1 El ectronic conmponent, nethods for manufacturing the sane and use of
graphene in an el ectronic conponent The present invention
relates to the field of electronic conponents, and in particular to
an el ectroni ¢ conponent conprising at |east two superposed conducting
or 5semiconducting | ayers, either couplled el ectronically and/or
magnet i c &léctronic compohkrt; mathods frompamdatisiringithe samesanglarseosfagraphyes i
i ncl udi ng conducting, sem condéjncéli n% ar&d/ or ci,nesn | ating | ayers which
may have between them el ectronic anaror %e I'C coupling. These
di fferent | ay@hs pmayerieinemtionnmegates ito, thenfielfleofr elvrgomt | congyonansg reeidi
as well as_.orgapic or inarganic. 10Such. el ectronic conponents for
exampl e GRRCHET R FodlrstORERetERert otk Be i e SeRetTBn oL er
val \be, asemitondiading layersy eitdéraouplad etbctvonisalyianidiod ucigoetcallan abr upt
conduct or/seniconductor interface, an abrupt conductor/conduct
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i nterface be Vo SREGRITTR  SRTPTE aniR WrtfucPeHding, cgpducting,
abr upt ceeaditchducting autat orsulatite tdyacsewhivth eraydyzse detweprothedhugledtepnic and/or

manuf act ur.e uch el ectronic..Co nents may r.each 15 .. hi .
Mo erot HiBnedGhufingy Thedh Siutem AN, indi be [BRENpd gt aMftarramagnetic or
pr onot es amagneiic aznwalf assqrgamiesr inetgaeizn t he | ayers of these electronic
conponents. esul t .t hereof
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order to avoi gudi FERLTUR TP G SPER Lo rgpmRledlinianynnel yuiction, @ maenslie
anneal i nginnet junctiopps spibhvahviepalmemistdha jiretipe based e anicdepesirs, argatirbgt
| ayers or_o he_anneal ing. . 20ln order to ayoid,diffusion duri
ontr e i oRouploPBeRRBE R d iRt 2R Bk SoRd i Ratlat S @t befiben two
el ect ri crfagetiit ahworrmgnagpetiatérauctors or an MNMeugtrdohdli@sidnsuldtesiatesiakelt i ons
are not sati s{l\&lct ory i,nsof ar that tlp}z]g%(t are constraints in the desiganh
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| ayer s apefataheast |imted. For this purpose, the invention
proposes a co
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25 An object of the invention is to propose an electronic component wherein the
phenomena of diffusion of species between two electronically coupled conducting or
semiconducting layers are at least limited.

For this purpose, the invention proposes a component comprising at least two
conducting or semiconducting layers coupled electronically and/or magnetically, at least

30 one graphene layer interposed between the conducting or semiconducting layers, so that
the conducting or semiconducting layers are electronically and/or magnetically coupled
through the thickness of said or each graphene layer.

According to other embodiments, the electronic component comprises one or more
of the following features, taken individually or according to any of the technically possible

35 combinations:

- the two coupled layers are two conducting layers;



2 the two coupl ed conducting |layers are amagneti c and have between
them el ectroni c coupling through the thickness of said or each
graphene layer; the two coupled conducting |ayers are ferromagnetic
or antiferronmagnetic and a half between them el ectronic and/or

magneti c coupling through the thi _ckness2 of said or 5each graphene

| ayer. the twotheots eaunled oaduding layerenaigcemagnatisyand dude petween them
sem condugddificlcBYSifng through the Fhﬂfné%%f%@fd@r%gcﬁ ?bé%ﬁén@%?@r; have

contact wth a respecCtive face of the graphene Tayer; ° .

it further comihe exceuplederndustig |ayersrare dersareagngjie or iaptilerrpaganetic and a
bet ween thg Eé%él#mh%g] {el@&%rﬁé and/or magnéﬁ’d g lingfﬂ‘ﬁgugﬁ ‘ﬂ'I'é HiGhaRALALSd or
| ayer is an electrically 1nsulating or sem conductihg |ayer;

it donpriegek gigphasgdayerwo i ntermedi ate | ayers; - it conprises at

it & _ . ! _
east one gr apfﬂﬁé‘ﬁvao' ?C()J‘Efeldg%}efé HQ\?éeéa{ ﬁ%?dadr%ﬁlﬁlltagéri\oad Y S&ARE@IcEing layer;

15l ayers; ayer rnmedi ate | ayer are”each
in contact w t-Hhextwae lagers gaeh baverceitag véthe regpestivedaee of the graphene
said or g graphene layer is forned of a single graphene film The

invention al'so relates to a method for manufacturing an electronic
conponent 20 cohpuitharngpraprises sat leasidors imgrmadiale nayasniatarressg befyeen the

and se ppducting or sem conducting |ayer electronically and/or
mag1nogt [ c%ﬁpeegogp‘%gd t hrough the thickness of a graphene |ayer,

conpri si ng t he sedegieach grontermegiatelayen is en dlegirgally ingeleting of agmigenducting
| east ong,Qraphene layer on the first layer, and 25- depositing the
second Ia;)%r' over the graphene |l ayer, so that said or each graphene

| ayer separ at ed conwripes atleasijwe inkerenediate logersnd | ayer . The

venti on fur LhekomGhRLes 1bgldle y3fndle Byl ARG MAGEeh e TRERRMlar

bet ween two conducting or sem conducting layers electronic or
magHet i cdyeys;coupl ed of an el ectroni ¢ component for preventing

di ffusion of s | ' ' ' :
SPEFR AR ARG L6 oo AT LARMGIH Bbuspacie

| ayers el ectronica magnet | ca
t hi cknes$agsfof a graphene layer; and

- said or each graphene layer is formed of a single graphene film.
The invention also relates to a method for manufacturing an electronic component
20 comprising a first conducting or semiconducting layer and a second conducting or
semiconducting layer electronically and/or magnetically coupled through the thickness of a
graphene layer, comprising the steps:

- providing the first layer,

- depositing at least one graphene layer on the first layer, and

25 - depositing the second layer over the graphene layer, so that said or each
graphene layer separates the first layer and the second layer.

The invention further relates to the use of a graphene layer interposed between
two conducting or semiconducting layers electronically and/or magnetically coupled of an
electronic component for preventing diffusion of species between the conducting or

30 semiconducting layers electronically and/or magnetically coupled through the thickness of
the graphene layer.

The invention and advantages thereof will be better understood upon reading the
description which follows, only given as a non-limiting example, made with reference to
the appended drawings wherein Figs. 1 to 5 are schematic sectional views of electronic

35 components according fo different embodiments according to the invention.



t he graphene | ayer. The invention and advant ages thereof wll
be better understood upon reading the description which follows, only
‘given as a non-limting exanple, nmade with reference to the appended
drawi ngs wherein Figs. 1 to 5 are schenmatic sectional views of

el ectroni ¢ 35conponents according to di¥ f er ent embodi nent s accordi ng
to the inventilbf.elecgonic compomer %ilesitateshincFigohpenerigesXwiol mefst elacteaties

Fig. 1 cgq riat%%sb %egﬁtéﬂe SL&GEI He3yfing Gt lrn?éoqﬁqu o6 i %?é&seB etween
(ﬁgte {aygr g et Weenrhb(t)\?%

el ectrically insulating interne I nt erpose
el ect r od@stheledirodes 4. keragl indiminéarmediate leyérdyer 6. The

| ectrodes 4 ' g P 2
R e e
el et r onirdemegiadeddysr Grabreeelechipdas 4 carpl electamically ntdive magretiealli eaupled
| ayer 6. tﬁ'FE’)‘ﬁ’ggH @rg%tgm@éo@atg]a?%;é_oni cally coupl ed when they are capable
ng e

of exchangi ectrons w each other. Electrons may directly pass
from one | ayedwpolayére atchelectranieally agmipiedamdemaitaet dre atdppbleo ap leschaxiging

at | east e 1nfl

other - TR witEad AL CRKEOICmEy APCEIIARKS ok TieHRy o 18 i

di fferent nmat éwpdpyers are magrietieallyagaeipledf when @y ledse opkerittherdayers exerts a
co%onen}naéngﬁcqnm%n%lo Ithé(\/éjﬂqgr.each ot her and stacked al ong a stacking

di rection perpendi cular to the |ayers.

Theel ect r oni céberpyneacipuiesidmanaist ofifhe same mederet pcofidifferent materials.
conductor/ins t | ' LI

bet ween t he eF}lé%?%d%y?‘ﬁsﬁ%ﬁ'%@ﬁ&%ﬁﬁdgﬂg?'Vg; %gég}nlg{ %@H%abﬁ'%ther and
conduct osfackerliklan®a Steskiog directiondmperpejdieidar tothenbgerst he el ectrodes 4

are ferromgnefdc andhig C%pi?ﬁgnlj s 8l eqidptd ¢ and émgfée“r‘fo -magnetic
The el ectronic (_:onPonent 2 furt’her conprises at |east ohe graprheng
| aylér 8 Fondcirisdatetopadyrterdumned functiorpebent thermpuplng hetveemibdickealrodes is

6 The gPaoeeeal 1 o HEofalt B DRpirAUtamhAR N ARTIMALR dtHCthe
gr apheneelkeciredss 4 are ferrorggnstieasd the eouplingis elqsiranie andmatinetinisi onal
Frimis extrondt s Pone il 2Refof odppfiedt, ANl RO TRonerTlaydr o
agai nst intesppresisbefween eqoh atastrede daantntheainderinediate faygr fptreheepaagting the
thegef or gegpglel 4 A6H Al intdteadtd bysign barrier.

The graphene layer 8 is formed with one or several superposed graphene films.

Graphene is a single-plane two-dimensional carbon crystal. A graphene film has a
single-atom thickness. Such a fiim is extremely thin while forming an efficient diffusion
barrier against the passage of molecules, atoms and ions. A graphene layer therefore

25 defines an anti-diffusion barrier.

The graphene layer 8 interposed between each electrode 4 and the intermediate
layer 6 defines a very effective barrier against the diffusion of species between the
materials of the electrode 4 and of the intermediate layer 6, while allowing electronic
and/or magnetic coupling between the electrodes 4 through the thickness of each

30 graphene layer 8, because of the very great fineness of the graphene layer.

The electronic component 2 of Fig. 1 comprises a graphene layer 8 interposed
between each electrode 4 and the insulator 6.

In an alternative, the electronic component 2 comprises a graphene layer between
one of the electrodes and the intermediate layer, the other electrode being in contact with

35 the intermediate layer.



The graphene | ayer 8 interposed between each el ectrode 4 and the
internedi ate | ayer 6 defines a very effective barrier against the
di ffusion of species between the materials of the electrode 4 and of
the internediate |ayer 6, while allown eI ectroni ¢ and/ or rragneti c

coupling between the el ectrodes 4_through the thickness ,of eac
30gr aphene | ay8f BECURIIGFOBIPGPCRthE Qlefip- §r YHE™S! MABNER It Fighd i that the

gr aphene el@yRally insulating HiGnRIdRES 198t & ePRRENUith 2Z2ceHdubliy ol sérpiaBhd RES8g
a graphene layer 8 interposed between each el ectrode 4 and the
i nsul at ofntgymediate layer6. | n an alternative, the el ectronic conponent 2

conpri ses a graBRRRREchBYBMPBARENELHPRE aQfontii®oRddretiEBEeshdab@r fuhtion or a
internedi ate | ayer, the other electrode being in contact wth 35the

i nt & medicapdqta{pgmiconguctor/condugigejusriin r oni ¢ conponent 2 of Fig. 2

differs from 1Dah epfboliingent, khé Bickhaded HareehaghdticCahd thel éisdttonlci ddehponent 2
intermediate Layer is replaced with a conducting or sem conducting

i nt er medichfig- B dgtesa spin valve or a magnefituaP@d¥idiAlc conponent 2 defi nes

a conduct or/ cangdu&her érﬁ@&ﬂhﬁ%ﬁpﬁhd Hleéﬁér%‘c@rhpé\'lent 2 defmes a Ilght-emlttlng diode
5conduct or/ sem conduct or/ cond uct or ({unc enbodj nent ,

the el ectt Bafdsular gjidorgagirdehiemitfing diefe @ %E%w. talsaéﬁﬁdh%mter@e&fafﬁ@er

2 dpfineg @ SMight- é(rﬂitt% BfgafichBRiBbAducidd NBRr diNeHd Rfdtal electroded ™ may be
anot her enbodi nent, gI ectroni c conponent 2 defines a

li ght - em@%ﬁ“ﬁ@cﬁrﬁﬂ%@mﬂﬂcpartl cular and organic light-enitting diode

or OLED. In thhsarﬁa@r%ncta@cﬂdabqgrfadeﬁérﬁplbame ﬂfpﬁn'a?na}nbtlcgl&bn(ﬁ.f&drtém&
organi ¢ sem conductor |ayer and the netal el ectrodes

magnet i ¢ 261A9ARR RRAdustor alloy. An AMagnaln eleckods i for srample mﬂeé&w@'um
mede in am) agmgmt)l&pgen@mtgmeroqxxgﬁmn@faa@q%? ﬁtm@ﬁ@uyw?aﬂnggpam?% tin
) u),

amagneti c electrodels made in al um ni um
copfrer ( eyie (JiQ)wein gmgioy th%’ﬁ@iﬁry” eragpene/oreRNien (Li), platinum (Pt),

indiumtin 15@xfef8mabdéde éléctl'd@ie%' féH dx@ipld1@a881in 8felrdinagnetic metal, such as
graphene/ gr a{)hl te romagnetic el ectrode is for exanp

made in &oPaF Culjrie KH!M&MFe) SubrAmalyfderromeagetic ipetrls C‘f(tﬁr’t)'mnr%?ﬂ

(Fe) or i0o@dB) ahtraéA idh lﬁf\lﬂféjomg%%lb%l H%Halsach 68 B rgahited( RO HMNO;) or in
(CoFeB), ni cke -iron or in a netal oxide such as nmanganites

((La, Sr ﬁwe's;al@rVSﬁHCh-%@PéY'n%u FesMnGg ehCakedlyomisi , Co2vhGe or
CO2eeAl (1- x) Sia(cohdudtiMg |ﬁt‘éﬁﬂ§&éﬂeﬂ§{ér@t|§rn€@i$faﬁ ExdriMElin fhetsd oFROL nfedl alloy

exanple in netal or in a such as goI S‘Au) copper (Cu),

r ut heni uﬁP%‘Wﬁ IRl §AL) FoRReT () T ruthenlum (Ryanddlierdfng or

sem conduct i ngni REQEKRAbAEEMIcBNEctiAg | |§teﬂﬁgdiz§lbcla§i€r 6 MO bERMicCor Morganic. A
conponent may conprise several organic and/ or lnortganl ¢ I nterned ate

| ayers 6COMROBITYAHYCOMPSEP 2V ga@%ﬁv@ehﬁa@@ﬂmn APRLE RYEILO Iayer

6 is for exanph&rgsHid®dulding\bt bmiconducting intermediate layer 6 is for example formed
tris(8-hydr oxy%w nol i ne)al um niun(11] Al g3), anthracene, polyners

suc# as pohy P ﬁﬂS%ﬁW'@ﬂ@BQﬂ'W'Péﬁ&% W oranﬁ?fﬁﬁneuopeh@eﬁvpeych as
and/ or S%b&(@é—?ﬁ&%%e@ﬂﬂé@oemm‘w% ?&yﬂbdﬁ@ﬁ@ IFF®) Sar@foraR¥If-aédtehbled
organic material or combination thereo
monolayers such as alkane-thiols or any other organic material or combination thereof.
The electronic component 2 of Fig. 3 differs from as that of Fig. 1 in that it
comprises two electrically insulating intermediate layers 6 interposed between the metal
30 electrodes 4.
The intermediate layers 6 are separated by a graphene layer 8 interposed between
the intermediate layers 6.
The electronic component 2 thus comprises a graphene layer 8 between each
electrode 4 and the intermediate layer 6 adjacent to this electrode 4, and a graphene layer

35 8 between the intermediate layers 6.



The el ectronic conponent 2 of Fig. 3 differs fromas that of Fig. 1
inthat it conprises two electrically insulating internediate |ayers

‘6 i nterposed between the netal 30el ectrodes 4. The
internediate | ayers 6 are separated by a graphene | ayer 8 interposed
between the internedi ate | ayers 6. 5 The el ectroni c conponent

2 thus conpri %srratiWQpﬂnenéetmm cBmpetemed @l ltompests adgraphensd idyiee 8
I nter md@ﬁ%@og&v %Ey%eﬂdé cent he ! QelPidisCh %%g tﬂggad?aceﬂpﬁ\t%rr%rd%?@%}%r 6 or

| ayer 35 tween eln ernedi at e ayers ernati’vely,
t he el ectebrsen tb@mb&m@dlat@aw‘sﬁ conpri ses a graphene Iayer 8

it or ned at o hgng SefiathGing SEEbAL R L OndReE S8 braphens lvers
al t ér nat B\@chnmgrpesaxtbetwaemaa:mneom@rﬂleczrode rparidsibs aﬂmergnmpmmtg aaewer 6
D P oSaC o} I SpROSFELRELYER BB LES A SR @ A SREGH T AE BT EPE AE ARG,

i ntermedia er pose etween an e
adj acent thermmrmmdia’@tleydraﬁer 6 and between the internediate | ayers 6.

The el ectroni g ¢ %E%:?rgﬁlgtcé)% gﬁerﬁlzgafu lgpl 2 %Blfngﬁgess %‘f C%Cir g{oggu%tgpga{ayer 10

conducting | ayer em con ng yer sep
gr aphene ahdypesengcomluetingolseet tsepeeated by a]@'aphmuwlayen‘fglriterpesedlhﬁbt\aedw the

t helOS em %8%&%5’9 ﬂr&g,; ‘?q%\rndjtﬁe slﬂﬁca%gﬂé{% I!a ‘fZaﬁEa c%ndu&%gt AL 1an and g}e

senm conducti n 1N Co W th~arespe
the gr aphememhaqceng &ayen 12iard eactsndmntact M’lle alraspextive face of theTgmphene layer

conduct i ﬁ%n'eﬁ*ﬁ‘.SFS|&$oiatﬂgl g sem conducting layer 12 define between
thema sharp interface and are coupled electronically. 15The
el ect roni ¢ cofperenducingfayer 0 abd clrpemisesdwstiag teyler 02 defime belperp dswad a

magneti c h ‘?ﬁtgdz]t%anjd rﬁg@@é,g& ggqpé{rﬁ%”g;aphepe | ayer 8 interposed

bet ween theCOR ucting gnetic layers 14, 16 are each
i n1®ont act w The xledspictompordent 2 of Riued goaphisere al aizek & o supdiposed

Shile O HoBek Wilre 14t separten 7% TRGRBHEColBY8! ol vdficen e
magnet i cabiducting layers 14.1i mnmegﬂmmllamn 1 4a1®areﬂeaﬁgme¢orwdta\ytdara tebpestive

made in arg%rfﬁ%r rg@%h%t@& réaoﬁﬁélfh% §IBQ%Ptth]aq¥e9t her soft nagnetic | ayer

16. The € made in iron (Fe),
cobalt (Co) oflh&insgettiq kygrs %gﬂth&détnmhqweEm ¢thdnaparabht iideifane and are

ex%pl e g&gb@ecj Ha@neﬁﬁgl‘w.t -iron-boron all oy (CoFeB).

In an embodiment, a hard magnetic layer 14 is made in a harder magnetic material
than the other soft magnetic layer 16.

The hard magnetic layer 14 is for example made in iron (Fe), cobalt (Co) or nickel
{Ni).

25 The soft magnetic layer 16 is for example made in a cobalt-iron-boron alloy
{CoFeB).

In an embodiment, a magnetic layer 14 is made in a ferromagnetic material and
the other magnetic layer 16 is made in antiferromagnetic material.

The antiferromagnetic layer 16 is for example made in iridium-manganese (IrMn),

30 in cobalt oxide (CoQ) or in bismuth ferrite (BiFeO3).

A method for manufacturing an electronic compoenent comprising a first conducting
or semiconducting layer and a second conducting or semiconducting layer electronically
and/or magnetically coupled through the thickness of a graphene layer, comprises the
steps:

35 - providing the first layer,
- depositing at least one graphene layer on the first layer, and



In an enbodi ment, a magnetic layer 14 is nmade in a ferromagnetic
material and the other magnetic layer 16 is nade in antiferromagnetic

mat eri al . The antiferromagnetic layer 16 is for exanple
made in iridi ummnganese (Irivh), 30in cobalt oxide (Co0) or |n
bi smuth ferrite (Bi Fe03). A net tfod for manuf acturing a

el ectroni ¢ conpiapesiting dhpriesPRg laveri over therdaehensglayer §enﬁhébﬁaﬁc9r egeh

| ayer and areRe rgwél@uﬂwnrgnaﬁ&@newwohaweayer el ectronical l'y
and/ or magnetical’ly coupled through the thickness of a gra phene

| ayer, conpri degntaebasiragry; thesmethiod doginnges. iRefere tae sfepyler depositing said or
deposi ti RgsRlyr %ﬁﬁ@ﬁé B 09rtﬁ’é’ﬁl%f‘?aylalalé\eéteﬁ"?brtdé%ogl'hﬁéhn |ﬁ¥@ﬁed|§f@¢aye§ on the
- depositingthe second | ayer ovéer the graphene layer so that said or
eactd gr afiférRyer.ayer separates the first |layer and the second | ayer.

| n an enmbodi Mgty Eﬂgogﬁ{ehpdthﬁorﬁgfhbée&mﬁ%feé’r Beﬁar'@tl%t 8Rpl R depositin the
depositing said or each ﬁ%ra hene | ayer on the first |layer, a step
deposi ti #§cend layererae@Pa édpawﬁmgoﬁn tlm\térm%ilattﬁrlayewgaérsald or each grapaﬁne
embodi mend et fiy H@%A?fa %ﬂ%dlt%ﬁéb st fror Qeéﬁﬁm@tﬁﬂeéﬁror%em&iap ratplﬂ@ne
second Ia;)'er or depositing an interngdiate |ayer over sal

or each @&y&pﬁ@ﬁ@m@y@ﬁdla@ﬁy&jptl onal ly an additional step for
deppsiting at Aeg'f}éehe?l%efr[rl]ﬁfgmq}ith é?r‘ib?é-agfn‘?ﬁméﬂfeslkgﬁéﬁ b@nfohhsd'.maemam W

| ayer. 10A graphen single-atomth ness formed

a known viegordingcteraifinglkrayvramethost alarenienadim oth %ngjeﬁmﬂécmem&/\sdltq@ﬂy
si ngl e- AR, ﬂaucme;ns ene%trgaé 5! b%s%p%b&e@eﬁamﬁéh eh1RE th@fiSd BY Kknown as
physi cal por deposition. Thrs known as " chem cal vapor
deposi t i grehemiget yapali drposiforn » sAewiding o Arserett serwmmgingsh argsaphang filg is
obt ai ned 'Bﬁﬂ i Bl SlrbiRRoRT ofa ggramtet %r,@farstralbom @a% hn& 388S mayhien be
filmmy then be 15transferred onto a’l ayer of the electronic
conffonentransferred ontol alayereof dlesselpfiadc eareranedhi ¢ conponents, at | east
one graphene hangs ddse, db&i @l'é@f?tﬁ-ﬁéjc&ﬁb&ﬁe?ﬁ's a6t 65 %:%héﬁé Iagep@u,mle%sed
conducting or sem conductin ers, which gives t 0SSl

preventi @gw@enaiwmeé%@rtomoaw WLW@?Q PRACYEHITOL@ %ﬁmlmn%@w l§¥er§eWW§EIQ'VGS the
these | a%%éﬁ)lllt;hﬁ p?fUégHt bPgt I@ésts‘lfﬁmlra)ﬁll QUfifkhaiSh bRYRIRSs RN these layers.

el ectronic y couple rough the ckness of 'said or each
gr aphene Thayeenducting or senpicensiicting davepe demrianplestoniealy epupice frough the

S ap hene filmwi th a single-atom
thlg{( trﬁcﬁr%gg%ﬂsm bhgf’crﬁqrag%&legéw ilm wi ing

ness. I'S possi 0 interpose a graphene |ayer fornmed with
sever al super mﬁ@cﬂ@p&%@@mﬁ'%ﬁhe graphene layergiqee fosmed with 2 e peaphepe

el ect r oniggy %H%PQR@E%’:&H HAEeHeER! It f%%s%i%lel tNAehRYE d é}aﬁﬁé}@ Ihyér%n%ﬁed iNEh

a nonlimting exanple, the invention allows formation of tunnel
juncti on§eV%’Ethn¢ﬁgﬁéfﬁP@eﬁ$ filyst | spin valves, nmenristors, ... etc.

The invention applies to electronic components in general and to junctions in
25 particular. As a nonlimiting example, the invention allows formation of tunnel junctions,

either magnetic or not, spin valves, memristors, ... etc.



7 CLAI M5 1.- An electronic conponent (2) conprising at |east
two superposed conducting or sem conducting layers (4 ;10 ,12 ; 14, 16)
and at | east graphene layer (8) interposed 5 between the conducting
or sem conducting layers (4 ;10 ,12 ;14,16), characterized in that

t he conducting or semconducting |ayerd (4 10 ,12 ; 14, 16) are

el ectronically coupled through the tGLAR@ss of said or each graphene
| ayer (8), so that the coupled | ayers may exchange el ectrons with
each other through said or each graphene | ayer (8). 102.- The

el ect roni ¢ cortpdiesiect(@ijc emnmrwinh@ tcomplisingnatl leasthteoeiupetposed wonducting or
coupl ed o] - Ih t I
component o 5pna o M 0RIF 104 YD ot et qriprionduyE, ) WilbSsed
conduct i hgtweapdhe comducliln)g pllsemltanci@)lngzmearmgm@ﬂi&ﬂ4 16), characterided ifihbat

el ectron [@Q t( i j y\%r

coupl ed lct:rgen§8c I ﬂ'g&loé %%rg'g(?fl&{cﬁ%&%%?? g% 13 1 er%%r?e?%ﬁ%'ﬁ X\Qty COUpIEd
ant i f er r dwewggtetheghickness of said or each graphese Myec(&)om ﬂﬁatt(b‘rmmt@lﬁd I@Ze)rs may
accordin i C ayers (4
10" 12" Sy Bleflins WATEE b Anicin SIHR S dRBREE B T er

6.- The el ectronic conponent (2) accor ding to any of the pr ecedi ng

cl aiyms, wher ein e r e each
coﬁltoact with g r-lteﬂsépeél% n?co g&éfnw%e&é:%;hp?%% cl ayer éﬁan two COUP|ed
7.- The @lyexstaTQMtEC@tﬂmpmrgalaver@Z) according to any of the preceding
clainms, further conprising at |east one internediate | ayer (6)

i nter posed between the coupled |ayers (4 ;10 ,12 ;14,16). 308.- The

el ectronic coﬂpd’ﬁr@n@iet(t@)'\icac@omﬁermg (2)oacchaiing ©, claineevhersii theotwoeatipled
are inte . IIyinsuIating or

sem condéc I ng qe"”‘%&)‘é‘% 1(06)12 ﬁb?& %g%’ ron| c conponent (2)
acdérding to claim?7 or 8 conprising at Ieast two i nternediate Iayers
(6). 8 r ORI e (2) r

A m o, compti 1% g RronE WepieREh 07 steaRB R 21 AGEH Fedfig e
two int ecqr@kulpm@]ayqyéql §10(,6% .14.16) are ferromagnetic or antiferromagnetic.

5.- The electronic component (2) according to claim 1, wherein the two coupled

20 conducting layers (4 ;10 ,12 ;14,16) are a conducting layer and a semiconducting layer.,

6.- The electronic component (2) according to any of the preceding claims,
wherein the two coupled layers (4 ;10,12 ;14,16) are each in contact with a respective
face of the graphene layer (8).

25
7.- The electronic component (2) according to any of the preceding claims, further
comprising at least one intermediate layer (6) interposed between the coupled layers
(4;,10,12;14,16).
30 8.- The electronic compenent (2) according to claim 7, wherein said or each are

intermediate layer (6)is an electrically insulating or semiconducting layer.

9.- The electronic component (2) according to claim 7 or 8 comprising at least two
intermediate layers (6).
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11.- The el ectronic conponent (2) according to any of clains 7 to 10,
wherein a 5coupled layer (4 ;10 ;12 ;14 ;16) and an internedi ate

| ayer (6) are each in contact with a respective face of a graphene

| ayer (8). 12.- The el ectronic conponent (2) according to any
of the preceding clains, wherein said & each graphene |l ayer is
formed of a silfAglEeyelaprtiecempenen §2) according o3clainyfe campiging gt least one
conponen ra&a@&enéq‘aw ﬁh'té}?ogeg RV tWollfieRhEaSRIIAR$led] 8, Wherein both
coupl e | ayers areé coupl ed magnetically. 14. - The

el ectroni c conponent (2) according to any of the preceding clainms, 15
defining a si ARlery oBBEHHY b&nﬁc&mepﬂ_ ARG o 4y HAddinEU & 1@ WhdrBinta

conduct or/insul at or/ conductor tunnel “junction, a nmagnetic

conduct orpupiediiayent4 d8ritkiciioi6 anshen itermediaim layer (&) are each in contact with a
conduct Orn§ RBAUACALE bELDHBRERY 1aleig).i on or a _

conduct or/ sem conduct of/ conductor junction or a spin valve or a
light-emtting diode, in particular an organic light-emtting diode
(QLED). 20 4. Thel%e-cgr&qi@édﬁ%nfeﬁf (TPAEAGEY D hyaBr BleLpldcRBnG claims,
conponent conprising a first conducting or sem conducting |layer and a
second cwofiétrin Baig oo cadegiapbrilayemyfaraed of asingtewaphame M oupl ed
through the thickness of a graphene layer, conprising the steps:
providing the first [ayer, 25- depositing at |east one graphene |ayer
on the first [dyefhe slagtroniepessnndnegt 62) aerordeg dacenyayletheoptaceding claims,
graphene ), Blandd SreWoubReMmARBEgNe | ayer separates the
first |aye§yﬁ80?%§hgec%ﬁé?'§ygfﬁ 16.5-5The gse of a graphene | ayer

i nt erposed between two el ectronically coupled 30 conducting or

sem conduct i ngal-ayg! iddfroRB &IMFSIIHERN(SH SQUBRARGNE 4y o EiRY BRickafBgt 815
di ffusi on of sp'eg-lyes_ Eetr\?\een t he qon:(j%cti ng. @? senrﬁcgnduc_?i ng | gye_r gns’
el €& r onideBning caupimalet hPoudhPGIEES t HUBRGlesiingifor hdngr RASHRLAR | gy epimple

conductor/insulator/conductor tunnel junction, a magnetic conductor/insulator/conductor
tunnel junction, or a conductor/conductor/conductor  junction or a
conductor/semiconductor/conductor junction or a spin valve or a light-emitting diode, in

particular an organic light-emitting diode (OLED).

20
15.- A method for manufacturing an electronic component comprising a first
conducting or semiconducting layer and a second conducting or semiconducting layer
electronically coupled through the thickness of a graphene layer, comprising the steps:
- providing the first layer,
25 - depositing at least one graphene layer on the first layer, and
- depositing of the second layer over the graphene layer, so that said or each
graphene layer separates the first layer and the second layer.
16.- The use of a graphene layer interposed between two electronically coupled
30 conducting or semiconducting layers of an electronic component for preventing the

diffusion of species between the conducting or semiconducting layers electronically

coupled through the thickness of the graphene layer.



