cilrriety,t abl e
to transport charge carriers. 17. The device according to claim 10,
wher ei n SOMPASIZRZHi ¢ material is 3o an el ectrolum nescent material, said

means for injecti spi n-pql ari zed AVMENDED SHEET (ARTI 19) WD 01/71824
PCT/ EP00/ 06803 mﬁaﬂBﬂaﬁlﬁEﬁﬁa%W éﬁg 1BaRsport iqfsﬁplgmﬂaaéﬁ&i 8¢ JagdeFede and
a second Bi n- polarized electrode, said first electrode being an el ectrode
for injecting spin- polarized electrons and said second el ectrode being an

el ectrode figy mésneht ri%iéc&irﬁgg RYIRIBASEZBA! Ofarg AL ARAYT P SARY e diuh ab! €

for use as a light- 5 enftti 18. T evice according to aim 10
for iindusurtgbleatpretherteansport of spim-palardzghohargea¢aticas; conprising: a)
means for injecting spin-polarized charge carriers, conprising a first
said medium comprising an organic material suitable to transport the
spin-polarized charge carriers.

11. The device according to claim 10, wherein the organic material is
an organic material capable of carrying an electric current.

15 12. The device according to claim 10, wherein the organic material is
chosen from the group constituted by thiophenes and metal-
phthalocyanines.

13. The device according to one of the preceding claims, wherein the
material is in the form of a thin layer, with a thickness suitable to ensure the

20 electrical continuity of said material.

14. The device according to claim 10, wherein said injection means
are made of materials having 100% charge carrier spin polarization,
preferably ferromagnetic manganites having the formula A, ,B,;MnO,

15. The device according to claim 14, wherein said injection means

25 are made of La,,Sr,;MnQO,.

16. The device according to claim 10, furthermore comprising means
for applying an electric field to said material suitable to transport charge
carriers.

17. The device according to claim 10, wherein said organic material is

30 an electroluminescent material, said means for injecting spin-polarized

AMENDED SHEET (ARTICLE 19)



spi n-pol ari zed el ectrode and a second spin-pol arized el ectrode; and 10 b) a
medi um sui table to transport spin-polarized charge carriers, said nedium

for tran #;l'g%gg spi n-pol ari zed charge carriers conpri si n%cgquﬁ%%gpi C

mat eri al I's interposed betweenjygsaid first and secon ari zed
el ectrodes; and c) neans for applying an external magnetic field. 15 19.
The devi ce according to one of clains 10 to 18, wherein said neans for
i njecting spin-polarized charge carriers are constituted by two el ectrodes

whi ch ar ghifbe Wabkkts Rge CANfiagt sph J[po?mhed)télemrbﬂeougﬁ sabecornt gapine
a

material, and the magnetic polarization of said first and _second

el ect r odpslarize belectradge dakkfisstatlectyody beppg phrelecsode fonimjectivgrspands,
said 20 device, being sui taa! gaf r use as.a neargré el enent devi ce
|
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organic @ﬁ‘fi?{'iﬁ%"dioc’fé 21. The nmethod according to claim?2, wherein said
organic material 1s chosen fromthe group constituted by sexithi ophene and

zi nc- pht hal oqgRaMheedevice ddvording e ciioond fog inducinmg mdghetotesistance he
organic material is chosen fromthe group constituted by sexithi ophene and
zi nc- 30imhanhaiganiamateriahVENDEOSBIZEET ( ARTI CLE 19)

a) means for injecting spin-polarized charge carriers, comprising a first
spin-polarized electrode and a second spin-polarized electrode; and

10 b) a medium suitable to transport spin-polarized charge carriers, said
medium for transporting spin-polarized charge carriers comprising an
organic material which is interposed between said first and second spin-
polarized electrodes; and

c¢) means for applying an external magnetic field.

15 19. The device according to one of claims 10 to 18, wherein said
means for injecting spin-polarized charge carriers are constituted by two
electrodes which are in tunnelling contact with each other through said
organic material, and the magnetic polarization of said first and second
electrodes can be changed separately by applying local magnetic fields, said

20 device being suitable for use as a memory element.

20. The device according to claim 10, comprising a cathode for
emitting spin-polarized electrons, said cathode being made of materials
having 100% charge carrier spin polarization and being coated by a
protective layer formed by said organic material.

25 21. The method according to claim 2, wherein said organic material is
chosen from the group constituted by sexithiophene and zinc-
phthalocyanine.

22. The device according to claim 10, wherein the organic material is
chosen from the group constituted by sexithiophene and zinc-

30 phthalocyanine.
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