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1 Magnetic tunnel junction device and witing/reading
nmet hod for said device 5 Background of the Invention
The invention relates to a nmagnetic device
successively conprising a first electrode, a magnetic
tunnel junction successively conprising a first 10
magnetic layer formng a reference | ayer and having a
fixed magnetization, an electrically insulating |ayer
formng a tunnel barrier and a second nmagnetic | ayer

formng a storage |layer and K havi . j

(i r dlagnetiontynael 1ueeipn SevieR dufib@pASIY fagthod for said
and a 1econd el ectrode. State of the art 20 The

doc AeM¢e FR 2832542 describes a magnetic device with a
magneti c tunnel junction and nmethods for reading and
witing using this device. As represented in figure
1, the tunnel junction successively conprises a first
magnetic |ayer formn reference | ayer 1 and having
a f iBackgregns ot e E\Y%"E‘P"an el ectrically insulating

| ayer formng a tunnel barrier 3 and a second 25
magnetic |layer formng a storage |ayer 4 and havin

. a
rev eThcé PhBnb Fslbicato amagneiic devioa sBECasshialy gamgw
the two-way arrow in figure 1. The reversible

di recti-on neafirst legtriods: 5 of the storage | ayer 4 can

be oriented with respe 0; i CERPAAY | goinpeBing a  first
of the Tef er%n@’@glngf)gr %angei {%@oﬁhéﬁemgnetl zat i gﬁs_ng .
are parallelp Enéd laps fdrhfthg & Geferefibe layyex: keindg having a fixed

tenperature of “magneti zation of the_ storage |ayer 4.]
| ower magnetization, an electrically msulatm% Iaye¥ trormlrjigs a tunnel

barrier and a second magnetic layer forming a storage layer and
having a reversible direction magnetization,

- an intermediate layer,

- and a second electrode.

| State of the art

The docurn-ent FR 2832542 describes a magnetic device with a magnetic
tunnel junction and methods for reading and writing using this device. As
represented in figure 1, the tunnel junction successively comprises a first
magnetic layer forming a reference layer 1 and having a fixed magnetization
2. an electrically insulating layer forming a tunnel barrier 3 and a second
magnetic layer forming a storage layer 4 and having a reversible direction
magnetization 5, represented by the two-way arrow in figure 1. The reversible
direction magnetization 5 of the storage layer 4 can be oriented with respect
to the fixed magnetization 2 of the reference layer 1 so that the

magnetizations are parallel or anti-paraliel.
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than the bl ocking tenperature of the reference |ayer

1. The device also conprises a current source 6, a

switch 7 and nmeans (not shown) to apply a nmagnetic

field to the storage | ayer and 20 thus orient the

magneti zation 5 of 5 the storage |ayer 4 with respect

to the magnetization 2 of the reference |layer 1

wi t hout nodi fying the orientation of the nagnetization

2 of the reference layer 1. In a wite phase, i.e. in

a megebigcking erapastuel of htaghkleaish bhYies sforbide 1afer 4 is lower
application of an external magnetic field, an electric

cur rthan thei blockithg temnpératuret ofr theymefenenceutayer j.uibei device also

to heat the storage | ayer_4 abgve_t he, bl ocki %

t emFOMAATIRES BLUfTe tﬁag%stﬁ,zaasw ¢ 3 aifch means bshewn) to apply a
s . : . . . _ .

b aPRFER TR e G AFR0RRY 43 19 M Slehfe b ASaaton s of

| ayeke btdra, éfré}iﬁerhﬁdritmfe &itoahe iMegnetieation ansfahefretehence layer
magneti c tgnne junctioﬁ? whi ch depends on the

or i dnwithbehmasiifytngetheagrientatian iofthe roageelizationr2@é the reference
Iay%%’4 with respect to that of the reference |ayer

1. e\ﬁl}ring witing, a voltage of about 0.5 Vis

applied to the termnals of the junction, requiring a
relatively high electric power. The junction can

nor éo\eemwritd e ded ibya hagnatizeton pHasevol thegstorage layer 4 by
applied for reading is typically OW The tunneL,
j uné@ppligation efam exfesaalageeficilieidngn aleglia gurrgnt Lis made to flow

" PRGA fhe Spbet [ Bliot 30 Hies B GRS, Rfer Aafoife biocking
N gerhpsiire ofURChEgRetdtiond.ed to a potenti al

difference V. The junction is formed by an
el ectron-emtting |ayer and an el ectron-receivVving

| ayer, arranged gn each ..side.of the t.unnel '

ol a0t 8RO RaRq T SRenR Bf v medhelirip s o7 U Blorage laver 4
| eVWithﬁ“g%ﬁ)éBtjf@tﬂ Vﬁrthﬁeféi%rehﬁé‘%%&f { -is Theaslirbl e Rtstins of the
of the Ferm l|evels 1s proportional to the potentia

di f fesistanee offise Eidgretic tenihalijugctidne véliemdapengs on the orientation

of the magnetization 5 of the storage layer 4 with respect to that of the

reference layer 1.

During writing, a voltage of about 0.5 V is applied to the terminals of the
junction, requiring a relatively high electric power. The junction can moreover
be damaged by this power. The voltage applied for reading is typically 0.3V.
The tunnel junction is then also heated during reading, which increases the

risk of unscheduled reading.

Figure 2 represents the potential energy 8 of the electrons in a tunne!
junction subjected to a potential difference V. The junction is formed by an
electron-emitting layer and an electron-receiving layer, arranged on each
side of the tunnel barrier placed at X0 and respectively having an upper
Fermi level Efs and a lower Fermi level Efi. The difference of the Fermi levels

is proportional to the potential difference: Efs-Efi=eV, e being the elementary
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3 charge of the electron. As illustrated by the arrow
9, an electron emtted by the emtting | ayer passes
through the tunnel barrier, by tunnel effect, wthout
di ssi pati ng energy. Then, when inelastic relaxation of
the electron froma higher ene?gy Efs to a | owner
energy Efi takes place, the electron dissipates s the
energy eV in the electron-receiving |ayer, for exanple
by creation of phonons 10 and/or magnons 11, which

1 SRS SUBGESL A oSl ShECHHT) 5B omivs by
char gct gLt [ .co f :

51, Tt foyer SRy thioBoTRE eI dR e, baRherifict, wihou
in tﬂi%s?ﬁﬂﬁgtérﬁérgw Fhea! whenlinklastiestbrationeanfid electron from a

tunnel 10 junctions. Heat production by the tunnel L
cur r higher energysEfmia adowenhenergynkfli takeshplacenhthskalestoprdissipates

a few nanonete ocated in the.recejvi | ayer and :

2 abenenoN AL MRS o epoVi @ain ot PRABPIORY creation of
deschndifshd Aot Qﬁd/ﬁPCrH ns- ™ ,ZW%&?QSQ e t%lghperature of the
conprise an anti-ferrao gnet| C ayer, or exanpl e made

of Nelsbiromvreceiging layer. inelagtivosidatibadakes pldve dverretharacteristic
barrier of the reference |ayer of the tunne

J'f undength, the,messy iﬁfﬁﬂa&ic Hgediavel My MTH@I%'QF*% lfa typisally about a few
EeMy. or_|.r 20Vh8Q. ,
Lo A eRr A, e ticC e BN CovalC UsBS Py ipamgtic tunne

the jGheice HeatSrollctidi by tA8alinhaINGlrért: is thes maximal in a zone
anti-ferromagnetic 20 | ayers performthe function of

pr eseitlvianthickreasagh at faw manemedelispriocdted He thet recaipding layer and
and r fere{nce{ I%er Deposition of the layers formng

t he 3diacRat to the BUNNGhbakierhe anti - f err omagnetic | ayer

and nano-structuring of the junctions may require

addi tional steps, for exanple an alignnent step. In

addiTHeortunhéle juridtiok dése@ibiednne! theadocemenboFR- 2882542 can also
Is increased. 25 The document W0O00/ 79540 describes a
nmagfeMuiseead antifieremeangtia layaraden example: magdel efyNiMn, arranged

The O%OQH %‘E)%sﬁé ?é’c?esfosthteotuhngf B&jrfey olf 154 lrgfte?eﬁg‘:e”%%r of the tunnel
junction. Furthermore, an anti-ferromagnetic layer, for example made of
FeMn or [r20Mn80, can also be arranged on an opposite face to the tunnel
barrier of the storage layer of the tunnel junction. The anti-ferromagnetic
layers perform the function of preserving the magnetic orientation of the
storage and reference layers. Deposition of the layers forming the tunnel
junction on the anti-ferromagnetic layer and nano-structuring of the junctions
may require additional steps, for example an alignment step. In addition, the
risk of a tunnel barrier short-circuit is increased.

The document WQ00/79540 describes a magnetic memory formed by a
stacking of thin layers. The document proposes to thermally insulate memory
cells to enable a Curie temperature to be achieved with a reduced electric
heating current, in particular by means of a thermal insulation layer having a
sufficient electric conductivity while having a low thermal conductivity with
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cells to enable a Curie tenperature to be achieved
wWth a reduced electric heating current, in
particul ar by neans of a thernal insulation |ayer
having a 30 sufficient electric conductivity while
having a | ow thermal conductivity with 4 respect to
alum nium The material of the thermal insulation

| ayer is for exanple a tantalum and nitrogen conpound
(TaN) or tungsten (W. However, introducing such a

thermal insulation |ayer presents ddi Long
| nt agspedtoto alloINA. \ihen matenal ahane e, instjatign layer is for

Lo ceEtiAg B Sﬁ%ﬂieﬁrpggﬁ%ﬁﬁﬁﬁwéﬁﬁ@ o SIS0

Such a thermal insulation |layer would require
addi tional polishing and etching steps, which |
conplibwaler, tigodesing! suam aatiermabrinsuation layelopasents additiona

h 10 Ob f th
. o 5l e et
t |
st orrgrgghﬁéf@%:anpo agetr%@%(}.d% Iéctfﬁgﬁi'{\ ytl@hﬁaﬁbb@&a\'@% define the

m ni oLa o?g abe sLent &l thep@iaerinasiatiss alayef owotllm $eqwre additional
heating, So as to reduce the electric con

t he stighing, anchetdringristeps, wéhichh somplcaterihg qp,q,spgqon ané fabrication

junction short circuit while at the sanme tine

si nPreegssel hedupglifi-cati on net hod. 20 According to
the invention, this object is achieved by the appended
clains and, in particular, by the fact that the
internedi ate | ayer constitutes a first thernal

barrier formed by a material having a thernal
condDbjactiafithedneentisBn sWm C. 25 It is a further
object of the invention to provide a nethod for

read/ wite of a

It is an object of the invention to remedy these drawbacks and, in particular,
to achieve a device enabling the storage layer to be heated efficiently while
minimizing the electric power necessary for this heating, so as to reduce the
electric consumption of the device, and to minimize the risk of a tunnel

junction short-circuit while at the same time simplifying the fabrication

method.

According to the invention, this object is achieved by the appended claims
and, in particular, by the fact that the intermediate layer constitutes a first
thermal barrier formed by a material having a thermal conductivity lower than

5W/m/°C.

It is a further object of the invention to provide a method for read/write of a
magnetic device according to the invention,

- a write phase comprising flow of an electric current, through the

tunnel junction, from the second magnetic layer to the first

magnetic layer, so as to heat the second magnetic layer to a



magneti c device according to the invention, a wite
phase conprising flow of an electric current, through
the tunnel junction, fromthe second magnetic | ayer
to the first 30 nagnetic |ayer, so as to heat the
second nmagnetic layer to a 5 higher tenperature than
the bl ocking tenperature of the nmagnetization of the
second magnetic layer, and a read phase conpri sing
flow of an electric current, through the tunnel

b mgnetfc 1 960e IeseullBC gt 16 Bogpe, BinBeeyp of the
Q her advant@]ggﬁgwiglfne@ttﬁé 88cihd mapetctayepr e clearly

apparent fro | ow ng description of particul ar ‘
enbodi ment s and taheeadnpbase comgrising flow obran elestria ewrent, through

exanpl es only and represented in the acconpanyin
dr awi ngs, i nfhewknng! M@tpﬂggﬁo@ the 2}5?%5@9{'?%3 lag%i I, the second
conprising a ' unnel junction according to
5the prior arwgagggéla&e% represents the energy
variations of the electrons in a tunnel junction

according to the prior art, subjected to a potentia
difference. Figures 3 to 5 represent three particul ar

enbodi nents of .a etiic device 20 according to the
inveﬁﬂgz#PSFNQHF@H%QE55¢E§@H9§ two theoretica
tenperature distributions in a magnetic tunne

junction, respectively for a current flowing fromthe

10 St or @gieer! ag;}'\ﬁarntageg hn?: _featumsev?vﬁlebéme reone claag_yl;afparent from the
opp03|te_ | rect! on. I gures to repre nt, di er en _
© hectabowing (esarpdPaichPETUAT ATHRR BiREtALneJventioR Gitén as non
correspond r L vel ' t ¢ i i
PO =y geﬁ?ajﬁ@hé oWaEG’ ro ¥ sEMRAGh TRE labchRIYaRTIE d@wings, in

which:

15 Figure 1 represents a device comprising a magnetic tunnel junction

according to the prior art.
Figure 2 represents the energy variations of the electrons in a tunnel junction

according to the prior art, subjected to a potential difference.

Figures 3 to 5 represent three particular embodiments of a magnetic device
20 according to the invention.

Figure 6 represents two theoretical temperature distributions in a magnetic

tunnel junction, respectively for a current flowing from the storage layer to the

reference layer and in the opposite direction.

Figures 7 to 9 represent different theoretical temperature distributions and
25 correspond respectively to the embodiments represented in figures 3, 4 and

5.

30



30 6 Description of particular enbodi nents A magnetic
devi ce according to the invention conprises first and
second el ectrodes between which a tunnel junction
such as the one represented in & figure 1 is
arranged, a thermal barrier formed by a nmateri al
having a | ow thermal conductivity being in contact
with at | east one of the magnetic |layers of the
tunnel junction so as to concentrate the heat produced

by t hBbesceriptibn of particularrembedihentse | ayer during the
wite phases. 10 In figure 3, the device magnetic
successively conprises, along an axis X, the first

o oA dnEadétc, deb il oot o e Wikoithia fuplas, fitgt and second
t henesﬁéﬁtﬂ?d@i Befvidiewhith 4 'T@nﬁél rjﬁrﬁcﬂd?fﬁw@i a?a!hé idte tepresented in

for an I nternmedi ate | ayer "14 arranged between
5t he a‘tgmrag‘e i$ @yrangéd, anthermal baumdfoahedtmso@enmenatﬁmvmg a low

oSS oo A e o
1L 308 S FRERRISE S0 A SRl B R by o e

bar r icirreng il thesteraye géﬂ@@ingaihehﬁmermla@esher mal
conductivity of Iess t 20 5Wm C. Deposition, on

an internediate layer 14, of the layers formng the

tunnel .j unctli gn |s in fact | er .

100 b cun gt p. fdevied ridtiet sUBhsulel oSy 8L, ibfig an axis X, the
part 'ffi%{’ éléftrédﬂsewoﬁ %ﬁ}ﬁ Z.lri?i‘ttoﬁ s‘u’&h ad thseinelrbprésented in figure 1, a
gener al | esser and ri sk of short-circuit of a
t unndirst thlacmabbaqucmdt’dae secondteieetrade, €8. The ifigst thermal barrier is
reduced wever,, . for a. predet m ned t er mal
resi ‘E’r&?ﬁ,g%yt AR inter dayero Qe:dL4 %ﬁ’ﬁeﬁr@?eﬁpr%ge layer 4

[
o 5 460 BB, s 07 9 i ot amon

15sat | sémpbrdivrd and rables #retinnell unstion o ibe peoled @fterrthe write and
the case of the tantalumand nitrogen conmpound (TaN)

or ofread phgeesn (W nentioned in the above-menti oned
docunent W00179540,

According to the invention, the intermediate layer 14 forming the first thermal

barrier is formed by a material having a thermal conductivity of less than
20 5W/m/°C. Deposition, on an intermediate layer 14, of the layers forming the

tunnel junction is in fact simpler the smaller the thickness of the intermediate

layer 14. In particular, the roughness of a thin layer 14 is generally lesser and

the risk of short-circuit of a tunnel junction deposited on a thin layer 14 is

reduced. However, for a predetermined thermal resistance, the intermediate
25 layer 14 can present a smaller thickness the lower its thermal conductivity.

The compounds used in the prior art are not satisfactory in this respect. This
is in particular the case of the tantalum and nitrogen compound (TaN) or of
tungsten (W) mentioned in the above-mentioned document WO00/79540,
30 which respectively have a thermal conductivity of about 35W/m/°C and of
about 173W/m/°C. This is also the case of the anti-ferromggnetic layers




30 which respectively have a thermal conductivity of
about 35Wm C and of about 173Wn C. This is also the
case of the anti-ferromagnetic layers 7 nmade of FeMWn
or 1r20Wn80 nentioned in the above-nenti oned docunent
FR 2832542, which respectively have a thernal
conductivity of 44 WmC and 35.6 WniC. The use of
anti-ferromagnetic |layers as thermal barrier would
require a |large thickness, which would make deposition

of t hiddeysirEeNATorilrraMnshmentionad in thecibove- mentldmed document FR
anti-ferromagnetic |ayer and nano- structuruﬁ& of th
j unct 283254/ rwhichfrespestively ha\s@j@. thegnal eonduivisy ohiid W/m/C and

Qflgngﬁgoy@ OW:G? ﬂg%ﬁiﬂ a\llrlgtfé a{gﬁ:gicdg)?é}ﬁ ea\g fﬁgfwﬁxf barrier would

barri quqdir% Q?argéttﬁibﬁﬁé’ss e otk ﬁi&%@'o%%oéltmrdf théWyers forming

t her time constant to be obtalned. The thermal time

sonst thet tuonel jerptiorden e aht-ferromagneticiayecang nahotsireicturing of the
thermal resistance, Rth of a thermal barrier and of

t he th@PH%mSEEEG@#ﬂ@HEe Ch of the thermal barrier.

The lower the thermal time constant, the quicker a

thermal gradient can be establlshed inawite

phasejn additibm, thegHarikls haviagla MBnnat@onduettfnty et less than 5W/m/°C
thermal barrier, the device conprises a

t Eer ][rallso mauieea lowrthetmal,capaciiance of the mg@a bsé”taxée ipe obtained,
w60 i ek A A B S B GREF L P ded pre thomal

”agneﬁrttl\\% ?drlé@orr‘é%poﬁbls o Eﬂé brdd@bﬁ(ﬁthtdilﬁ) @N’i@the?mal resistance
field ereo ecreases rapidly when the tenperature
i s i nRtreaf adthermahbawigrearat of me th@madalcapaaianogeeth of the thermal

bet ween 20C_ and 250C. . For an‘p e, e, mat er
the sPafiggel 'P%Werc% %\9"& St?‘%b heaﬂH'Ck%'bﬂﬁ{‘ermal gradient

( Co) near the interface
bet We@nIJI pﬁgg%ﬁhgﬁggéﬂ\%whtgyﬂaﬁéand the tunnel barrier
153, Whi ch enabl es the polarization of the electrons
passi ng through the tunnel barrier 3 to be increased.
The Tin figure 4, in addition to the first thermal barrier, the device comprises a
second thermal barrier formed by a layer 15 arranged between the first

electrode 12 and the reference layer 1.

20 The storage layer 4 can be formed by a single layer of magnetic material or
by a multilayer, the coercive field whereof decreases rapidly when the
temperature is increased, in a temperature interval comprised between 20°C
and 250°C. For example, the material of the storage layer can be a terbium
(Tb) and cobalt (Co) alloy enriched with cobalt near the interface between the

25 storage layer 4 and the tunnel barrier 3, which enables the polarization of the
electrons passing through the tunnel barrier 3 to be increased. The Tb and
Co alloy has a blocking temperature close to the ambient temperature. The
storage layer 4 can also be formed by a repetition multilayer with a
magnetization perpendicular to the plane of the layers, for example by an

30 alternation of two layers of cobalt (Co) and platinum (Pt), respectively having

a thickness of 0.5nm and 2nm.



Co alloy has a blocking tenperature close to the

anbi ent tenperature. The storage |ayer 4 can al so be

formed by a repetition nmultilayer with a

magnet i zati on perpendicular to the plane of the

| ayers, for exanple by an 30 alternation of two |ayers

of cobalt (Co) and platinum (Pt), respectively having

a thickness of 0.5nmand 2nm 8 Preferably, the

storage layer 4 is formed by a stacking of a

ferromagnetic |ayer and an anti-ferromagnetic | ayer,

for exanple made of an iron and nanganese conpound,

for e ; lay@r i4 istiorimednsy Baserigeoda ferromagnetic
conpoﬁﬁéggtag)i "rstngi %tgf%gg a‘g’ganpl e 20% In?yand 80?/?I\/h, _ °
havi nigyer tinac enngnti-ferngraagnetice layenpfarsexampiensasel 9b@n iron and

and 250C. Pref bly, t first / d.t.h

par 11 BRSORRGES GATPoLier [ AXama RRMARTLG) 1 AT manganese
he e . | i e o ri j o .
0 chATRRURE o T Ry B SO ARY fing @ bocking

-of t hpniputatire Remiprised betweeh ¢ 8010 pnd2506@st by a
factor ten. The thermal barrier being connected in

series with the tunnel barrier 3, the

WSE: Pc{fn[ﬁ%soié\ﬁtegfef Iefggﬁ gqr}@léqf.sﬁghfg%é %E{rﬁﬁﬁﬁq‘az{iﬁlgh%ave an electrical
par n%db'ﬁvﬁﬁesumt fHidtatheOblddited | resistantd of thectwmal barrier is

thermal barriers preferably conprises - at |east one .
1@l | oysubstasiialiyntpwar thess the edeaiicateipsistanese ©f fthgniunnel barrier 3,

?g)enigﬁ%féféi’&n?t st By f%été} tef The theril MQSF PBllg"Bdnnected in
Cont a{ dHdid vithh lt"f%gst‘n@g? i tthe NeRGRelo-RiEIstahed $ignal is In fact

(S), “Selenium urtum (Te), “al um ni um (Al

gal | i wamkéithe Higtekruhe elettrica desistanbabf thenthempl barriehe
ot her hand. The material of the thernmal barriers can
thus be an alloy of bisnmuth (Bi) and tellurium(Te),

15 o1 at 10RTSg R0 P bt ilor solHhE RIS aicfs preferably comrises

1. 75ngCiEast She AV Contaming ReNeadt openelerienyichpser fraboatsenic (As),
1.5WmC Oher exanples for the material of the

t her natirbeny (8b) bisreutrhdBi),igemnanium 4Ge).tti (Br) and lead (Pb) on the

all oygr’le fh%tlrnd, and containing at least one element chosen from sulphur (S),

selenium (Se), tellurium (Te), aluminium (Al), gallium (Ga), indium (In) and
20 thallium (T1) on the other hand. The material of the thermal barriers can thus
be an alloy of bismuth (Bi) and tellurium (Te), for example BiTe or Bi2Te3,
which presents a relatively good elecirical conductivity of about 1.75mg2cm
for a very low thermal conductivity of about 1.5W/m/°C. Other examples for
the material of the thermal barriers are thallium, tin and tellurium alloys, for
25 example TI2SnTe5, thallium, bismuth and tellurium alloys, for example
TIOBiTeB, strontium (Sr), gallium and germanium alioys, for example
Sr8Ga16Ge30, and strontium, europium (Eu), gallium and germanium alloys,
for example Sr4Eu4Ga16Ge30. It should be noted that the bismuth and
teliurium alloy forms part of the thermoelectric materials that often prééent a

30 very low thermal conductivity.



25 exanple TI2SnTe5, thallium bismuth and tellurium
all oys, for exanple TI9Bi Te6, strontium (Sr), gallium
and germani um al | oys, for exanple SrBGal6Ge30, and
strontium europium (Eu), galliumand germani um -

all oys, for exanple Sr4Eu4Gal6Ge30. It should be
noted that the bisnmuth and telluriumalloy forns part
of the thernoelectric materials that often present a
30 very low thermal conductivity. 9 The material of

the t1ied Rdtehlar 6i tHes tHsrmahbagidre canpiles ehes hioplgese change material,
material, able to present a crystalline phase and an

anor p@hiesoppeesenti@a arpstaline pherpeaanst ancamoypiaus phase at ambient
e SERERSHRes bR 388" GoBal . Ll bbb g S oot
| ow erb@@ﬁ{/igﬁ %hér%‘égﬁpg\/éryﬁtguifueFﬁéteaﬁf&@ﬁ% ahaldBlectrical resistivity.

materi a be use r Irst ahd/ or second
st her rRdr a Iphase ehangehmateniabto be usesdt fobdhe firsttand/or second thermal

crystalline state. The thermal conductivit of phas ..
chand@riiaise thexmaterdalipustdeg inyty eryst ingrstate e thefnakgonductivity

eanitOtass SBe s KRN Ty ARG 3 the amorphous
Ce2 Shydigcariih thecorpstafine Jatée Bor exanpld, e %ehﬁaﬁium, antimony and

thermal 10 conductivities of about 0.3Wm C and about
12\W reluriuro adby £5e29b2Ess and the alloyysh2Ta3 respectvely have thermal

t hermal treatnen ene [ s t.0.be formede The. . .
10; hor RNCuFEANGR At aPRUER AlhutE 3nt apaie REWARLTE T Sbiain a layer i

deposj tj t I ' bUps td .

15 T chifaltie i, A toATcH derrlyE; fo/BE | petformed. The

bar r ithesnalatreaimsentbs advantagealisly cperforimeich befarel dapesition of the

one alloy containing at |east one el enent chosen from

phos s dormming thg damed jungign.and anti nony (Sb) and

containing at | east one elenment chosen fromiron

(Fe), ruthenium (Ru), osmum (Gs), cobalt (Co),

15" hodiTHa mBfrial bf tHE fitdt &hd/br 886brid thermédlDarrietcbamalsotie a material
exanpl e the alloys 20 Zn4Sb3 and CoFe4Sbhl12.

Fur t lcompising ahdeasitans alloy tontaining &t tleagtoong elasaemigchosen from
2Eg;ﬁlog;sﬁéqru:sg@h%%%mccomsﬁia%da éntsrﬁgr% (§tr>3ea|% %gﬁfgining at least one
element chosen from iron (Fe), ruthenium (Ru), osmium (Os), cobalt (Co),
rhodium (Rh), iridium (Ir) and zinc (Zn), such as for example the alloys

20 Zn4Sb3 and CoFe4Sb12. Furthermore, the material of the first and/or second
thermal “barriers can contain at least oné element chosen from lanthanum

(La), cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm),
europium (Eu), gadolinium (Gd), thulium (Tm), yiterbium (Yb), thorium (Th)

and uranium (U), such as for example the alloys Yb0.2004Sb12‘,

25 LaThFe3CoSb12, EuCo4Sbi2 and EuCoSb12Ge0.5.

When the first thermal barrier is formed by a magnetic layer, for example an
anti-ferromagnetic layer, a magnetic decoupling layer 19 can be arranged
between the first thermal barrier, formed by the layer 14, and the storage
30 layer 4, as represented in figure 5, in order to decouple the magnetic thermal
barrier from the storage layer 4. The material of the magnef:ic decoupling



(La), cerium (Ce), praseodym um (Pr), neodym um (Nd),
samarium (Snm), europium (Eu), gadolinium (&),
thulium (Tn), ytterbium (Yb), thorium (Th) and
uranium (U), such as for exanpl e.'Ehe al | oys

Yb0. 2Co4Sbl 2, 25 LaThFe3CoShl 2, EuCo4Sbh12 and
EuCoSbl 2GeO. 5. When the first thermal barrier is
formed by a magnetic layer, for exanple an
anti-ferromagnetic |ayer, a magnetic decoupling |ayer

19 ca r , . : L | ;
For el 19,E8R%5 o AG-HERDR Ll chOSKTPpl Bifaly, chvomium,
r epr es@RbEMim, Nridngdhes® and plRtiflem. tia tHecsusl of Bheanti-ferromagnetic
magnetic thermal “barrier fromthe storage |ayer 4

The mseeondithermaliartiel e magneatic sigsbuplingl betwesyethelsecond thermal
can b? aienron- netic material chosen fromtantal u

lum .. .
ohr om (FierankRdareids Nt degrsad s e Maetization of the
gase %feﬁéhc?fa&éiﬁrtf etic second thernal barrier,

ecou

a magnetic plin et ween the second t her mal
~barrier and the reference |ayer is not necessary, as

the magnetization of the 5 reference |ayer_is .
t r appdal the patticylas smbasdimant wpresrniedin figweds enthird tharmal barrier is

£ hi . i . _
t unneroied luth Yudd iltiet 3 sl £pE expiblEE dag il barrier can be
bar ri efack?Bf BRicofRARIL{SIOL), ZFeoniaH sﬁaéfiizﬁil’z) or titanium oxide (Ti0,).
zirconi um oxide (Zr02) or titaniumoxide (T1Q2). 10

10The t Ademiherowaldcondudtivities of zircaniumuoexidei @éadaditanium oxide are

titani um oxi de a r ectivgly. L 5SWmC and
7. 4W ﬁ?@eoﬁﬁﬁtyﬂeér@émécﬁg%&&a‘ﬁlﬁﬁﬁ{ n in a device
according to the prior art was studied. Thus, figure

6 represents two theoretical tenperature distributions

in a The terpeedtuce daNation inoaxeviverascarding tethe prionartiwas studied.
junction according to the prior art, respectivel

a cur TBHS, figui@ rfy repeasente twpotfmgéem}éﬁmwét%%@i;t?i%utions in a
1§ o Fhep BbFlooTaf i BB BnbSPBRRT ebgpin to e pror
L, Snppnin POt bt b s o e s
del i blayar dI {cucter 3 @hang indbe oppbsitariizedtion (asirve 18). To bring out the
symmetry of the temperature profile generated by the flow of the current, the
structure of this example was deliberately chosen symmetrical. The device
20 successively comprises, along the axis X, between the first electrode 12 and
the second electrode 13:
- a layer of tantalum (Ta) with a thickness of 5nm arranged in the gap
comprised between X1 and X2 in figure 6,
- a stacking of a 5nm layer of IrMn and a 3nm layer of NiFe forming the
25 reference layer 1 (X2-X0),
- a 0.6nm layer of alumina forming the tunnel barrier 3, represented, on
account of its thinness, by the dotted line arranged at X0,
- a stacking of a 3nm layer of NiFe and a 5nm layer of IrMn forming the
storage layer 4 (X0-X3)

30 - and a layer of Ta with a thickness of 5nm (X3-X4).



20 successively conprises, along the axis X, between
the first electrode 12 and the second el ectrode 13: -
a layer of tantalum (Ta) with a thickness of 5nm
arranged in the gap conprised between X1 and X2 in

figure 6, - a stacking of a 5nm11ayer of IrM and a
3nm | ayer of We formng the 25 reference |layer 1
(X2-XO), - a 0.6nmlayer of alum na form ng the tunne

barrier 3, represented, on account of its thinness,

by the dotted |ine arranged at XO, - a stacking of a

anm | ApardescasHbien syametiical Wb respert neosastAaR X0 and does
stora | . - o 3 Wi .

b LGP, 4 15 Baer 0 S ] Al oBtaned for o
sy Metrired|unttibh conaeeet dtthédectetminals tatveo ¥6ppaeldorsdes kept at
not conprise a thermal barrier. The curves 17 and 18

are obmiiarddemperature anhbavipg ecpotentialslifrrencd 050.8Vhese

termnals to two copper el ectrodes kept at amnbient
Yenperature and having a potential difference of 0.5V.

5 An _ditteren ,
ﬁﬁ%%rﬁéﬁtrgggiﬁbﬁtén?ﬁ@ﬁf@é gsﬁnﬁlmtﬁrfsl ﬁuhifulg’ Ng dah B8@bserved in

18 can ser [ I gure A current OW Nng

f r om figneress.0A agerand fiewidg front the stelrage fayer| i thet reference layer 1
(curve 17) in fact corresponds to a nove

t. of
el ect fCuifes 17 biR BRECRIEPERUINEdO 3 BPUPMENE B Fleetrops,figg the reference

| 4 (t . . . . ) . o
o di Ephel 14 e sidtale, Bygtf 10 fHe flant I 8 fighe) Zhineh mplies 2

1d ( XO gfidkipatiof- ofi thefr 8ndgy Inothat etbrage tilagerr 4 9i(K00(3); fie. in a zone
tunnel barrier (XO, as represented in figure 2. This

i s i | logatadatoethelright ioé therpmnelibarrier (XAb asuepsegented i Bgure 2. This

val o8 TGetSd Rl heEmetinude: of B Kl 47 whlg g eq for values of X
mve”ﬁghef’ﬁ%a‘ﬂ ﬁg‘ttﬁﬂ E)rf\}a‘Pd&ﬂka'i‘ @Man XohtThe @uhef §8icdrresponds to a

the fidure an iI's creating nore heat for

val uemiovement tdiaeledt®ons flowing from right to left in the figure 6 and thus
15 creating more heat for values lower than X0.

Thus, for a given current, the current direction enables the magnetic layer 1
or 4 that is heating most to be defined in the junction.'ln this way, a read/write
method of a magnetic device according to the invention can be performed. A

20 write phase comprises flow of an electric current 11 (figure 5), through the
tunnel junction, from the storage layer 4 fo the reference layer 1, so as to
heat the storage layer 4 to a higher temperature than the blocking
temperature of the magnetization 5 of the storage layer 4, whereas a read
phase comprises flow of an electric current 12 (figure 5), through the tunnel

25 junction, in the opposite direction, L.e. from the reference layer 1 to the
storage layer 4. The storage layer 4 is thus efficiently heated during the write
phases, whereas heating of the storage layer 4 during the read phases is
decreased. The currents |1 and 12 can for example be generated by a
reversible generator 16.

30



Thus, for a given current, the current direction
enabl es the magnetic layer 1 or 4 that is heating
nost to be defined in the junction. In this way, a
read/ wite nethod of a magneticygevice according to
the invention can be perforned. 20 wite phase
conprises flow of an electric current 11 (figure 5),
through the tunnel junction, fromthe storage |ayer 4
to the reference layer 1, so as to heat the storage

| Snmer i oA Al 4 i Lepidity M il iion s ustatea
| ayer jrffigyresrefs 9aTheaReorefidaitteRfpEpaiuRe distlitiopts (Ienrzvées K1 to K5)

electric current 12 (figure 5), through the tunne o
j unct represeémted Hb fiqesi? é0 @ arecpbtained far. afireleclrinecurrent direction

| ayer T e Hateas el Ao Peiteltancgliend: e airs fvement of the
h hgat i -
Fhescasg i Tany % (3Shol 16v4] 3 BNE"KBade e, and thus

can fesrréspond t© the vetaphasesl by a reversible
generator 16. 30 12 The tenperature variation in a

devi ce according to the invention is illustrated in

figur 7. to 9, .The, theoretical tenppera e,
di st rfﬁ%tqu% t(éutpvgé %ﬁdﬁbe @fvesr g‘gr"‘&]ﬁeﬁ%’ew“ﬂﬁa@ the temperature
fi gur gstributiBn ataih@ &Rd f e dufrent plise! WA 'd dueationest 500ps and an

direction fromthe storage layer 4 to the reference
1d ayerinfgnsity of 266mA{umSy coreespapidinghie & pendust pbthe feststence R of the

G CapeRGuRcHem sl 1S phises 5 5788 sl krbof [efbtime. During
o N e G 1€ o LG i e
dur at fe@igh ok %mdregﬂ'gelébﬁéﬁpm‘di@ t6ftha5AmirBm temperature.

corresponding to a product of the resistance R of the
t unneThgrynveherotheatuirastt is Rongllac Misteparature dropsmback rapidly to the

19 ho- (WRIETE FeTBe ey Rt RSP e e BB Ko Ha® 12 and 13
r eachyRicRY N BESRernicigatge corresponding to the maxi num

t enperature.

The three curves K1, K2 and K3 represented in figure 7 illustrate the
variation of the températdre distributions in magnetic devices according to
20 figure 3 comprising different .layers 14. Said magnetic devices also each
comprise a layer of tantalum arranged in the gap comprised between X1 and

X2 in figure 7 (not shown in figure 3).

Thus, the layer 14 of the magnetic device for the curve K1 is formed by a
25 stacking of a layer of BiTe with a thickness of 5nm (X3-X4) and of a layer of
Ta with a thickness of 5nm (X4-X5), successively arranged between the

storage layer 4 and the second electrode 13.

The layer 14 for the curve K2 is formed by a stacking of a layer of Ta with a
30 thickness of 5nm (X3-X4) and of a layer of BiTe with a thickness of 5nm (X4-



Then, when the current is annulled, the tenperature
drops back rapidly to the 15 anbi ent tenperature by
heat diffusion to the external electrodes 12 and 13
whi ch act as thernpostats. The tRgee curves K1, K2 and
K3 represented in figure 7 illustrate the variation
of the tenperature distributions in nmagnetic devices
according to 20 figure 3 conprising different |ayers
14. Said nmagnetic devices al so each conprise a | ayer
of tagspl4iiBcasEiRENCErraAgéd DedRPers AHR' HtERGDRIYEP SN akll the second
and X2 in figure 7 (not shown in figure 3). "Thus, the
| ayerelgédtrode t8e magnetic device for the curve Kl is
formed by a 25 stacking of a layer of BiTe with a

t hi ckness of 5nm (X3-X4) and of a layer of Ta with a

b o5 Ryt 130ekhoidhg 16 A€ 639168 1 RERARTS A stacking of a layer

bet ween storag a he” secon

513. TdfeTd dithra fhickness tof Snei(X3XHP ahd of erlapsr &fBiTe with a thickness
stacking of a I)@/er of Ta wth a 30 thickness of 5nm
( X3- >of) 10l (¥4-X%6)) syenessivelyi arcangadbeiwerndke styage layam4 and the

(X4 13 _X5) uccessi vely arranged between the storage
Iayersefogafl?‘ﬁ,pieef:%nd el ectrode 13. The layer 14
corresponding to the curve K3 is fornmed by a stacking

of a layer 5 of Ta with a thickness of 5nm ( X3-X4)

and dFhea Usayef thdrmiil Tamiétshdaes lim deoie enablef temparatures comprised
(X4-X6), successively arranged between the storage .

10 qyerbeAwgRy tHEC apdohtr S &E’ﬁofﬁ;act@g ihtey eg,fr%agnetlc (X0-X3),
t her . ' [ . .
compri gl ipefsauieaSae! Haiche g b B BibHicRes obtained in a
the Icyie BBEGEIrg td X8e tHor artifiguret 6/7pervet U7 calwdys substantially
therefore higher than the tenperatures obtained in a

devi dewakt thardil 88°G)e Theeefficieoey &f the theymed barriesuisvall the better the

| t ial l | hap .100C),. | ¢
o "t Naroh B8 fknghs. ogeqd Snle" R o< Gleater S Kk Molwever, the
15'Kt23 ERCRKESS S wlgWHEﬁﬁal KAk e @hfRirafuré BaBredidk \netics once

wever, t
the current has been annulled.

Moreover, to reduce the electric consumption necessary for heating, the
storage layer 4 preferably has a small thickness, for example about 8nm.
20
The temperature distrAibutions represented by the curves K1 to K3 are
obtained for an alumina tunnel barrier 3. As alumina is a good heat
conductor, the heat produced in the storage layer 4 is removed passing
through the tunnel barrier 3 and the reference layer 1 to the first electrode 12.
25 To limit this heat loss which is detrimental to the efficiency of heating, it is
then advantageous to insert the second thermal barrier, represented in figure

4, to confine the heat in the storage layer 4 as far as possible.

The curve K4 represented in figure 8 illustrates the temperature distribution
30 of a device comprising a first and a second thermal barrier respectively
formed by a layer 14 and a layer 15. The layer 15 is formed by a stacking of



15 thickness of the thermal barrier limts the

tenperature decrease kinetics once the current has

been annul | ed. Moreover, to reduce the electric

consunption necessary for heating, the storage |ayer

4 preferably has a small thicknegs, for exanple about

8nm 20 The tenperature distributions represented by

the curves K1 to K3 are obtained for an al um na

tunnel barrier 3. As alumna is a good heat

conductor, the heat produced in the storage layer 4 is

r enov o i i
 STOVBEASEf ) e e Bgef bEBITS Q0K X uccassivel
l'i i t arangedhdatweers thewfiist lelécirodet 12 apdtia referarive Iayer 1. The layer

ef fici of. heatjng, it is then advantageous
i nser ﬂsﬂsh eglicdia tbﬁfﬁ}f%ﬂ%‘f*ﬁsepndmeﬁ%%%v% 'ﬂr “The temperature

Figurg wd, stb% I?&éf‘%khexi)%tqygﬂt §5§°(§t\9ﬁi§gq ﬁé{r@foré’ Jigher than

as far as e curve r epr esSent

B |Ilmsmeaiase df%etcﬁm&samrmauwﬂer brlyi(eorvedt of a
. device conprising a first and a second thernal barrier

respectively formed by a layer 14 and a | ayer 15. The

|2 b TR S bl A R oBtane for
f

suc Cteﬁééélé’@ bﬁmgﬁ"(@;,gq‘g ?@F@ tlﬁé@%g bfaﬂ%r fblrn%‘éd ﬁg 6 @t Jm%mer 3 itself

and refer . ayer I denti cal
t o t hand ayfirst Ihemlrba:plendomged cbytihe layelvMKTheTimanel barrier 3 is

103000 ORRPR DY <& ke 18YE - IRGhe: oSS o Ol6umc @ daver 14 and
use qfe {:ée z&%:h?rﬁ'i%' r e'bh\‘?élgﬂg ot ?‘{thﬁo%(%)cor@s%pﬁing to the

9 |IIu ture utTon

obt altftﬂ!de fi?. Phe dey mtawrm the Btbragé hayet U(XO%) IS about 175°C
barrier fornmed by the tunnel barrier. 3 itself and

first{chnver K8), thereiose hlﬁhefewaﬁythméemawwrmof mdevnoe having an

tunne arri 1 rmed i,ca

t i caul piitne Heion s PlEe K2 Gndse 1ERwmeliifte Mol Rot exceed

151 ar ejgrEPaplLy@) %lllbé‘eﬁﬁé @loviét tHpeRl %hHEW(FQWIﬁlPC) than
the curve K2. The tenperature in the stora ayer

(Xo aymira éﬁﬁ:ﬂW/mﬂI): and thus enables heat to be conflned more efficiently

in the storage layer 4.

The invention is not limited to the embodiments represented. In particular,
20 any combination of the first, second and third thermal barriers is possible.
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(curve K5), therefore higher than the tenperature of a
devi ce having an alum na tunnel barrier 3 (curve K2)
whose tenperature does not exceed 15 150C. | ndeed,
silica has a lower thermal conductivity (1.5Wm Q)
than alumna (36. 7Wm C) and thus enabl es heat to be
confined nore efficiently iq the storage | ayer 4. The
invention is not limted to tRe embodi ments
represented. In particular, 20 any conbination of the
cgé!hg second and third thermal barriers is possi bl e.
ains 1. A nmagnetic device conprising in
succession a first electrode, a magnetic 5 tunnel

1} byl PaeRpHS cavicRdfais il 3uplafkion alirsf BERA0UE, @ magneti
RN SuhZBdA OtbmafisiRg SRt Isuedbssioh na ufikt | ﬁﬂaghéﬂerlayer forming a

form™ng a tunnel barrier and a second magnetic ‘
réferaricedayes and dgingg dixedrinagnetiratignaan @ﬁtglpells@lnsu ating layer

di recti,on net i 0
ohifh S 3R eole AL S B g ugaeteveranc
hB@iﬂgBég Ptdr§ibRNdir&ctiost inadhesztidn, eatlntemtdﬂmtefﬂbyéraandea second
nprising a material having a thermal conducti vit

clasiibrle Wra Heintemediatadayelgisdianmaeietioand canatiyges a fist
[
vt BePicsatiblinfib o EREN (i, 23RERAAL COIRIERViY lower than 5
vehgeCrode and the is first nmagnetic |ayer. 3. The
magneti c device according to claim2, wherein the
tunnel barrier conprises a third thermal barrier. 20

4. T e gﬁle ?c{éﬁl}ﬂecﬁﬁmﬁ{ggtd‘glaﬁrﬁ £ ﬂl‘ e? cdfﬁ[?r'iﬁh@ a second

t he arrier 1Is osen from

th?arh1a1 dyarde d@npmsmgcm|Iayermrrm@ednUeMaemnirmﬂlr@k etestrogle and the
The qetl c device according to claim2, wherein the
f'Fﬁ;tr@ﬁgrgq CJ@Y¥&ne of the thermal barriers has an

el ectrical conductivity such that the electrical 25

resi stance of the one thermal barrier is substantiall i
3l oweTheheragnetic eleite iaxgbrding to claim 2, wherein the tunnel barrier

comprises a third thermal barrier.

4, The magnetic device according to claim 3, wherein the material of the

tunnel barrier is chosen from silicon oxide, zirconium oxide and titanium oxide.

5. The magnetic device according to claim 2, wherein the material of one of
the thermal barriers has an electrical conductivity such that the electrical
resistance of the one thermal barrier is substantially lower than the electrical

resistance of the tunnel barrier.

6. The magnetic device according to claim 2, wherein the material of the
second thermal barrier has an electrical conductivity such that the electrical
resistance of the thermal barrier is substantially lower than the electrical

resistance of the tunnel barrier.
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resi stance of the tunnel barrier. 6. The magnetic

devi ce according to claim2, wherein the material of
the second therrmal barrier has an electrica
conductivity such that the electrical 30 resistance
of the thermal barrier is substantially |ower than the
el ectrical resistance of the tunnel barrier. 16 7.
The magneti c device accordlnd to claim2, wherein the
material of the second thermal barrier conprises at

7! eas*l’h@”r%aﬁ]hbﬁd d“e@fHeabEé&ﬂlrﬁ/td %Pa% Q”Whe‘?&ﬁ”ﬁ{ét matenal of the

chosen from arsenic, antino snuth, ger mani
segnhd élaernaaidbSrrmmmnpmsay at Iéastsbnenadlcad eaniﬁnlngoa;teleast one

et Siisan T SgRiICs AnF i Srasyil. GEUPEBIELAUR @fidead and
céﬁ’taiﬂlﬁg? MhE, |eEETdH él&‘heﬁ?t &ﬁc?s@n ‘?Forﬁ@u\ft?lﬁcgél@mum tellurium,

hermal barrier conprises at |east one a
algorinaim gatium, indinst antthallilomel enent chosen from
arseni c, antinony, bisnuth, germanium tin and | ead
and containing at | east one el enent chosen from

gsul f The rmabRSlidc device! Jaekfdrumg tA ka2 Myhgpéihi W8 material of the
i ndi um and thal lium 9. The magnetic device accordi

secorgl Mermal barsiepigonprisasaatieast onetalley centaioadat %ast one

ol BT REP 5 AYBRE 3, BB BHm. o and lead ang
cEitabiir aiS leasts @heC ddflenntdHodRY dftin CONIf@, NE&BnRIM, tellurium,
| east one el enent chosen fromiron, ruthenium

alggHnwm, gabiym. indiumoand falliumdi um and  zinc. 20 10. The
magneti ¢ device according to claim2, wherein the
material of the second thermal barrier conprises at

9] easThemaghetie devickoaedordingntd alaﬁlhaﬁu%ereiﬂrﬂhematerial of the

rase?r?%m l]mt} neodym um Samarium europ

| IRETIR! batier GemPrgeseAbileast ‘?'Pﬁ)rq|@h’1 gwaw%,an{east one
c

elgfhekl chben TR prosphSilsr Bré¥ri ot hthbry b cbtaining at least

on®d efermertschiisdnefisin ioorg retherun, obodiem, tobait,| daothanuindium and

zinc.

10. The magnetic device according to claim 2, wherein the material of the
second thermal barrier comprises at least one element chosen from lanthanum,
cerium, praseodymium, neodymium, samarium, europium, gadolinium, thulium,

ytterbium, thorium and uranium.

11.  The magnetic device according to claim 10, wherein the material of the
first thermal barrier comprises at least one element chosen from lanthanum,
cerium, praseodymium, neodymium, samarium, europium, gadolinium, thulium,

ytterbium, thorium and uranium.

12. The magnetic device according to claim 2, wherein the thickness of the
intermediate layer is between about 5 nm and 10 nm.
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cerium praseodym um neodynm um samarium europi um
gadolinium thulium ytterbium thorium and urani um
30 12. The magnetic device according to claim 2,
wherein the thickness of the internediate |ayer is
between about 5 nmand 10 nm 17 13. The nmagnetic
devi ce according to claim 2, erein the thickness of
the internediate |layer is abdut 8 nm 5 14. The
magneti ¢ device according to claim1, wherein the

188t emhal magnbtie devlcet acécﬁﬁfnﬁaio aﬁfrﬁ'?rw &%t the thickness of the

el ectrical "conductivity suc hat the electrical
intexmediateclayer is aboait®emnal barrier is substantially

| ower than the electrical resistance of the tunnel
barrier. 10 15. The magnetic device according to claim

14, WTaeehaghéw a@ligs aatoring fifclhirh It wHeRSIRE deriafbf the first

conprises at |east one alloy containing at |east one

tharesb hamierthssean eleshical senductivitiitsuebrihat thiesetactrical resistance of

i R Brrtieh if K CRtely 088 vt 18, @BbaichlipsiSihce of the
tuminghbater. gal lium  indiumand thallium 15 16. The

magneti ¢ device according to claim1, wherein the
material of the first thermal barrier conprises at

15ea3ﬁ'h8?ﬁ%¢r¢% o% &Qb@érﬁ sifr?élgfﬁ?a W?\%rghetﬂg%%ierial of the first

chosen or us, I C and’ant’l hon

theomahibarner abMp&BBes atnmaseloeﬁeatloypmma?nihgom lez®t,0ne element
rut he]pl um osmu cobalt, rhodium _iridiumand zinc.
ro"l“n%fsﬁﬁ@néﬂ imopyy Pismut, cﬂﬁrmarmumotlma@rirlﬁq@ and containing

a’b"f@%‘s@bﬂe% saén f?fm\t Hfurf | éél ﬂ@hunf’\ Llnrﬁl'hum gallium,

conpri ses at one ement OSG rom

indéarmn wmgd tpaﬂiam)dym um neodym um samari um europi um
gadolinium thulium ytterbium thorium and urani um

25
16. The magnetic device according to claim 1, wherein the material of the first

thermal barrier comprises at least one alloy containing at least one element
chosen from phosphorus, arsenic and antimony and containing at least one

element chosen from iron, ruthenium, osmium, cobalt, rhodium, iridium and zinc.

17.  The magnetic device according to claim 16, wherein the material of the
first thermal barrier comprises at least one element chosen from lanthanum,
cerium, praseodymium, neodymium, samarium, europium, gadolinium, thulium,

ytterbium, thorium and uranium.

18. A read/write method of a magnetic device according to claim 1, wherein a
write phase comprises flow of an electric current, through the tunnel junction,
from the second magnetic layer to the first magnetic layer, so as to heat the
second magnetic layer to a higher temperature than the blocking temperature of
the magnetization of the second magnetic layer, and a read phase comprises
flow of an electric current, through the tunnel junction, from the first magnetic

layer to the second magnetic layer.
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18. A read/wite nmethod of a magnetic device according

to claiml, wherein a wite phase conprises flow of

an electric current, through the tunnel junction,

fromthe second magnetic layer to the first magnetic

| ayer, so as to heat the second nagnetic |layer to a

hi gher tenperature than the bll ocki ng tenperature of 30

t he magneti zati on of the seco d magnetic |ayer, and a

read phase conprises flow of an electric current,

16hr oTge MEEnéWBéblcb%brd?ﬁg 16 CRfint h%ﬁél’fe‘ﬁ{ tl'@ﬁﬂéﬁﬁémate layer

| ayer to the second magnetiC | ayer.

'ﬁﬂﬁg?%ﬂ@@ withvihgesegondrmpgaetiolayeai m 1 V\,her ei n the

intermediate layer is in contact wth the second
magnetic layer. s 20. The magnetic device according to

20| ai Mhé, mabaetd delite a@@REnYCtodSMing e, vSFBIN &RS nfagnetic device
| e magnetic tunnel junction. 21. The nagnetic

sin
C@@‘P%%Sétﬁi@@léll'ﬂ@g'ﬂ@":cwanﬁllﬂnCWTEre| n the non-magnetic
intermedi ate | ayer conprises Bi Te. 10 22. A magnetic
devi ce conprising in succession a first electrode, a

2iagné&hecmagnetie! dévige taceordingitoi slaima 1,nwhieesiasthed fioR-magnetic
first netic | ayer formnga referencelayer and

"ﬁ%’\‘?’f’% tz?g'\ayﬁ"’e‘EP’HB 9% Bbl&i on, an electrically
insulating layer formng a tunnel barrier and a
second magnetic layer form ng a storage | ayer and is
2Bavi Agmagnetic dei/ibbe:mihpmmg im sua@;worz atfirehelegtrode, a magnetic

i nt er.nmedi at e a second ectrode, wher ei n
el REIGH crosfing o cORGRTSIE <8 Wet | MagneHieriAwer Torming a

ref@fenicB lay&Oamd halitg & fi g@& %ﬁ@%&%‘t’bﬁgaﬁ \%&ﬁﬁ&@iy wsulatmg layer

conduct i VI ty | ower "t ha erel
forming atuanetdiartier anca secopd insagnetic layer foframgoastprege tayer and
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wherein the material of th neti c decou
CQrapPL$iBg ¢h Material kaning mhecrmabmonduchmddwemthan 5 W/m/°C and

wherein the first thermal barrier comprises an anti-ferromagnetic layer, and a

magnetically decoupling layer between the first thermal barrier and the second
magnetic layer.

23.  The magnetic device according to claim 22, wherein the material of the
magnetic decoupling layer is chosen from tantalum, chromium, vanadium,

manganese and platinum.

24. A magnetic device comprising in succession:

a first electrode;

a magnetic tunnel junction, the magnetic tunnel junction comprising in
succession a first magnetic layer forming a reference layer and having a fixed
magnetization, an electrically insulating layer forming a tunnel barrier and a
second magnetic layer forming a storage layer and having a reversible direction

magnetization;



manganese and platinum 25 24. A magnetic device
conprising in succession: a first electrode; a
magneti ¢ tunnel junction, the magnetic tunnel junction
conprising in succession a first magnetic |ayer
formng a reference layer and having a fixed 30
magneti zation, an eIectricaIH% i nsul ating |ayer

form ng a tunnel barrier and second magnetic | ayer
form ng a storage | ayer and having a reversible
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conduROAHE tdweit YharPues thBaRal Bendeivityl ofc eashcdfi thel Yayefrs in the
each of the layers in the nagnetic tunnel junction;

magaetic Renehiinstien: andie.
a second electrode.



